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THE THERMAL CONDUCTIVITY OF 
HEAT-INSULATORS. 


A very valuable contribution to our rather 
scanty knowledge of the thermal conductivity of 
insulating compounds has recently been given by 
Dr. Wilhelm Nusselt, at present at the Technical 
High School of Dresden. ese laborious and very 
careful researches were undertaken on the sugges- 
tion of Professor O. Knoblauch, of Munich, to 
whom we owe one of the latest and the best deter- 
minations of the specific heat of steam,* and were 
conducted with the aid of a grant from the Verein 
Deutscher Ingenieure. The researches have enabled 
Dr. Nusselt, who was then Professor Knoblauch’s 
assistant in the laboratory for technical physics at 
the Technical High School at Munich, to take his 
degree as Doctor-Ingenieur. Miss Hilde Mollie 
assisted him in his experiments. 

Dr. Nusselt opens his dissertation—a large octavo 
pamphlet of 88 pages—with a critical review of the 
previous work on the subject.. More has been 
done, and especially in our country, than might 
have been thought ; nothing, however, of the com- 

rehensive character of the author's researches. 

wo methods may be applied in such researches. 
The first method determines the changes in the 
temperature of the specimen in the course of time ; 
this determination involves a knowledge of the 
specific heat of the substance and measurements 
of length, time, and temperature, but not of the 
quantity of heat. This method is generally applied 
for the study of the conductivity of metals. The 
second method waits until a stationary condition of 
thermal equilibrium has been reached in the sub- 
stance ; this determination involves measurements 
of length, temperature, and of the quantity of heat. 
This is the method usually chosen for heat-insula- 
tion tests, and it was adopted by Dr. Nusselt. We 
may also distinguish between physical and technical 
testing. Of physical methods, Dr. Nusselt reviews 
those of Péclet, of about 1860, the first in this field, 
whose figures have passed unchecked into technical 
manuals, mostly without his name; of George 
Forbes, of C. H. Lees and J. D. Chorlton (after- 
wards applied by N. Georgiewski, and by R. S. 
Hutton anu J. R. Beard), of Niven, and of C. Lamb 
and W. G. Wilson ; of technical methods, those of 
Griineisen, Pasquay, Gutermuth, W. N. Bolam 
and T. Grieve, H. G. Stott, H. Benisch, and A. 
Andersen, and K. Wilkens. We see that Dr. 
Nusselt has carefully studied his literature. Most 
of the technical work, and some of the physical 
investigations as well, were not carried on with 
sufficient accuracy, and were limited too much to 
certain substances and temperature ranges to be of 
great general value ; in not a few cases the theore- 
tical basis appears to be doubtful. 

Dr. Nusselt bases his investigation on Fourier’s 
theorem. He heats his material electrically, and 
places the source of heat in a spherical shell of 
copper. This sphere is surrounded by an outer 
shell, and the space between the two concentric 
shells is packed with the material under different 
conditions. Since some materials are supplied in 
the shape of bricks, he replaces the outer shell also 
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by a double-walled cubical box of iron. In the 
first instance, with two concentric shells, the dis- 
tribution of the surfaces of equal temperature 
should be quite uniform in concentric spheres, and 
Fourier’s formula Q = k At F < heat units/d, should 
strictly hold ; in this formula Q is the quantity of 
heat passing in the time z through the body of 
area F and thickness d, and At the temperature 
difference between the two faces of the body ; k is 
the thermal coefficient of the material. The ex- 
perimental proof of this formula, not so far given, 
is now furnished by Nusselt. The actual determi- 
nation of k rests on the formula 
k = Q(r,-1r:) /4 © (Q-b) 1» 

in which ¢, and ¢, are the temperatures, after 
stationary conditions have been attained, at points 
whose radii are r,; and r,. In the case of the 
cubical box, the surfaces of equal temperature are 
not concentric shells, and the deductions are more 
difficult ; the ‘deviations from the uniform tempe- 
rature distribution are greatest in the vertical and 
horizontal axes of the.cube, and least in the diagonals. 
Water was circulating through the jacket of the 
box, and the experiments were continued for periods 
of from two to eight days in order to secure sta- 
tionary conditions, and were conducted in the base- 
ment, in which the air temperature fluctuated very 
little. 

The inner shell, containing the source of heat, was 
a copper sphere, 15 centimetres (5.9 in.) in diameter; 
the thickness of the copper was 1.5 millimetres. 
The shell was split into two. hemispheres, fitting 
into one another with an inner bayonet joint ; 
the outer face was quite smooth. The outer 
a was made of zinc, 1 millimetre in thickness ; 
the two split halves were held together by flanges 
and bolts. The diameter of the outer shell was, as 
a rule, 70 centimetres (27.5 in.); only in the case 
of rather expensive materials the diameter was 
reduced to 60 centimetres (23.6 in.); the larger 
shell gave more closely concordant results. The 
zine was coated on the outside with oil-paint, and 
the temperature difference between the zinc shell and 
the atmosphere was not allowed to exceed 15 deg. 
Cent. (27 deg. Fahr.). 

The heating current was taken from a battery of 
fifty accumulators through insulated copper wires, 
1.5 millimetres in diameter, to insulated terminals 
and glow-lamps, run at half their normal voltage, 
or to nickelin wire, wound on a mica frame, or to 
platinum wire. The nickelin answered very well, but 
did not stand temperatures above 500 deg. Cent. 
(900 deg. Fahr.); it was insulated with hard glass 
tubing. The temperature measurements were made 
with the aid of fifty-six thermo-couples of iron-con- 
stantan ; the wires had a diameter of 0.6 milli- 
metre and a length of 2 metres (64 ft.), and the 
soldered joints a length of 1.5 millimetres ; the 
wires were insulated with silk, varnish, and also 
rubber tubing. The preliminary tests indicated 
that very great care had to be exercised in arranging 
the thermo-couples.. The wires might iheniaclets 
carry off so much of the heat that. gross errors 
wouldarise. Of two thermo-couples, the one placed 
radially, the other tangentially m infusorial earth, 
the former marked in a preliminary experiment 
74.9 deg., the latter-116,3 deg. Cent, 167 deg. and 





241 deg. Fahr.). It was found that the ends of the 
thermo-couple should be tangential to the respective 
spherical surface—that is, at right angles to the 
radius—and that the two wires should for a few 
centimetres (about 1 in.) lie embedded in the sur- 
face of the respective shell. Dr. Nusselt discusses 
this, no doubt, important point at some length, 
and he checked his thermo-couple measurements 
with the aid -of platinum resistance thermometers. 
All the thermo-couples were standardised before 
their use. As a rule, three times four thermo- 
couples would be placed at four symmetrical points 
in three radii at right angles to one another, and 
some more thermo-couples would be inserted at 
other spots, so that from 14 to 20 couples were 
wanted for each test. 

The materials were applied in different condi- 
tions. When they were powdered, the whole shell 
was filled with the powder. Twisted cords were 
coiled into the shell; materials which had been 
stirred to a paste were cemented into both halves of 
the shell, and a hollow was then scooped out to 
receive the inner sphere. Bricks were tested in the 
cubical box, the joints being made to alternate and 
being filled with the same powdered substance. 
After the shell or box had been charged, the current 
was turned on. For some time the outer shell 
would remain cool ; then heat would be given off 
by the shell, and after a day or two the tem- 
yverature of the material would no longer rise. 

hermal equilibrium was then observed, and the 
experiments were repeated at different tempera- 
tures; a very great number of observations in- 
deed appear to have been taken. In the case of 
asbestos the charge weighed, e.g., 64 kilogrammes 
(140 lb.); in the case of cork, 18 kilogrammes 
(40 lb.). In spite of the large dimensions and the 
great bulk of material used, the author would not, 
in the best cases, trust his results within more than 
1 or 2 per cent. ; too much depends on minor factors 
in technical compounds. The author expresses 
the densities of his materials in kilogrammes per 
cubic metre ; in order to arrive at the density as 
usually understood, we have divided his figures by 
1000. The thermal conductivity k is defined as the 
quantity of heat, expressed in Lilcgrammccegievies 
ome calories) which pass per hour through # cross- 
section of 1 square metre when the temperature 
gradient is 1 deg. Cent. per metre. 

We come to the results, which are oe 9 in 
Table I., page 2. Kieselguhr, or infusorial was 
first tried as loose, very uniform powder of densit 
0.350 ; the heat conductivity k rose steadily wi 
the temperature. This is indeed the most note- 
worthy general result; in all cases the thermal con- 
ductivity increased with rising te , though 
the increase was not always regu Thus Dr. 
Nusselt found at temperatures of 


100 10 20 250 


0 50 . Cent. 
k=0.052 0.060 0.066 0.070 0.074 0.076 


No, 9 
ble L. 


300-858. 
0.078 0.079 


When the earth had been stirred with 

te, which, when dried, had a dengity of 

was 0.083 and 0.123 at 150 and 300,deg, 
(No. 14). The mass was not free of. moisture, 
the solid paste did not insulate so well as the | 
powder, especially not at higher temperatures, 
at which the moisture was driven “— outer 
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layers, which proved very poor heat-insulators.| The subjoined summary of the results (Table I.)|had turned blue, and the outer surface of 


Perfect dryness is therefore most essential. 


Baked | states, as a 


y mentioned, in some cases only the | the outer tube had lost its brightness. The radia- 


laggings of infusorial earth were then tried, such as| means of tests conducted at various temperatures. | tion would thus increase, and radiation evidentl 
The materials are arranged in order, beginning with |counts most in the heat transference throug 
the best heat-insulators. In Table II. the results of | air-jackets ; convection also becomes important, 


0.127 at 450 deg. Cent., and the thermal conduc- | Nusselt and of some other scientists are compared. | however, when leakage produces a brisk circula- 


are applied to boilers and steam-pipes ; the value 
of k rose uniformly from 0.064 at 0 deg. Cent. to 


tivity increased, therefore, as a linear function of 
the temperature (see No, 12). 

Another material tested was a compound consist- 
ing of cork, asbestos, infusorial earth, and a cement. 
The mixture is stirred with water to a thin paste, 
and painted on steam-pipes, each layer being 
allowed to dry before a new layer is applied; cloth 
is finally wrapped round the compound and coated 
with oil-paint. This compound was tested as loose 
powder (No. 11) of density 0.405, and as solid block 
of density 0.690 (No. 15); again, in this case, the 
insulation of the mass was impaired by the addition 
of water. 

The asbestos of density 0.576, tested by the 
author, was described as a good material, but turned 
a little brown when heated up to 600 deg. Cent. 
The data (No. 17) prove that asbestos is not really 
a good insulator ; but it has, of course, the advan- 
tage that it can bear high temperatures. 

e blast-furnace slag next tried was a highly- 
porous product, which is used in cold storage, being 
packed as a loose powder between double walls, or 
mixed with a cement to form a kind of concrete. 
Nusselt tested both these modifications, mixing, 
in the latter instance, 9 parts per volume of slag 
with 1 part of cement; the weight ratio was 1 : 0.61. 
Here the concrete gave more concordant curves than 
the loose powder, possibly because the concrete had 
had two months’ time to dry. The powder of den- 
sity 0.360 was tested between 25 deg. and 128 deg. 
Cent., the concrete of density 0.550 between 20 deg. 
and 90 deg. Cent. The resulting conductivities, as 
given in Nos. 16 and 18, are means of many 
observations at different temperatures. 

The pumice-stone gravel from the Rhine (No. 19), 
supplied in very damp lumps of the size of hazel- 
nuts, was loosely oar: he for the tests ; the density 
was 0.292. A solid ball of pure Portland cement, 
prepared without any addition, was also tested, 
eighteen months after its preparation. The result- 
ing curves are very good ; but as the conductivity 
coefficient k, found to be 0.78 at 35 deg. Cent., 
deviates very considerably from the usually assumed 
value, the author has not entered this figure in the 
table. The density of the cement was 2. 

The vegetable charcoal (from leaves, No. 6) finds 
application on board ship; the author’s material 
had a density of 0.215. 

The three kinds of peat examined proved very 
hygroscopic. Dried at a temperature of 120 deg. 
Cent., they lost 15 or 20 per cent. of moisture, but 
they reabsorbed a good deal of that in the labora- 
tory. During the tests the inner layers were dried, 
so that a dry and a wet zone could be distinguished ; 
the k of the inner (outer) zones were respectively 
0.085 (0.055), 0.045 (0.032), and 0.045 (0.070) ; the 
temperature in the inner zone rose, e.g., to 112 deg. 
or 92 deg., in the outer zone only to 40 deg. or 
24 deg. Cent. The dry peat gave the same k in 
the various tests, the wet outer layers differed, as 
was to be expected. No. 8 of the table gives only 
the means for 25 deg. Cent. 

The sawdust tested was a very homogeneous 
material, which was, of course, affected by the heat, 
when the temperature rose above 80 deg.; the 
experiments were carried ro 136 deg. Cent., and the 
average k = 0.055 corresponds to a temperature of 
about 50 deg. Cent. 

The cork-waste, pieces measuring from 1 to 3 


millimetres, bore a temperature of 170 deg. Cent. | q 


quite well ; the results are given in No. 1 of the 
table ; the density was 0.161. The asphalted cork 
slabs, of density 0.200 (No. 10 of the table), were 
of the kind used in houses and cold stores; the 
material is pressed out of cork and pitch and was 
supplied in slabs about 3 ft. in length, which were 
cut up and tested in the cubical box. The test 


range was 10 to 57 deg. Cent. 
e cotton tested was waste from a mill, fairly 
homogeneous and clean; density, 0.081 (No. 5). 


The sheep wool was also taken from mills, in the 
condition in which it is used as packing for Linde 
machines, very y and not cleaned; density, 
0.136..(No. 2). e silk was likewise mill-waste, 
such as is used as lagging for steam-pipes, a very 
uniform material, of density 0.101 No. 3); the 
same silk, twisted into cords, had a density of 
0.147, and 2 eg nearly as good an insulator as 
the loose silk (No. 4). 





TABLE I.—Tuermat Conpvuctivity k 1x KiroGRAMME-CALORIES PASSING PER HOUR THROUGH A 
Cross-Section OF 1 SQUARE METRE AT A GRADIENT OF 1 DEG. CENT. PER METRE. 



























































| | j } | | | | 
: lores, 0 | 50 | 100 | 150' 200] 250| 300] 350, 400| 450! 500| 550] @00 
No. Material. Density. ag..0.\dg. C.|dg. C.\dg. ©. dg. C.\dg. C. dg. C.|dg. C.|dg. C. dg. C. dg. C.|dg. C./dg. C. 
_—_ ——_—_—_—_——_—- —_— oe oO o_O Oo SS 
1 | Cork, powdered. . 0.161 | 0.031 | 0.041 | 0.048 | 0.052 0.055 
2 | Sheep wool | 0.136 0.033.| 0.042 | 0.050 | 
3 | Silk 0.101. | 0.038 | 0.045 | 0.051 | 
4 | Silk cord 0.147 | 0.039 | 0.047 | 0.052 | 
5 | Cotton | 0.081 | 0.047 | 0.054 | 0.059 | 
6 | Charcoal .. 0.215 | 0.050 | 0.056 | 0.063 | 
7 Sawdust .. 0.215 | .. | 0.055 | 
0.160 | 0.055 a é 
8 | Peat eerie {O:i00 jo.os2 }8t25deg. Cent. | | 
9 | Infusorial earth, loose. . 0.350 | 0.062 | 0.060 1 0,066 1 0.070 0.074 | 0.076 | 0,078 | 0.079 
10 | Asphalted cork . . 0.200 | 0,061 at 18 deg. Cent. | 
11 | Compound, loose he ... 0.405 | 0.60 | 0.070 0.076 | 0.079 | 0.081 
12 | Infusorial earth, baked | 0,200 | 0.064 | 0.071! 0.078 0. 085 | 0.092 | 0.099 | 0.106 | 0.113 | 0.120 | 0,127 
Sis. co 5. 0.195 0.070 at 20 deg. Cent. | | 
14 | Infusorial earth, block 0.580 el, ei son BEE en A: Se » ome 
15 | Compound, block... eet 6 ts 0.100| .. - 0,120 at 220 deg. Cent. 
16 | Blast-furnace slag, loose 0.360 | .. | 0.095 } | | 
17 | Asbestos. . rt és ..| 0,576 | 0.130 | 0.153 | 0.167 | 0.175 | 0.180 0,183 | 0.186 | 0,189 | 0.192 , 0.195 | 0.198 | 0.201 | 0,204 
18 | Blast-furnace slag, concrete..| 0.550 0.19 
19 | Pumice-stone, gravel .. 0,292 i | 








Tas_E IIl.—Comparative Thermal Conductivities k. 
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3 z z 
dg/s a 
Material.| |; ¢ =e : siz 
S 5 $ | %6/|38/ 2 KE 3 
EB ik | &-in- |e % Z 
Cork .| 0.148 | 0.258 | 0.047 ae on 0.041 
Wool -| 0.044] 2. | 0,083 | 0.043 0.044 | 0.042 
to 
0.052 
Cotton ..| 0.040 | 0.014 | 0.198 | 0.072 0.055 | 0.054 
Silk me .. | 0,079 | 0.034 rd .. | 0.045 
Sawdust | 0.065 | 0.044) .. | 0.060 0.062 | 0.087 | 0.055 
Carbon ..| 0.072 | 0.046 os .. | 0.054 | 0.056 
Asbestos fe ae 0.155 0.101 | 0.153 
Infusorial 
earth Pas a Aasaned va .. | 0,060 
| | 











Dr. Nusselt points out that the comparison is not 
easily made. The researches did not concern pure 
chemical substances, and the other investigators 
did not always state their temperatures. Nusselt 
takes his averages of Table II. for the temperature 
of 50 deg. Cent.; it will be seen that he agrees best 
with Lees and Chorlton and with Lamb and Wil- 
son. As the range of the experiments had been 
much more limited in previous investigations, 
Nusselt’s demonstration that the thermal conduc- 
tivity of our heat-insulators increases to a marked 
extent with rising temperature is practically novel. 
He further points out that for the range 0 deg. to 
100 deg. Cent. this increase in the heat conduc- 
tivity amounts to about 54, of its value at the 
freezing-point of water for each deg. Cent. This 
and other reasons induced him also to investigate 
the value of air-jackets as heat-insulators. 

These latter experiments were conducted in two 
ways. .In the first series two concentric cylinders, 
both closed, of wrought iron were used. The 
internal diameters of the two cylinders were 0.04 
and 0.08 metre ; the outer cylinder had a length of 
nearly $ metre (20 in.), and the inner cylinder was 
surrounded by an air-jacket about 0.013 metre 
(0.51 in.) in thickness. The inner cylinder was 
filled with oil, which was heated by means of a 
rheostat coiled about the shaft of the cylinder ; 
this shaft was turned once or twice a second, serv- 
ing as a stirrer, and insulated by a sleeve of fused 
uartz. The sheet metals of the two cylinders 
were first left as they had come from the mill 
(rough condition) ; they were afterwards turned on 
the lathe and polished; the air-pressure in the 
jacket was varied during the experiments. TableIIT. 
sums up the results. It is not clear from the dis- 
sertation whether a sufficient number of experi- 
ments were conducted in this series to justify the 
—— made of separating the three theoretically 
possible ways of heat transference through the air- 
jacket, by radiation, conduction, and convection. 

e see, however, that the air-jacket is only a poor 
insulator. In ali cases, except in Experiment 5, 
the insulation could distinctly have been improved 
by charging the jacket with some _heat-insulat- 
ing material. The thermal insulation afforded by 
the air-jacket deteriorated, moreover, at higher 
temperatures, and the reduction of the air- 

ressure to 1 millimetre of mercury had very 
ittle effect, In Experiment 6 the inner tube 





TaBLe III.—Thermal Conductivity of Air-Jacket. 
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| Temperature, deg. Cent. Alr Pressure 














in Jacket. 
‘ Es ___ |Condition 

0. r , fe < _ k. 

| Inner | one a ea | . e. 

Tube. Tube. | Mercury. | 
1] + 80 32 | (95 720 | Rough | 0.098 
2| 86 32 9.5 1 - 0.087 
3 | 205 85 9.8 ae oe 0.170 
4 247 109 | 10.1 720 | - 0.200 
5 108 27 9 720 Polished 0.055 
6 | 268 68 8 720 a 0.130 


tion. The experiments would tend to show that 
air-jackets may serve their purpose for temperatures 
up to the boiling point of water, but will not suffice 
for superheated-steam pipes. 

The second series of experiments was made with 
a double-walled box of wood and zinc closed on five 
sides, but open on the sixth side, into which the 
respective jacket frame was inserted ; the source 
of heat was an electrically-heated ball of copper, so 
placed behind a screen of aluminium that the heat 
rays would not directly strike the jacket under 
test. The experiments concerned two (or some- 
times three) panes of glass, 3 millimetres in thick- 
ness, placed 4 or 14 (or 7) centimetres (14 in., 2? in., 
and 53 in.) apart, and black and white sheet metal. 
The two glass panes would correspond to the double 
window which is popular on the Continent. The 
experiments show that more heat is transferred 
between rough than between polished surfaces, 
more when the surfaces are close together than 
when further apart, and more when the air is 
circulating in the jacket than when it is still; 
double windows should hence close tightly. 

The general lesson to be drawn from the experi- 
ments is that the air of a heat-jacket should be 
broken up as much as possible. That is an im- 

rtant factor also for the value of the more or 
ess loose powdered or fibrous textile materials. 
The relatively high thermal conductivity of asbestos, 
which Dr. Nusselt’s investigations bring out, and 
its inferiority to materials like cork, wool, and silk, 
may partly be due to the more compact character 
of the asbestos. Further experiments on the effect 
of close packing and compression, especially with 
the fibrous materials, would have been desirable. 
Another notable, and to a certain extent cor- 
related, result is the great influence of moisture 
That influence was, of course, understood, but it 
is not suiliciently heeded. 








EXTENSION OF MALTA NAVAL 
DOCKYARD AND HARBOUR. 

THERE are approaching completion extensive 
additions to the Government harbour and docks 
and the ship-repairing factories at Malta, which have 
cost nearly three millions sterling, and will bring 
this important naval base into line with the modern 
requirements of the British Fleet. These works 
are not only of great engineering interest, because 
of the difficulties overcome, but are of national 
significance, It is true that international treaties 
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recently made have affected the immediate value of 
Malta as a base, but experience has shown that 
Imperial defence must be considered apart alto- 
gether from such treaties. Consequently Malta 
must ever be regarded as an important port from a 
strategical point of view. For nearly a century it 
has been looked upon as one of the most valuable 
centres of probable naval activity, and even prior 
to this it was regarded as of high strategic value. 
The dockyard dates from 1765, and belonged 
originally to the Knights of St. John; _ but 
when, in 1789, the French National Assembly 
seized upon the most valuable sources of revenue on 
the island, work had to be discontinued, and nine 
years later the Order of St. John, with its fleet of 





by the Navy, the upper end, to the extent of 88 acres, 
with ample wharf accommodation, being available for 
merchant shipping. But, as is well known, the Pen- 
insular and Oriental Steam Navigation Company 
use the independent Marsa Musciet, to the west of 
the Grand Harbour, with an independent entrance 


| 


Somerset, then First Lord of the Admiralty, was 
constructed, under the supervision of the late 
Mr. Charles Andrews.* This dock has a length of 
427 ft. and a width at coping of 104 ft., while the 
depth of sill is 33 ft. 11 in. It will thus be seen 
that in ten years a great advance has been made, 


from the sea. The Government Dockyard is to the | particularly in respect to depth. 


south of the Grand Harbour, an extensive area 


The next extension made was the result of 


being reserved by an Order in Council for the ex-|an investigation and report by the late Lieut.- 


clusive use of the Navy. This, as shown in 


General Percy Smith, R.E., then Director of 


Fig. 2, page 4, embraces Dockyard Creek, French | Works, who selected a site, also on the eastern 
Creek, and Bighi Bay, as well as the larger part of | shore of French Creek, nearer the head than the 
the Grand Harbour itself. The original arsenal of | Somerset Dock. -This dock also took its name from 


the Knights of St. John was in Dockyard Creek, 
and when the island was taken over by the English 








Fie. 1. 


triremes and other rowing-boats, ranging up to a 
capacity of 900 men, came to an end. The island 
was taken from the French by the British in 1800, 
and was formally ceded to Britain, under the Treaty 
of Paris, in 1814. Additional dock-works were con- 
templated by the Admiralty almost immediately 
after this cession, but active operations were de- 
layed, owing largely to difficulties anticipated in 
consequence of the unreliable character of the rock 
forming the substrata. In 1841 the first dock was 
commenced, the site being at the head of what is 
now known as Dockyard Creek ; and since then 
live new docks and extensive factories, &c., have 
been built. Reference to these, and a detailed 
description of the later works, may be prefaced by 
« general review of the situation. 

The Grand Harbour, with an entrance from the 
Mediterranean on the north-east of the Island of 
Malta, is, as shown in Fig. 1, annexed, a splendid 
anchorage, for which protection is now being pro- 
vided by the construction of breakwaters, one from 
St. Elmo Point, and the other from Ricasoli Point, 
at opposite sides of the entrance, to be referred to 
ater, The Grand Harbour is used as an anchorage 














Map or Part oF THE IsLaANp oF Matta, SHowrne Site or Navat Works 


in 1800, this arsenal became Government property, 
and has since been greatly extended, embracing 
now the whole of the eastern shore and the greater 
part of the western, as shown by the shaded part of 
the plan, Fig. 2. 

When the late Mr. W. Scamp designed the first 
dock—that of 1841—he chose as a site the head of 
Dockyard Creek. This dock, completed in 1848, 
ultimately proved inadequate for the growing re- 
quirements of the Fleet, and in 1856 he was re- 
quested by the Admiralty to extend this dock, and 
make an inner division of 269 ft. 7 in., so as to in- 
crease the total available length for ships to 524 ft. 
At the same time the width and depth of the inner 
part were increased. Thus early, too, the practice 
of fitting an intermediate sliding caisson was 
adopted, so that a vessel could be accommodated in 
the inner compartment of the dock while the outer 
part was free for the use of other ships. : 

In 1864 further graving-dock accommodation was 
decided upon, on a report made by Lieut.-Colonel 
Sir Andrew Clarke, who chose a site on the eastern 
shore of French Creek, and there a new dock, 
named the Somerset Dock, after the Duke of 


| 
} 





a First Lord of the Admiralty—Lord Gcorge 
Hamilton. It was commenced in 1885, and com- 
leted in 1894.t The length was 520 ft., although 
vy the use of the caisson in the outer stops at the 
entrance ships of nearly 558 ft. could be docked ; 
the width at the entrance was 94 ft., and the depth 
of water on the sill 35 ft. 6in. The works in this 
case were carried out’ by Mr. Charles Colson, 
M. Inst. C.E. 

The scheme now being completed from the de- 
signs of Colonel Sir Edward Raban, K.C.B., 
Director of Works, was conceived in accordance 
with the then accepted view that it was essential to 
have a naval base within 1000 miles of the scene of 
possible naval operations, that Gibraltar might be 
too far west, and that the dock accommodation 
and repairing equipment at Malta were inadequate 
to meet the conditions imposed by the advances in 
naval architecture and engineering. Not only had 
the size of ships greatly increased between 1890 
and 1900—the length of battleships having grown 
from 380 ft. to 425 ft.—but the multiplicity and 
importance of the mechanical appliances on board 
call for more extensive apparatus for overhaul and 
repair. The scheme drawn up by Colonel Raban 
was therefore an extensive one, and the dimensions 
of the docks marked a considerable increase on 
earlier works. Thus one of the docks may take a 
ship of 790 ft. in length, 95 ft. in width, and with 
a draught of 35 ft. 6 in. Table I., appended, 
shows the dimensions of the docks constructed and 
still in existence at Malta :— 


TABLE I.—Dimensions of Graving-Docks at Malta, 
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Description of Dock. | %@ = S$\S2/56/4 £ 
£58 | #8) 55/58 | 23 | Fe 
| £OF |) $= | so E™ | BM | oe 
| . in.) ft. | ft. in.| ft. in.) ft. in. 

No. 1 Dock in Dock- | 

yard Creek .. ... 1841-48 256 1 82 2 69 81 8 2 0 

No. 2 Dock, continua- 

tion of No. 1.. ..| 1856-62 |269 7 90 88 4| 73 2 2 0 

No. 3 Dock, Somerset | 

Dockin FrenchCreek 1865-71 |427 8) 104 | 42 6) 79 11, 33 11 

Hamilton Dock ..| 1885-04 /520 0) 126 | 63 0 94 0 35 6 

New West Dock 550 0) 120 | 70 0) 95 0) 35 6 


New East Dock *, 1900-08 [700 0) 120 | 70 0 
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The progress in the design of the docks is clearly 
indicated by the dimensions given. In Fig. 4, page 6, 
however, which is taken from a paper on ‘ The 
Design of a Dry Dock,” by Mr. ‘alfred W. Young, 
read before the Junior Institution of Engineers, { 
there is a diagrammatic representation of the advance 
in Admiralty practice as regards docks during the 
period of the Malta works. The section is sugges- 
tive also of the change of form, showing the im- 
portance of almost vertical walls at the entrance, in 
view of the small rise of floor amidship of modern 
warships. The arrangement of watercourses, &c., 
of the most recent docks at Malta agrees closely 
with the cross-section in the diagram marked 
©1904.” 

The whole of the works were designed by Colonel 
Sir Edward Raban, K.C.B., Director of Worker, 
assisted by Mr. D. C. Leitch, M. Inst. C.E. 
During the earlier part of the work, the superin- 
tendent civil engineer for several months was Mr. 
F. W. Kite, M. Inst. C.E., who had as chief 
assistant Mr. C. H. Colson, M. Inst. C.E. When 
Mr. Kite was appointed Assistant-Director of Works 
and returned to the Admiralty, Mr. Colson rc- 
mained in full charge for twelve months, and wes 
succeeded by Mr. H. Cartwright Reid, M. Inst. C.E., 
who was superintendent civil engineer during the 
completion of the docks and until he returned to 
ae. try to become Superintending Civil Engineer 


* Proceedings of the Institution of Civil Engineers, 
vol. xxxiii., page 352. 


+ Proceedings of the Institution of Civil Engineers, 
vol. exv., page 360. : 
} See ENGINEERING, vol, lxxviii,, page 449, 
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of the Chatham Dockyard. He was assisted at | 
Malta during the first part of his régime by Mr. | 
H. E. Oakley, M. Inst. C.E., and during the 
latter part by Mr. H. A. Brain. Mr. H. R. Hyatt, 
A.M. Inst. C.E., was assistant on the works. 





San Paolo bastion. French Creek penetrated a 
considerable distance into the site, as is shown in 
Fig. 5, and around the head of it there wasa public 
road, which had to be diverted beyond the area of 
the dock works, This diversion involved the con- 


| struction of a tunnel through a corner of the bastion, 


Tue GENERAL Scope oF THE New Works. 


A part of the new works at Malta was included 
in the Naval Works Act of 1899, while the re- 
mainder was authorised by subsequent Acts. The 
complete scheme included the construction of two 
graving docks at the head of French Creek. The 
East Dock has a total length of 790 ft., and is 
capable of being divided by an intermediate caisson 
into two compartments, the inner being 330 ft., 
and the outer 440 ft. long. The West Dock is 
550 ft. long; otherwise the dimensions of both 
docks are the same, and they are given in Table I. 
The side walls have a batter of 1 in 12, and at the | 
junction of the side walls with the floor the curva- | 
ture is ona radius of 8 ft. 6 in., so that vessels of | 
flat floor can have a draught almost equal to the 
available depth of water over the sill, which is 
35 ft. 6 in. There has also been constructed addi- 
tional berthage accommodation in French Creek by 
the construction of wharf - walls having a_ total 
length of 3570 ft. These are of concrete, and the 
available depth of water alongside is 32 ft. Ex- 
tensive storage for coal and oil fuel has been pro- 
vided contiguous to the wharf. A covered reser- 
voir having a capacity of 10,000,000 gallons has 
been built, the interesting feature being the con- 
struction of the roof in concrete arches. In this 
reservoir the depth of water is 35 ft. A new gun- 
mounting store, with repair-shop and extensive 
additional magazines, will be serviceable for the | 
ordnance department. 

The mechanical engineering work also includes | 
not only the pumping machinery. for the docks, but | 
an hydraulic power plant, an electric light and | 
power-station to generate current for use in all the 
departments of the dockyards, and new workshops 
and new machine-tools for overhauling, refitting, 
and repairing ships. The new engineering factory 
is contained within an extensive building, 420 ft. 
long. The machine and fitting-shop has a length of 
300 ft., and is divided into three bays, each 50 ft. 
wide, The stanchions are designed to take travel- 
ling-cranes carrying loads of 20 tons, 10 tons, and 
5 tons respectively. At the north end of this shop 
there are a number of subsidiary departments, as 
shown on the plan, Fig. 3, on page 5. The machine- 
tool equipment now being arranged for is of the 
latest types, all electrically driven. There is also 
to the north-east of the new docks an extensive saw- 
mill with wood-workers’ department (Fig. 3). 

The latest workauthorised was the construction 
of the breakwaters at the entrance to the Grand 
Harbour. These are still in course of construction, 
and we content ourselves for the present with the 
statement that the breakwater from Ricasali Point 
is 400 ft. long, and that from St. Elmo Point 
1150 ft. long ; the entrance between the heads is 
1330 ft. wide. The general system of construction 
corresponds closely with that adopted at Dover,* 
the contractors in both instances being Messrs. 8. 
Pearson and Son, Limited, while Sir William 
Matthews, K.C.M.G., of Messrs. Coode, Son, and 
Matthews, engineers for the Dover Harbour, was 
consulted by the Admiralty regarding this under- 
taking at Malta. Near to the St. Elmo shore there 
is an opening of a total length of 225 ft., bridged 
by two steel-work spans, to serve the double pur- 
ose of promoting water circulation within the 
ke and allowing small craft from the Marsa 
Musciet Harbour to pass into the Grand Harbour 
without going to the main entrance between the 
break water-heads. 





Excavation Work For THE New. Docks. 


The work of constructing tne docks is illustrated 
by the views on Plates I. te V. The total area 
embraced at the north end of the creek by the two 
docks and the adjacent works, as shown on the plan, 
Fig. 3, was 27 acres. This was originally un- 
dulating ground. The highest point—to the south- 
east of the site—constitutes one of the old bastions 
erected by the Grand Master Cottonera, while the 
other parts were as high as the ground to the rear 
of the cableway towers, shown in Fig. 5 on 
Plate I. On the top of this bastion 40,000 people 
live, excluding those beyond the fortifications. To 
the right on the same view there is seen the famous 





* See ENGINEERING, vol, Ixxv., page 774. 


as shown on the top right-hand corner of the plan, 
Fig. 3. The approach to this tunnel is behind the 
sloping wall in the centre of Fig. 5, while the 
opening in the wall still nearer the centre of the 
view shows the exit from the tunnel. 

It was arranged that the Admiralty engineers 
should, with native workmen, excavate the area to 
a level corresponding to that of the coping. This 
involved the taking out of about 1,000,000 cubic 











the left of Fig. 5 on Plate | while a cross- 


section is given in Fig. 18, page 7. The dam 
proper, to the right of the section, was con- 
structed of 14-in. by 14-in. piles, with 2-in. fillets 
on the meeting faces, one pile having fillets at the 
two corners, while the abutting timber had a 
single fillet in the centre, forming a tongue and 
groove connection to prevent lateral movement 
and to ensure water-tightness. The outside face 
was studded with flat-headed nails, which were 
not driven quite home. Over them, and secured to 
them, was a concrete face 1 in. thick, put in within 
shuttering, to preserve the timber from the attacks 
of the teredo worm, which is particularly trouble- 
some in the Mediterranean, as in all comparatively 
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yards of material, principally Maltese rock, which 
the geologists describe as one of the most) modern 
of rocks, most of it being of freestone with the con- 
sistency of Bath stone, but with parts of it of hard 
crystalline structure. In dressing such stone for 
building purposes the Maltese use an axe instead 
of a chisel. * the work of excavation the practice 
was to form trenches with a view of giving an 
‘‘eyeable ” line along the bastion faces, and to split 
up the remainder by blasting and by hammer and 
wedges. The loosened material was subsequently 
raked together and carried away in baskets. The 
ordinary labourer’s wage was about 10s. a week, 
and it was found that about 2} cubic yards were 
broken up per man per day. 

Before this excavating work had been completed 
tenders were invited for excavating the dock area, 
and for constructing the docks, culverts, pumping- 
houses, and other contingent works. The tender 
of Messrs. 8. Pearson and Son, of Westminster, 
was accepted in December, 1900. The first pro- 
cedure under the contract was the construction of 
a single-pile dam on a curve across the Creek, with 


landing-stages and jetties on the outside for the} 


reception of material, This cofferdam is seen to 





warm sea-waters. The effect was most satisfactory ; 
upon the withdrawal of the timber, after five years’ 
use, it was found that no damage had been done by 
the teredo, and the timbers were used again for a 
similar purpose at another part of the works. The 
cofferdam described was 500 ft. long. Outside of 
the dam a roadway 20 ft. wide was constructed, 
as shown to the left of the section (Fig. 18); but 
this latter was entirely independent of the dam, 
so that any lateral vibration due to loads moving 
over it could not be transmitted to the dam, which 
might have involved leakage. 

As soon as the dam was closed, pumping opera- 
tions were commenced to remove the water within 
the site of the works, as shown in Fig. 5 on 
Plate I. This view and Fig. 6 illustrate the state 
of the works at about this period. The former 
view, Fig. 5, is taken from the offices of the Admi- 
ralty Engineer, looking towards the San Paolo 
bastion, while Fig. 6 is a view from the bastion, and 
shows the cofferdam and French Creek in the dis- 
tance. The towers in both views were for the sus- 
pension of the cableways used for the removal cf 
the material from the dock sites. The excavating 
work was done by Maltese workmen, who first 




















JAN. 1, 1909. } 


ENGINEERING. 


5 











loosened the material by blasting, and with axes | meter by 18 in. stroke, the drum being 58 in. in| ordinary cranes the coal consumption was about 


and picks, and subsequently raked it into baskets | diameter. 


In addition to the main cableways,|10 lb. per ton for lifting only. 


The cableway 


with zappones made in the form of a hoe, the shovel | transverse lines were provided to enable a ate buckets were discharged into trucks which ran on 
being at right angles to the handle, instead of being of the excavated material to be used for filling up | railway lines at the edge of the excavation, and 


a continuation of it. 
hand into the skips of the cableway. 


Tee baskets were emptied by | the banks between the docks, the alternative pro-| from thence the material was moved by locomotives 
posal of an inclined way not being found feasible | to the wharf and tipped into hopper barges for 
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F There were three cableways, and these spanned 
the complete site, embracing both docks. The 
span of each installation was 750 ft., and the head 
travelling-tower was 60 ft. in height, while the tail 
travelling-tower was 50 ft. high. These were con- 
structed by Messrs. John M. Henderson and Co., 
Aberdeen, on their well-known system. The load 
arranged for was 5 tons, and the driving-cylinders 
in each winding-engine were two of 11 in, in dia- 








Fic. 3. Pian or New Dock Works at Matra. 


The material excavated was light sandy limestone, 
and the day’s work was 250 tons for ten hours for 
each cableway. With a heavier material and tip- 
ping on the spoil-bank, this could be increased 
materially. The cost of working the cableways was 
small; Locomotive boilers were used to supply 
steam to the winding-engines, and the coal con- 
sumption worked out at about 84 lb. per ton lifted, 
including transport of material for 300 yards ; with 








transport to sea. The cableways were also used 
subsequently for the transport of the heavy stones 
to form the floor of the dock, but it was necessary 
to employ cranes for setting the stones, as in this 
case it would have been inconvenient to move the 
cableway sideways to the exact position. The 
cableways worked satisfactorily, and enabled the 
material to be moved at remarkably low cost, 
both from the excavations and for the finishing 
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work, without interfering with the other operations 
in progress. 

There is little need to deal further with the exca- 
vating work. Fig. 8, on Plate II., affords a good 
idea of the procedure. The sides of the dock were 
trenched to conform to the section of the concrete 


wall, as shown in Figs. 8, 9, and 10, Plate II. | 


To enable the concrete to get a better hold on the 
rock the steps in the dock were undercut. The 
excavation for the whole width of the dock was 
taken out at one time, as shown in all the progress 
illustrations of the excavation work on Plate II. 


THe InFLow oF WATER THROUGH FIssuREs ; 
Temporary Pumprne PLANT. 


Work progressed very satisfactorily until a depth 
of 10 ft. below the water-line was reached, when 
the quantity of water became so great, owing to the 
fissures in the strata, that it was found necessary 
to partly suspend the operations and to increase 
the capacity of the temporary pumps. Indeed, these 
fissures passed a steadily increasing quantity of 
water as the work of excavation proceeded, and 
from time to time the pumping plant had to be 
augmented, until on one day in June, 1905, as much 
as 42,000,000 gallons of water were dealt with.* 
Ultimately almost the whole area was intersected 
with fissures, through which the sea-water percolated 
from the site in considerable quantity. The greatest 
trouble from this cause was experienced from the 
inner part of the East Dock—that furthest from the 
cofferdam. There the excavation had been prac- 
tically completed for some weeks when, in the 
spring of 1905, a particularly heavy flow, or ‘‘ boil,” 
suddenly broke out, making a hole 5 ft. long by 
2 ft. wide, and washed away the rock. This was 
evidently connected with a subterranean cavern, as 
there flowed from the hole a stream of water which 
amounted to about 10,000,000 gallons per day, and 
which threatened to completely flood the East 
Dock works. The water at first rose in a cascade 
7 ft. or 8 ft. high, but as the opening grew 
larger this height was reduced. The pumping 
power on this section was taxed to its utmost to 
cope with the water at this period, and in order 
to confine the flooding to as small an area as 
possible, it was decided to construct a temporary 
masonry dam across the dock near to the water 
spout. This dam was built 6 ft. wide on the 
portion of the already constructed floor, and was 
carried to a height of 15 ft. The work of construc- 
tion was rapidly accomplished, and not a day too 
soon, as there was a head of water against the dam, 
notwithstanding the continuous pumping operations, 
almost before the mortar had set. The effect of 
this dam was to reduce the flow by raising the 
water-level over the opening, and to confine the 
water to the inner compartment of the East Dock. 
The dam is shown in course of construction in 
Fig. 13, on Plate IIT. 

In order to completely stop the flow of water, it 
was decided to seal the fissure, and, fortunately, 
there were immediately available some cast-iron 
cylinders, which had been sent to Malta in con- 
nection with the construction of the breakwaters. 
These cylinders were 10 ft. in diameter, and in 
rings 6 ft. deep, with flanges for bolting the rings 
together. The first ring was placed by divers 
around the hole through which the water flowed, 
and was surrounded by a concrete apron. Succes- 
sive rings were placed in position and _ bolted, 
and at the base a 21-in. pipe for a stop-valve 
was inserted. It was intended to construct the 
cylinders of such height as to ensure sufficient hy- 
drostatic pressure to stop the flow of water, with 


the view of sealing down the fissure ; this, it was | 


anticipated, would be accomplished with the top of 
the cylinder coincident with the sea-level. During 
construction, of course, the water was free to pass 
through the 21-in. pipe and valve at the base of the 
cylinder into the excavated area. The valve was 
gradually closed in order to ascertain whether 
success was likely to result from this. Fig. 11, on 
Plate LL., shows the effect. As the water rose it 
was decided not to continue putting on additional 
rings, as there were already indications of the fis- 





* The maximum capacity of the pumping plant employed 
at any one time on the docks was over 100,000,000 gallons 
per twenty-four hours, and included the following pumps: 

Six sets of rocker pum each having two 2 emo 


30 in. in diameter, with a 7-ft. stroke ; two sets of rocker 
pumps, having buckets 24 in. in diameter, with a 4-ft. 
stroke ; seventeen Nos. 15 and 16-in. centrifugal pumps, 
several of which were — in pairs ; and several 
t-driven centrifugal pumps. 


other smaller direct and be 


sures spreading, and of additional water finding its 
way outside the concrete apron into the excavation 
outside the cylinder. The work of building up the 
cylinder was therefore stopped, when it was con- 
sidered that risk would be run of the fissure opening 
| outside the concrete were the cylinders made higher. 
This flow of water was considerably reduced when 
the top of the cylinder was ultimately some 42 ft. 
| above the formation level. The water outside was 
held up by the temporary dam at the 25-ft. level. 
| Even then the water flowing over the top of the 
| cylinder amounted to some 10,000,000 gallons per 
24 hours. Subsequently a chute was carried from 
the top of the lade to high-level pumps. In 
order to obviate any risk of delaying the remainder 
of the work in the outer compartment of the East 
Dock, and in the West Dock, proceedings at the 
south, or flooded end, of the East Dock were post- 
poned, and the other work was pushed forward as 
rapidly as possible. When this was well advanced, 
and it was considered that there would be no danger 
to the completed work in the event of the unex- 
pected happening at the south end of the dock, 
work at the ‘ boil” was resumed. 
The upper rings of the cylinder were first re- 
moved and the water passed through a chute to the 
pumps, as shown in Fig. 13, on Plate III. This 


COPING 


9 ft. to 16 ft., according to the position. The con- 
crete was deposited within shuttering to form blocks 
of from 300 to 400 cubic yards; according to depth, 
but alternate spaces were left between these blocks 
for more effective work. gEach block was formed 
in situ right up to the top, including the toothing, 
or chases, into which the stones of the floor were 
set, as shown in Fig. 10, on Plate II. Again, in 
Fig. 14, on Plate IV., there will be seen the work of 
fitting the stones into these keyways. The walls 
were built up to below the ordinary formation level 
of the dock-floor, and dovetail trenches were ex- 
cavated completely across the width of the dock, so 
as to form a good bond. The dovetails were well 
undercut, and the area of them practically amounted 
to half the floor area. 

The floor is entirely lined with granite, which 
came mostly from Sardinia, and partly from Switzer- 
land. The walls consist of granite altar courses 
and coping and limestone ashlar facing from the 
adjoining Island of Gozo, or from the Trani quarries 
in Southern Italy. The concrete used under the 
floor and under the walls of the broad altar course 
consisted of 1 of Portland cement to 2 of sand and 
5$ of broken stone, mixed by machinery. 

Fig. 14, on Plate IV., shows the construction of 
the masonry floor, and the building up of the 
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view shows the temporary masonry dam across the 
dock, through which pipes had been led in order to 
pump out the water in the flooded area ; all pumps 
were then concentrated at this end. When the 
area had been completely excavated, and the floor 
completed, as far as possible, around the cylinder, 
the top of the cylinder was cut away just below the 
floor-level, and over this a cap, built up of steel 
joists and plating, with a leather washer and two 
outlet pipes, was lowered into place. The 21-in. 
valve at the base was at the same time opened and 
connected to temporary pumps. Fig. 12, on Plate 
III., shows the plate being lowered. This was 
bolted down, and the pipes through the top of the 
cap were coupled to the temporary pumps. The 
work of filling in the floor over the top of the 
cylinders was continued, additional weight being 
temporarily added immediately over the cover. 
The large valve of the sub-drain was then tem- 
| porarily opened, and flanges were put over the 
| pipes that had led to the pumps. The valve was 
‘then finally closed, and the water consequently 
| sealed off. It was found that the work around the 
cylinder showed no signs of the ‘‘ boil.” Subse- 
quently small pipes that had been left in the 
cover were carried up to above sea-level, and grout- 
ing, consisting of one part of cement and one of 
sand, was poured down continuously, about 90 tons 
of material being thus used in order to fill up the 
cavity or cavern covered by the cylinders. While 
the grouting was being fed into the pipes it was 
kept in motion by rods about 50 ft. long, suspended 
t» a pulley and operated by two workmen. This 
work occupied only thirty-six hours. Several days 
were allowed for the setting of the grouting, when 
the pipes were removed and the flooring completed 
over the cylinders, as is shownin Fig. 17, on 
Plate V. ‘The result was completely satisfac- 


tory. 
Tue Fioor anp WALLs oF THE Docks. 


The concrete of the floor of the dock was made in 
situ in one operation for its complete depth, from 
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courses to high-water level. The floor was carried 
right under the side walls, and the back of the wall 
below the broad altar was keyed in a manner 
specially devised, the vertical faces being undercut 
at the lower part, as shown in Fig. 10, on Plate IT. 
This was to give the greatest resistance against any 
upward pressure of the water in the substrata. In 
places where there was no rock, as, for instance, 
along one side of the West Dock and part of the 
other side, 2-ft. 6-in. clay-puddle walls were put in 
behind the concrete side-walls. The walls up to 
the floor-level- are 10 ft. thick for nearly 20 ft., 
where there was no rock ; above water-level, how- 
ever, the thickness is 5 ft. 

The process of building the floor and walls is 
well shown on several of the engravings. Fig. 10, 
on Plate II., shows one of the. concrete-mixers at 
work. The broken stone and sand were tipped 
from the railway trucks’ into a chute at the top 
level, at the bottom of which the material was 
measured, and passed into the mechanical mixer. 
Trucks on a small 18-in.-gauge track received it 
from the mixer, and conveyed it to the blocks in 
course of construction: 

Fig. 14, on Plate IV., shows, on the left side, the 
filling behind the wall where there was no rock. 
The rear retaining-walls were built of rubble-work. 
The gantry structure shown was for shooting down 
mixed concrete into the backing behind the ashlar 
courses of the upper altars. The ashlar blocks for 
these courses ranged up to 5 tons in weight. 

Timber slides and steps to the floor of the dock 
were constructed at intervals of about 100 ft. on 
each side of the dock, as shown in Figs. 16 and 17, 
on Plate V. 

THE CalIssons. 

The caissons at the entrances of both docks, and 
for dividing the East Dock into two compartments, 
are of the sliding type, and were constructed by the 
Greenock and Grangemouth Dockyard Company, 
Limited, Greenock. The caissons are built with a 
falling deck, which reduces the height by 2 ft. 6in., 
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so that the caisson can travel into the camber with- 
out the cover of the camber being raised. The 
cambers for the caissons were excavated at the 
same time as the docks, and Fig. 15, on Plate IV.., 
shows the work of excavating this camber out 
of the rock, and incidentally illustrates the general 
procedure adopted at the Malta Works. The 
upper part of the strata, being soft material, 
had to be timbered and stayed with raking struts ; 
but when the rock was reached, there was no need 
for any such timbering. Instead of working at a 


Fig .18. 





Fic. 18. Section or 


each side, to bear upon the granite ways, while 
along the outer vertical walls are greenheart 
timbers, secured by angle-irons, and shaped on the 
face to the granite stops of the entrance, against 
which these timbers bear when the caisson is in 
place. These stops are of the first quality granite, 
of especially fine grain, the smallest dimensions in 
any direction being 3 ft., and the stones are care- 





fully bonded; considerable labour was expended 
in making them absolutely truc and smooth. In 
addition to the groove ordinarily used, a water- 


§ 


S 


‘ 





Fic. 19. ONeE or THE Siiprne CalIssons. 


vertical face or taking out the material from the top 
downwards, as is ordinarily the case, the Maltese 
excavated the material on a long flat slope from the 
deck inwards and upwards, each excavator working 
at forward rising levels. The walls of the camber 
are entirely of concrete, 3 ft. 6 in. thick, keyed or 
dovetailed into vertical channels formed in the rock 
cutting. The cover of the camber is a permanent 
structure, consisting of steel joists with oak decking 
and having manholes at convenient intervals. Over 
it there runs a railway track, which traverses also 
the deck of the caisson. In this also the folding- 
deck principle proved advantageous, as with the 
tixed deck in the caissons in the other docks at 
Malta the deck had to be at a lower level than the 
coping, with two or three steps, in order to enable 
the caisson to enter the camber. A railway line 
over the deck could not be made. 

The caisson, which is illustrated in Fig. 19, an- 
nexed, runs on sliding-ways built of granite. The 
caisson has two bottom keels of flat plates under 


tight face has been made on the outside of the 
masonry of the entrance, so that the caisson can be 
placed against the outer stops in order to increase 
the length of the keel-hlocks within the dock from 
790 ft. to 830 ft. when necessary. 


(To be continued, ) 
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ARGENTINE IMMIGRATION. — The population of the 
| Argentine Republic has been increased as follows by the 
| excess of immigration over emigration during the ten 
| years ending with 1908, inclusive :— 





Year. Net Gain. Year. Net Gain, 
| 1899 46,045 1904, 86,644 
| 1900 46,517 1905... 134,248 
1901 41,430 1906. 192,412 
1902 .. 13,434 1907... ¥ 118,913 
1903 : 34,574 1908 .. 48,927 


|The total set against this year must, of course, be re- 
garded as to some extent approximate only. Upon the 
whole, the results disclosed are somewhat disappointing, 
the departures from the Argentine Republic in each year 
| bearing a large proportion to the arriva 
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COMPOUND HORIZONTAL ENGINE WITH RECKE-RUSTON VALVE-GEAR. 


CONSTRUCTED 


BY MESSRS. 


RUSTON, PROCTOR, AND CO., 


LIMITED, 


ENGINEERS, LINCOLN. 











736.8. 


On the present and opposite pages we give illustra- 
tions of a ta compound side-by-side engine, designed 
to work with superheated steam, supplied by Messrs. 
Ruston, Proctor, and Co., of the Sheaf Iron Works, 
Lincoln, for erection at Kafr Zayal, to be used for 
driving the factories there of the Associated Cotton- 
Growers of Egypt. 

The quutdl hesnoter of the engine is well shown by 
Figs. 1, 2, and 3, above, and Figs. 4 to 7, on page 9. 
The cylinders are 24 in. and 40 in. in diameter by 48 in. 
stroke. They are steam-jacketed, with separate liners 
of specially hard cast iron. The valves are all of the 
drop type, as shown separately in Fig. 8, page 9, but 
are positively operated by the Recke-Ruston valve gear. 
The seats on which the valves bed are cast separate 
from the cylinders, thus permitting them to be made of a 
hard metal which may be relied upon to wear well. 
As will be seen from Figs. 2 and 3, they are driven by 
eccentrics mounted on side-shafte. Both the inlet-valves 
for each cylinder are driven by a single eccentric, 
whilst another drives both the exhaust-valves. The 
latter are arranged underneath the cylinder, following 
the plan greatly favoured on the Continent, and which 
has the advantage of securing thorough drainage. 

The eccentrics on the side-shafts do not drive their 
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respective valves direct, but each gives an oscillating 
motion to a rocking cam-shaft extending between the 
valves, as shown in Figs. 2 and 3, above. The oppos- 
ing cam surfaces by which each valve is lifted are 
sha so as to have a true rolling action, with a 
consequent absence of noise and friction. There is no 
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release gear, but, owing to the shape of the cams (see 
Fig. 8, page 9) a very rapid, though gentle, closing 
of the valves is obtained. Fig. 8 also shows clearly 
the construction of these valves, which bed on four 
seats and have a correspondingly small lift. 

The speed of the engine is regulated by a shaft 
yovernor mounted on the high-pressure side-shaft. 
‘he construction of this is aa shown in Fig. 9, 
page 9. The governing is accomplished by altering 
the throw of the high-pressure admission-valve 
eccentric; and this is effected without changing the 
lead of the valves. The governor combines the inertia 
and centrifugal force principles, and consists of a heavy 
“inertia” rim, free to move on the lay-shaft of the 
engine, from which it is driven by links connecting it 
to the fly-weights, shown. When these fly out by 
centrifugal force, the inertia rim also rotates rela- 
tively to the lay-shaft. The linkages are proportionedso 
that the centre of gravity of each of the fly-weights, 
when it shifts ino auh, moves in a truly radial direc- 
tion. The spiral springs which control this motion are 
set directly in line with it, so that the centrifugal force 
acting and the spring resistance are always co-linear, 
thus relieving the pivot-pins of pressure and consequent 
friction, The governor can automatically alter the 
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point of cut-off between the limits of 0 and rl ed 
cent. of the stroke. This goyernor is guaran to 
maintain the speed constant within 24 per cent. even 
under extreme variatiuns of load. 

As will be seen from Fig. 6, page 9, a large 
intermediate receiv-r, well lagged, is arranged between 
the cylinders below floor-level. The fly-wheel is 14 ft. 
in diameter, grooved for eighteen 2-in. ro 
shaft on which it is carried is of steel, 18} in. in dia- 
meter at the wheel, and 13 in. in the journals, which 
are 24 in. long. The crank-pins are 74 in. in diameter 
by 84 in. long; the piston-rods are 44 in. in diameter. 

he steam-pipe is 8 in. in diameter, and the exhaust-pipe 
17 in. 

Both cylinders have tail-rods, the air-pumps, which 
are of the twin pattern, without foot or bucket-valves, 
being driven by links off the low-pressure tail-rod, as 
shown in Fig. 5. The engine is designed for a working 
pressure of 150 lb. per square inch, and for superheats 
up to a temperature of 500 deg. Fahr., metallic pack- 
ings being used in the stuffing boxes. The boiler plant 
consists of three 30 ft. by 7 ft. Lancashire boilers, fitted 
with superheaters and Green’s economisers. 

On trial the engine developed 920 horse-power when 
running at 964 revolutions per minute. The boiler pres- 
sure was 150 lb. per square inch, the steam temperature 
437 deg. Fabr., ie the vacuum 26} in. The coal 
used was one-third Newcastle and two-thirds Welsh, 
and the-consumption per indicated horse-power per 
hour amounted to 1.49 Ib. , equivalent to 1.24lb., 
making an allowance of 10 per cent. for the steam 
used for driving feed-pumps and other purposes. On 
a ag ye trial at half-load the engine deve- 
loped indicated horse-power at an expenditure of 
1.42 Ib, of Welsh coal per indicated horse-power per 
hour. 

The engine was ordered by telegraph on January 4, 
1907, and was delivered in Alexandria on August 3 of 
the same year, though an entirely new set of drawin, 
and patterns had to be _—— It was erected in 
place by Messrs. Allen, Alderson, and Co., Limited, 
of Alexandria. 








THE LATE M. BERRIER-FONTAINE. 

WE regret to have to record the death, which 
occurred at Toulon, on November 23, of M. J. B. L. F. M. 
Berrier - Fontaine, late Directeur des Constructions 
Navales, Reserve, at Toulon Dockyard and Arsenal. 
M. Berrier-Fontaine was born on August 4, 1838, and 
completed his studies first at the Ecole Polytechnique, 
from 1858 to 1860; then, from October, 1860, to 
August, 1862, at the Ecole d’Application du Génie 
Maritime, with periods of practical training at Cher- 
bourg and Toulon Arsenals. From May, 1864; to 
December, 1866, M. Berrier-Fontaine was Assistant 
Naval Constructor and Engineer at Saigon Dockyard, 
in French Indo-China. rom January to November, 
1867, he acted as chief constructor on board the 
Guerriére, flagship of the French-China Station. For 
nine years—from March, 1868, to May, 1877—he was 
appointed at Toulon Dockyard, under M. Dupuy de 
Lome and other well-known French naval architects ; 
and from June, 1877, he had under his charge the 
whole of the shipbuilding department at Le Mourillon, 
Toulon, which he completely reorganised. In ‘this 
connection, we may add that one of the first and most 
extensive applications of the Tweddell hydraulic-power 
system to the driving of machine-tools was carried out 
in the new plate-working shops at Le Mourillon 
Dockyard, the plant included hydraulically-driven 
flanging, punching, bending, and riveting machines 
complete. The manufacturers of the larger dre of 
the hydraulic equipment were the Chester Hydraulic 
Engineering Company ; construction was carried out 
under the general supervision of the late Mr. R. 
Tweddell, and the late Mr. H. Chapman was instru- 
mental in advocating the system and in drawing up 
the plans for the installation. An interesting paper on 
‘*The Use of Hydraulic Machinery in Iron Ship- 
building” was read by M. Berrier-Fontaine before 
the Institution of Mechanical Engineers in 1878. He 
read before the same Institution, in 1887, a paper on 
**Portable Hydraulic Drilling - Machines.” Two of 
these machines had been in regular use at Le Mourillon 
Dockyard since 1885, and were supplemented in 1887 
by fifteen others of the same tye, of which five were 
of 1 horse-power and ten of 4 horse-power. 

In the course of his career, which was passed at 
Toulon, except for the appointment above referred to 
in Indo-China, later and brief ones at other French 
dockyards and arsenals, and an appointment he filled 
for a short period at the Ministry of Marine in Paris, 
M. Berrier-Fontaine, besides reorganising the Toulon 
naval yard, built a number of dry-docks, quays, and 
workshops for the French foreign naval stations, 
and designed at different times various classes of 
French battleships. He was still at the commence- 
ment of his-active life as a naval constructor when he 
designed the Tromblon, the first gunboat to be built of 
steel ; this was built under his supervision at the 


Mourillon yard. He had charge, later, of all the new 
ships allotted for construction on the Mediterranean. 


The 


M. Berrier-Fontaine was a member of the Institution 
of Naval Architects, and read before that Institution, 
in 1881, a paper on ‘‘The Use of Mild Steel for Ship- 
building in the Dockyards of the French Navy”; and 
|in 1887, a paper on ‘‘The Principle of an Hydraulic 
| Apparatus for Transmitting Signals and Controlling 
All Sorts of Distant Mechanism,” the latter paper in 
conjunction with Mr. E. Widmann, who was also a 
naval architect in the French service. ° 

He became a member of the Institution of Mechanical 
| Engineers in 1878, and a member of the Institution of 
| Civil Engineers in 1885. He was Commander of the 
| Legion of Honour. 








NOTES FROM THE UNITED STATES. 
PHILADELPHIA, December 24. 

Tue Pennsylvania Railroad Company has ordered 
135,000 tons of steel rails, with permission to increase 
to 160,000 tons. The Canadian Pacific Railway has 
ordered 20,000 tons from the Algoma saan The 
Chicago, Burlington, and Quincy Rail mpany 
has ordered 40, tons, of which 30,000 tons are to be 
open-hearth. The St. Louis Terminal Railroad Asso- 
ciation has ordered 2800 tons ; other railroads are pre- 
paring to order. Many open-hearth rails will be 
wanted, The price for Bessemer rails is 28 dols. The 
Baltimore and Ohio Railroad will order between 50,000 
and 60,000 tons, of which one-third will be open-hearth 
rails, Interest has been revived in the steel-rail 


tell. Oertain it is that with the great plant at Gary, 
Indiana, no purchaser will have to wait long for rails 
during the coming year. This assurance may delay 
the placing of orders before next spring, which would 
pe A mcvey 5 placed during the first quarter of the year. 
Mr. Andrew Carnegie has created quite a sensation 
this week in his testimony before the Tariff Committee 
at bang sar in taking the stand that American steel- 
makers did not need any protection. He is most em- 
phatic in his assertions, and practically contradicts the 
statements of some of his former associates that any 
serious reduction will necessitate a reduction in wages, 
a course which would probably result in serious diffi- 
culty to all makers, except the United States Steel 
Corporation at ite Gary Works, where electrical equip- 
ment has reduced labour to a minimum. 

There is a considerable revival of demand for steel 
cars and structural material for a number of purposes. 
Large requirements are on the trade horizon. 








AERONAUTICAL EXuHIsBITION.—Aeronautical exhibitions 
ane soon to be as common as motor-car shows. The 
rst of any real importance has just been held in Paris. 
It is now proposed to hold a large aeronautical exhibition 
in Frankfort-on-Main next year. The Frankfort Aero- 
nautical Society is taking a leading part in its promotion. 





Brince-Buitpinc 1x. Burma.—Telegrams from Ran- 
goon lately announced the completion of the Scherzer 
rolling-lift bridge across the Ngawun river. This bridge 
is altogether 820 ft. long, with an opening span 220 ft. in 
length. It is situated on the main railway line connecting 
Rangoon with Kyugin. The bridge was built by Messrs, 
Spencer and Co., Limited, Melksham, Wilts. the desi 
having mn made by the Scherzer Rolling-Lift Bridge 
Company, Chicago, fll, U.S.A. The work was com- 
pleted within twelve months. 





RANGE-FinpDER Tests In AMERICA.—We published on 
December 18 last an article dealing with the range-finder 
competition recently carried out by the United States 
Army Board, and reproduced a diagram showing how 
enormously the British instrument outclassed its rivals at 
all ranges. We stated at the time that the makers, 
Messrs. Barr and Stroud, unlike their competitors, were 
not represented at the trials, and thus left to be inferred, 
| the fact that the ‘‘ observations by the makers’ represen- 
| tatives” were, in Messrs. Barr and Stroud’s case, taken 
| by men unfamiliar with their instrument. The diagram 
| of errors that we published was based upon the total of 
| the observations made, and thus the Barr and Stroud 
| instrument was at some disadvantage. Its performance 

was, however, so greatly superior to that of the others, that 
| only in the interests of accuracy of detail need we now 
| revert to the subject. If those results obtained by inde- 
| pendent observers had alone been considered, the curves 
| would have still more favoured the range-finder in question. 
| In proof of this we may mention that in the night-work 
| tests over all ranges, carried out by “‘ officers an 





enlisted 
men,” the average error of the Barr and Stroud instrument 
was only 72.9 yards, as against 105.5 yards for the Bausch, 
| Lomb, and Saegmuller instrument, and 187.2 yards for 
| that of Messrs. Warner and Swasey. When night-work 
trials were made with ‘‘ makers’ representatives” alone 
observing, the errors of the three instruments were re- 
spectively 112.8 yards, 110.1 yards, and 135 yards. Messrs. 
rr and Stroud, whose instrument, as already explained, 
was not in charge of their own observer, here obtained 
about 2 per cent. below the best results, and it may be 
said that in both series of tests their instrument was tried 
at much greater ranges than either of the others. The 
last trial was the only one in which the firm did not come 
easily first. We may add that the absence of their repre- 
sentative was at their own request, and that they certified 
beforehand their satisfaction, both with the scheme of the 
tests, and with any decision that the United States Army 
Board might arrive at. 





situation, but what the outcome will be no one can} aq 





HEAT LOSSES IN AN ELECTRIC POWER- 


STATION. 
At the ordinary meeting of the Institution of Civil 
mber 22, Mr. James C. 


8, President, in the chair, the paper read was ‘‘ An 
Investigation of the Heat Losses in an Electric Power- 
Station,” by F. H. Corson, Assoc. M. Inst.C.E. The 
following is an abstract of the — 

An inquiry, originating fou Niece, in 1903, showed 
that the average coal consumption of thirty-four principal 
generating-stations of the United * cate Sn was about 
7.7 1b. per unit generated. The figures ranged from 3.6 Ib. 
to 151b., Blackburn standing at 10 lb. 

Rough tasts on the various sections of the plant re- 
sulted: in“@onsiderable rearrangement. The steam-pipe 
system was overhauled and more effectively drained, and 
steam-separators and dryers were in consequence dis- 
pensed with. Engine stop-valves were, where possible, 
attached directly to the main steam-pipes. The steam- 
ring was discarded, and merally the effective heat- 
radiating surface was greatly diminished. Better-fitting 
boiler-dampers were provided, the condition of the brick- 
work was improved, and the whole process of combustion 
was more thoroughly controlled by the institution of flue- 
gas analysis. hese and similar alterations occupied 
about three years, and the fuel consumption fell during 
that time to about 6 lb. of the same coal per average unit 

nerated, a reduction of 40 per cent. Secties progress 

ing imperative, it was decided to conduct tests covering 
the whole operation of the works, viewing the losses 
peculiar to each part of the plant in their saidletslie to 
one another and to the whole, and arrangements were 
e, and apparatus devised, for their prosecution. 

After isolated trials of the various types of apparatus 
had proved their reliability, simultaneous tests were ar- 
ranged, of a duration long enough to embrace all condi- 
tions of soueten met with in routine work. 

The Blackburn undertaking comprises two adjoining 
stations of 2300 kilowatts capacity each, containing :— 
Twelve mechanically-fired Lancashire boilers, six fitted 
with superheaters; fifteen high-speed engines driving 
generators from 60 kilowatts to 775 kilowatts in size, 
controlled from three switchboards ; steam piping 3 in. to 
14 in. in diameter ; ejector and jet-condensers fed from 
an overhead water-tank above the boiler-house; low- 
speed steam-driven feed-pumps; four batteries of econo- 
misers totalling 1504 tubes ; two chimneys, 150 ft. and 
250 ft. respectively. The test has covered during 168 
consecutive hours the combustion of about 230 tons of 
coal, the evaporation of 3.376 million pounds of water, 
and the generation of 99,295 date volte. The net 
results show a consumption of 5.15 lb. of coal, and a total 
—— of 33.9 lb. of water per ave unit. 

Observations have been taken half-hourly of the rate of 
evaporation, and of the temperature of the feed-water at 
the feed-tank, and the economiser inlets and outlets; of 
the chemical composition and temperature of the gases in 
boiler and economiser flues ; of the temperature and pres- 
sure of steam supplied to and discharged from the en- 
gines ; of the temperature and quantity of the injection 
and discharge water of the condensers ; and of the elec- 
trical units generated. 

Some of these data have also been obtained by using 
recording apparatus. The performance is shown on a 
time-basis in curves, and in total in eight balance-sheets 
relating to the operation of the whole plant and of its 
constituent parts. As far as possible, the results have 
also been entered on the form prescribed by the Institu- 
tion Committee on Steam-Engine and Boiler Trials. 

The principal sub-divisions into which the trials have 
fallen are :— 


eg on Tuesday, 
Ingli 


(i.) Fuel selection ; 
(1i.) Estimation of moisture in coal ; 
(1ii.) Determination of calorific value ; 
(iv.) Flue-gas analysis and measurement ; 
(v.) Evaporation of water and distribution of steam ; 
(vi.) Steam consumption of auxiliaries ; 
(vii.) Steam consumption of main engines ; 
(viii.) Measurement of output. 


1. Fuel Selection.—This has been effected after compre 
hensive trials, involving calorimetric determination and 
actual working test of various fuels. The insufficiency of 
the calorimetric indication alone is shown in Table I., and 
it has accordingly been used only as a preliminary. guide, 
supplemented by practical trial under working conditions. 

As a means also of ensuring uniformity of supply of 
fuel, the employment of the calorimeter has been largely 
discarded, more reliance being placed on observation of 
the coal in actual use. 

To exhibit the results quantitatively, the calorimetric 
determination of the heat value of the coal has been 
adopted. 

2. Estimation of Moisture in Coal.—Every load of coal 
entering the works is sampled at the weigh-bridge. All 
samples—roughly 1 lb. weight each-—are mixed at the end 
of the day, and dried, the loss of weight being approxi- 
mately a true statement of the moisture contained. 

Periodical tests have been applied to check the accuracy 
of the method, and have shown that some water—about 
UB od cent. of the weight of the sample—still remains. 

ith this correction, the moisture is estimable by these 
means with close approximation, and uncertainty as to the 
efficacy of the process is overshadowed by the great doubt 
accompanying any calculation of the qualities of the 
whole from those of a small part. Tables show the results 
of the moisture tests for nine months. 

3. Determination of Calorific Value.—The Thompson 
calorimeter has been modified for the removal of certain 
liabilities to inaccurracy existent in its original form. 

Oxygen supply from a gas-cylinder has replaced that 
from potassium chlorate and nitrate, rendering combustion 
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more controllable, and securing better transference of 
heat to the water. 

Electric ignition has ensured thoroughness of combus- 
tion, and external silvering of the outer vessel has reduced 
radiation error. Curves illustrating the diminution of 
radiation resulting from the external silvering are given. 


The mean calorific value from 73 tests of the dried fuel | 
for moisture, | 
| per second, the manometer indicated a rarefaction, corre- 


is 13,180 B.Th.U. per pound, or, allowi 
12,310 B.Th.U. per pound, of the coal as fired. 

4. Flue-Gases Analyses and Measwrement.—The chemical 
constitution of the flue-gases has been estimated by a 
Krell recorder, and by the Orsat apparatus. n- 


Keeble timtoclty has been encountered in the selection | 
sample gas, and a large number of tests | 


of truly ave 

have been e to ensure certainty of its representative 

character at all times. Numerous test-holes have been 

drilled in the flues, and samples from one point co: 

with those derived simultaneously from another. her 

caw have arisen from the type of analyser em- 
loyed. 

After trial of varied arrangements, all such troubles 
appear to have been surmounted, and the correctness of 
results has been proved by confirmation of the Orsat 
apparatus. Diagrams are given of the arrangements 
made for the purpose of flue-gas analysis, and also typical 
CO, charts obtained from the flues. 

Specific Heat.—Some doubt is s ted of the validity 
of computing the specific heat of the gases from that of 
their several constituents, and also of assuming the quan- 
tity to be independent of change in temperature and pres- 
sure. In the inquiry, this course has been followed, any 
error resulting therefrom being probably exceeded by pos- 
sible uncertainty of the chemical analysis. 

Temperature.—Four certified mercury pyrometers, one 
of recording type, have been used for this section of 
observations. emperature records from boiler and 
economiser flues are given. 

5. Evaporation of Water and Distribution of Steam.— 
The feed-water has been registered by a Siemens water- 
meter in the pump suction-pipe, the instrument being 
tested daily on the pumping, at various rates, of a 
measured quantity of about 2000 gallons. Errors of the 
meter, due to the presence of air-vessels, were encountered, 
but were obviated, and the half-hourly record of the meter, 
corrected y. the error-curves, may be accepted with con- 
fidence. The water lost by leakage and by Tiecieeiven 
of boilers has been determinable by direct test, and the 
radiation loss by shutting off all engine-valves, and apply- 
ing still tests of ten hours’ duration for the measurement 
of condensation. This may be inaccurate, for in practice 
the steam is me gage but it has been preferred to 
results obtained from attempts to derive the figure from 
the fall in temperature accompanying the flow of a known 
weight of superheated steam. 

6. Steam Consumption of Auziliaries.—The tests under 
this head cover the steam used by furnace grate-jets, by 
feed-pumps, and by apparatus of domestic comet ty 

The first of these has been arrived at by feeding all jets 
from one boiler, and noting the rate of evaporation ; the 
second by condensation of the exhaust into a known 
weight of water at various speeds of pumping; and a third 
by frequent direct tests. 

7. Steam Consumption of Main Engines.—The steam 
consumed by the main engines is deduced from the in- 
crease in temperature of the condensing water, the quan- 
tity of which has been measured. The accuracy of this 
method rests upon dryness of the exhaust steam, which 
appears to be indicated by thermometers and mercury- 
gauges fitted to the engine exhausts. 

8. Estimation of Electrical Output.—All energy used for 
whatever purpose has passed through meters calibrated to 


2 per cent. accuracy. 
n conclusion, the author discusses the _ a by 
each possible source of loss in the indifferent thermo- 


dynamic performance of the works as a whole. While 
regretting that circumstances have compelled somewhat 
superficial treatment of some details, he confidence in 
the accuracy of the data obtained, within the limitations 
prescribed by the apparatus available and by the character 
and conditions of the trial. 








ON THE ACTION OF PROPELLERS AND 
AEROPLANES. 
To THE Eprror or ENGINEERING. 


Sir,—During the years 1883-6 different launches here 
were driven by aerial propellers, or revolving sails, and 
the intention was a simultaneous utilisation of wind and 
steam-power, nearly 80 per cent. of the wind directions 
being utilised when sailing in a circular course. en 
correctly constructed, the efficiency of an aerial propeller 
is a trifle superior (on account of the elasticity of the air) 
to that of a water propeller. At present, therefore, where 
the aerial propeller has come into practical use for driving 
aeroplanes, its theory may, perhaps, attract attention. 

Experiments prove that its thrust is mainly derived 
from the rarefaction created on the leeward, or suction 
side, of its wings; and the manner of showing this was 
mentioned nineteen or twenty years ago in ENGINEERING 
and other journals. I shall now attempt a fuller 
explanation. The deceased Captain Rung, of the Danish 
Artillery, had constructed an apparatus consisting of two 
tubes, ¢ and u, perpendicular to, and in communication 
with, one another, wu forming the axle for ¢, and u com- 
municating with a manometer. When u revolved upon 
its own axis, the air was rarefied in ¢, which was open at 
its outer end. The rarefaction followed the law ex- 
pressed by the formula r m w? for the centrifugal force ; r 
is the length of thé tube ¢, w its angular velocity, and m 
the mass of air in ¢. 

] rarefaction is, however, quite independent of the 
dimension of the tube ¢; it is better, therefore, to write 


| at the inner hole, 10 centimetres from u (one hole being 





the formula k r w®, where k is acoefficient, the rarefac- 
tion mainly depending upon r and w. - 
borrowed Captain Rung’s apparatus: t was made 
20.5 cm., or about 8,3 in., its outer end was shut, and two 
holes were bored through its shell, 20 centimetres and 
10 centimetres from wu. 
When these holes were kept directly on the lee side of 
t, when it was rotated at the rate of twenty revolutions 


Fagen to a lift of 68 millimetres, or 2.7 in. of water, at 
the outer hole, 20 centimetres from u, and 31 millimetres 
shut, when the other was examined). the tube ¢ 
was turned 180 deg. round its own axis, so as to have its 
holes directly to windward when rotated at 20 revolutions 
per second, the wind pressure on the windward side of ¢ 
would nearly counteract the rarefaction ! 

At — rates of revolution the pressure on the wind- 
ward side of ¢ is scarcely able to counteract the rarefac- 
tion due to centrifugal force. When ¢ was turned thus, 
that the holes were just a little abaft the side of ¢, so 
that the air could rush over them, and produce suction, 
when ¢ was swung, then the rarefaction was slightly 
augmented. 

im 9.4 in. long by 3 in. wide was now fastened 
lengthwise, and along its middle line to ¢ (the plate’s short 
side being suppo on u), and it formed an le of 
45 deg. with a plane perpendicular to u. Two holes, 
20 centimetres and 10 centimetres from u, were then 
bored through the plate and through the shell of ¢, and 

rfect tightness was sec by means of soldering. 
The rarefaction must be examined direct on the surface 
of the plate, therefore no other method of experimenting 
can be used.) This plate was now, as before, rotated at 
the rate of 20 revolutions per second, with the holes on 
its leeward side. rarefaction on the surface of the 
plate, 20 centimetres from u, now co mded to a lift 
of 70 millimetres or 2.8 in. of water, and 10 centimetres 
from w it was 33 millimetres. e rush of air passing by 
the leading edge of the plate sucked the air from its lee 
side, and thus augmented the rarefaction (nearer the 
leading edge of the plate the rarefaction would be greater, 
and further away it would be less). 

The mass of air striking the windward side of the plate 
is fm A v? sin? a ; m = mass of unit volume, A area of 
surface struck, the fluid strikes at the velocity v propor- 
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tional to the distance from u; a is the angle of incidence, 
in this case 45 deg. (this formula has been demonstrated 
often, and need not therefore be reproduced). The pres- 
sure on the windward side corresponding with the impact 
of fm A v?sin?a is at lower rates of revolution sufficient 
to counteract the tendency to rarefaction which is found 
on this side also (at high rates of revolution rarefaction is 
found on the windward side also). This was found by 
revolving the plate the opposite way. 

In order to avoid the projection of ¢ on the one side of 
the plate, a flat hollow y, with holes on its surface, 
extending perpendicularly from and communicating with 
u, may ~ 4 be used, but as the rarefection mainly depends 
on 7 and w, it does not make any appreciable difference, 

These experiments, undertaken about twenty-two years 
ago, and performed merely for the sake of proving the 
existence of this diminution of pressure ominating on 
the leeward surface of the propeller blades, do not lay 
claim to exact scientific accuracy. 

en a propeller is at rest, the pressure c H (c the 
weight of 1 cubic foot of fluid, if air ¢ = 0.08 Ib.; H the 
pressure height, say, in feet) due to the column of air and 
water acting on both sides of its blades is the same, and 
when it is towed, revolving freely nearly, the same, only 
thrust side and suction side are interchanged ; but if the 
propeller be revolved under the action of the engine ob- 
taining a proper speed v in its point of effort, correspond- 


ing to a pressure height h = A then, on the thrust side 





~ § . a | 
of the propeller blade, the pressure per unit area will be 


a function of ¢ (H + h) = o( H + io and on the suc- 
f 


tion side it is a function of c (H-h) = ¢(H- - ) The 
9 

collected thrust is equal to the difference c (H + h) -¢ 

(H-h) =2ch=2c ba =e¢ © | The thrust of the pro- 


29 g 
peller is consequently a function of c . (If a plate 
g 
1 square foot be moved in air normally to itself at a speed 
v 


20 ft. per second, the resistance should be ¢ S 
4, 


0.08 a =0.99 Ib., which is not far from the correct value ; 


v= = 


| 
| 
| 


| in inelastic water, the pressure in proportion to mass is | 


about the half.) La f 

In ENGINEERING for July 10, Mr. Phillips has given a 
beautiful illustration, and one which is perfectly correct, 
of the stream-lines in air moving towards a propeller. 
Let (similar to those) Fig. 1 indicate a right-handed pro- 
peller-blade moving in the direction of the big arrow, some 


‘resistance of the yacht. 


galvanised steel 


in the same even from 
for nig Chas bet temples thamaloante Hees 
‘or a metaphor, let us now imagine stream-lines 
to be filled with small aerial s; ing both 
weit and inertia and counteracting gravity, and moving 
swiftly in any direction by means of certain electric 
currents in their legs and arms. They are, however, very 
obedient, and have strict orders from their governor to 
nae s the ren iY - ayL _ possible, to ote 
leew or suction side the re peller- e, 
which is furnished with numerous onal alte. Now, 
it will be seen from the formula, kr w*, that centrifugal 
force is weak near the centre of rotation, the small - 
men are able to rush in and momentarily to hold on near 
the boss of the blade; but on moving further out on the 
blade they loose their hold and fly out, producing a real 
current ; from outside, however, as shown on the stream- 
lines, other small beings rush in, attempting to fill up the 
vacant places, whereupon a resultant current is set u 
which sends them out in the opposite direction to that 
the propellepe:sBut when the small beings cannot keep 
their = sm ven by means of the handles, a rarefaction 
or diminution of pressure is the result. 

As the speed of the blade is ter near its tip, the 
pressure on the thrust side of the blade is also greatest 
there, and a tendency to move inwards, from the higher 
pressure towards the lower near the is the conse- 
quence. Fluid to the amount re; nted in f m A v®sin?a 
striking the thrust side is hens pressed along that side 
in an opposite direction to that of the propeller. 

In case of negative slip the fluid acquires, as it were, a 
greater facility for striking the suction side, because the 
speed of the propeller is greater than that which corre- 
sponds to its revolutions and pitch. Still the fluid cannot 
close to the suction side. ifugal force is too strong 


of the stream-lines convergi 
behind are indicated by the me | 


Centrif: 
(even if that side was provided with handles, the above 
small beings could not keep their holds), the above centri- 


fugal current is created nevertheless. ‘There is suction on 
both sides of the propeller-blade, as is also proved by the 
above experiments. The rarefaction or diminution of 


pressure 1s, however, many times ter on the real suc- 
tion side of the blade than on its thrust side. The stream- 
lines have, in case of negative slip, to bend round. the 
leading edge, and then to close in upon the thrust side of 
the blade, as shown on Fig. 2. In fact, the action of a 
propeller in air and water has little to do with the action 
of a screw in solid matter, even if the conception slip be 
ithe follo f special i 

e following experiment is of special importance :— 
Examining the yeuutentes behind a screw-propeiler driv- 
ing a Jaunch with a full stern, and consequently con- 
siderable wake or following currents, then this resistance 
is less then that measured a small distance from the side 
of the launch. In fact, the race of the poeuene was fully 
consumed or taken up by the wake, thus showing that 
the race of the screw may obtain speed in the same direc- 
tion as that of the ship, The momentum to overcome the 
resistance of a ship is therefore derived from the huge 
mass of water acted on in front of it; this huge mass of 
water being sucked slowly in the opposite direction to 
~- of the ship, only a part of it passes t the pro- 


er. 
Just after having experimented with aerial-propellers 
I experimented for several years with sail sytems on 
a yacht of 3.7 tons di ment, its resistance under 
different angles of heel and leeway being 
by means of towing expériments. The normal thrust on 
a sail resulting from the dir striking its windward side 
is, as before mentioned, f mA v? sin? a, and this part 
amounts under very close-hauled sailing to only ut 
5 per cent. of the whole thrust necessary to overcome the 
About 95 per cent. of the thrust 
results from the rarefaction. The-air passing the leading 


edge or mast of the sail drags the reposing air from its 
tod side, and is thereby iteelf inflected towards the sail, 
and sent out in an be po direction to that of the ship, 
thus forming part of the momentum to drive same. 

It would, however, carry too far _—— the action 
of sails and aeroplanes in this letter, wherefore that must 
be left to another letter, more especially because some- 
thing should be said as regards the utilisation of the 
natural wind differences. 

I am, Sir, 


yours faithfully 
108, Osterbrogade, Copenhagen: H. C. Voer. 





PERSONAL.—We are informed that as the result of an 
ama tion the firm of Messrs. Grimshaw and Baxter 
will in future be known as Messrs. Gri w, Baxter, 


land J. J. Elliott, Limited, 29-37, Goswell-road, with 


works at 121 and 123, Rosebery-avenue, London.— 
Messrs. George Cradock and Co., Wakefield, state that 
their firm fhas been converted into a private limited com- 
ny under the style of Geo. Cradock and Co., Limited, 
r. George Cradock and Mr. Percy 8. Cradock being 
directors of the new company.— Messrs. Stephen Watkins 


Son, and Groves, patent mts, have removed from 75, 
Chancery-lane, to Aldwych bers, 170, Strand, W.C. 
— Messrs. J. Dampney and Co., Limited, Cardiff, 


inform us that they are opening London offices at 
72, Bishopsgate-street, E.C., with Mr. R. H. Turpin 
in charge.—We understand that Mr. G. E. Mathew, 
58, Upper Thames-street, E.C., has taken Mr. 8. 8S. 
Mathew and Mr. O. V. Mathew into partnership, 
and the business will be carried on in future under 
style of Messrs. George Mathew and Brothers.—The 
Siegener Eisenindustrie, Weidenau, has appointed 
Messrs. Edward Lomer and Co., Limited, 110, Fenchurch- 
street, E.C., sole agents for the United Kingdom for their 
eets.—The Newalls Insulation Com- 
pany, Limited, Scottish Provident Buildings, Morley- 
street, Newcastle-on-Tyne, has formed to take over 
and on the business of Magnesia Coverings, Li- 
mited, Washington Station, Co. Durham. 
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CONSTRUCTED BY 


ITALIAN SUBMERSIBLE BOAT 


ENGINEERS, 


THE FIAT 8S. GEORGIO COMPANY, 


“OTARIA.” 


SPEZIA. 
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WE illustrate in the adjoining view the Italian sub- 


mersible boat Otaria, built by the Fiat S. Georgio 
Company, of Spezia. Her surface displacement when 
fully loaded is 175 tons, and her displacement sub- 
merged is 215 tons. Her surface speed is 14 knots, 
and her speed when submerged 7 knots. The Otaria 
belongs to the Glauco, Squalo, Narvalo, and Tricheco 
class of boats; her length is 30 metres (98 ft. 6 in.), 
and her beam 4 metres (13 ft.); she is 14 ft. 6 in. deep 
and is provided with two torpedo-launching tubes. She 
has a radius of action of 500 miles at 10 knots. These 
boats were designed by Engineer Naval Constructor 
C. Laurenti ; the Glauco was completed in 1904, and 
the Squalo and Narvalo in 1906. The Tricheco and 
Otaria, of the same type, were completed in 1907-8. 
They gave evidence of their perfect seaworthiness in 
various trial runs between different Italian seaports 
and under water through narrow straits; they also 
took part in various manceuvres with the fleet, when 
several of their attacks upon battleships at anchor, 
ruarded by torpedo-boats, proved successful. These 
hive submersible boats are an improvement upon the 
Delfino, the first boat of the type built and experi- 
mented upon by the Italian naval authorities. The 
Delfino having n completed in 1896, the course of 
experiments with this first boat, which led to the im- 
proved Glauco class, was therefore spread over a period 
of ten years. A sixth submarine, the Foca, was com- 
menced in September last ; this is to have a length of 





42 metres (137 ft. 9 in.), a displacement little above 
those of the Glauco class, as far as can be gathered at 
this stage, and a speed, when submerged, of 9 knots, 
and a 15 knots surface speed. 

The Otaria and Tricheco are both fitted with 
Thornycroft internal-combustion engines, built to use 
normally paraffin as fuel. Each boat has two eight- 
cylinder sets of engines ; each set drives a propeller 
and is capable of ovekistes 350 brake horse-power, 

iving a total of 700 horse-power for each submersible. 
‘he eight-cylinder type of~engine is obtained by 
coupling together two ll cab om sets, each of which 
is complete in itself and can run separately from 
the other ; the coupling being, however, rigid, the 
adjoining four-cylinder set runs idle in such a case. 
The engines are started by compressed air from the 
compressed-air receivers on board, a separate set of 
mechanically-driven starting-valves, which open on the 
firing stroke, controlling its admission to the cylinders, 
These starting-valves are below the cam-shaft, and 
are operated by rock-levers and trip-rods in the same 
aa Se 'y, as the main valves ; they are thrown 
out of gear by gearing and adjustable tappets directly 
the engines commence running with liquid fuel. 
The engines can revolve in both directions ;_re- 
versal of rotation of the crank-shaft is obtained by 
mre a amar of bevel-wheel gearing fitted on the 
cam-shaft. 

The view shows in the background two motor-boats, 





a 
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also built by the Fiat §, Georgio Company, and belong- 
ing to the Italian warship Napoli. One of these is 
fitted with an 80-horse-power Fiat motor, and the 
other with an 80-horse-power Napier marine motor. 








“Lista Nava.e Iraiana.”—The October-November 
issue of this list has just come to hand. It is published 
by the Officina Poligrafica Italiana, Rome, with the 
authorisation of the Ministry of Marine, and gives the 
names of the deck officers of the Italian Navy, those of 
the Naval architects, and of all other officers employed 
under various capacities. It contains also the list of the 
Italian men-of-war, with the names of the officers com- 
manding them, and other data of special interest to men 
in the Italian service. The book is issued quarterly, at 
the price of 4 lire in the country and 5 lire to foreign 
countries, for separate copies. 


CANADIAN Iron OreE.—Messrs. Murphy, Buffalo, 
C. Labey, Port Arthur, and others have secured a grant 
from the Canadian Government covering 12 claims of 140 
acres each, about five miles south of the Katigan dépét, on 
the Canadian Northern Railway. The property contains 
a vein of magnetic iron ore in one continuous formation 
for 14 miles. The vein is described as the largest deposit 
of magnetic ore yet found in Canada. The narrowest part 
of the vein is 25 ft., with an outcropping of 250 ft. e 
lowest assay made from the surface ore shows 48.75 per 
cent. metallic iron, 0.067 per cent. phosphorus, and 0.087 
per cent. sulphur, without a trace of tonite. 
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the boiler. Attached to the barrel are two bracket- 
angles, one on either side, and these rest on flat bear- 
ing surfaces provided for them on the top of each 
limb of the saddle casting, which rises on either side 
of the barrel to a level within 10} in. of the centre line 
of the boiler. 

One regulator is provided in the dome, but at the 
base of the large swan-neck the pipe branches 
into two, each of 44 in. internal diameter. One of 
these, in the ordinary way, passes forward to the 


smoke-box end, while the other runs in the sree | 
e| 
former supplies the cylinders on the leading bogie; | 


direction towards the back end of the boiler. 


and the latter, passing through the back plate of the 
fire-box shell, is carried down to below the foot-plate, 
and then to the cylinders of the trailing bogie. The 
exhaust from the leading bogie is carried forward into 
the smoke-box, where a short blast-pipe is provided. 
That from the trailing cylinders is taken into the tank 
at the trailing end, as described below. 

Flexibility of the steam and exhaust-pipes is provided 
by ball-and-socket joints below each bogie centre. The 
joints are in each case side by side, and combined 
in one casting carried from the centre casting. The 
ball and sockets are on the vertical transverse plane 
through the bogie centre, and each pipe is provided 
with a sliding gland. 

The exhaust from the trailing bogies is utilised in a 
feed-water heater arranged in the trailing tank. On 
being brought up from the bogie the pipe branches 
into two limbs, one passing to the right and one to the 
left hand side of the engine. They here connect with 
the feed-heaters, which consist each of a set of 17 tubes, 
1g in. in external diameter and 9 ft. 114 in. between 
tube-plates. These tubes are placed lengthwise in the 
o- portions of the tank, outside the main frames 

f the engine. After passing through the feed-heaters, 
the steam is carried through a Y pipe up to the little 
exhaust chimney to be seen at the trailing end. 

The tanks hold no less than 4000 gallons of water, 
those alongside the boiler together holding 2250 


gallons, while that at the trailing end has a capacity of | i 


750 gallons. Owing to the length of the tanks, and 
the steepness of the grade on which the engines have 
to work, a valve has been placed in the fore-and-aft 
equilibrium pipes, so that the respective water-levels 
in the separate tanks may be controlled. The bunker 
takes 4 tons of briquette fuel. 

We may mention that two Ramsbottom safety- 
valves are fitted to the boiler, giving altogether four 
4-in. valves. Hulburd’s mechanical boiler cleaner 
is also provided. Among the other fittings Gresham 
and Craven’s steam-sanding is fitted, and also one 
Wakefield sight-feed lubricator with four feeds, Dew- 
rance asbestos-packed gauge-cocks, &c. The flexible 
Piping used for the cylinder drain-cocks; sight-feed 
oil - pi 8, sanding - gear, &c., is by the ‘United 
Flexible Metallic Tubing Company. e feed equip- 
ment consists of two Gresham and Craven No. 10 
combination hot-water injectors, and a 6 in. by 4 in. 
by 6 in. Worthington pump. The latter is — 
right at the back of the bunker, immediately below 
the exhaust chimney, visible at that end. All the 
steam piping exposed is wrapped with asbestos rope. 
— is protected with an asbestos mattress 1 in. 
thick. 

A steam-brake, acting on all wheels, is fitted, com- 
bined with the usual hand-gear in the cab. The two 
cylinders, 84 in. by 8 in., are placed one on each side, 
near the back end of the fire-box. The brake shaft is 
mounted on the underside of the stiff cross-frame stay, 
also just at the back end of the fire-box. The brake 
rigging is equalised for each bogie, single central rods 
being used. 

The engines were built under the supervision of Mr. 
G. Bush, M. Inst. C.E., consulting engineer to the 
Nitrate Railways Company. We give below further 
particulars and dimensions of these engines :— 

Gauge ... : 
Cylinders sa io 
Diameter of wheels ... 


», Width over tanks... cae ‘ 
Height from rail totop of chimney _13 ft. 6 in. 
Boiler, outside diameter ... Se ia OS 
length of barrel 15 ft. 
centre from rail des 8 ft. 3in 
& és ... Number 262; out- 
side ae 2 in. 
t. 
5 ft. 88 in. 
171 sq. ft. 
2135, 
. 2306 sq. ft. 
39.32 


” 


Tubes 
Fire-box shell, outside length 
.. width 


Heating surface : fire-box ... 
tubes 


” ” 


” ” 


Total 
yates seen a ise ee ; a 
orking pressure ... = ... 180 Ib, per sq. in. 
Heating surface of feed - water 5 
heater + xe EN ae 144 sq. ft. 
Water capacity 4000 gallons 


Total weight in working order ... 117 tons 19 ewt. 


UNIVERSAL DOVETAILING-MACHINE. 


WE illustrate on page 16 a new machine, which has 
| been designed and constructed by Messrs. A. Ransome 
and -Co., Limited, of Newark-on-Trent, for dovetailing 
boards used for making boxes. It is capable of making 
dovetails of various sizes and of three different pitches 
| in the length of the boards, the boards oaing aS any 
thickness from 4 in. to 44 in., and any width up to 

|24 in. It is also capable of cutting blind dovetails for 
door fronts, &c., and it will dovetail edges which are 
required to be made at various angles out of square. 
The pitches of the dovetails are 1} in., 2in., and 34 in. 

If we call the front of the machine that part to 
which the timber operated upon is fed, then Fig. 1 
represents a front elevation, although the attendant 
who actually works the machine stands at the side 
and faces the machine, as seen in Fig. 2, which view 
is a section through the head. The standard and 
pulley seen at the left-hand side of Fig. 1 are not an 
actual part of the dovetailing machine itself, but repre- 
sent the countershafting from which the machine is 
driven, and they are, in reality, some distance away 
from it ; the horizontal shaft below the pulleys is for 
the striking-gear. Fig. 5 shows the machine in per- 
spective, and is a reproduction from a photograph ; 
while Figs. 3 and 4 are respectively an elevation and 
a plan of the appliance for setting the cutters, which 
appliance is also shown in the lower left-hand corner 
in Fig. 5. 

The base of the machine is of sues box section, 
planed on the top to receive the table and cutter 
carriage. The cutter spindle is of steel, and revolves 
at a speed of 6300 revolutions per minute in a socket 
which is ‘itted with ball bearings, which also take the 
thrust, and can be adjusted for taking up end play. 
The socket works in a slide formed on a circular cast- 
iron plate fixed to the base of the machine, and so 
arranged that it is kept at right angles to the table 
when cutting dovetails, but can be set to the required 
—_ when used for cutting pins. This slide may be seen 
in Figs. 1,2,and 5. It has a handle fitted with a catch 
similar to a reversing lever for a locomotive, by means 
of which it is moved. Three notches are cut in the 
upper part of the head, into any one of which the 
catch can be drop according to the angle of slide 
that is = hese notches are clearly shown in 
Fig. 1. The cutter-slide is brought down to its work 
by means of the foot-lever shown. 

The table on which the work is placed is planed 
both on its top and under sides, and slides on ways 
fitted to the base-plate, as may be clearly seen from 
the illustrations. The table is large penorans to take in 
boards up to 24 in. wide, and is fitted with a wooden 
top and screw clamps for holding down the work. The 
table is actuated by means of a screw and a set of 
change wheels, which are clearly shown in Figs. 1, 2, 
and 5. The handle for turning the screw is fitted with 
a dividing plate to ensure that the dovetails are accu- 
rately s . The plate is shown in Figs. 2 and 5. 

In order to provide for the setting of the cutters the 
apparatus shown in Figs. 3 and 4 is supplied. It con- 
sists of a chuck mounted on a centre and a rest to 
which a template is fixed, by means of which arrange- 
ment equality in the size of the dovetails is assured. 

The machine is driven, as before stated, from the 
countershaft, which latter is carried on high standards ; 
and on the countershaft is a pair of fast-and-loose 
pulleys 10 in. in diameter and 4 in. wide, which run 
at a speed of 860 revolutions per minute. 

Great care has been exercised throughout the con- 
struction of the machine to ensure perfect workman- 
ship and easy manipulation, 
of all the workin rts, and efficient lubrication has 
been provided. op e foundation bolts, belt-shiftin, 
gear, and a complete set of spanners are provided wit! 
each machine. 





TENDERS InviTED.—Tenders are invited for a floating 
repair-dock, for barges and floats, by the Egyptian State 
Railways, in connection with the upkeep of the floats, 
&c., on the Nile at the various swing-bridges by which 
the railway crosses the river. The largest barge to be 
accommodated is 30 metres long, 5 metres broad, and 
1.50 metres in height. Particulars as to design, specifica- 
tion, &c., may be obtained from Lieut.-Colonel J. H. 
Western, R.E., C.M.G., Queen Anne’s Chambers, West- 
minster, 


MANGANESE Ralzs. — Figures relating to the wear of 
— manganese 85-Ib. rails laid on curves on the 
ton Elevated Railway show that these cast rails on an 
82-ft. curve have lasted for over six years, with a reduc- 
tion in height of 0.46 in., and are still in use, while 
ordinary Bessemer steel rails used to wear out in the 
same place in forty-four days. The comparative life on a 
100-ft. curve has been found to be as follows on this rail- 
way for various qualities of rail: — Open-hearth low 
carbon, low phosphorus rail, 82 cove} ordinary Bessemer 
steel, 0.45 carbon, 125 days; nickel steel, 202 days ; high 
carbon (0.78)* Bessemer steel, 348 days; cast manganese 
steel, 3864 days ; the latter figure being based on the wear 
already recorded above. Rails are being made by the 
Manganese Steel-Rail Company, Passaic, N.J., contain- 
ing nearly 12 per cent. manganese. 
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NOTES FROM THE NORTH. 
Giascow, Wednesday. 
Glasgow Pig-Tron Market.—Last’ Wednesday morning 
there was no dealing of any kind in the pig-iron market, 
and prices were nominally steady. At the close sellers of 
Cleveland warrants quoted 49s. 1}d. cash, 49s. 44d. one 
month, and 49s. 10d. three months. In the afternoon the 
tone was steady, and Cleveland warrants to the extent of 
4000 tons changed hands at 49s. 1d. and 49s. 0}d. cash, 
Sid. and 49s. 8d. three months. Closing sellers 
uoted 49s. 1d. cash, 49s. 4d. one month, and 49s. 84d. 
three months. On Thursday morning the market again 
exhibited a. fairly steady tone, and Cleveland warrants 
were dealt in at 49s. 14d. cash and six days, 49s. 4d. one 
month, and 49s. 9d. three months. e turnover 
amounted to about 5000 tons, and at the close there were 
sellers over at 49s. 1}d. cash, 49s.. 4d. one month, and 
49s. 9d. three months. The market was closed in the 
afternoon and remained closed on Friday and Monday 
for the Christmas holidays. When business was resumed 
on Tuesday morning a quiet tone prevailed and_prices 
were the turn easier. The dealings were limited to 
2500 tons of Cleveland warrants at 49s. cash, and at 
the close of the session sellers quoted 49s. 1d. cash, 
49s. 34d. one month, and 49s. 8$d. three months. 
In the afternoon no business of any kind was reco 4 
but the tone of the market was fairly good. The closing 
quotations for Cleveland warrants were a shade firmer at 
49s. 14d. cash, 49s. 4d. one month, and 49s. 10d. three 
months sellers. When the market opened ery | (Wed- 
nesday) a firm tone prevailed, and 7500 tons of Cleveland 
warrants were put through at from 49s. 1d. to 49s. 24d. 
cash, at 49s. 3d. six days, and from 49s. 9d. to 49s. 104d. 
three months. The close was firm and sellers quoted 
49s. 3d. cash, 492. 6d. one month, and. 49s. 11d. three 
months. In the afternoon the market was dead idle, no 
dealing of any kind taking place. The tone was steady 
and the closing quotations for Cleveland warrants were 
unchanged at 49s. 3d. cash, 49s. 6d. one month, and 
49s. 11d. three months sellers. The following are the 
market quotations for makers’ (No. 1) iron :—Clyde, 
60s. 6d. ; Gartsherrie, 61s. ; Calder, 61s. 6d.; Summer- 
lee, 62s. 6d.; Langloan, 68s.; and Coltness, 90s. 6d, 
(all shipped at Gl w); Glengarnock (at Ardrossan), 
62s. 6d. ; Shotts (at Leith), 62s. ; and Carron (at Grange- 
mouth), 63s. 6d. 


—— » be mmonia.—During the months of November 
and mber sulphate of ammonia was very dull, and 
t within the past ten days or thereb 
a much better tone has prevailed, and the price has ed 
vanced about 10s. per ton. A fairly g business is 
passing, and the present quotation is from 11/. 10s. to 
11. 12s. 6d. per ton for prompt delivery, Glasgow or 
Leith. The forward quotation is called 11/. 12s. 6d. per 
ton, Glasgow or Leith, and the immediate outlook is firm. 
angus shipped from Leith Harbour last week was 
940 tons. 


Scotch Steel Trade.—No improvement falls to be recorded 
in the condition of the Scotch steel trade, and although 
one or two makers have had a little turn of work within 
the past few days, the majority are very quiet. Specifica- 
tions continue as scarce as ever. Less activity is evident 
in structural sections, the demand for this class of material 
having fallen off considerably. There is very little in- 
quiry for steel of any kind just now, either for the home 
market or for shipment, and the outlook for the beginning 
of the new year is not over bright. On the other hand, it 
is considered more than likely, by some who are well in- 
formed, that the year 1909 will not have been many weeks 
started before a healthy improvement will have been 
noticed in the demand for steel material, largely on home 
account. A meeting of the Scotch Steel-Makers’ Associa- 
tions was held in G w at the end of last week, when 
the subject of the stop’ for holidays was considered. 
No definite dates were fixed, but it is likely that the 
holiday will be of a lengthened nature, the majority of 
the Fp not being desirous of re-starting their works 
until specifications have somewhat inc , and there 
is a reasonable prospect of steady employment. The 
official list of prices is unchanged. 


Malleable-Iron Trade.—The malleable-iron trade of the 
West of Scotland is still in a very poor condition, and the 
mong is ending wey | quietly. The want of specifications 

been keenly felt of late, and some say that it is a 
long time since there was such a scarcity. Broken time 
has been the general rule throughout the past year, 
and eyen at its close there has been no sign of an improve- 
ment. 


Scotch Pig Iron.—Business in the ordinary brands of 
Scotch pig iron continues good, and the demand is as 
active at present as it has been during the past few weeks. 
Makers are quite busy this week with deliveries which 
are wanted before the stop for the holidays, and in 
some instances the demand is urgent, Large quantities 
have been sold for export, and respectable lots are being 
shipped weekly. Hematite is rather quiet this week, 
but a fair tonnage has been sold for delivery early in the 
new year. 


Important opens of the Iron and Steel Trades.—A 

of the Scotch Steel-Makers’ Association, 
the Sheet- ers’ Association, and the Malleable-Iron 
Makers’ Association, was held in Glasgow yesterday 
The meeting was called for the pu of 


the price was low, 


| discussing the proposals of the Caledonian, North British, 


w and South-Western Railway Companies to 
emurrage cha for the undue detention of 
wagons. The view of the meeting was that the com- 
panies’ proposals are impracticable, and a committee was 
inted to draw up a scheme which would be accept- 
to the associations represented at the meeting. 
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NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 
Conciliation Movement in Yorkshire.—Following on the 
recent moulders’ dispute in Sheffield, a strong effort is 
being made to form a Conciliation Board to arbitrate in 


future wages’ troubles. It is desired, if possible, to form | has 


a Board which will embrace the greater part, if not the 
whole, of Yorkshire, and prominent employers of labour 
and union leaders have intimated their warm sympathy 
with the movement. At present, however, owing to the 
recent reduction, conciliation is somewhat unpopular 
among the men in the district. 


Iron and Steel.—The closing months of the year have 
shown no improvement in the general condition of the 
iron and steel trades, and the stoppage this Christmas has 
been an exceptionally lengthy one. Pig iron closes with 

rices practically at their lowest. East Coast opened in 
, awe at 72s.-6d., and closed at 648° per ton; West 
Coast, which was quoted at 75s. in January, now realises 
67s. 6d. The local heavy industries opened fairly well 
with armour-plate orders aggregating about 6000 tons 
placed in the city. At present all this been delivered, 
and the mills are practically idle, only having on hand 
the orders for the new cruisers which — no heavy 
ag The sole benefit which Sheffield will derive 
is in the machinery, castings, forgin and the like, 
which will give a certain amount of work. In rail- 
way material there is a decided lull in a demand 
at no time during the year of even average proportions. 
The engineering branches have shown a steady decline, 
though prospects of the New Year are somewhat brighter 
than wasat one time anticipated. It is felt that this year 
must see a more liberal expenditure on the Navy; Ameri- 
can trade is looking up, and the demand from South Africa, 
India, and South America has for some weeks been on the 
increase. Among the few lines which can be said to have 
had a satisfactory year is that which furnishes machinery 
and parts to the agricultural implement-makers. Makers 
of knives, sections, castings, and forgings for the agricul- 
tural engineer have been exceptionally busy, and are now 
hard at work on material to fill the expected demand for 
next season. An increasing business is also now being 
done in shovels, spades, and excavating tools. 


South Yorkshire Coal.—One effect of the wintry weather 
has been to increase considerably the consumption of 
house coal. It was decided at a meeting of representatives 
of Sheffield Collieries, held to-day, to increase the price of 
house coal and house nuts from 10d. to 1s. per ton from 
and on January 1. Up to the end of last week business 
was of a somewhat sluggish character, notwithstanding the 
closing for the holidays. Best ey house is quoted 
at 12s., and secondary samples at 10s. to 10s. 3d. per ton 
at the pits. The steam coal trade continues dull, only a 
very limited tonnage being sent to the seaboard. Both 
Hull and Grimsby are taking well under the tonnage of 
the close of last year. The only brisk line is in supplies 
for the trawling fleet, and considerable interest is bein 
taken in next year’s contracts for this fuel, which wil 
shortly be placed. Coking fuel and common slack and 
s nudge are in brisk demand, the best brands of coking 
fuel making up to 6s. 6d. per ton. Good screened slack 
for engine purposes realises 5s. 6d. per ton at the pits. 








Motor Fire-Eneines 1n Lonpon.—The latest motor 
fire fighter for London is the Merryweather patent 
‘** Hatfield” petrol motor fire-engine, two of which are in 
hand and are now nearing completion at the makers’ works 
at Greenwich. Each of these machines, which will be the 
first of the kind in London, is capable of pumping 450 
gies per minute. The motor enables a jm | of over 
30 miles an hour to be attained on the level, and any hill 
in the London [district can be readily negotiated. The 
‘* Hatfield” pump is of the reciprocating type, and has 
been si ially designed so as to be run direct from the 
Eo ing motor, the operation of transferring the power 
rom the road wheels to the pump being performed by 
simply moving a single lever. The pump is of 
Merryweathers’ latest design, with many patented im- 
provements by which the perfection of deep suction lift 
is established without priming devices. e water will 
rise through the suction pipe from a depth of 27 ft. as soon 
as the pump is sta Considering the variety of condi- 
tions under which a fire-engine is used, the advantage of 
instant suction from a deep lift cannot be over estimated. 


Tue ‘“ArricAan Wortp” AnnvuAL.— This excellent 
anes annual volume has once again been produced by 
the African World and Cape-Cairo Express, Bourne 
House, Copthall-avenue, E.C. It is sufficient to say that 
it is fully up to the standard of the former volumes in 
quality of matter, in printing, and illustration. It con- 
tains over 400 pages, some of which, however, are 
advertisements; but the special articles are of suffi- 
cient variety to interest who have, or have had, 
connections with the great African Continent. The 
arse covers business and pleasure from nt to 
South Africa, and from Nigeria to Zanzibar. ining 
industries are dealt with, and cotton-growing and other 
commercial matters, while this part of the compila- 
tion is relieved by interesting sections on ‘“‘ pt in 
1908-9,” “‘ The Royal Cullinan Diamond,” ‘‘The French 
at War in Morocco.” Just why an article should appear 
here on New Zealand we are at a loss to comprehend. 
Other articles relate to the opened South African Union, 
Zanzibar, &c.; while short biographical sketches are given 
of Sir William Garstin and other men who have been 
prominently connected with the material development of 
the African Continent. The illustrations are, as % 
excellent, and quite make one wish to turn southward at 
this time of year and leave behind such weather as we 
have recently experienced here. ; 





NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 
MIDDLESBROUGH, Wednesday. 

The Cleveland Iron Trade.—Shipments of pig iron for 
the year amount to about 1,300,000 tons. This week there 
m, as is‘usually the case at this season of the year, 
practically nothing doing. It is satisfactory, however, 
to be able to report that traders generally speak hope- 
fully of the future, and a fair amount of activity is ex- 

ted to characterise the first few weeks of the new year. 
Duotations are nominal, but it is gratifying to notice that 
forward prices keep in advance of those quoted for early 
delivery. No. 3 g.m.b. Cleveland pig iron is put at 
49s. 3d. for prompt f.o.b. delivery, and doubtless that 
price’ could be shaded, but for delivery over the first 
quarter of 1909, the lowest figure mentioned is 49s. 6d., 
which is a price below what some makers are disposed 
to accept. o. 1 is 5ls. 6d.; No. 4 foundry, 48s. 3d.; 
and No. 4 forge, 47s. 3d. For early delivery of Nos. 1, 2, 
and 3 East Coast hematite pig 56s. is generally named, 
but producers will not sell forward at that figure. Cleve- 
land warrants are 49s. 2d. cash buyers. 


Cleveland Miners Seck an Advance.—The Cleveland 
ironstone miners have decided unanimously to use every 
endeavour to obtain a 5 per cent. advance in wages on the 
present existing base rate. 


Manufactured Iron and Steel.—Nothing new of moment 
can be reported concerning.the various branches of the 
manufactured iron and steel industries. Quotations for 
several descriptions may be advanced shortly, 
ducers having recently booked a few orders, are di 
to take a rather more cheerful view of the situation. 
Principal market rates stand :—Common iron bars, 71. ; 
best bars, 7/. 7s. 6d.; best best bars, 7/. 15s.; packing 
iron, 5/. 10s. ; iron om, 61. 7s. 6d. ; iron ship- 
angles, 7/. ; steel bars, 6/. ; steel on" 61. ; steel 
ship-angles, 5/. 12s. 6d.; steel strip, 6/. 7s. 6d.; steel 
hoops, 6/. 10s.; steel joists, 5/. 15s.; cast-iron chairs, 
3. 10s. ; light iron rails, 6/. 10s. to 6/. 15s. ; heavy steel 
rails, 5/. 10s. ; and steel railway sleepers, 6/. 10s.—all less 
the customary 24 per cent. discount, except railway 
material, which is net cash at works, 

Foreign Ore.—There has been little or nothing doing in 
foreign ore for some time past, and quotations are nomi- 
nally on the basis of 15s. 9d. ex-ship Tees for Rubio of 
50 per cent. quality. 

Coke.—The local consumption of coke continues heavy. 
Ave’ blast-furnace qualities are 16s. to 16s. 3d., de- 
livered here. Foundry coke for export ranges from 17s. 
to 18s. f.o.b. 


- 


pro- 








RETIREMENT OF Mr. GeorGE WHALE, M. Inst. C.E.— 
We hear that Mr. George Whale, M. Inst. C.E., chief 
mechanical engineer to the London and North-Western 
Railway, has tendered his resignation, owing to ill-health. 
Mr. ale succeeded the late Mr. F. W. ebb as chief 
mechanical engineer a little over five years ago, and in that 
short time has carried through a very extensive mme, 
with a view to supplying the company with efficient loco- 
motive stock. vr ae is term of office, we believe, 195 
passenger locomotives have been soe {oe and replaced by 
175 new engines, while'41 others have been rebuilt. In the 
goods stock some 50 or more mineral engines have been 
rebuilt, and 125 new express goods engines put in service. 
These, of course, by no means exhaust the list of thin 
Mr. Whale has accomplished, but suffice to show that the 
retiring superintendent has been very busily engaged in 
providing the railway with a set of capable locomotives. 





OgcHELHAUSER Gas-EnoIng.—In describing the gas- 
power plant at the Mossend Works recently (see 708 
of our previous volume) we inadvertently omitted to give 
the name of Mr. A. —- of Tegel, near Berlin, as the 
constructor of the 1850-horse-power Oechelhauser gas- 


NOTES FROM: THE SOUTH-WEST. 


Cardif.—The past week has, of course, been of a 
decidedly holiday character, and business has been a good 
deal mee in co! uence. The best large steam 
coal has made 14s, 3d. to 14s. 9d. per ton, while secondary 
qualities have brought 13s, 3d. to 13s. 9d. per ton. As 
regards household coal, the best ordinary descriptions 
have been quoted at 14s, 6d. to 16s, per ton; No. 3 
Rhondda large has brought 17s. 6d. to 18s. r ton. 
Foundry coke has made ios. 6d. to 20s. 6d., oil talanhe 
ditto, 15s. 6d. to 16s. 6d. per ton. As is iron ore, 
Rubio has been quoted at Tas 6d. to 14s. 9d. per ton, upon 
a basis of 50 per cent. of iron, and charges including 
freight, insurance, &c., to Cardiff or Newport: 


The *‘‘Collingwood.”—The equipment of the turbine 
battleship Collingwood continues to make good progress 
at Devonport, especially in the fixing of the heavy armour- 
plates on the barbettes and sides. Fexcept as regards the 
closing plates, the armour of four of the barbettes is now 
in position, The work of placing the side armour has ali o 
made rapid progress, 14 of the massive plates having been 
fixed in position on the after part of the armour recess. 


Exeter.—The Great Western station at Exeter is to be 
rebuilt and en] . For some time past 219 trains have 
passed through the station daily ; it is, accordingly, neces- 
7 that something should be done to bring it more up to 

ate. 


New Magazines.—After a good deal of discussion, new 
magazines are about to be commenced at Bedenham. 
They are intended to replace the Priffdy’s Hard magazines. 
The latter are situated practically at Gosport, and the 
inhabitants of that place have re ly protested 
against such a large quantity of explosives being stored so 
near them. A site, free from buildings or dwelling- 
houses, has now been secured at a considerable distance up 
the harbour between Gosport and Fareham. 


A Welsh Coal Combine.—Negotiations have been com- 
pleted by which the Cambrian Trust (Limited) has secured 
an option of the purchase of a controlling interest in the 
Albion Steam Coal Company (Limitéd). During the nine 
years ending with 1907 inclusive, the Albion Company 
ae out 244,944/. in dividends, 58,750/. in redemption of 

ebentures, and 58,476/. in the development of new pits. 
The Cambrian Trust, assuming the option of purchase is 
exercised, will be interested in and control the following 
companies :—Cambrian Collieries (Limited); Glamorgan 
Coal Company (Limited); Naval Colliery (Limited) ; 
L. Guéret (Limited) ; and La Société Genérale des Houilles 
et Agglomérés. 





New ZEALAND Coa..—The production of coal in New 
Zealand in 1907 amounted to 1,831,009 tons. _The most 
important mines are those on the west coast of the south 
island ; these mines yielded 1,052,022tons. In the course 
of 1907 the Point Elizabeth State Coal Mine attained an 
output of 233,498 tons. At the Westport Coal Company’s 
mines at Denniston and Millerton the production ex- 
ceeded 500,000 tons. 





A Seat-Fisuine Streamer.— Messrs. David and William 
Henderson and Co., Limited, Partick, N.B., launched, on 
Friday, the 25th ult., the steel screw-steamer Beothic, 
which they have built to the order of Messrs. Job Brothers, 
of Liverpool, and St. John’s, Newfoundland, for the seal- 
fishing ~~ 3%" The vessel is therefore of exceptional 

ore: 


strength, for forcing her way through the ice. The 
principal dimensions of the vessel are :—Length between 
i ft. 6 in. ; 


th, moulded, 19 ft., with a gross tonnage of about 
tons, and accommodation in houses on bridge 

deck for a limitec number of passengers. e machinery, 
which has also been constructed by Messrs. Henderson, 
consists of triple-expansion engines, having cylinders 
22 in., 36 in., and 59 in. in diameter by 39-in. stroke, with 
two single-ended boilers having a working pressure of 


Penge 240 ft.; breadth, moulded, 
e 
1 


engine at these Mossend Works. It was, indeed, stated 180 Ib 


that the engine had been built by Messrs. William Beard- 
moreand Co.,atGlasgow. Itshould have been stated rather 
that it was of the “‘typeas built by Messrs. William Beard- 
more and Co.” This particular engine is the largest single- 
cylinder gas-engine yet comple The cylinders are of 
43,,-in. diameter and 534-in. stroke, while the fly-wheel 
is 80 tons in weight. Mr. Borsig has made many Oechel- 
hauser engines, as well as Messrs. William Beardmore and 
Co., Limited, and the fact that this 1850-horse-power 
engine has worked since 1906 without giving the slightest 
— indicates the success of the design and manu- 
acture. 





Rattway AccIpENTS IN THE UniTep States.—In the 
year ending June 30, 1908, 3764 persons were killed and 
68,989 persons injured on the railroads in the United 
States. This is a considerable decrease on the previous 
year, for which the figures were 5000 and 76,286 respec- 
tively. The passengers killed in train accidents number 
148, and injured 6655, while 154 were killed and 2434 in- 
jured by falling from cars or in getting on or off. The 
total number of trainmen killed and injured numbered re- 
spectively 1097 and 19,006, while the trainmen killed in 
yards numbered 362, and injured in yards 74% ; 496 yard 
trainmen bavenging to switching crews were killed and 
9370 injured. All these figures show a decrease com- 
ay with the previous year. In coupling accidents, 

rsons were killed and 3121 injured. The total 
number of collisions and derailments occurring in the 
year amounted to 13,034, resulting in da amounting 
to over 10 million dollars. Of the derailments, 1426 are 
classified as due to defects of roadway, 2796 to defects of 
equipment, 406 to negligence, and 381 to unforeseen ob- 
structions of the track. 








Our Coat Asroap.—The movement of coal from the 
United Kingdom appears to have been tically station- 
ary in 1908. The aggregate exports to November 30 were 
57,375,422 tons, as compared with 58,407,880 tons and 
51,134,329 tons in the corresponding periods of 1907 and 
1906. These totals were increased by the addition of coke 
and patent fuel to 59,808,745 tons, 60,644,317 tons, and 
53,150,410 tons respectively. The quantity of coal shipped 
for the use of steamers en; in foreign trade to 
November 30, 1908, was 17,815,990 tons, as compared with 
17,085,575 tons and 17,121,662 tons respectively in the 
corresponding periods of 1907 and 1906. In one way or 
another, accordingly, the aggregate movement of coal 
from the United Kingdom in the first eleven months of 
last year was 77,624,435 tons, as compared with 77,724,892 
tons in the corresponding eleven months of 1907, and 
70,272,072 tons in the corresponding eleven months of 1906. 
The exports to the following countries exceeded 2,500,000 
tons to November 30, last year, and they compared as 
follows with the eee goo ped exports in the correspond- 
ing periods of 1907 and 1906 respectively :— 


~ 1908, 1907. 1906. 
Country. Tons. Tons. Tons. 
Russia 8,308,975 2,782,488 2,812,060 
Sweden .. 3,993,288 385, 8,333,004 
Denmark 8,562,232 2,647,831 2,274,740 
Germany .. 8,051,104 9,264,722 6,978,826 
France .. .. 9,588,622 9,734,436 8,576,257 
Italy .. 8,036,097 7,090,744 7,313,647 


The value of the coal, coke, and patent fuel exported to 
November 30, last year, was 38,380,105/., as compared 
with 38,437,749/. and 29,008,229/. in the corresponding 
period of 1907 and 1906 respectively. 
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“UNIVERSAL” DOVETAILING MACHINE. 
CONSTRUCTED BY MESSRS. A. RANSOME AND CO., LIMITED, ENGINEERS, NEWARK-ON-TRENT. 
(For Description, see Page 14.) 
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PLATE II. 


| THE NEW GRAVING-DOCKS AT MALTA. 
| 


COLONEL SIR EDWARD RABAN, K.C.B., R.E., DIRECTOR OF WORKS, ADMIRALTY, ENGINEER. 





MESSRS. 8S. PEARSON AND SON, LIMITED, WESTMINSTER, CONTRACTORS. 


(For Description, see Page 2.) 








Fic. 8. View or tHE West Dock FROM THE CoFFERDAM DuRING THE WorK OF EXCAVATION, 











Fic. 9. View or tHe East Dock LookING TOWARDS FRENCH CREEK, SHOWING THE WorK OF EXCAVATION, OF LAYING THE CONCRETE 
FLoor, AND OF BUILDING THE ASHLAR ALTARS. 











Fic. 10. View or THE East Dock FROM THE COFFERDAM, SHOWING THE CONSTRUCTION OF THE CONCRETE FLoor. 














(T> face Page 6.) 
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THE NEW GRAVING-DOCKS AT MALTA. 


COLONEL SIR EDWARD RABAN, K.C.B., R.E., DIRECTOR OF WORKS, ADMIRALTY, ENGINEER. 


MESSRS. 8. PEARSON AND SON, LIMITED, WESTMINSTER, CONTRACTORS. 


(For Description, see Page 2.) 





Fig. 11. Virw SHowinc Water-Bort, wHicH FLoopep THE UPPER ‘iG. 12. View SHowinG THE METHOD oF DEALING WITH THE 
Part or THE East Dock. Water-Bolt. 














Fic. 13. View or East Dock, with Temporary Masonry AND ARRANGEMENTS FOR DEALING witH LaRcE Bort. 
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THE NEW GRAV IN¢. 
RABAN, K.C.B. R.E., DIRECTOR OF WORKS, ADMIT Ary, }yciN 
(For Deseriptig , see 








Fig. 5. 











View FROM NortTH-WEST, LOOKING TOWARDS St. PaoLo BasTION, SHOWING SrrE or NEw Docks, wrru (‘orFE! 














Fic. 6. View From St. Paoto Bastion, SHOWING 
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View FRom St. Paoto Bastion or CompLeTeD Docks, SHOWING, FROM 
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IN¢-DOCKS AT MALTA. 


ALTY, gNGINEE-: ; MESSRS. $8. PEARSON AND SON, LIMITED, WESTMINSTER, CONTRACTORS. 


Descriptig , see Pay 2.) 











<8, wiry (orrFERDAM, AND ConTRACTORS’ TEMPORARY JETTIES AND CABLEWAY BEFORE PUMPING OPERATIONS WERE COMMENCED. 











—————— 











at TO Lerr, § . : : y , 
ge PT, Saw-Minz, East Dock, Pumprye-Sration, West Dock, AND ENGINEERING Factory. 
eee 

























ENGINEERING, January 1, 1909. 








THE NEW GRAVING-DOCKS AT MALTA. 


COLONEL SIR EDWARD RABAN, K.C.B., R.E., DIRECTOR OF WORKS, ADMIRALTY, ENGINEER. 


MESSRS. 8. PEARSON AND SON, LIMITED, WESTMINSTER, CONTRACTORS. 


(For Description, see Page 2.) 


PLATE TV, 








=— 


tir tates 


Fic. 14. View or tHe West Dock, SHOWING THE CONSTRUCTION OF THE Masonry LINING oF ALTARS. 
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Fic. 16. GENERAL VieW oF THE West Dock NEARING COMPLETION. 

















Fic. 17. GeNeRAL View or THE East Dock CoMPLETED, WITH THE INTERMEDIATE CAISSON IN CoURSE OF CONSTRUCTION. 
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A FAIR DAY’S WAGE. 


As the result of an inquiry into the sweatin 
system, which proved that certain work was carri 
on under conditions in which the rate of pay was 
inadequate to provide the reasonable necessaries of 
life, and often, moreover, under very insanitary con- 
ditions, the House of Commons passed, in 1891, a 
resolution to the effect that all Government con- 
tracts should contain a provision to secure the pay- 
ment of rates of wages generally accepted as current 
in each trade for competent workmen. In conse- 

uence of assertions that the clauses embodied in 

overnment contracts to effect this end had been 
evaded, a Departmental Committee was appointed 
in August last year, under the chairmanship of Sir 
G. H. Murray, to inquire into the working of these 
clauses, with a view to more efficiently stopping 
such alleged evasions. 

In most Government contracts the anti-sweating 
clauses now run as follows :—‘‘The wages paid in 
the execution of this contract shall be those gene- 
rally accepted as current in each trade for compe- 
tent workmen in the district where the trade is 
carried out.” In practice, this has been inter- 
preted as the wages current for that particular class 
of work in the particular conditions and ——_ 
district involved. The trades unions demanded 
that the clause should be modified so as to compel 
the contractor to pay the trade-union rate of wages, 
and to observe trade-union conditions, with regard 
to hours of labour, the proportion of apprentices to 
workmen, and the employment of boys, women, 
and girls. In most cases the union representatives 
explained that by the trade-union rate was meant 
that mutually agreed upon by the general body of 
employers and workmen ; but, as the Committee 
point out in their report, where such an agree- 
ment exists, this trade-union rate is now taken 
as the rate intended in the above clause, so that 
in such cases the change suggested in the wording 
of the clause would in no way affect present prac- 
tice. Other labour representatives were, however, 
much less reasonable, the secretary to the Sheffield 
Cutlery Council, for instance, demanded that the 
trade-union rate should be considered the rate even 
when only a minority of the workers involved 
belonged to the union, and Mr. O’Grady, M.P., 
claimed similarly that if one employer out of twenty 
accepted the trade-union demands, the latter should 
forthwith be embodied in all contracts. 

From the foregoing it will be seen that it is now 
desired to wrest the Fair Wages Clause from its 
ye pre intention, which was in the main to put an 
end to Government work being done under the 
deplorable conditions laid bare by the Sweating 
Commission. Men earning 40s. a week should 
certainly be able to protect themselves and 
better their condition, if this be commercially 
feasible, without posing as the poverty-stricken 
victims of sweating, requiring the direct aid of the 
Government to ensure them a living wage. Indeed, 
the most notable feature of the inquiry, which 
extended over six months, was the extremely 
small amount of evidence tendered as to sweating 
in the ordinary acceptation of the term. One 
case only, in which a woman received sixpence 
for a week’s work on two waistcoats, recalled 
the evidence tendered before the Sweating Com- 
mission, and the complaints brought forward by 
the labour representatives were of a much less 


important character. Even so, there was little 


complaint made as to the engineering trades. The 
main. c indeed, almost the only one—was 

inst a in. Coventry, who paid their men 
‘* 36s. a week, with plenty of overtime,” which, it is 
claimed, is worked systematically, and averages 
12 hours extra per week per man. Another com- 
plaint made as to this firm was that if a man lost 
time in coming late, he had to make it up before he 
could begin to charge overtime prices. is latter 
arrangement is so inherently reasonable that it is 
difficult. to understand why it should be considered 
a grievance. Obviously a man would otherwise 
prefer to lose time in the morning, so as to secure 
time and a quarter for work done after the usual 
factory hours at night. 

Practically the only other complaint affecting 
the ee is that joiners employed by 
such firms work the same hours as the engineers, 
and are not paid at the same rate per hour as by 
builders, though their weekly wages would appear 
to be as great owing to the longer hours. In -view 
of the interruptions which the weather-is likely to 
cause in building operations, however, it does not 
appear unreasonable that the hourly rates should 
be greater in them than for men engaged on steady 
work in a comfortable factory ; and it’ can hardly 
be maintained that any legitimate grievance was 
here established. 

One point which the labour representatives as a 
whole emphasised was the difficulty of fixing a rate 
when a firm moves out from an expensive town to 
a cheap country district. They alleged that in such 
cases the firm, being the only one in the district, 
was able to fix its own rate, irrespective of the 
demands of the men, and they claimed that in such 
cases the rates paid should be the same as in the 
nearest town in which there was a branch of the 
union. In the engineering trades, at any rate, an 
employer is certainly not able to fix his own rate 
by moving into a country district, and we doubt if 
it can be done in other trades. We remember one 
instance of an engineering business, established in 
a small country town, being abandoned, owing 
to the impossibility of getting workmen in flush 
times even at the rates paid in Newcastle, some 
40 miles away; and Mr. Alexander Siemens, in 
his evidence before the Committee, said that in 
moving to Stafford his firm had had to pay higher 
wages for skilled workmen than they did in London, 
though there was, of course, some small saving in 
the rate for unskilled men. Indeed, it does not 
seem possible that any firm should be able, in com- 
ing into a new district, to pay wages below that 
obtained there, and reckoned fair by the skilled 
workmen of the district in general. The trade 
may be new to the district, but each district must 
have a considerable number of. skilled men em- 

loyed in other trades, and the new firm to attract 
nds will undoubtedly have to pay not less, but 
more, than the average wage of this class. A 
relatively low rate of pay in a lw district is not 
necessarily an unfair rate, and, indeed,. we have 
known fitters from the highly-paid Manchester 
area work contentedly in the lower-paid Lincoln- 
shire district, the reason given being that the shop 
conditions were so comfortable as to largely offset 
the difference in pay. 

The printing trades are those which complain 
most of lower rates in country districts, and make 
the somewhat unreasonable demand that a larger 
proportion of the Government printing should be 
executed in London, where the rates are highest. 
London must always be a large printing centre— 
the existence of the daily newspaper guarantees 
this—but work not of this ‘*‘ rush  ehamacher should 
surely, so far as is possible, be transferred to the 
country, where it can be carried out both more 
cheaply and under more healthful conditions than 
in the Metropolis. One of the first firms to migrate 
to the Garden City was a firm of publishers, and 
| the transfer met with pretty quussthagpeenal: 

Another issue rai before the Committee was 
| the employment of women. In thosetrades in which 
|it is recognised that female labour is less efficient 
|than that of a man, the-labour represéntatives in 
| general contented themselves with the demand that 
|the same rates of pay should be given to both 
| sexes, a regulation which’ in the trades in question 
would effectually exclude the work of women en- 
tirely. In others, however, in which girls are 





really more efficient than men, there. was a definite 
demand, based ostensibly on hygienic considerations, 
that female labour should be prohibited. Girls, it 
is claimed, work the Monotype key-board better 
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than men, and in view of experience in the engi- 
neering trades, this contention is probably well 
based. In the operation of light machine-tools the 
nimble fingers of young girls have in many cases 
beaten the automatic machine out of the market. 
Young boys are as good on this class of work, but 
are less popular with the management, because no 
boy is content for any long period with work of this 
low-grade character, and aspires, rightly enough, to 
become a skilled mechanic. A girl looks upon 
her time in the shops as merely an interlude 
in her life, rather than as her life’s work, and 
is therefore content with her uninspiring daily 
round, Nevertheless, most engineers, we think, 
are not altogether satisfied with this incursion of 
female labour into their machine-shops, in spite of 
its commercial efficiency. Noone cares to associate 
with the graces of womanhood the dirt and grease 
which are the inseparable accompaniments of the 
turner and fitter. But in trades of a cleaner 
character this esthetic objection no longer applies. 

After a careful review of the evidence the Com- 
mittee have reported against any modifications in 
the Fair Wages Clause as it now stands, the men 
having, as a perusal of the evidence will clearly 
show, failed to establish their case, save in some 
quite minor points. They recommend, however, 
that the ‘‘fair wage” shall not be estimated 
merely by reference to the contractors’ pay-book, 
which may show a weekly payment above the 
average of the district, but which may, neverthe- 
less, be due to the working of unusually long hours, 
or to unfair piece-rates. Of course, a good total 
weekly wage ensures the absence of sweating 
on the usual acceptation of the term; but the 
Committee are doubtless right in requiring that 
the total time needed to earn this wage shall not 
exceed that recognised as usual in the district. 
Difficulties of this sort, of course, hardly exist 
in the engineering trades, and though it is true the 
unions do object to the two-break day worked by 
some firms, the practice in question does not in- 
volve longer hours per week, and will, accordingly, 
not contravene the proposed new rule. 

One innovation recommended, which is objected 
to by some contractors, but not by the engineering 
firms, is the publication in the Gazette of the names 
of successful tenderers; but the contention that 
Government contracts should be confined exclu- 
sively to what the unions choose to call ‘‘ fair” 
houses is scou The unreasonableness of this 
latter contention is, perhaps, best made evident by 
the fact that the South Metropolitan Gas Company 
comes, we believe, under the definition of ‘‘unfair,”’ 
though the conditions under which its employés 
work are the subject of general envy. 








THE MANCHESTER STEAM-USER®S’ 
ASSOCIATION. 

WueEn the Manchester Steam-Users’ Association 
was founded boiler failures were frequent, and 
much difference of opinion was expressed as to 
their causes. It was not uncommon to attribute 
disasters really originating in bad design, bad 
material, or in insufficient care in maintenance, to 
errors of judgment on the of a stoker in letting 
his furnace-plates get red-hot, and then turning on 
the feed. This admission of cold water to hot plates 
was at that time held to be highly dangerous, 
though how even a large quantity of red-hot metal 
could, in view of its low specific heat, generate any 
excessive quantity of steam remained a mystery. 
Such mysteries are most disquieting to the practical 
constructor, and that the particular one in question 
no longer exists is largely attributable to the very 
valuable experimental work made by the Man- 
chester Steam-Users’ Association, under the im- 
pulse of its founder, Sir William Fairbairn. By an 
exhaustive series of am pe they proved that 
the ee extraordinary evolution of steam 
under the conditions cited was a chimera, and that 
boiler explosions were in the main due to faults in 
construction and maintenance, and by an elaborate 
series of experiments on a full-sized boiler it was 
clearly shown what the most common defects in 
construction were. 

The precedent thus set, of endeavouring to deter- 
mine by actual experiment the real nature of so- 
called mysterious failures, is still continued by the 
society under the direction of its present chief 
engineer, Mr. C. E. Stromeyer, who, in his last 
annual report, just published, describes further 
experiments made in the attempt to definitely settle 
the point as to whether certain qualities of steel are 


or are not liable to deteriorate with age. The 
research, it will be remembered, originated in the 
failure, under hydraulic test, of some boilers in 
Russia after having been in use for five or six years. 
That metals may spontaneously undergo deteriora- 
tion with time is undoubted; but in many cases, if 
not in all, this deterioration may be traced to 
its treatment after manufacture rather than to any 
inherent defective quality. At the recent meeting 
of the Institute of Metals, for instance, a case was 
described in which some Muntz metal bars, worked 
too cold and laid aside, spontaneously broke up, each 
into several f: ents, ere the lapse of a few months. 
In some of Mr. Stromeyer’s own experiments, in 
which a series of bars were nicked by a chisel, it was 
similarly found that the injury thus produced ap- 
peared materially greater if the bars were tested 
after the lapse of some weeks, rather than at once. 
This result appears to be of importance, and is, 
we fancy, new, though other experimenters have 
shown a beneficial time effect, when steel, over- 
strained in the testing-machine, is stored for a long 
period. 

It is, however, quite possible that the chemical 
constitution of a steel may render it liable to 
alter for the worse with time, and the view that it 
is necessary not only to specify the constitution and 
mechanical properties of boiler steel, but also its 
mode of manufacture, may really be based on incom- 
pletely apprehended facts of this nature. Though it 
is thus possible a complete chemical and micro- 
graphic analysis may ultimately prove a sufficient 
guarantee of quality, the time is certainly not yet. 
In fact, the Seslinasens and nitrogen contents of a steel 
are seldom determined, although it is known that 
an excess of either element is distinctly dangerous. 
In any case, chemical tests appeal less to the 
engineer than mechanical ones, but in the report 
under consideration Mr. Stromeyer declares that 
he has not as yet found any such mechanical test 
which will discriminate with certainty between 

ood plates and unreliable ones. Plates containing a 
ittle too much phosphorus, for instance, will pass 
the ordinary tensile and bending tests, and are, 
nevertheless, unsafe. This may conceivably be due 
to a secular change in the steel, after the oy 
tion of the acceptance tests ; but the fact that Mr. 
Stromeyer’s tests failed to indicate the dangerous 
quality of ‘steel cut from boilers which had burst in 
practice, goes to discount this hypothesis, though 
it is not stated in the report under consideration 
how many different varieties of mechanical test 
were experimented with. No mention, for instance, 
is made of the ordinary notched-bar test, or of 
Captain Sankey’s repeated bending test, both of 
which, in some cases at any rate, have indicated in 
the clearest possible fashion the abnormal character 
of steels which have yielded fair results in the 
ordinary tensile and bending tests, and yet failed 
in actual use. This part of Mr. Stromeyer’s 
research must, therefore, be considered incomplete. 

In another portion of his report Mr. Stromeyer 
discusses the cause of fractures by water-hammer, 
and points out once again the danger of having 
steam-pi arranged so that water may lodge in 
them. Of course, no small proportion of steam- 
mains are defective in this rd, and yet accidents 
by water-hammer are relatively rare. This com - 
tive immunity from disaster rests, however, on buta 
very small margin of safety, which may vanish with 
any slight change in the conditions under which such 
a range of pipe is operated. In this connection en- 
gineers are indebted to Mr. Stromeyer for a simple 
and ingenious model with which water-hammer 
may be produced at will, thus making evident, in a 
manner otherwise unattainable, the true nature of 
phenomenon. A particularly dangerous operation, 
it may be noted, is the attempt to drain the water 
out of a bend whilst the latter is under full steam 
pressure. As the surface of the water falls, the 
steam will finally get round the bend, thus reachi 
an extensive surface of cold water, on which it wi 
instantly condense. The result is the raising of a 
wave on the surface of this water, which fills the 





cross-section of the pipe, and is shot forward, 
and when brought up at the valve gives rise 
to enormous local ures. Destructive water- 
hammer is also possible in other than the main 
steam-pipes. Thus, Mr. Stromeyer records a case 
in which a boiler was being blown out through a 
long inclined pipe into a pond. The blow-off cock 
was shut whilst this pipe was still full of hot water. 
Steam generated from this expelled the liquid 
contents of the pipe into the tank, below the 








surface of which the outlet dipped. The steam. 





left in the pipe was then condensed by the entry 
of cold water from the pond, which rushed up 
with sufficient force to smash the blow-off cock. 








COPPER-MINING IN NORWAY. 

A RECENT Swedish Consular report deals at some 
length with copper-mining in the Drontheim district. 
The Foldalen Mines,.which have been worked for 
many years simultaneously with the Péros Mines and 
then closed down, are now owned by an English 
company, the Foldal Copper and Sulphur Conipany, 
Limited. This company has constructed a rope rail- 
way, 25 miles long, electrical installations, numerous 
buildings for various purposes, &c., expending some 
1,440,000 kr., or 80,0001., upon these works. During 
last year about 400 hands were employed, and the 
output was about 40,000 tons of sulphur ore ; the 
average percentage of copper is put at 2.2 per cent., 
and that of sulphur at 48.12 per cent. The St. 
Canute Mines, like the Foldalen, are situated in 
Osterdalen, and have in bygone days been worked 
satisfactorily. Work has been resumed with good 
results, and the copper ore contains as much as 
7 per cent. of copper. At the Rustvangen Mines, 
in the same district, some 20 miles from the Fénset 
railway station, difficulties about the conversion 
have interfered with the projected rational working, 
and last year only some 1500 tons of ore were 
broken. The export ore is stated to contain 2.75 

r cent. copper and 43 to 45 per cent. sulphur. 

he Rustvangen ore deposits have only been com- 
paratively recently discovered, and now that the 
question of concession has been satisfactorily settled, 
export on a considerable scale is likely to ensue. The 
Vingelen Mines, in the same district, are also of 
old renown, and some satisfactory results have been 
obtained through working being resumed. The 
ancient Péros copper works comprise a number of 
mines, which employ some 700 hands. The yield 
last year was 620 tons refined copper and 12,700 tons 
of ore. The percentage of copper in the ore 
from the different mines varies considerably. In 
some mines the ore contains 5 and even 6 per 
cent. of copper. - The Killingdal mine, which is 
rented by the Bede Metal and Chemical Company, 
Limited, Newcastle, employs some 130 men. The 
output last year was 26,500 tons of export ore ; 
the maximum percentage of copper is eet 2.4, 
The Kjéli Mine, like the former, is connec- 
ted with the Peitan railway station, and belongs 
to an English company. Work, from various 
reasons, was. discontinued last year. There are 
several other deposits in the neighbourhood, one of 
which, it is understood, is about to be worked by a 
Belgian syndicate. 

The Fla Mines, in the Melhus district, contain 
both copper and sulphur ore. Some experimental 
work has been carried on, and both location and 
the quality of the ore promise good results. At the 
Meldalen Mines extensive preparatory work has 
been going on,. and complete modern plant  in- 
stalled. An electric railway connects the deposits 
with Thamshayn. A considerable staff is employed, 
and when the export commences in earnest— 
probably in 1910—large quantities will no doubt be 
shipped ; the undertaking is considered one of 
the most —r in Norway in this branch. The 
Gammelgenben Mine has been experimentally 
examined during the year, with satisfactory results, 
but the unfavourable position of the deposits has so 
far proved an obstacle to works being commenced 
on a large scale. The Meraker Mines, like several 
other Norwegian m‘ne3, have been worked in days 
gone by, and work has now been resumed on a con- 
siderable scale; extensive plant, with power station, 
rope railway, etc., has been installed. An export of 
some importance is looked for from these mines. 
The Sonvandet copper and sulphur ore deposits are 
situated in the same neighbourhood, and give fair 
promise of profitable working, although no definite 
steps have so far been taken. The Leksdalen and 
Nedre Sjérdalen deposits comprise vast sulphur ore 
and some small copper ore deposits, but the quality 
of the former is somewhat poor ; still working may 
be profitable, more especially for home consumption. 
The Levanger mining district comprises, amongst 
others, the Tingstad copper and sulphur ore de- 


| posits, the property of a Norwegian-American com- 


; prospects are considered , and some 
et da Sale dusted led. There Kg smaller 

eposits in the same neighbourhood, but they have 
so far yielded no results of importance. In the 
Viirdalen mining district there are several deposits, 
which have been known of for many years, but only 
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quite recently been properly examined. The pro- 
spects are considered . In the Ongdalen mining 
district’ there are’ likewise deposits, which have 
been worked of old and again discarded, but where 
operations are likely to be resumed when sufficient 
capital can be made available. A distance of some 
25 miles. has to be overcome as far as means of 
transport go. 

Nearer the coast are the Fines Mines, of recent 
discovery ; they have been carefully examined, 
and extensive plant, including two Elmore appa- 
ratus, has been installed. The copper ore contains 
about 6 per cent. of copper. Preparatory work has 
been carried on at the Orsjédalen deposits, but, so 
far, final results have not been obtained. It is 
proposed to convey the ore to the Fines establish- 
ment for further handling. The mine and some 
other neighbouring deposits belong to the Nor- 
wegian-American Company. The old mines in 
Ytterden, an island in the Drontheim Fjord, the 
working of which dates far back, are now being 
scientifically worked ; 4000 tons of ore were exported 
last year. Several, but so far unsuccessful, attempts 
have been made of working the Leka Mine, higher 
up country, which, however, some day may prove 
remunerative. Deposits of sulphur ore are found 
on several islands in the districts, but most of them 
are too small to be of any importance. The Stvodén 
Mine is being worked with fair results, and the Fos 
Mine also yields some ore. 

The export of sulphur ore from Drontheim is on 
the increase, as will appear from the following 
table :— 


Tons, 
1904 53,425 
1905 59,170 
1906 66,785 
1907 86,854 


The aggregate annual production of the country 
is estimated at 225,000 tons, most of which contains 
copper. 








STEAM-TURBINES IN THE NAVY. 


CONSIDERABLE interest attaches to the trials of |~ 


British warships during the year, as the majority 
of the vessels are fitted with Parsons turbines ; 
but before dealing with these it may be stated that 
the few vessels already in commission fitted with 
this system continue to give most satisfactory re- 
sults. The Dreadnought has finished two years’ 
commission, during which she has done an excep- 
tionally large amount of steaming. In fact, under 
the new régime the ships are at sea for a much 
longer period of time than has ever before been 
the case. This is all for the good of the service. 
Notwithstanding this greater amount of steaming 
done, and the frequency of stopping and getting 
under way at a changed rate of steaming, the 
cases of temporary disablement have been re- 
markably few, and show that the engineering 
branch of the Navy is in a high state of efficiency. 
In Table I. the results are given of official steam 
trials of the new ships of the armoured class finished 
for the Navy during the past year. The battleshi 
Lord Nelson and the cruiser Defence are fitted wit: 
reciprocating machinery, and both installations have 
been fully illustrated in Encinzerrnc. The Lord 
Nelson’s propelling machinery was fully described 
on pages 293, 398, and 421 of vol. Ixxxvi., and that 
of the Defence on page 835 of the same volume. 
The Bellerophon and the three cruisers of the 
Invincible class are, however, fitted with turbine 
machinery. -Most interest attaches to the coal con- 
sumption. It will be noted that at full power 
the average rate for the four ships was rather 
under 1.5 lb. of coal per horse-power hour, The 
Indomitable returned the remarkably low rate of 
1.2 lb., which, of course, includes the fuel neces- 
sary for running all the auxiliary plant. The 
two reciprocating-engine ships averaged 1.9 lb. 
Objection may be taken to such a comparison be- 
cause of possible variants. The mean result for 
the three cruisers of the Invincible class is under 
1.5 Ib., whereas in the case of the three cruisers of 
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speed, when tle Invincibles developed from 29,000 | a speed of 26 knots ; and it will be seen that in the 
to 31,000 horse-power, the mean —— was | thirteen instances this has been achieved on the 


rather under 1.7 lb. In the case of the 


inotaur | six hours’ run, 


As with their destroyers, Messrs. 


trio the mean result was slightly higher—1.76 lb. | White, of Cowes, have been especially successful 


of coal per indicated horse-power—whereas in the | with to 
six vessels of the Duke of Edinburgh class the | knots. 


o- boats, their s averaging 
essrs. Thornycroft eS also succeed: 


mean was 1,95 lb. At about one-fifth power the in averaging over 26} knots, and in most other 
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TasBie II.—Trials of a Turbine Torpedo-Boat Destroyer 
in 1908, 
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TaBLeE III,—Trials of First-Class Turbine-Driven 
Torpedo-Boats in 1908, 
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Heme Type of Builders of Vessel and Makers Speed =. 
of Vessel of Machinery Six Hours 
Vessel. . 7 Run. 
knots 
No. 13 | Torpedo- Messrs. J. 8. White and Co, 26.4 
boat 
No. 14 Ditto Ditto 26.6 
No. 15 Dit Ditto 26.5 
No. 17 Ditto Messrs. Denny, of Dumbarton 26.2 
No. 18 Ditto Ditto 26.2 
No. 19 Ditto Messrs. Thornycroft 26.2 
No, 20 Ditto Ditto 26.5 
No. 21 Ditto Messrs. Hawthorn, Leslie, and Co. 26.2 
No. 25 Ditto Messrs. J. 8. White and Co, 26.2 
No. 29 Ditto Messrs. Denny, of Dumbarton 26.2 
No. 30 | Ditto Ditto 26 
No. 31 | Dit Messrs. Thornycroft 26.4 
No. 16 | Ditto Messrs. J. 8, White and Co, 26.5 





mean result for the three Invincible cruisers was 
2.4 lb., whereas in the case of the Minotaur trio the 
mean was 1.87 lb., and in the six vessels of the Duke 
of Edinburgh class it was 2.05 lb., so that here, as in 
all cases, it is found that at low power the turbine 
is not so economical as the reciprocating engine. 
The Minotaur trio attained the designed speed of 
23 knots, whilst the cruisers of the Invincible class, 
designed for 25 knots, proved themselves capable 
ef 26 knots. The speed of the ships varied con- 
siderably, as a consequence of the adoption of 
different types of propellers, and no doubt oppor- 
tunity will be taken at an early date of utilising 
the experience gained with all three ships, in order 
to adopt the screw the proportions of which are 
found to be the most satisfactory. 

In Table II. are given the trial results of the 
only to o-boat destroyer put through her paces 
during the year. In this case the legend speed was 
33 knots, and on the six hours’ run the actual rate 
was 33.2 knots. Four vessels of this class were 


tried in the preceding year, when the speeds varied 


between 35.67 and 34.5 knots, so that we have now 
in the service five vessels capable of maintaining 
33 knots in favourable weather. The view, how- 


the immediately preceding class—the Minotaur trio | ever, is entertained that it is better to make provi- 
—the average consumption at full power was 1.8]b., | sion for heavy weather, and the new vessels to be 
and in the six cruisers of the Duke of Edinburgh and | built are to be made more seaworthy even at the 


Warrior classes the mean result was 2.1 lb. The | expense of 2 
explanation is, of course, to be found in the fact | passed throug . ] ‘ ¢ 
h the water |regarded as coastal destroyers, but they have | the nine engines and pumps can deliver their full 


that while in the Duke of Edinb 
consumption per unit of power developed by the 


main engines averaged 19 lb., the consumption for 
the Invincibles was about 13 1b. At lower power, 
however, the results are not quite so favourable. 
At what is regarded as the continuous cruising 


| 


| 





Thirteen torpedo-boats have 


their trial. These were originally 


instances the rate was 26.2 knots. The conditions 
as to load and oil consumption were severe, and 
the Admiralty and the contractors alike are to be 
congratulated on the results. 








NEW YORK HIGH-PRESSURE FIRE- 
SERVICE SYSTEM. 

Tue great stress that has been laid on the high- 
pressure independent service in schemes for in- 
creased and much-needed fire-protection for the 
larger American cities makes of interest some con- 
sideration of the recently completed installation of 
central pumping-stations and special fire-mains in 
New York City. Such installations, carried to 
their logical end, naturally involve the elimination 
of the horse-drawn or self-propelled fire-engine 
from all densely settled cities, and the substitution 
of the central station, with its powerful pumps, 
which can be put in operation immediately on an 
alarm of tire. . As the extinguishing of fire has be- 
come more and more an engineering problem, in 
view of the recent construction of buildings in large 
cities, so it is natural that the mechanical engineer 
should bring engineering methods to its solution, 
and, as in other work, turn to the central station to 
supplant a number of inefficient isolated units. 

The system of independent fire-mains in American 
cities may be said to take its origin from the em- 
ployment of large fire-boats, whose powerful pumps 
could be used to advantage, not only on the water 
front, but at such short distances away as could be 
served by a hose. This suggested the use of per- 
manent mains of cast iron, in which there would 
be less friction than in a hose, and to which a con- 
nection could be made readily with the pumps of the 
fire-boat as it lay at its berth always under steam. 
These systems proved so useful that they were 
gradually extended, and to-day they are a part of 
the fire-protection scheme of practically all the 
cities on the Great Lakes, though naturally there 
is considerable difference in the length of the 
various ay Sipe and the capacity of the different 
fire-boats by which they are fed. 

The first system, however, in which a permanent 
station with high-power pumps was installed, was 
completed at Philadelphia, and put in operation in 
1904. For this plant gas-enginer, supplied with 
illuminating gas from the city mains, were used, 
and as the station is near the Delaware River, 
river water is utilised for fire purposes. Some nine 
miles of heavy cast-iron mains were laid through 
the business part of the city, and hydrants of 
improved pattern were located at frequent and 
convenient intervals. On an alarm of fire the plant 





can be put in operation in less than a minute, and 


been more fitly classified later as torpedo-boats, | capacity of 10,000 gallons per minute, with a pres- 
Their displacement tonnage ranges from 240 to|sure up to 300 lb. on the mains and available at 
270 tons, and their length from 172 ft. to 185 ft.| the various hydrants. This pressure, of course, 
With turbine machinery of 4000 indicated horse-| represents the extreme limit, and, in fact, the 


power, the contractors were required to guarantee operation of the pumps actually is directed by the 
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fire-department official at the fire by means of a 
direct telephone to the engineer at the pumping 
station, and the pressure regulated as required, 
The practical success of the Philadelphia instal- 
lation led to increased interest in the adoption of 
the same idea by New York, whose engineers, as 
early as 1900, had reported on such a project when 
it was found necessary to increase the water supply 
and fire protection for several sections of the 
greater city. Lack of funds prevented action until 
1904. The first installation was at Coney Island, 
an amusement resort on the seashore, where there 
were a large number of most inflammable structures 
erected for exhibition and other pu . Here 
a gas-engine plant, somewhat after the fashion of 
the one in Philadelphia, was installed, and, like 
the latter, has given good service, having been used 
on several occasions of fire. But more important 
are the large systems ——— during the past 
year in the Borough of Brooklyn, and on the 
lower part of Manhattan Island, in New York City 
proper. The former, with some 22 miles of mains, 
protects 1360 acres, while the Manhattan system, 
with 63 miles of mains, affords much-needed pro- 


* tection to some 1454 acres of the most congested 


districts on the lower part of Manhattan Island. 
Apart from local conditions, the same underlying 
features characterise both the Brooklyn and New 
York systems, so that, for present purposes, it will 
be sufficient to confine the description to the latter 
on account of its greater extent. It will, however, 
be advantageous, first, to consider briefly, from the 
insurance standpoint, the general character of the 
territory thus protected, as it probably stands unique 
for the extent and nature of the risks involved. 
Roughly speaking, it takes in the lower part of the 
island, except the extreme point, and extends from 
the north, or Hudson River, nearly the width of the 
island, and up to Twenty-third street. Within these 
limits are included many old buildings used as 
warehouses and factories, densely crowded tene- 
ments, as well as a number of fireproof or fire- 
resisting buildings, often of considerable height, 
and of the most modern and improved type, but 
whose environment of combustible buildings would 
ensure their destruction in any serious conflagra- 
tion. The streets are narrow and ill-arranged, and 
the distribution of the water supply, as well as the 
amount and pressures, for many years were most 
inadequate. In fact, conditions were such that 
the utmost vigilance of the fire department was 
required, and in 1906 the National Board of 
Underwriters’ Committee on Fire Protection, in 
a criticism of the situation, put on record their 
serious doubts of the ability of the city to with- 
stand a large conflagration without grave and ex- 
tended losses. Accompanying this report was a 
statement from Captain John Stephen Sewell, 
Corps of Engineers, United States Army, who 
made a critical examination of the city from an 
engineering “point of view, with an experience 
derived from a critical study of the Baltimore 
fire and other large conflagrations, undertaken for 
the United States Government. Captain Sewell, 
referring to. New York conditions, said :—‘‘ The 
type and occupancy of buildings prevailing in 
the worst sections, their natural exposures, the 
narrowness of streets, inadequacy of water supply 
and distribution, together with the enormous values 
involved, combine to make the situation by far 
the most serious fire and conflagration hazard 
have ever seen. The conciusion is inevitable that 
the magnificent personnel of the fire department 
has been the only thing that has prevented sweep- 
ing conflagrations in the past. The existing 
physical conditions, not to mention inefficient 
engines and a deteriorated alarm system, con- 
stitute a handicap under which any mere human 
agency must ultimately fail.” Such being the 
conditions, it was, of course, impossible to tear 
down dangerous buildings in great number, and 
all that could be done was to insist rigidly on fire- 
proof construction for new structures. But it was 
possible to improve water supply and distribution, 
as well as pumping power, and this has been done 
in the new high-pressure system, which competent 
engineers now consider has removed the co - 
tion danger from the protected territory. e 
1434 acres selected as most in need of protection 
included the ‘‘ Goods District,” and extended 
from the City Hall to Twenty-third street, and from 
the North River to Second-avenue and East Broad- 
way. Within these limits there was an absolute in- 
adequacy of water supply, as the mains feeding the 
section were not sufficient to supply the total 





amount of water needed in case of a general con- 
flagration. At the same time the distribution 
system was radically defective, as not only were 
the mains too small, but they were improperly 
located and connected, and in addition the hy- 
drants were of an obsolete pattern, and were 
deficient both in size and the. number of outlets 
available. ing all these conditions in mind, 
the city authorities decided that the most satis- 
factory, and in the end economical, solution of the 
problem would be to construct a system of high- 
pressure fire mains supplied, by two pumping- 
stations, with water under pressure up to 300 lb., 
the mains being so located that the entire district 
would be crossed by mains of sufficient size to 
ensure not only adequate water, but maximum 
circulation within the system. Furthermore, im- 
proved valves were to be installed at all important 
Junctions, and other necessary points, for repairs or 
other emergencies, and hydrants of such size and 
design that they would be able to work under the 
high pressures, and be controlled readily by the 


firemen. 
Accordingly plans were duly prepared for such a 
system by Mr. I. M. de Varona, chief of the New 


ork City Department of Water Supply, Gas, and 
Electricity, who had designed and built the Coney 
Island plant and the greater part of the Brooklyn 
installation, and in July last the work, which had 
been in progress for less than two years, was brought 
to a successful conclusion. The general scheme 
involves the use of the city’s fresh water supply, as 
the ordinary draught for fire purposes has been 
found in New York City to be so small, in compari- 
son with the normal consumption, that there was no 
need of considering any special supply. But in case 
of emergency it was decided to have the salt water 
of the rivers on either side of the city to draw on, 
and accordingly the two pumping stations have 
been located in close proximity to them. Further- 
more, salt water has a corroding effect on the cast 
iron of the mains and the bronze of the valves, so 
that its use, except as a last resort in a general 
conflagration, is inadvisable in an extensive fire 
system. The mains themselves, of cast iron, varied 
in size from 24 in. to 12 in. in diameter, and, as 
was also the case with the valves and hydrants, were 
required to stand at the shops a test of 600 lb. 
hydrostatic pressure. After the pipes were laid a 
test pressure of 450 lb. was applied to the various 
sections of the system by the Water Department, 
as the mains, under the specifications, were not to 
show a greater leakage at the joints than 4 gallons 
per linear foot of joint, measuring the circumference 
of the pipe. 

The protected district is almost entirely sur- 
rounded by 24-in. mains, while parallel to, and 
intersecting these, are 16-in. and 20-in. mains, 
which are cross-connected with 12-in. mains, the 
whole system being arranged so as to secure the 
greatest possible circulation of water. On an 
average there are 183 ft. of mains to the acre pro- 
tected, and to each acre, or thereabouts, there is one 
hydrant. There is an average of one hydrant for 
every 210 ft. of main, and the location is such that 
there is at least one hydrant within 400 ft. of 
every building in the district,-so that hose-streams 
can be brought to bear without undue losses due to 
friction within the hose. If any one block in 
the district were on fire, sixty streams of water, 


I | amounting to 500 gallons per minute each, could be 


concentrated on it without using lengths of hose 
exceeding 400 ft. to 500 ft. in any single case. 
In other words, the hydrants are located so that 
the full pumping capacity of the system is available 
on any block by the use of 3-in. hose and 1}-in. 
nozzles. The hydrants are extra heavy, and are 
provided with one 44-in. outlet and three 3-in. 
outlets, with a suitable cut-off valve for each outlet, 
while at the base is a valve which automatically 
cuts off the water in case the hydrant should be 
damaged or destroyed, as by the fall of a building. 

With adequate water supply and distribution 
throughout the district assured, the next considera- 
tion was the pressure to be put on the mains in case 
of fire, as this involves the superiority of the high- 
pressure system over the use of portable fire- 
engines, and affords the extra and increased pro- 
tection desired and sourgently needed. Accordingly, 
provision was made for two high-power pumping- 
stations to be located at points most sveunable 
situated as regards danger of conflagration, and at 
the same time near the river front, so that salt 
water would be always available for pumping 
through the mains. Sites were duly selected at 





Oliver and{South streets on the East River, and at 
Gansevoort and West streets near the North River, 
and there were erected two fire-proof buildings of 
brick, with terra-cotta and limestone trimmings, to 
contain the pumping machinery. Both are essen- 
tially similar in design and arrangement, being one 
storey in height, with a basement, in which are 
placed the various mainsand valves. The interiors 
are finished with buff pressed brick and a slate 
baseboard, and, in addition to the machinery, 
contain the telephone switchboard and the engi- 
neer’s office. Each station now contains five 
pumping units, but space is left for three more 
should increased output ever be demanded. The 
pumps are of the horizontal, multi-stage, centri- 
fugal type, made by the Allis-Chalmers Com- 
pany, each pump having six stages, and being 
able to deliver 3000 gallons per minute against a 
discharge pressure of 300 lb. when operating at a 
speed of 750 revolutions per minute, and with a 
suction-lift not exceeding 20 ft. The most striking 
feature of this pump is the ease with which it may 
be regulated, and the delivery pressure maintained 
at any desired point between 100 lb. and 300 lb. 
This is accomplished by a special regulating valve. 
The rotary type of pump, which is also employed 
in the Brooklyn stations, was chosen for its great 
simplicity, and the readiness which with it could 
be maintained, as well as for the small amount of 
space required for the pumps, and the electric 
motors to which they are directly connected. These 
are of the constant -speed induction type, and 
are each of 800 horse-power, and designed to work 
at 750 revolutions per minute, using three-phase 
alternating current of 25 cycles at a pressure of 
6300 to 6600 volts. The current is supplied by the 
New York Edison Company at a fixed contract 
price of 78,000 dols. per annum for reservation of 
power units, and 1} cents per kilowatt-hour for 
current, from its six generating and distribut- 
ing stations on Manhattan Island, while as a 
further protection it is possible to establish connec- 
tion with the power-houses of the Brooklyn Edison 
Company. Each pumping-station has two 250,000 
c.m. three-phase cables laid in underground ducts 
running to the water-side, or main, generating 
station of the Edison Company, while in addition 
there are two independent reserve feeders running 
from each pumping station to sub-stations of the 
Edison Company. In this way it would seem most 
improbable that any interruption of current supply 
could occur, for it is extremely unlikely that all of 
the above-named sources of power would be put 
out of commission together, by any remote con- 
tingency. In fact, in such a pumping- station 
absolute certainty of power is the prime con- 
sideration, and this led to the use of gas in Phila- 
delphia, as for many years in that city the gas 
supply had never failed. Now in New York it 
was desired to use rotary pumps, and, of course, 
the electric-motor, with its rotary motion, could be 
used far more advantageously than the gas-engine. 
It was found by a careful canvass of the situa- 
tion that there did not exist the slightest reason 
to fear any failure of the electrical supply when 
it was guarded as has been done in the high-pres- 
sure stations. The question of the economy of 
operating high-power — with electric current 
mete ee from a supply company is one that must 

answered by calling attention to the intermit- 
tent character of the service the two stations are 
called upon to furnish. But when needed on an 
alarm, power must be available at once, so that 
the pressure can be put on the water mains in the 
briefest possible space of time. Accordingly, for 
this purpose the more economical steam plant, which 
must be kept with boilers constantly under steam, 
would prove far more expensive than the purchase 
of current from a public service corporation. 

To operate each of these stations three shifts of 
attendants are constantly maintained, and consist 
of one engine-man, one switchboard operator, one 
oiler, and one labourer, a number and expense 
that must be considered in view of the large 
number of men included in the crews of the various 
engine companies which the central station will 
displace when it is in complete and efficient 
operation. c 

The fresh water for the Gansevoort-street station 
is obtained direct through.a 48-in. and a 36-in. 
main from the Central Park Reservoir, about 
4 miles distant, in addition to other connections 
with the city supply, while the Oliver-street 
station is conn with all the large East Side 
supply mains, so that any lack. of water is ineon- 
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ceivable. But, if for any reason the fresh-water 
supply should fail, or should there be a conflagration 
of extraordinary size, then recourse can be had to 
salt or river water, and at each station there is a 
concrete suction-chamber, which is fed by two 
36-in. cast-iron mains, having an intake below mean 
low-water level, and carefully protected by. crib- 
work and screens. Then there is a still further 
safeguard, for the mains themselves have been laid 
to the piers, and here there are inlets, where 
connection may be made with the pumps of the 
fire-boats, five of which can supply 40,000 gallons 
per minute at a pressure of 150 lb. Fire-boats are 
able to give very efficient service on such pipe- 
lines, and, as has been said, this practice is general 
on the Great Lakes, where the large cities receive 
considerably increased fire-protection in this way. 

The operation of the machinery in one of these 
pumping - stations is remarkably simple. Both 
switches and valves are electrically operated, and 
the attendant at the switchboard on the pump-room 
floor can control all the machinery with facility. 
The main line and the main motor switches are of 
the remote-controlled type, and are placed in fire- 
proof compartments. The gate-valves of the water- 
mains are operated by electric motors, with gear- 
ing in case it is desired to work them by hand. 
Now, in case of fire, it is, of course, desirable to 
regulate the pressure as the circumstances demand, 
and for that paar a special regulating-valve, 
made by the Ross Valve Company, of Troy, N.Y., 
can be set to maintain automatically any desired 
pressure at the pumps between 100 Ib. and 300 lb., 
and, in addition, it provides for the possible closing 
of the gate-valves at the hydrants. In the latter 
event the water delivered by the pump is simply 
circulated through a by-pass. But, of course, 
direct telephone communication is maintained be- 
tween the engineer at the station and the fire- 
department chief at the fire, so that pressures are 
regulated according to the actual needs. The inde- 
pendent telephone system, with a switchboard in 
each station, was installed and is maintained by the 
New York Telephone Company, and involves 214 
special telephones in metal boxes in proximity to 
the hydrants. For these telephones an annual 
rental of 7500 dols. is paid by the city, and they 
are provided in addition to a regular fire-alarm 
apparatus in connection with fire headquarters, thus 
insuring the speedy transmission of all alarms and 
the instant starting of the machinery. 

As regards pumping capacity, each unit is rated 
at 3000 gallons per minute, making 30,000 gallons 
per minute available at any point on the system 
when both stations are working to their full present 
capacity. In other words, 43,200,000 U.S. gal- 
lons of water, or 5,760,000 cubic feet, can be 
delivered by the system in a single day, and this 
amount is sufficient to cover to a depth of 36 ft. a 
city block 800 ft. by 200 ft. Now with 75 lb. 
pressure at a 2-in. nozzle, 1030 gallons per minute 
can be delivered, so that thirty nozzles can handle 
the entire oe of both pumping-stations. Taking 
as a sample block that at Twenty-third to Twenty- 
second-streets, Fifth to Sixth-avenues, it will be 
found that sixteen hydrants are available with- 
out using in any case a greater length of hose than 
500 ft. for concentrating their water to the amount 
of about 2000 gallons per hydrant on this single 
block. This can be done most effectively without 
undue loss of pressure by using ‘‘ siamesed ” lines 
and a 2-in. nozzle, even allowing for the great loss 
from friction and other causes within the hose, 
amounting to 24 lb. per 100 ft. of line. With a 
pressure on the mains of 250 lb., and a nozzle pres- 
sure of 75 lb., using 14-in. nozzles, four streams of 
580 gallons each can be taken from a single hydrant, 
and each will have a range of about 500 ft. 

The natural and immediate comparison is with 
portable fire-engines, and considering pumping 
capacity, it is found that the two stations to-day 
affogd a greater amount of water than can be 
supplied from all the fire-engines on Manhattan 
Island, while the pressures available are consider- 
ably greater than are furnished by any engines. 
This latter consideration would appear particular] 
in dealing with a large conflagration, as a a 
shorter line of hose from the hydrant to the nozzle 
could be used than with engines, and the great 
losses due to friction would be obviated. Further- 
more, there is the ease and readiness with which 
the plant can be put under full operation, amount- 
ing to some four or five minutes, as compared with 
a much longer time required for the heavy horse- 
drawn fire-engines to be assembled at the scene of 


fire. Hose-wagons, with their crews, are required, 
of course, in either case ; but without increasing 
their weight unduly, these wagons are made to carry 
adequate supplies of strong hose to the point of 
action in the briefest possible space of time. 

The most interesting feature, perhaps, is the 
comparatively small expense involved for installa- 
tion and maintenance in the case of such a system. 
Thus, in New York the contract cost of laying the 
mains and setting the valves and hydrants, or, in 
other words, the distribution system complete, was 
2,824,282.75 dols., or about 2000 
—— and 11 dols. per linear foot of main. 

e contract cost of machinery at each station was 
199,635.50 dols., while for the buildings them- 
selves the contract price was 69,527 dols. for the 
Gansevoort-street station, and 71,344 dols. for 
the Oliver-street station, with 63,652 dols. addi- 
tional for the salt-water suction mains for the two 
stations. It will be seen how ample is the pro- 
tection obtained at a cost but little in excess of 
that required for an ordinary low-pressure distri- 
bution system of adequate capacity, which was 
absolutely required for the territory, while for 
maintenance cost the pay-roll of the crews for both 
stations, and the fixed annual charge for power, 
would be-but a small fraction of the amount needed 
for the upkeep of engine companies of far less 
efficiency, with their crews and horses, for the same 
district. 

The system has proved successful in several 
tests to accustom the firemen to its use, when 
amounts of water were delivered and pressures 
were maintained much in excess of those ordinarily 
employed, so that the firemen were required to use 
their strongest hose and nozzle-holders. Then at 
several actual fires in connection with the water 
towers, and used in the ordinary way, the system 
has had practical tests, and the machinery put into 
operation on the various alarms responded satis- 
factorily, delivering the desired quantities of water 
and quenching the fires. 

Indeed, so satisfactory is the new system that 
the underwriters would be very glad to have it 
extended to other parts of the city, and in response 
to such a demand the area to the east of the pre- 
sent protected district is to be similarly safe- 
guarded at an expense of 1,800,000 dols. While 
here the property involved is not as large, yet the 
conflagration hazard is quite as serious, and the 
density of population is such that any large fire 
doubtless would involve considerable loss of life. 








NOTES. 
Tue Cost or Execrric Traction. 

THE reasons urged in favour of electric traction 
on railwaysare various : a desire to save the money 
expended on coal; a desire to utilise the national 
water-power ; the desire to accelerate the speed of 
the trains and to obtain a more efficient working on 
railways with a large local traffic ; a desire to avoid 
the smoke nuisance in tunnels; a desire to use a 
cheaper line with steeper gradients and sharper 
curves on the construction of new railways. In 
viewing these different issues in relation to the 
Norwegian railways, the following figures have 
been arrived at :—The expense in 1906, due to 
coal,*on the Norwegian State railways and main 
line was 1,500,000 kr. (83,000I.). ‘o save this 
item some 1380 miles would have to be altered 
for electric traction, which expense, with power- 
stations, rolling-stock, &c., could not be put 
at less than 55,000,000 kr., or 3,050,0001., which 
sum probably would have to be _ borrowed 
abroad, and the interest at 34 per cent. would be 
1,900,000 kr., or 105,0001., per annum. Conse- 
quently a greater payment to foreign countries 
would have to be made for interest than for coal. 
The inducement to adopt electric traction would, of 
course, increase with any rise in the price of coal, 


dols. per acre | posed 


waterfall of 10,000 horse-power average on the 
year represents 240,000 horse-power hours for the 
24 hours, and if the waterfall used for working 
a wood-pulp factory, an electro-chemical factory, or 
such-like, with night and day working, a very great 

rtion of these 240,000 horse-power hours will 
be used for productive . If the same 
waterfall be used for working a Norwegian railway, 
perhaps only one-fifth of the power will be turned 
to account, while the rest will be wasted. It has 
been suggested that this waste power could be dis- 
of to others, but it would no doubt prove a 
difficult matter. This, of course, is not the same 
as a joint exploitation of power-stations for electric 
railway traction and for industrial concerns. Such 
joint exploitation is both ible and desirable, 
and should entail a saving for both parties as long 
as the waterfall in question is large enough. e 
natural conditions in connection with a waterfall 
must be considered before deciding whether it 
is suited for electric railway traction, or should 
be left to private industries. If the natural condi- 
tions allow of the construction of a suitable reservoir, 
and the tail-race is of ample capacity, then a power- 
station for the working of a railway with a v 
uneven consumption of power can exploit suc 
waterfall in a rational manner, and it is especially 
such waterfalls that should be acquired for electric 
traction in couritzies. where the railway traffic is 
not very dense. A waterfall was recently offered to 
the Norwegian State which at first glance seemed 
altogether unsuited for supplying power to electric 
railway traction, inasmuch as it was only 30 
horse-power, but by regulation the capacity could 
be raised to an average of 300 horse-power ; 
and as the natural conditions were such that the 

uisite storage could be constructed, one could 
eohesiiatinahy build a power-station of 1500 to 
3000 horse-power for working an electric railway. 
The point which at present appears to be of the 
greatest importance is the effect of electric traction 
on the construction of new railways, and-this -is- a 
point which should be minutely studied. If stiffer 
gradients and sharper curves are practical to any 
‘material extent, it may be of the greatest import- 
| ance for future railway construction in mountainous 
countries. 





Corper-MINING IN GREENLAND. 


It was in the year 1852 that a Greenlander, 
Joshua by name, found a piece of almost pure 
copper ore on the Greenland coast near Numarsult, 
but although an expert was sent up to examine 
the findings, the matter was left in abeyance 
until a few years ago, when a Danish merchant 
took up the question, despatched several expedi- 
tions to Greenland, and secured some concessions 
from the Danish Government, which have since 
been transferred to a Danish syndicate. The copper 
mine, which from its discoverer has been called the 
Joshua Mine, has now been worked systematically 
for some time, although the oufput so far only 
amounts to some 200 tons, of which half has been 
despatched to Copenhagen. Two shafts are being 
worked, and a depth of 70 ft. has been reached, 
but it is pro to go down to a depth of 
300 ft. or more, and to work under the sea to 
another peninsula, where has also been 
found, The ore improves with the depth; and 
although ore has been found containing as ann et 
44 per cent. of copper, the average may probably 
be put at 22 to OB per cent. p gem ff a been 
blasted for the transport of the ore, which, by 
means of motor-boats, is carried to a fjord south of 
the mine, where there is good accommodation for 
ships. The new mining industry of Greenland 
gives fair promise as far as the copper mine in 
question is concerned ; but although traces of other 
metals have been found, there is not considered to 
be much likelihood of other deposits of importance 
being come upon. Both iron ore and coal deposits 





but there is not any t fear of materially dearer 
coal. Norway has le. anil at a very reasonable | 
rice compared with certain other countries, such as | 
Bwitzerland, Bavaria, and Austria, where the price 
of coal in some cases is twice that which Norway 
pays, and perhaps more. The coal question, 
consequently, does not oblige Norway to adopt 
electric power for her railways, at least not so 
far as the more immediate future is concerned. 
Then there is the exploitation of the national 
source of power-—the waterfalls. It should first 
be pe out that electric railway traction cannot 
be 








have been discovered in the Disco Island; the 
former are not ex to prove of any prac- 
tical importance, at least not for a long time to 
come ; the coal appears to be fairly good, but is 
very difficult to get at. 








Primrose Hitt Tunnet In 1840.—From the London and 
North Goods 's offi 


- Western Railway’s Outdoor 


Euston Station, we have received a coloured re uction 
of a picture of a train emerging from Primrose Hill Tunnel 
in 1 The tunnel mouth is surrounded by fields, 
in which are to be seen an interested crowd, while the 


train of 





ooked upon as an efficient exploitation of water- 
power, on account of the uneven consumption. A 





little passe: -coaches is drawh by a four-wheel 
«‘ copper-knob.” nits 
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SHIPBUILDING AND MARINE 
ENGINEERING IN 1908. 


KnowineG of the serious financial losses by ship- 
building firms, of an almost universal reduction in 
wages by from 5 to 10 per cent., and, still worse, of 
from a third to a half of all skilled workers idle through- 
out the year, a great reduction in tonnage launched in 
the past year was to be expected. The drop has been 
from 1,847,200 to 1,077,200 tons, equal to about 42 per 
cent. When it is noted that in 1906 the total for the 
kingdom exceeded two million tons the collapse will be 
fully realised. Only once during the past twenty years 
has a lower figure n returned—in 1893, when the 
tonnage was 
the principal districts, as compared with the previous 


year—1907—and with the year of maximum output, 
is set out in tabular form :— 
Clyde .. 43.5 p.c.—1907 43.5 p.c.—maximum, 1907 
Other Scotch 
“eae a ae ee 1906 
Tyne.. GR 5 TE Es on =” oes 1906 
Wear.. os Shin eee. Th ws = es 1906 
Tees .. . OF. » ee a2» - w& 1906 
Hartlepool .. 65 ,,—1007 77 , — ” 1906 


These are the rates of the decrease upon the large totals 
of 1907 and 1906; it is more significant to state that 
the Clyde and other Scotch ports have produced little 
more than half the output of the p ing year, that 
the Tyne tonnage is about a half, the Wear an 
Hartlepool a fourth, and the Tees a third of the total 
of 1906. The Humber, Thames, and other English 
districts have suffered also, but Belfast and Barrow 
are exceptional in recording an increase. 

The distress has been greater than in previous 
periods of corresponding depression, because a larger 
proportion of the population is now dependent on 
the marine industries. These facts, which were 
quite anticipated, show how lamentable was the long- 
continued resistance of the North-East Coast workers 
to an inevitable reduction in wages, if works 
were to be kept running. The same conditions still 
prevail. The orders recently placed are ridiculously 
small when messured by the producing facilities, and 
although only 275 ate 3 of over 500 tons were built, 
as compared with about 500 in each of the three or four 
preceding years, there has so far been little effect 
on the freight market. There is still an over-supply 
of tonnage; according to one owner there is lying 
up idle shipping equal to a million and a quarter tons. 
The new load-line regulation, permitting a slight in- 
crease in carrying capacity, has had some influence ; 
but the real cause is the almost world-wide dulness in 
trade. Those who affect to see any soundly-based per- 
manent indications of improvement must be ranked as 
optimistic. It is significant, too, that periods of depres- 
sion, as of activity, invariably continue for at least 
two years, as shown on our diagram appended. A 
betterment in trade will require to be encouraged by 
favourable terms, so that employers and men alike may 
have to agree willingly to a reduction in terms. 

The features of the year’s work are :—(1) The great 
reduétion in the number of tramp steamers built 
throughout the kingdom. (2) The comparative ab- 
sence of high-speed craft, even for Channel service. 
(3) The considerable number of mail liners constructed, 
doubtless because of the seductive terms offered by 
builders ; 16-knoteteamers for the Eastern and Atlantic 
trade being notable. (4) The considerable increase in 
the proportion of foreign-owned tonnage—35 per cent. 
against 30.4 per cent. a year ago, and from 15 to 20 
per cent. in preceding years ; but it is doubtful if the 
increase is due to ocean steamers so much as to the great 
demand, commenced two years ago, for relatively small 
craft to trade on the rivers of South America and the 
East. (5) The continued requirement of the fishing in- 
dustry for steam craft, drifters rather than trawlers, 
capitalist companies having almost completely displaced 
the small sailing-boat owner, and in a few years 
doubled the harvest from the sea—the catch by Scottish 
boats being 2,178,000/., against 1,037,000/. ten years 
ago, much to the danger of supply overtaking the 
demand, These are the Pronk. reflections from an 
analysis of returns from over 150 shipbuilding and 110 
engineering firms. There are besides many interesting 
points in detail. 


DECREASE IN OcEAN STEAMERS. 


We have particulars of 1354 vessels, from the tiniest 
motor-boat to the 23,980-ton twin-screw liner for the 
Nederland branch of the American Combine, for the 
various members of which, by the way, five leviathans 
were built at Belfast. The total number of vessels is 
thus not far short of the 1499 of the previous year, or 
of the 1391 of the year 1906. But this is accounted for 
by the greater number of craft of under 500 tons, many 
of them of little value from the point of view of labour 
utilisation. Of these, 1079 are enumerated in the 
returns sent us. It is when we come to the tramp of 


‘from 3000 to 5000 tons registered, oe the 7000- 


ton deadweight carrier so much favou that we 
find a sharp contrast with. previous years. Within 
these measurements there were during the previous 


,000. The percentage of decrease in| 


| there were 29 vessels, as compared with 45 and 44 in 


TABLE I.—AGGREGATES OF PropUCTION IN THE UnrTED Kincpom. 











| 


























eee | 1908. 1907. 1906. | 1905. | 1904. 1903. 1902. 

| Be te tons. tons tons tons | tons tons tors 
Steamers*.. .. ..  .. .. «+, 980,600 | 1,739,200 | 1,944,000 | 1,740,200 | 1,316,100 1,328,987 | 1,501,806 
eS Sain, ae 54,200 56,200 39,800 38,300 | — 48,400 46,742 89,127 

Totals .. .. ..  ... 1,084,800 1,795,400 | 1,983,800 | 1,778,500 | 1,364,500 | 1,375,729 | 1,590,933 
| His Majesty's Dockyards =... ss, 42,426 | 51,800 47,100 46,250 57,100 28,290 51,560 
Grand totals ..  .. ..! 1,077,226 ) 1,847,200 | 2,030,900 | 1,824,750 | 1,421,600 1,404,019 1,642,493 
| | 4 . 
| Foreign-owned tonnage ee Ue ee | 547,000 406,000 392,400 247,700 221,292 283,002 
| Per cent. of total ae art a 35 30.4 20 21.5 17.4 15.7 17.3 
| Total merchant tonnaget ? | 992,250 | 1,714,500 | 1,922,860 | 1,694,800 1,294,200 | 1,251,036 | 1,549,449 











| Per cent. of steam merchant tonnage to} 


total merchant tonnage... a | 95 96.7 


Ys | 7.7 «| 8 96.2 | 94.4 





Indicated horse-power of engines -+| 


| 1,157,140 1,712,180 | 1,816,000 | 1,468,600 1,359,200 1,364,77: 1,314,502 





Per cent. of all Naval tonnage to merchant} 


tonnage .. : 7.5 7.75 





* Includes warships built in private yards. 


whereas in 1908 the number was only 64. In the 
larger ships, however, there is not the same great 
falling off, a circumstance which is due to the ordering 
of several regular mail liners. Thus, of over 6000 tons 
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Fig. 1. Dragram sHowrne Totat Propuction, 
EXCLUDING WarsHIps Burtt 1n H.M. Dockyarps. 


the two ‘preceding years. Of ships over 10,000 tons 
we have one more than in the previous year, and of 
the merchant steamers in this category we give a list 
in Table III. Five were for the American Combine, 


TaBLE II.—Showing Sizes of Vessels from Private Yards. 





j j 
— 1908, 1907. | 1906 1905. | 1904. 


Under 500 tons .. 1079 | 999) sez! 789| 773 


Between 500 and 1,000 tons .. 61) 77 58 61 81 
» MD ». S000 ,, a 59 102 81 75 7 
+» 9000°,, 2000 ,, ..| @1” 54 51 56| 70 
>» 3000 ,, 4,000 ,, “s 25 103 147 131 135 
», 4000 ,, 5,000 ,, oy 39 et 106 104 OF 


» S00 , 6000, .. 22 25 2'| & 10 
» 6000 ,, 8000 ,, .. 12 25 29 17 12 
» 8000 ,, 10,000 ,, .. 6 10 6 9 | 3 
Over 10,000 tons .. os ow 11’ 10 9 10 it 

















1354 | 1499 | 1391 ora lined 








This table does not include warships built in the Royal Dock- 
yards. In 1908 two wereof 19,250 tons, one of 3300 tons, and two 
submarine boats. * Includesa Brazilian battleship. + Includes 
a coaling dépét for the Navy. 


the interesting feature being that two of these immense 
ships are to engage in the Canadian service, a new 
departure by the White Star Line which may be to the 
advantage of the Dominion, particularly as their im- 
mense grain capacity may result in uced freights. 
Two are for the Orient Line, two for the P. and O. ser- 
vice, and one for the PacificCompany. With both the 





three years respectively 235, 253, and 197 vessels, 








5.6 | 7.65 | 9.85 12.2 6.24 





t Excludes British and foreign warships. 


be once more deferred. The other ship of over 10,000 
tons built in private yards is a Brazilian battleship. 


TaBLe III.—Notubly Large Merchant Steamers. 





Name. Tons. 1.H.-P. Builders. 





Holland American Liner} 23,980 13,600 |Harland and Wolff, 
Rotterdam | Limited 
Red Star Liner Lapland} 18,565 13,000 Ditto Ditto 


White Star Liner Lau-} 15,340 9,700 Ditto Ditto 
rentic 

White Star Liner Me-! 15,340 | 9,700 Ditto Ditto 
gantic 

Liner Minnewaska 14,342 | 10,000 Ditto Ditto 

Orient Liner Otway ..| 12,000 11,000 Fairfield Co., Limited, 

Glasgow 
Orient Liner Orsova’ ..| 12,000 | 11,000 |J.. Brown and Co. 


Limited, Clydebank 

Pacific Liner Orcoma ..}/ 11,533 | 10,000 |Wm. Beardmore & Co., 

| Limited, Dalmuir 

P. and O. Liner Morea ..| 10,895 | 13,000 Barclay, Curle, andCo., 

Limited, Glasgow 

P. and O. Liner Malwa..} 10,881 | 13,000 |Caird and Co., Ltd., 
| Greenock 











WaksHir BvuILpINe. 


This brings us to deal with the warship building of 
the year. For the British Navy 22 vessels were built, 
and for foreign navies 14. Of the total, three were 
capital ships, two for the British Navy and one 
for Brazil. Both of His Majesty’s battleships were 
built at the Dockyards—one at Portsmouth and Devon- 
pt respectively—the St. Vincent, which has had 

er machinery from Scotts’ Shipbuilding and Engi- 

neering Company, Limited ; and the Collingwood, for 
which Messrs. Hawthorn, Leslie, and Co., Limited, 
have manufactured the machinery. These vessels 
are of the Dreadnought type, although considerably 
larger, being of 19,250 tons, with a greater area pro- 
tected by armour. The machinery is of 24,500 horse- 
— to give a speed of 21 knots. The only other 

ttleship of the British Navy now building po yet to 
be launched is the Vanguard, and she will probably 
be floated towards the end of February from Vickers’ 
Naval Construction Works at Barrow-in-Furness, where 


TABLE 1V.—Fighting Ships Launched. 





| 








! 
| Indicated | Value of 








oa No.| Tons. Horse- Ships 
Power. Com- 
: pleted. 
£ 
In 1908, Dockyards , 42,426 67,600 | 3,990,000 


Private yards (H. M.S.) 








6,256 84,600 | 1,360,000 
| 
| 
| 











5 
17 

» -9y-~<Cforeign)| 14 | 26,294 67,650 | 2,885,000 

Total in 1908 .| 86 | 74,976 219,850 | 8,235,000 

In 1907. Dockyards ..  ..| 3] 51,800; 73,000 | 4,960,000 
Private yards(H.M.S.)) 26 | 80,318 300,800 8,556,000 

» 99, « (foreign) 4 561| 15,085 96,000 

Total in 1907 ..| 83 | 132,679! 388,835 | 13,612,000 

In 1906. Dockyards ..  ..| 3] 47,100) 77,000 | 4,621,000 
Private yards(H.M.S.)) 18 | 38,580, 70,300 | 3,895,000 

” » (foreign) 6 | 22,360) 69,900 | 2,120,000 

Total in 1906 .| 27 | 108,040 217,200 | 10,636,000 

Total in 1905 .| 27 | 129,945 | 260,600 | 12,047,000 

Total in 1904 ..| 40 | 127,452 | 368,200 | 10,737,000 

Total in 1903 ..| 42 | 152,983 | 337,290 | 12,600,000 

Total in 1902 ..| 22 | 93,044 | 193,550 | 7,076,000 

Total in 1901 ..| 39 | 211,542 436,700 | 16,243,800 

Total in 1900 = :.| 29 | 61,431 179,750 4,851,200 

Total in 1899 ..| 34 | 167,292 | 313,000 | 12,459,100 

Total in“1898 | 48 | 193,353 397,850 | 12,163,000 


| ' | 





also, about March, a Brazilian battleship will be floated. 
The Vanguard is in a more advanced state than those 
floated last year, and promises to be the heaviest war- 
ship ever launched. The new battleship- Neptune is 
shortly to be laid down at Portsmouth on the berth 
vacated by the St. Vincent, and her machinery has 
been ordered from Messrs. Harland and Wolff, Belfast, 





great Australian companies improving their service, 
the chances of an “AML Red” route od Canada will 





and the cruiser Indefatigable in the slip from which 
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TABLE VI.—STATISTICS OF SHIPBUILDING IN THE UNITED KINGDOM. IN 1902-8. 
a Se ee ne ee eo - ennai ietnasbaranihe : $$$ idsthienian 
Tora. PRropvction. Per Cent. or SteaM TO ToTaL Tons. | Per Cent. or Foreien-Ownep To Tora, Tons. 
District, | 
1908, 1907. 1906. 1905. 1904. 1903. | 1902. ] 1908. | 1907. 1906. 1905. 1904, | 1908, | 1907. | 1906. | 1905. | 1904. 1908, | 1902. 
_- - | - ae 
Scotland, | 'No.| tons tons tons | tons tons tons tons 
Clyde (including outports | 582] 352,800 | 624,000 | 600,800 | 540,000 | 432,400 | 440,500 | 525,670 || 92.25 | 96.68 97.62 | 98.3 96.24|; 34.0 26.10 | 13.3 | 104 16.7 | 15.5 | 21.6 
Other Scotch ports a 5 | 90} 45,000) 52,000} 56,000 | 48,000 | 30,300 | 37,164 | 49,616 | 99.6 99.02 83 99.1 95.7 }} 42 32.72 | 41 28.8 | 24.4 37 20.6 
England. | } | 
Tyne ts ws ee ea 112] 218,000 | 345,000 | 409,000 350,000 | 279,000 | 265,434 | 322,136 || 96.7 | 100 100 | ono | os74i] 445 | s24s|s26 }o6 | ons | ess | 204 
Wear... ~—s. ~— ss ~~ | 40} 85,000 | 295,000 | 343,000.| 317,000 | 233,000 | 181,662 | 282,145 | 100 | 99.75 | 100 | 9368 | 99.89) 39.4 | 38 |145 1/25 | a4 | 19 | 119 
Tees os “ ~ ip ‘ .| 25} 69,000 | 141,000 | 151,000 | 132,000 | 112,000 | 94,973 | 114,024 || 99 99.70 100 100 100) «|| ‘187 39.03 | 24.6 | 19.6 16.3 32.1 | 20.9 
Hartlepool a re - ..| 18). 87,000 102,000 | 160,000 | 124,000 | 101,800 | 84,923 84,747 ||100 100 100 100 100 ~=—|| 388 39.60 | 19.6 6.9 | 218 10.6 | 17.7 
Barrow-in-Furness (including Work- } 
ington and Maryport) - -7} 15 15,000 | 6,500); 29,000} 43,800; 15,100| 44,346) 21,197 |100 100 95.6 90.9 95.26 33.3 | 0 77.5 | 87.7 49 | oO 0 
Mersey... a oe = -+}| 68) 28,000} 7,300 8,600 700 | 11,000 9,383 3,879 | 90.45 | 60.40 58.6 | 100 96.35 6.8 | 0 10.7 | 14 08 | 0 0 
Blyth and Whitby << oe e -| 3| 6,725 7,800 8,400 | 11,800 5,800 5,394 | 11,737 ||100 97.64 7 100 100 56.5 0 15 0 422.3 | 0 22.1 
Humber (Hull and Grimsby) . . ..|. 86) 20,500 35,800); 37,000/| 34,300| 25,100) 29,500| 26,442 || 83.2 92.68 90 96.26 88.7 13.7 5.04 | 20 0.82 5.7 0 16.5 
Thames and other English and Welsh) 
ports .. _ os ae ..| 348) 18,200} 39,500} 32,000| 32,400/ 41,000} 23,908 | 39,577 || 22 55.10 56.6 41.5 65 80.7 39.80 | 21.8 [20.3 | 18.9 15 8.15 
Treland. | 
Belfast and Londonderry * 7 22) 158,600 | 139,500 | 149,000 | 144,500 78,000 | 158,542 | 159,763 || 99.99) 92.47 99.79 99.87 97.2 | 38.4 22.04 84 | 30.9 1.67 | 0 4.66 
the Collingwood was floated, the machinery in this| private works included only torpedo craft, sur- | 148,000 tons; in 1904, 124,000 tons; in 1905, 96,000 


case being ordered from Messrs. John Brown and Co., 
Limited, Clydebank. The only other notable vessel | destroyers Saracen and Amazon, built respectively by 
built in the dockyards was the Boadicea, a second- 
tons, launched at Pembroke, 
supplied with machinery of 18,000 horse- 
the turbine type, by Messrs. John Brown | placement, with machinery of 15,500 horse-power. 


class cruiser of 
and 
power, 0 
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Fic. 2. Dracram sHowrne TotaL Propuction oN THE CLYDE, TyNE, WEAR, TEES, AND 
AT HARTLEPOOL. 


and Co., Limited, of Clydebank. The speed in this 
case will be 25 knots. Six other cruisers of the 
same type, but larger, have recently been ordered, 
one from the Pembroke Dockyard and the others 
from private builders.* Two submarines were launched 
at Chatham, and will have their machinery from 
the Vickers Company. The vessels launched from 


\face and submersible. 


| Messrs. J. 





/ 
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Notable vessels were the 


S. White and Co., of Cowes, and Messrs. 
J. I. Thornycroft and Co., of Southampton. They are 
of the 33-knot type, being of close upon 900 tons dis- 
A 


30,. 


Tho 


30-knot destroyer was purchased from Messrs. Palmers 
during the year, and ten torpedo-boats of the 26-knot 
class were also launched, while sixteen were ordered 
from various firms. * 

It will be seen from Table IV. that this is a smaller 
addition to the Navy than for several years, especially 
when measured by tonnage. In 1903 the tonnage was 





* See ENGINEERING, Vol. lxxxvi., page 725. 








* See ENGINEERING, vol, Ixxxvi., page 725. 


tons; in 1906 it had dropped to 85,000 tons; and in 
1907 it mounted up again to 132,000 tons. Now 
we have drop to 48,600 tons, and have launched 
only two capital ships. This is not the place to 
enter into a consideration of the question as to whether 
this realises the necessary condition for maintaining the 
two-Power standard ; but it is at all events permissible 
to point out that the Government have not shown 
that commercial acumen which would have resulted in 
a private company placing work in anticipation of 
inevitable requirements in view of the condition of the 
markets, because of the ibility of saving large sums 
of money. As we have already pointed out, the steam- 
ship lines having regular services have acted in this 
way, and have probably saved at least 15 per cent. on 
the purchase price as compared with the probable quo- 
tations of 12 or 18 months hence. With money so cheap 
this anticipatory purchase is the more commendable. 
There is the other important consideration that the 
Government would have been fulfilling their promise 
to give employment to labour during the current severe 
depression in trade. They have scattered money 
broadcast in loans for work which can only utilise 
labour requiring no skill; whereas with orders for 
two or three battleships an enormous volume of skilled 
labour would have been profitably utilised. * 

The amount of foreign naval work is considerably 
greater than the average of the preceding four or five 
years; in that period it has fluctuated between 561 
tons and 33,745 tons. For 1908 it is 26,294 tons, 
thanks largely to the work given out by the 
South American Republics. The principal ship is, of 
course, the Minas Geraes, for the Brazilian Navy,t 
and two gunboats for Argentina, built by Sir W. G. 
Armstrong, Whitworth, and Co., Limited, and engined, 
like the Pattleship, by the Vickers Company. In 
addition, the last-named company built submarines 
for Japan, and a gunboat for Mexico. Messrs. 
Yarrow launched four destroyers for Brazil, two motor- 
— for Austria-Hungary, a river-gunboat’ for 

ortugal, and a motor torpedo-boat. 


Sau, TonNAGE. 


Although 54,200 tons of sail tonnage is recorded in 
Table I., not a single sea-going sailer was built ; and 
of coasters or fishing craft very few were launched. 
In this respect the year is unique, as in 1907 there 
was one sea-going sailing vessel, in 1906 four; in 
1905 one, in 1904 six, in 1 six, and in 1902 seventeen. 
The sail tonnage is made ys partly of Sesting Soe 
of which five were built by Messrs, Swan, Hunter, 
and Wigham Richardson, Limited, on the Tyne, one 
of 5540 tons lifting capacity for Callao, two of 1570 tons 
for Para, one of 585 tons for Lagos, and one of 490 tons 
for Fraserburgh. Barges for home and South American 
waters account for the greater part of the non-steam 
tonnage, and these do not provide much work. 


THe Marine ENGINEERING WoRK. 


With the exception of the war vessels and a few 
Channel steamers and yachts, all the steamers built 
are of moderate speed, and comparatively few can 
be regarded as extensive in their nger accom- 
modation. It will be seen from Fable . that the 
tonnage of steamers constructed in weg yards 
was 980,600 tons, or practically a million tons less 
than in 1906. The total merchant tonnage is also 
given in Table I., and here also a decrease of nearly 
a million tons will be noted. It = be taken, more- 
over, that this decrease is entirely in ocean-going 
tonnage, because, as we have already pointed out, the 
volume of dredging, coasting, river, fishing, and general 
small craft is quite as great as in previous years. The 
constructors of marine engines have had a poor year, 
especially those concerned only with merchant work, 
as the collective power of the machinery for merchant- 





* See ENGINEERING, vol. Ixxxvi., page 621. 
+ Ibid., vol. Ixxxvi., page 352. 
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men was only 937,290 horse-power, whereas two years 
ago it was 1,600,000 or -power. It follows that 
nearly one- -half of ‘the ucing capacity of engineer- 
ing works was idle. Roo have the firms concerned 
with the construction of naval machinery had a satis- 
factory year, use, as shown in Table IV., the 
power of the machinery for fighting ships launched 
was only ci 850, as compared with 388,800 in the 
preceding yea 

The same sale falls to be told regarding the steam- 
turbine. Although there has been a sharp decrease in 
the horse-power of machinery of this type, it does not 
follow that there has been any change in the position 
of strong advocacy taken up by several engineer- 
ing firms. Thee years ago the total power of turbine 
ships was 80,000 horse-power. In 1906 it had advanced 
to 315,000, in 1907 to 423,400, and for the _— year 
the total is 324,000. The decrease is partly due to the 
less number of warships launched for the British Navy, 
but there were only three or four other vessels fitted 
with turbines, including the Isle of Man nger 
steamer Ben-my-Chree, built by Messrs. Vickers Sons 
and Maxim, Limited, and the fastest merchant ship of 
the year, the Munich, by Messrs. John Brown 
and Co. for the Great Eastern Railway Company’s 
Hook of Holland service ; a yacht by Messrs. A. and 
J. Inglis, Glasgow ; and a ‘low- -pressure turbine by 
Messrs. John Brown and Co., and one by Messrs. 
Denny and Co., for association with wah rocating 
engines, respectively i in a Canadian liner and a New Zea- 
land liner. The combined system has, on the trials of 
Messrs. Denny’s boat,* given great promise of economy. 
The Cinedion liner, which was launched by Messrs. 
Harland and Wolff, Limited, has not yet been tried. 
The working of both vessels will be watched with keen 
interest. The Parsons Company have fitted a combined 
system to a yacht, but in this case there is only one 
instead of two sets of reciprocating engines, and one 
turbine, the yacht fitted being driven by twin-screws, 
and the merchant vessels by triple-screws. 

As to reciprocating engines, there is little call- 
ing for notice. The quadruple-expansion system does 
not advance much in favour. As regards the gas- 
engine, considerable importance attaches to the suc- 
cessful driving of H.M.S. Ranger, now used by the 
Clyde Brigade of our Naval Volunteers. Largely 
through the influence of the Marquis of Graham, 
who is the commanding officer of the Volunteers, this 
vessel has been fitted with an engine of the Beardmore- 
Capitaine type, constructed by Messrs. William Beard- 
more and Co., and the boat has made long cruises, with 
satisfactory results, alike from the point of view 
of manceuvring and economy ;+ there is some antici- 
— of practical application to ocean-going ships. 

he petrol-motor has been fitted into two or three 
moderate-sized craft, notably river gun-boats and 
torpedo-boats, by Messrs. Yarrow and Co., as well as 
to. launches and other pleasure craft by various firms 
throughout the kingdom. The success of the petrol- 
engine for small ctaft is due to its lightness and the 
reatliness with which it can be got under way. The 
evidences, however, do not encourage the belief that 
it wi]l be adopted for any but relatively small craft, 
the heavier internal-combustion engine, using producer- 
gas rather than oil, being preferable from many points 
of view. 

Work For Foreign Owners. 


Table V. shows the tonnage built for foreign countries 
and the Colonies. Belgium and Holland occupy a much 
more favourable position than in preceding years ; but 
this is due enti oaly-t0 the construction of a huge ‘liner 


TABLE V.—Countries where British-Built Foreign- 
Owned Ships were Registered. 





1903. 





tons 
South American 
Republics 3,079 
Colonies .. sa 5 22, 48, 28,840 
Be 7 + *. 3,856 5,065 


Norway... wil 
Austria-Hungary 

n ve conn 
Sweden 


g''s 


Bik 
2282 








Hii igi 











~* Norway's figures for these years include Sweden's tonnage. " 

for registration in each country in connection with the 
Atlantic Combine arrangements, the Holland ship being 
the largest of the year, as shown in Table III., while 
the Belgian ship takes second place. Norway, as well 


* See ENGINEERING, vol. lxxxvi., page 664. 
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t Ibid., page 450, 


1 


Canons 


SEF ECEEES wee SSS £ &B rHife SaeeeEs 


eee 


Name oF Firm. 
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Years’ 
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Year, 
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Sailing Ton- 








5 ee ee i Wigham Richardson Ltd.,| 
iwan, Hunter, mn, 
Wallsend-on- -Tyne .. 

Sir W. G. Armstrong, Whitworth, ‘and oo. 
| Limited, Newcastle-on-Tyne & 
|Workman, Clark, ey Limited, Belfast 


|Barclay, Curle, Paw hag Limited, “Whiteinch . 
‘Charles Connell and Co., Limited, Scotstoun |_| 
W. Gray and Co., Limited, West Hartlepool 
Sir Raylton Dixon and Co., Limited, Middles- 


brough 
Northumberland Com pany, "Limited, Howden. . 
William Denny and Brothers, Dumbarton 
William Doxford and Sons, Ltd, Sunderland ..| 
hg eo inthouse ..| 
‘Cammell, Laird, and Limited Birkenhead 
D. and W. Gosden ont On, Ltd., Partic 
Fairfield Shipbuilding and Engineering Con 
whany, Limited, Govan ~ vel 
illiam Dobson ‘and Co., Newcastle 
Caird and Co., Limited, Greenock 
Naples and Miller, Limited, Old Kil 
John Brown and mited, Clyde 
Shipbuilding Cons 4 and ee 
bis 


me Ce.. Limited. | 
R. © rages and Limited, Middibebr ough 
R. and Section Leslie, and Co., ied, 
Newcastle-on- 
io: Sons Maxim, Limited, Barrow- in: 


William E Beardmore and Co., Limited, Dalmuir 
Wm. Hamilton and Co., Limited, Port Limited, 
Greenock and Grangemouth Company, I Limited, 

Greenock and Grangemouth _... 

a Co., Ltd., Dundee . . 

J. L. Thompson and Sons, Limited, Sunderland 
The Tyne Iron Shipbuilding Company, Limited,| 
Willington b py Tyne ” 
John Readhead and Sons, South Shields | I 
Short Brothers, Limited, Sund ~y iets) 


trick 


Arch, McMillan and Son, Limited. 

Sir James Laing and Sons, Limited, spanteriand| 

C. H. Walker and Co., Limited, Sudbrook... 

William Simons and Co., Limited, Renfrew 

—— Brothers and Co. (Dundee), Limited . 
Richardson, Duck, and Co., Stockton-on- Tees... 

ve Shipbuilding and 1 Engineering Company, 


Y; Ltd., Jarrow.. 
I Shipbeild “" "mia, BI h. 
Biyt ip ys awe 
Lobnitz and Co. "Dinited Renire 
John Blumer and Co., Sunderland. 
Smith’s Dock Company, Limited, North Shields| 


rene 8 Shipbuilding Com 
and J. Limited, 





'o., Ltd., Stockton-on-Tees 


48 Robert Glapheneen and Co., ‘Lta., Hebburn 
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a6 
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~~ 
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Ailsa Shipbuilding Co., Ltd., Troon and oo ae 
Osbourne, Graham, and Co., ” Sunder land 
Robert Thon and Sons, Ltd, Sunderland 
Fleming and Ferguson, Limited, Paisley ~ 
Ropner and Sons, Limited, Stockton-on-Tees |. 

Wood, Skinner, and Co., Limited, Bill Quay 
Dundee Shipbuilding Company, L Ltd., Dundee. . 
Cochrane and Sons, 
we Shipbuilding and Engineering Company, x 

Limited, Greenock. . ; 

oe and Sons, Limited, “Scotstoun 

J. Priestman and Co., Sunderland . ‘ 
J Thornycroft and Co., Ltd., Southampton 
Bartram and Sons, Sunderland 
W. Harkess and Son, Limited, Middlesbrough. 
iG. Rennie and Co., Greenwich, 8.E. a 
Scott of Kinghorn, Limited, Kinghorn, N.B. .. 
wo Shipbuilding Company, Limited, 

ju 
Goole Shipbuilding Company, Lta., Goole 


Fe rs, P 
Wil "Picke ll and oo Bunderland 
The Montrose Shipbuilding Company, Mont- 
rose, N.B. . os 
Alley and MacLellan, Limited, Glasgow 
Yarrow and Co., Limited, Scotstoun, N.B. 
Cook, Welton, and Gemmell, Limited, Beverley, 
John "Crown and Sons, Limited, Sunderland . 
se. White and Co., Limited, East Cowes . 
Bow, M‘Lachlan, and Co. , Limited, Paisley 
Hall, Russell, and Co., Limited, Aberdeen 


Oradg, Tevloc and Company, Limited, Hull.. 
.| 





77 |David J. Dunlop and €o., Port ‘Glasgow 
Limi 





|Mackie oy te the lh e 
oa, ~ ‘erguson, ni t 
John thie Torry Company, A een 
n hie T Cc berd: 
r and Co., Port Glasgow. 
Jenn Fullerton and Co., Paisley 
J. Yarwood and Sons, Northwich |. oa 
i Pe ——_ and Son, — "i, ythan { 
ytham cg oe "5 - a 
Scott and Sons, Bow , 
Dublin Dockyard Company, D Dublin => 
R, Williamson and Son, Eee es 
Shi Iding Co., , Ardrossan .. 
Co., Limited, Aberdeen .. | 
Lowestoft .. ne - 
bson and Co., Hessle Haven 
~ Shipbuilding Company, Limited, ‘Queen's 
‘erry ae 
senate Scarr and Son, ‘Beverley and Howden |. 
J. T. Eltringham and >. cr Shields | 
Henry Scarr and Son, Hi 
A. W. Robertson and Co., Canning Town 
W. Walker, aps vl - 
George Brown and Co. Greenock 
Edwards and Co., Limited, a 
Hepple and Co., Limited & fhouth Shields 
\Forrestt and Co., Limited, Wyvenhoe .. 
J. T. Crampton, Portsmouth ee os 
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TABLE VIII.—Continued. 





























Right g. |¢ 

Laregst ToTaL , 5 5 

1908. 1907. SINCE 1900. be ¥e = & = 

No. NaME oF Firm. | \ 267 we 

| ~——|—— 4 | 3¢ 

No. | Tons. | No. Tons. Year.| Tons. Tons. 5™ a Zz 
105 |J. P. Rennoldson and Sons, South Shields 4 745 6 1,364 | 1901 2,609 12, 122 - 
106 |\Cox and Co., Falmouth .... ads sin ah 466 7 450 | 1908 | 469 1,5744 -- _ 
107 |Fred Braby and Co., Limited, Deptford, 8.E. ..| 14 464 15 636 | 1907 636 1, 46 
108 |John Reid and Co., Whiteinch, G w s 2 412 1 100 — _ _— 12 _ 
109 |Beeching Brothers, Great Yarmouth 5 411 8 | 730 | 1907 730 1,7404 a - 
110 |Fellows and Co., Great. Yarmouth oe 5 400 10 | 570 | 1907 570 1,6044 _ — 
111 |Ritchie, Graham, and Milne, Whiteinch. . 9 37 18 | 1,885 | 1904 3,566 17,283 377 | 310 
112 |John Cran and Co., Leith .. ne A “ft 2 336 6 622 1907 622 2,3246 a — 
113 |Crabtree and Co., Limited, Great Yarmouth .. 4 336 4 352 | 1907 | 352 1,143 _ 
114 |Peter McGregor and Sons, Kirkintilloch, N.B...| 8 316 7 382 | 1903 435 2,040 266 25 
115 |W. Fife and Sons, Fairlie, N.B. .. a mo 299 10 297 | 1908 299 1,923 _ 297 
116 |Murdoch and Murray, Port Glasgo 1 282 7 6,850 | 1907 6,850 28,970 282 _— 
117 |W. H. Warren, New Holland Se oy Za 3 268 7 | 1,500 | 1907 1,500 4,213 _ 140 
118 |Simpson, Strickland, and Co., Ltd., Dartmouth) 21 249 33 | 266 1907 266 1,4877 207 3 
119 |W. Macintosh and Sons, Buckie, N.B. os 3 242 Live _ — _ - _ — 
120 |G. and T. Smith, Rye - Pi yee oe 27 | «5 297 | 1907 297 1,742 — 237 
121 |Hawthorns and Co., Limited, Leith  .. i ie 20 | 2 214 — _ 5,804 _ _ 
122 |Camper and Nicolsons, Gosport .. dé --| 8 225 3 200 =—«:1908 225 2,402 170 ~ 
123 |Larne Shipbuilding Company be 2 | 221 2 220 _— _ 2,080 _ _ 
124 |Isaac Pimblott | Sons, Northwich 15 | 195 23 417 1907 417 a= 195 | 155 
125 |For' and Burnie, Peterhead, N.B. am 2 | 178 —_ _ — _ —}4 _ — 
126 |Rowhedge Ironworks Company, Limited <a 173 — _ -- _ -- 45 10 
127 |Isaac J. Abdela and Mitchell, Limited, Brims- | 
combe and Manchester .. on sa oat RB 170 | — — —_ — —_ 380 52 
128 |D. M. Cumming, Blackhill Dock, Parkhead, | 

Glasgow... Z a >; x et 157 4 192 | 1901 620 2,147 157 — 
129 |Gill and Sons, Rochester .. be a 16 100 _ _ — — — — — 
130 |J. and J. Hay, Limited, Kirkintilloch, N.B. 1 92 a.) 69 — | _— — _ _ 
131 |R. Macallister and Son, Dumbarton, N.B. 4 S4 5 ao} -— 190 6354 _ - 
132 |W. B. McLearon, Harwich .. ~* oe 1 o4 _ _ ,— -— — — = 
133 |W. and G. Gardiner, Cullen, N.B... ee 1 82 — -- -- — _ _ — 
134 |S. and H. Morton and Co., Leith .. nny 1 7.4} = _ — -- — —_ _ 
135 |J. Weatherhead, Eyemouth, N.B. = > a 6 | 5 247 ~ _ 1,722 -- 45 
136 |Mordey, Carney, and Co., Limited, Newport .. 1 56 | . 203 «1907 203 3,236 — _ 
137 |J. Robertson (Innes) and Co., St. Ronans, N.B. 4 ao fre] — f= — — _ 20 
138 |Harley Mead, East Cowes .. ote om fs 4 46 — — — | -- =~ — 30 
139 |W. White and Sons, Cowes, Isle of Wight 4 45 — | — \-— — _ — — 
140 |MacLaren Brothers, Dumbarton, N.B. .. 12 27 — | — _ — _ 3 _ 
141 |A. Munro, Ardrishaig, N.B. o be 2 20 — _ — — — — 16 
142 |Fay and Co., Southampton. . 2 6 | — _ } — —_ “= _ 16 
143 |T. Sumner and Sons, Liverpool .. 1 ie 60 | 1905 | 100 257 _ - 
144 |J. Hay, Kingston-on-Spey, N.B. .. 1 10 — _ jo 4 _ —_ — — 























4 For four years. 


as Sweden, is still a prominent client, and the low prices 
ruling this year have encouraged them to take — 
a number of vessels of from 2000 to 3000 tons, built 
mostly on the North-East Coast. This also applies to 
Sweden. Two liners for Italy and some few vessels 
for France—as a result of the more liberal interpreta- 
tion of navigation laws—make up a fairly satisfactory 
tonnage. Germany, however, has seriously reduced 
her quota, but Greece has been fairly active in her 
demands. The United States appear on the list for 
two yachts, built by Scotts’ Company, of Greenock, 
and by Messrs. mage and Ferguson, Limited, 
Leith. Our best clients, however, are the Colonies 
and the South American Republics. As we have 
already stated, a great variety of river craft has 
been sent to the South American Republics, and there 
can be no doubt that these vessels are doing 
splendid service in opening up the interior of 
the country to commerce. It will be seen from 
Table V. that the demand, begun four years ago, has 
steadily increased. The Colonial tonnage seems this 
year rather smaller than in the previous year, but is 
nevertheless up to the average. Several of the Con- 
tinental countries have had steam fishing craft—France, 
Belgium, and Spain being amongst the number, 


Work IN SCOTLAND. 

Table VI., on page 23, and Table VIL., on this page, 
give respectively the total tonnage and collective 
horse-power of the various districts. The Clyde has 
suffered almost as much as other centres, notwith- 
standing that there was no stoppage of work due to 
labour difficulties. The tonnage, as will be seen from 
the diagram, Fig. 2, is the lowest in any year since the 
period of the engineering lock-out, and is 272,000 
tons less than in 1907—the year of maximum out- 
put. It is-four years since the last serious drop in 
output, and then the total was 80,000 tons higher, 
while in 1903 it was 90,000 tons more than in 
the past twelve months. The diagram shows that 
periods of depression have recurred every four or 
five years, and have been of two or three years’ 
duration —a point which ought to be carefully 
weighed in connection with the forthcoming vote 
of the workers on the question of a 5 per cent. reduc- 
tion in wage, or a stoppage of work. There is a con- 
siderable reduction of the British warship tonnage : in 
the previous year two ‘‘ Invincible ” cruisers were in- 
cluded, and this year we have only three torpedo-boats 
by Messrs. Denny. Messrs. Yarrow, who figure for 
the first time in the Clyde list, swell the total, alike in 
tonnage and power, by the torpedo craft for forei 
Governments, already referred to under ‘* Warship 
Building.” The principal reduction, however, is in 
respect of ordinary tramp steamers, the number being 
68 fewer, and the tonnage 217,000 tons less, than in 
1907. Of twin-screw mail liners there were eight 


6 For six years. 





fewer, but owing to their greater size the tonnage 


7 For seven years, 


is higher by nearly 89,000 tons. As was to be expected, 
the greatest decrease in turbine ships is notable on the 
Clyde, since most vessels of the class are built there. 
In 1907 nine vessels were fitted with turbine machinery, 
whereas this year there is only the Channel steamer 
Munich, of 2600 tons, built at Clydebank for the Great 
Western Railway, and a turbine yacht; while the 
Otaki, of 7420 tons, built at Dumbarton for the New 
Zealand Shipping Company, has a combination of tur- 
bines and reciprocating engines. 

e Clyde has always been noted for the great 
variety * | craft constructed, and although this year 
there are fewer yachts, they nevertheless are of notable 
interest. The largest yacht of the year is the 
Cassandra, of 1286 tons, built for an American owner 
by the Scotts’ Shipbuilding and Engineering Com- 

y, Limited, Greenock ; the Vanadis, a turbine 
t of 1092 tons, built by Messrs. A. and J. 
Inglis ; the Dolaura, by Messrs. Fleming and Fer- 
guson, Limited, Paisley, for a British owner; and 
an auxiliary motor schooner, by Messrs. John Reid 
and Co., hiteinch. Twenty-two sailing - yachts 
were constructed, the largest being Sir Thomas Lip- 
ton’s Shamrock, of 176 tons, with which it was at one 
time contemplated to challenge again for the America 
Cup. The racing-yacht tonnage is rather low, being 
only 486 tons. gers and hopper-barges were 
slightly more numerous, but smaller, their tonnage 
mounting up to 16,500 ; considerably fewer barges and 
lighters were built. Pontoons of ship-shape structure 
show an increase, the tonnage in these totalling 
over 5000 tons. Five paddle-steamers were built, two 
of them for South America, where also Messrs. Inglis 
sent another railway ferry. Considerably fewer steam 
fishing-boats were built, the East Coast having proved 
strong competitors. There fall to be included two 
other ferry-steamers, 27 tug-boats, 11 stern-wheel 
steamers, 27 motor-boats, and 12 horse-boats, a list 
which establishes the great variety of the work done 
on the premier shipbuilding river. The total tonnage 
of sailing craft is 26,246 tons, which is rather greater 
in proportion to the total than in previous years, 
eaking up 7.75 per cent., whereas from 3 to 4 per 
cent. is normal. This tonnage; however, is entirely 
due to barges, pontoons, and other similar structures. 
Instead of one-fifth of -the new tonnage flying foreign 
flags, as was the case in average years up to 1906, 
one-third of the tonnage in 1908 was for foreign 
owners. Of the tonnage built and not British owned, 
39,300 tons, or more than 10 per cent., was for 
the Colonies, while over 10,000 tons were for South 
Ameri¢an Republics. Austria-Hungary was also a 
em client, taking 16,000 tons; Holland, 6000 tons ; 
orway, 3648 tons ; and Italy, a large liner of 8921 
tons. 
The machinery output, as given in Table VII., shows 
a reduction co ding to that in the tonnage, when 
compared with the previous year. The collective 





power of marine-engines has declined by 200,000 horse- 
power. Partof this is attributable to warship work, to 
which reference has already been made, Fewer high- 
8 Channel steamers’ were built. Quite a number 
of sets of machinery were constructed by Clyde firms for 
shipment abroad, and one firm supplied a number of 


Taste VII.—Jndicated Horse-Power of Engines 
Constructed. 

















-- 1908. 1907 1906, 19065. 1904. 
Clyde 478,000 | 674,000 590,510 518,600 448,400 
Other Scote! 

ports 65,000 6,900 63,050 47,470 30,400 
North - Eastj 
District ..] 334,000] 652,000 740,600 597,500 568,500 
Humber .. 27,600 55,600 730 41,650 29,900 
Barrow od 68,850 16,150 79,000 64,900 32,250 
Mersey 8200 48,300 19,780 7,775 57,400 
Thames and 
other Eng4 
lish ports... 90,000] 178,000 114,660 74,425 140,000 
Ireland 105,490 82,230 | 147,200] 116,280 57,350 
Total ..} 1,157,140} 1,712,180 | 1,816,680 | 1,468,600 | 1,359,200 














the steam-trawlers built on the East Coast with their 
propelling engines. 

As regards the other Scotch ports, the output is 
7000 tons less than in the previous year, and 
11,000 tons less than in the year of greatest activity 
(1906). A great many of the ninety vessels were 
fishing craft, but half a dozen moderate-sized cargo- 
steamers are included in the total, as well as two 
steam-yachts, which have already been referred to, — 


DEPRESSION ON THE Nortu-Kast Coast. 


We have already referred to the very serious 
diminution in the work done by the districts. on the 
North-East Coast—the Tyne, the Wear, the Tees, and 


Hartlepool. The output on the Tyne, especially in 
large cargo-boats, has experienced a sharp reduction. 
Although the number of vessels built—112—is only 30 


less than in the previous year, the tonnage—213, 
shows a diminution of 132,000 tons ; while compared 
with the year of maximum output (1906) there is a 
drop of 196,000 tons. Sailing tonnage accounts 
for 7155 tons, but this is entirely made up by the 
fre floating - docks, already referred to, and b 

rges. A considerable number of fishing vesse 
have been built on the Tyne, and thus there are 
included fifty-nine vessels of less than 500 tons, 
while of ships between 2000 and 5000 tons—includ- 
ing the ordinary tramp steamer—there are twenty- 
seven. Of vessels still larger there are fifteen, ranging 
up to 6389 tons in the case of merchantmen. The 
Brazilian battleship is 19,280 tons. Of the total, 
94,000 tons were for foreign owners, and of these it is 
notable that practically one-third, or 30,310 tons, were 
for South America. derma took two of the largest 
ships, making 12,133 tons. Norway and Sweden were 

vod clients, taking together eight vessels, aggregating 
25,377 tons. France was a client for seven tonahins 
and for two merchant ships, fhe other foreign countries 
sending orders to the Tyne being Russia, Belgium, 
Spain, Greece, and Austria-Hungary, in addition to the 
British Colonies. These latter, strangely enough, 
account for only 825 tons, so that the Tyne has not yet 
succeeded in drawing away any part of the colonial 
patronage bestowed upon the Clyde. Of warship 
work less than usual has been done on the North-East 
Coast, if we exclude the battleship and the two gun- 
boats built for the South American Republics. Only a 
couple of torpedo-boats and a destroyer figure on the 
list, and these make but a poor showing when com- 
pared with the results of some previous years. 

Without exception, all of the thirteen firms in Sun- 
derland return much smaller totals than in the previous 
year, and the depression, taken all round, has been 
— on the Wear than in any other district. The 
orty vessels built—all steamers—make up 85,000 tons, 
excluding erections—the lowest for 21 years. The 
figures compare with 99 vessels and 343,000 tons two 
years ago. These figures speak clearly of the unfor- 
tunate conditions of the past year. A larger number 
of small craft were built, and thus the average ton 
has been less, while the largest steamer was of 4997 
tons. As shown in Table VI., the proportion of ton- 
nage for foreign owners was about the same as in the 
previous year, being 39,4 per cent.; and of the 33,500 
tons, Norway ond Doaten, as usual, took the largest 

uota—8612 tons and 5286 tons ively. France, 
pain, Belgium, Greece, and Russia were among the 
other clients of the district. 

An output of only one-third of that of 1906-1907 
shows how far the Tees builders have suffered under 
the prevailing depression. Twenty-five vessels were 
launched, as compared with fifty-four in the previous 
year, and the total tonnage is only 59,000° tons, 
excluding erections. A few ba are incladed ; 
eight of the vessels are between 3000 and 5000 tons, 
one was of 6742 tons, and one—the largest merchant- 
man built on the North-East Coast—of 8500 tons. 
Foreign clients were fewer, only 11,000 tons leaving 
the river with a national flag other than the Union 
Jack. This equals 18.7 per cent., whereas in some 
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previous years the proportion was as high as 39.9) 
me cent., as is shown in Table VI. One of the firms 
milding the greater portion of this foreign tonnage 
did not give the nationality of -the vessels ; but of | 


In addition there were three other ships of 6300 
tons. The machinery output is also large, totalling 
65,840 indicated horse-power, which, as shown in 
Table IX., places the firm second on the list for the | 


of 1906—the greatest decrease of any firm. Of the 
five steamers built, ong was for Sweden. Another 
Clyde firm, Messrs. DJ. and W. Henderson and Co., 
Limited, Partick, take thirteenth place, and here again 


the others, one steamer, of 3687 tons, was for French | United Kingdom. This total is nearly double that of | the output was only half what it was in the previous 


owners. 
Hartlepool comes next to Sunderland in the ex- | 
tent of the decrease of output, the total being here 
also only one-third that of the previous year, and 
less than a fourth that of 1906. Thirteen vessels 
—all steamers —were built, against twenty-nine in 
1907 ; but they were smaller, the largest being under 
6000 tons, and thus the tonnage, including erections, 
is 41,388 tons, and, excluding erections, about 37,000 
tons ; 14,000 tons of the shipping was for foreign | 
owners, Norway taking two steamers, together 8280 
tons, Sweden two, of 3550 tons, and Greece one, of 
3516 tons. This is quite an average proportion. 
The Blyth Yard, all things considered, makes a 
good return, as shown in Table VI.; one of their 
steamers was for colonial owners. 
These several ports are grouped as the North-East | 
Coast, and combined they only produced 400,000 | 
tons, against 352,800 tons by the Clyde; whereas in 
periods of activity the relative proportions are nearer 
one million tons to 600,000 tons, as in 1906. The horse- | 
power of the district is aggregated in Table VII., from | 
which it will be seen that the total is only 334,000 
indicated horse-power, as —s_ with 652,000 in | 
1907 and 740,000 in 1906. Only about 50,000 horse- 
power of naval machinery is included, and no high- 
speed vessels were built. The shipments of machinery 
for vessels built abroad were fewer, and more sets of 
engines for East Coast ships came from the Clyde. 


Orner Encuiisn Districts. 

Of the other English districts little need be said. 
The total for Barrow-in-Furness, as shown in Table 
VL, is rather less than in the previous year, but this is 
due to the fact that the launch of two large battle- 
ships has been delayed until early in the year. The 
Mersey total is larger than in previous years, but this is 
in part due to a slight re-arrangement of our classifica- 
tion, and to the fact that Messrs. Cammell, Laird, and 





Co., Limited, have built at the Tranmere Works a large 
number of barges for abroad. On the Humber there is 
a decrease, equal to about 15,000 tons, on the average | 
of the preceding three years, due partly to the keener 

competition of firms further north in connection with 

the construction of the steam fishing fleet, and partly 

to the fact that no merchant ship of | size has been 

included. The total for the Thames and other English 

and Welsh ports, recorded in Table VI., reflects the 

general depression in trade. Many of the smaller 

firms around the coast, who were kept going with 

ketches or other sailing boats for the fisheries, experi- 

enced the effect of the competition of steam craft, and 

consequently there has been a falling off in the demand 

for these sailing vessels. The absence of orders for 

larger firms has caused them to enter into competition 

for the less important work of tug-boat and barge- 

building, so that many of the firms have made nega- 

tive returns. This remark also applics to three or four 

of the first-class firms. 


IRELAND. 

As regards the Irish output, we shall have more to 
say in dosing with the work of notable firms, but it 
may be stated here that, with the exception of 1902, 
the output is the largest yet recorded, and is only 
about 1000 tons less than in that year. This is due, of 
course, to the inclusion of the exceptionally large ships 
launched from the Queen’s Island Yard, and also to the 
fairly full return sent from the other establishment on 
the north side of the Liffey, both of which returns will 
be referred to ‘later. The horse-power, however, is 
rather less than in some previous years, notably 1906, 
because no high-speed ship is included, nor has any 
warship machinery been supplied. 


Propvuction OF SHIPBUILDING FrRMs. 

In Table VIIIL., on pages 24 and 25, there is a list of 
the shipbuilding firms with their production for the 
past two years; and to enable an estimate to be formed 
of the relative state of work in the respective yards, 
there is also given the largest total for any oe since 
1900, and the total for the past eight years. The amount 
of colonial or foreign and sailing tonnage by the respec- 
tive firms is also noted. A glance down the table will | 
show that there are rare exceptions where the output 
has not been seriously reduced when compared with 
the tonnage of the previous year. The exceptions are 
due to unusual conditions. Only five firms have a 
total exceeding 40,000 tons, whereas in the previous 
year there were fourteen, and in 1906 eleven. 

Messrs. Harland and Wolff, Limited, Belfast, are at 
the top of the list and constitute one of the exceptions, 
the total being 31,000 tons above the aggregate in 
1907, within 4000 tons of the highest ever reached by 
the firm, and over 20,000 tons above the average for the 
century so far. This is accounted for in large measure 
by the five large ships built for the Atlantic Combine 





Companies, a list of which is included in Table III. 


| the previous year, and is up to the average, although | 


35,000 indicated horse-power less than the maximum | 
for any year since 1900. None of the ships is excep- 
tionally fast, the horse-power in no case exceeding 0.7 | 
per Board of Trade gross ton. The firm promise still | 

reater triumphs in the future, as they are about to | 
ay down two of the largest ships that have ever been 
built—also for the Atlantic service—but there is no 
intention to aim at exceptional speed. 

The second place is taken by Messrs. Swan, Hunter, 
and Wigham Richardson, Limited, Wallsend, but 
here the total is 19,000 tons, or nearly 234 per cent. 
less than in the previous year, and little more than 
half the maximum which was reached two years ago. 
The list of vessels built is an interesting one, includ- 
ing, as it does, 20,000 tons of foreign-owned shipping 
—two steamers for France and one for Germany. As 
already indicated, there are five floating docks—a type 
of craft of which the firm have made a speciality. ‘The 
other vessels range from 2000 to 6336 tons. Five of 
the vessels constructed were engined by the builders. 

Sir W. G. Armstrong, Whitworth, and Co., New- 
castle-on-Tyne, take third place on the list. There is 
included a Brazilian battleship, two Argentine gun- 
boats, and six British merchantmen, of about 5000 
tons, the total of 51,384 tons being 23,000 tons less 
than in the previous year, with the highest total 
reached. The average since the beginning of the 
century, however, is about the same as in the past year. 

Messrs. Workman, Clark, and Co., Limited, Belfast, 
take fourth place, with an output only 13,000 tons less 
than in the previous year, but 25,600 tons less than the 
largest recorded since 1900. This year the firm have | 
launched the Tenui, of 9957 tons, and the Italian liner | 
Verona, of 8886 tons. Two other steamers are of 6720 
tons, and the remainder are between 5000 and 3000) 
tons. Several attain fairly high speeds, the Verona, 
for instance, having engines of 7500 indicated horse- 
power. The total horse-power is 38,400, which gives 
the firm the seventh place in Table IX. As is the case 
with the tonnage, this marks a considerable reduction. 

The first Clyde firm on our list is, as for several pre- 
vious years, as Russell and Co., Port Glasgow, who 
built ten ocean-going steamers, ranging from 5452 tons 
to 3978 tons, a coasting steamer, and two light-draught 
passenger boats. The three larger vessels were for 
Austria, and the smallest ocean ship for Portugal, 
making a total foreign tonnage of 19,753 tons. The 
aggregate is 23,000 tons less than in the previous year, 
and 25,000 tons less than the maximum reached since 
1900. Another Clyde firm takes the sixth place— 
Messrs. Barclay, Curle, and Co., Limited, Whiteinch. 
Their most notable ship is the P. and O. liner Morea, 
which is noted in Table III. Three of the six vessels 
were for foreign owners, and the total is only 8500 
tons less than in 1907, when the maximum was reached 
for the century. The machinery output is 33,150 indi- 
cated horse-power, which places the firm eleventh on the 
list of machinery builders. The decrease is only 7400 
indicated horse-power below the maximum. Sir William 
Gray and Co., Limited, Hartlepool, come next on the 
list, but their total of 27,188 tons includes erections, 
as the firm did not comply with our request to give the 
Board of Trade tonnage. The total, which shows a 
decrease of 20,000 tons as compared with 1907, and of 
58,000 tons as compared with 1906, includes three 
ships for Scandinavian countries. Messrs. Charles 
Connell and Co., Scotstoun, Glasgow, come next on 
this year’s list, with a production 10,000 tons less than 
in the previous year. 

Sir Raylton Dixon and Co., Limited, Middlesbrough, 
give us the Board of Trade tonnage and the tonnage 
with erections, and are entitled to a higher place than 
Sir William Gray and Co., because the Board of Trade 
measurement of the five steamers is 26,146 tons, and, 
including erections, 30,020 tons. One of the vessels, 
of 8500 tons, was the largest merchant ship built on the 
North-East Coast. The firm include also three of their 

tent cantilever-framed top-side tank steamers. The 
Toctinnabevitied Company have built six steamers, 
two of which were for Greece and two for the Wilson 
Atlantic Line. The ships for Greece are the first for a 
new line to the United States, and are to carry 60 
first-class passengers and 1200 to 1300 emigrants. The 
speed is 16 knots. 

Messrs. William Denny and _ Brothers, Dumbarton, 
include in their return three torpedo-boats for the 
British Government, the New Zealand liner having the 
combination of turbine and reciprocating machinery, 
and a large number of those river steamers, &c., which 
they have constructed for the development of the 
internal commerce of India and Burma. Their total, 
it will be seen, is 13,600 tons less than in the pre- 
vious year, and only half what it was in 1906. 
Messrs. William Doxford and Co., Limited, Sunder- 





land, have dropped from first to twelfth place, 
their output having decreased from 91,254 tons to 
20,271 tons, which is less than one-fifth of the total | 


year. Their return includes an Italian emigrant ship, 
an Anchor liner for the Atlantic, two sealing ships, and 
a couple of barges for the West Indies. The machinery 
output is 16,650 indicated horse-power, which again 
is only half the total of some preceding years. Messrs. 
Alexander Stephen and Sons, Linthouse, Glasgow, 
constructed four ships, ranging from 8075 tons down- 
wards. The largest was for the Union Company of 
New Zealand, another was for the Adelaide Steam- 
ship Company, and the third was for the Congo Com- 
pany. The total is 24,000 tons less than in the pre- 
vious year, which marked the record. The machiner 

output, 20,600 indicated horse-power, is 15,300 indi- 
cated horse-power less than in 1907. 

Messrs. Cammell, Laird, and Co., Birkenhead, have 

an increased output, partly due to the inclusion of a 

reat number of barges built at the Tranmere Works. 
The most notable ship is the second dredger, Levia- 
than, built for the Mersey Dock Board.* Their 
allies, the Fairfield Company, constructed three 
notable ships, so that their tonnage of 17,520 tons 
represents a larger value per ton than the work of 
several other firms. They completed a passenger 
steamer for the Canadian Pacific Company’s service on 
the Columbian coast, a troop-ship for the Indian Govern- 
ment, and the Orient liner mentioned:in Table ITI. 
The total tonnage, however, is 31,000 tons below 
the previous year’s record total. Messrs. William 
Dobson and Co., Newcastle-on-Tyne, have launched 
7000 tons more than in the previous year, but 7000 
tons less than in the record year of 1906. Three 
Norwegian, two British, a Spanish, a Belgian, and 
a Russian ship make up their total of 17,164 tons. 
Messrs. Caird and Co., have also improved their 
total of the previous year, but the output is still 
10,000 tons short of the maximum reached this 
century. They include two P. and 0. liners, one 
for the Eastern service, and the Salsette, a_re- 
markably fast twin-screw steamer built for running 
between Suez and Bombay, considerably shortening 
the time to India. The horse-power of these two 
vessels is 23,500 indicated horse-power, which gives 
the firm a much higher _ than in the previous 
— in our Table IX. essrs. Napier and Miller, 
uimited, Old Kilpatrick, include a colonial steamer 
in their total, which is only 3500 tons below the 
maximum. 

Messrs. John Brown and Co., Limited, Clydebank, 
have always an interesting return, and this year is not 
an exception. They have launched the Orient liner 
referred to in Table III., a turbine-steamer for the 
Great Eastern Railway, and an Admiralty tug-boat, 
and, in addition, have manufactured the turbines for 
H.M.S. Boadicea, launched at Pembroke, and the low- 
pressure turbine which is to be associated with recip- 
rocating engines in the White Star Canadian liner 
the Laurentic, launched by Messrs. Harland and 
Wolff. Their total tonnage is far below the average, 
being 20,000 tons less than in the previous year, 
and 40,000 tons less than the maximum reached. 
Their horse-power—41,750 — however, gives them the 
sixth place in the list of machinery constructors, 
but it is, nevertheless, far below the possibilities 
of the well-known Clyde establishment, being 67,000 
less than the aggregate reached in 1906. The Irvine 
Shipbuilding Company give the tonnage with and 
without erections, and this year they include the work 
at Messrs. Furness, Withy, and Co.’s yard, where one 
vessel was built. This establishment, however, now 
passes into the hands of a new company, which is to 
include workmen shareholders. The company’s ton- 
nage, with erections, is 14,200 tons, and without erec- 
tions, 12,641 tons. As shown in Table VIII., these 
figures are very far below the earlier records for the 
two yards combined, the average output since the 
beginning of the century being more than three times 
that of the t year’s total. Messrs. Cragg, of 
Middlesbrough, produced only about one-third of the 
total of the previous year. In Messrs. R. and W. 
Hawthorn, Leslie, and Co.’s return there is a British 
torpedo-boat and three Swedish steamers. One of the 
merchant steamers was engined by the North-Eastern 
Company ; the others by Messrs. Hawthorn, Leslie, 
and Co., who also supplied the machinery for H.M.S. 
Collingwood, and thus the aggregate horse-power is 
34,500—9500 horse-power less than in the previous 
year, and 42,000 horse-power below the ioiel output 
attained in 1904. 

The Vickers return is most varied, and all of the 
work is of importance. In addition to submarines for 
the British and Japanese Navies there was built the 
Isle of Man turbine’ steamer Ben-my-Chree,+ the 
fastest merchant ship of the year; the London and 
North-Western Channel steamer Rathmore; a trans- 
port for conveying submarine boats over-sea, two 





* See ENGINEERING, vol. lxxxvi., page 582. 
+ Ibid., page 203. 
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TABLE IX.—PRODUCTION OF MARINE MACHINERY BY ALL FIRMS IN THE UNITED KINGDOM. 
























































E1out Eiaur 
| 1908 cog, | Ree et ae!) a | YRARS’ 
No. Name OF Firm. ‘ , ToraL. No. NAME or Fire. | Toran. 
| 
j nail | 
} L.H.-P. | Year.| I.H.-P. LH.-P. LH.-P. Year.) LH.-P. | LHL.-P. 
SS Se —— = ew i ‘ Paianin Eat oes! Be ees ND 
1 |North-Eastern Marine Engineering Com- 47 |C. D. Holmes and Co., Hull in ..| 5,780 14,880 1906 17,110 87,495 
| pany, Limited, Wallsend-on-Tyne --| 71,080 121,470 | 1907 | 121,470 783,173 | 48 |Plenty and Son, Limited, Newbury .. ..| 5,770 6,035 1907 | 6,035 20,3514 
2 |Harland and Wolff, Limited, Belfast .-| 65,840 35,580 1903 | 100,400 529,451 49 |Crabtree and Co., Limited, Great Yar-) | 
3 |Vickers Sons and Maxim, Limited, Barrow-| } mouth .. “ as 'y = ..| 5,785 8,120 | 1907 8,120 338,580 
| in-Furness BGR ee 15,150 | 1903 | 79,000 | 365,890 || 50 |Scott of Kinghorn, Limited, Kinghorn .-| 5,700 5,000 | 1908 5,700 15,8304 
4 |Denny and Co., Dumbarton .. . 57,100 63,200 | 1907 | 63,200 | 387,950 || 51 |Ailsa Shipbuilding Company, Limited, 
5 |David Rowan and Co,, Glasgow at ..| 43,899 50,220 | 1997 50,220 294,620 || Troon and Ayr, NB. ie - ..| 5,620 7,000 | 1907 | 7,000 12,6202 
6 |John Brown and Co., Limited, Clydebank..| 41,750 73,000 1906 | 108,900 311,350 | 62 |Hall, Russell, and Co., Limited, Aberdeen 5,050 10,200 1907 | 10,200 56,480 
7 |Workman, Clark, and Co., Limited, Belfast; 38,400 45,650 | 1906 49,500 329,050 53 |John ead and Sons, South Shields 5,000 14,150 | 1906 16,500 105,650 
8 |R. and W. Hawthorn, Leslie, and Co., | 54 |Muir and Houston, Limited, Glasgow &- 5,000 10,470 | 1904) 14,900 04,210 
Limited . . os o * x ..| 34,500 44,000 1904 76,500 394,795 | 55 |Hutson and Sons, Limited, Kelvinhaugh .. 4,950 4,650 1902 | 5,760 29,670 
9 | Yarrow and Co., Scotstoun, Glasgow 34,280 27,945 1907 27,945 24,350 | 56 |Vauxhall and West Hydraulic Company, 
10 | Wallsend Slipway Company, Limited ..| 33,175 70,100 | 1906 | 115,500 | 485,135 = || Limited, Luton asa e a i 4,228 3,470 | 1908 | 4,228 21,067 
11 |Barclay, Curle, and Co., Limited, Whiteinch| 33,150 40,532 1907 40,532 201,824 | 57 |Cammell, Laird, and Co., Ltd., Birkenhead| 4,020 48,225 | 1904 | 56,800 229,195 
12 |John 8S. White and Co., Limited, East Cowes} 32,607 31,354 1908 32,607 141,961 | 58 |Scotts’ Shipbuilding and Engineering Com-| 
13 |Richardsons, Westgarth, and Co., Limited, | pany, Limited, Greenock .. is .-| 4,000 11,700 1906 50,100 186,585 
Hartlepoo se ote * wo ..| 931,450 62,250 1908 | 120,150 576,770 | 59 |Ramage and Ferguson, Limited, Leith | 3,950 8,600 1907 | 8,600 21,8504 
14 |John IL. Thornycroft and Co., Limited, | 60 |J. Abernethy and Co., Aberdeen’... .-| 8,680 3,720 1997 | 3,720 13,780 
Southampton .. Pe ais m2 -.| 27,325 32,570 | 1907 32,570 _ | 61 |J. P. Rennoldson and Sons, South Shields..| 3,155 5,189 | 1902 5,525 33,418 
15 |Blair and Co., Limited, Stockton-on-Tees ..| 24,175 49,800 | 1906 66,400 | 359,075 62 |Simpson, Strickland, and Co., Limited,) 
16 |Caird and Co., Limited, Greenock, N.B. ..| 23,500 7,700 | 1905 | 30,000 | 131,000 Dartmouth .. ie a - ..| 3,042 2,492 | 1908 | 3,042 13,0067 
17 |George Clark, Limited, Sunderland. . ..| 22,400 48,500 | 1906 51,500 341,100 | 63 |Elliott and Garood, Beccles and Lowestoft | 2,950 3,845 — — — 
18 |Alex. Stephen and Sons, Limited, Linthouse| 20,600 35,930 1907 35,930 184,040 | 64 |Alex. Hall and Co., Limited, Aberdeen... 2,730 3,280 1907 | 3,280 11,5154 
19 |Fairfield Shipbuilding and Engineering} | || 65 |Rankin and Blackmorte, Greenock .. i. 2,700 29,250 1907 29,250 133,450 
Company, Limited, Govan .. em ..| 20,460 112,000 | 1907 | 112,000 \ 66 |Campbell and Calderwood, Paisley .. ..| 2,680 3,620 | 1908 4,065 34,730 
20 | William Simons and Co., Limited, Renfrew 18,910 7,345 1908 | 18,910 410,875 | 67 |Gouldie, Gillespie, and Co., Glasgow ze 2,450 2,700 | 1907 2,700 09,1756 
21 | ir and Jack Limited, Govan ..| 18,000 26,250 1905 | 41,325 210,335 | 68 |Cooper and Greig, Dundee de |} 2,100 6,100 1907 6,100 11,4004 
22 |Central Marine Engine Works, West Hartle- % 69 |John Cran and Co., Leith nal 2,000 3,947 1907 3,947 8,272 
pool si m a i a .-| 17,764 24,00 | 1901 | 47,700 | 240,764 || 70 |A. Rodger and Co., Govan hd 1,900 13,775 | 1907 | 13,775 56,675 
23 |D. and W. Henderson and Co., Limited,} | | 71 |James Ritchie, Partick, N.B... ze o- 1,850 1,530 | 1905 3,080 7,3004 
Partick .. re oa am fe ..| 16,650 30,300 | 1992 35,300 182,150 || 72 |David J. Dunlop and Co., Limited, Port} | 
24 |Palmer’s Shipbuilding Company, Limited, | Glasgow .. - és ‘s 6% ..| 1,800 2,000 | 1905 7,870 27,349 
Jarrow .. ~ 5 a Pe ..| 15,100 18,530 1903 43,800 219,630 || 73 |Cox and Co., Falmouth “dl _ - 1,770 1,330 | 1906 1,802 4,9028 
25 |Parsons’ Marine Steam Turvine Company, | | 74 |Aitchison, Blair, and Co., Clydebank > 1,700 4,380 | 1907 | 4,380 9,1404 
Limited . ve sie “eA a --| 15,000 65,500 1907 | 65,500 | 261,200 || 75 |The Lytham Shipbuilding Company, Ltd., 
26 | Zarle’s Shipbuilding and Engineering Com- | | Lytham .. oe bs s abi . 1,660 2,712 | 1903 | 2,705 | 98,7274 
pany, Limited, Hull .. on y 14,850 26,130 | 1901 30,000 132,960 | 76 \John Lewis and Sons, Aberdeen 1,650 — — | 
27 |W. V. V. Lidgerwood, Coatbridge .. ..| 14,160 16,540 1907 16,540 82,570 | 77 |W. Burrell, Great Yarmouth .. ee és 1,500 - | | 
28 | John Dickinson and Sons, Ltd., Sunderland) 14,000 33,000 | 1906 55,000 | 254,157 | 78 |Hawthorns and Co., Limited, Leith .. ce — | _ | . 
29 | Ross and Duncan, Govan ui on ..| 12,950 10,735 1908 12,950 90,265 | 79 |T. and J. Hosking, Limited, Bermondse, ..' 1,315 1499 | — | _— 4,3052 
30 | John G. Kincaid and Co., Limited, Greenock} 12,850 22,750 | 1907 | 22,750 | 127,301 80 |Renfrew Brothers and Co., Irvine, N.B. .. 1,300 2,600 | 1906 2,650 &,7204 
31 |Gourlay Brothers and Co. (Dundee), Limited) 12,000 11,300 1996 15,800 81,199 || 81 |Maccoll and Co., Limited, Belfast .. a 1,250 1,000 1908 1,250 | 4,9008 
32 |Caledon Shipbuilding and Engineering || 82 |Colin Houston and Co., now Miller and) 
Company, Limited, Dundee ‘ ..| 11,300 9,900 | 1906 | 13,300 35,6504 || Macfie, Ltd., Kinning Park, Glasgow... 1,060 2,390 | 1997 2,890 | 98,2107 
33 | 3. T. Grey, South Shields A a ..| 10,085 7,580 | 1908 10,035 44,464 | 83 |Menzies and Co., Limited, Leith  .. oe 1,057 995 1905 | 1,250 3,852 
34 |Willlam Beardmore and Co., Limited, | $4 |Fishers Limited, Paisley en - at 1,020 1,350 | 1907 | 1,850 3,625 
Dalmuir . . te oP be es ..| 10,000 11,000 | 1991 15,500 32,3504 $5 |Dee Company, Limited, Queen’s Ferry, 
35 | \. and J. Inglis, Limited, Pointhouse _..| 9,800 8,000 | 1902} 12,170 | 29,540 || i eS See 902 1,145 | — - - 
36 |Shields Engineering Company, Limited, | | 86 |Alley and MacLellan, Limited, Polmadie, 
North Shiels... .. .. .. ..| 9706 9,270 | 1908 9,795 49,002 || Oe ET ae kee + 950 1,250 | 1904 2,520 8,980 
37 |Fleming and Ferguson, Limited, Paisley .. 9,450 9,100 | 1904 10,400 65,100 87 a and Co., Limited, South Shields ..| 810 2,745 | 1907 2,745 9,244 
38 | Bow, McLachlan, and Co., Ltd., Paisley .. 9,310 4,220 | 1908 9,310 65,692 88 |W. J. Yarwood and Sons, Northwich sol 3806 598 — | —_ —_ 
39 |Lobnitz and Co., Limited, Renfrew, N.B. .. 8,970 6,760 1908 8,970 48,230 89 |Isaac J. Abdela and Mitchell, Limited,| 
40 |Maceoll and Pollock, Sunderland . .. es 8,880 10,560 | 1906 11,457 71,677 | Brimscombe and Manchester ; 700 _ — | _ a 
41 |3wan, Hunter, and Wigham Richardson,) | | 90 |J. and R. Houston, Greenock on ~~ 600 365 1908 | 600 —_ 
Limited . . me oie és ef ..| 8,850 22,900 | 1906 32,550 175,950 || 91 |Rowhedge Ironworks Company, Limited,| } 
42 | William Doxford and Sons, Ltd., Sunderland 8,500 40,063 | 1907 40,063 196,963 Rowhedge Je = ‘yu we ! 540 _ - _ = 
43 | McKie and Baxter, Govan, Glasgow ..| 6,920 9,710 | 1907 9,710 51,890 92 |W. Sisson and Co,, Gloucester ve se 443 253 | 1908 | 443 903 
44 |Amos and Smith, Hull .. be eo ..| 6,910 14,620 | 1907 14,620 75,915 || 98 |Davis and Co., Limited, Oulton Broad ihe 300 1,350 | 1907 | 1,850 2,0504 
45 | Olyde Shipbuilding and Engineering Com-| | 94 |Baird Brothers, North Shields - “ 150 525 | 1008 1,325 2,9306 
pany, Limited, Port Glasgow iy ..| 6,800 12,600 1905 18,000 87,650 || 95 |MacLaren Brothers, Dumbarton, N.B. ie 103 -- _ - - 
46 |ferguson Brothers, Port Glasgow .. od 6,750 7,700 | 1907 7,700 23,1004 } 96 |S. and H. Morton and Co., Leith ee | 70 — — ~- - 
/ j 
2 For two years. 3 For three years. 4 For four years 5 For five years. 6 For six years. 7 For seven years 
floating docks and a barge crane, the machinery indicated horse-power. | This is 50,000 indicated horse- | but little more than a third that of 1906. Messrs, 


for a battleship and two gun- boats built at 
Elswick. The tonnage is small—12,487 tons—but 
the company have in an advanced stage of con- 
struction two large battleships, to be launched 
soon. The horse-power output gives the firm the 
third place on the list for the United Kingdom. 
Messrs. William Hamilton and Co., Limited, Port 
Glasgow, who come next, include two ships of over 
5000 tons—one for Holland and the other for British 
owners. The Greenock and Grangemouth Dockyard 
Company’s total is only about half what it was in the 
previous year, and little more than a third that of 
the best year. The return includes a large cans 
steamer for Hamburg. Messrs. Joseph L. ‘Thompsonanc 
Son, Sunderland, give us for their three ships the Board 
of Trade tonnage and the tonnage including erections, 
the latter being 2000 tons greater than the former total, 
which is, of course, given in our table. A notable 
feature about the Tyne Iron Shipbuilding Company’s 
list is that two of the vessels were oil-tank steamers of 
114 knots, making seven built by the firm during the 
last fourteen years. As to the returns by various other 
firms, we regret that space will not allow us to refer to 
them in detail. The totals are given in Table VIII., 
from which it will be seen that very serious reductions 
have been experienced by nearly all the firms, although 
in one or two isolated cases there has been an improve- 
ment on the total of the preceding year. Enough has 
been said to show that the depression in the ship- 
building trade has been very widespread. 


THE Propvuction oF ENGINEERING FrRMs. 

In Table LX. there is given a note of the work done 
by the marine engineering firms, who in most cases 
are also the shipbuilders. It is not necessary, how- 
ever, to again refer to the work of the latter. The 
firms with a total exceeding 40,000 horse-power 
number six, against sixteen both in 1907 and 1906. 

The first place is taken by the North-Eastern Com- 
pany, who, at their Wallsend Works, completed ma- 
chinery of a collective power of. 46,160 indicated 
horse-power, and at their Sunderland Works of 24,920 
indicated horse-power, making a total of 71] U80 





power less than in the previous year, when the total 
reached a maximum. ‘he most powerful machinery 
was twin-engines of 3590 indicated horse-power for a 
Grecian Atlantic liner, already referred to, but most of 
the others are only between 1000 horse-power and 2000 
horse-power. The average output of the firm for five 
_— has been 105,000 indicated horse-power. Messrs. 
Javid Rowan and Co., of Glasgow, take fifth place, 
with machinery for eighteen vessels, ranging up to 
4700 indicated horse-power. All of the vessels were 
built in this country, with the exception of two, which 
were constructed on the Continent. The firm manu- 
factured the machinery, of 3500 horse-power, for the 
Mersey suction dredger Leviathan, built by Messrs. 
Cammell, Laird, and Co. Messrs. Rowan’s total is 
6330 horse-power less than in the previous year, which 
was the busiest since the beginning of the century. 
The Wallsend Slipway and Engineering Company’s 
return is exceptional, in that no warship work is in- 
cluded, but the company at the present time have several 
important naval contracts in hand. Their total is con- 
siderably less than in the previous years, and notably 
lower than in 1906, when the machinery of the Maure- 
tania swelled the total. The largest set (8000 horse- 
power) in 1908 was for an Italian-built ship. The 
ten other steamers for which machinery was made 
were built on the Tyne, principally by Sir W. G. 
Armstrong, Whitworth, and Co., Limited, and 
Messrs. Swan, Hunter, and Wigham Richardson, 
Limited. Messrs. Yarrow, of Scotstoun, and Messrs. 
White, of Cowes, owe their high position to the 
inclusion of high-speed torpedo craft. Messrs. 
Richardsons, Westgarth, and Cv., Limited, engined 
sixteen vessels, the collective power being 31,450, only 
half of the total of 1907 and a fourth of that of 1901. 
In addition, the firm completed gas-engines, steam- 
turbines, &c., for land installations, almost equal 
in power to the work for the merchant ships. 
Messrs. Blair and Co., Limited, of Stockton-on- 
Tees, sent sets of engines for two Spanish-built 
vessels, the other thirteen vessels supplied being built 
on the North-East Coast, principally on the Tees. The 
total is less than half what it was last year, and 





George Clark, Limited, constructed thirteen sets 
of engines, and the total, as shown in Table IX., 
is 26,100 horse-power less than in the previous year. 
Messrs. Dunsmuir and Jackson, Limited, Govan, 
include eight steamers, and the reduction in output is 
8000 horse-power. The Central Marine Works, Hartle- 
pool, are in about the same position, the reduction 
on the total of 1907 being 6300 horse-power, and on 
that of 1901 of 30,000 horse-power. Parsons Marine 
Steam Turbine Company completed machinery of 
15,000 indicated horse-power ; the decrease, in this 
case, being 50,000 indicated horse-power. 

We regret that want of space prevents us from 
referring to the interesting work done by other firms 
on the two lists, and we can only now express our in- 
debtedness to the many ‘firms for their courtesy in 
supplying us with information to enable us to make 
this summation of the year’s work in one of our most 
important industries. 








Moror-Car ENGINEERING. —There were forty-two appli- 
cations for the post.of Professor of Motor-Car Engineermg 
in the Merchant Venturers’ Technical College, Bristol, in 
which it is proposed that the work of the Faculty of 
Engineering of the new University of Bristol should be 
conducted. The newly-established chair has been filled 
by the appointment of Mr. William Morgan, B.Sc. of 
the University of London, and a member of the Insti- 
tution of Automobile Engineers, who is at present 
engaged by the Daimler Motor Company for research 
and advisory work, and as manager of the pupils’ depart- 
ment. Arrangements have been made by which Pro- 
fessor Morgan will be able to retain his connection with 
the Daimler Company, spending a part of each week in 
Coventry ; he will not commence his lectures in Bristol 
until late in the Spring Term, but, meanwhile, he wi!] 
prepare designs for the equipment of the motor-car 
engineering department, and will supervise the erectic n 
of the machinery, &c. The following Universities were 
represented among the candidates for the chair, viz. :— 
Birmingham, Bonn, Breslau, Cambridge, Leeds, Liver- 
pool, London, Manchester, and Oxford; and the list of 
works in which the various candidates gained their prac- 
tical experience includes nearly all the more important 
motor-car companies in Great Britain, 
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TYPE-CASTING AND COMPOSING 
MACHINERY.* 
By L. A. Learos (Member), of Watford. 

Introductory Note.—Printing surfaces may in general 
be divided into three classes :— 

1. Etched and engraved surfaces in which a drawing or 
manuscript is produced by lines which are cut below the 
general surface of the plate. These lines are filled with 
ink, and a damped sheet’ of paper laid on the face of the 
plate. The plate and paper are then passed through a 
roller press, in which a blanket is interposed between the 


roller and the paper, and forces the latter into the depres- | 


sions in the plate ; 


2. Lithographed surfaces, in which there is no appre- | 
ciable difference of plane, but the parts to receive the ink | 


are greasy, and the parts to refuse it wet ; and 

3. Ty phic surfaces, in which the printing surface 
is in Hk gs may be inked by means of an inking- 
roller. In the present paper the author deals with those 
typographic surfaces which are produced directly by 
movable type or indirectly by means of movable matrices. 
The woodcut and the process-block, by which the former 
is now almost entirely superseded, do not present feature 
of great mechanical interest, and do not fall within the 
scope of the present paper. ' 

History of Typography. —The consideration of the evo- 
lution of type-casting and composing-machines from the 
earliest printed works to the present day presents the 
peculiar difficulty that, whereas the records of all other 
arts and trades are effected by means of typography, yet 
the records of its own prc are singularly deficient, 
and, for a trade of such antiquity, the data available are 
most meagre. 

In the earliest printing, in the early part of the fifteenth 
century (apart from that of the Chinese, which we need 
not consider), wood blocks were used for the whole of a 
page, and at a later stage these were replaced by separate 
wood characters. These proved weak, and the substitu- 
tion of metal (lead and tin) was a natural sequence. The 
type so made were not very accurate, and could not be 
secured by locking up as at the present day.. To enable 
them to be handled when set up, the pts A was pierced 
with a hole, and the t pes threaded together with a thread 
or wire. As the individual type uired much hand- 
work in their making, the printer could not carry a la 
stock, and books were at first printed page by page, the 
type being distributed after the requisite number of im- 
pressions been taken from each page. 

The paper used in the early days of printing was hand- 
made, much tougher and better capable of adapting itself 
to the inequalities of the printing surface than the highly- 
glazed, machine-made papers of to-day, This old paper, 
owing to its power of adaptation to the inequalities of the 
printing surface, is now much sought after by artists for 
printing etchings. The hentlapede paper of long fibre, 
used damp and with an elastic back, gave-an impression 
in which the breadth of the actual lines forming the face 
of the type was widened, and was, in fact, a parallel to 
the actual face cut by the punch-cutter. This defect con- 
tributed in a rather mark to legibility, as it 
tended to thicken the hair-lines, and thus render more 
»wronounced the difference between the less dissimilar 
etters. The highly-glazed papers of to-day, of short 
fibre, containing much sizing and mineral matter, are not 
adapted for printing from such irregular surfaces; their 
want of flexibility requires a hard and true backing, and 
hence increased accuracy in the printing surface, to obtain 
a uniformly sharp impression. odern calendered paper 
has, however, rendered possible the reproduction of the 
admirable process-blocks with which the current high- 
class papers and periodicals are illustrated. The depth 
of the grain in the process-block is so small that the 
old papers could not be used effectively 

From the earliest days of printing to the present day 
the thickness of paper used for ordinary book-work, how- 
ever, has kept approximately between the same limits. 


Description oF Tyre AND Typr-Founpine. 


Type.—The names for the various parts of a type will be 

seen by reference to Fig. 1, annexed. 

The term ‘‘ face” is also generally applied to any fount 
of type when describing its features—e.y., bi -face, 
narrow-face, &c. 

The names of the various parts of the face and of the 
dimensions may be seen by reference to Fig. 2. 

The dimension 5 (line-to-back) is the datum for all 
measurements of a fount} of type, and the lower-case ‘‘m” 
or cap.‘‘H” are usually taken as the standard, but the 
difference between the bo@fi@ize and.this dimension is 
also frequently referred to as a dimension and called the 
“beard.” In actually measuring type the dimension 5 is 
that which is measured. The nick is in the front of the 
type in England, America, and Germany, but in France 
and Belgium it is at the back. The pin-mark only occurs 
in certain machine-made type. The dimension from the 
foot to the face is called the hetght-tc-paper ; the standard 
for this is now, in England, 0.918 in. 

Type-Founding.—Type is generally cast from an alloy 
of tim, antimony, and lead ; the proportions in which the 
various metals are used vary between rather wide limits, 
of which the following may be taken as examples :— 

Per Cent. Per Cent. 
62.7 63.7 
20.8 26.4 
16.5 9.9 


Lead 
Antimony 
Tin 
Total 100.0 


100.0 


* Abstract of paper read before the Institution of 
Mechanical Engineers, December 18, 1908. 
+ Pronounced font, and »o spelt in America. 


| Bg wy 8g previously made by the punch. 





In the early days of tee Handing the metal was poured 
by hand into the mould, which was jerked upwards by 
the founder, so as to cause the liquid to reach the matrix 
at the end of the mould, and so obtain a cast of the 


in the nineteenth century a pump, partially im- 
me in the metal pot, was substituted, so that the 
metal was injected into the mould under considerable 
pressure, and the cast effected with greater certainty and 


ts) . 
Fig. Pegsprczive men 
About1j times full size. 


ig.2. PLAN OF TYPE. 
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The line 

Serifs 

Main-stroke 

Hair-line 

. Line-to-back 

Beard 

. Side wall* 
Body 

Set 


1. The face 

2. The counter 

3. The neck, or beard 
4. The shoulder 

5. The stem, or shank 
6. The front 

7. The back 

8. The nicks 

9. The heel-nick, or groove 
10. The feet 
11. The pin-mark 

* This dimension does not appear to have had a name till 
recently, when it was called thus in the matrices of the Wicks 
machine. 

The gate through which the metal passes into the 
mould becomes also filled with so tong and forms a 
projecting tang, which must be broken from the type ; 
the breakage leaves a ragged surface, parts of which pro- 
ject beyond the feet, and must be removed. In the case 
of type cast in the simplest machines it is necessary to set 
up the type on a stick and to plane the heel-nick by hand, 
the removal of the tang thus requiring three operations. 

The face of the type is obtamed from an impression, 
usually made by a punch, in a piece of soft copper or 
bronze, called a ‘‘ matrix.” The sides of the mould are 
formed of steel, ground and lapped. As the mould is 
opened and closed at each cast, the surfaces must be so 
true that the liquid type-metal will not flow between 
them under the pressure at which it is injected into the 
mould, as otherwise a fin would be formed on the type at 
the join of the mould. The position of the matrix relatively 
to the sides of the mould must be very accurately deter- 
mined, so that the face may be cast in the proper position 
on the'shoulder. This work requires skill of a high order 
and is known as “ justifying.” te is performed by castin, 
a type from the mould, and comparing it with a standa: 
lower-case “‘m,” and correcting the matrix till the face of 
the trial type agrees with the standard for alignment, and 
occupies its correct position on the shoulder, so that the 
proper amount of side wall is given on each side. 

In justifying and in punch-cutting it is necessary to 
remember that type must not be made so as actually to be 
in alignment, or so that the characters shall be of equal 
size, but they must be made to appear so. 

Probably not one reader in, a thousand appreciates the 
degree to which he is critical on size and alignment of 
type ; the ease with which the eye detects want of align- 
ment in two continuous lines, used by the engineer in the 
vernier for obtaining accuracy, here acts conversely in 
requiring it. A difference of one or two thousandths of 
an inch in alignment is readily apparent, and a difference 
of two or three thousandths of an inch in the size of a 
character is easily noticeable ; not only must the characters 
be of the correct size and truly placed, but the proper 
proportions of thickness of stroke, length of soril, &e., 
must be maintained throughout the fount. 

If the characters were made equal in their dimensions 
and true, they would appear unequal. Fig. 3 shows the 

Fig. ALIGNMENT OF TYPE. 


about 15 times full size. | 

oe = 
relative magnitude of the errors which must be introduced 
in order to make the characters of uniform appearance. 


SONS Oe eo 











* The United States Patent of M. D. Mann and 8. 
Sturdevant, of January 7, 1831, shows a pump with a 
spring-propelled plunger. This appears to the author to 
forestall both the patent of Sir H. mer, No, 7585, of 
March 8, 1838, and the United States patent of D. Bruce, 
Jun., No. 632, of March 17, 1838, which cover a pump 
with soning peepanes piston and an opening and closing 


| moul 


Almost all the characters in a fount have some peculiarity 
which must be retained if they are to appear true ; ¢.g., 
the round sorts must be larger than the square sorts, and 
come below the line ; the lower-case “‘t” must not be ver- 
tical in the main stroke, or it will appear to lean back ; 
the dot must not be placed centrally over the nmin stroke 
| of the lower-case *‘i,” or it will appear on one side, &c. 
| Founts of Type.—A fount of ype all the cha- 
racters which occur commonly in books and papers. 
| In addition to these character, spaces and quadrats (or 
| quads) must be provided for separating the words and 
| spacing out the lines. These usually have the following 
| set widths :—Hair space = 4 body, thin space = } body, 
| middle space = j bee , thick space = 4 body, en quad = 
| 4 body,* em quad = the body, two-em quad = 2 x body, 
three-em q = 3 x body, and four-em quad = 4 x body. 
In most cases where type-casting machines are concerned 
it is not necessary to consider the quads larger than the 
em, which are usually of softer‘and cheaper metal and 
cast separately. 

The ‘‘ height-to-paper ” of quads varies according to the 
purpose for which they are intended. Where the type is 
to be printed from direct the height-to-paper of quads is 
0.75 in., but where stereotypes are to be taken the height- 
to-paper is 0.83 in. 


Units, Limits or AccuRACY, AND SPACING. 

Units.—In order to appreciate fully the difficulties to 
be contended with in type-casting and composing-machines 
the degree of accuracy required must be first considered. 

The unit for measurement in this country and in America 
is the pica, which is approximately 4 in. ; until quite re- 
cently the size of the pica varied from 0.1678in. to 0.1664in., 
but now most founders are in agreement, and the size 
0.16604 in. adopted in America has become standard. 

The size of pica as made by the leading English type- 
founders recently varied as follows :+— 

Maker. Pica Ems per Foot. 
Standard size - aA 72.272 
Stephenson and Blake .. 72.125 
Casion . “ re 7 
Figgins “a ad ss 
Sir Chas. Reed and Sons 0.16744 
Miller and Richards es 0.16783 

The pica is divided into twelve points (= 0.013837 in.) 
The sizes of the various bodies are measured by points 
and are as follow :— 

The relative importance of the various body-sizes ma 
to some extent be gauged by the following table, whic 
shows how many different faces of each body the American 
type-founders supply according to their specimen-book :— 


Size of Pica: In, 
0.16604 
0.16638 


0.16696 
0.16735 


Faces.|Body. Faces. 
22 |12-pt. .. 19 


Faces. | Body. 


— 
Body. Faces. | Body. 
27 | 9-pt. 


3-pt. .. 1 | 6&pt. 
4-pt. 2 | 7-pt. 19 |10-pt. 28 |l4-pt. .. 5 
5-pt. 5 | &-pt. 28 |11-pt. 17 ‘|15-pt. .. 1 
5}-pt. |. 9 | 





From this table it will appear that the even-point 
bodies are most in demand. Of these 183 faces, 99 are 
modern and 84 old style. 

Much confusion and trouble has been caused in the past 
through want of adherence to a definite unit, and some 
evidences of this remain in the half-point sizes—e.g., small 
pica (104), long primer (94), and bourgeois (8})—still in use 
in England. In America the point system is now univer- 
sally adopted. The French point system is of much earlier 
origin. (The cicero, or “‘corps 11,” measures 0.1628 in., 
and is therefore nearly equal to the English pica. The 
French point is 0.01480 in., whereas the English point is 
0.013837 in. ). 

Limits of Accwracy.—The greater portion of printed 
matter is set in type of the sizes comprised between english 
and ruby, and itis generally with these and the intermediate 
sizes that type-casting and composing-machines deal. A 
column of newspaper commonly measures about 22 in. to 
25 in. in height, and is very usually set in brevier or 
minion ; it will therefore contain from 200 to 250 lines. 
The type must be sufficiently parallel in body to lock up 


in the forme. A uniform error of ry 4 in. in parallelism 


would result in the end lines being inclined each over 
0.01 in. from the vertical. reater inclination would 
interfere with the truth of impression and with safety in 
handling, therefore every endeavour must be u to 
keep the body of the type uniform, and the product of 
every machine has to be continually checked. This can 
readily be done in practice by means of an L-gauge, 
Fig, 4, page 29, measuring about 2 in., but actually made 
to the calculated length of the type to be received. 


Fig.4. BODY GAUGE FOR TYPE. 
About full size. 











The type are carefully cleaned from grease and small 
particles of metal and then pressed firmly against the stop 
a with the fingers. The finger nail is then passed over 

* It might be inferred that these quads are of the same 
set as the ‘“‘n” and ‘‘m,” but this only occurs under ex- 
ceptional cireumstances. Owing to modern conditions of 
noise in the printing works, and to make orders clear on 
the telephone, these are better called ‘‘nut ’ and ‘“‘ mutton” 
quadrats respectively. 

+ See Southward : ‘‘ Modern Printing,” vol. i., page 
110, et seq. 
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the flat surface b of the end of the gauge and the end of 
the line of type, where a total difference of yy, in. in the 
total body and of inequality in parallelism can easily be 
felt. Such a gauge would measure 1.9924 in. for 12 pica, 
for 18 brevier, or for 24 nonpariel; a gauge 2.0340 in. 
would serve for 14 small pica or 28 ruby, and also for 
21 minion. 

In setting up tabular work it is necessary that the 
points, figures, and fractions should all agree, so that the 
figures may fall vertically under each other and the’ 
columns be of equal width. For this reason the figures 
and two-figure fractions (4, 4) are almost invariably 
made on the en-set; the diagonal and other fractions 
(4, ss, $4) on the em-set ; and those points used in tabular 
work—e.g., the full point (which inverted becomes the 
decimal point), the comma, the colon, and the semicolon— 
are usually placed on the same set as the middle space— 
namely, one-fourth of the body.* The same gauge that is 
used for the body will serve for checking the set of these 
particular characters, but as a column of matter is seldom 
more than 4 in. wide, a larger error is here admissible than 
in the body size. 

Spacing.—The width of a column of newspaper or a 
printed of a book generally lies between 14 and 40 
ems. here this is ordinary reading matter each line 
will contain on the average from seven to ten words. As 
the letters are not only unequal in set, and since the widths 
of set generally. bear no particular relation to the em (or 
body), it follows that the spacing has to be done after the 
line has been composed. If the line (made up with thick 
spaces in hand composition) comes short or long, these 
must be some or all removed and replaced with others.t+ 
The spacing must therefore be obtained by the use of the 
thin, middle, and thick spaces, forming }, 4, 4 of the body 
respectively. Obviously the minimum error obtainable 
with such a system is the fraction given by the least 
common multiple of these used in combination—.e., gem. 
The line cannot be made longer than the allowed width, 
therefore the amount of admissible error based on prac- 
tical experience may be taken at 7; em, and it is probable 
that it frequently amounts to 4,em. This in pica be- 
comes about ;}, in., and in nonpariel about sh, in. 

The problem of spacing is one of the most serious 
difficulties met with in composing-machinery ; it is here 
called ‘‘line-justification” throughout, but is known to 
printers by the unfortunate term “‘ justification,” which 
1s used elsewhere — this paper for those manu- 
facturing operations which are also so called. Various 
attempts have been made to effect the spacing more 
readily than by the crude trial and error method just 
mentioned. It is, however, by no means a simple pro- 
blem. If all letters were equal in set (as in the case of 
most typewriter faces), there would be a variable number 
from 0 to 8s tt to be added and inserted with those 
already in the line. These spaces would generally make 
large, irregular, and unsightly white gaps over the page. 
The nearest approach to accurate spacing of type is 
afforded by the American so-called self-spacing ‘type 
invented by Benton. In this all characters are made on 
set widths, each multiples of one-sixth of the body, so 
that any combination can be made up to a multiple of 
the em by the addition of some of the ap ne 
which are also equal multiples of the sixth of the y- 

The provision of so small a number of set sizes results 
in the production of characters which do not conform to 
those ordinarily in use sufficiently closely to secure the 
general adoption of the system, and the difficulty becomes 
even more marked with the italic sorts. 

Kerned Type and Italics.—Some of the italic sorts (and, 
in the early type cast in the hand-mould, sometimes the 
Roman lower-case ‘‘f” and ‘‘j”) project beyond the sides 
of the body (Fig. 5); these are known as kerned 


Fig.6. KERNED TYPE: 
PERSPECTIVE VIEW. 
About full size. 





(94,0) 


characters. The projecting kern uires to be dressed 
by hand so as to clear the shoulder of the adjacent sort ; 
in early printing some of the characters kerned above or 
below the body, and this was liable to cause fouling where 
an ascending or a descending kern in one line came im- 
mediately under a descending or over an ascending letter 
in the next line. In modern type, kerning above and 

* Some founders place these points on the thick space 
set (or 4 body), but with this arrangement spacing is more 
difficult, as the column can onl made a multiple of 
the en or em by adding two thicks whereas with the 
points on the middle sj the addition of a single middle 
space will bring the column to a multiple of the en. 

+ The hair space is not used for this purpose, but only 
for spacing out between the characters of words where a 
very narrow column of matter runs alongside a block or 
table, and occasionally its use is allowed to obviate over- 
running where author’s corrections occur. 

t Taking a line ending in the longest indivisible word 
known to the author in English —“‘ strength ”—there are 
eight letters, and if this comes at the end of the line and 
proves one letter too long, there are still eight spaces to 
deal with, since one space precedes the last word. 


pearan 
that a body should be used of the maximum size which the 





below the body is rare ; the only notable exceptions are 
accented capitals—the use of which is now being aban- 
doned by the French—and the very ingenious two-line 
letter for commencing advertisements introduced by the 
Linotype Company, which is further described below. 

Characters ke ned in set are, however, still common in 
the case of many of the best book founts ; they present a 
serious difficulty to most type-casting and ye oe 
machines. Where the is ejected through the lengt 
of the mould, as in the Wicks machine, they cannot be 
produced. 

In any case the weakness of the kern renders such 
italic type easily damaged in distributing and composing, 
and it 1s probably only a matter of time for the kern to be 
abandoned, except in the case of the highest classes of 
printing and in artistic work, where appearance is the 
most important factor. : 

The a difficulty in designing a non -kerning 
italic liesin the ascending and descending sorts, and par- 
ticularly in the letters ‘‘f” and ‘‘j”; these have to be some- 
what modified from the more familiar Sous. Whereas 
the slope of the italic main strokes in the kerning type 
will be found frequently to be as much as 1 in 5, it is 
necessary to reduce it to about 1 in 5 in designing a non- 
kerning fount, and 1 in 4is about the maximum slope per- 
missible. With this the “‘f” requires to be considerably dis- 
torted, and shows excess of side wall and consequent space 
between it and the adjacent characters. 


Type Faces, Serres, PRopoRTIONS, AND WRIGHT. 


Variety of Faccs.—T faces may be divided into 
three main groups so far as they concern the maker of 
type-casting and composing machines :— 

(a) Old-style faces. 

(b) Modern faces. 

(c) Fancy faces. 

The faces may be extended or condensed, and the 
strokes may be fat or lean. The faces used for the 
greater part of the printed matter of the day are either 
old style or modern, or follow the leading features of one 
or the other very closely. 

(a) The old-style face has thick hair-lines and a large 
radius connecting the serif with the main stroke. These 
features render it more legible and durable. On the other 
hand, the old style figures are i ular, and owing to the 
smallness of some sorts their legibility is no greater than 
that of the modern figures. Moreover, the fact that they 
comprise ascenders, descenders, and small sorts, makes 
them unsuitable for most scientific works. Old-style founts 
are therefore frequently ordered with modern figures. 

(b) The modern face is very largely used ; the defect 
from which it suffers has arisen from the endeavour to 
obtain a more highly finished outline without regard to 
the ultimate object in view. Thicker hair-lines and a larger 
radius connecting the serif and main stroke increase both 
the clearness and the durability of the type, and a face 
produced with these features is very suitable for most news- 
papers, periodicals, magazines, text-books, and novels. 

(c) Fancy Faces.—There are so many varieties of fancy 
faces, and they differ so widely, that they rarely come 
into question under conditions which permit of their 
production in large quantity. These faces are used 
chiefly for advertisements, circulars, bill - heads, and 
titling, where any particular fount occurs usually in such 
small quantity that hand-composition is the only effective 
method of setting. Probably less than 10 per cent. of all 
printed matter is set in fancy faces. 

he large amount of time spent by nearly all persons in 
reading makes the question of clearness of type one of enor- 
mous importance, though it has hitherto passed almost 
unnoticed. It is quite as necessary that the characters 
should be plainly dissimilar in form and a ce as 


nature of the work will permit. 

At present there is no uniformity in the set widths of 
the various faces, but it should be possible to cover all 
requirements by the adoption of the strengthened modern 
face in three widths—viz., extended, standard, and con- 
densed, each bearing a definite ratio to the other. The 
only convenient unit for ing whether type is ex- 
tended, standard, or ds hin is by the measure of the 
alphabet (a-z) in ems.* In making such comparison, how- 
ever, it must be noted that it is only possible to compare 
founts of the same body and style by this measure. 

Series.—Founts of different bodies but of faces made to 
appear similar are said to form a series. A fount o 
smaller body generally has a greater number of ems to 
the ae than a larger body of the same series. 

It been the custom of type-founders to have the 
punches cut so that the size of the small sorts is propor- 
tionately larger as the body diminishes, the length of the 
ascending and descending characters being correspond- 
ingly altered. If a number of types of varying sizes be 
placed ther and com , it will be seen that nearly all 
the vowels and most of the more frequently occurring con- 
sonants are small sorts, and this is not only the case in 
English, but also in the languages of the other countries in 
which type-founding has been long established—France, 
America Germany. In the English language, in 10,000 
lower-case characters there are on the average 5830 small 
sorts and 40 ascending and descending characters, but only 
3510 ascenders and 620 descenders. It is the influence of the 

ter number of the small sorts and the adoption of as 
large a size as possible for the small sorts, in order to obtain 
legibility, which is responsible for this change of shape, 
as the size of the face is reduced and for the descenders 
being more shortened in proportion than the ascenders. 

Series of Type Faces,—Owing to the enlargement of the 
small sorts, and to the fact that the hair-line is the mini- 








* By “‘em” is meant the em quad. The total te 
set of the alphabet is consequently expressed as a multiple 
of the body. 





mum width of line which will give a good impression,* it 
is not possible to use the same formerst for a large range 
of reduction ; but, in order t the type may appear 
similar, other formers must be provided of the proper pro- 
portions. It will be found in tice that the same formers 
can be used for pica, small pica, and long primer; a 
second set is required for bourgeois, brevier, and minion ; 
and a third set for nonpariel and ruby. 

The set widths of the second set of formers will be from 
8 to 10 per cent. ter than those of the first, and the set 
widths of the third set from 16 to 20 per cent. greater 
than those of the first. 

The relative appearance of the characters of the three 
sets of formers is shown in Fig. 6. 


Fig. 6. TYPE SERIES. 
Z2point (Pica) 6 times full size. 
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9 point (pourceois) Stimes full size. 























6 point (wonPaREit) 12 times full size. 
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The a-z length for a standard face in pica is about 12.5 
to 13 ems,t in brevier about 13} to 144 ems, and in non- 
pareil about 15 to 15% ems. 

PROPORTIONS IN WHICH TyPE I8 UsvuaLty Supp.irp. 

Bill of Fownt.§—Type is usually supplied according to 
a scheme which determines the proportion each character 
bears to the whole. In some casés the order is for a cer- 
tain total weight of type, and this is translated by the 
type-founder into a bill of so many ems. In this case it 
is the lower-case ‘‘m” which is taken as the standard of 
demand, and the bill is for 3000 or 5000, &., ems; for 
this reason the lower-case ‘‘m” is placed firsi in the bill. 
The 5 and. quads are usually reckoned separatel 
from the characters. For many of the problems whic 
arise, in the design of type-casting and composing machi- 
ney. it is necessary to consider the total number. 

he author has calculated tables which show the num- 
ber of each character in a million type in the two cases, 
exclusive of and inclusive of spaces and quads up to the 
em quad, ‘Although these proportions are followed very 
closely in making up an order, the trade recognise the 
possibility of irregularity in the demand ; for example, 
directories and voters’ lists will require an abnormally 
large supply of capitals and small capitals, while almanacs 
some scientific works require an excessive quantity of 

gures. || 


MACHINES AND Processes EMPLOYED FOR Propvucina 
PuNCHES, MATRICES, AND Mou.ps, 
Punch-Cutting.—In the process of cutting a punch b 
hand the end of a piece of steel about 2 in. on and - 
square (in the case of pica and smaller bodies) is filed up 
square to two adjacent faces which: have squared 
> is face is com true on an oil-stone by means of 
the stone-facer of ened steel, shown in Fig. 7. The 


character is then marked out on the face of the punch with 
a scriber and the counters struck in by means of ‘‘counter- 
nches” used by hand with a hammer, The punch is 


ept true on the face by occasionally rubbing on the oil- 
stone in the stone-facer, and the sides are trimmed off 
with gravers and engraving-tools. The production of the 
work requires the continued use of a magnifying eye- 
glass combined with the artistic ability to produce the 





* The minimum width usually permissible for the hair- 
line in modern faces’ is 0.002 in. 

+ See description ‘of panch-catting mashion, 

} Owing to different characters being affected by dif- 
ferences in set, 13 ems old style will average nearly the 
same length as 12.5 ems modern. 

§ Known in America as a “scheme.” 

|| It happens, however, that printers occasionally require 
abnormal quantities of some particular character, of 
capitals, of small capitals, or of figures. By the custom 
of the trade the printer is entitled to be supplied with 
“sorts” at the same rate as paid for the fount, provided 
these are ordered within three months of the date the 
fount is supplied. 
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correct curves and the accuracy to obtain the result to 
0.0003 in. There are not many good punch-cutters,* and 
it can be easily understood that a punch-cutter capable 
of working to this degree of accuracy earns about 4/. to 
61. per week. Moreover, the amount of work finished by 
this method is not large, and the punches of a fount so 
cut by hand will be found to have cost on the average 
from 12s. to 15s, each ; to the engineer who has purchased 
a small complete alphabet of twenty-seven punches with 
a set of nine figures for 5s. or 6s., this cost, without 
further explanation, will appear absurd. As the engrav- 
ing of the punch is proceeded with, the face is smoked 
and an impression taken on a piece of fine-surface paper 
alongside an impression similarly taken from the corre- 
sponding standard character, the ‘‘H,” ‘‘o,” ‘ m,” or “‘ p,” 
according to the character which is being cut. The at 2 
are examined with the magnifier, and the work continued 
till the result agrees to the desired extent. Since the 
punch is the first stage in the process, and from it a matrix 
must be obtained, in which again the type is cast, the 
prablem is one of cumulative error. In the case of the 
punch, the very thin field of deposited carbon forming the 
smoke enables a higher degree of accuracy to be obtained 
than prevails with the inked impression made from the 
type. The hand-cut punch, when finished, has.a lon 

taper, 4 in. to } in. in length, and the bevels of the actua 
strike are seldom constant in slope. Moreover, the face 


sides of the shank. Owing to the great expense of cutting 
punches by hand, the hand-cut punches for the vowels 
and the ‘‘n” are usually ground away flat on the back, to 
enable them to be onl is conjunction with separate 
punches for the accents. This step towards economy in 
punches gives very unsatisfactory results. 


Fig.7. STONE-FACER FOR 
PUNCHES. 
Nearly half size. 
ELEVATION. 

















Fig.8. BAD STRIKING METAL: 
SECTION. 








4 Times fall size. 











Fig.9. PUNCH-CUTTING MACHINE (BENTON-WALDO) 
ENLARGED DETAILS 


the two parts of the punch tend to separate, to give 
unequal depths and an irregularity which is inadmissible. 
This leads to increased cost in finishing the matrices, and, 
as most type-casting machines use matrices in quantity, 
it is necessary to obtain cheaper, more accurate, and 
readily interchangeable punches. 

Punch-Cutting Machine.—The Benton-Waldo punch- 
cutting machine is of American invention and an adapta- 
tion of ‘the pantograph. Instead of the model and its 
reduction being in one plane, the punch is arranged ver- 
tically over the model or former. The machine, Fig. 9, con- 
sists of a vertical frame 1 which carries the table 2 on which 
the formers are secured. The frame is also fitted -with a 
slide 3, in which the watchmaker’s lathe-head 4 can be 
placed in position. Several of these heads are required 
for each machine, and they must be made interchange- 
able, so that the axes of the milling, the roughing, and the 
finishing cutters all agree within the permissible error. 
At the top of the frame is fixed the top gimbal-plate 5, in 
which is pivoted the outer gimbal-ring 6. At right angles 
to the fixed axis of the outer gimbal-ring, and in a plane 
rm, through that axis, are the centres of the mner 
gimbal-ring 7, to which the four slide-rods are secured. 
These slide-rods are ground true and parallel, and are a 
sliding fit in the lower outer gimbal-ring 9, the holes in 
which are fitted with bushes lapped true. The lower inner 
gimbal-ring 10 is pivoted to the outer gimbal-ring, and 
Fig.i0. 

ENLARGED 
VIEW OF 
FOLLOWER 
STEM. 
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Fig. 11. DETAIL OF SLIDING HEAD & CHUCK 
Fig.9. (BENTON-WALDO MACHINE . 
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does not occupy a definite position with regard to the | 





* Anthony Bessemer, the father of Sir Henry Bessemer, 
cut a number of faces for Messrs. Caslon, and subse- 


. Fig.12, OPERATIONS OF PUNCH- CUTTING (BENTON- WALDO MACHINE). 
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PLANS. 
2. FINISH END MILLING. 3. CHISEL ROUGHING. 
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43. CHISEL MILLING. 
(COUNTERS COMMENCED) 
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uently e in type-founding himself, See ‘‘ Life of 
Sir ese Becomes” page 60, 


Striking.—Matrices are now usually struck in a press. 
The punch is forced into the soft matrix metal, which 
must be of such quality that it will readily flow. It is 
quite possible to obtain metal which will take the impres- 
sion to the required depth without injuring the punch 


}and yet will not flow sufficiently freely under the pres- 


sure to fill the counter; as shown in Fig. 8, above. 

Owing to the unsymmetrical form of the character the 
pressure applied in striking causes the punch to spring, 
and this is particularly the case with the ee gh punch, 
which has'the long taper portion unsupported. In the 
case of the accented sorts this difficulty is increased and 





also to the sliding-head 11, the axes of the centres being 

llel to those of the upper gimbal-ring. The sliding- 
a is fitted with large flanges above and below the 
adjustable slide-frame 12, the surfaces being ground 
true and parallel. The slide frame has large vertical 
bearing surfaces on the sides of the frame and can be 
rigidly clamped at any desired height. The height is 
usually determined by bringing the frame down on a 
gauge 13 of the requisite size placed on the stop 14. The 
four slide-rods 8 are rigidly connected at their lower ends 
to the follower head 15, to which is secured the follower 
stem 15a, The upper part of the follower head is cup- 
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shaped ; it catches the shavings which fall from the tools 
and so keeps the former 18 clear. The lower end of the 
follower stem is bored up with an axial hole, in which 
slides the follower carrier 16; a spring 16a keeps the 
follower carrier pressed down on the former 18. e end 
of the follower carrier below the button fits into the holes 
in the larger followers 17, Fig. 10, page 30, of which there 
are some twenty, ranging from 3 in. to0.13 in. in diameter, 
the end of the follower carrier is 0.10 in. in diameter, and 
some ten followers 17a of smaller diameter fit inside the 
axial hole in the follower carrier, which then compresses the 
spring 16a to a greaterextent. The sliding of the follower 
carrier in the follower stem ensures exact proportionate 
movement of the punch when the axis of the follower 
head is inclined to the vertical. 

The sliding head, Fig. 11, is bored and lapped axially with 
the lower gimbals, and the chuck of hardened steel 19 fits in 
this hole ; it is prevented from rotating by a ground and 
lapped feather fitting without shake. each side of 
the chuck are distance pillars 20, shouldered at the top 
ends to receive the bridge-piece 21 carrying the chuc 
setting-screw. The chuck setting-screw is fitted with a 
divided wheel graduated to correspond to a quarter-thou- 
sandth of an inch of depth; the divisions are figured on 
the top and milled in the edge as nicks, by which a spring 
latch locks the wheel to the bridge. Thus the chuck can 
be instantly removed, the work inspected, and accurately 
replaced as the work proceeds. Owing to the high degree 
of accuracy required, these machines cost some 800/, each 


ROUGHING(OR CHISEL) TOOL FOR 
PUNCH-CUTTING MACHINE (BENTON-WALDO). 
i2times full size. 


Fig. 73. 







Fig.14. CUTTER FOR PUNCH-CUTTING MACHINE 
(BENTON-WALDO). 1/2 timesfull size. 





¢ = 0°1445 in 

e = 1°6145 in. 

m= Jd = 0°0600 in. 

® = rain 11° 10’ = 0°0280 in. 

m—n = 0°03! in. 

m—n+¢ = (rcs 11° 10 - d) cot 

11° 10° = 0-0501 

hence ¢ = 0-019! in 

tan angie at vertex @ = 0°445, whence 
@ = 24° 0 and over cutting edges, tan 
© = ./3 tan 6, hence @ = 15° 30° and 
tan @ = 4/Z ten @: hence @ = 32° 20 


a few years ago; the author recently found, however, 
that it was possible to reduce this to about one-third of 
that sum, while obtaining the same degree of accuracy. 

The milling cutter used in punch-cutting is shown in 
Fig. 12 ; it is parallel, and about 0.06 in, in diameter. The 
other cutters used are the roughing and finishing cutters. 
These are of peculiar shape, the vor faces being cylin- 
drical ; the cutting ed which are formed by the inter- 
section of each pair of cylindrical surfaces are therefore 
elliptical. In the roughing cutter, which has a smallfchisel 
edge, Fig. 13 above, two of the opposite cylindrical faces 
have their axes in a different plane to the other pair. In 
the finishing cutter the axes are all in one plane, and a 
pointed symmetrical cutter results—Fig. 14. To obtain 
the cutting-edges accurately true to position a hardened 
steel rocker-plate is used in conjunction with an oilstone 
slip. The rocker-plate is secured against its upper sur- 
face in the rocker-frame, Fig. 15, so as to admit of re- 
peated regrinding to flatness. The. oilstone slip is 
moved to and fro on the hardened steel surface, which is 
cut away to clear the cutter. Both the rocker and the 
lathe-heads fit interchangeably on a watchmaker’s lathe- 
bed. The heads are divided in four divisions, so that 
each face of the tool can be brought uppermost, and’ while 
the oilstone is applied the elevating-screw is worked up 
and down by one wes of the operator, s0 that the plane 
of the oilstone is successively tangential to each portion 
of the cylindrical surface which forms the face of the 
cutter. ‘To obtain the chisel face of the roughing-cutter 
the position of the lathe-head relatively to the rocker is 
varied slightly for two of the opposite faces by inserting a 
= distance-piece between the head and the stop on t 
rocker. 

The punch is cut in the following manner :—Pieces of 
steel are cut off toa given length, annealed, and ground 
true and square on two adjacent-sides and on the end. 
To save work on the punch-cutting machine the ends of 
the blanks are rough-milled to certain simple forms, 
according to the body of the fount worked on. The punch 
is held in the chuck against these true faces of the stem 
by the pressure of two grub-screws, and then is. rubbed 
down true on an oilstone, the chuck acting as the stone- 
facer described above. The first operation in the punch- 
cutting machine, after setting it to the proper uction 
ratio for the fount, is to mill round the outline to the 
depth of strike desired ; a follower is used of the proper 


diameter to prevent the mill cutting away any of the 
beard. For this operation the parallel end-mill is used. 
The roughing-cutter is next used, and two or three cuts 
taken round the periphery of the punch, thereby finish- 
ing the beard next to the shoulder. .The depth of cut is 
then reduced and a smaller follower used, the depth 
(corresponding to each diameter of follower) being ob- 
tained from a table which is prepared for each body ; 
thus a series of approximations are made to the plane 
face of the beard (Fig. 12). Some twenty-two cuts in all 
must be taken round the outside of the character, and 
some of these also inside the counter ; the finishing cutter 
is used at the end of the process in order to obtain the 
outline at the surface of the punch. Fig. 12 shows the 
ee of the point of the cutter at five different depths. 
he punch must be examined under the microscope to see 
that no error has been made in the cutting. The net 
labour up to this stage costs about 2s. per punch. The 
next operations are hardening and tempering. These do 
not appreciably distort the character itself, but they intro- 
duce errors of three kinds into the punch, and these pre- 
vent it being held perfectly true in the striking press. 
The face becomes out of square to each of the originally 
true sides, and the line is no longer square to these faces. 
To justify the punch, the author, with the assistance of 
Mr. C. Colebrook, of the Wicks Company, designed a 
small vice swung on ‘gimbals, the two movements of in- 








clination being each operated by a separate micrometer 
screw. To use this the errors of the punch are measured 
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shaved off on a machine to the thickness of the raised 
portion of the letter. The pantograph tool is lowered so 
as to pierce the wax and its way through it, the 
first tracks being kept a small distance from the finished 
line. After the c ter has been roughed out the waxed 
surface is rubbed true by going round with the outside of 
the tracer-pin touching the - on the drawing. The 
burr on the wax is dressed off on the shaving-machine ; 
the wax is examined and any holes stopped. The whole 
is then blackleaded and electrolytically coated with 
copper to a thickness of about 0.03 in. ‘The shell is re- 
moved by warming the wax, the rough edges are trimmed, 
it is then tinned inside and filled with lead. The filled 
formers are milled off on the hack to thickness, and 
squared up on the justified edges so that the character is 
truly in place in respect to these Ss. 

The “hand” and sizeof the character as compared to 
pica body varies through these and the following opera- 
tions thus :— 


(1) Drawing ee Inverted 90 times full size 

(2) Wax mould for Inverted, but re- 18 As wf 
former duced to 

(3) Electrotyped Erect 18 a4 
former 

(4) Punch Inverted Natural size 

(5) Matrix ... Erect - 

(6) Type... Inverted 7 

(7) Printing Erect od 

PUNCH- CUTTING MACHINE. 
(BENTON-WALDO). 
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on two adjustable squares, in each of which the face of 
the punch is set true by a micrometer screw giving iden- 
tical readings for the same angles as those operating the 
vice adjustments respectively. The swing-vice is secured 
to the table of an ordinary surface-grinding machine, and 
one side of the stem of the punch is ground true to the 
face. The next side is similarly treated, and the depth of 
cut taken so arran, as to justify the character in respect 
to these two sides. The trueing up of the remaining two 
sides to size then requires no special skill, a batch of 
punches being ground up together on a magnetic chuck. 

The formers are secured in place on the table of the 
machine by a pair of folding-wedges. They are justified 
on the two sides which correspond to the trued side of 
the punch blank, so that the character which rises about 
fx in. above the base of the former occupies the desired 
position in respect to these edges. he base of the 
former is about 3; in. thick. In the case of accented sorts 
the upper part of the former is cut away to receive the 
accent former, so that the number of formers required can 
be kept a minimum. Special accents are required for the 
‘*i” owing to its small set, and a blank piece of equal size for 
the production of the non-accented sorts. With the excep- 
tion of the ‘‘i,” the accents can be made intercha: ble. 

A few of the formers, such as the mathematical signs, 
can be conveniently on ordinary machines out of 
two thicknesses of metal riveted together, but for the 
majority a different method is usually employed. 

drawing of the character is made about five times the 

size of the former required. The edges of the former are 
shown on this drawing to scale and in their proper posi- 
tion. The drawing is then fastened under the table of a 
pantograph under the tracing-pin. The marking head of 
the pantograph is fitted with a in cylindrical tool. 
The ratio of the pin diameter to the tool diameter is the 
same as the ratio of the pantograph. It is essential that 
there should be no backlash in the pantograph, and that 
it should be extremely rigid. The author, with Mr. Cole- 
brook, designed a pantograph, which has given very 
satisfactory results. The frame was made of bicycle- 
tubing, with steel single and double joints brazed in, the 
centres being all made adjustable double cones, like lathe 
centres. 

The formers are produced by electrotyping in the follow- 
ing manner :—Type-metal gietes of equal and uniform 
thickness are coated with a wax composition, which is 


cylindrical rods, approximatel 





In the case of newspapers and many books two more 
reversals occur, a mould in flong (which somewhat re- 
sembles papier-miché) being taken from the type, and a 
stereotype cast from this. 


(To be continued. ) 








Panama Canal Works.—The Panama Canal is in 
a leading topic of interest in the United States. Per- 
sistent rumour is current to the effect that the work is not 
progressing satisfactorily. It is stated that Mr. W. Taft, 
President-elect, will take a trip to the Isthmus person- 
ally to investigate the state of affairs there before he 
enters upon his term of office. It is also reported that 
President Roosevelt intends to appoint a commission of 
experts, at once, thoroughly to investigate the whole 
scheme, in the light of the experience gained from: the 
work at the Isthmus in recent years. 





Bait Brarines.—In a discourse on “ Ball Bearings, ” 
delivered by J. Kirner in the Stuttgart Section of the 
Verein Deutscher Ingenieure, the lecturer stated that 
Germany counted fourteen firms manufacturing ball- 
bearings. In former days the balls had been cut out of 
i round, and then been 
ground, hardened, and — . At present, cylindrical 
portions were cut off rods of chromium steel and 
and ground into shape. That process was simpler and 
less wasteful. The balls had to be graded and were not 
always spherical. Truly spherical balls were supplied by 
the machines of the Norma Company, of Cannstadt, due 
to A. Hirth and E. G. Hoffmann. tn these machines an 
emery disc and a steel disc faced.each other on the same 
shaft. The steel disc was provided with a number of 
concentric rings, and a finger pushed the ball after each 
revolution into a oo and then into another ring. 
ee ball passed through all rings, the rings were 
equally worn on all parts, and the balls true within 
0.001 millimetre. Water was the test enemy of ball 
bearings, being held at the point of contact between ball 
and cup and causing local rusting. Dust and grit were 
less dangerous probably, and many failures were due to 
want of strength and faulty construction. 


* In the case of pearl the reduction in the punch-cutting 
machine is about one forty-fifth. 
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INDUSTRIAL NOTES. 


Tue year 1908 has passed away into the eternities, 
with ail its disappointments, failures, and sorrows. 
The new year, 1909, has dawned, with newer hopes 
and aspirations. The past year will long be remem- 
bered for acute depression in trade, and for the unrest 
in the labour world. In the engineering and ship- 
building trades troubles began in the first month of 
the year, and continued throughout the third quarter. 
All the sections-affected, after protests, accepted. the 
pro: reductions, in wages, except the engineers, 
and they made a vigorous fight, but in the end they also 
had to give in. The action of the men on the North- 
East Coast led to the resignation of the general secre- 
tary, Mr. George N. Barnes, M.P., asa protest against 
a seetion over-riding the conclusions of the general 
body. In that dispute the employers acted with great 
consideration—they met and discussed matters, and 
made some concessions to secure peace. The dispute 
ended, and the parties are now negotiating terms for 
the prevention of such disputes in the future. Later in 
the year a dispute occurred in the Lancashire cotton 
trades, which eventually led to a lock-out. The two 
larger sections—the spinners and weavers—accepted, 
after protest, the employers’ proposals, but the card- 
room and other hands stood out, and disorganised the 
whole industry, though the non-contents were the 
smaller bodies. In the end peace was secured, and the 
parties met to devise a scheme for the prevention of 
similar disputes in the future. There is every ho 
that mutual negotiations will result in a concilia- 
tion scheme of a permanent character, which will deal 
with all disputes that occur in the trades. 

In the railway world the various companies have 
been busy constituting Conciliation Boards, and con- 
ducting the election of representatives to the several 
Boards. It does not appear that undue pressure was 
used against the union men’s candidates, for they 
obtained a very fair representation on the Boards. In 
one case—the London and North-Western Railway— 
an umpire was appointed, and he has spent several 
days in hearing ovllines on both sides; but the inquiry 
is unfinished at date of writing. The proceedings have 
been private, but the final result will be published in 
due course. It is probable that in each of the four 
great groups of trades equitable conciliation will take 
the place of strikes and lock-outs in the future. 

The two great Labour Acts of the Session which 
closed on Monday last are the Old-Age Pensions Act 
and the Miners’ Eight Hours Act, neither of which 
came up to the ideals of the advocates and _pro- 
moters, but both were gladly accepted by the Labour 
Party as measures of great value. In addition to these, 
much has been done for labour by rules and regula- 
tions in certain industries, and by inquiries by com- 
mittees into alleged abuses in the industrial world. 
It must be admitted that employers have shown no 
bitterness in opposition to these measures, though in 
some cases they were strongly condemned. In the 
matter of the unemployed much was done by the 
Government and by the local authorities in the year 
to lessen acute distress. 


The thirty-seventh 
Federation of Trade 


—— report of the General 
nions shows something of the 
heavy strain during the period covered, by incessant 


disputes, 156 being registered in the quarter. Some 
of these were between one union and another, settle- 
ments being effected by conferences and negotia- 
tions. The total income for the quarter amounted 
to 10,844/. 18s. 4d., the aggregate expenditure to 
24,708. 7s. 4d. The latter exceeded the former by 
13,8637. 9s. The amount paid out as federation 
benefit, in strikes and lock-outs, was 23,979/. 5s. 3d., 
the engeregate for the last three quarters being 
66,766/. 5s. 7d. The larger amounts paid in the 
seg were: to the engineers on the North-East 
Joast, 13,920/. 14s. 2d. ; and to the machine-workers, 
2195/. ; to cotton spinners, 215/. 10s. ; card-room 
hands, 630/. ; and to the weavers, Lancashire lock-out, 
3302/. 2s. 6d.; to shipwrights, 646/. 2s. 6d. ; iron- 
founders, 254/. 9s. 2d. ; ditto Welsh, 230/. 19s. 4d.; and 
ironmoulders, 90. 0s. 10d. These figures show that 
the chief expenditure was in connection with the engi- 
neers and cotton operatives’ strikes. It is to be hoped, 
in the interests of both employers and employed, that 
no such heavy calls will be made ‘oria long time to come. 
The report contains a striking article on the subject of 
organising labour in London, from the Labour point 
of view. It states that the Labour Party decline the 
re on the ground that it ought to be done by Lon- 
oners, . 


The last report of the Boiler-Makers and Tron-Ship- 
builders shows very little improvement as regards em- 
ployment. The total number in receipt of benefit was 
15,101, as against 15,789 in the previous month—de- 
crease, 688. The total unemployed was 10,865 ; on 
superannuation benefit, 2017—previous month, 1981 ; 
on sick benefit, 2219—previous month, 2370. The ex- 
penditure for the month was 12,122/. 6s.—decrease, 
4112/, 14s, 6d, There were twenty-two candidates 





for delegations to the annual meeting of the Labour 
Party, and the four highest will have again to be 
vo for in order to elect the two highest on the 
ll as delegates. The rule as to holiday benefit 
is reprinted, and attention is called to it, in the face of 
an extension of the holidays this Christmastide. Nomi- 
nations for the general secretaryship, vacant by the 
resignation of Mr. D. C. Cummings, now in the Labour 
Department of the Board of Trade, have been sent in; 
the voting takes place in this month’s (January) usual 
meetings. In one case the council declared that the 
candidate nominated by a branch was not qualified by 
the rules. The branch demurred ; a deputation was 
sent to the executive, and the matter was fully dis- 
cussed. Both the candidate and the delegates ad- 
mitted that the Council were right in what they did. 


The American Federationist for the last month of 
the past year contains pungent articles on the recent 
electorial campaign in the United States for the Presi- 
dency and others, and the results. The first article 
contains a series of extracts, with running comments, 
on ‘* What Labour Wants.” It is practically a repro- 
duction of an ‘‘ Interview with Mr. Gompers,” the 
Labour leader in America. It is better, however, 
to take Mr. Gompers’ own article, the editorial 
for the month’s issue. He there declares that the 
Labour Party of all shades stood by their principles as 
far as they could, but were defeated by curious combi- 
nations. He uses much stronger terms, but those 
need not be reproduced. He adds that the attacks 
on labour have led to much thinking, and the future 
alone can tell with what result. 


Perhaps the most remarkable manifesto ever issued 
is that on ‘“‘ Boy Labour and Unemployment,” which 
appeared towards the close of the past year. The 
signatories to the document represent all phases of 
political, social, and industrial life, and the facts upon 
which it is based are undeniable. They are drawn from 
various sources, official and otherwise. Boys begin 
early in life to earn something ; they drift from one 
thing to another, none of which involves industrial 
training, and few, gg ep speaking, emerge 
into skilled workmen. The number of the latter out 
of work at present, and for some time past, is enor- 
mous, but the mass of the unemployed consist of the 
unskilled and others that have drifted into mere 
loafers. The work of reformation must begin with 
the young; and as the State has undertaken new 
duties in this respect, that of training the young in 
useful employment must inevitably become one of 
them. The way may be fraught with difficulties, 
but to neglect it will create other and greater 
difficulties. Apprenticeships have been suggested 
as one of the means to be employed, but in this 
case the term must be lessened, for, as labour is now 
divided, seven years, or even five, are too long. In 
some occupations it might be three, or two, or one, or 
even less than one. 
than none. 

A case of considerable importance was decided in the 
Court of Appeal on Monday in last week (December 21, 
1908), by which the decision of the Lord Chief Justice 
was reversed. The litigation arose out of a dispute at 
Birmingham between the Plasterers’ Society and a fore- 
man, alleged to be a defaulting member. The action 
of the secretary of the local branch led to the dismissal 
of the man, and he entered an action for dam . 
The action was dismissed by the Lord Chief Justice, 
and the plaintiff appealed. In the Court of Appeal it 
was decided that the defendant society was liable, and 
50/. damages were awarded. The society, it appears, 
will a to the House of Lords, and it was decided 
that the 50/. should be paid into Court, the appeal to 
be set down within a month from that date. The 
costs are to remain untaxed until the final decision. 
One of the judges thought that the local secretary 
could also he proceeded against separately ; but as two 
disagreed, the point was dismi The crux of the 
case was breach of contract ; the Courts as a general 
rule hold a contract to be inviolable, unless good reasons 
can be given for the breach on legal and moral grounds. 
In this case no such defence could, apparently, be 

iven, hence the verdict. It was shenied that the 

isputes Act, 1906, did not apply, as the dispute arose 
before that Act was passed, and action had been taken 
by the plaintiff, who was awarded damages against 
the two men who were instrumental in his dismissal ; 
but the union was not thereby involved. Now it is 
the union, not individual members. If the House of 
Lords uphold the decision of the Court of Appeal, it 
will not affect the Trades Disputes Act, 1906, nor will 
it apply to any case subsequently, as action must have 
been taken before that Act came into force. 


Another great victory is recorded in favour of 
industrial by the constitution of a Conciliation 
Board for iron-founders throughout Lancashire. Nego- 
tiations have been going on for some time, and at the 
beginning of last week the last of a series of confer- 
ences was held at the Midland Hotel, Manchester, 


Better to learn one simple process }_, 





between the Iron-Founders’ Employers’ Association 
and the various Lancashire branches of the Iron- 
Founders’ Society, and was brought to a successful 
termination by constituting the Board. Mr. R. Mat- 
thews, of Messrs. Armstrong, Whitworth, and Co., 
Manchester, was elected president, and Mr. Arthur 
Henderson, M.P., vice-chairman. The Board will 
have jurisdiction over the whole of Lancashire. 
The lines on which the Board will work are said 
to be similar to those of the Conciliation Board on 
the North - East Coast. All differences are to be 
referred to a Standing Committee of fourteen, seven 
on each side, the first members of which were elected. 
If the Standing Committee fails to agree on any ques- 
tion, it is to referred to the whole Board ; if the 
Board fails to agree, the matter is to be referred, by 
common consent, to three disinterested gentlemen 
mutually approved by the Board ; the matter in dis- 
pute is then to be settled by the verdict of the referees; 
in the event of want of unanimity, the decision of the 
majority is to be final. Provision is also made for each 
party to select its own referee, and the two may elect 
the third. There is to be no strike and no lock-out. 


The Supreme Court of the district of Columbia, 
United States, passed sentence, on Wednesday in last 
week (December 23, 1908), on Mr. Samuel Gompers, 
President of the American Federation of Labour, Mr. 
John Mitchell, the miners’ leader, and Mr. Morrison, 
secretary of the Federation of Labour, of imprisonment 
for twelve, nine, and six months respectively. The 
offence was the publication in the American Federa- 
tionist of a black-list of boycotted firms in which the 
Brick Stove Range Company was included. The com- 
gany at once brought an action against those respon- 
sible, and an injunction was granted by the Court. 
That injunction the officials named ignored. The 
company thereupon sued the accused officials, but they 
still ignored the decision of the Court, and continued 
to publish the black-list. The three officials, upon 
hearing the judgment of the Court, decided to appeal 
to the Supreme Court of the United States against the 
judgment given by the Supreme Court of Columbia, 
and were thereupon rel on bail. The final 
decision will be awaited with interest by all sections 
of employers and employed in America, as both sub- 
jects are involved in the decision—that of injunction 
and boycott. American trade-unionists insist upon the 
boycott, as a right ; and they condemn injunctions by 
the Courts in heer disputes. It is reported that the 
sentenced officials declare their intention of disregard- 
ing the recent decision of the Supreme Court of 
Columbia, as they did with respect to the injunction, 
and, rather than submit, they will undergo their 
sentences. This declaration, it is contended, consti- 
tutes a contempt of court, which is an additional 
offence. A labour war is therefore anticipated. 


A serious dispute arose in the Huddersfield textile 
industry last week over the teaching of a learner, who 
was out of work, to warp, contrary to the rules of the 
union, which provide that no learner shall be taken on 
whilst one of the members is out of work. The 
Warpers’ Union refused the offer of the employers to 
reconsider the whole question of learners if the lad 
was allowed to remain. The executive of the General 
Union of Weavers and Textile Workers, representing 
6000 mill operatives, condemned the action of the 
Warpers’ Union, but notices to cease work were 
given in. 


A dispute affecting several hundreds of miners in 
the Nottinghamshire coal district took place last week, 
and it was feared that a strike would ensue, but the 
matter was referred to arbitration, and a strike 


aver ted, 


Some ‘‘ pit-lads” in one of the northern coal-fields 
were sent to prison last week for absenting themselves 
from work without notice, and refusing to pay the fine 
imposed. therefor. _ All workers, however ignorant, 
ought to know that breach of contract is illegal ; every 
domestic servant. knows, however unlearned in her 
duties, that she can demand a month’s notice, and 
ought to give one before leaving ; and surely all union 
men ought to know that point of law, and should learn 
to obey it. 








Tur Lorrarne - Luxempure Pic - Iron Synpicate.— 
The negotiations which are pending with reference to a 
renewal of this syndicate appear to be takinga favourable 
course, and a satisfactory arrangement between the works 
“ee $ hr commercial firms interested in the combine is 
00) or. 


Lieut Ratways Act, 1896.—The Board of Trade have 
recently confirmed the undermentioned Order, made by 
the Light Railway Commissioners :— Mid-Lincolnshire 
Light ilway ler, 1908, authorising the construction 
of a 9 railway from Sleaford to Kirkstead, in the 
parts of Kesteven and the parts of Lindsey in the County 
of Lincoln, 
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**ENGINEERING” ILLUSTRATED PATENT 
RECORD. | 


Compisep By W. LLOYD WISE. 
SELECTED ABSTRACTS OF RECENT PUBLISHED SPECIFI- 
CATIONS UNDER THE ACT OF 1907. 

The number of views given in the Specification Drawings is stated 
in each case ; where none is mentioned, the Specification is not | 
illustrated. ‘ 

Where inventions are communieated from abroad, the Names, &e., | 
of the Communicators are given in italics. 

Copies of Specifications may be obtained at the Patent Office, Sale | 
Branch, 25, Southampton Buildings, Chancery-lane, r.C., at 
the uniform price of 8d. | 

The date of the advertisement of the acceptance of a Complete 
Specification is, in each case, given after the abstract, unless the | 
Patent has been sealed, when the date of sealing is given. 

Any person may, at any time within two months from the date of | 
the advertisement of the acceptance of a Complete Specijication, | 
give notice at the Patent ole of opposition to the grant of a | 


Patent on any of the grounds mentioned in the Act. 


AGRICULTURAL APPLIANCES. 


23,342. J. Courtenay, Elsies River Halt, Ca 
Colony. Harrows. [i Figs.| October 22, 1907.—This in- 
vention relates to harrows or cultivators, and consists in an im- 
proved construction of the teeth or tines. Each tine consists 
essentially of a flat-pointed blade a of the nature of asmall plough, 
the blade being twisted in its length. This blade is formed on the 
end of a spiral elastic rod b. At its further end c, this rod is 
flattened and is curved around a hollow support d. The rod may be 
secured to its support by a staple e, the loopof which engages over 
the round part of the rod, while its screwed stem passes through 
the tube, and the flattened end of the rod receives a nut, by which 
the tine is kept in position. This method of support gives con- 
siderable elasticity to the blade, for the spiral b is able to yield a 


Pig.t, 





(23,942 


good deal against the main thrust, while also the rod can move 
laterally a little in the loop of the staple. It has been noted 
above that a little lateral play is given to the tine, since the end 
ofits support can move very slightly in the loop of the staple. 
Moreover, the support being flexible, or, rather, springy, can yield 





when pressure is applied to the point of the tine, and the twisted 
form of this point assists it in finding its way among the roots 
of crops. The tine has thus all the effectiveness of a spring 
harrow or cultivator tooth, while further it acts with better effect 

as a scarifier or scuffler, and is not so likely to damage a young 
crop. Moreover, this method of securing the separate tines to a | 
common rod obviously allows of any one being removed by itself. 
(Accepted October 28, 1908.) 


ELECTRICAL APPARATUS. 


3266. Jo ips, ited, and S. Pater- 
son, Old Charlton, Arc saumge. [3 Figs.|] February 13, 
1908, According to this invention, the separation of the carbons 
to strike the arc, and the subsequent regulation of the arc, are 
effected by means of two main coils, the cores or armatures of 
which actuate a Stating lever, to which the clutching device is 
linked, the arrangement being such that the clutch is released only 
when both the magnet cores have arrived at their lowest positions 
determined by suitably placed stops. Two main coils 1 and 2 are 
shown, and a plate-locking clutch 3 is linked to an intermediate 
point 4 of a floating lever 5, which is pivoted at its ends 6 and 7 to 
the respective cores 8 and 9 of the two coils 1 and 2. The strokes 
of these two cores are limited by stops, the arrangement being such 
that the clutch 3 will rest upon its stop to release the carbon only 
when both cores rest upon their limiting stops. Provision is 











made for supporting one of the cores—viz., 8—in its attracted or 
raised position by means of a soft-iron keeper 14 energised by the 
lamp current, and which is fixed in the upper end of the solenoid 
1, is core 8 will therefore be held firmly in its uppermost posi- 
tion during the period of regulation, which is performed by the 
other coil 2 and its core 9, until the latter reaches the lower limit 
of its stroke, after which the current will gradually diminish until 
the keeper 14 is no longer able to sustain the core 8, owing to 
the rupture of the circuit, whereupon the latter will drop on to 
its lower limiting stop, the clutch 3 will be released, and the 
carbons therefore allowed to come together, thereby again com- 
pleting the lamp circuit and causing the clutching of the carbons 
and the striking of the arc in the same manner as when the circuit 
was first completed. Usually the clutch would be connected by a 
link to the floating lever 5 at a point, such as 4, which would give 





a much greater leverage to the regulating core 9 than to the 
striking core 8 (this feature being very important), and the regu- 
lating core is also preferably fitted with a dashpot ; or both cores 
may be so fitted, as shown, where the core 8 is linked to the piston 
16, and the core 9 of the regulating coil is linked to dashpot cylin- 
der 17, 80 that the one dashpot damps the movements of _ both 
cores. (Accepted October 21, 1908.) 

25,398. A. Wunderlich and G. A. Hughes, Croydon, 
Arc-) Gear. (2 Figs.) November 15, 1907. 
—This invention relates more particularly to the raising and 
lowering of arc-lamps to and from standards which are fitted 
with frames in which the lam are suspended with their 
axes coincident with the axes of the standards, so that there is no 
clear space to allow the lamp to be lowered directly, as is the case 
with lamps suspended from swan -neck or like brackets, In 
carrying out the invention, according to one mode, as applied to 
a standard fitted with the usual vertical frame a, the latter is 

rovided with two arms b, c at right angles to the plane of the | 
rame. The upper part of the frame a@ is fitted with a hood d, 

rovided with a contact and with a roller or rollers, over which 
the hoisting-cable / is i. A radius-rod g is pivoted at one of 
its ends to the end of the arm 4, its other receiving the end of the | 
cable f, which is through the hook h over a pulley ¢ carried 
thereby, then over the usual ro in the hood d, and from there 
to a pulley & on the end of the other overhanging arm c, the | 


| 


Fig.?. 























cable f being next passed down through the centre of the standard 
to the winding-gear or winch. When the cable f is slackened to 
lower the lamp /, the latter, instead of falling vertically down the 
axis of the standard, is guided outwards away from the bracket @ 
and the standard to a position where it can be lowered freely 
without coming into contact with the standard. When it is 
desired to raise the lamp J, the latter is first raised clear of the 
standard until it approaches the end of the radius-rod g, where- 
upon the latter moves about its pivot and guides the lamp back 
into position within the bracket @ on the top of the standard and 
below the hood d, the contact member m (Fig. 2) of the lamp, as 
soon as the radius-rod g is horizontal, being drawn into the hood d, 
so that contact is automatically made, and if the hood is fitted 
with automatic retaining mechanism, the lamp is automatically 
retained in position until again required to be lowered. The end» 
of the radius-rod is_pieferably of a segmental form, as shown, 
adapted to engage the housing of the pulley i, forming part of | 
the hook h. The end n may be of considerable width to avoid the 
housing or hook moving off laterally. (Accepted October 21, 1908.) | 
23,148. Johnson and Phillips, Limited, Old Charl- 
and C. F. b Blackheath. Arc-Lamps. 

[6 Figs.) October 19, 1907.—According to this invention, two or | 
more pairs of mineralised carbons are arranged in series in the 
same lamp, so that all the arcs are burning at the same time. Each 
of the upper carbon-holders a is fixed to a weight b guided by 
the tube d, and suspended by the cord e, which passes over a 
pulley /, and is attached to the upper end of the lower holder g, 
the stem of which slides in the tube d. The weight to which the 
upper holders are attached tends to bring eac ir of carbons 
together. Each pulley f turns on a pin mounted in insulating 
blocks in a rocking-frame h pivoted to links p, which are sus- 




















Ag be, 


nded, either directly or through the intermediary of equalising- 
evers, from a ring or frame q, itself pivoted to the lamp-frame. 
The frame / has a lateral extension, and the extension is pivoted 
either to the upwardly-turned arm m of the solenoid core n, or to 
an arms fixed at right angles to arm m, the core being so accom- 
modated within the solenoid that it acts as a dashpot plunger. 
The upper carbons rest on stops 0, consisting of a copper casting 
having a central perforation of a diameter slightly smaller than 
that of the carbon ; the casting has radiating fins to aid dissipation 
of heat. Before the current is switched on, the lower carbon of a 
pair is held in contact with the upper carbon by the weight of the 
core n, which tends to raise the pulley ~ On completing the 


circuit, the solenoid, which is in series with the carbons, is ener- 
gised, and the core n is raised; thus the pulley f and the lower 
carbon-holder g are allowed to descend, and the arc is struck. As 
the upper carbon burns away, it slips through the stop 0, and the 
lower carbon-holder is correspondingly raised ; should, however, 
the pairs of carbons burn unequally, the ring or frame q will act 
as an equaliser, for on switching off the current the core n falling 
will bring first one pair of the carbons together, and then, owing 
to the tilting of the equaliser, the other pair or pairs successively. 
There should preferably be sufficient friction at the pivots r to 
avoid movement of the ring gy when not required. When in a 
lamp with two pairs of carbons, one pair of carbons is cut out of 
cireuit, the equaliser g has only to be fixed in order to allow the 
lamp to work properly for uhe single pair of carbons. (Accepted 
October 21, 1908.) , , 


GAS ENGINES, PRODUCERS, HOLDERS, &c. 

8895. H. C. L. Holden, Woolwich. Electrical 
yains Mechanism. [4 Figs.) April 23, 1908.—This inven- 
tion relates to electrical firing mechanism for breech-loading 
guns, and consists mainly in the combination with the lock, 
of an insulated contact-block which covers the whole head 
of the firing-tube. a indicates the vent-chamber in the breech- 
block, and b the firing-tube located therein; ¢ is a slide-box in 
which the locking-slide d moves for the purpose of locking the 
firing-tube in position and for operating the extractor. e is the 
block of metal arranged in the locking slide in accordance with 
this invention, the said block being insulated from the slide and 
serving as a contact-piece, through which the current is communi- 
cated to the head of the firing-tube. The employment of this 
block affords a maximum amount of contact surface and at the 
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same time affords a full support for the tube on firing ; the per- 
fectly plain surface of this contact-piece also reduces the danger 
of short-circuiting toa minimum. A flat spring /, bearing upon 
the locking-slide and on the flanges of the slide-box c, serves to 
= the locking-slide towards the firing-tube, so as to retain the 
Jlock ¢ in close contact with the firing-tube. The firing-tube has 
applied to the head a contact-plate which is insulated from the 
tube and which is electrically connected with the igniting mechan- 
ism of the cartridge by an insulated wire passing through the 
head of the tube. With this arrangement the current from the 
firing battery flows through the post i attached to the block e, 
thence through the contact-plate and the wire to the igniting 
mechanism, and back through the tube and the body of the gun 
to the battery. (Accepted October 28, 1908.) 


GUNS AND EXPLOSIVES. 


11,809. The London Small-Arms ay ae Limited, . 
° ett, and C. S. Bayley, London. Gun- 
ts. (7 Figs.) May 30, 1908.—This invention has for its 
object the provision of improved means in sighting devices for the 
lateral displacement of the sight to a definite extent to allow for 
windage and other factors, for the adjustment of the sight for 
elevation and for the hinging of the sight in such a way as to avoid 
any shake in the hinge, and when in the erect position to ensure 
it coming home dead upon a registering surface. Upon a sup- 
port a, which can be attached to the rifle, the sighting device 
is hinged. This device consists of a tubular portion }, into 
which a screwed stem c is adapted to slide, and be prevented 
from turning by a pin engaging with a slot ein the portion b. 
The nut g is screwed on to the stem c, and is used to adjust 
the sight vertically. On the upper end of the stem ¢ is formed 
a circular part j, having a central hole k and a parallel hori- 
zontal slot or recess 1 across the front face. In this slot is 
slidingly mounted a movable plate m with sight aperture. 
Upon the upper part of the plate m is formed a slot for operat- 
ing the same. Upon the front face and over the periphery 
of the circular part j is rotatably arranged a cover p having 
a central hole, and in the back face of said cover a pin is 
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eccentrically disposed and adapted to co-act with the slot in the 


movable plate m so as to move the latter laterally when the cover 
is rotated about its axis, a segmental portion being removed to 
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| allow such action. In order to register this lateral movement on 


a magnified scale, upon the outer portion of the cover, at a radial 
distance much greater than that of the pin, a scale is provided 
which is used in conjunction with a mark on the steme. The 
cover p is held in place by a plate attached to the cover. The 
hinging of the sight upon the support a is effected by means of a 
taper-headed bolt ¢ mounted in the lug w of the support, and 


| having a spring v and nut w bearing against the lug w', so as to 


draw the bolt head inwards. The lug of the part 6 has a hole 


| with a bevelled portion to engage the taper of the bolt-head, and 


draw the lug downward, so that projections on the base of the lug 
bear firmly down against the platform of the support a. When 
the sight is hinged down, the corner of the particular projection 
which is against the platform forces the sight upwards, and in 
doing so forces the bolt t outwards against the pressure of the 
spring v. It will be seen that when in the erect position the sight 
is held firmly upon its support, and cannot be moved by vibration 
or wind. If necessary, the nut w can be made to screw down hard 
on the spring, and lock the sight rigidly in position against any 
movement. (Accepted October 28, 1908.) 

















Jan. 8, 1909. } 


ENGINEERING. 





35 








THE COLLAPSE OF TUBES UNDER 
EXTERNAL PRESSURE. 


By S. E. Stocum, Professor of Applied Mathe- 

matics, University of Cincinnati. 

Recent experiments on the colla of tubes 
under external pressure have furnished valuable 
information on a subject on which previously there 
were no adequate or comprehensive experimental 
data available.* Heretofore designers have been 
forced to rely either upon the antiquated experi- 
ments of Fairbairn, which were known to be in 
error by as much as 100 per cent. in many cases, or 
else to apply the theoretical formulze of Love, 
Féppl, and others, without knowing how far the 
assumptions on which these formulze are based are 
actually realised. 

Any rational formula ‘is, in the nature of the 
case, based on certain ideal assumptions. For 
example, Euler’s formula for long columns assumes 
that the column is initially straight, that there is 
no eccentricity of loading, and that the material is 
perfectly homogeneous and isotropic. As these 
conditions are never realised, it has been found 
necessary to modify Euler’s formula to conform to 
experiment, as done by Rankine and Gordon. 
The chief value of experimental data, in fact, con- 
sists in their use for the purpose of modifying 
rational results to fit ited conditions. Mathe- 
matical analysis may thus be supplemented so as to 
yield results which are both practical and scientific. 
In what follows, the experimental data mentioned 
above will be studied for this purpose in connection 
with the formule based on rigorous mathematical 
analysis. 

Method of Failwre.—It is a well-known fact of 
observation that thin tubes subjected to external 
pressure fail by buckling ; that is to say, when the 
ratio of the thickness to the diameter is small, 
failure occurs through excessive deformation, and 
not by tearing or crushing. Ilustrations of this 
method of failure will be found in the experi- 
ments mentioned above. An analogous case is 
that of long slender columns, which also fail by 
buckling—that is, by excessive deformation, and 
not by crushing. 

This method of failure is due to the fact that 
Hooke’s law of proportionality of stress to deforma- 
tion does not hold in the cases under consideration. 
In other words, Hooke’s law is based on the 
assumption that the three dimensions of a body are 
comparable in order of magnitude. If, then, one 
or two of these dimensions are very small as com- 
pared with the third, the law is no longer valid. 
Consequently the deformation may become exces- 
sive without implying a proportionately greater 
stress. For example, a long wire can be bent re- 
peatedly without breaking, &c. 

In any case, however the method of failure is 
not merely a matter of observation, but is apparent 
from the elastic constants involved in the rational 
formulz deduced from the mathematical theory of 
elasticity. Thus in Euler’s formula for long columns 

2 
P=* .. I the only elastic constant involved is 
Young’s modulus E, which indicates that failure will 
occur when the elastic limit is surpassed, or, in 
other words, that it arises from excessive de- 
formation. 

For cylinders or tubes under external pressure 
there are two rational formulze—one poh on to 
thin, and the other to thick tubes. The formula for 
thin tubes, which is due to the Cambridge mathe- 
matician, A. E. H. Love, and will be referred to 
hereafter as Love’s formula, is 


p- _2E ( 


we ey 
= collapsing pressure in pounds per square inch. 
= Young’s modulus in pounds per square inch. 
Poisson’s ratio of lateral to transverse deforma- 
tion. 
t! = half thickness of wall in inches. 
R = mean radius in inches. 
. . * | 
For thick tubes the rational formula is that due 
to Lame,{ which is 


Al 


(1) 

R 

where 
P 
E 


m 








* Carman, ‘‘Resistance of Tubes to Collapse,” Univ. of 
Ill. Bull., vol. iii., No. 17, June, 1906 ; Stewart, ‘‘Col- 
lapsing Pressure of Lap-Welded Steel Tubes,” Trans. 


Am. Soc. Mech. Eng., 1906, 730-820. 
a of Elasticity,” vol. ii., 


t i _—e 
pages to 316. 

~ Given in all standard texts on strength of materials 
and machine design, 
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P= (2) 


2 R2 
where 
P 


Ue 


collapsing pressure in pounds wy inch. 
ultimate compressive strength in pounds per | 
square inch. | 
R = external radius. 

r = internal radius. 

This formula is a special case of Lame’s general | 
formula for thick tubes, and gives the maximum | 
load for thick tubes subjected to external pressure 
only.* 

The elastic constants occurring in formula (1) are 
Young’s modulus and Poisson’s ratio of lateral to | 
transverse deformation. It is mathematically evi- | 
dent, therefore, that in the case of thin tubes | 
failure will occur through deformation, a result | 
which is amply verified by observation, as men- | 
tioned above. 

In formula (2) the only elastic constant is the | 
ultimate crushing strength of the material, which 
indicates a characteristic difference in the manner 
of failure of thick tubes from that of thin tubes. 

This fact regarding the inference as to the nethod 
of failure which may be drawn from the elastic 
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Values of Yo. 


constants involved in any rational formula is of 
great importance, although not generally recog- 
nised. 

Limit for Use.—In applying the above formule, 
the first consideration is the range over which each 
is applicable. This evidently depends on the ratio 
of thickness to diameter, and it is therefore neces- 
sary to determine what value of this ratio limits the 
use of each formula. 

To compare the formule it is first necessary to 
express them in terms of the same quantities. For 
this purpose let ¢ = thickness of wall in inches, 
and D = external diameter in inches. Since t = 
2 t!, and assuming D = 2 R, Love’s formula for thin 
tubes becomes 

3 
(5): 


If P and © are chosen as variables, this repre- 
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(3) 





sents a cubic curve with a point of inflection at the 
origin. 


To express formula (2) in terms of the same quan- 
tities, we have r = R — t, whence 
Y] 


-8  t -4(@)=2 b(t 
oR? R "\R [> D 


and hence Lame’s formula for thick tubes becomes 
(by 


Using P and 5 as variables, this represents a | 


t 


t 


P=2wel 
D 


t 


D (4) 


parabola passing through the origin. 





* See Slocum and Hancock, ‘“‘Text-Book on the Strength 
of Materials,” pages 130 to 133, 








For steel, average values of the elastic constants 
are 
E= nee lb, per square inch ; 
m = 0.295; 
ue = 40,000 lb. per square inch, 


Inserting these values, the formule are as fol- 


low :— 
For thin steel tubes, 
y 
For thick steel tubes, 
= phe t \e 
P= 80,000 5, (5)] 


P = 65,720,000 ( ¢ 
average values of the elastic constants 


(5) 


oI 


(6) 


For brass, 
are 


E = 14,000,000 pounds per square inch. 
m = 0.357. 
te = 11,000 pounds per square inch. 


t " 
D (7) 


Inserting these values, the formule are as fol- 
ow :— 
For thin brass tubes, 
P = 82,090,000 ( y. 
For thick brass tubes, 
<s ee 
P = 22,000 [i ( b) (8) 
The relation of formule (5), (6), (7), and (8) is 
shown graphically in Fig. 1 ; the critical pressures 
P in pounds per square inch being plotted as ordi- 
nates, and the thickness ratios 5 as abscissee. 


The curves for steel intersect at the point whose 
abscissa is <= 0.034 +, which indicates that for 


values of 5 less than this amount the formula for 


thin tubes should be used, and for greater values 
the formule for thick tubes. 

For brass, the abscissa of the point of intersec- 
tion is Mi = 0.0259, which gives the limiting value 
between formula (7) and (8). 

Carman, in his article, assigns 0.025 as the upper 


limit of 5 for thin tubes, and 0.03 as the lower 


limit of 5 for thick tubes, and quotes Unwin as 


stating that _ 3s = 0.02778 is the limit be- 
tween thick and thin tubes. Stewart assigns 0.023 
as the limiting value. These values were obtained 
empirically from the plotted results of experimental 
data, which, of course, followed approximately the 
curves shown in Fig. 1. From this figure it is 
apparent that there is a characteristic difference 
between the curves for thin and thick tubes, the 
former curving — away from the axis, while 
the latter is a very flat parabola. From the expe- 
rimental results this parabola could not be dis- 
tinguished from a straight line. Both Carman 
and Stewart therefore assume the equation for 
thick tubes to be linear, and determine the limit 
for use as the abscissa of the point of tangency of 
this straight line with the cubic or quadratic curve 
assumed for thin tubes. Considering the arbitrary 


nature of this determination, the values of pe 


found agree remarkably well with those determined 
theoretically as above. 

The Experimental Data.—A noteworthy fact 
concerning the use made of their experimental 
data by Stewart and Carman is that their results 
are entirely empirical. Stewart makes no mention 
of any .rational analysis, such as that of A. E. H. 
Love and Foppl, in his historical introduction, 
while Carman simply mentions their results with- 
out making any application of them. This over- 
sight is further apparent in the fact that neither 
experimenter gives the elastic constants which 
determine failure—viz., Young’s modulus and the 
ultimate compressive strength, and inquiry reveals 
the fact that neither made any determination of 
these constants. Both experimenters give the 
ultimate tensile strength and the tonal yield- 
point of the material, although these quantities are 
entirely irrelevant, and are not directly related to 
failure. In fact, it is obvious, even without demon- 
stration, that a tube under external pressure cannot 
fail in tension. 

To compare the experimental data with the 
results. obtained from the rational formule, it is 
therefore necessary to assume values for the elastic 
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constants involved, as done in obtaining formule Thus in experiment 439, Table I., the greatest and but should give good results for the range of 


5, 6, 7, and 8. 
modulus and Poisson’s ratio are practically con- 
stant, and consequently the formulz for thin tubes 
may be expected to agree closely with experiment. 
The ultimate compressive strength, however, varies 
considerably for different specimens, and for this 
reason the formule for thick tubes cannot be 
expected to agree so closely with experiment. 
This fact should be borne in mind in connection 
with what follows. 

The chief limitation to empirical formule is that 
they are valid only for the same material and the 
same range of conditions for which they were 
obtained. On the other hand, rational formule, 
although not subject to these restrictions, are based 


TABLE I.—COLLAPSING 


'd = 6.930 in. respectively. Hence = 0.93, or 
an increase in diameter of the given amount re- 
duces the strength of the tube, as calculated by the 
rational formula, by 7 per cent. 

In the same experiment the greatest and least 
thicknesses were fy.x. =0.173in. and tum. = 0.136 in, 


3 
respectively, Hence (j=) = 0.4858, or a de- 
max, 
crease in thickness of the given amount decreases 
the resistance of the tubes, as calculated by the 
rational formula, by over 51 per cent. 
A correction for the reduction in strength due to 























For steel and brass, Young’s least external diameters were D = 7.100 in., and' eccentricities in question. 


Comparison of ts for Thin Tubes.—In Table I. 
the results obtained from the rational formula, 
corrected for ellipticity, are compared with those 
obtained experimentally. e measured values are 
taken from Stewart’s data, the first fifteen being 
chosen at random, while the last ten were selected 
to represent the most perfect tubes tested ; that is, 
those which conformed most closely to the ideal 
requirements of perfect roundness and uniformity 
of thickness, 

In analysing the first fifteen results, it should be 
noted that the greatest weakness, due to lack of 
uniformity of thickness, develops when the thinnest 
portion of the tube happens to occur at the ex- 


STRENGTH OF THIN TUBES. 

















































































































| | ! 
OvTsIDE DIAMETER IN INCHES. | - | THICKNESS ¢ IN INCHES. i § COLLAPSING PRESSURE IN PouNDS PER SquARE INCH. 
Pret Bt ae we ee 7 ) 
* S Eee ee JomMPU : 
At Puace or | !! mm At Puace or |S 2)4|/82 2) 2 8 t — Eyvde \3 ERROR, ~ . | Error, rer 
Number. COLLAPSE. i a) | COLLAPSE. EE g rein B'% D - rs. if ) PER CENT. Eee CENT. 
Average. | 3 ~~ | Average. | |, gas & il de Fy 1-m2\ D2 $32 
2 i rs 2 fe ee ee ee ee -s 
| Greatest | Leas = lg 4 oy u |For Average For Least E>s 
| =D. | = d, a Oo | Greatest. | Least. = < 3 g | Thickness. | Thickness. + See | + 
| a Seen je | $$} |__| | sania a pa Sa Pe a ee coasdinas 
205 6.023 | 6.020 5.960 | 0.990 | 0.9704 0.131 | 0.148 | 0.109 | 0.736 | 0.832 | 0.5761 | 0.021 530 659 380 39.5 507 4.5 
206 6.021 6.000 5.960 0.993 , 0.9802 0.129 | 0.133 | 0.106 0.797 0.821 0.5548 | 0.021 480 642 356 34.9 | 485 | 1 
207 6.013 | 5.990 | 5.940 | 0.991 , 0.9752 0.134 0.178 | 0.111 0.623 0.828 | 0.5684 | 0.022 640 720 409 56.4 547 17 
208 6.013 6.010 | 5,920 0.985 | 0.9558 0.135 | 0,134 | 0.110 0.821 0.818 | 0.5410 | 0.022 510 714 386 | $2.1 ae ae 8.9 
209 6.016 5.990 | 5.890 | 0.983 0.9508 0,128 | 0.142 0.110 | 0.774 | 0.859 | 0.6347 | 0.021] 485 | 612 3s8 | 25 475 | 21 
435 7.008 7.050 6.910 0.980 | 0.9416 0.161 | 0,175 0.148 | 0.845 | 0.919 | 0.7768 | 0.023 665 739 574 | 15.8 605 9.9 
436 = | 7.015 7.060 | 6.970 0.987 0.9622 0.168 0.262 0.143 0.546 0.851 | 0.6167 | 0.024 645 855 527 22.3 690 i 6.5 
437 7.000 7.0600 | 6.970 0.987 0.9622 0.155 0.182 0.136 | 0.748 | 0.877 | 0.6755 | 0.022 605 671 453 33.5 533 «| «13.5 
4388 | 7.015 7.070 6.970 0.986 0.9581 0.162 0.185 0.135 0.729 0.833 | 0.5787 | 0.023 675 760 440 53.4 615 9.8 
439 7.009 7.100 6.930 0.976 0.9298 0,153 0.173 0.136 0.786 0.889 | 0.7024 | 0.022 515 613 431 19.5 513 0.4 
460 3.990 4.020 3.970 0.988 0.9631 0,119 0,132 0.098 0.743 0.824 | 0.5585 | 0.029 925 1647 920 0.5 1199 =| 22.8 
461 3.990 4.030 3.950 0.980 = 0.9416 0,122 0.134 | 0.006 0.716 0.787 | 0.4872 | 0.031 975 1722 839 16.2 1264 22.9 
462 3.990 4.010 3.970 =0.990 0.9704 0.122, 0,147 0.100 | 0.680 | 0.819 | 0.5507 | 0.0381 | 1030 1802 992 3.9 1264 18.5 
463 4.001 4.010 3.980 0.992 | O.9777 | 0.120 | 0.140 0.085 0.607 0.709 | 0.3554 | 0.029 | 1030 1728 614 67.9 , 1214 14.2 
464 5.902 4.040 3.950 0.978 0.9847 0.114 | 6.124 | 0.008 0.790 0.859 0.6353 | 0.029 860 1385 879 2.2 1089 21 
Averages a) ay 4 i 0.9583 | 0.5875 | 30.1 2.2 3 82 14.6 
26 8.604 8.610 8.580 0.996 0.9896, 0.219 | 06.230 | 0.210 | 0.913 | 0.959 | 0.8817 | 0.025 870 1074 947 8.1 820 6.1 
33 8.664 8.670 8.625 0.994 0.9845! 0.226 | 0,227 | 0.204 | 0.899 0.902 0.7355 | 0.026 840 1149 845 ‘ 0.6 875 4 
35 8.665 8.670 | 8.660 0.999 0.9989 | 0.212 | 0,240 0.211 0.879 0.995 | 0.9859 | 0.024 880 960 947 “ 7.1 735 19.7 
41 8.653 8.665 | 8.500 0.991 | 0.9742 0.208 } 0.220 | 0.203 0.923 0.976 | 0.7913 | 0.024 970 886 826 17.4 a 697 39.2 
+ | 8.688 8.715 | 8.605 0.987 0.9626 0.274 | 0.280 0.266 0.950 0.971 | 0.9149 0.031 1430 1970 1805 a 20.8 1347 6.2 
62 8.664 8.695 8.635 0.993 0.9794 0.258 0.261 0,248 0.950 0.961 | 0.8882 | 0.029/| 1320 1687 1498 oe 11.9 1195 10.4 
57 8.645 8.665 | 8,635 0.998 | 0.9896 0.263 0.268 0.259 0.966 0.985 | 0.9550 | 0.080 1590 1824 1742 re 8.9 1251 27.1 
92 | 8.674 8.675 | 8675 | 1 1 0.273 0.282 0.271 0.957 | 0.989 | 0.9674 | 0.082} 2030 2055 1988 2,1 oe 1342 51.3 
ot 8.638 8.645 | 8.615 0.997 0.9897 0.279 0.298 0.280 0.939 0.999 | 1 | 0,032 2200 2217 2194 0,2 - 1413 55.7 
449 10,055 10.180 | 9.950 0.977 | 0,9337 0.157 0.182 0.150 | 0.824 | 0.955 | 0.8721 | 0.015 210 226 197 6.6 . 219 . 4.1 
citenaeieanldemennite siasnitiae Ot ats aemnainnin . aes etree" a a. EL, Sa — a ee - 
Averages - a ‘a 0.9802 | | 0.8992 “ | 6.6 9.6 ee 26.9 4 
TABLE II.—COLLAPSING STRENGTH OF THICK TUBES. 
Ovrsipe Diamerer in) | ~ oll =e . - 
v Baotnny are ek | THICKNESS IN INCHES = PHYSICAL PROPERTIES. COLLAPSING PRESSURE IN PouNDs Pea SquaRE INcu. 
5 z|f |2 = eee 
AT PLACE OF < AT PLACE OF =| 8s ? S48. le 4a Pads le st u| ERnor, 25% .| Error, PrR ~ «3 _,| Error, rex 
- = COLLAPSE. = | 3 COLLAPSE. ~l< / 82). =u . =254 2 su. '3ge52 PER CENT. 3eces) CEXT. g 4 Cent. 
a |i¢ # | ¢ ——| y~ ESP IES 22 Sega] eco; 6 & Bedsi|-——_ Bg gat TH 
2 Max. Min. = o . 2 Ces’ dans? + ESS: .~ BeSee i} . '8sSe8s| . 
m | «< |=D|=a/| @ z | Mx. | Min 6S [6 " Geaidigees) 2522 2 sésas) t Sask) + | sfaas) + | - 
465 | 4.010 4.020 | 3.980 | 0.9900 0.173 | 0.208 | 0.140 0.8091 0.035 29,100 2563 20 1937 5.8 coe | ais 12.9 
466 | 4.014 4.050 | 8.990 0.9852 , 0.178 | 0.277 | 0.158 0.8876 0.039 39,100 2845 19.6 2890 “ 23 O} fn 9.4 
467 4.012 4.050 3.960 — 0.9778 | 0.173 | 0.200 0.170 . 9826 0.042 37,300 3031 21.7 2936 17.4 3.1 “ 
468 4.018 4.050 4.010 | 0.9901 | 0.184 | 0.192 | 0.165 0.8967 0.041 41,300 2981 ie 14.7 3198 20.5 rf: 1.7 
490 | 2.997 3.010 2.980 | 0.9900 0.147 0,151 0.138 0.9388 . 39,800 3336 0.4 ue 3449 2. 16.9 me 
491 | 2.987 3.010 2.970 0.9867 | 0.139 0.139 0.125 0.8993 0.042 | 30,400 3026 oa 14.9 2389 7.8 ie 2.7 
495 2.990 3.010 2.970 | 0.9867 0.190 0.218 0.166 0.8737 0.055 | 46,800 3962 6 ‘ 4816 Me 12.8 1.9 
496 2.996 3.020 2.980 0.9867 | 0,191 0.216 0.176 0.9215 0.059 | 37,7 38,3 4173 0.6 4152 1. 1.5 = 
497 2.997 3.020 2.960 | 0.9801 | 06.190 0.215 0.161 0.8474 | 0.054 | 37,330 | 39,400 3813 9.5 3903 6.9 1.6 a 
498 3 3.020 2.960 0.9801 | 0,182 0.192 0.165 | 0.9066 0.055 36,255 38,900 3903 sa 5.2 3943 6.1 on 4.4 
an 2.904 8 { 2.980 | 0.9933 0.189 0.227 0.170 «60.8995 | 0.057 38,415 41,800 4091 2.6 4441 } 2.8 ia 
475 4.020 4.030 4.010 | 0.9950 0.324 | 0.380 0.296 =©0.9136 0.073 38,640 39,900 5216 5.7 5405 2.2 ; 1.3 
476 4.012 4.040 | 3.980 | 0.9851 | 0.382 0.393 0.306 0.9217 | 0.076 34,875 | 38,600 | 5317 5.7 5331 5.5 2.8 
478 4.011 4.020 , 3.990 | 0.9925 | 0.326 | 0.369 0.300 | 0.9202 | 0.075 58,740 37,860 | 39,100 5280 5 5363 4.4 1 
479 4.010 4.020 3.900 | 0.9925 | 0.328 | 0.370 0.300 (0.9146 0.075 56,455 35,255 37,600 5280 2.7 5157 5.2 4.9 
_ ae - - — a - . ——————EE - e * ea, eae S ea Sn SES SS, - SS a a i 
Averages... = ; 0.9874 0.9022 | 57,792 37,720 | 38,500 4.35) 16.0 e 4.9 12.6 28 4.63; 4.57 
: | | | } { 








on ideal assumptions, which are not realised in 
practice. For this reason a purely theoretical 
formula is likely to give results in excess of those 
determined by experiment. A comparison of theory 
with experiment, however, will determine, how far 
actual conditions fall short of those assumed, and, 
therefore, what percentage of the theoretical strength 
is likely to be realised in practice. The result is a 
formula which fits experimental data as closely as 


any empirical formula can be made to fit, and at 


the same time has the immense advantage over the 
latter of being unlimited in its application. 

Effect of Ellipticity and Variation in Thickness. 
—Formula 3 shows that for thin tubes the critical 
pressure just preceding collapse is directly propor- 
tional to ¢°, and inversely proportional to D*. 
Consequently a slight flattening of a tube, or varia- 
tion in its thickness, will materially lessen its 
resistance to collapse. This is also confirmed by 
experiment. 

n the tubes tested by Stewart there was con- 


ellipticity may be made as follows :—The rational 
formula assumes that the cross-section of any 
‘given tube is perfectly circular. If this is not the 
‘ease, there should be assumed for purposes of 
calculation a circular tube which coincides with 
the given tube at its flattest portion. In other 
words, instead of substituting the actual radius of 
the tube in the formula, there should be sub- 
stituted its radius of curvature at the flattest 
portion. Considering the tube to be elliptical in 
section, this will be the radius of curvature of the 
ellipse at the extremity of its minor axis, which 


2 

° a ° ° 

is R = tu where a and b are the semi-axes. Since 
U 


@ = —and } = ¢° this becomes 2 R = —< and sub- 


ro| 0 


stituting this corrected value of the diameter in 
formula 3, it becomes 


_ 2E (dts 
dig 1- a (in) 








siderable ellipticity or variation from roundness. 


This correction is, of course, only approximate, 


tremity of the major axis; that is to say, at the 
point of sharpest curvature. The thickness at this 
point would be, in fact, the proper value of ¢ to 
insert in the formula ; and this value, if known, 
would undoubtedly produce a closer agreement 
between theory and experiment than shown in the 
table. This is substantiated by noticing that the 
measured collapsing pressure in every case but one 
lies between the values calculated for least and 
average thicknesses respectively. 

The last ten experiments show conclusively that 
the more closely a tube fulfils the assumptions of 
perfect roundness and unformity of thickness upon 
which the rational formule are based, the more 
closely do the theoretical and measured results 
agree. This agreement is especially apparent in 
experiments 92 and 94. 

oreover, Stewart’s empirical formulze show the 
largest percentage of error for the most perfect 
tubes, the error in No. 92 being 51.3 per cent., and 
in No, 94 being 55.7 per cent. This is due to the 
fact that an empirical formula makes no allowance 
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for individual variations from the average. In 
other words, it represents a line drawn through 
the thickest portion of the plotted results, and 


thus merely represents an arbitrary average. In/ the critical pressures computed from these as well where y = P, D 


the long run, when the number of measured results 
is very great, Stewart’s formula conforms closely 
co their average, but for a single experiment it may 
be over 50 per cent. in error. It is important to 
note this fact, as it is directly related to the choice 
of a factor of safety. 

The Correction Factor.—In Table I. the results 
computed from the rational formula were cor- 
rected for ellipticity and variation in thickness. 
Since in individual cases it is not always con- 
venient or possible to determine these correc- 
tions, it is desirable to introduce in formula 
(3) a constant correction factor which shall allow 
for the average ellipticity and variation in thic*x- 
ness. For this purpose, two columns, headed C, 
and C, respectively, are introduced in Table L., 


3 
where C, =( 5) is the correction for ellipticity, | 


ae ‘ ee 
and C, =( =. ) is the correction for variation in 
aver. 


thickness. In this way the average values of C, 
and C, for the entire set of twenty-five experi- 
ments are found to be C, = 96.7 per cent., and 
C, = 71.2 per cent. The correction factor is 
then the product of C, and C,, which is 69 per 


cent. Consequently formula (3) becomes 
_q 2E/t\ 9 
"9 a (BD) : (9) 
where 
C = 0.69 for Stewart’s lap-welded steel flues ; 
t = average thickness in inches ; 
D = maximum diameter in inches. 


The maximum diameter D is easily determined 
by passing calipers over the tube in a number of 
plices, and the average thickness ¢ may be readily 
ca'culated from the weight of a measured length. 

Since the elastic constants m and E are retained 
in this formula, it is of general application. More- 
over, since the correction factor C occurs explicitly, 
the formula can be easily modified to fit any given 
quality of tubes, or C can be determined indepen- 
dently for each tube, as done in Table I. The for- 
mula is thus much more flexible than an empirical 
formula deduced from average results. 

The empirical formule obtained by Carman are, 
for thin cold-drawn seamless steel tubes, 


t \3 
P == 50,200,000 ) 
(p 
and for thin seamless brass tubes 


iy 


Comparing these with formulz (5) and (7), it is 


P= 25,150,000 ( 


' pressive strength. The individual values of the ulti- 
| mate compressive strength obtained on the assump- 
| tion that u. = 3 u are also given in the table, and 


| as from their average value. 

As in the case of thin tubes, the formula may be 
corrected for ellipticity by replacing the radius of 
the tube by the radius of curvature at its flattest 
portion. The corrected formula is then 


dt dt\2 
P= 2ue/' . (is) } 


D2 


which for purposes of logarithmic computation is | 


more conveniently written 


r-ane §(1-65) 
2% 5 (1 Aan 


is the correction for ellipticity, and 


where C, 
t is the least thickness. In terms of the average 
thickness this becomes 
t t 

4 = 2 te Cc 1-C_ . 10 
| +O 5 (1-05) 1 
| where C = C, C, is the constant correction factor, 
t average in 


| C, being defined as above, and C, = 7 
min. 


‘formula denoting the average thickness which may 





Uriticar 


1 69 
2 P-2u, 69 f (1-89 $) 


| seats the corrected rational formula for thin 


the correction for variation in thickness, ¢ in this 


P-1000 (1-1-1600 Fs) 
4 


evident that they correspond to a correction factor | 
of 0.76 for the steel tubes and 0.78 for the brass | 
tubes. 





Since Carman’s experiments were per-| = 
formed on seamless drawn tubes, while Stewart 

used lap-welded tubes, it might have been antici-| be computed from the weight of a measured length, 
pated that the latter would develop a smaller per-| and D the maximum diameter which can be easily 
centage of the theoretical strength for perfect tubes | calipered. 
than the former, or, in other words, that the correc- | mee Table II. the results obtained by this 
tion constant would be smaller for Stewart’s results| formula are seen to compare favourably with 


(530.8) Values of YD 


than for Carman’s. 
Comparison of Results for Thick Tubes. — In 
attempting to apply the rational formula for thick 


| Stewart’s empirical results, and also with the actual 
| —— although there would un- 


| collapsing 
|doubtedly be a much closer agreement with the 


The first of these may be written 
w=k- kU nee, 
+" a, k = 1000, and mm? = 1660, 





When rationalised this becomes 
(y-kF _ 
= kk 


| m? x? + 
| which is the equation of an ellipse, with centre at 
| the point (0, k) and semi-axes 1 and k., 

| m 


The second formula is the equation of a straight 
line tangent to this ellipse at the point whose 


| abscissa is = 0.023. Tho of these 


| curves is shown graphically in Fig. 2, the curve 
/numbered 3 representing the ellipse, and 4 its 
| tangent, 

| The rational formule corrected so as to apply to 
commercial lap-welded steel tubes are represented 
|in Fig. 2 by curves 1 and 2. Thus curve 1 repre- 


Pr 


relation 


welded steel flues. 
2E 


> == 2 t y 
P = 0.69 = =e ‘ 
and curve 2 the corrected rational formula for 
thick lap-welded steel flues 
Pp =2r-0.894(1- 0299 ! ) 


p(1- 0% 5 
where E = 30,000,000 lb. per square inch, m 
0.295, and u, = 38,500 lb. per square inch. 

To sum up what precedes, the rational analyses 
of Love and Lame have furnished complete and 
reliable information as to the collapse of long per- 
fect tubes subjected to external pressure. Supple- 
menting these results, the experiments of Stewart 
and Carman have accurately determined the nature 
and amount of the imperfections of certain types 
of commercial tubes. These experimental data 
have made it possible to correct the rational 
formule to conform to actual conditions, as ex- 
plained above. The result is a pair of supple- 
mentary formule, (9) and (10) above, which cover 
| the entire range of materials, diameters, and thick- 
| nesses for long tubes of circular section. All that 
| now remains to be done is the experimental deter- 
| mination of the correction constant for other types 
| of commercial tubes than those already tested. 











TEMPERLEY TRANSPORTERS. 

Since the Temperley transporter was first intro- 
duced nearly seventeen years ago to provide for the 
loading and unloading of ships a mechanism ana- 
logous to, but with a greater range than, that 
afforded by ordinary derricks or jib-cranes, there 
have been great developments, and now there are 
in use over a thousand installations, embracing 
adaptations to suit almost every condition under 
which such appliances can be utilised. The origin 
of the system was the invention, in 1892, of a 
traveller which could automatically raise, traverse, 
and lower a load while supported and running along 
the flange of a lanie 2 beam suspended in an 
inclined or horizontal plane to a ship’s derrick or 
mast. From this successful system there has been 
evolved elaborate structures, in which the beam is 
carried on travelling transporters with long canti- 
lever-arms, so that the traveller has a wide range 





tubes, the difficulty is at once met of choosing a} latter if the ultimate compressive strength had | for raising coal, &c., from ships, trains, or bins, in 
proper value for the ultimate compressive strength. | been determined and given in each case instead of | specially devised grabs or skips, and delivering it to 


The value of 40,000 lb. per square inch, assumed in 
obtaining fermula (6), is merely the average of a 
wide range of values, and consequently there is no 
assurance that it will fit the experiments in ques- 


tion, since the ultimate compressive strength is not 


included in the physical properties given by Stewart 
or Carman. 


assumed. 

From the table the average value of the ellipticity 
is found to be C, = 0.9874, and the average varia- 
| tion in thickness C, = 0.9022. Consequently the 
correction factor C for Stewart’s experiments is 
C=O, C, = 0.89. 

As in the case of the formula for thin tubes, the 


However, the ultimate compressive strength is | correction constant C can be easily modified to suit 
some fraction of the ultimate tensile strength. | varying conditions. The result is a formula of 
This fraction is sometimes assumed to be 4, but | unlimited application, and at the same time suscep- 
in the present case a study of Stewart’s data in-| tible of close adjustment to particular conditions. 
dicates that 3 is a more probable value. In apply-| Graphical Comparison of ults.—The empirical 
ing the formula, therefore, $ of the ultimate tensile | formule obtained by Stewart for h-weliel steel 
strength given by Stewart will be assumed as a| tubes are : 
working value of the ultimate compressive strength. 

In Table II. the results obtained from Lasae's | 
rational formula for thick tubes is compared with | 
the results obtained experimentally by Stewart for | 
fifteen different specimens. The average ultimate 


For thin tubes ( 5 < 0.023 ) 


= 1000 (1 - _ 1900 & \. 
sini ( Ji 1600 5 ) 3 





tensile strength for the tubes given in this table For thick tubes ( t S 0,023 ) 
is um = 57,792 Ib. per square inch, two-thirds of D 

which gives u. = 38,500 Ib. per square inch for Pp = 26,670 £ — 1386, 
the assumed value of the average ultimate com- b 


bins, hoppers, &c. Thus the handling of the load 
is entirely mechanical, and is controlled by one 
operator on the transporter. In other cases the 
beam for the traveller is of fixed bridge construc- 
tion. In some instances, with a structure of limited 
span, the transporter and its supporting piers are 
| pivoted to the land pier, so that with the outer end 
|movable on rails the ‘‘bridge” may turn on 
the pivoted axis through a considerable radius 
to suit the position of the hold of a vessel 
or bin or boiler-hopper. Alternatively, a canti- 
|lever-arm on the end of a fixed bridge construc- 
tion may be pivoted with the same end in view. 
| Representations of some of these types are shown 
| on Plate VI., herewith, and others will be illustrated 
|in a subsequent article. These were all manufac- 
|tured by the Temperley Transporter Company, 
which is nowamalgamated with Applebys, Limited, 
of London, Glasgow, and Leicester, and em- 
bracing also the Glasgow Electric Crane and 
Hoist Company, Limited. Before entering into a 
general consideration of these designs and the con- 
ditions which they had to meet, we may refer to 
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the travellers, on which the economy of loading and 
unloading largely depends. 


The travellers first invented were driven by wire 
ropes worked by steam-winches and had a single | 


purchase for hoisting and lowering, with a sliding- 
cam gear for automatically locking the traveller- 
carriage to the transporter-beam while the load was 
being lifted or lowered, or, alternately, for locking 
the load to the travelling carriage while the latter 
was travelling along the beam. Of this original 
traveller we give two views, annexed, Fig. 1 
showing the traveller locked to the beam by the 
cams, and Fig. 2 the traveller free to move along 
the beam. In this design, still extensively in use, 
the interlocking action is effected by a sliding pin 
working in slots in the cams, which are actuated 
by the raising or lowering of the load. Above the 
hook there is fitted a ball that engages with a sus- 

nder-hook, which subsequently carries the load. 

he ball, pressing on a sloping arm on the hook, 


draws it from the position shown in Fig. 1 to that | 


shown in Fig. 2. By the side movement of the 
hook a pin at its upper end engages with a gab in 
the ‘‘ single” cam, which, turning, moves the sliding 
pin to the left alongsthe dotted slot in the frame 
(Fig. 2). This pin in turn partially rotates the 
‘* double ”’ cam (so-called because it has two frames, 
between which the single cam slides) out of gear 
with the stop on the beam. When the traveller is 
locked to the beam, the projection on the double 
cam is in gear with the stop on the beam. It is 
then prevented from moving by the sliding pin 
passing through the slots in the cams and frames 
of the traveller ; the pin is then hard over to the 
right, within the straight part of the slot in the 
double cam, as in Fig. 1. The single cam for 
securing the suspender when carrying the load is 
unlocked, so that the rope is free for lifting or 
lowering. 

In Fig. 2 the suspender is held up by its pin 
being in gear with the gab in the single cam, which 
is prevented from moving by the sliding pin hard 
over to the left, and within the straight part of the 
slot. The double cam is thus locked, and in such 
a position that the projection is out of the stop, 
and the traveller free to work along the beam. 
The double cam is actuated by contact with the 
stop on the beam, and the single cam by the move- 
ment of the suspender. The slots on the cam are 
so designed that the movement of the free cam 
causes the release of the locked cam, and the release 
of the one effects the locking of the other. 

This mechanism, which was novel when intro- 
duced, has proved satisfactory, especially as all the 
ppm are effected by a single rope around the 
ship's ordinary winch, so that one man, without 
any experience, operates it. There was soon deve- 
loped from this system a transporter beam for 
attachment to the masts of vessels, and from this 
arose the generic title of ‘‘ transporter,” which is 
now applied to this particular type of hoisting 
machinery, in which a traveller runs on an over- 
head beam supported by a structure either of 
vivoted bracket, cantilever arm, or girder form. 

"he transporters first introduced were suspended 
from the ship’s derricks, at an inclination of 1 in 3, 
by guys, the lifting rope being led to the ship’s 
winch. These transporters.are made in lengths up 
to 65 ft., to carry loads up to 30 cwt., and usually at 
intervals of 5 ft. stops are formed, so that the 
length of traverse of the traveller can be varied to 
suit the position of the hold of the ship. In 1903 
the Admiralty, after a thorough investigation into 
the subject, fitted four of these transporters on 
board colliers for supplying fuel to the ships of the 
Navy, and the success of the system is indicated by 
fact that 400 have since been supplied for the 

avy. 

Slight modifications have, however, been made to 
the traveller to meet conditions consequent upon 
the great increase in the length and weight of the 
beam and the higher speed of working. When the 
transporters were worked by the ship’s own winch at 
moderate speed, and the beams were only from 30 
to 40 feet in length, the traveller we have described 
worked quite satisfactorily, but with increased 
length it was found that swaying was set up 
when picking up loads that were not directly 
underneath the beam. It was therefore decided to 
introduce a traveller with more flexibility within 
itself, so that it would accommodate itself to the 
swinging of the load and involve less stress on the 
beam. Figs. 3 and 4 illustrate the arrangement 
devised to meet this condition, Fig. 3 showing the 
traveller locked to the beam and the load free, and 





| Fig. 4 showing the load locked and the traveller | its upper end, so that it can swing longitudinally, 
| free. 


The whole body of the traveller is hinged to | and accommodate itself to a load swinging in this 
the horns carrying the wheels, so that it can sway | direction. The effect of these articulations is to 
sideways independently of the beam; this enables | allow universal swinging motion without the beam 
































Fies. 3 anp 4. TRAVELLER ON THE SINGLE-Rope ToGcGLe-Cam System. 


the traveller to take the line leading in the direc- | being affected or without straining any part of the 
tion of the load, even if it is not under the beam, | traveller. 

but a considerable distance from that point. This| The interlocking gear in this traveller has also 
articulation also enables the body to swing laterally | been modified in order to dispense with the sliding 
with the load suspended from it. The suspension | parts adopted in the earlier traveller, illustrated in 
hooks are now mounted on a bell attached to| Figs. 1 and 2. In place of these there has been 
the body of the traveller. This bell is pivoted at | introduced a system of toggle-levers, as illustrated 
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in Figs. 3and4. The suspension-hooks are pivoted | beam. The motion of this mechanism in locking |to form an inverted VY, as shown in Fig. 4. — 
to the link A, which is suspended from the links B | the load when it has been lifted, and at the same pulls the lower end of D to the left, ey lg 
and C. The former, B, is pivoted at one end to/|time freeing the traveller, will be readily followed | | wPper end to move to the right, palling wit 


the frame of the traveller, and at the other end to| by a comparison of Fig. 3 with Fig. 4. The ball | lin 























Fic. 5. Frxep TRANSPORTER AT Deprrorp Station OF THE LonDON ELectric SuPPLY 
Corporation, LiMIreD. 
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Fics. 11 to 13. TRavettinc Tower TRANSPORTER aT THE Poutitow Works, St. PeTerssunc. 


a link C, which latter is again pivoted to a link D ;| attached to the lifting-rope enters the mouth of the 
this rotates on a central pin passing through the | bell, and its a end comes in contact with the 
traveller frame. The top end of D is connected to | lower end of link A, forcing it upwards and closing 
a cam by the link E. e cam, as in the earlier |the suspension hooks until their bottom jaws en- 
travellers, is pivoted to the side frames, and has a|gage under the collar of the ball. The -upward 
projection adapted to engage with the stop on the|movement of the link A pushes up links B and C, 


E, which tilts the cam until its 2 Revert 
clears the stop. The position of the traveller is 
then as illustrated in Fig. 4; it is free to move 
along the beam in either direction. If the travel- 
ler is moved up the beam, i.e.—on a rising gradient 
—it is brought to rest when it has just passed the 
stop on the oo near which it is desired to lower 
the load. The traveller is moved a short distance 
in the opposite direction when the le shown on 


| the ae engages with the small notch beside 
h 


| 





| the stop e toggle, acting like a trigger, tilts 
the cam until its projection enters the stop, the 
| effect being to move all the links in the opposite 
direction to that already described, so that the 
suspension hooks are opened out from the collar of 
the ball, freeing the load for lowering. In the event 
of the direction of travel along the beam being 
on a down gradient, the traveller is allowed to pass 
the stop, and is drawn back again in order that the 


| toggle may in the same way be cocked to tilt the 


cam. In cases where the beam is horizontal or not 
at a sufficient incline to allow the traveller to run 
freely, a tail-rope is attached to the traveller and 
led to a counterbalance frame, so as to maintain a 
constant tension on the tail-rope, and to give the 
same effect as gravity on an incline. 

The link-and-cam mechanism illustrated in Figs. 
3 and 4, it will be recognised, has the important 
advantage over the sliding-cam-action gear shown 
in Figs. 1 and 2 that stresses due to the load are not 
taken upon sliding surfaces. The parts therefore 
work more smoothly, and there is less wear. All 
the interlocking advantages of the sliding-cam 
mechanism have been retained, so that the traveller 
cannot be unlocked while the load is being lifted or 
lowered, nor can the traveller be unlocked when 
the traveller is free to move along the beam. 

Up to the end of 1897 the ordinary hand-dumpin 
skips were used for raising and transporting coa al 
or other material in bulk. This necessitated the 
constant attendance of a man to lift the latch of the 
skips, in order that they might be tipped for empty- 
ing. About this time, however, there was invented, 
in the interest of economy, an automatic dumping 
fall-block and skip, and the machineman is now 
able to teem the load at will at any point, and there 
is no need for a workman at the point of discharge. 
This automatic fall-block has a hook for lifting the 
skips. The hook is slotted practically along its 
whole length, and between the two parts there is 
a narrow hook, known as the ‘wiper hook.” 
The bridle of the skip is similarly slotted, and in 
this slot there is a rod, which is pivoted on its 
lower end to the latch that normally keeps the 
bucket in the upright position. The rod at its 
upper end is pivoted to a lever which lies across 
the notch in the bridle. This notch is made too 
narrow to admit the main lifting-hook ; but when 
the wiper-hook is raised, the lever is lifted, and, 
acting through the rod, raises the latch, allowing the 
skip to tip and teem its contents. To accomplish 
this result the wiper-hook is lifted by a wire rope 
connecting the wiper-hook with actuating mechanism 
contained within the fall-block. This mechanism 
is operated by engagement with notches formed 
on the rim of the fall-block sheave, when the 
sheave is rotating during the process of hoisting 
and lowering. t is somewhat similar to that 
mounted on the cam in the traveller as already de- 
seribed. When the traveller has been brought over 
the point where the skip is to be emptied, and when 
the skip has been lowered to the desired height, the 
skip is brought toa state of rest and slightly raised 
again, in order that the notch formed in the rim 
of the sheave may engage with a toggle for raising 
the wiper-hook and the latch to allow the skip 
to tip. 

Having described the general features of the 
traveller of the single-wire type, we may deal with 
one or two comprehensive installations, and . first 
reference may be made to that at the Deptford 
station of the London Electric Supply Corpora- 
tion, illustrated by the engraving, Fig. 5, annexed, 
and by the sectional drawings, Figs. 6 to 10, 
on’ Plate VI. This was one of the earlier instal- 
lations, and was fitted before electric driving 
had been perfected, so that the traveller- vane 
operated by a direct-acting steam-engine p 
at the ground-level in the base of the tower 
near to the boiler house. The travel is con- 
trolled from an operating-platform on the same 
tower, 30 ft. above the om Les level. The scheme 
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was to provide a means of transport from the quay to 
the boiler-house, a distance of about 300 ft. Origi- 
nally the coal was raised from the barges by 
means of grabs, operated by locomotive steam- 
cranes, and these cranes carried their load to 
the intermediate bin cr to the boiler-house. When 
the Temperley transporter system was adopted, 
is was decided to retain the locomotive jib- 
cranes for unloading the barges, and to provide 
a large hopper on the quay, from which the 
transporter could take the coal and deliver it either 
to the bins or to the boiler hoppers. Skips are 
used, as already described, and the coal is fed into 
them through chutes in the hopper. The skips are 
weighed on a machine close to the hopper and under- 
neath the end of the transporter, part of which is 
suspended as a cantilever. The transporters con- 
vey the coal at a speed of about 1200 ft. per minute. 
At the shore-end of the transporter a tramway line 
has been laid at right angles to the line of transport, 
to communicate with the hoppers in both the boiler- 
houses, as shown in the section arid 
and 7. As to the structural steel-work, it may be 
preferable to take one of the later transporters as 
typical of the company’s practice, and we shall, 
therefore, defer for the moment detailed reference ; 
but here we may give a report by the superintending 
engineer of the station (Mr. Feetham) regarding the 
working cost :— 


Tons of coal handled per hour 30 
D'stance of transport .. ee a a .. 9800 ft. 
Cost per ton of coal ex-barge into bunker, includ- 

ing cost of grabbing, weighing, and trimming. . 3d. 
Estimated cost per ton of transporting only 4d. 


The figure 3d. per ton is the cost of handling the coal from | 


barge into bunker, and does not include depreciation or wear and 
tear. The sum represents the piece-work price paid to seven men 
and a boy for trimming to grab, grabbing, weighing, transporting, 
delivering into and trimming in bunker, working day or night, 
week-days or Sundays. 

We have no separate figures available for the cost of repairs and 
upkeep, but these have hitherto n very small, and consist 
mainly of rope renewals, the life of a hauling-rope being about 
25,000 tons of coal, and that of an overhauling rope from 40,000 to 
50,000 tons of coal; but the life of the former could probably be 
considerably increased by a more suitable drum. 

We anticipate, also, that the working speed of the plant could 
be considerably increased by an electric drive, and we are contem- 
plating this to replace the present steam-engine. 

There can be no doubt that, in addition to 
increased speed, electric driving would also reduce 
cost. 

Another application of the single-rope system, 
with double-purchase traveller and automatic dump- 
ing fall-block and skip, is illustrated on page 39 
(Figs. 11 to 13). It was erected at the Poutilow 
Works at St. Petersburg, for unloading coal from 
barges and depositing it into railway trucks; it 
commands three lines, as shown in Fig. 11. The 
stops on the beam are situated immediately over the 
centre of each railway line, so that the bucket can 
only be lowered exactly over the truck. The trans- 
porter is oes for handling skips of 50 cubic 
feet capacity, holding about 25 cwt. of coal, and is 
capable of making 50 to 60 trips per hour, provided 
it is not kept waiting for full skips. 

The engraving, Fig. 14, on page 50, illustrates a 
single-purchase traveller fitted at Port Talbot for 
the carrying of ingots of copper at the smelting 
works of the Rio Tinto Company. In this case the 
beam for the traveller is 352 ft. in length, and is 
partly supported on steel frames, forming towers 
about 30 ft. high. A portion of the beam over- 
hanging the water is arranged to hinge, and can be 
raised clear of the steamship traffic by means of a 
hand-crab. This is the system adopted in every 
case, notably on the Portland Harbour travelling 
transporter, to which we shall presently refer. The 
second installation, shown in the distance in the 
view, Fig. 14, is actuated by an electric trolley- 
hoist with 18 brake horse-power, the hoisting and 
travelling gearing being worked by levers in the 
driver's cage, which moves with the load-carrying 
traveller ; but of this system we shall have more to 
say in our next article. The Port Talbot traveller 
is capable of dealing with a load of 42 tons, the 
lifting speed being 90 ft. per minute, and the 
travelling speed 650 ft. per minute. 

In this installation there are two important differ- 


ences in the traveller: those already described are | 
on the single-purchase system ; that in use at Port | 


Talbot hasa double purchase. The advantage gained 
is a higher lifting and lowering speed—about 500 ft. 
per minute ; and a correspondingly high transport- 
ing speed is obtained—1500 ft. per minute. The 
ball shown in Figs. 3 and 4 is in this instance re- 
plaved 7 fall-block, round which the rope passes, 
o1e end being secured to the body of the traveller. 
The block enters the bell, and acts upon the levers 


eS Figs. 6 | 


in the same way as the ball in the single-purchase 
system. 

One of the most recent and successful travelling 
tower transporters is that supplied to the order of 
the Admiralty for the pier at Portland, visited so 
often by the British squadrons, and where extensive 
coaling operations are carried on. This apparatus 
was ordered as a result of the efficiency of similar 
appliances on two 1000-ton coaling craft, followed 
by the floating coal dépét at Portsmouth, built in 
|1906. This latter is of 12,000 tons capacity, and 
| between the coal-holds there is a central longitu- 
|dinal compartment, where the fuel is filled into 
| bags or skips, while grabs may take the coal direct 
|from the holds. The bags, skips, or grabs are 
raised by the travellers on tower transporters 
traversing the deck fore and aft, and with canti- 
lever arms to enable the travellers to deposit the 
‘coal on to the decks of the warship. The Portland 
| plant is, of course, larger, but similar in design to 
these transporters. 

As the Portland transporter is fitted with a grab— 
although single-purchase fall-block, a skip or other 
|means may be quickly substituted at will—this 
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seems a convenient point at which to describe the 
Temperley grab. Drawings of it are reproduced in 
Figs. 15 to 17, annexed. Its two special features are 
the method of suspending the ak, and the system 
of side links, which give it an increasing cutting 
a as the jaws are closing, so that it cuts through 
arge lumps of the hardest coal. The grab is sus- 
aay by two steel ropes—lifting and closing ropes. 

he former passes over two sheaves widely apart 
(Fig. 15), whereby the tendency of the grab to spin or 
twist is counteracted, the grab entering squarely into 
the hole it is digging in the coal or other material. 
The closing rope passes over a number of sheaves 
on the grab-head and cross-head (Fig. 16), so that 
the purchase may be changed to suit the class of 
coal or material to be dealt with. The side levers 
are set at a special angle to each other, as shown in 
Fig. 15, in order that the two parts of the bucket 
may be in a perfectly true position relative to each 
other when open or during the process of closing. 
As the grab closes, the cutting edges approach 
nearer to the links on which the levers pivot, and 
these, acting analogously to a fulcrum, steadily in- 
crease the contracting and cutting power towards 
the end of the closing action. The cubical capacity 
of the buckets of the grab used at Portland is about 
55 cubic feet, and they have been proved capable of 
digging about 1 ton of Welsh coal under usual and 
normal conditions. The weight of the grab can be 
|adjusted from about 34 cwt. to 36 cwt. or more, 
according to the nature of the coal to be opera- 
ted on. 

The transporter at Portland, which is typical of 
many installations, consists, as shown in the per- 
spective on page 50 (Fig. 18), and in the drawings, 

igs. 19 to 22, on Plate VI., of towers built up 
of plates and angles, thoroughly braced, mounted 














on wheels 3 ft. in diameter, travelling on two rails 
laid to a gauge of 29-ft. centres. The two canti- 
lever arms form a continuous overhead track 132 ft. 
long for the traveller. The inboard arm is fixed, 
and has an outreach of 35 ft. from the centre of the 
tower. The outboard arm is adapted to hinge up, 
and has an outreach of 47 ft. from the centre of the 
tower. The inboard portion of the transporter can 
be operated while the outboard arm is hinged up. 
The transporter-track is arranged to form. the 
bottom or compression member of a cantilever. 
The cantilever has two upper or tension members 
disposed so that the cross-section of the cantilever 
has a triangular form, the main members being 
at the angles, and each of the three sides is filled 
in with a complete system of bracing. Heavy and 
cumbersome booms, bracings, and cross-bearers are 
dispensed with, and all stresses pass direct into the 
main members of the structure. The transporter- 
track in the outboard arm is constructed in the 
same manner as in the inboard arm, but, being 
adapted to hinge up, is supported by steel-wire- 
rope slings, instead of a braced cantilever construc- 
tion. The slings are all double, the ropes being 
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TeMPERLEY GRAB FOR Two-Rope System. 


carried from their attachments on the track to two 
ay on the tower, not vertically over the track, 

ut one at each side of the top of the tower. This 
method also gives a construction of triangular cross- 
section, and the slings serve both to support the track 
and guy it laterally, dispensing with the necessity 
for heavy side-bracing. The raising of the hinged 
outboard arm is by means of a steel-wire rope 
operating through a double purchase-block. The 
rope is coiled on a drum arranged to be driven by 
the motor, which also moves the tower on the rails. 

The electric and operating machinery is con- 
tained in a house on one side of the tower, and the 
operator’s platform is formed as a projecting embay- 
ment from the upper portion of the machinery 
house in such a position that he has a full view of 
all operations. 

The traveller is constructed of steel bars and 
angles, and strongly braced, so as to be as light and 
strong as possible. It is mounted on four cast- 
steel flanged wheels secured to mild-steel axles 
running in gun-metal bearings. A long shuttle for 
operating the rope-carriers is mounted on the upper 
edge of the traveller, and from its ends are hung 
additional supporting rollers for the grab-ropes and 
chains. Substantial buffers of india-rubber are 
fitted to each end of the traveller. In the body of 
the traveller two sheaves are mounted, over which 
the grab-hoisting ropes and chain pass. 

The traveller is actuated by an independent 
electric winch mounted in the machinery-house on 
the tower. The ropes are coiled on the drum, and 
one is led round each end of the transporter arms 
and then attached to the traveller. The winch is 
fitted with powerful brakes automatically operated, 
and arranged to be immediately applied in case of 
failure of the current. Each of the hoisting-ropes 
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bears a stress of only one-third of the suspended | trimming coal from ships and trucks, and all labour | states ‘‘ that when any system of heavy bodies is in 


load, and the stresses on the rope-sheaves, trans- | and material in repairing, including ropes. Noallow-|a situation of 
porter-arms, and the structure generally are corre- | ance is made for depreciation. 


spondingly small. The wear and tear on the work- 
ing parts is thus reduced to a minimum. The 
operations of hoisting or lowering, and transporting 
in either direction, can be carried on separately 
or simultaneously in any direction without one in 
any way affecting the other. Special gearing also 
enables one of the hoisting-ropes to be held to 
suspend the grab at any height, while the other 
rope is operated to open and close it. 

There are three motors, series-wound. The 
hoisting-winch motor is of 60 brake horse-power at 
700 revolutions per minute ; the transporting-winch 
motor, 50 brake horse-power at 700 revolutions per 


| 


minute ; and the motor for travelling the tower or | 


raising the hinged outboard arm, 15 brake horse- 


power at 900 revolutions per minute. The motors | 


are of the semi-enclosed type, and each is fitted 
with a controller of the tramway type. 

A double-armoured portable cable, 50 ft. in length, 
is fitted, and a double-pole plug-box is supplied for 
connecting to the mains on the jetty. The ends of 
the portable leads are arranged so that they cannot 
be accidentally drawn out of the plug-box when in 
use. The connections are made by means of screw- 
clamps. The transporter is guaranteed ‘‘to dis- 
charge by means of a grab, in a period of four hours, 
without trimmer, and starting from breaking bulk of 
the hold, at least 200 tons of Welsh coal of ordinary 
Admiralty quality from the hold of a collier and 
distributed over that portion of the tank under the 
last 10 ft. at the extreme end of the inboard arm of 
the transporter—i.e., from 75 ft. to 25 ft. from the 
centre of the tower.” 

The other installation illustrated on Plate VI. 
(Figs. 23 and 24) is of the travelling bridge type, 
and was constructed for the Poole Works of the 
Bournemouth Gas and Water Company, to discharge 
coal from vessels and railway trucks by means of 
grabs, and to deliver it on to storage ground or 


uilibrium, its centre of gravity is 
| necessarily duiol at the lowest or highest ible 
point in comparison with all the positions it might 
take under any other situation of the system.” It 
had been supposed that the velocity of water issuing 
| from a hole in the bottom or side of a vessel was 
proportional to the depth of the orifice below the 
surface of the water. Torricelli, by his observa- 
| tions, was led to conclude that the water ought to 
move with the same velocity as if it had fallen 
through the same height by the force of gravity, 
and was thus enabled to establish that important 
law of the discharge of fluids which forms the basis 
of hydraulics. These and other results Torricelli 
embodied in a treatise on Motion, which he wrote 
while at Rome. Of this work Castelli thought so 
highly that he carried it to Galileo, who in turn was 
so impressed with the originality and value of it 
| that he invited Torricelli to Florence. Thither 
Torricelli went in October, 1641, and thus became 
an inmate of that villa which, lying a little to the 
south of Florence, is to-day pointed out to travel- 
lers as the last home of the great natural philoso- 
pher, arid the place where he had received the 
immortal Milton. 

Torricelli’s friendship with Galileo was cut short 
three months after his arrival by the death of the 
latter in January, 1642, but among the fruits of 
their intercourse must be placed his researches on 
the cycloid and the nen discovery of the baro- 
meter. It is interesting to recall that among the 


(To be continued.) 








EVANGELISTA TORRICELLI. 

Tue beginning of the seventeenth century saw 
the foundation of experimental science. With the 
revival of learning had-arisen a desire to under- 
stand more of the workings of Nature, and men 
began to see that only by prolonged and patient 
inquiry could her secrets be unlocked. Till this spirit 
awoke, the forecasts of astrology were more highly 
esteemed than the truths of astronomy, and the 
search for the elixir of life than the study of the 
human frame. But the belief in necromancy and the 
transmutation of metals was to give way before 
that scepticism which is the forerunner of intellec- 
tual progress. For ages a false reverence for an- 
tiquity and a blind deference to authority had 
stunted the progress of humanity, and at last these 
fetters were to be cast aside and men were to 
advance boldly along the untrodden paths of ex- 
periment and induction. It was not to be expected 
that the new ideas would meet with universal ap- 
plause. Whatever is established in practice or 
opinion always has a numerous following, and the 
universities and churches saw with dismay their | 
teaching either set aside or openly attacked. But 
neither the activity of the prejudiced or the inertia | 
of the indifferent could stay the coming revolution. | 
The boundaries of human knowledge were no longer | foreigners present in Florence at this time was the 
to remain circumscribed by clerics and schoolmen, | illustrious Boyle, who then, at the age of fifteen, 
but were to spread wider and wider on every hand | was travelling through Italy with a tutor. After 
to an ever-receding horizon, so that, two hundred | his master’s death Torricelli was about to return to 
years after, the dying Laplace should say, ‘ Ce | Rome, but on the invitation of the Grand Duke of 
que nous savons est peu de choses; ce que nous | Tuscany, Ferdinand II., he remained at Florence as 
ignorouse est immense.” his mathematician. Thus securely established in 

The followers of science at the time we are | this position, Torricelli applied himself with re- 
speaking were but few. Here and there were bad newed ardour to mathematics and physics, fre- 


astronomy, and natural philosophy, but as often as 
not these subjects were inextricably confused with 
peilcsophy, medicine, and alchemy. In all the 
Western nations, however, with the exception of 
Spain, the spirit of inquiry was abroad. In Great 
Britain, Gilbert, by ~ work on the magnet, had 


gravity bucket conveyors. The clear span between 
the supporting frames is 180 feet, with a cantilever 
extension of 92 feet extending over the public road 
and quay to the ship. The cantilever arm overhang- 
ing the water is made to hinge up so as not to 
obstruct the waterway. The transporter is mounted 
on wheels running on rail-tracks under each sup- 
porting frame and extending the whole length of the 
storage ground, which it completely spans. 


already shown how indictive reasoning could lead 
to noble and lofty viewS> Napier was engage | on 
the fruitful study of logarithms, while Bacon had 
turned his powerful intellect to majestically review 
the whole condition of human knowledge. Kepler, 
in Germany, by the most profound and laborious 


TRANSPORTER AT PooLE Gas Works. 
Half-Year to June 30, 1908. Tons of Coal Handled, 32,661. 


esa a | investigations, was slowly estating from the heavens 

Labour: operating and repairing... 14118 8 = 1.042 those laws of planetary motion which will hand his 
Labour: trimming .. 9: :, iv 4 9 0.863 |name down to the most remote posterity. In 
Material (including ropes, 1621. 19s. 7d. F h ° ' F Rol 1 
—1,198d. per ton) .. ‘. . 2114 9 1.555 rance, we see the rise of ermat, verval, 
Electricity, 28,867 units at 0.07d. .. 116.18 4 0.857 Gassendi, and the great and illustrious Descartes. 





The most important scientific man of his time, 
however, was Galileo, who, while making those 
brilliant discoveries, ‘‘the most splendid probably 
which it ever fell to the lot of one individual to 


587 11 7 4.317 
Appended are particulars of the expenditure in unloading two 
recent cargoes of coal :— 


(a) Coal Unloaded, 1255 Tons. Time Occupied, 40 Hours, 


including Stoppages. make,” gathered around him a group of disciples | 
£5 d. whose labours, joined with those of their master, 
Cc st of trimming a : : ° 
( i 40 h sat 6d.) .. ) . 
Weighs (40 hours ot Sid.) 10 10 teenth century—the most famous in the annals 
Electricity used (922 units). . 314 6 the contemporaries 


of science in Italy. ie 
and pupils of Galileo were Cavalieri (1598-1647), 
the celebrated author of the ‘‘ Method of Indivi- 
sibles ;” Father Castelli (1577-1644), a great teacher 
and a writer on hydraulics; Riccioli (1598-1671), an 


9 9 4=1.81d. per ton. 


The two cranemen, who work shifts in unloading a iy are 
paid 64d. and 54d. per hour respectively, or an oma of 6d. per 
hour. Eight trimmers at 54d., and one ganger at 6d., were em- 
ployed, and worked a total of 181 hours, which, with the 40 hours 
of the craneman and the 40 hours of the weigher, gives a grand 
total of 261 employé-hours on the cargo, or 4.81 tons per employé 
per hour. 


(b) Coal Unloaded, 1250 Tons. Time Occupied, 41 Hours. 





Trimmin 2 ¢ “4 logist whose theories of flight held sway for a period | 
Operating (41 hours) . . 106 of two hundred years; and, lastly, the William 
bse ae Nas on A) Ae | Torricelli whose career, begun just over three cen- 
“lectricity 35 units : | 





turies ago, we propose briefly to recall. 
919 0 = 1.91d. per ton. Evangelista Torricelli was born on October 15, 
The total number of employé-hours on this cargo was 263, giving | 1608. There is some doubt about the place of his 
an average of 4.75 tons of coal dealt with per hour per man. | birth, but in all probability it was Faenza, a town 
Although the transporter is specially adapted for in Italy thirty miles distant from Bologna, At 
working with a grab, turn-over skips can be used Faenza he was brought up and educated by his 
alternatively, the machinery, electrically driven, uncle, a monk. While principally engaged with 
corresponding generally to that at Portland. | the classical languages, he studied mathematics, 
Mr. W. H. Woodall, the engineer and general | without a master, with such success that at the 
manager of the Bournemouth Gas and Water Com- age of eighteen he was sent to study under 
pany, has given the details, which we reproduce | Beneditti Castelli at Rome. There he developed 
above, regarding the cost of working the transporter | his skill in geometry, learnt the true principles of 


render this period—the beginning of the seven- | 


eminent astronomer; Viviani (1622-1703), the bio- | 
grapher of Galileo ; Prince Cesi (1585-1636), the | 
founder of the Accademia del Luicei; Alphonse | 
Borelli (1608-1679), a mathematician and physio- | 


| 
| 


| 


| and subsequently repeating and modifyin 


be found men devoted to the study of mathematics, | quently lecturing before the Accademia della Crusca 
on such subjects as the wind, the theory of pro- 
jectiles, and military architecture. 

Though his work in connection with mathematical 
physics deserves recognition, the fame of Torricelli 
depends chiefly on his invention of the barometer 
and the discovery of the pressure of the atmos- 
phere. With the exception of the thermometer, no 
philosophical instrument is to-day in more common 
use than the barometer. Its utility and importance 
to the sailor, the farmer, the engineer, and the 
miner cannot be overestimated. e speculations 
of the ancients regarding our atmosphere were at 
best but striking visions. The air was one of the 
elements, and even in the time of Galileo it was 
believed the atmosphere reached to the moon. The 
possibility of an absolutely vacant space was denied, 
and Nature’s horror of a void became with the 
schoolmen a favourite axiom. It had been known 
for centuries that air could be highly compressed, 
and wind and air-guns had been used to hurl mis- 
siles. The first attempt to weigh the air, the honour 
of which belongs to Galileo, consisted in pumping 
| air into a copper ball and then suspending the bal 
ina balance. The weight being thus recorded, the 
quantity of surplus air was found by letting it pass 
| into an inverted glass receiver full of water. It 
| was doubtless owing to his attention being diverted 
| to astronomy that Galileo did not pursue the sub- 
ject further. The well-known incident of the 
failure of the pump to suck water from a deep well 
occurred when he had retired to his villa at Arcetri 
and his life was drawing to a close. All the in- 
genuity of the Grand Duke’s artisans failed to make 
the water rise more than about 30 ft. in the suction- 
pipe. When asked for his advice, Galileo replied 
that it would be well to find out why the water 
rose at all, and to the suggestion that Nature 
abhorred a vacuum, he answered that it was appa- 
_rently only a vacuum of less than about 30 ft. that 

Nature was so averse to. Torricelli is supposed to 
have been present on this memorable occasion, and 
thus, being drawn to consider the question, he con- 
ceived the happy idea of making a vacuum in a tube 
by means of* liquid heavier than water. He tried 
mercury, therefore, and was thus led to the fine 
discovery of the Torricellian tube. His experi- 
ments he first showed to his friend Viviani in 1643, 
them, 
he at last concluded that the effects he observed 





for a half-year. These figures include all labour in | the mechanics of moving bodies as set forth in the | were due solely to the pressure of the air. His 
| next improvement was the construction of the 


operating, maintaining, and repairing the transporter | Dialogues of Galileo, and made advances himself 
in unloading coal from ships or trucks, dumping it in | in that branch of science. To him we are indebted 


siphon barometer, with which he soon detected the 


the yard, and supplying coal into the retort-house, | for the enunciation of the law of equilibrium, which | variation in the atmospheric pressure. The results 
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of these experiments were published by Torricelli 
in 1645, but their fame had already spread abroad. 
Torricelli’s brilliant career, however, came to an 
end before he had seen the fruits of his labours. 
Soon after he had entered his fortieth year he was 
seized with a violent fever, and after a few days’ 
illness he died on October 25, 1647. Thus Italy 
lost one of her most talented sons, and the world a 
great benefactor. 

The subsequent development of the barometer 
belongs to the history of physical science, but con- 
nected intimately with the early study of the air 
are the names of the celebrated Pascal, Otto 
Guericke—the magistrate of Magdeburg—and our 
own famous Boyle. To Pascal we are indebted for 
the expedition up the lofty Puy-de-Déme, when for 
the first time the barometric height was found to 
vary with the altitude to which the instrument was 
carried, Guericke’s experiments, and his fine 


spectacular display before the, assembled princes | 


at Ratisbon, when two teams of horses endeavoured 
to pull asunder the halves of a sphere exhausted of 
air, are among the most original and impressive 
demonstrations ever witnessed ; while his invention 
of the air-pump, and its improvement by Boyle and 
Hooke, ace in the hands of future scientific 
investigators a powerful machine of great delicacy 
and efficiency. The discovery, independently, by 
Mariotte and Boyle of the law of the elasticity of 
air may be said to mark an epoch in the history 
of. pneumatics. The invention of the aneroid 
belongs to a much later period. In the early meet- 
ings of the Royal Society the Italian experiment, 
as it was called, was often performed. To dis- 














tinguish the vacuum at the top of a barometer 
from that obtained by means of an air-pump, the 
former was known as a ‘‘ Torricellian vacuum,” and 
the latter was called a ‘‘ Boylean vacuum.” 

Those who visit Florence are sure to be attracted 
to the Museo di Storio Naturale. Here, in the 
Tribune and an adjacent room, will be found 
various specimens of early scientific instruments, 
and among thent are the telescope with which 
Galileo discovered the satellites of Jupiter, and 
the first barometer. constructed by Torricelli. His 
manuscripts are preserved in the Medici Library. 
Of a candid and generous temper, Torricelli was at 
all times ready to do justice to the claims of other 
scientific inquirers, As a mathematician, an ex- 
perimentalist, and a discoverer, he was, without 
doubt, one of the foremost men Italy has produced; 
and there can be no question that had his life been 
prolonged, the world would have had still greater 
reason to recall his name with reverence and 
admiration. 








HIGH-SPEED PLANING-MACHINE. 
CoNcoRDANTLY with the general increase in the 
cutting speed of machine-tools of recent years, 
attempts have been made to procure greater output 
from planing-machines. Designers engaged on the 
improvement of such machines have always grudged 
the time wasted in the idle return of the table, and 


| since the reversing tool-holder has failed to meet with 


much favour among users, efforts have been directed 
to increasing the speed of return as much as possible. 





The difficulties in the way of a g this arise mainly 
from the enormous stresses involved in the quick stop- 








page and rapid re-starting of the heavy table, loaded 
perhaps with several tons. It has been the custom to 
stop and reverse the table by throwing over the belts ; 
but even with the old slow-speed machines the shrieks 
of the belting bore witness to the badness of the 
method. With really high speeds the machines cannot 
be reversed in this way. Messrs. Joshua Buckton and 
Co., Limited, Well House Foundry, Leeds, in their high- 
speed planers make use of powerful springs to absorb the 
energy of the table, bring it to rest, and re-start it in 
the opposite direction. One of their 4-ft. regenerative 
spring-balanced machines is illustrated above. It 
makes its return stroke at the high speed of 180 ft. per 
minute. The illustration shows it planing a pair of 
knee-brackets for the tangent-bar taper-turning attach- 
ment of a gun-lathe. These brackets are each about 
4 ft. long. The T-slots in them are cast with a gate- 
way at either end, and the sides have to be machined 
parallel and then undercut to form a smooth seating 
for T-headed bolts. The gateways were respectively 
24.in. and 1} in. wide, and the slots 2 ft. 9 in. in 
length. The planing-tool was made out of 1}4-in. 
square steel, and this tool had to land into the 25-in. 
gateway at the end of the quick-return stroke, and 
take its feed for the cutting stroke within these narrow 
limits. This performance is of special interest in view 
of the prevailing belief that accuracy of reversal is not 
possible with high-speed planers. 








Conversion CHART.—The second Abbott versimetric 
chart to be published is arranged for linear measures. 
the vertical scale being in half centimetres, and the hori- 
zontal in feet and inches. The latter extends as far as the 
6 ff. 3in. mark. This chart is arranged for hanging on 
the wall. It is published by Mr. A. Couchman, the 
Medical Agency, Watergate eum, Adelphi, W.C. 














ENGINEERING. 


43 





_Jan. 8, 1909. | 





FIREWOOD-SPLITTING MACHINE. 
BY 


CONSTRUCTED 


| 








Fwg.1. 


—----4--+-- 


Fie. 3. 


We illustfate above a very useful labour - saving 
nachine, manufactured by Messrs. Hill and Herbert, 
Limited, of Leicester. As the name implies, it is for 
utting up firewood, into the form so well known 
to all he buy. this; jnecessary material, done up 
in neat bundles and sold almost everywhere. The 
iuachine is designed to split-any old, hard, nailly, or 


MESSRS. HILL AND HERBERT, 





ENGINEERS, LEICESTER. 


| done. 








Fig. 2. H 
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knotty timber with very little waste. If knotty timber 
can. be used, it is the best, because the knots are 
resinous and burn readily. Before being sent out, how- 
ever, each machine is tested with hard oak to make 
sure that it is equal to the work of treating all kinds 
of timber likely to.be-used. 





Special precautions have been taken to guard 


against the machine being di through gree | 
and should any bolts or very large naits“by chan 

be in the wood ‘operated upon, the machiné will’at once 
disconnect itself automatically before any damage is 
The machine thas Gouble splitting-knives, but 
in addition to these a single knife is also fitted, with’ 
which any large round blocks can be split, so that the 
pieces will pass through the trough. Different lengths 
of stick can be cut, varying from 4 in. to 8 in., and prac- 
tically of any thickness, by means of a special feed-gear 
with rising and falling knife-plate. This is one of the 
advantages claimed Yor the machine over thése of 
other makes, for, in the usual type, different sets of 
change-gear wheels for‘éach size of stick have to be 


| used, which adds to the expense. In the machine we are’ 


describing, however, adjustment can be made instantly 
to suit any size of stick. Owing to the form of trough also 
the wood cannot tilt or jam. All'the chief moving parts 
are balanced and the bearings are made specially wide. 

The machine -is shown in front elevation in Fig. 1, 
and in side élevation in Fig. 2. The construction is as 
follows :—There is a crank A which is centrally placed 
at the lower part of the frame-work B of the machine, 
as shown in the figures, and on the top of the’ frame,” 
and bolted to it, is a vertical frame C, which has in it 
two slide-channels, in which the cross-head works. In 
thé cross-head there is a gudgeon’ pin, on which the’ 
connecting-rod G is pivoted. On each side of* the 
cross-head ‘knife-holders are’ placed which carry the 
splitting-knives H, which are arranged at right angles 
to each other, as shown. The opposite knife-box 
carries a single knife, which has underneath it a table, 
and this knife is employed for splitting blocks too 
wide to enter the trough I. The knives H, being at 
right angles to each other, naturally cut the wood, as 
it passes under them, into square sticks, for the wood 
is sliced in planes at right angles to one another. 

The blocks to be chopped are placed in the trough I 
and are fed forward underneath the knives H bya 
special piece of mechanism. Two rollers K and L, 
which have saw-shaped teeth, project slightly through 
the trough, as shown, and arranged immediately over 
the trough is a knife-plate M carrying a slide N.. The 
top roller K and the spindle O are carried on this plate, 
and the other side of the roller projects through the 
plate so as to grip the timber. On the outer ends of 
spindles O and P are two grooved friction-wheels, and 
working from the centres of these wheels are the 
levers Q and R, which carry friction pawls 8S and T. 

The operation of the machine is as follows :—By the 
action of the crank the knives are made to reciprocate 
vertically, and the feed-rollers only rotate forward 
when the knives are above the knife-plate by means of 
an adjusting disc U on the end of the crank-shaft, 
which dise can be set at any angle desired. There is 
a reverse pawl which prevents the bottom feed-roller 
from moving backwards, thus holding the timber 
stationary when chopping. When the timber is being 
fed forward by the rollers K and L, the latter roller 
moves forward rather faster than the upper one, 
which prevents the timber from tilting. A perspective 
view of the machine is shown in Fig. 3, which is a 
reproduction from a photograph. 





THE AMERICAN Navy.— Vessels in course of construction 
for the United States Navy have reached the following 
stages of advancement :—Ironclads—-South Carolina, 70 per 
cent. ; Michigan, 794 per cent.; Delaware, 55 per cent. ; and 
North Dakota, 55 per cent. Torpedo-boat destroyers— 
Smith, 60 per cent. ; Lamson, 584 per cent.; Preston, £ {per 
cent. ; Flusser, 41 per cent. ; an Reid, 384 per cent. Sub- 
marines—Stinguay, 64} per cent.; Tarpon, 68 per cent.; 
Bonita, 60} per cént.; Snapper, 58} per cent. ; Narwhal, 54} 
per cent. ; Grayling, 534 per cent. ; and Salmon, 52 per cent. 


PrrsonaL.—Messrs. D. M. Stevenson and Co,, 12, 
Waterloo-street, Glasgow, inform us that they-have taken 
into partnership Mr. R. H. Mungall, who has been for 
some time connected with their offices in Glasgow, New- 
castle, and Hull.—The business of the late My. E. Arland, 
St. Clement’s House, 27, Clement’s-lane, E.C., will be 
carried on in future’ under the style of Arland, Limited, 
at the same address, with the Hon. J. G. Jenkins, lately 
Agent-General for South Australia, and Mr. J. Sadler as’ 
managing directors, and Mr. F. Wintle as secretary.— 
Mr. H. Kaye informs us that he has severed his connec- 
tion with Messrs. H. K-enigs and Co., 38, Lime-street, 
E.C., to become manager of Messrs. H. B. Barnard and 
Sons, 59, Gracechurch-street, E.C.—The United States 
Metallic Packing Company, Limited, state that they 
have opened new offices in Glasgow at 52, St. Enoch- 
squaré.—Messrs. E. P. Allam and Co., 11, Red Lion- 
street, Clerkenwell-road, E.C., have removed to 28, Gray’s 
Inn-road; Holborn; W.C., and have also opened stores 
and electric-motor repair department’ at 9, Church- 
passage, Chancery-lane, W.C.—Mr. G. H. Haswell, after 
a forty years’ connection with Messrs. Tangyes, Limited, 
Cornwall Works, Birmingham, has resigned his position 
as managing director, and Mr. William Tangye has been 
elected to-the vacant. post.—Mr. A. C. Kelly on severed 
his connection .with the British Westinghouse Electric 
and Manufacturing Company, Limited, to join the staff 
of the Buenos Aires and Pacific Railway Company.— 
Messrs. Campbell and Handman, of 9, New Broad-street, 
E.C., have, we understand, dissolved partnership. Mr. 
C. H. Campbell will cotitinue his business as a dredging” 
contractor at this address, } J 
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CHRISTIE'S “ ACME” EXPANSION JOINT. 

WE illustrate on this page a very neat and simple 
form of expansion joint for steam:or hot water. It 
been in use’ for about two years, and has, we under- 
stand, been adopted by the 'Admiralty. It is made by 
Messrs. Goodby’s, Limited, 24, Great Tower-street, 
London, E.C., and appears to offer advantages over 
the ordinary form of éxpansion joint with stuffing- 
boxes and glands. The joints have, up to the present 
time, been made suitable for pressures up to: 130 Ib: 

er square inch, but they can be supplied to withstand 
~ pressures.if specially ordered. 

articular attention may be called to the manner in 
which the ‘joint. is: made, tightness being effected by 
means of cup-packings: formed of a special material 
which has ‘been put ‘through very severe’ tests, and 
which is guaranteed to remain uninjured by steam of 
any temperature up to 500 deg. Fahr. As a proof of 
the durability of the material, we are informed that 
some of these cups have been in use for about, two 
years without showing any signs of deterioration, 

The Christie joint is made double, as will be.seen by 
our illustrations ; for, although the original joints 
were made single, it has been found that the double 
form is more satisfactory. The arrangement is shown 
so clearly that its action is perfectly evident. | Fig. 1 
shows the point in longitudinal section, while Fig. 2 
is an end elevation showing one of the flanges at the 
end of the casing, .The moyable pieces ‘which ‘slide 
within the casing have each a collar formed on the out- 
side, against which the cup-packing A is, screwed by 
the nut B. The flanges at each end of the ‘casing 
form a guide to steady the sliding. part of each joint. 
By unserewing the nuts which hold the flange in place 
the casing may readily be moved away from the joint 
should an inspection © necessary. Our illustration 
represents a 24‘in. diameter joint. 





THE LATE MR. ARCHIBALD STURROCK. 
THERE ogg away on New Year’s Day, in the 
person of Mr. Archibald Sturrock, a locomotive engi- 
neer whose name, during his reign in Doncaster as 
locomotive superintendent of the Great Northern 
Railway, was probably better known in the railway 
world than any other. Mr. Sturrock, was born in 
1816, and came of a Forfarshire family, At the age 
of sixteen he entered the shops of the Kast Foundry 
at Dundee as an apprentice, and at the age - of 
twenty-four succeeded in: obtaining the appointment 
of assistant, locomotive superintendent on the Great 
Western Railway. In 1843, when it’ -was decided 
to start the great works'at Swindon, Mr. Sturrock 
was sent down to take charge of them, continuing in 
that position until 1850, when, at the recommendation 
of. Mr. Brunel, he was appointed locomotive engineer 
to the Great Northern Railway Company. Although 
so prominently connected with the inauguration of 
this line, which was opened in 1851, few locomotive 
superintendents — were personally so little 
known'as he. No ‘engineering ‘society or other scien- 
tific association, we believe, could count him as a 
member ; in this aloofness he fairly vied with James 
Nasmyth. His voice was never heard at their onan, 
nor did he ever contribute his views or experience in the 

form of @ paper, or of a letter, or even of a messa 
through a friend commissioned to speak on his behalf. 
No more practised a hand has there been at ‘‘ drawing 
a badger” than the late Daniel Kinnear Clark ; 
than whom, too, the students of railway locomotion 
during its earlier days will not find a more faithful 
uide among all who have written on this subject. 
vet in his ‘‘ Railway Machinery,” appearing in 1855, 
which was so largely enhanced in value by the copious 
information he elieited from so. many of the most; cele- 
brated locomotive engineers, he was able to give little 
more than the general features and leading dimen- 
sions of the six+wheel-coupled s engines built 
for Mr. Sturrock by Messrs. E. B. Wilson and Co., 
Railway Foundry, Leeds. That engine had” both 
outside and inside framing; but the inside frame- 
plates extended only between the cylinders and the 
tire-box front. 
the back of the fire-box, the whole draw -bar pull 
had to pass through the fire -box and boiler and 
inside framing ; while the buffing came on the out- 
side framing, which was united only by three pairs 
of brackets to the smoke-box, the inside franie, and 
the fire-box. Moreover, all the axles had bearings in 
the outer frame, and the middle driving-axle in the 
inner also ; for the driving-axle it was upon its bearings 
in the outer frame that Mr. Beukrock. relied almost 
entirely... Such a construction involved severe racking 
of the outside frame excessive straining of the 
ecrank-axle, both of which results were unfavourable 
to length of service in ordi working. The essen- 


tial weakness of such a plan of framing was fully ex- |, 


rienced also in somewhat similar engines on the 
Vorth British’ Railway, built by Mesérs. R. and W. 
‘Hawthorn, Newcastle-on-Tyne. It seems the more 


atrange that so defective an t should have 
been adopted on either Salhwig, Ueedane already the 


As the draw-plate was attached to |’ 
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importance of continuing the inside frame, like the 
outer, throughout the entire length of the engine had 
been elearly recognised in other designs, in which also 

rogress had reached the climax of tiesing the fire- 
oo. from all rigid attachment to the frame, and from 
all participation in the draw-bar pull. 

Doncaster did not escape the mid-feather epidemic 
which raged half-a-century ago with such virulence as 
to infect locomotive-building in general, barring the 
rare exceptions where a cial bond and a sound judg- 
ment foresaw the difficulties and dangers attending that 
fearful invention. With the coke then universally 
burnt in locomotives, and the powerful draught then 
necessary, the tubes were apt to get choked by pieces, 
which were drawn into them from the fire, whenever 
the'blast was too strong, but were too large to pass 
freely through them. To, remedy the inconvenience, 
Mr. Sturrock is credited with having tapered internally 
the thickness of the ferrules fixing the tubes in the fire- 
box tube-plate, making their aperture smallest towards 
the fire, and expanding their bore inwards ; so that 
any bits of coke which could contrive to enter through 
‘the inlet orifice were then easily carried along by t 
draught throughout the length of the tube, and dis- 
charged into the smoke-box. +: + 

The form of axle-journals at one time attracted the 
attention of many minds, and underwent a great 
variety of modifications before settling down to the 
degree of uniformity that has now obtained preval- 
ence. Among those modifications, the ‘‘double-cone” 
journal , received * its latest. development from, Mr. 
Reeds, who interposed a short cylindrical. length 
of smallest diameter between two long reversed cones. 
But the:econes were mechanically wrong in principle for 
‘horizontal bearings, and the. design was ultimately 
abandoned. a ; ; 

As early as 1859, in a paper presented to the Frené 
Society of Civil Engineers in* Paris, their ‘then Presi- 
dent, M. Eugéne hat, had proposed to utilise, on 
railways over the Alps, the adhesion, not only of all the 
wheels of both erigine and tender, but also of those of 
‘all the vehicles. in“a train; by attaching thereto addi- 
‘tional cylinders and mechanism. The plan was actually 
‘carried out by Mr. Sturrock to the practical extent. of 
adding cylinders and mechanism to a number of his 
tenders, there being at one time, towards ‘the end of 
‘his connection with’ the Great Northern Railway, 
about fifty of these steam tenders—as they were called 
—in use on that line. When sally loaded the engine 
and steam-tender together weighed between 60 and 70 
,tons, but the steam-raising powers of the boiler proved 
insufficient to supply steam: to the cylinders of the 
tender as well as those of the engine, and the system 
was never a success, ») + © °* = ; 

On relinquishing his position at Doncaster in Decem- 
ber, 1866, Mr. Sturrock seems never again to have 
‘emerged from the retirement into which'hé then with- 
drew, In default, therefore, of any more authentic 
‘record of his career, the foregoing gleanings are com- 
piled from fortuitous sources, If they serve no other 
jend, they — yet recall the magnitude of the manifold 

ractical difficulties which. had to be encountered in 
‘former days, and*which.were ‘more or less suceessfull 
‘surmounted by one and another of the eminent engi- 
‘neers whose names are inseparably associated with ‘the 
development of the locomotive in this country. ° * * 

Although thus severing himself comparatively early 
from participation in the work of his profession; Mr. 
Sturrock’s retirement was not accompanied by a céssa- 
tion of activity on his part. He was extremely fond of 
outdoor recreations, hunted until he was seventy-three 
years of age, and did not give up shooting and fishin 
till he was past eighty-three. ~ He retained his menta 

wers to within a few days of his death. Though 
fittle known among the younger engineers of to-day, 
——— will, 

e news of his 


‘not a few of the older members of the 
we feel sure, feel a sense of loss at t 
‘death. 








NOTES FROM THE UNITED STATES. 
PHILADELPHIA, December 31, 1908. 
Tue blowing in of a number of blast-furnaces in 
Western Pennsylvania has afforded much encourage- 
ment,‘as evidence of the approach of a normal demand 





for jpig iron, Further 


Y | 404;4502.; as compared with 418;0501,’ in 1905-6. 


EXPANSION-JOINT. 
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take place during January. A general overhauling of 
steel works os bens been idle, or partially operating, 
for some time is now in progress. The outlook for bridge 
material has tanivorel he American Bridge Com- 
pany, a branch of the United States Steel Corporation, 
delivered this year 375,000 tons of material, and enter 
the new year with 200,000 tons of orders on their books. 
The independent companies produced 800,000 tons of 
bridge and car material during the year, and all have a 
fair amount of work on hand. The railroad companies 
are arranging to supplant wooden cars with steel as fast 
as old cars wear out ‘and traffic requirements grow. 
Recent car-building otders amount to 40,000 tons of 
material. 

The rail-makers now believe that there will be a rush 
of orders. Estimates of 1909 requirements have been 
completed, by nearly all. systems. The figures run 
high, part] y way of compensation for what was not 
done or held over from last. year. Among recent rail 
orders is one for 10,000 tons:from the Pittsburg and 
Lake Erie Railroad, and 50,000 tons from the Baltimore 
and Ohio Railroad. The Carnegie Steel Company begins 
in afew days to'work on’ its 35,000-ton order for the 
Pennsylvania Railroad, and will deliver 5000 tons each 
month until the order is filled.- The locomotive 
builders are filling up; with additional work, and most 
of ‘the orders are urgent. The,.American Locomotive 
Company has booked. an order for twenty engines for 
the Chicago and Alton Railroad, seventeen for -the 
Bessemer and Lake Erie’ Railroad, and fifteen for the 
Union Railroad Company. Track material is also in 
demand, two recent orders for spikes being for 25,000 
—~< 15,000 kegs respectively. 

e Pressed Steel ‘Car Company at Pittsburg has 
installed'electrical equipment’ on a large scale for the 
building of steel passenger and freight and coal cars. 
That company has now an aggregate of orders for steel 
cars amounting in round i res to 10,000 cars, of 
which 2000 are for the Grand Trunk, 2350 for a Southern 
road, and 1500 for a Virginia road. The tin-plate 

lants are running nearly full time, and the American 
Stéel and ‘Wire Company operate to 80 per cent. of 
capacity. Pig iron in the open market is moving 
slowly, but the compariies~having their own furnaces 
are hastening preparations for practically maximum 
output. 








AMERICAN RatLway  DEVELOPMENT.—The length of 
new railway opened in the Unitéd States last year was 
3214 miles, showing a decrease of 1998 miles, or 38 per 
cént.,” as ee with 1907.~ The largest new con- 
struction on the part of any one company was 790 miles 
of track involved in the St. Paul’s Pacific Coast extension. 

e railway network ‘of Canada was increased last year 
by 1250 miles, and that of Mexico by 435 miles. 





Danish State Raitways.—The average length of line 
worked by the Danish State railways in 1906-7 was 
1186} miles, as compared with 11634 miles in 1905-6. The 
revenue acquired in 1906-7 was 1,964,450/., as compared 
with 1,874,200/. in 1905-6. ' The working expenses were 
1,560,000/. in 1906-7, ascompared ’ with 1,456,150/. in 
1905-6." The net revenue for 1906-7 was, accordingly, 

: It will bo 
observed that the ratio of' the working expenses to the 
‘traffic receipts increased in 1906-7 to 79.40 per cent., as 
compared with 77.70 per eent. in 1905-6. he average 
returns obtained -upon™ the capital expended declined, 
accordingly, in 1906-7:to 3? per cent., as compared with 


'4 per cent. in 1905-6. 





Review oF TraDE OF 1908.—Messrs. Bolling and Lowe, 
2, Lawrence Poar E.C., have issued their annual 
short ‘review of trade during 1908. This, it must be 
admitted, is rather depressing, but with the all-round 
falling off that has occurred during the year, little else 
could be expected. Iron-ore imports have, it is stated, 
dec by about 20 per cent. on the figures for 1907 ; 
the price of pig has decreased 30 per cent., prices for rails 
have fallen, and the whole — of the rail trade is 
stated to be inexplicable. Iron and steel prices have 
declined heavily ; galvanised is have also suffered 
from the general contraction of trade ; shipbuilding has 
experienced one of its most disastrous years, and so on. 
Germany, Belgium, and the United States have come off 
no better. As a forecast, Messrs. Bolling and Lowe fail 





t-furnace resumption will ' 


‘‘to trace any substantial grounds for anticipation of ‘an 
appreciable improvement in the near future.’ 
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“THE SAFETY OF THE BLACKWELLS 
ISLAND BRIDGE.” 


To tHe Eprror or ENGINEERING. 


S1r,—The purpose in writing this letter is to take 
exception to’some portions and to pe other portions 
of your editorial on ‘‘ The Safety of the Blackwells Island 
Bridge,” in*your issue of" November 27, 1908. 

As the leading a. éom By the United States 
had nothing to do with’ the Bue Bridge, your, state- 
ment that the construction his“ bridge “‘ was under- 
taken by the leading bridgé-building firm of- the States” 
tends to create a false impréssion, which ‘should be cor- 
rected, regarding the responsibility for this structure. 

No reasonable engineer will object to, but will welcome, 
any just criticism of thé Quebec and Blackwells’ Island 
Bridges, and the parties responsible for their design ; it 
is only by such criticism that thé full benefit can be 
derived from the bitter experience with these structures ; 
but this @xperience affords no warrant for exaggerating 
the standing among American engineers of those respon- 
sible for blunders, for attributing failure and deficiencies 
to American types and details of bridge construction, for 
asserting that most American bridge engineers definitely 
hold that *¢alculated’ stresses may safely approach to the 
so-called elastic limit, nor for representing the-said brid 
engineers, for the most part, as ignorant of certain of the 
important properties of steel. ‘ 

The Royal Commission attributed the failure of the 
Quebee ae to weak latticing of the bottom chords, 
and their findizig is generally accepted as correct.” The 
practice. of making bridge-compression members of two or 
more leaves connected either by a cover-plate on one side 
and lattice-bars on the other, or by lattice-bars on. both 
sides, is not dué to any sup economy or superiority 
in resisting thrust, ‘but to the' advantages these forms 


t 


afford for making ‘connections and for inspection and 
painting.* Such forms have been successfully used for 
compression members in thousands of cases.- The Quebec 


Bri ge failure did not fairly test! their ‘applicability to 
members ‘of enormous ‘cross-sectional ,area, as the com- 
pression chords. in. this-bridge were not. similar im their 
proportions or. arrangement to, or in any way warran 

yy, previous examples. Previous American. practice 
with regard to lattice bars varied considerably, but hardly 
furnished any justification for making them much smaller 
than indicated by a rule which the writer prescribed for 
colutins without intentional eccentricity or transverse 
loading, in writing the New Jersey Steel and Iron Com- 
pany’s' standard: specifications for railroad -bridges, and 
which he published in :the Lehigh Quarterly, June, 1891,; 
as follows :—‘‘ The lattice shall be so s that each’ 
channel between lattice connections shall. be stronger than 
the column considered: as a whole, and their size be 
obtained by treating the column as a lattice-girder loaded 
at the middle with a load equal to 3 per cent. of the total 
compression on the column.” The Royal Commission, in 
Appendix XVI. to their report on the Quebec Bridge, 
gives the net area of each lattice in the critical bottom 
chord sections as 1:15 ‘square inches and the area required 
by the writer’s rule as 3.78 square inches: - (For later 
opinions and further discussion of. the question of . lattice 
bars the reader is referred to the Proceedings of ithe Engi- 
neers’ Society of Western Pennsylvania, December, 1907.) 

The other prime points brought to ight by the investi- 
gations of the Quebec and Blocrweln sland Bridges are 
the use of high unit stresses and the fact that the loads 
used in calculating the dead-load stresses were much less 
than the actual weights. The use of high unit stresses, 
and mistakes in rd to weights, are matters quite apart 
from the types and details of bridge construction. - The 
mechanic who makes a mistake in the balancing-weight of 
weighing-scales does not thereby discredit the principle of 
the lever or the type of instrument he is constructing ; 
nor does the engineer who blunders in his ‘calculations 
with regard to the weight of a bridge discredit the laws 
of statics or type of bridge he is designing, even should 
the blunders be flagrant and inexcusable. 

The engineers responsible for the design and construc- 
tion of very large bridges should be men of sound judg- 
ment, pooltund madden, and pre-eminent ability ; a 
fact not sufficiently realised. in commercial.and political 
circles, in America., Under existing conditions, the engi- 
neering profession cannot ensure the selection of such men 
nor prevent the men selected from making blunders and 
taking’ undue risks.~" What.can be done, however, is. to 
discountenance strongly any practice which is fraught 
with danger or mee 4 tends to discredit the profession. 
Such a practice is.the.use of high unit’ stresses in propor- 
tioning bridgés, a practice which, of late years. has been 
extending and growing more pronounced. «~« + 7 

The seeming econdmy of using high unit.stresses in 
long-span_ bri is so’great, and ent is so in- 
fluential, that even the investigations of the 
Blackwells Island Bridges, unless actively suppl 
by strong expressions of opinion by leading 
may not be sufficient to ensure proper prudence. = * ° 

he willingness to design with high unit stresses, which, 
though not at all general-among American” engineers, 
does, to some extent, prevail, is hot due to an e ted 
confidence in theory. by inexperienced men, but been 
brought about rather by intimiate experience with iron 
and steel structures. question which has puzzled 
bridge engineers has not béen to explain failures, but to 
eccount for structures which: continued to stand in seem- 
ing defiance of theory. 4 ~ ex.% 
_ Experienced ‘engineers have timé and again known 
irresponsible builders successfully to use extreniely light | 
construction, and havé seen the general run of railway | 
bri stand the test of ever-increasing train-load and 
8 » with no failures from over-strain except in very 
agrant cases. It is little wonder that some of these 
engineers have been tempted to encroach on the margin 


ted 
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of safety. a. they are the exception, peveres, and do 
not voice the general opinion or practice in designing new 
structures, is indicated by the specifications edopted b 
the American Railway Enginee and Maintenance-of- 
Way Association at their annual convention in 1905. 
These specifications provide for an addition, for dynamic 
»effect, to the live-load stresses, statically determined, b 
a rillé which reduces to. 85.7 = cent. for a loaded lengt 
of 50 ft., 75 per cent. for a loaded length of 100 ft., 60 
per cent. for 200 ft., 37.5 per cent. for ft., and 20 per 
cent; for 1500 ft..; and they further provide that the com- 
bined axial tension on net section from dead and live 
loads, inclading dynamic effect, shall not exceed 16,000 Ib. 
per square inch. : 

Among the numerous studies made by the committee 
which prepared the American: Railway Engineering and 
Maintenance-of-Way Association’s specifications is one, 
on page 264 of the Fuowsdians of the Sixth Annual Con- 
vention, which’ illustrates the practice of various engi- 
neers. It shows the flange areas required by plate girders 
of various spans under various specifications. The data 
regarding a 100-ft. span in accordance with the specifiea- 
tions cited in the Proceedings, and the Association’s own 
specifications, are as follow ;— 











Dead- __Live- Dy- 
ieee ,| Load | Load | namic Allowed) sven Re 
Stress. | Stress, | Effect. | quired. 
| 

me Val bs arr hy Ne 

Penn, R.R: .. - «| 100,000 363,000 | 292,000 15,000 | 1 
B. and O. 8. W. | 109,000 363,000 32,000 | 10,000 | 50.4 

Prich 109,000 | 363,000 | 277,300 | 15,000 | 50 

Am. Ry. E. and M. oi | | ps 

Ww. / 109,000 | 363,000 | 271,000 | 16,000 | 46.4 
Schneider 109,000 | 363,000 | 271,000-|. 17,000 | 43.8 
Bonscaren | 109,000 363,000 | 163,000 15,000 | 42.4 
Cooper .. 109,000 | 863,000 | 363,000 | 20,000 | 41.7 
Milan .. 109,000. 363,000.| 123,000 -15,000 | 89.5 








The writer’s practice, as given in the above table, was 
ee by the committee from the New Jerséy Steel and 
ron Company’s spetifications of 1895." Since that date a 
consideration of curtent tests on the dynamic effect of 
trains, the increased speed of ‘trains, and other pertinent 
matters has led to some slight changes in the practice he 
now advocates (see Secsepdie of the Engineers’ Society 
of Western Pennsylvania, July and December, 1907), 
‘Engineering News, September 19, 1907, and Transactions 
of the American Society of Civil Engineers, vol. lxi., pages 
165 to 178. 

‘Asa rule, American engineérs attach great importance 
to the élastic limit, arid few of them vary the working stress 
intensities in accordance with any fatigue formula. 

The term ‘‘fatigue,” as applied to iron and steel, usually 
means a weakening resulting from repeated or long-con- 
tinued stress. ~ From: the ai to its’ ordinary use in 
connection with body. and: mind, the term: can be 
fully as well to signify the temporary loss of elasticity 
from over-strain. (=5 ys 

The tendency of iron and steel to recover from fatigue 
is an extremely useful property, whereby it ‘regains its 
elasticity after it has’ ate cold-straightened, punched, 
riveted, hammered, drawn, cold-rolled, and otherwise 
abused, whereby, although its élasticity is imperfect as it 
comes from the rolls, even under slight stress, it can 
acquire, through ‘stress,’ perfect, or nearly perfect, elas- 
ticity: up» to the original elastic limit, so-called; and 
whereby the various parts of a structure, or portions of a 
structural member, which are not harmoniously adjusted, 
will, under some circumstances, adjust themselves to the 
conditions through suitable deformation of overstrained 
metal, and subsequent récovery of its elasticity. 

It may be that there are some Americans claiming to be 
bridge engineers who fess not to believe in’ the plie- 
nomena “dhove refe to in‘ connection with the term 
“fatigue,” but the writer does not know of any. 

It 1s probable that there is some permanent molecular 
change in iron and steel each time it is strained, be the 
strain ever so slight, and it is. possible that centuries of 
repetition of even a very slight, stress. might cause appre- 
cia weakening, but no such etherial pee oe is 
ordinarily intended by “‘ fatigue ;” instead, the permanent 
be eae J referred to by the term is caused by stresses 
which either havea range of Stress or a maximum about 
ray to, or greatér in amount than, the so-called elastic 
imit. are oe Tt 4 
* One reason’ why many, probably most, of ‘the leading 
engineers of America believe that bridge and other struc- 
tural members shbuld not be proportioned by the so-called 
fatigue formule is that the fatigue of rolled iron and steel 
is accompanied by change in length or shape, and this 
chauge in length is so t under stress intensities, only 
a few thousand wale in excess of the original elastic 
limit, or, as it is better termed, yield-point, that it is not 
ordinarily possible to get repetition of direct stress in 

or other structural members much in excess 
of the said point. To illustrate this fact, the elongations 
beyond the yield-point poe test of’a fairly typical 
eye-bar are submitted in the following table :— 


Hlongations of a Typical Steel Eye-Bar, Measured in a 
Length of ‘2624 in. from Centre to Centre of Pins. 


main bri 








| 94 in. 
~ disaster, would destroy the usefulness of the eye- 


_ | ance to this limit. t 


A. stress of 4500]b. per square inch in excess of the 
yield-point, with a percentage of elongation equal to the 
percentage in the bar cited, if: it ocourred in the diagonal 
eye-bars of a bridge-panel 25 ft. long by 25 ft. high, would 
cause a distortion of the bridge, in one panel-length, of 
Such a distortion, even if it did. not result’in im- 


bars as bridge members, not to mention the injury it 
would cause in the adjacent mémbers of the structure. 
The fact, if it is a fact, that the steel-of which. the eye- 
bars are composed could, after great elongation; resist, 
according to somé fatigue formala, permanent or endless! 
repeated stress of much greater intensity than that: whic 
did the damage, is useful in tending to prevent immediate 
disaster under stress which would ruin the eye-bars, but 
it is of no value.as a criterion of their capacity as useful 
bridge members. The capacity of the bars as useful 
bridge members is limited to the yield-point, by the great 
ductility of the metal when strained beyond it. th 
The tendency of iron and steel to regain its pmserget A 
as shown by experiments and experience, leaves little 
to fear from the fatigue within ‘the original elastic limit, 
if the stresses are not actually reversed, and‘ the great 
ductility of thé metal prevents much advantage being 
taken of any permanént strength attainable beyond it ; 
which justifies these engineers who attach great import- 


That the original elastic limit is very.important as a 
criterion of safety is not altered by, the facts that it varies 
greatly, even in material from the same ‘melt, and is not 
sharply marked in hard steel, - but, is indefinite within a 
few thousand pounds per square inch’; but these facts 
make it advisable to assume the lowest reasonable amount 
as the elastic limit in gauging the ‘safety of any member 
of a structure. ’ 

Confidence in the elastic limit as a criterion of safety 
should. not be construed as confidence in. structures iu 
which the calculated stresses closely approach said. limit ; 
nor should it engender a. sense ,of security under such 
conditions, even when the assumptions as to the limit of 
elasticity are conservative. The calculated stresses are 
only approximations, and not always close or complete. 
The use of pin-connections does something, but not a 
great deal, toward eliminating uncertainties. The chief 
among numerous incentives to their use is not the fact 
that they partially eliminate secondary stresses, but the 
fact that they facilitate erection. 

In addition to the impossibility of a very close dete:- 
mination of the stresses, there is the possibility of blunderr, 
the liability to defects, the certainty of deterioration, the 
uncertainty as to loadmg, and the chance of accidents and 
unforeseen contingeticies, which make it unwise; to say 
the least, to provide only a narrow margin of safety. 

It has been shown by tests and se gs of experience that 
the use of punched instead of drilled. holes in. mild steel 
(55,000 Ib, to 60,000 Ib.), when accompanied by 4 slight 


used | reduction in unit stresses, does not lessen the safety of 


riveted structural members $ nor does it in any way affect 
their ap nee. Such pane Oe case, the choice between 

unched and drilled holes is chiefly a commercial question. 
Under the conditions which ‘exist in America, miost 
American engineers believe that greater security and 
longer life éan be' given to ordinary structures if the 
greater cost of drilled steel is put into additional: steel 
with ‘punched holes, even should harder steel be used 
when the holes are drilled. For bridges of endrmous 
span, however, in which dead-weight is a very important 
factor, this question and many others are open ones. 

Yours respectfully, 
‘ Henry 8. Pricharp. 

Room 1526, Frick Building, Pittsburg, Pa., U.S, A., 

December 21, 1908. ‘ 





DANGEROUS AND UNHEALTHY INpDUSTRIES.—There has 
been issued from the. Home Office a set of regulations 
made by the. Home, Office in connection with vitreous 
enamelling of metal or glass, These new regulations 
apply to all factories and workshops in which vitreous 
enamelling of metal or glass is carried on, with the excep- 
tion of the enamelling of jewellery and watches, 't 
nianufacture of stained glass, or enamelling by means of 
aged or colours containing less than’1 per cent. lead. 

n the regulations there are thirteen lying to the 
employers and two to the employés.. The former include 
rules governing the s allotted to workers, the light- 
ing, the condition of the flooring, the processes of dusting 
and firing, the keeping of health registers, medical exami- 
nations, and lavatory and other accommodation, &c. e 
rules to be observed by the employés relate to washing, 
the changing of clot partaking ‘of food, ‘and “othér 
matters in which disregard of precautions is lable to lead 
to ill-health. 





Copprr.—On January 1 the stocks of copper, according 
to Messrs. James Lewis and Son’s report, stood at 46,227 
tons. This, with 3150 tons afloat from Chili, and 6300 
tons afloat from Australia, made a total visible supply of 
55,677 tons. | In the month of December. the stonke had 
increased by 3428 tons, and on January 1, 1909, the total 
visible supply was greater than that on December 1, 1908, 

3678 tons. Standard was quoted on January 1 ‘at 

. 17s. 6d. per ton. In the twelve months of 1908 the 
So pet into Great Britain and France athounted to 
249,788 tons fine, compared with 202,031 tons in‘1907, Of 
the 1908 imports, 31,667 tons came into Liverpool. and 








Load per Elongations. Load per Elongations. 
oe | |the | meet | 
Inch in r- r- 
Pou | Inches. centage. | Pounds. Inehes. | tag 
35,000 0.55 0.02 45,000 | 692 | 264 
26,000 | 2.07 0.79 =|} 60,000 9.75 | 3.72 
87,000 | 275 1.05 56,000 13.60 6.17 
88,000 3.77 1.44 60,000 20.63 7.84 
39,000 4.21 1.60 64,410 38.25 14.6 
40,000 4.56 1.74 56,710 40.65 | 16.6 




















§ from_ Chili, and 107,469 tons into these ports 
ower we soupttans of  fegee Wmaoathg 3 came 4 

ni States. ustralian shipments into, on .ag- 
counted for 21,863 tons in 1908. Altogether imports ing 
Great Britain stood. at 184,787 tons. the imp into 
France, American accounted for 51,921 tons, ‘Deliveries 
for 1908 are aé 216,621 tons, compared’ with 
198, 298 tons in 1: 4 , sol a: SS'Goak Waa 
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‘SEWAGE-PUMPING PLANT FOR THE CORPORATION OF CARLISLE. 


CONSTRUCTED BY MESSRS. GWYNNES, LIMITED, ENGEN®RERS, LONDON. 
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WE illustrate on the present page an installation of 
centrifugal plant for pumping sewage,which hasrecently 
been constructed and erected for the Corporation of 
Carlisle by Messrs. Gwynnes, Limited, of the Hammer- 
smith Iron Works, London. Figs. 1 and 2 are respec- 
tively a side elevation and a plan, showing how the 
pumps‘are arranged. Figs. 3 and 4, on the same page, 
are perspective views, reproduced from photographs, 
which show the upper part of the pump-room and part 
of the floor respectively. | 

The installation consists of six ‘‘ Invincible” centri- 
fugal pumps of different sizes, specially constructed 
for dealing with sewage, there being two 7-in. pumps, 
two 10 in., and two 14 in. in diameter. Each of the 
7-in. pumps is capable of delivering 1000 gallons of 
sewage per minute against a maximum head of 27 ft. 
when running at a speed of 768 revolutions per minute 
and absorbing 16 brake horse-power. Each of these 7-in. 
pumps is fitted with an extended base-plate, in order 
to accommodate an electric motor manufactured by the 
British Westinghouse Company. The pump spindle 
and that of the motor are connected by means of a pin- 
coupling. 





Table of Official Trials. 








Date p so ‘ sae 5/8/08} 4/9/08 3/9/08) 5/8/08} 5/8/08 
Pump number .. .|No. 1|No, 2 No. 3 No. 4 |No, 5 |No. 6 
Size .. - oo. Zim, [10 in. | 14 in. 14 in.| 10 in.) 7 in. 
Revolutions per minute | 720 | 655. | 478.5 486.5 | 665 | 730 
Volts - - ..| 484 | 480 | 479.4 484 | 484 500 
Amperes .. 25.4 | 44.3 | 100 105 | 946 | 25.6 
Gallons per minute ..| 959.6 | 2102 |4562.4 4920 | 2240. 7|1083:2 
Mean total head.. ft.|32 | 30 /30.25 31 "30 | $2 
Electrical horse-power . .| 16.87 | 28.5 | 64.2 4 68.2 29.8 | 17.1 
Water horse-power -| 93 | 19.1 | 41.82, 46.2 | 20.37 / 10.6 
Over-all efficiency _p.c.| 55.1 | 67 (85.1 67.7 | 68179 | 61.9 
Motor efficiency .. p.c.| 87.35 | 90.4 (91.4, 914 | S04 87.35 
Pump efficiency .. p.c.| 67.75+76.6 |7..7 > 76.3 | 77.6 | 75.55 
Guaranteed over-all effi- | 

ciency .. -. pc.) 59 61 6 (65 | 61 59 








All the above figures have been compared with the official test- 
sheets, with which they agree in every particular. 

The pump-casing and disc are constructed of cast 
iron, as usual, and the spindle is of steel. Stationa 
sleeves ate proyided over the spindles, to prevent hair 
and other foreign matter being wound on the spindle, 
and the casing is provided with hand-holes over the 
suction dome, so that if the eye of the dise gets clogged 
at any. time, the obstruction can easily be removed. 
These hand-holes are provided with doors-which have 
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ACCIDENT ON THE EGYPTIAN 
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bayonet joints to facilitate manipulation, Each pump 
comprises a complete volute outside the disc, thus 
ensuring the highest efficien¢y. These two 7-in. 


pumps may be seen in plan, one at each end of the, ut 
| it will be seen that the actual over-all efficiency was 


room in Fig. 2. 

The two 10-in. centrifugal pumps have‘also each an 
extended bed-plate for the electric motor, and are 
each capable of delivering 2200 gallons per minute 
against a head of 27 ft. when running at 670 ‘revolu- 
tions per minute and absorbing 30-brake-horse-power. 
The position.of these pumps is clearly shown on the 
mp Fig. 2. The two remaining pumps, which may 
xe seen in Fig. 2, near the middle ofthe room, are 
14 in. in diameter, but in other respects are similar to 
those previously described. They are each capable of 
delivering 4200 gallons per minute against a head of 
27 ft. when running at 495 revolutions per minute and 
absorbing 57 brake horse-power. 

Each of the foregoing pumps is fitted with two 
sluice-valves, one on the suction and the other on the 
delivery branch, and also a retaining valve on the deli- 
very branch. These are indicated in our illustrations. 
The sluice-valves have four gun-metal faces, as well as 


gun-metal screw, nut, and hand-wheel for opening and , 








/Egyptian. State Railways. 





STATE 


RAILWAYS. 


—— 





The suction and delivery-pipes are 
We publish on the opposite 


closing the valve. 
of cast iron, with flanges, : 
page a table giving the results of the official trials 


which. weré carried out at Carlisle. From-this table 


in every case but one over that guaranteed by the 
makers of the pumps. 





A CURIOUS ACCIDENT ON THE EGYPTIAN 
. STATE RAILWAYS. 

WE -give above, in Figs.- 1-and- 2, -illustrations of a 
rather curious accident that occurred lately on the 
Mr. H.. Trevithick, 
chief mechanieal engineer of the system, and to whom 
we are indebted for the photograph and drawing from 
which these figures have been. made, informs us that 
the engine, which is of the standard small six-wheeled 
four-coupled type,.was running a yee train on 
November 13 last. Between Dessoak and Shatas the 
engine struck a wagon-buffer lying in the track. This 
apparently was kicked up by the brake-rods or some 
other part of the engine gear, and the head a 


| attended. Mr. Frank Sear 





the throat-sheet and fire-box tube-sheet, as shown. 

The accident, fortunately; was not attended with 

results more serious than the a of the engine 
e 


from loss of water and steam, and delay to the train. 
The goin¢idence of the facts that the buffer was 
jerked up sufficiently high and in such a position that 
the shank was just rightly placed for being forced 
through the. fire-box front water-leg by the crank, 
gives to this. accident sufficient interest for it to be 
placed on. record in our columns. 
|- We may state that Fig. 2 is reproduced from a draw- 
| ing made after the engine had been brought into the 
shops, while the photograph from which Fig, 1 has 
|been made was taken after the engine had been 
turned over on its side for. the purpose, 











Licut Rartways Act, 1896.—The Board of Trade have 
recently confirmed the undermentioned Order, made by 
the Light Railway Commissioners ;~—Bradford Corpora- 
tion (Nidd Valley) Light Railway (Amendment). Order, 
1908, amending the. Bradford Corporation (Nidd Valley 
Transfer) Light Railway Order, 1904. 





TrarFric Census OF THE City OF WESTMINSTER. —The 
census of traffic taken annually at different points in the 
City of Westminster reveals, in recent years, a large 
growth in certain parts in the total number of vehicles 
using the streets. At Old Bond-street, by Piccadilly, for 
instance, the number shows an increase of from 
vehicles per day in 1903 to 7795 in 1908. In Knightsbridge, 
by the Strathnairn Statue, the figures for these years are 
respectively 21,239 and 27,909. At Oxford-street, west 
of Oxford-circus, at the Grand Hotel, Strand, at Chan- 
cery-lane, Strand, and: in’ Victoria-street_ and -Regent- 
street, the figures are much the same, and’ even show 
decreases in some cases. The new traffic. of motor-cabs 
has been the most prominent addition lately, accounting 
in some instances for no less than 3801, 4079 and 5210 of 
the total number of vehicles counted per day at some of 
the points selected. 

CoMMISSION ON CONCRETE AGGREGATES.—-An interim 
report has just been issued by the Special Commission on 
Concrete Aggregates “nen by the British Fire-Pre- 
vention Committee. Owing to the length of the pro- 
gramme on which this Commission is engaged, it is 
expected that its final report.will not appear before 1912, 
it being proposed to issue another interim report in 1910. 
The present interim report contains provisional speci fica- 
tions for the following artificial materials used for aggre- 
gates in concrete :—Coke-breeze, clinker, blast-furnace 
slag, broken brick, gault clay burnt, ordinary burnt clay 
ballast, broken terra-cotta ; and for the following natural 
materials :— Natural ballast (gravel), volcanicrocks, granite, 
sandstones, limestones, etc. ‘These specifications, in many 
cases, leave blanks for figures for some of the most impor- 
tant points to be filled in as the work of the Tests Sub- 
Committée proceeds. 





Tue Junior InstiruTion OF EnGinerrs.—At the last 
meeting of this institution, held at the.Royal United 
Service Institution, Whitehall, Mr. Geo. T. Bullock, Vice- 
Chairman, presiding, a paper on ‘*Motor-Omnibuses,” 
by Mr. Enc F. Boult, was read and discussed. The 
author, after dealing with the development of the me- 
chanically-propelled omnibus, referred to important con- 
siderations in regard to the training of drivers. The 
advantages of, and objections to, the various systems of 
ignition were set forth, and points with reference to the 

esign of big end-bearings were touched upon. Engine- 
speed, clutches, cooling arrangeménts, and radiators 
formed the subject-matter of succeeding sections of the 

per, and questions relating to the different systems of 

nal drive-chain, rack and pinion, worm gear, etc., were 
then treated. Problems with respect to tyres were 
entered into, as well as those in connection with petrol 
and carburettors, after which the vexed questions of 
depreciation and allowance for renewals were argued; 
As to the vehicle of the future, the author gave reasotis’ 
for his belief that while double-decked vehicles weird 
continue in use for the main arteries of a system, those of! 
the single-decked class would be largely introduced for 
the side routes, the whole being one on the “teorre- 
spondence” plan. In the discussion, which was éustained 
with much animation, Messrs. F. Searle, Arthir Bassorp{ 
B. F. D. Kilburn, A. H. Tyler, R. H. ‘Parsons, G: 
Pollard, H. Wolfe, D. Mackenzie, J. G. Moon,’ J. E, 
eq, G. C. Allingham, and 8S. V. Codké&> todk’ part! 

e 
monthly Journal for January. As ancay 


te 
lude to the paper, a visit to thé saa th Longo 
Pe 


[General Omnibus Company at Walthanistoye:took. 


on the Saturday afternoon pone and was numerously 
e, Chief Prigineer; and several 
of his staff, showed the mentbers over. There’are. two 


j large, buildings, one being uséd a8 a.coach: factory. and 


paint-shop, and the other (at present undergoing extensive 
alterations in view of the laying down:-of a:mumber of new 
machines) consists of the machine and erecting-shop, view- 
room, and stores. The tools.are representative of the 
leading makes” of -British.and foreigti- manufactures. , 
A feature that attracted. notice was a converted” plan- 
ing-machine, on which all driving pinions ate milléd 
automatically at.a very. low ur cost. On leaving 
the garage the m ré.were shown over an adjoin- 
ing factory, which has just been erected for the Micanite 
and Insulators Company, affording dn. excellent’ illus- 


tration of the planning and laying out of such premises, 
The thanks of.the members for the facilities which had 
kindly been afforded for making these visits were éxpressed 





caught by the crank, the shank was forced throug 





by Mr. P. J. Waldram and Mr, R. H. Parsons respectively, 


per and discussion appear in tthe, Inatitution’s «© 
prey 0° 
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CATALOGUES. 
Messrs. Dovunton ‘anp Co., Limited, Lambeth, 8.E., 
have recently sent us a list of sanitary appliances. 
The Gilbert Arc-Lamp Company, Limited, Chingford, 
Essex, have recently issued a card giving illustrations 
and prices of six patterns of arc-lamps made by them. 


The New Phonopore Telephone Company, Limited, 
31, Budge-row, E.C., have sent us a list of their electrical 
accessories, such as dry cells, accumulators, &c. 


The Model-Manufacturing Company, 52, Addison-road 
North, Holland Park, W., have sent us a table of teeth, 
pitches, and diameters of blanks for spur-gear wheels. 


; re Patent Clutch is the subject of a small price- 
list issu 4 ‘Messrs. F. Reddaway and: Co., Limited, 
Pendleton, Manchester. | This is made in eight standard 
sizes of from 5 to 56 horse-power. 

The British Bariquand and ‘Marre Engine Copley: 
Limited, 10, Poland-stréet, Oxford-street, London, ; 
have sent us a pamphlet on the’ Norderifelt motor-cars. 
These are of four types, all .with. four-cylinder engines of 
16 horse-power, 20 horse-power, and 30-35 horse-power. - 


The Weston Normal Cell formsthe subject of a circular 
issued by the Cambridge Scientific Instrutnent Cortpany, 
Limited, Cambridge.’ This cell is recommended by the 
International Conference on Electrical Units and Stan- 
dards (1908). : 

Messrs. William Geipel and Co., Vulcan Works, St. 
Thomas’-street, S.E., have published a list of Ward 
Leonard rheostats, starters, circuit-breakers, &c. A 
list of surplus stock of starters and controllers is also in- 
cluded. Prices are given. 


The six-cylinder Brooke car is dealt within a pamphlet 
issued recently by Messrs. J. W. Brooke and Co., Limited, 
Adrian Works, Lasoaeti, This car is made in two six- 
cylinder models of 25 and of 40 horse-power res 
Illustrations are given of various ies fit 
scriptions are included of the various parts. 


The Consolidated Accessories Company, 27, Clement’s- 
lane, E.C., have sent us a circular relating to the “ Pea- 
cock” brake-rigging for tramcars, &c. In this gear the 
brake-chain is not wound directly on the crank-handle 
rod, but on another special drum, partly cam shaped, so 
as quickly to take up the slack of the chain. 


Messrs. Marples, Leach, and Co., Limited, Adnil 
Building, Artillery-lane, K.C., have:sent us a circular 
descriptive of the ‘‘ Adnil” vibratory generator and loud- 
speaking telephones. - The former is suitable for generat- 
ing A.-C. current for alarms, signalling, &c., and may be 
arranged with an electric hooter. 


Messrs. Pfeil and Co., 145, St. John-street, Clerken- 
well, E.C., have sent us two catalogues, in German, of 
machine-tools built by Mr. J. E. Reinecker, Chemnitz. 
These little lists are profusely illustrated, one of them 
dealing with milling-machines of all types, and the other 
with grinders, lathes, boring-machines, &c. 


Messrs. Mavor and Coulson, Limited, 47, King-street, 
Mile End, Glasgow, have issued a pamphlet dealing with 
three-phase generators and motors... In this the first few 
pages are devoted to discussing the features and advan- 
tages of. the alternate - current system and machinery, 
passing on to give subsequently the sizes and prices of 
motors, with notes on operation, &c. 


A recent issue of the ‘‘ Brush Budget,” containing illus- 
trations of coaches lately shipped to Egypt, is appro- 
priately clothed in a cover bearing an illustration of one 
of the old’ Pharoahs. A few particulars of the Egyptian 
State Railway bogie coaches are given, and views of them 
in process of shipment on the s.s. Merchant Prince to 
Alexandria. 


The Wolseley Tool and Motor-Car Company, Limited, 
York-street, Westminster, S.W., have issued their 1909 
catalogue, in which there are shown views of Siddeley 
cars in all sorts of countries. The standard chassis and 
mechanism is dealt with in detail, and specifications are 
given of the various types, as well as particulars, &c., of 
the bodies fitted. 

Messrs. Mirrlees, Bickerton, and Day, Limited, Hazel 
Grove, hear Stockport, have sent us a pamphlet on the 
Mi ‘Diesel oil-engine. This gives notes on the cost 
of running, on repairs, lubrication, &c., of these engines, 
instancing,:among others, the experience with a 135-horse- 
power Dieseliengine of the Birkdale District Electric 
Supply.Company.. The various economical features of 
the system are explained, and the applicability of the 
engines to. marine work enlarged upon. 


The Alley Tyre Lever is dealt with in a pamphlet sent 
us by Messrs. Stepheri Alley and Co,, 4, Broadway, West- 
minster. This tool is for use in taking off and replacing 
motor-car tyres. After inserting the lever under the tyre- 
cover, one end of an adjustable rod is fastened to the hub 
and the wheel turned until the other end.rests on the 
ground. When the rod is brought to this position, the 
wheel js, turned round.and the cover detached from the 
wheel. , E 

Messrs. Clarkson and Beckitt, Maryhill Engine Works, 
Glasgow, send us a well-got-up catalogue showing a 
selection of the tools and machines they build. : Among 
these’ we note bending-machines of various kinds, hy- 
draulic “:pumps, phmping- engines; accumulators, hy- 
@ranlic engines’ cranes, capstans driven by air, elec- 
tricity,or hydraulic power, -&c. Steam - engines are 
also included; and hydraulic and ‘screw presses, tube- 
works plant and miscellaneous appliances, &c. At the 


tively. 
, and de- 


end of the volume tables are given of~ standard flanges 
and other parts, as well as conversion tables, &c.--- 





| 
| 
| 


» 


| and Monday for the New Year holidays. When basinens | brands still i. Hematite has lately been the subject 


| vailed, and the market was active. 


NOTES FROM THE NORTH. 

. Giascow, Wednesday. 
Glasgow Pig-Iron Market.—Last Thursday morni 
the pig-iron market was a shade easier, and Clevelan 

warrants were put through at 49s. 2d. and 49s. 1 

49s. 34d. eighteen days, and 49s. 94d. three months. The | 
dealing. was small, and only amounted to 3500 tons, and | 
at the close sellers Barone 49s. 2d. cash, 49s. 5d. one | 
month, and 49s. 94d. three months. There was no after- 

noon session, and the market remained cl on Friday 
was resumed on Tuesday morning a steady tone 
The turnover, which 
amounted to 10,000 tons of Cleveland warrants, included 
transactions at 49s. 14d., 49s. 1d., and 49s. 14d. cash, and 
49s. 10d. and 49s. 9d. three months. The session closed 
steady at 49s. 2d. cash, 49s. 44d, one month, and 49s. 94d. 
three months sellers. In the afternoon Cleveland warrants 


were a shade easier, but the dealings were limited to 1500 
tons at 49s. Ohd: cash and 49s. _~ twenty days. gee | 
sellers quo 49s. 1d. cash, 49s. 4d.: one month, 


49s. 9d: three months. When the market opened to-day 
(Wenesday) there was very little doing, and the only 
transaction was one lot of 500 tons of Cleveland war- 
rants at 49s. nine days. Closing quotations, were 
weak, and sellers named cash, 49s. . 2d, 
one month, and 49s. 8d. three months. In the afternoon 
the tone of the market was again easy, and the dealings 
were confined to about 2000 tons of Cleveland warrants at 
49s. 14d. one month and 49s. 7d. and 49s. 74d. three months. 
The session closed steady, with sellers quoting 48s. 114d. 
cash, 49s. 2d. one ecw and 49s. 74d. three mont 
The: following are the market quotations for makers’ 
(No. 1) iron :—Clyde, 60s. 6d. ; Gartsherrie, 61s. ; Calder, 
61s. 6d.; Summerlee, 62s. 6d.; Langloan, 68s.; and 
Coltness, 90s, 6d. (all shipped at Glasgow); Glengarnock 
(at Ardrossan), 62s. 6d.; Shotts (at Leith), 62s.; and 
Carron (at Grangemouth), 63s. 6d. 


Sulphate of Ammonia.—The market for sulphate of 
ammonia has been rather quiet owing to the holidays, and 
only a moderate amount-of business has lately been put 
through. ‘The quotation” is practically: unchanged this 
week, sellers quoting 11/. 10s. per ton for prompt _busi- 
ness, Glasgow or Leith. The amount shipped from Leith 
Harbour last week amounted to 1065 tons. 


Scotch Stecl Trade.—The year 1908 was not a very 
brilliant one for those locally engaged in the manufacture 
of steel ; indeed, the Scotch steel trade was nothing like 
fully employed for the major portion of the year. ‘One 
establishment which was closed before the end of 1907 
was not re-opened at all during 1908, and at present there 
is no word about when the mills there may be re-started. 
Throughout the whole of the past year makers have all 

m, more or:less, short of specfications, with the in- 
evitable result of diminished output. ere is very 
little business doing yet, as most of the works are still on 
holiday, and although there is some talk of one mill com- 
comes 4 to roll by the end of this week, it will likely be 
nearer the end of next week before a general resumption 
of work takes place. Inquiries are reported to be of a 
limited nature, except in the case of structural material, 
of which a goodly quantity seems to be in demand, but 
the prices offering are very poor. The pot of the 
steel industry are rather brighter than they were a year 
ago, and the general belief is that a considerable improve- 
ment is more than likely in the near future. Prices are 
steady at last official quotations. 


Scotch Pig-Iron Returns for 1908.—The Scottish Iron- 
Masters’ Association have this day issued their statistics 
relating to the production, consumption, exports, and 
Stocks of Scotch pig iron, including hematite and basic, 
for the year 1908. The following are the figures, and also 


those for the previous year :— 
1903. 


1907. Increase. Decrease. 


Production. 


























As per makers’ returns.. 1,230,191 1,403,447 — 178,256 
Consumption. 
In foundries “e bie 183,410 170,225 13,185 
In malleable iron and 
steel works .. << 644,217 827,467 — 183,250 
827,627 997,692 — 170,065 
Exports. 
Foreign a 142,830 227,492 _ 84,662 
Coastwise .. <e 168,619 165,216 _ 1,597 
Rail to England .. 6,113 7,552 — 1,439 
312,562 400,260 _ 87,608 
Total consumption and 
_exports .. .. 1,140,189 1,397,952 — 257,763 
Stocks as on December 31. 
In Connal’s stores 1,000 1,174 = 174 
tm makers’ yards 185,045 94,869 90,176 — 
186,045 96,043 90,002 -- 
Furnaces. 
’ 1908. 1907. 
Number of furnaces in blast on December 31 _—.. 78 7 
Average number of furnaces in blast for the year 75.95 90.44 
Summary. 
Total stock at December 31, 1907 .. 96,043 
Add production for 1908 od 1,230,191 
1,326,234 
Deduct total deliveries for 1908" 1,140,189 
Total stock at December 31, 1908 186,045 


Malleable-Iron’ Trade.—There is little to report this 
week in connection with the malleable-iron trade of the 
West of Scotland. The various establishments have not 

eb commenced operations, with one ym exception in 








tbridge, where the rolling of some took place 


qestendog, Work will generally be resumed next week, 
t the volume of orders on hand is not reported as very 
t year was a very poor one for the 


in, The 
ma PF wy Bh ge 


makers, and short time was more often 


et the rule than the exception. The outlook for this year is 


not yet very bright, but: the feeling of a betterment is 
certainly prevalent, and this is sure to follow a revival in 
general trade conditions. 

Scotch Pig-Iron Trade.—The year closed with makers 
of Scotch pig iron still busily engaged delivering against 
contracts, and with the demand for almost all ordinary 


of a steady inquiry, and some large quantities have been 
sold for delivery during the first quarter of the year. 








NOTES FROM SOUTH YORKSHIRE. 

‘ P . SHEFFIELD, Wednesday. 
Orders for Belyium.—It was reported at the meeting of 
the. Hull pe apes 2 Tramways Committee that about 
100 tons of rails would be required for stock and various 
purposes, but the Belgian firm which made their special 
rail would not take an order for less than 500 tons. The 
city engineer (Mr. White) said that he had ascertained 
that the Doncaster tramway authority, which used a 
similar rail to that in Hull, required 200 tons, and he sug- 
Fane that if Hull joined Doncaster in sending an order 

or 300 tons, the Liége firm, he had no doubt, would execute 
it on reasonable terms. Several members expressed sur- 
prise that they were practically compelled to go to Bel- 
= for this particular type of rail. The chairman said 

ritish firms would not cut a set of rolls to make the rail 
required, consequently thousands of pounds’ worth of work 
which might have been done in England had nm given 
to foreign firms. The recommendation of the city engi- 
neer was adopted, 


Iron and Steel.+It is long since 4 year opened with less 
work-on hand or with the outlook less encouraging. ‘So 
far as the heavy trades are concerned the holi ys have 
been prolonged to the utmost extent, but there is little 
work ‘to start upon, and a considerable portion of the men 
have been:informed that they need not turn up ‘until 
called upon. - Hopes are entertained that a move will be 
made in the shipping interests before long, and that work 
will be given out. At present comparatively few new 
shipsare being built, and the heavy forging departments 
are very slack. In the engineering shops a certain amount 
of work has come to hand in orders for rolls for use in 
iron, ‘steel, and: paper mills, punching and shearing-ma- 
chines, as well as for brick-making, crushing, and similar 
appliances. The greater part of these are from abroad, 
and some from entirely new markets. Although there 
is no pressure in'the railway shops, a fair amount of work 
is on hand. A steadily increasing demand exists for twist- 
drills and other high- aoe tools, in which a substantial 
trade is being done with the States. 


Sauth Yorkshire Coal Trade.—All the pits have worked 
short time, owing to the holiday season. The cold weather 
of last week, however, has had a distinct effect on the house- 
coal market, and the demand from both London and the 
provinces jum up rapidly. A good deal of stock has 
consequently been moved, and values have hardened, In 
Sheffield prices were put, up about 1s. per ton all round 
from the Ist inst. In the steam-coal departments opera- 
tions are quiet, and with the export Ane at its minimum 
business is very restricted, he outlook in the slack 
market is bright, and prices are hardening. Gas-coal is 
moving freely on contract account. Coke shows a ten- 
dency to improvement. 








Tyne Dock IMPROVEMENTS. — Work has for some montl's 
been proceeding at the North Eastern Railway Company's 
Tyne Dock with a view to viding additional facilities 
for the shipment of coal. ere are now in working order 
at this dock four electric conveyors for shipping coal. 
This method of loading has been proved very care Ra 
loading being continuous, while with special gear provided 
damage to the coal is also avoided. 





FaTAL ACCIDENTS TO EmpLoyes.—The Labour Gazette 

ives the following figures for employés killed in 

ovember last while following their calling. In railway 
service, 97; in quarries, 6; in mines, 97, of which 83 were 
due to accidents underground, and 14 above ground. In 
factories and workshops 65 were killed ; of these, 10 were 
killed in ship and boat-building establishments, and 10 in 
founding operations and in the conversion -f metals. 





IraLtan TrapDE.—The value of the goods imported into 
Italy in 1907 amounted, according to the Giornale dei 
Lavori Pubblict, to a total of 115,228,0007. The greater 

rtion of this total is made-up of imports from the 
ollowing countries :— 


Germany = 21,060,000/. (18.28 per cent.) 
Great Britain 20,924,0001. {18.16 ” )! 
United States 15,720, 0001. (13.64 ” ) 
France 10,236,000'. ( 8.88 *” ) 
Austria 9,976,0001.( 8.66 ~,,  ) 
Russia 6,284,0001. ( 5.45 o ) 
India .. 5,364,000. ( 4.66 ., _) 


In the same year Italy exported goods for a total value’ of 
77,920,000/.,-the greater portion going to the following 


countries :— : 


Switzerland .. 13,952,001. (17.90 per cent.) 
Germany .. 12,024, 0002. (15.42 ww” +? 
United States 9,424,000/. (12.09 ” ) 
France 7,928,000. (10.17 ie ) 
Austria He 6,884,000. ( &83 ” ) 
Great Britain 6,240,0001. ( 8 » ) 
Argentine 5,756,0001.( 7.88 —,, ) 
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NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 
MIDDLESBROUGH, Wednesday. 

The Cleveland Iron Trade.—Frequenters of ’Change do 
not yet seem to have settled thoroughly down to business 
after the holidays. The markets this week have been 
only very moderately attended, and there has been next 
to nothing doing. Values of Cleveland iron are a little 
easier than they were before the holidays, but sellers are 
not at all dis to commit themselves forward at 
eurrent rates. Cleveland iron continues to be sent 
steadily into the public warrant stores, and the stock 
there 1s now fast approaching 150,000 tons. Stocks of 
hematite pig iron at makers’ yards are also accumulating. 
The general market quotation for early f.o.b. delivery of 
No. 3 g.m.b. Cleveland pig iron is 49s.; No. 1 is put 
at 51s. 3d: ;-No. 4 foundry at48s. ; and No. 4 forge at 47s. 
East. Coast hematite pig iron is idle. Producers, as a 
rule, quote 56s. for early delivery of Nos. 1, 2, and 3, but 
second; hands would not hesitate to accept orders at 
5ds. 6d. Hematite pig iron is thus cheap compared with 
the present values of Cleveland iron. Under normal 
conditions mixed numbers of hematite should be 8s. to 
10s. above No. 3 Cleveland pig. .: 


Blast-Furnacemen’s Wages Reduced per Cent,— 
According to the accountants’ certificate the average net 
selling price of No, 3 g.m.b. Cleveland pig iron for the 
three months ending December. 31 last was 49s. 4.20d., as 
against 49s. 11.30d. for the previous quarter—a fall of, a 
trifle over 7d. per ton, and under sliding-scale arrange- 
ments the wages of blast-furnacemen are reduced by 07 
per cent., bringing them from 22,25 per cent. above the 
standard _ to 21.50 per cent, above the standard. The re- 
luct on dates from the 2nd inst, | 


Manufactured Iron and Steel.—The predicted improve- 
ment, with the New Year, in the manufactured iron and 
steel industries .can hardly. be. said to have appeared. 
There is little or no.buying just now, yet, at the same 
time, it is gratifying to notice a general. feeling that pros- 
pas are fairly bright, and that improvement in values is 
ooked for.. Some departments. are busily employed, but 
others are characterised by considerable slackness. !Prin- 
cipal market quotations at present:stand :—Common iron 
bars, 7l.; best bars,. 7. 7s. 6d.; bést best bars, 7/. 15s.; 
steel bars, 61. 2s. 6d. to 61. 5s.; iron ship-plates, 62:.7s. 6d. ; 
steel ship-plates, 6. ; iron ship-angles, 7/.; steel ship-angles, 
5. 12s. aie steel strip, 6/. 7s. 6d.; steel hoops, 64: 10s. ; 
cast-iron railway chairs, 3/. 10s. ; and -heavy sections of 
steel rails, 5/. 10s.—all. less 24 per cent. .discount, except 
railway material, which is net cash at works. | 


Shipments of Iron and Steel.—As is usual during the 
last months of the year, shipments for December were 
small. Those of pig amounted to 74,241 tons, 62,682 tons 
having been loaded at Middlesbrough, and 11,559 tons at 
Skinningrove, the whole of the clearances at the latter 

ort being for Scotland. Of the despatches from Middles- 

rough, 46,633 tons went abroad, and 16,049 tons coast- 
wise, Scotland being the largest customer, with 12,010 
tons, and Italy second with 11,627 tons. Other prominent 
puyers were :—Sweden, 5757 tons; France, 5751 tons; 
Belgium, 4301 tons; Japan, 4150 tons; and the United 
States, 3075 tons. Germany—at one time this district’s 
best customer—received only 1958 tons. Only 8194 tons 
of manufactured iron were shipped last month, and of 
this, 3749 tons went foreign and 4445 tons coastwise, India 
being by far the largest importer, with’ 1943 tons. Of 
the 32,134 tons of steel cleared last month; 28,932 tons 
went abroad, and 3202 tons coastwise. For steel also 
India was the largest customer, taking 10,798 tons. The 
Argentine imported steel to the extent of 9723 tons, 
whilst Japan took 1722 tons and Egypt 1273 tons. 


Coke.—Coke keeps steady. with a continued heavy local 
consumption. Medium blast-furnace qualities are fully 
16s. ps — here. Foundry coke is quoted 17s. 6d. to 
18s. f.o.b. 








SHIPBUILDING.—Since publishing our review of ship- 
building we have received from Messrs. mnie and 
Co., Greenwich, an amended return of their output, which 
gives fifteen vessels, of 3483 tons, as completed—the figures 
given in our table were three vessels, of 1350 tons,as ‘‘nearly 
completed,” and six vessels, of 1500 tons, ‘‘ building.” 





_Minine Anp Merauturey 1x Itaty.—The total quan- 
tity of mineral fuel mined in Italy in 1907 amounted, 


NOTES FROM THE SOUTH-WEST. 


Cardiff.—Inquiries in the steam-coal trade have been 
fairly numerous. and prices have exhibited a firm tone, 
as @ more active demand is anticipated.’ The best large 
has made 14s. 3d. to 14s. 6d. per ton, while secondary 
— have ranged between 13s. and 13s. 9d. per ton. 
The house coal trade has shown scarcely any change ; 
the best ordinary qualities have made 14s. 6d. to 16s, 6d. 

r ton; No. hondda large has been quoted at 

7s. 6d. to 18s, per ton. Foundry coke has brought 17s. 6d. 
to 20s. 6d. per ton, and furnace ditto, 15s. 6d. to 16s. 6d. | 
per ton. As regards iron ore, Rubio has been making 

14s. 6d. to 14s. 9d. per ton, upon a’ basis of 50 per cent. 

of iron, and charges, including freight,’ insurance, &c., 

to Cardiff or Newport. 

Westbury.—Iron works at Westbury (Wilts) have been 
blown out. There is little prospeet of the works being 
re-started. 


Dowlais.—The Goat Mill has had a heavy output of 
steel rails and-metallic sleepers. The Big Mill has cdn- 
tinued to be engaged upon fish-plates, light tram-rails, 
and angle-iron. 


Welsh Coal Exports.—The exports of coal from Cardiff 
last year are estimated at 22,551,800 tons, as compared 
with 23,075,795 tons in 1907, and 21,659,576 tons in 1906. 
It should be observed that the totals set against each year 
include bunker coal, both foreign and coastwise. The 
largest shipments in any one month last year were those 
of July, which, exclusive of bunker , amounted to 
1,807,379 tons. The aggregate shipments frorh the Bute 
Docks last year were 9,400,000 tons in round figures, and 
front the Barry Docks 9;520,000 tons. The balance of last 

ear’s shipments was represented by the Penatth Docks, 
he shipments of coal from Newport last year were 
approximately 5,320,000 tons, as compared with 5,239,800 
tons in 1907. These totals were increased to 5,506,000 tons 
and 5,388,800 tons respectively by shipments of coke and 
patent fuel. The exports of coal from Swansea last year 
were 3,600,000 tons, as compared with 3,626,600 tons in 
1907, these totals being increased to 4,246,000 tons and 
4,316,200 tons by the addition of coke and patent fuel. 
exports of coal from Port Talbot last year were 
1,800,000 tons in round figures, as compared with 1,835,000 
tons in 1907, these totals being increased to 1,940,000 tons 
and 1,993,500 tons sappocts vely by the addition of coke and 
patent fuel. The shipments from Llanelly last year 
were 247,000 tons in round ‘figures, as compared with 
253,100 tons in 1907, The exports from Neath last year 
were 453,000 tons in round figures, as compared with 
391,500 tons in 1907. It follows that the aggregate ship- 
ments from all six ports last year were 34,943,800 tons in 
round figures, as compared with 35,418,895 tons in 1907. 

The Swansea Valicy.—The steel trade showed, upon the 
whole, little improvement during the past year. The tin- 
plate trade was, however, well employed, and the number 
of mills working in the district was carried to 122. The 
output of tin-plate last year in the Valley is estimated 
at 3,500,000 boxes. This was altogether a record. 

Inndy Island.—It is understood that Lundy Island is 
to be equipped with a semaphore signalling station, to be 
erected on the highest eastern prominence, for use in 
naval manceuvres in the vicinity. 








ARGENTINE Rattway Economics.—The ratio of the 
working expenses to the traffic receipts last year upon 
the four principal Argentine railways—the Buenos Aires 
Great Southern, the Central Argentine, the Buenos Aires 
Western, and the Buenos Aires and Pacific—compared 
as follows with the corresponding ratio in 1907 :— 


1908. 1907. 

System Per Cent. Per. Cent. 
Great Southern <i . 55.69 57.58 
Central Argentine .. 59.61 58.61 
Western 55.08 56.25 
Pacific .. 62.94 61.78 


For some time past the working expenses upon Argentine 
railways have shown a tendency to increase, but this 
tendency appears now to have been checked, the average 
ratio upon the four systems having been 58.33 per 
cent. in 1908, as compared with 58.55 per cent. in 
1907. It must be admitted, however, that the ratio is 
still high, and that the réjime of low working expenses, 
which prevailed jin the early history of Argentine rail- 
ways, appears to be now at anend. On the other hand, the 

rogress of the traffic has probably been greater than had 
loon anticipated, so that the ae of Argentine 
systems is still very marked. This 1s due to the general 





according to the Revista del Servizio Minerario, to 453,137 
tons, for a value of 168,350/.,or less by 20,156 tons, and 
more by 650/.,than in 1906. The rise in value was due to | 
the fact that in 1906 the average price was about 7s. 2d., | 
while in 1907 it rose to approximately 7s. 6d. per ton. In 
1906 the output from the peat-bogs was 18,439 tons; it | 
rose to 39,440 tons in 1907. In 1906 Italy imported | 
7,673,435 tons of coal, and 8,300,439 tons in 1907. The | 
output of ironstone, which, in 1 unted to 384,217 
tons, for a value of 274,230/., reached 517,952, tons in 1907, | 
valued at 363,400/.; the greater part of ‘thig_ironstone 
came, as usual, from Elba. The production of pig iron 
in. 1907 amounted to 112,232 tons, corresponding to a 
decrease of 23,000 tons compared with 1906. The pro- 
duction of iron reached a total of 248,157. tons; that of 
steel, a total of 346,749 tons; together 594,906 tons, or 
¥.136 _- ware then in 1906. snare are throughout 
y 85 metallu wi employing nearl , 000 
men, and eel with 89 hydrealee engines, , Taw 0, 
ing 14,868 horse-power ; 210 elettric motors, developin; 
8557 horse-power ; 123. steam-engines, of a total o 


~ 
r 


35,691 horse-power; and 27 gus-engines of a total of 


| econom 





2240 horse-power. 





rogress of the Argentine Republic, the reasonable 
2 with wih’ henntios railways have been con- 
structed, and the happy absence, thus far, of unnecessary 
competition. The length of line in working upon the 
four Argentine systems in 1908 compared as follows with 


the corresponding mileage in 1997 :— 
1908. 


1907. 
System. Miles, Miles. 
Great Southern 2613 2529 - 
Central Argent ne 2390 2390 
Western.. , 1219 lll 
Pacific .. oe a -- 2250 1886 
The ate increase in the mileage was accordingly 


556 mules, or 7.02 per cent. The number of locomotives 
owned by each company in each of the two years was :— 


1908, 1907. 
Systerr. Engines. Engines. 
Great Southern .. 861 526 
Central .. = 496 483, 
Western.. 292 270 
Pacific .. 563 514 


The four companies accordingly owned between them 


1912. engines in 1908, as compared with 1793 engines in 
1907 Shewing an increase of 119 engines, or 6.34 per cent. 





| general! 


MISCELLANEA. 
Tue time for receiving tenders for the supply of plant 


ad % roposed Small Arms Factory at Lithgow, New 
Sout 


ales, for the Commonwealth of Australia, has 
been extended to March 18, 1909. 


According to La Lumitre Electrique, the Société 


| Electro-Chimique du Giffre is making experiments for the 
| manufacture of nickel by 


‘ l a new electric process which 
would result in a considerable decrease in the cost price 
of that metal. 


We read in the Bollettino delle Finanze, Ferrovie, that 
Switzerland proposes to appoint a commercial agency at 
Alexandria, ypt, that journal reminding its ers 
that the Fede: Republic bes no diplomatic or consular 
agent in the Ottoman Empire. Almost the whole of the 
purchases made by Switzerland from Key t consist of 
cotton, and several important firms in’ Alexandria are 
under the management of Swiss citizens. The exports 
from Switzerland into Egypt are on the increase, and 
consist mainly of machinery, watches, tissues, and shoes. 


The Council for the Commercial Shipping of Russia has 
drawn up a plan for the extension of a number of Russian 

orts.and forwarded this to the authorities. concerned. 
The works recommended entail an aggregate expenditure 
of 216,799,500 roubles, divided into two periods ; the first 
having 85,492,500 roubles allotted to it, and the second 
131,307,000 roubles. The harbours in question comprise 
Rostoff and Taganrog (42,500,000 roubles), St. Petersbu 
(11,600,000 roubles), Riga (9,135,000' roubles), Nicolaje 
(5,620,000 roubles), Archangel (5,600,000 roubles), Mario- 
pol (5,500,000 roubles), and Baku (4,000,000 roubles). 


The Great Northern Telegraph Company has laid a 
new cable from St. Petersburg, rié@ Libau, to the island 
of Méen, Denmark ; the submarine cable is 1458 kilo- 
metres long, of which 874 kilometres are on the sec- 
tion St. Petersburg-Libau. e cable has been manu- 
factured and laid by a German firm. The new cable 
connects St. Petersburg with the town of Fredericia, in 
Jutland, and, with direct telegraphing from St. Peters- 
burg to Fredericia, 125 words can be telegraphed per 
minute, whilst 172 words can be telegraphed per minute 
from St. Petersburg to Libau and from Libau to 
Fredericia, 


The question of the utilisation of the water-power avail- 
able in Switzerland is now placed under the direct. super- 
vision of the State, which will take the necessary steps to 
safeguard the interests of the public, while ensuring a 
rational utilisation of the hydraulic power available, due 
attention being paid at the same time to the matter of 
navigation on the home waters. Subject to this super- 
vision on the part of the State, the. various cantons. are 
to regulate the utilisation of the waterfalls located within 
the limits of their territory. When it is intended to turn 
to account a waterfall or a stream, the course of which is 
within the jurisdiction of several cantons, if these cannot 

, the State intervenes for a settlement. | The cantons 
or the State fix the amount of royalties. The transmission 
to foreign countries of power generated in Switzerland is 
subject to the approval of the State. 


Comparisons have may been made in the Public 
Service Journal by Mr. L. H. Parker of the comparative 
costs in the United States of working light and heavy 
cars on street railways. Mr. Parker took, on the one hand, 
an equipment of fifty 52-seat cars, weighing 28-30 tons 
apiece, oe each, including standing, about 100 pas- 
sengers, and, on the other, mixed equipment of fifty open 
cars for summer, with ten to twelve benches, and for 
winter seventy-two 25-ft. closed cars. As an investment, 
including power-station, car-house and cars, the cost is 
put at 850,000 dols. for the equipment of the road using 
the large cars, and at 789,500 dols. for small cars, showing 
a saving in spite of the increased number of cars. The 
yearly cost of power, wages, maintenance, depreciation, 
and fixed charges for the line using the larger cars is put 
at 344,280 dols., and for the smaller cars, 319,107 dols. e 
equipment in service at any one time is of the same pas- 
senger capacity on thé two liries, and the saving, both in 
capital cost and working costs, is Mins per nag accord- 
ing to Mr. Parker’s figures, for the using light cars, 
in spite of the fact that only part of its stock is i 
either summer or winter. 


18 In use 





Tue Essex Hypraviic CaicuLator.—We have re- 
ceived from Messrs. F. Stanley and Co., Liniited, 
Great Turnstile, Holborn, W.C., a new slide-rule, de- 
signed by Mr. E. H. Essex, A.M. Inst. C.E., for use in 
hydraulic calculations. The rule, which is constructed of 
cardboard, is furnished with two slides, and has printed 
on its reverse side tables of coefficients for use in Ratter’s 
formula. The rule is, however, also divided for D’ Arcy’s 
formula, which is simpler than Kutter’s,"and suffices 
for cast-iron pipes atid sewers.” The velocity 
and discharge of & pipe or sewer set to any gradient, and 


| filled’ to any proportion of its total depth, is” instantly 
| obtainable, by means of the rule, whatever the value 


| 
| 





adopted for the coefficient in Kutter’s formula. ~The 
directions accompanying the instrument are clearly ex- 
ressed, and the setting of the slidég is simple and quickly 
earnt. A smaller rule, convenient for carryiiig in the 
ket, is also issued by ley,” but this, is 
ivided for a single fixed value of Kutter’s coefficient only. 
Hydraulic oe tations are, of course, icularly adapted 
for calculation by the slide-rule, since the uncertainty as to 
the precise degree of roughness of any conduit makes ridi- 
culous any attempt at great arithmetical vision.  It.is 
impossible, in fact, to rely’ on such calculations within.a 
margin of fully 5 per cent., and the reading of a slide-rule 
can, of course, be effected to a very much higher degree 


of precision, 
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TEMPERLEY TRANSPORTERS. 
JONSTRUCTED BY THE TEMPERLEY TRANSPORTER COMPANY, NOW AMALGAMATED WITH MESSRS. APPLEBYS, LIMITED. 
(For Description, see Page 37.) 
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Fig, 14. Fixep TRANSPORTERS AT THE Rio Tinto Company’s Works at Port TALpor. 
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Fic. 18, Tsavetine Tower TRaNsPOBTER ON THE ADMIRALTY Pier, PorTuanp Hagpovr. 











Figs. 19 to 22. 
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TRAVELLING ToweR TRANSPORTER ON THE ADMIRALTY Pier, PortLanp HaARpour. 
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THE BouRNEMOUTH Gas AND WATER 


Company, Limitrep. 
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TEMPERLEY TRANSPORTERS. 


DESIGNED AND CONSTRUCTED BY THE TEMPERLEY TRANSPORTER COMPANY, NOW AMALGAMATED WITH MESSRS. APPLEBYS, LIMITED, GLASGOW AND LEICESTER. 


(For Description, see Page 37.) 
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NOTICES OF MEETINGS. 





CLEVELAND InstiTuTION OF ENGINEERS.—Monday, January 1°, 
at 7.30 p.m., in the Hall of the Cleveland Literary and Philo- 
7s Society, Corporation-road, Middlesbrough. Paper on 
“Electricity and its Application to the Reduction of Waste,” by 
Mr. Arnold B. Gridley, Middlesbrough. 

Tue Instrrute oF Marine Enoineers.—Monday, January 11, at 
58, Romford-roal, Stratford, E., at 8 p.m. Discussion on Mr. 
W. P. Durtnall’s paper on “‘ The Generation and Electrical Trans- 
— of Power for Main Marine Propulsion gnd Speed Regula- 
jon.” ; 

,, THe Surverors’ Ixstirution.—Monday, January 11, when the 





will be r on the paper read by Mr. H. T. Scoble, 
on November 23, 1908, entitled “ithe Administrative Aspects otf 
Sewage Disposal.” 


THE INSTITUTION OF MECHANICAL ENGINEERS: GRADUATES’ AssO- 
CIATION.—Monday, January 11, at 8 p.m., a paper will be read by 
Mr. Roy V. Vining, Graduate, on ‘“‘ Motor-Car Construction and 
Design.” Mr. Mark Robinson, Member of Council, in the chair. 

Tue [xstirution or Crvin ENGINEERS.—Tu y, January 12, at 
8p.m, Papers to be read :—“ High on Railway Curves,” by 
Mr. John Wyatt Spiller, Assoc. M. Inst. O.E. ‘* A Practical Method 
for the Improvement of Existing Railway Curves,” by Mr. William 
Hamilton Shortt, Assoc. M. Inst. C.E. And ballot for new mem- 
bers.—Students’ meeting, Friday, January 8, at 8 p.m. Paper to 
be read :—“ Portland Cement: the Effect of Fineness with Aera- 
tion on its Strength,” by Mr. K. W. 8. Mitchell, Stud. Inst. C.E, 
Mr. Bertram Blount, Assoc. M. Inst. C.E., will occupy the chair. 

Tue Royat Sanrrary [nstrrore.—On Wednesday, January 13, at 
8 p.m., at the Parkes Museum, when a discussion will take place 
on ‘“‘ The Purification of Water by Ozone and other Chemical ‘Sub- 
stances,” to be — by Mr. 8. Rideal, D.Sc. (Lond.), F.I.C., 
F.C.8. (Fellow). e chair will be taken by Mr. E. B. Barnard, 
M.P., Chairman of the Metropolitan Water Board. . 

THe INcorPoRATED INSTITUTION OF AUTOMOBILE ENGINEERS.— 
Wednesday, January 13, at 8 p.m., at the Institution of Mecha- 
nical Engineers, Storey’s Gate, St. James’s Park, S.W., when a 

r will be read by Mr. F. R. 8. Bircam, on ‘“‘ The Use of Small 
nternal-Combustion Engines for Marine Work.” 

Tue InstiruTion or ELecrricaL ENGInesRs : BirMINGHAM LOCAL 
Section.— Wednesday, aS at 7.30 p.m., in the large lec- 
ture theatre, the University, Edmund-street, a paper will be read : 
—‘* Practical Considerations in the Selection of Turbo-Alter- 
nators,” by Dr. M. Kloss. 

Tue Junior INstiTyTION OF ENGINEERS.—On Thursday, January 
14, at 7.30 p.m., at the Royal United Service Institution, White- 
hall, lecture on “‘ The Laws of Heat Transmission in Steam Boilers, 
as Deduced from Experiment,” by Professor John T. Nicolson, 
D.Se., M.Inst.C.E. (Hon. Member). Saturday afternoon, January 
16, at 3 p.m., visit to the Engineering Laboratories and Workshops 
of the City and Guilds Central Technical College, Exhibition-road, 
South Kensington. 

Tue INsTiITUTION OF ELECTRICAL ENGINEERS.—Thursday, January 
14, at 8 p.m., meeting at the Institution of Civil een “ The 
G. B, System from a Tramway Manager’s Point of View,” by Mr 
Stanley Clegg, Member. . 

Tue InsTiTruTION OF MxcHanicaL Enaineurs.—Friday, January 
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bole (being an abstract of a ood selected by the Council for the 
First Award of the “‘ Water Arbitration Prize,” 1908). r 
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PRACTICAL THERMODYNAMICS. 


Tue last fifteen years have marked a noteworthy 
change in the meaning commonly attached to the 
thermodynamic efficiency of a steam-engine. Up till 
a very few years ago such efficiencies were estimated 
by comparing the total work done with the total ex- 
penditure of heat, a procedure which led to the some- 
what disheartening result that, reckoned on this 
basis, the efficiency of the very best steam-engines 
did not exceed some 18 per cent. or so. In practice 
the coal consumption, reckoned in pounds per horse- 
power per hour was, and to a large extent still 
remains, the customer’s criterion of efficiency, but 
suffers from the drawback of not apportioning the 
total losses between the boiler, the engine, and, 
in these days of turbine and high vacua, we should, 
perhaps, add thecondenser. Electric-power station 
engineers were the first, as a body, to appreciate 
the importance of separating the boiler and engine 
losses. Thirty years ago few engine - builders 


48| were prepared to guarantee steam consumptions, 
4, | though they had a fair general idea as to the fuel 
51 | needed -per horse - power hour. 


As standards of 
efficiency rose, however, builders recognised the 
necessity of protectitig themselves from losses due 
to bad stoking, bad boilers, or other causes not 


,|under their direct control ; whilst station engi- 


under corresponding conditions, in place of to the 
absolute standard already referred to, which ignores 
the inherent imperfections of all heat-engines. Re- 
ferred to this standard, however, non-condensing 
engines showed themselves markedly superior to the 
condensing type, in spite of the lower steam and 
fuel consumption recorded with the latter, This 

dox occasioned some difficulty to those who 
failed to realise the very ineffective use which the 
reciprocating engine is able to make of its con- 
denser. This practically insuperable defect became 
startlingly obvious with the introduction of the 
condensing steam-turbine. Worked non-condens- 
ing the steam-turbine is notably inferior in its per- 
formance to the best reciprocating engines, but 
the addition of a condenser placed it at a single 
bound at the head of the list. . Nevertheless, some 
station engineers still fail to appreciate the all-im- 
portance of preventing air-leakage into condensers 
for turbine machinery. On not a few occasions 
complaints to builders that the steam-turbine was 
failing to maintain its initial economy in the matter 
of fuel have turned out to have arisen solely 
through a neglect to stop air- leakage into the 
condenser. Station engineers have not -uncom- 
monly been drawn from the merchant marine, a 
choice which experience has thoroughly justified. 
With the ordinary marine engine, however, the 


difference in the fuel consumption correspond- 


ing to the use of a 26-in. in place of a 28-in. 
vacuum is almost immaterial, being about 1 per 
cent. or so, whilst with a turbine a reduction of 
2 in. on a 28-in. vacuum sends up the consumption 
by 11 to 12 per. cent... Even now, this difference 
between the two types of prime mover is not 
always realised. 

The introduction of the steam-turbine has, never- 
theless, done much to popularise the idea that in 
heat-engines only a portion of the heat en added. 
to the water in the boiler is ‘‘ available” for the 
production of mechanical work, but. difficulties 
are still experienced in endeavouring to attach a 
satisfying physical meaning to entropy.’ In his 
recent presidential address to the’ Institution of 
Junior Engineers, Mr. James Swinburne points 
out that in certain cases, at any-rate, an increase of 
entropy corresponds to an increase either in the 
‘‘range” or the “intensity” of .the molecular 
motion of a gas. Ifa gas is expanded isothermally, 
the average velocity of its molecules is unaltered, but 
their ‘‘ range” of movement is. increased, the mean 
free path being greater than before the expansion. 
Since heat has been added the entropy has also been 
increased, so that in this case the change of entropy 
has been coincident with an increase in the range 
of the molecular motion. If, on the other hand, a 
gas is heated at constant volume, this range of 
movement is unaltered, but the velocity of the 
motion is increased, so that here the augmentation 
of entropy corresponds to an increase in the inten- 
sity of the molecular motion. In adiabatic expan- 
sion, on the other hand, the increase in ‘‘ range ” 
is exactly compensated for by the decrease in ‘‘in- 
tensity.” 

Perhaps the easiest method of picturing a growth 
of entropy is furnished by Joule’s famous experi- 
ment, in which air compressed into one vessel is 
suddenly allowed to expand through a stop-cock 
into another originally vacuous. After equilibrium is 
established the temperature of the is found to be 
unaltered ; but the entropy has Tose greatly in- 
creased. It is sometimes claimed that in such a case 
no heat has been added during the expansion, and 
that therefore there should have been no in- 
crease in the ang As a matter of fact, this 
idea is incorrect. The initial stage of the process 
—viz., the rush of the gas through the stop-cock 
—may take place nearly adiabatically, and the jet, 
accordingly,. issues with a considerable velocity, 
Since such a velocity has a definite direction, the 
jet of gas is “greene of high-grade energy, which, 
under suitable conditions, could: be employed in 
accomplishing mechanical work. “At the'end of the 
—s however, when the steady state has been 
obtained, this ‘‘ directed ” velocity of the jet, as a 
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growth of entropy has no connection with a change 
either in the range or ‘the intensity of the random 
motion of the molecules of a system, when that 
system is considered asa whole. Thus if heat flows 
by conduction from one portion of a gas to another, 
neither the range nor intensity of the - random 
motion of the molecules, takenas a whole, is altered, 
since the random kinetic energy lost. by the hot 

rtion is gained by the cooler portion. .The entropy 
ae however, increased, but the only net physical 
change has been an increase in. the uniformity of 
the total mass. 

There is some reason for believing that every 
lack of uniformity in Nature constitutes a source 
of high-grade energy. If the chemical atoms are 
unstable, as some assert, the energy liberated in 
their break-up is undoubtedly high-grade, but is 
ultimately degraded. into heat. If this hypo- 
thesis of atomic disintegration be correct, the ulti- 
mate end of the. universe will be reached when the 
whole of the atoms now in existence have com- 
pletely broken up, and all. parts. of space are 
uniformly filled with the fragments, all of which 
are identical inter se. The entropy will then be a 
maximum. 

Since so many different physical processes are 
associated with changes in entropy, it seems useless 
to try and identify entropy with any particular 
one, and the concept should be taken as merely 
a mathematical convenience associated with, but 
not eonstituted by, many different physical changes. 
Its usefulness to those engaged in practical appli- 
cation of thermodynamics is now generally recog- 
nised, and its numerical values are regularly tabu- 
lated in all the best steam-tables. 

In this latter connection it is interesting to note 
that all the tables now in common use are based upon 
the work of Regnault, executed some sixty years 
ago. The accuracy of this experimenter’s deter- 
minations is now challenged, since the most reliable 
of modern experiments show considerable errors in 
Regnault’s estimate of the total heat of steam. Thus 
in the Physical Review of last February Professor A. 
Whitmore Smith gave a table of the latent. heats 
of steam between 0 deg. and 100 deg. Cent,, based 
upon a comparison of the most reliable modern 
experiments; and in the November issue of the 
Journal of the American Society of Mechanical 
Engineers, Dr. H. N. Davis extends the comparison 
to higher pressures, and concludes that. the true 
total heat of steam is given in B.Th.U. by the value 

H = 1150.3 + 0.3745 (¢ — 212) — 0.00055 (¢ — 212), 
in place of Regnault’s value— 

H = 1001.7 + 0.305 (t - 32). 

At boiling point Regnault’s value is 1146.6 B.Th.U., 
whilst the new formula gives 1150.3. At freezing 
point Regnault’s value was 1091.7 B.Th.U., as 
against 1073.4 by the Davis formula. At 200 lb. 
pressure the two formulz are practically identical, 

ut at higher pressures Regnault’s value is too 
large, the error Selene 5.2 units at 300 lb. pressure. 
The error is, it will be seen, a maximum at con- 
denser temperatures. Comparing the new. values 
with the old, it appears that efticiency ratios esti- 
mated by the latter are, however, very. little 
affected even in the case of exhaust-steam turbines. 
If such a turbine, taking steam at atmospheric pres- 
sure, and expanding it down to a 28-in. vacuum, 
had an efficiency ratio of 68 per cent., as calculated 
by the old figures, its true efficiency ratio would 
appear to be about 67.6 per cent., or about 4 per 
cent. less. With high initial pressures the errors 
appear to be even smaller, so that there is no imme- 
diate necessity for scrapping existing tables. 

Dr. Davis makes an interesting application of his 
equation for the total heat of steam, te fix the rela- 
tive reliabilities of the values for the specific heat of 
superheated steam found by Messrs. Knoblauch 
and Jakob and by Professor Carl Thomas respec- 
tively. . It is easy to show that, having accurate 
total heats, and an accurate knowledge of the specific 
volume of slightly superheated steam, the specific 
heat of the latter at the saturation temperature can 
be calculated by the general principles of thermo- 
dynamics. Making such a calculation, Dr. Davis 
finds that his results are in very much better agree- 
ment with the Munich experiments than with those 
made by Professor Thomas, which fail even to indi- 
cate the general trend of the curve in the neigh- 
bourhood of the saturation-line. The error is attri- 
buted to the presence of particles of moisture 
suspended in the steam during the tests made b 
Professor Thomas. _ Messrs. ‘Mactiesh and Jako 


found that such particles could.exist in the midst of 





slightly superheated steam for an appreciable time 
before being evaporated, and the requisite time for 
this to take place was not allowed in the experi- 
ments at Cornell. A description of the Munich 
experiments, the general reliability of which seems 
now well established, will be found in our issues of 
March 15 and April 12, 1907. 








THE CONTINUED DEPRESSION IN THE __ 


SHIPBUILDING TRADE. 

In our review of the shipbuilding trade (page 22 
ante) we stated that ‘‘the orders recently placed 
are ridiculously small when measured by the produc- 
ing facilities,” and the return issued this week by 


Lloyd’s Register of Shipping bears out this fact most | T 


clearly. e total work in hand barely equals one- 
half of the production, ina busy year, assuming even 
that all the ships now on the stocks are in an initial 
stage of construction. This, however, is not the 
case, and the state of affairs is therefore the more 
serious. The total output of the United Kingdom 
has exceeded two million tons, and yet, numbering 
both warships and merchantmen, there are only 418 
vessels, of 983,791 tons, in yarious stages of con- 
struction and including ships almost completed. 
This is the lowest total since 1895, and the total 
does not equal more than four or five months’ 
work for all the workers normally engaged in ship- 
building. Of merchant vessels, 360 are in process 
of construction, and these represent a collective 
gross tonnage of 764,520 tons. This, it is true, is 
30,000 tons more than the work in hand at the end 
of September last, orders for several ships having 
been placed in the mistaken idea that the depres- 
sion in trade had touched bottom, and that it was 
therefore desirable, if the lowest possible price 
were to be obtained, that orders should be A see 
now. There is now, however, a complete stoppage 
of such orders, proving that the time has not yet 
come for the upward movement. The total is 
184,000 tons (equal to about 20 per cent.) less than 
a year ago, and 591,000 tons (equal to about 43.5 
per cent.) less than three years ago, while as com- 
— with the beginning of 1899, opened with the 

t of prospects, the reduction is 637,000 tons, 
equal to over 45 per cent. In view of this the re- 
peated suggestions of new orders and improve- 
ment in trade made in some of the daily papers 
must be pronounced as harmful, because of their 
influence on the workers. 


Tonnage in Course of Constriction in the United Kingdom 
at January, 1895-1909. 























Merchant Ships. Warships. Total. 
| 

No. | Tons. No ' Tons. Tons. 
1895 324 658,286 66 | 260,985 919,217 
1896 377 711,562 68 306,580 1,018,142 
1897 390 784,711 94 | 330,005 1,114,716 
1898 505 | 1,013,319 9 | 312,920 1,326,239 
1899 584 | 1,401,087 91 | 410,985 1,812,072 
1900 538 | ‘1,306,751 81 423,755 1,730, 
1901 443 | 1,269,919 65 390,145 1,660,064 
1902 469 | 1,359,205 45 333,325 1,692,530 
1903 387 | 1,024,067 b7 300,690 1,324,757 
1904 386 898,478 63 | 309,510 1,207,988 
1905 403 | 1,049,860 54 =| «= 282,810 1,332,670 
1906 515 | 1,355,756 55 | © 262,025 1,617,781 
1907 481 | 1,166,989 49 205,858 | 1,372,847 
1908 | 483 948,830 | 60 | 268,717 | 1;217/547 
1909 360 764,520 58 | 219,271 | 983,791 








The depression is still very wide-spread. Belfast 
still occupies.a favourable position, but this is due 
to the inclusion of an exceptionally large ship laid 
down at Messrs. Harland and Wolffs. At Barrow 
the work is principally connected with warships, 
At Glasgow we find a reduction, as compared with 
the beginning of last year, of 42,000 tons (equal 
to 21.7 per cent.); but when compared with three 
years ago, the total is little more than half. At 
the neighbouring port of Greenock the reduction 
is almost equally serious, being 23,000 tons, or 20 
per cent., as compared with a year ago, and 126,000 
tons, equal to 574 per cent., as compared with 
three years ago. On the North-East Coast there 
is still apparent a great dearth of orders. Hartle- 
pool and Whitby have been suffering for more 
than two years, and the total still shows no improve- 
ment, the tonnage on hand now being 30, tons, 
as compared with 76,600 tons three years ago. On 
the Tees the drop in three years has been from 
88,000 to 27,000 tons, the total now being 34,300 
tons less than a year ago. At Newcastle the posi- 
tion is not quite so serious, as here there is less 
dependence on the purely cargo-carrying type of 
steamer ; but, nevertheless, the total—143,850 tons 





—is 61,000 tons less than ayear ago, and 110,000 tons 
less than three years ago. The Wear, like the Tees, 
has suffered, owing to the dearth of orders for tke 
tramp-steamer, and the reduction in two years is 
from 178,475 to 68,700 tons. 

Work in Hand in Principal Districts at January, 
1906-9 (Warships Excluded). 














District. 1909. 1908. 1907. |. 1906. 
——— | 
tons tons tons tons 
Belfast’ .. os --| 196,160 | 194,507 | 174,770 | 194,510 
Barrow, Maryport, and 
Workington .. ne 4,833 12,880 3,700 3,240 
Glasgow 152,143 194,706 251,761 283,780 
Greenock os .. 93,610 116,451 158,479 | 210,555 
Hartlepool and Whitby 30,655 37,930 36,470 76,630 
‘ees es os .. 26,906 61,263. 57,314 88,051 
Tyne . 148,850 204,871 245,026 253,804 
Wear 68,760 61,075 | 178,475 | 174,109 











Of the total merchant tonnage building through- 
out the kingdom, 23 per cent. is for foreign owners, 
as compared with 38 per cent. a year ago, so that 
demand by foreign owners seems to have fallen off. 
There are few of the extra large ships in course of 
construction, fifteen only being over 8000 tons, as 
compared with twenty,.a year ago; there is one 
over 20,000 tons—the Belfast ship already referred 
to.; As to the warship work, a larger proportion 
than usual is for foreign navies, the, total thus 
classified being 50,800 tons, equal to 23,per cent. of 
the total; but much of. the warship work noted in 
Lloyd’s table; is in an advanced state. Indeed, one 
battleship of 19,250 tons and one cruiser of 17,250 
tons included are practically ready for commission- 
ing. Lloyd’s, however, have not yet taken cog- 
nisance of the five. second-class cruisers recently 
ordered. But withal, the comparison brought out 
in our, first table of merchant and warship. build- 
ing work is fairly accurate, and the total of merchant- 
men and warships, it will be seen, makes up only 
983,791 tons, which is 234,000 tons, or nearly, 20 per 
cent., less than .a year ago. | When, however, a 
comparison,is made with the total at the end. of 
1906, it.is seen that the reduction is 634,000 tons, 
equal to nearly 40 per cent. . The facts, therefore, 
do not show any;improvement in the industry, and 
orders are by no means encouraging in numbers, 








THE “LATOUCHE-TREVILLE” GUN 
EXPLOSION. 

Tue excellence of the French naval ordnance 
was until quite recently, and very rightly so, taken 
as granted the world over, one of its characteristic 
features, and one which excited general admiration, 
having been absolute safety in action. Then, with- 
out premonition, and for no very. apparent, cause, 
French naval guns have had public attention 
attracted to them in a most unsatisfactory way. 
The probable reasons which have led to recent 
accidents with naval guns on board .French ships 
afford matter for the consideration of all who are 
interested in naval problems; in many quarters, 
however, the subject is not approached with an un- 
biassed mind, and there are many specialists, even 
in France, who find an easy way out of difficult and 
involved explanations, by attributing to the ‘‘ bad 
quality of the matériel” all incidents which occur. 
Such a statement cannot be taken as throwing any 
light upon the question, and it is most unreason- 
able to believe that a gun, or any machine, designed 
and built for doing a specified work, which work 
it has carried out well for. months and years, should 
fail through ‘‘ bad quality” while being used for 
doing that same class of work. In the particular 
case we are reviewing, the explanation for the ex- 
wrenae is to be found outside the gun itself ; the 
atter remains unimpeachable. 

The 7.6-in. gun in the Latouche-Tréville, to 
which the accident has been traced, is of the 1887 
pattern. The following French ships are armed 
with guns of that same type:—Jemmapes and 
Valmy, 13-in. calibre ; Brennus, 13-in. and 6.4-in, 
calibres ; Carnot, Charles Martel, and Jaurégui- 
berry, 12-in. and 11-in. calibres; Bouvines and 
Tréhouart, 12-in. calibre ; Dupuy de Léme, 7.6-in. 
and 6.4-in. calibres ; Charner, Chanzy, Bruix, and 
Latouche-Tréville, 7.6-in. and 5.5-in. calibres. 

On no occasion since they were put in the service 
—now about fifteen years ago—had any of the 
large number of guns in question, arming battle- 
ships and cruisers, given rise to any incident, so 
far as we are aware ; and these guns were the first 
42 and 45-calibre guns built for firing with smokeless 
powder. Had there been any serious defect in their 
construction it certainly would not have taken so 
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many years to become apparent. ‘The fact must 
not ‘be lest sight of in this conjunction that. the 
French naval guns are, and have always been, fired 
regularly. -It cannot but be recognised that there 
is another factor ; there are, in fact, two terms to 
the problem—the gun and the men behind the gun. 
Data recently published in the French periodical 
Le Yacht make it possible to gauge the situation. 
As evidenced by the article in Le Yacht, and by 


the particulars given in the ‘‘ Manuel du Marin | 
Canonnier,” the firing mechanism of the Latouche- | 
Tréville gun—illustrated in Figs, 1 to 3 herewith— | 


consists of a spring-striker fitted to a bolt, which is 
movable in a slide, cut radially in the breech-face. 
The. bolt is fitted with a percussion point, and is 
made with a nose, Fig. 3, which lodges in an eccen- 
tric groove cut in the gun and ending in a recess 
with which it is connected by a curve. When the 
breech is opened by causing the breech-block to 


revolve, the nose of the bolt rises first round the’ 


connecting curve, and by being guided in the groove 


draws the shank of ‘the bolt outwards, by which’ 


means the striker is no loriger opposite the primer. 
Inversely, when the breech-block is closed the nose 
of the bolt is, at the stop-cleat, led inside the groove, 
and the striking-piece: is only brought in front of 
the primer when the bolt is in a line with the 
recess, or, in other words, when the gun is ready 
for firing. ‘The regulations further prescribe that 
the primer must only be inserted after the closing 
of the breech, and that the‘latter should be opened 
only after removing the prifer and uncocking the 
striker. ?, 

Such are very briefly the partictlars concerning 
the firing mechanism in question, ‘which dates from 
a period at which’ nobody ever thought of carrying 
out rapid firing with a 7:6-in. gun: There is 
nothing astonishing in the fact that this mechanism 
should have been ‘in the service for so'long a time 
without giving rise to any complaint ; it was only 
necessary to us? it'on the lines according to which 
it was designed and manufactured, taking care that 
all‘ the manoeuvres were carried | out ‘accurately, 
rapidity in their execution being, so to speak, a 
secondary consideration. The bolt, which is the 
characteristic piece in the mechanism, dates even 
as far back as 1870; its use has therefore been 
endorsed by a long and satisfactory, experience. 

Now on board the Latouche-Tréville, and accord- 
ing to all the reports which have appeared, it was 
sought, with a gun of a pattern over twenty years 
old, to fire’ as rapidly as is possible witha gun’ of a 
modern type. The service regulations for this 
older type of gun, says Le Yacht, were not followed, 
the breech-block having been opened out without 
removing the primer, without uncocking the striker, 
and leaving the lanyard for releasing the striker 
hooked in place, which lanyard was connected at 
the other end to the gun-mounting. When, there- 
fore, the breech-block was turned back after being 
unscrewed in its seating, the tension set up on the 
lanyard caused the bolt to travel towards the centre 
of the breech-block, the striker resumed its position 
opposite the primer, and, the tension on the lanyard 
increasing, the charge was fired. A very great 
breach of regulations was thus committed in the 
handling of the gun, and the sequence of actions 
was ascertained when the breech-block was re- 
covered, and seen to contain the fired primer in ‘its 
seating. 

It is necessary here to explain that the Latouche- 
Tréville was at the tittie performing manceuvres 
under steam, describing a square, and carrying out 
firing practice against’a floating target in the centre 
of the square. hen the ship neared the angles of 
the square she turned, and the target was for a time 
out of the line of sight. Firing was then suspended 
during four or five minutes, and this suspension 
was taken advantage of to change the gun crews. 
Such was the occurrence before reaching one angle, 
the gun had been loaded, but could not fire at 
the target, and the gun crew was changed. Then 
it was noticed that the regulations had not been 
complied with, which prescribe that when a gun in 
such a circumstance remains loaded, the breech- 
block should be opened out after removing the 
primer and placing the striker at safety. Some 
confusion must have arisen at this point, and the 
breech-block was opened out without removing the 
primer, and evidently without changing the posi- 
tion of the striker. ee minutes only had elapsed 
between the loading of the gun and the accident ; 
there was therefore no back-flash, for the gases 
would have had time to cool had there been any, 
nor any action attributable to smouldering débris, 


for-on opening the breech ‘of-a loaded’ gun there7is" 
|no draught established through the bore, the pro- 
jectile closing this up completely. 
| - The author of the article in Le Yacht question 
| whether. it can be asserted that the mechanism, 
which we have briefly described above, is a perfect 
mechanism. . This appears to us to be quite beside 
|the real question. There are, it is true, very few 
|pieces of mechanism which are perfect, but in 
every case there is one correct way and several 
wrong ways of using any mechanism. The point 
at issue is té show for what particular object the 
mechanism described was designed, and how it was 
used. If designed with a view to rapid firing, it was 
certainly a bad device. If, on the other hand, it 
was designed for slow firing—and this cannot be 
gainsaid, owing to the ancientness of its type, and to 
the fact that its use for slow firing formed ‘the 
subject of a special regulation—then it is free from 
all reproach, as is proved by the long period of 
years during which it has given complete satisfaction 
under normal service conditions. 
The practical conclusions which may be ‘drawn 
from the above remarks are various. In tlie first 
place, it is idle—and dangerous, as has been proved 
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by the accident to which we refer—to endeavour 
to serve a gun of an old pattern in a similar way to 
a new type of gun. Further, it is most unreason- 
able to compare, as is constantly done in France, 
the results ‘obtained with an old' type of ordnance 
with those obtained elsewhere with a modern 
type. Finally, before delivering to the personnel in 
charge, as does Le Yacht, a certificate of superiority, 
it would be quite reasonable to acknowledge that 
this personnel, like that of any other navy, may 
occasionally make mistakes which are often trace- 
able simply to a lack of technical enlightenment on 
particular subjects. One circumstance in the acci- 
dent in question has hitherto remained unexplained. 
All French naval officers who have some actjuaint- 
ance with the working of turrets are greatly puzzled 
as to how thirteen men could have found room in 
the 7.6-in. gun turret of the Latouche. Tréville, in 
which the seven gunners prescribed in the regu- 
lations for serving the gun have none too much 
space, and they conclude that the relief of the man- 
qeuvring party was not carried out with all desir- 
able order and discipline. 

Experts in the subject of explosives, on the other 
hand, cannot understand how a charge of powder 
as low as the drill charge used on that particular 
occasion, 6.6 kilogrammes (10.54 lb.) of smokeless 
powder, according to the hand-book above referred 
to, can have blown away the turret-cover, seeing 








that the explosion did not take place in a closed-in 
space, for besides the normal outlets, such as the 
gun-embrasure and the sighting-port, the turret 
door had been left open. ese experts are there- 
fore quite justified in believing that, with a view to 
accelerate firing, a certain number of extra charges 
had, most imprudently, been collected :in the 
turret, and placed there unprotected, ready to. be 
used. -The simultaneous inflammation of these 
extra charges can then readily be taken for granted, 
leading to the blowing away: of the turret-cover. 
It is difficult to account otherwise for the magni+ 
tude of the explosion. 





=. 


NEW ZEALAND GOVERNMENT RAIL- 
WAYS. 

THE actual amount of the profit on working the 
New Zealand Government ‘railways in the year 
ending March 31, 1908, is remarkably close’ to the 
result achieved in the preceding year. This is the 
mofe extraordinary since the conditions obtaining 
in these two years differed widely. The ‘‘ profit,” 
or net excess of revenue over working expenses, in 
1908 was 812,179l., while the corresponding amount 
for the’ previous year was  812,118I, However, 
capital had increased by 861,375l. during the twelve 
months, so that the return was reduced from one 
of 3.45 to 3.33 per cent. on the capital (24,365, 6471.) 
invested in open lines. 

The railways of the Donitinion, as is, of course, 
well known, ate managed rather with the object of 
providing the public with as great facilities as poe- 
sible, than with the idea of making them financially 
successful, It was in 1896-that the Government 
embarked upon its definite 3 per cent. policy, 
according to which any excess in the rate of the 
return on capital invested, above the 3 per cent., 
shall be taken as warranting further concessions to 
the public in the form of reduced rates and fares, or 
the provision of additional facilities, to the value of 
the surplus. ~ As this policy was instituted at a timé 
when the average interest charge on the public 
debt was well over 4 per cent., it is to be presumed 
that it was clearly recognised what would be in- 
volved thereby. This being the case, there would 
be now no motive in pointing out the results of this 
course of action, were it not for the fact that the 
railways of the Dominion are frequently held up as 
modeis for older lands to copy. The capital of the 
railways takes the form of money valeed | by loan by’ 
the Government; Since the interest on these loans 
is guaranteed, the capital is virtually in the form 
of debenture stock, at least to the extent of the 
interest being a first charge on any excess of revenue 
over working expenses. At the present time, Sir 
J. G. Ward has recently informed us in an election 
speech at Palmerston North, the average rate of the 
interest charge on the public debt is 3/. 14s. 7d. per 
cent. This rate, on the capital invested in open 
lines, means an annual sum of 908,838/., or, on the 
capital invested in open and unopened lines, an 
amount of 997,2201. These sums, therefore, are 
actually required to meet the interest on’ the 
loans raised for railway capital, and as the excess 
of revenue over working expenses Only amounts 
to 812,1791., the so-called profit, although con- 
siderably in excess of the amount expected to 
result from the working of the 3 per cent. policy, 
is of a very unsubstantial nature—in fact, amounts 
to a deficit of little short of 100,000/. on open 
lines, which the people pay indirectly to the ex- 
chequer instead of directly to the railways. 

In his recent speech at Palmerston North, the 

resent Premier of the Dominion used the follow- 
ing words :—‘‘ We could, if we desired, take 5 or 
10 per cent. out of the users of the railways by a 
stroke of the pen, but I am confident that this 
would be a ruinous policy to the country, as there 
is nothing that does so much to develop the 
interior and help our industries, either in the 
country or city, and assist business people in 
the towns, as cheap means of locomotion.” This 
oor of the Premier’s speech was received with 
oud applause. A remark that “it is only just and 
right that some tax should be levied with a view to 
providing revenue to keep certain public services 
going,” does not appear to have met with the same 
clamorous welcome. However, the results of the 
elections have shown the people generally to be of 
these views, so that as far as New Zealand is con- 
cerned nothing more need be said. ‘But we, in 
older countries, having a preference for more staid 
methods of business and finance, will ever pray to be 
delivered from any deliberate policy, which is forced 
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to construe an actual large deficit as an apparent 
net profit, ere the situation can be made to wear a 
satisfactory complexion. _. 

According to their own views, then, the results of 
their railways are satisfactory in New Zealand. 
The concessions granted increase as years go on ; 
railway construction work is pushed on, and gene- 


rally during these prosperous times the lines are | 
being put into as good a state as possible. During | 


the year 1907-1908, for which the report has recently 
been issued, some 17 miles of new line were opened 
and a little branch 2 miles long closed, so that the 
resent mileage stands at 2471. The capital gost 
bor the open lines is now 98701. per mile—rather 
more than the figure for the previous year. 
Although the revenue (2,761,938/.) has increased 
by 137,3381. during the year, the working expenses 
(1,949,7591.) also show. ‘a heavy increase. The net 
result,, as reflected in the ratio of the percentage of 
the working expenses to earnings, is not altogether 
satisfactory, this ratio having. increased from 69.06 
to 70.59 per cent. The gross earnings per train- 
mile are greater by 0.75d., standing now at 93.754. ; 
but the net earnings are less by 1:22d. per train- 
mile, figuring out at 27,57d. As regards traffic, all 
glasses have increased, with the exception of wool, 
grain, and sheep. The continued growth of the 
passenger traffic is a sign of prosperity, and is some- 
what extraordinary, in view of the fact that in the 
previous yéar this traffic was abnormally large on 
account of the Christchurch Exhibition. The public 
are evidently gradually becoming accustomed to 
greater movement, and the Government, by means 
of concessions to nearly every class of traveller, does 
its best to encourage this. The inducement. to 
travel is vastly increased if each member of the 
public can find some privilege exactly fitting his 
case. The proportional increase is, in the case of 
passenger traffic, much greater than the scale on 
which goods traftic may increase with concessions, 
for the reason that while, in the latter case, economic 
considerations rule, in the former, sentiment will 
often over-ride thrift. 

As regards working expenses, maintenance of 
permanent way differs but little from the preeeding 
year, standing now at 21.73d. per train-mile,, or 
258.311. per mile of railway per annum. Locomo- 
tive expenses have increased, however, from 18.55d. 
in 1906-7 to 19.49d. in 1907-8. Carriage and wagon 
expenses have also increased by 0.65d. per train- 
mile, figuring now at 5.47d. Altogether the work- 
ing expenses per train-mile now run out at 66.18d., 
against 64,21d. per train-mile in the previous year. 

ese additions are accounted for in the report as 
being due to ‘‘ betterment” work so far as the 
permanent way is concerned, and to increase of 
wages and salaries in other branches of the service. 
The latter item is constantly introduced in these 
reports, showing that the trend of wages is steadily 
upwards in the colony. 

The work of improving the system is proceedin 
steadily. The light lines are being relaid an 
strengthened to stand the heavier traffic now - 
ing over them. Doubling is being undertolsen. 
Interlocking points and signals were installed at 
eight stations during the year, and electro-pneu- 
matic signalling at Dunedin. The electric tablet 
system is also now in use on over 848 miles, and the 
staff and ticket on other 46 miles. On the double lines 
Syke’s lock and block is being installed. The rail- 
way telegraph and telephone is also on an exten- 
sive scale. 

Among the new developments of the year was the 
inauguration, in 1907, of a road-motor service 
between Culverdon and the Hammer Spa, a health 
resort in the South Island, in connection with the 
trains. Although the intended service is not yet 
fully realised, on account of lack of good roads and 
beidgen, it is reported that there is no doubt but 
that it will eventually prove satisfactory. We may 
here mention the fact that an additional motor-train 
has been turned out of the railway shops during the 

ear. These train-motors were reported in 1907 as 
ving proved unremunerative. =n view, therefore, 
of the fact that another has been put in service, the 
official silence on their working in the - present 
report is to be regretted. 
uring the last few months news of at least two 
important railway events have reached us from the 
Dominion. These will materially affect [the next 


report, and as preparation for them has been going 
on for some time, a short reference to them here 
will not be out of place. One-has reference to the 
Wellington and 
passes into the hands of the Government. 


anawatu Railway, which now 
This 


railway forms the direct route from Wellington to 
Palmerston North and on to Auckland. . A second, 
but circuitous, route to Palmerston: North has 
existed for some time, but the acquisition of this 
more direct line will undoubtedly facilitate transit 
between the important centres. The other announce- 
ment is that relating to the. joining up of the two 
ends of the North Island main trunk line, so that a 
through train service from Wellington to Auckland 
| is‘now possible, and actually in being. The report 
| forecasts the following service in connection. with 
these improvements: Leaving Auckland at.8.30-p.m., 
Wellington would be reached at 3.30 p.m. the fel- 
lowing day. Steamer. would be taken thence to 
Lyttelton, 175 miles open sea, and connection 
made fer the first express to Christchurch the next 
morning, and on to. Invercargill, at the southern 
extremity of the South Island, which would -be 
reached at 9.30 p.m..that night, the whole journey 
from-end te end. of the Dominion occupying there- 
fore about forty-nine hours. 

For some years the. railways have been: making 
preparation, as regards rolling-stock, for the in- 
auguration of this through service. The. through 
trains are to consist of 50-ft. cars, convertible into 
sleepers at night, together with dining and other 
cars. ‘The locomotives to be used in the North 
Island are four-cylinder. balanced compounds, 
similar in many respects to a class in use on 
the Hurunui-Bluff section, but considerably more 
powerful. These are to be 14-wheeled engines, with 
eight-coupled driving-wheels, 3 ft. 9in. in diameter, 
amd cylinders 134 in. (high-pressure) and 22 in. (low- 
pressure) in diameter, with 22: in. stroke.’ The 
working pressure is 250 lb. per square inch. They 
will have a leading four-wheeled and a trailing two- 
wheeled truck. The design includes piston-valves 
and a modified Walschaert valve-gear. The wheels 
on the two middle, of the four coupled, axles have 
blind tyres. The weight of the engines in working 
order is 90 tons. The ‘boiler is of the wagon-top 
type, with wide fire-bex extending over the frames. 

e tubes are 15 ft. 8 in. between plates and 1} in. 
in diameter. They provide a heating surface of 1938 
square feet, which, with 116.7 square feet in the 
fire-box, gives a total amount of 2054.7 square feet. 
The grate area is 37.18 square feet, the- grate. being 
7 ft. 64 in. long and 4 ft. 11} in. wide inside. 

In addition to these engines there are under con- 
struction in the railway shops ten heavy tank- 
engines, 104 ie coaches, 29 bogie brake-vans, and 
1736 wagons. essrs. A’ and G. Price, of Thames, 
have also 18 engines in hand for the railways. The 
report for 1907-8 states that the goods stock at the 
end of that year numbered 13,431 wagons of an 
aggregate capacity of 108,868 tons. Actually at the 
time of writing the number of’ wagons, and their 
capacity, are considerably larger than is stated in the 
report. a there have been many com- 
— of shortage of stock, for the Minister of 

ilways is at pains to point out that ‘‘If every 
goods wagon was loaded to its full carrying capacity 
and made one trip per week only, the present stock 
would be still sufficient to deal with a tonnage 

eatly in excess of the present business.” Again 

e states that ‘‘the margin would be ample. . 
if users of the wagons loaded them to their full 
capacity and discharged them with reasonable 
despatch.” Here we have two very vital points of 
railway working touched upon—the one the 
question of minimum loads, and the other the 
question of quick loading and release. | Toa large ex- 
tent both are in the hands of the railway. It is for 
the railway to decide what shall form a minimum load 
and to institute a comprehensive transhipping system 
so as to reduce the haulage of wagons with loads 
lighter than this minimum. The users cannot fully 
load wagons if they have only small consignments ; 
and as far as shortage arises from this cause, instead 
of the blame being on the traders, it really should be 
_ on the shoulders of the railway authorities. 

imilarly, with regard to loading and. release, the 
Minister of Railways, instead of complaining of the 
habits of the users, ‘can, if he wishes to improve the 
service of the wagons, so regulate his demurrage 
charges, &c., as to encourage in a very piquant man- 
ner quickness of loading, unloading, and release, 
Unfortunately, while willing enough to accept con- 
cessions, the public in so democratic a State would 
not, perhaps,.view with the same equanimity: the 
introduction of restrictive regulations. The rail- 
ways therefore meekly record their plaints, and 
hush the whole matter by purchasing more stock. 
The average tonnage carried per wagén per day in 
1906, on these lines, was1.1 tons. As the railways 











possess quite a fair proportion of large bogie wagons, 
this figure cannot be considered anything but low. 
Although in the past years the wagon stock has 
been materially increased, and large additions are 
included in the current programme, taking the life 
of such stock into account, it does not appear that 
these provisions have been, or are, on the whole, on 
an excessive scale.- In the last thirteen years the 
tonnage carried has increased by 136 per cent., and 
the wagon stock eapacity by 131 per cent. Thus 
the capacity of the goods stock has fairly kept pace 
with the growth of traffic. But during this time 
we only find mention made in most of the reports 
of comparatively small numbers of: vehicles being 
withdrawn from traffic or converted to other uses, 
so that probably at the present day a great deal 
more than 50 per ent. of the stock has seen half 
its life. It seems likely, therefore, that if traffic 
continues to grow, the time will shortly arrive 
when the annual purchases will need to be con- 
siderably greater than is now customary, unless the 
duty of the wagons be increased, when the additions 
at recent rate would suffice, perhaps, for some time. 








UNIVERSITY DEGREES IN 
ENGINEERING. 
By Professor J. A. Fiemine, D.Sc., F.R.S. 


Tue gradual increase in the number of British 
universities granting degrees in engineering, and the 
corresponding multiplication of engineering labora- 
tories in their constituent collegés, calls for some 
consideration of the influences thus brought to bear 
upon engineering education generally. Endless dis- 
cussion has taken place on the question of the best 
form of training for a youth who aspires to find a 
place in the ranks of that wide profession or busi- 
ness embraced under the term ‘‘ engineering,” and 
we might almost say that there are as many opinions 
on this matter as there are engineers. Whatever 
the opinions, the fact remains that an engineer is 
essentially a person who constructs something, or 
who shows or gives instructions to others how to 
construct it, and his value to the community de- 
pends on his ability to work with or control physical 
substances or forces.. He has, therefore, to over- 
come difficulties, and to open up new methods or 
kinds of manufacture. Apart from-certain routine 
operations, almost every piece of work which calls 
for the intervention of an engineer is to some ex- 
tent a new problem necessitating more or less in- 
vention, and the power of accomplishing something 
practical. No man has, therefore, any chance of 
succeeding in this profession or business who is not 
possessed of a certain group of. mental faculties, 
which, for want of a better term, we call a prac- 
tical turn of mind, combined with some power 
of initiative or originality. It is- not sufficient 
for him to know the theory of his operations, he 
must be able to carry out effectively things which 
the world wants done, and this want continually, 
expresses itself as a desire for new, better, cheaper, 
quicker, or more efficient ways of doing things 
already done. Hence the civil, mechanical, or elec- 


. | trical engineer is always being called upon to create, 


or to adapt himself to, a new environment. 

The object of engineering education must there- 
fore be to sift out from the youthful part of the 
community those who naturally possess these prac- 
tical creative mental faculties, or in whom they can 
be usefully developed. ‘To encourage an indiscri- 
minate entrance into these’ pursuits under the idea 
that they offer a pleasant means of livelihood in 
which no particular personal qualities are required 
is to foster a delusion. On the top, however, of a 
natural aptitude, there must come a_ suitable 
training, and if university degrees or diplomas 
in engineering are to have any value at all 
ath 2 a meaningless addition of ornamental initials, 
they must be an evidence of thisaptitude and train- 
ing. Moreover, it is desirable that the eyed 
attainments of which the degree is the hall-mark 
shall be definite and well understood, and that 
competition between degree-giving institutions for 
candidates or students shall not lead to an undue 
lowering of the standard of attainment. 

Another matter of importance is that the degree, 
which properly is a test of training and acquire- 
ments, should not be allowed to become an end in 
itself, so that the obtaining of the degree as an 
academic success is the chief. aim of the student, 
apart from the training itself, of which it is the 
evidence. 

The whole value of the test rests on the quality 
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of the -education to which it is an index. We are 
all aware that written or oral examinations~are at: 
best a : means of ascertaining the presence -of 
real ability, and; as a rule, the men most~ conscious‘ 
of origi wers have nothing to do with them. 

But for the rank and file they are an evil, 

and- perhaps better than no test at all, provided 

always that the scope ofthe examination -is con- 

trolled by the aims of the per and not’ the 

teaching subordinated to the syllabus of the ex- 

amination. Owing to the enormous range of know- 

ledge now embraced within the term engineering, 

it is out of the question for any one man to master 
it all: Hence divisions of the subject have to be | 
made, ‘which are more or less conventional. It ‘is 

quite impossible, for example, to distinguish sharply 

at the present time between civil and- mechanical en- 

gineering, whilst of late years the applications of elec- 

tricity in connection with engineering have become so 

vast and important that no one engaged in any branch: 
of the business can afford te be ignorant of them 

without great disadvantage. _ The electrician, how- 

ever, who has to deal with engimeering as compared 
with -physical problems, must be ‘ equipped with a 
thorough knowledge of mechanical engineering. 

It is therefore very important: for the student to 

avoid premature specialisation: Owing to the com-- 
petition of modern life and the changes introduced 

by invention, few young engineers ‘can foretell in 

what branch of -the business their ‘ultimate lot may 
be cast. Students are in the habit. of deciding with 

the infallibility of youth what they intend to do in 
after-life.. Fate- too often-wills it quite otherwise. 

Hence it is ridiculous for a student to say, -as some 
do, ‘‘ I mean to be a:civil engineer; I havé ne need 
to study electrical technology.” - He-does:not know 

in what branch of engineering he will find his- 
opportunities of making a living. ete 

Tis the function therefore of the degree syllabus: 
to save him from premature specialisation in_ his 
studies, which woud: mean subsequent disadvantage. 
If, then, there is to.be systematic educational - pre- 
paration for the profession of engineering, and 
appropriate tests of its results by degree examina- 
tions, it is clear that these should possess. the 
following characteristics :— 

1. They should afford some means of ‘sifting out- 
the fit from the unfit in respect of mental attain-- 
ments and qualifications for the profession - of 
engineering, including amongst these the power of 
strenuous, painstaking work and a practical turn of 
mind. 

2. They should limit as far-as-possible premature- 


specialisation in studies and compel a broad educa-- 


tion, the ideal to be kept in view being to know a 
little of everything and everything of something: 

3. They should not be tests chiefly of memory or 
the reproduction -of acquired information, but test 
to some extent the power of grappling with diffi- 
culties of an engineering nature, and also test the 
candidate’s originality. 

4. The degree should not be allowed to become 
an end in itself as a academic success, but should be a- 
proof of having completed a carefully-selected and 
not too narrow course of practical training, covering; 
however, the range of knowledge required in some 
recognised branch of the engineering profession: or 
business, » ovine 

In the above statements practical knowledge must 
be taken to meana knowledge of scientific principles 
and their applications — not a mere--empirical 
acquaintance with processes or methods of ‘work- 
ing. ‘But it is- not meant; to include that kind of: 
knowledge, chiefly relating to cost of work, which 
can only be obtained in the actual practice of the 
profession or business. é wes 

Some of the older school of engineers have at 
various times expre the opmion that. theonly: 
necessary preparation for an engineering career isa 
so-called ‘‘ good general education,” at most sup- 
plemented by a fair acquaintance with the facts and 
principles: of chemistry, physics, mathematics, and 
other pure sciences. The extreme complexity of 
the phenomena involved in the technical application 
of modern scientifie knowledge, and its wihe extent, 
renders it necessary, however, for the young en- 
gineer of to-day te receive a special training in the 
principles and facts-of these technical applications, 
in order to equip him with the necessary professional 
knowledge without less of time. Hence arises the 
necessity for engineering laboratories and technical 
colleges, which fill- the- gap- between the purely 
scientific institutions and the engineering workshop 
or professional office. The-engineering degree con- 
sidered-as a test-of-training must therefore- take- 


‘bus for the’ de 





account of the educational work done in th 
technical institutions. “ 
We pass on then to inquire how far the above 
requirements are being mét ‘by the lations for 
degrees in engineering given by the University of 
London and other provincial universities ‘which 
have been established in the last ten years. When 
the old examining University of London was recon- 
stituted as a feaching University and a Faculty of 
Engineering arranged, it was considered undesirable 
to create special engineering degrees, such as B.Eng., 
M.Eng., on the ground that the public might take 
these titles as guarantees of a professional know- 
ledge and experience, which they could not be. 
Hence it was agreed that the degree awarded should 
be called B.Sc. in Engineering, obtainable ‘by 
success in a final technical examination after pass- 
ing a previous intermediate examination in general 
scientific knowledge. The bodies called the Boards 
of Studies were at the same time constituted and 
entrusted with the duty of recommending the syl- 
labus, or subsequent alterations in it, which pre- 
scribes the nature and’ range’ of the examination. 


At the present time there are three courses of 


—— study and examination for this London 
Sc. degree in engineering—one for mining’ engi- 
neers, the other fot metallurgical ‘engineers, and 
the third’for every other kind of ‘engineer. For 
the ‘first and second of these there are appointed 
subjects of exarhinatién which are consistently re- 


lated to the ‘subjects of mining and metallurgy. 


respectively: For ‘the degree in mining the candi- 
date has to satisfy the examiners’ in three so-called 
“A” subjects, geology and’ mineralogy, mining 
surveying’ dnd: assaying, and electrical technology ; 
and in bne'sélected ‘“B” subject out of a group of 
three—viz.;'théory of structures, strength and elas- 
ticity of materials; or hydraulics. For the’ degree 
in mtetalhitgy the three compulsory ‘“‘ A” subjects 
are ‘Wiheralogy, metallurgy, and electrical techno- 
logy ;‘and*‘one ‘‘ B” subject ‘selected by the candi- 
date—either théory ‘of structures or strength and 
elasticity of materials. ‘ It is also provided that in 
both ‘cases the candidate must have been for three 
years a ‘student in. a School of the University and 


| taught’ by recognised te&ichers, The examination 


includes not only written answers to questions, but 
an examination of the student’s course and ‘practical 
work at the school.’ No very good grounds exist 
for taking exception to these curricula and schemes 
of study for mining and‘ metallurgical ‘engineers. 
At any rate, they have the merit of being definite 
and ‘orisistent, and the degree’ awarded on them 
has, therefore, a recognised value. They secure that 
the successful candidate shall have received not only 
a preliminary scientific training, but adequate in- 
struction in the technical knowledge whith is neces- 
sary’ for the ‘equipment of a mining engineer or 
metallurgist. © 
‘ When, however, we turn’ to the general sylla- 
ee ‘of B.Sc. in ineering, 
we find antuch ‘less ‘satisfactory state of affairs, 
‘The régulations provide ‘that the candidate must 
present himself- for‘ examination in ‘three out 
of four “A” subjects—viz., apy | of Machines 
and Machine ag Theory of Structures and 
Structure Design, Strength and Elasticity of Ma- 


‘\iterials ‘and Electrical Technology, while he has the 


option of being ‘examined in two at least out of 
seven ‘“‘B”’ ‘subjects—viz., Hydraulics, Surveying, 
Theory of “Heat-Engines, Design of Electrical 
Machimery ‘and Apparatus; Generation, Transmis- 
sion, and Distribution’ of Electrical Energy; Mathe- 
matics, and Advanced Theery of Machines and 
‘Structures. The aim of the compilers of this syllabus 
undoubtedly was to afford a choice of subjects to 
candidates intending ultimately to be either civil, 
miechanical, or electrical engineers, whilst: at the 
same time securing that the test imposed should be 
sufficiently severe to exclude mere smatterers. 
Unfortunately, however, they did not take account 
of the tendency of human — to work along the 
line of least resistance, neither were they able to 
foresee the extremely different'rates of growth 
in the’ range of knowledge covered by these various 
sub-titles or subjects. This syllabus does not 
sufficiently mark out for the candidate ——— 

neral- and ‘specific lines’ of study. It offers 

im a list of eleven subjects and invites him to 
select five of them at least at pleasure as the sub- 
jects in which he will’ be examined. The obvious 
consequence is’ that a large number of the candi- 
dates choose ‘those subjects which they think are 
the easiest for them* to or to-gdin marks in; 
without regard to the relation of these subjects to 


each other or to any well-defined ‘field of engineer- 

ing work. Again; since the establishment‘ of this 

London engineering degree examination in 1903, 

enormous progress has: been made in’ électiical 

engineering, whereas in others, such as surveying, ' 
hardly any change has taken place in the range of 

knowledge covered. Hence from time to time re- 

adjustment is required to level up the difficulties of 

the various optional courses. No one can assert 

that Surveying has, for instance, made as much 

progress in six years as Electrical transmission of 

power or the Design of electrical machinery. The 

candidate now has a vastly greater range of know- 

ledge to cover, if he selects the electrical subjects 

for his examination, than in 1903,,and the conse- 

quence of this is that'a number,of candidates select 
the subjects which demand the least labour and 
brain power, not because they are more useful to 
them, but because they are more easy to “‘ get up.” 

The modifications -which might, therefore, with 

advantage be introduced to remove these defects, : 
and bring the general syllabus into consistent rela-* 
tion. to those of the mining and - metallurgical 

| courses,’ are as follow :—The‘‘A” group of subjects 
should be reduced: to three in number, and all made 
an ed selecting, ‘for example, theory of: 
machines and machine design, theory of structures 
and structural design, and electrical technology,’ 
and -the theory of machines shduld ‘include ‘the’ 
operations of the principal prime movers. e 
““B” subjects toatl en divided ‘into séveral groups, 

each embracing two or three subjects, these 
groups of subjects being respectively correlated to 
civil, mechanical, electrical, naval, or other branches’ 
of engineering; and the candidate allowed a choite, 

‘say, of two out of thrée subjects in any one group. 

Moreover, the ‘scope of these subjects ‘should’ be 
so selected that the candidate cannot find it easier 
to = in one group than in the other. 

athematics as a special ‘‘B” subject should be 
removed. Mathematics, as engineers require it, is a 
means to an end, and not an end in itself? A young 
engineer requires a thoroughly practical’ and work- 
ing knowledge of certain parts of tnatheniatics, but 
it is perfectly useless for him to spend time over 
much that is necessary when mathematics is’ re- 
garded as a science per se. .The power of the 
student to apply his mathematical knowledge can’ 
be quite sufficiently tested in the questions set in 
the engineering and electrical subjects. The chief 
defect in the present Scheme is, however, the 
isolated position assigned as special ‘*‘ B” subjects to 
Surveying and Mathematics.’ It is a well-known 
fact that candidates in considerable numbers now’ 
take these up as their ‘‘B” subjects parthy’ because 
they find it easiér to obtain the required Humber of 
marks for a pass in them than if they selected 
the more difficult electrical or mechanical engineer- 
ing subjects. Another marked defect is the absence 
of any test of the student’s power of independent 
practical work. Except in the subject of Surveying, 
there has hitherto not been any practical examina- 
tion in any of the stibjects, and ‘a proposal has been 
made. even.to omit this in future, on account of the 
number of candidates taking up this subject. At 
most of the provincial universities the examination 
for the degree of B.Sc. in’ Engineering involves 
practical work as well as written answers to set 
papers. The examination of the student’s course 
or college work, as far as an inspection of note- 
books and drawings is‘concerned, is included in the 
London examination, but experience shows that 
this is not a very searching test of the individual 
ability of the student in regard to his power of 
independent work. The man who is useful in a 
workshop is the man of resource and initiative, 
and these qualities are far more important in actual 
work than the ability to reproduce stored-up infor- 
mation, or to answer examination questions. The 
syllabus of the final course for the degree of B.Sc. 
in Engineering in the University of London un-: 
doubtedly stands in need of revision. At the ve 
least, it should be made consistent- with the syl- 
labuses now standing for the mining and metal- 
lurgical courses. : , 

e logical and most scientific arrangement would 
be to make the general syllabus include an ‘‘A” group’ 
of, say, three subjects, all compulsory, in the final 
general course, comprising a mechanical, construc- 
tional, and electrical subject, as above suggested. 
The ‘*B” group-could then be divided into sections, 
and these, if properly levelled up in difficulty, would 
present no temptation to the candidate to select 
one group rather than the other because it was- 
easier. ~The candidate would -thus--be compelled 
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to exhibit a thorough knowledge of a group of 
allied subjects having a special bearing on some 
department of engineering, and at the’same time to 
prove himself of a — knowledge of 
subjects connected with other departments. Under 
the present arrangements his B.Sc. degree proves 
nothing, except that he has obtained pass marks in 
at least five subjects chosen by himself out of eleven, 
and does not form any evidence that, he has under- 
gone a systematic training for the profession either 
of a civil, mechanical, or electrical engineer. This 
vagueness inthe significance . now attaching ‘to 
the London B.Sc. degree in Engineering greatly 
diminishes its value and reacts unfavourably upon 
the teaching. The ground to be covered is nowso vast 
thata systematic’ division of it is absolutely necés- 
sary, and the option that is offered to the student 
should: be an option between complete’ and well- 
rounded courses of study, and not an option to pick 
and choose subjects for an examination without 
regard to their relation to one. another, far less an 
option to choose, one subject because it is less 
difficult than others. It is clear, therefore, that from 
time to time. the syllabuses’ for the . prescribed 
courses for engineering degrees in our Universities 
require re-constructing, to remove defects revealed 
by experience, to bring them into better touch with 
sractical engineering work, and to prevent them 
wens degenerating into academic decorations of no 
value as a test of practical training and powers. 

If, therefore, these university degrees in engineer- 


ing are to possess, or continue -to possess, any | 


importance in the eyes of engineers engaged in the 
work of practical life, they must based on 
curricula of study and examination which have as 
their main object to make men practically equipped 
for useful positions .in afterlife in connection with 
all kinds of engineering work, and not simply. to 
enable the largest possible number of. academi¢ 
students to write B.Sc. after their names. This 
matter is one which should therefore engage the 
attention of. the Faculty of Engineering in the 
University of London, and discussion of it should 
not: be baad or resisted. 

It is imperative to bear in mind that oy 
initiative, and inventive power are the qualities in 
men which are most. important in after life. . To 
some extent they can be cultivated and fostered; 
but they can likewise be repressed and hindered, 
and by:no means more -easily than by an excessive 
devotion.to the task of overloading the memory 
with information merely for the: purpose of ‘repro- 
ducing it again as answers to questions set in 
examination papers. In coming in contact with 
notable ‘scientific inventors, the writer has always 
béen’ struck with the fact: that they did not appear 
to have large stores of information in their memory, 
but, that which pre-enineanly distinguished them 
was the power of carrying instantly and rapidly to 
its logical issue any fact or. principle which came to 
their notice. Nationally, we want all the inventive 
ability we possess carefully nurtured, and we must 
look to it that the academic regulation of engineer- 
ing education does not hinder in any way its 
development. 








NOTES. 
Higu-Pressure Gas Suppty. 


Tue Liibeck Gas-Works supplies.with gas five 
localities, with an aggregate of about 8000 inhabi- 
tants, through two high-pressure lines of respec- 
tively 6 and.12 miles length. The gas is led into 
holders ‘at the different places, and the distribution 
takes place from these holders, although a few users 
en route are supplied direct from thé- high-pressure 
pipe by means of a pressure-reducing valve. The 

is compressed partly by blowers and partly by 
fig -pressure . pumps ; ments have 
woyked and stood the wear and tear satisfactorily, 
as have the Mannesmann tubes. It is, however, 
proposed to alter the mode of connection, discard- 
ing socket connection for screw \connection. Ex- 
periments have been made on the Liibeck- Trave- 
miinde line as to the effect upon the lighting 
efficiency of gas of the pressure used, and it has been 
ascertained that the = ae | ta of the gas, with 
initial pressures of 137’ and 3918 millimetres (5.4 in. 
and 154 in.) in summer, and 137 and. 1705 mil- 
limetres in winter, was reduced 1.01 to 8.33 per 
cent.,. through pressure and friction in the mains, 
the loss being ter with still higher pressure, and 


in seme cases.during the winter even amounting to 
25.per cent, The loss.as regards heating efficiency 
was insignificant, -but this, too, was greater in winter 


than in summer, although proportionately smaller 
with increasing pressure. The figures in summer 
were 2.08 to 0.93. per cént.; in winter, 3.75 to 2.42 
per cent.. The decrease in specific weight was also, 
slight, the maximum in summer being 2.7 per cent., 
and in winter 4.6 per cent. 


Tue Lowest TENDER. 





| other bodies inviting tenders to draw special atten- 
| tion to the fact that the lowest tender will not 


| mecessarily be accepted. The knowledge that the | 


job will not, as a matter of course, be handed over 
to the lowest bidder tends to encourage offers from 


firms of repute,,who need not fear that mere stiff- | 


ness of price spells instant rejection. Where, how- 
ever, the party inviting tenders is a Iocal authority, 
it seems that there may be a vis.a tergo, in the 
shape of a Government office, to be reckoned with. 
Thus, ;where a local authority, such as a county 
council, desires to spend. money upon some object 
| which comes within the purview of the Home Office, 
the sanction of the Home Secretary must be ob- 
tained.' The daily papers of January 2 contained 
an announcement which shows that a veto will 
be exercised in a proper case. It appears that the 
| Essex County Council, being minded to build a new 
/county lunatic asylum at Colchester, delegated to 
their Committee of Visitors the duty of obtaining 
tenders. Messrs. .Waring and. White’s tender, 
which amounted to 193, 139/., was accepted, although 
it. was not the lowest... The committee had, how- 
| ever, made it clear that they did not bind themselves 
to accept the lowest or any tender. Mr. Gladstone 
refused to sanction the contract, on the ground : (1) 
that the tender was not the lowest ; (2) that other 
firms were not afforded the same opportunity of 
reconsidering their tender as was afforded to 
Messrs. Waring and White; and’ (3) thatthe 
acceptance of this firm’s tender invalved a. system 
of sub-contracting which, in Mr. Gladstone’s 
| opinion, was.in itself open to serious.objection: In 
spite of the fact that the committee stated that the 
successful firm, were not, in fact, invited to recon- 
sider their tender, the Home Secretary refused to 
reconsider his decision. There the matter stands ; 
and as Messrs: Waring and White have expended 
3000/. in anticipation, they stand to lose this sum. 
We have no information as to the merits of. the 
case.. If it has no other effect, it will at least serve 
to draw the attention of contractors to the neces- 
sity of walking warily when they are about to enter 
into contracts with local authorities. The incident, 
however, is important from another, point of view. 
It. evinces a,,desire on the part of the Govern- 
ment departments to keep some. check upon. the 
expenditure of the ratepayers’) money. . It. would 
not, of course, be.wise to lay down the general 
principle that local authorities shall always accept 
the lowest tender ; but tenders are often accepted 
for indirect reasons. A particular contractor is 
chosen ‘because he pays trade-union wages, or 
because he’ belongs to a particular section. Again, 
the practice of accepting a higher tender on the 
mere ground that it gives employment to local men 
isone which may lend itself to every kind of abuse. 
In intervening to prevent. the growth of any such 
practice, the Secretaries of State would perform a 
useful public service. It may be. hoped that the 
fact that the. Home Secretary has .intervened— 
whether rightly or wrongly—may lead the Presi- 
dent of the Local Government Board ‘to intervene 
in suitable cases which come within his range, 








THE TRANSVERSE STRENGTH OF CONCRETE. . 

As a preliminary to a comprehensive research 
into the properties of ferro-concrete the United 
States Geological Suryey have recently completed 
|a series of tests on the transverse strength of con- 
|erete beams. . The . results, as was anticipated, 
'showed that concrete was unreliable when sub- 
| jected to tensile. stresses, since not only is its 
tensile strength low, but when it does fail under 





tension it does so suddenly and without warning, | 


whilst reinforced concrete usually shows a de- 
velopment of cracks long. before the fracture. The 
beams used in the experiment were made with a 


‘cement having, when tested neat, a tensile strength 


of 709 lb. at seven days, and of 840 lb. at the end of a 
year. The aggregates were granite, gravel, lime- 


| stone, and cinders, and the mixture was in all cases 


intended to be in the proportions of 1 of cement 
to 2 of sand and 4 of aggregate. In actual fact, 
however, the. cinder mixtuye was .made .more 
nearly in the proportions 1;2;5than1;2:4. In 


It is a common practice for local authorities and 


general, mixtures .mixed very wet proved less 
strong than drier ones, but the discrepancy lessened 


The experiments showed throughout a 
Lelism between the transverse strength 
|and. the crushing strength of the concrete. ‘lhe 
| cinder concrete had a crushing strength in 6-in. 
| cubes of about 1250 Ib. per square inch at the end 
| of. four weeks, which increased to about 1800 lb. at, 
the end of thirteen weeks. At corresponding dates 
the transverse test of beams 8 in. by.11 in. in sec- 
tion, and 12.ft. between centres, gave a modulus of 
rupture of about 180 lb. and 230 Ib. respectively. 
This modulus of rupture is, of course, the bending 
moment divided by the product of the breadth and 
the square of the depth. The concrete made with 
the granite aggregate was much the strongest of 
the series, but the short-period tests showed that 
the greater or. lesser quantity of water used in mix- 
ing greatly affected the strength. Mixed very wet, 
6-in. cubes four weeks old broke under a load: of 
3200 lb. per square inch, whilst mixed ‘‘dry”’ the 
strength at the same age ran up to 4500 lb. per square 
inch. Atanage of twenty-six weeks the correspond- 
ing figures were 4600 Ib. and 5400 lb. respectively. 
The modulus of rupture for wet mixtures of this 
aggregate was 375 lb. at. four weeks, and 500 Ib. at 
twenty-six weeks ;) whilst mixed ‘‘ dry” the figures 
were 500 lb. at four weeks and 590 1b. at thirteen 
weeks, . In spite of the rapidity with which ‘dry ” 
mixtures attain strength, it is pointed out in the 
report that..they are unsuitable for ferro-concrete, 
as.in practieal work not only would there be a danger 
of ‘! drying out ’+the concrete whilst hardening, but 
wet mixtures give a more intimate union with the 
steel, : The elastic modulus of the different concretes 
was alse determined... The results obtained with the 
cinder concrete were discordant, but more consistent 
results: were obtained in the case of the other aggre- 
gates. In general, with these the modulus was found 
to vary with ‘the age of the concrete, but there was no 
very serious difference between the results obtained 
at the end of thirteen. and twenty-six weeks. In the 
case of the granite, gravel, and cinder ‘concretes 
the modulus was higher at the end of. thirteen 
weeks than after the lapse of. half a year. Up toa 
load in compression of 2000 lb.: per square inch the 
modulus in the case of the limestone and granite 
aggregates was about 4,000,000 lb. per square inch, 
and was higher, or about 4,800,000 lb. per square 
inch, for the gravel concrete. As stated, the values 
obtained with the cinder concrete were irregular, 
but at. twenty-six weeks old the modulus up to 
loads of about 1000 1b. per square inch was se 
2,000,000 Ib. 


THE FLUORESCENCE OF PLATINO-CYANIDEs. 


In spite of the great interest taken in matters 
radioactive, and in cathode and other radiations, and 
of the part which fluorescent screens play in .the 
investigation of these phenomena, we know: very 
little more about the nature of the fluorescence of 
the platino-cyanides ‘than Stokes‘ found out in 
1853. . Stokes observed that the platino-cyanides 
of the alkalies and of the ‘alkaline earths were 
fluorescent, and those of the heavy metals as a rule 
not. so,. mercury -forming an exception. . Stekes 
also noticed that it was only the solid coloured: salt 
which exhibited fluorescence ; the aqueous solutions 
of those salts were colourless and non-fluorescent. 
With the aid of a grant from the Royal Society, 
Leonard Angelo Levy has recently studied these 
phenomena: at Cambridge. In the course of his 
investigations, which He .has presented to the 
American Socicty, Levy has prepared many new 

latino-cyanides, especially such.containing organic 
ie radicles. His researches do not-explain: the 
nature of the fluorescence. ‘But they show. that the 
|phenomena are not simple, and they, bring out 
unexpected influences of apparently unimportant 
‘factors, .and peculiar differences in the effects of 
| different radiations. -The platino-cyanides are not 
_very complex substances. The barium _platino- 
_cyanide has the formula Ba Pt (CN),, and in the 
similar compounds some element or radicle is sub- 
| stituted for the barium. Some of these compounds, , 
| Levy finds, differ in their behaviour according to the 
method of preparation ; they exist in two different 
crystalline forms, strongly differing in their colour 
| and fluorescence. This applies particularly to the 
_ barium and calcium salts. More general is the 
| influence of the water of crystallisation; several 
salts are formed by the same compound with various 
numbers of. molecules. of water, and the anhydrous 
| ante is as a rule non-fluorescent. Thus we find a 
| golden-coloured and a green barium compound with 


with age. 
fair 
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four molecules of water, the former feebly, the 
latter intensely, fluorescent ; the white anhydride is 
hardly fluorescent. In thé case of magnesium there 
are three hydrates—red, yellowish-green, and white 
—of which the green is alone fluorescent, and an 
orange anhydride. The white strontium salt, crystal- 
lising-with five molecules of water, is strongly fluores- 
cenit, the white anhydrous salt and several coloured 


hydrates are very fleebly fluorescent. » Magnesium, | 


erbium, and yttrium form, with different-numbers 


of molecules of water, beautiful red crystals; charac- 


terised.by the usual brilliant metallic green reflec- 


tion’ of these’ salts. These crystals exhibit feeble | 


fluorescence under ultra-violet light, and no fluor- 
escence at all when exposed to radium emanation. 
The. radium - barium platino - cyanide yields red 
crystals, which, freshly prepared, are self-luminous 
for some time, and re-acquire their luminosity by 
re-crystallisation ; the luminosity is much more 
intense than in a mixture of the two parent sub- 
stances, radium chloride »;and. barium platino- 
cyanide, but dies off, and) the double salt turns 
dirty green ; some of .these and other features had 
already been described by Mr. G. T. Beilby. - Very 
characteristic is the following observation :—Both 
the uranyl group (UO,) and the platino-cyanide 
group usually confer fluorescence upon compounds 
into- which they: enter ; but the uranyl platino- 
cyanide does not: respond to ultra-violet light, nor 
to radium emanations. It is also noteworthy that 
the intensity of the fluorescence depends upon the 
solution from which the salt is crystallised ; various 
additions have different effects. This was observed 
also some years ago: by Brochet and Petit when they 
discovered an- electrolytic method of preparing this 
compound. «-In examining ’the spectra of fluores- 
cent compounds, ‘Levy finds. that. the spectrum 
consists. in each case of one broad'absorption band 
with ill-defined borders, often covering:a consider- 
able portion of the-visible spectrum: The position 
of the maximum intensity of this band may be in the 
red, green, violet, or other parts: of the: spectrum. 
Levy failed to obtain any: evidence of electric 
charges of the fluorescent compounds ; it had: been 
suggested that the. ionising -action of the rays 
would produce atomic ‘electric charges. 








AMERICAN MINERALS.—The value of the mineral pro- 
duction of the United States -in- 1907 was 2,069,289, 196 
dols., showing an increase of 8.68 per cent, as compa 
with 1906, 27.33 per cent. as compared with 1905, and 
58.81 per cent. as compared *with 1904. In last year’s 
aggregate coal figured for 614,798,898 dols., and: iron for 
529,958,000 dols. 





THE Dennys or DuMBARTON.—Messts. William Denny 
and Brothers, shipbuilders, and Messrs. Denny and Co., 
engineers, Dumbarton, the co-partnery of which firms is 
almost identical, have jointly issued a copiously illustrated 
book “reviewing the history, works, and work of the two 
establishments. For about a century Dumbarton has been 
noted for itsshipbuilding, and the nitors of the present 
partners of the firms took a — part in developing 
the industry in the ancient burgh as well as on the Clyde. 
The present firm of shipbuilders dates from 1844, and 
the engineering firm from 1850, and since then over a 
million tons of shipping have been produ In many 

ts the firms, by their originality in design, have 
influenced the progress of naval. architecture, notably 
in connection with high-speed Channel steamers, in the 
development of the triple and quadruple compound prin- 
ciple in’ marine engines, the application of steel for hull 
construction, and generally in the evolution of more 
scientific methods. The firms will always find'a place in 
the history of the steam-turbine, because of their con- 
sistent advocacy and early, adoption of the system in 
merchant ships. They built the first merchant steamer 
fitted with turbines, in 1901; and followed it by another in 
1902, and since theri they haye produced twenty merchant 
steamers. in addition to to jo craft. They-have the 
credit, too, of sending to sea the first steamer with a com- 
bination of reciprocating and turbine machinery. The 
story of almost uninterrupted success, scientific and 
financial, is told in interesting and popular narrative by 
Captain Edward Blackmore, of Messrs. nkin and 
Blackmore, Greenock, an old personal friend of the late 
Dr. Denny ; but there is an absence of that technical 
data which would have been helpful to the historian of 
shipbuilding and engineering in the Victorian era. 
The shipbuilding Bs 45 acres in extent, the engine 
works, with about 9 acres, the scheme of awards for 
workmen’s inventions, introduced twenty-seven years 
ago, the workmen’s accident compensation system, dating 
from 1875, and the experimental tank—the first, and for 
long the only, privately-owned department of this type— 
constructed in 1881, form the subjects of separate chapters. 
In addition to a plan of the yard there are 123 plates, 
with portraits of members of the firms, views of the 
town and of. the works, and illustrations of typical shi 
built and engined by the firms, which well merit the 
success achieved because of the initiative, ability, pro- 
fessional skill, and courage and enterprise of the succes- 
sive partners, 


INDUSTRIAL NOTES. 


, Tue ‘‘ Twelfth Abstract, of Labour Statistics.of the 
United Kingdom ” is a volume of exceptional value to 
all who desire a knowledge of the social, economical, 
and industrial condition of our people. The form in 
which the mass of tables is presented is a great im- 
provement on the valuable abstracts of the ‘‘‘I'rades of 
the United Kingdom, British Colonies and Posses- 
sions, and of Foreign Countries,” familiar to all who 
take an interest in such matters. In those, most 
of the important tables were given horizontally, a form 
|making it difficult for the eye to catch the figurés 

when averaging periods. the present volume 
| most of the tables are presented pespenaivainnty: year 

by year, which is much easier for the busy man to follow. 
| In a few cases the older form is followed for convenience 
|sake. But of far greater.importance is the great variety 
| of the information given by the Labour Department of 

the Board of Trade, cimngiled from all kinds of sources. 
It is‘not possible in a short note or two to deal effec- 
tively with the mass of figures given in detail, so that the 
best thing to do is to indicate the nature and character 
of the subjects dealt with in order to give an idea thereof 
to those who may wish to obtain information on any par- 
ticular part :—(1) In the first place, a general summary 
is given of the more important tables with reference to 
the sections and. pages where detailed information may 
be found. (2) The first section mainly relates to em- 
ployment and production, in which information is given 
showing fluctuations inemployment in most of the prin- 
cipal trades. Then follow statisticsof production, during 
the last 15 years, of the chief reset a principal crops, 
iron, steel, tonnage of shipping, and a variety of other 
matters. (3) Section 2 relates to rates of wages and‘hours 
of labour. The form in whieh the information is given 
varies somewhat according to the requirements and 
usages in the several groups of trades. . Where there 
are fixed rates the maximum and the minimum are 
given according to the grades of the workpeople. The 
changes in wages over a series of years are also given. 
(4) Section 3 relates to prices; = in the whole- 
sale prices being shown by index numbers, year by year, 
from 1871 to date. It includes twenty-three articles 
of food, retail prices being given ; also of corn, coal, 
and iron, including the fluctuations in the retail price of 
bread. (5) Section’ 4 deals with labour disputes, modes 
of settlement, by conciliation and arbitration, and the 
work of all nde 4 Boards. : Tables are given:as to the 
number of disputes, of the total workpeople affected, 
the time lost, &c., from 1893.to date. The causes, 
results, and modes of settlement are also. dealt with 
in this section. . (6) In Section 5 statistics one as 
to industrial diseases and accidents, with details as to 
occupations, sex, nature and causes of injury. (7) 
Section 6 relates to associations of employers and 
workpeople, information being given of all the prin- 
cipal associations; increase and expenditure of : the 
chief trade unions and the‘ benefits paid, also of 
co - operative, friendly, building, loan, and other 
societies. (8) Section 7 is more general,’ relating to 
population, immigration and emigration, housing, and 
ages and occupations of the people, including employ- 
ment in factories and. workshops. . (9) Section 8 gives 
tables of savings banks, pauperism, &c., and informa- 
tiori as to compensation cases under the Act. ~ It will 
be seen that the tables, &c., cover most. of our indus- 
trial life in various ph and aspects, relating to the 
condition of the masses of the people. The report is 
worthy of the department. 











The report of the Fair Wages Committee appointed 
by the Treasury, in August, 1907, was~ issued early in 
last'week. It is a most important document and will 
doubtless have far-reaching effects and results. Sir 
J. H: Murray, secretary to the Treasury, was the 
chairman, and his great ability, clearness, and impar- 
tiality is seen ‘in every paragraph of the report. 
Evidence was jtaken from sixty-eight witnesses, of 
whom forty-one represented trade unions and twenty- 
two organisations of employers. 

It is pointed out by the Committee that there are diffi- 
culties in determining ‘‘the current rate” in some cases, 
because of the varying conditions, and especially in 
female labour. The Committee do not think that the 
formula should in any case stereotype existing methods 
of production, nor dothey recommend the paymentof the 
same rates to women as to men, as that might lead to 
fewer women being employed. They do not recom- 
mend that contracts should be limited to ‘‘fair houses,” 
as interpreted by trade unions. In the ‘Summary of 
Conclusions ” the Committee lay down nine in all, with 
a further recommendation that a committee should be 
formed of representatives of all the Government con- 
tracting departments, so as to ensure greater uni- 
formity in practice, and to settle problems as they 
arise under the regulations agreed upon. We, how- 
ever, dealt more fully with the report on page 17 of 
our last’ issue. 





Friday in last week—Jan 1, 1909—will be 
daguehel as a red-letter day in the history of social 








and domestic legislation. that day hundreds of 





thousands of poor men and'women drew their old- 
pene under the Act of last Session, a boon to 
| heartily welcomed. Indeed, now that the Act has be- 
come operative, there is a consensus of opinion in its 
favour, though some people think the amount paid is 
inadequate. The Pensions Committees throughout the 
Unit gr oraee to have done their work well 
and promptly, and the Post Office authorities had a 
busy. time in cashing thé orders presented. ‘In ad- 
ministering the Act there were some rather sad cases 
of hardship, mostly because of the provisions as to 
parochial relief. ‘The official returns give the total 
number of claimants as 690,027 ; investigated: and 
passed, 490,028 ; investigated, but not recommended for 
pension, 42,158 ; considered as ineligible, 9195. Ireland 
stands high in the list—209, 135 ; Scotland, 71,616 ; and 
Wales, 25,665, The remainder, 283,611, were English 
| claims, The figures here given are those by Mr. Lloyd 
| George ; up-to-date figures—January'1, 1909—are not 
| available at date of writing. ‘The administrative work 
| was enormous jin ‘the first instance, but it will’ now 
fall into routine; the new claimants will be added yearly 
after investigations by the Pension Committee in eac 
locality. . In London’ the claims are very numerous— 
over 41,000; Lambeth heads the list, Islington néxt, 
then Stepney. The Pension Orders are simple, in five 
different colours, :to denote the amount of the pension 
due_to.each claimant.. Care is taken to prevent fraud 
and forgery. 


Sir Christopher Furness, M.P., is now busy organis- 
ing a big combine of the engineering and shipbuild- 
ing companies and firms along the North-East Coast, 
and it is expected that they will adopt his profit-sharing 
scheme. the gigantic combine is effected, and with 
it the profit-sharing scheme, the repetition of those 
disastrous strikes of last year will prevented, a 
consummation devoutly to be wished for. The combine 
will lessen the keen competition for orders, arid 
decrease the cost of administration. Usually the staff 
ee are out of all proportion to the cost of labour, 
taking into account the proportions employed. [If all 
workmen were equally refiate, the cost of management 
would be less; but there are almost sure to be some 
loafers in an extensive establishment, unless the super- 
vision is comprehensive and strict. The working of 
the combine, and its results from an industrial point 
of view, will be watched with interest. 





It is reported that the Conservative miners in South 
Wales’ have decided ‘to enter an action for the next 
County Court at Pontypridd with rd to the ‘ Par- 
liamentary levy.” The procedure, it is said, in the case 
of Osborne v. the Amalgamated Society of Railway Ser- 
vants will be followed. It is also intended to reclaim 
the amounts alleged to have been illegally exacted from 
the members of the. Federation during the past five 
years. The amount so claimed is said to be nearly 
11,0007. Some time ago a working miner took action 
against the levy, and the case was tried in the Newport 

yunty Court, where judgment was against him ; he 
carried his protest to the Divisional ' Court, but that 
also was against him. He carried the case no further. 





The Parliamentary Committee.of the Trades Union 
Congress have lost no time in formulating their pro- 
gramme of work for the current year sraecially as 
regards deputations to Ministers. Working ard 
themselves, they do not hesitate to add to the onerous 
work of the Cabinet and to the Government Depart- 
ments. Eight such deputations are being arranged 
to wait on the Chief Ministers of State, and their 
objects are as follow:—The Prime Minister is re- 

uested to promote legislation for the abolition of the 

ouse of Leeds, as being opposed to national demo- 
cratic representation; to ‘constitute a special de- 
partment of labour, with a Minister Cabinet 
rank, with power to deal with; all matters that 
concern the interests of the workers.” In the pro- 
mised Franchise Bill the Congress asks for payment of 
members and election expenses, a qualifying period of 
three months residence, adult dees all elections 
on the same day, and abolition of plural voting. The 
Home Secretary is to be asked to appoifit only trade ex- 
perts as inspectors, to abolish the half-time system and 
to inaugurate other reforms in matters of employment, 
including the clcsing of all factories, &c., from 12 noon 
on Saturday till‘6 a.m. on Monday. The:Chancellor of 
the Exchequer is asked to amend the Old-Age Pension 
Act, 1908, relaxing some of the stringent , conditions. 
The Secretary of State for War is to be asked -to 
abolish piece-work in explosive factories, and to deal 
with unfair conditions in the employment of military 
men in competition with civilians. The Admiralty are 
to be asked to deal similarly with such matters in 
that department. The Postmaster-Generdl is to ‘be 
asked for numerous reforms in the tal service, with 
the object of securing better conditions for the staff 
and other employés, The President of ‘the “Educa: 
tional Department is to-be asked’ to adopt the trade 





union policy—secular education, State maintenance of 
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children, and extension of educational] facilities. A 
truly Socialistic programme. 





The Labour. Party have issued explanatory memo- 
randa dealing with the resolutions to be moved at the 
Portsmouth special conference to meet on the 27th of 
this month. The first question dealt with is unem- | 
ap to urge the demand that the problem shall | 
» courageously faced by the community, and be dealt | 
with by adequate-legislation. _It is then alleged that | 
riches have increased enormously, so that the rich are 
becoming richer, while poverty is on the increase. 
The deduction may be disputed, but there has been a 
sad decrease in the purchasing power of the masses 
during the past year. The methods of Imperial, taxa- 
tion are then criticised and condemned, on the ground 
that the workers pay more by. indirect taxation than 
their means -justify, while the rich are inadequately 
taxed.. To what extent some of the present miners’ 
members, will adopt the constitution of the Labour 
Party in full can only be ascertained when the general 
election comes, or isin view. It is probable that-some 
will refuse to sign the constitution. 





Mr. George N. Barnes, M.P., ex-secretary to the 
Amalgamated Society of Engineers, which position he 
resigned in consequence of the obduracy of the mem- 
bers of the branches on the North-East Coast last year, 
has written a report on the provision for old age and 
invalidity in Germany. He was.appointed by the 
Labour Party to visit Germany for that purpose, and 
has performed his task well, without bias, giving facts 
and figures, instead of theories as panaceas. He states 
that 14,000,000 of workers are insured under the 
German Acts for compulsory thrift. All workers at, 
and above, 16 years of age are compelled to contribute if 
their wages do not exceed 40/, per year. The amounts 
are deducted from their wages by the employers, 
and paid over to the Government in stamps; the 
weekly deductions vary from fd. to 24d. per week, 
conanding to the rates of wages. A person must have 
subscribed for 200 weeks before being entitled to old- 
age pension, and the invalidity pension is paid only 
after 20 weeks of sickness. The employer contributes 
an equal amount to that of each worker in his employ, 
while the Imperial grant is 2/. 10s. per year for each 
pensioner. The pensions are paid at the post-offices, 
as here. Lawyers are not allowed to participate in 
the’ administration ; workers or their representatives 
only are permitted to state their case to the courts. 
The Acts are administered by an Imperial officer, who 
presides, and by local boards of employers and workers 
in equal numbers. There are seven great divisions in 
the empire, and local sub-divisions. The municipal 
and local authorities figure in the administration also, 
Mr. Barnes states that the scheme is now generally 
approved by employers. and employed, pl also by 
the community. The cost is large, but usually there 
is a surplus on the year’s working; this surplus is 
used for other purposes of help to the workers. 





It is not often that a strike lasts over a year, but one 
ended at the close of last year which had continued 
two-and-a-half years. This was the strike of fustian- 
weavers at. Hebden Bridge. Its termination was 
brought about by the decision of the Weavers’ Amal- 
gamation not to pay strike benefit any longer. The 
amount paid was reduced several times, but the opera- 
tives remained obdurate. Both sides suffered con- 
siderable loss—the union to the extent of 23,000/., 
besides loss in wages. An attempt to start a co-opera- 
tive mill failed ; now, however, an attempt is being 
made to revive the scheme. The dispute originally 
was over a small matter of wages in different counts. 





There was no material change in the iron and steel 
trades up to the end of the year. The wages of blast- 
furnacemen were reduced j per cent. at the close of 
the year, to continue throughout this quarter. The 
reduction took place under the sliding-scale, and shows 
that at least the rates had nearly reached the lowest 
level. 





The Scottish Miners’ Conference arrived at.a decision 
last week supporting a measure to nationalise mining 
royalties, and in favour of State Schools for teaching 
boys from twelve to fourteen years of age the principles 
of mechanics and mining; and it ‘urged the Govern- 
ment to bring in a measure to prevent the employment 
of unskilled adult labour in mines. 








WunpinG- ENGINES FOR THE NAVAL CoLtigrigs, Limirep, 
SoutH Wa.LEs.—We understand that Messrs. Robe 
Co., Limited, Lincoln, have just received an order from 
the Naval Collieries, Limited, South Wales, for two new 
winding-engines of the twin-tandem type. Each engine 
will have two high-pressure cylinders 28 in. in dia- 
meter, and two low-pressure cylinders 48 in. in diameter, 
with a stroke of 66 in. engines are desi for high- 





ure superheated steam, and are fitted with Messrs. 
Robe ’s patent drop-valve reversing-gear, —_- 
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DIAGRAMS. OF THREE MONTHS’ FLUCTUATIONS IN 


‘PRICES. OF METALS. 


(Specially compiled from Official. Reports of London Metat and Scotch’ Pig-Ivbit'Warrant Markets. ) 


OcTOBER, 


NOVEMBER, 


DEcEMBER, 














‘DECEMBER. 





NOVEMBER. 


In the aceom vanying diagrams each vertical line represents a market day, and each horizontal line 
represents 1s. in the case of tin plates, hematite, Scotch and Cleveland iron, and 1l. in all other cases. 
The price of quicksilver is per bottle, the contents of which vary in “— from 70 lb. to 80 1b. The metal 


prices are perton. Heavy steel rails are to Middlesbrough quotations. 


in plates are per box of I.C. cokes. 





City Improvements.—The Court of Common Council 
of the City of London have recently arrived at the decision 
to erect no more lamp-posts, either in the roadways or on 
the pavements in the City. The lamps will in future be 
suspended, so-that there will be no posts to interfere with 
the traffic. This is a distinct sign of progress, and is in 
marked contrast to the retrograde movement responsible 
for the selection of the centre of the thoroughfare as the 
ee place for lamp-posts, in the main artery of the 

»orough of St. Marylebone. 





Coat-Dust In Minges.—The subject of coal-dust in 
mines, and the dangers arising from its presence, as well 
as practical means of abating this nuisance, have occupied 
the attention in recent years of many of the leading men 
connected with the -mining industry in this country. 
It is well known that Mr. W. E. Garforth, of Altoft 
Colliery, Normanton, has, during the past year, been 
carrying out extensive experiments in which explosions 
have been pu ly brought about, with a view to dis- 
covering how the danger zones may be either isolated or 
removed altogether. It is practically proved now that 
the flame of an explosion will not travel over a clean 
length of road. This fact has been applied at the Whit- 
wood Collieries of Messrs, Henry Briggs, Son, and Co., 
where the main roadways are treated with concrete and 
plaster, the whole being whitewashed with a spraying- 
machine. In order to remove the fine dust on these con 
crete zones, a machine devised by Mr. H, Cecil Booth, 





Assoc. M. Inst. C.E., 25, Victoria-street, S.W., is used. 
This machine is driven either by compressed air or elec- 
tricity, and works on the principle of the vacuum cleaner. 
It is mounted on wheels to run on rails, and at the Whit- 
wood Collieries it is found that with it a zone of 150 yards 
can be entirely cleaned of dust in four hours. 





THE Propuction oF Copper IN Russia.—The produc- 
tion of copper in Russia is on the increase, says the 
Moniteur Industriel, which gives the following figures for 
the first six months of 1908, compared with the same period 
of 1907 :— 


First Six Months, First Six Months, 
1907. 1908. 


Tons. Tons. 

Ural .. 3435 4270 
Caucasus 2620 2311 
Siberia , i es 388 750 
Altai .. ba i vit 6 -- 
Chemical works ce 628 338 
Total we ot 6979 7669 

This is equal toa rise in output of 690 tons for the first six 


months of 1908, or 9.8 per cent. The demand for copper 
in Russia is increasing vege. especially for electrical 
purposes. Copper from the Ural is quoted at Moscow 
14.25 to 16.25 roubles per pound (or an average of about 
100. per ton); the Caucasian product is quoted 14,25 to 
15.25 roubles (or an average of 95,151, per ton), : 
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TYPE-CASTING AND COMPOSING 
MACHINERY.* 
By L. A. Leeros (Member), of Watford. 
(Continued from page 31.) 


Matrices (Figs. 16 to 21).—In consequence of the care 
expended on the punch the actual impression made in the 


MA ee 
16. PS -47. 
~ “9 WICKS LANS 
TITCHENER OTARY MONOT 











# 





£ 


AT™ 
\ 
} 
j 

4 









































RY 
, * 
t= IN 














Mod 
oe 





Fig ZQLinotyPe. 


IN AU 




















Fig.18. Fig.19. 





® 


Fig-21. STRINGERTYPE 
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Fig-2orerations IN MACHINING MATRICES. 
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matrix when the punch is struck is practically as accurate | omeniy of. cop 
as the punch when the mass of the matrix metal is large, | used in the simple type-casting machine for casting one 





* Abstract of paper read before the Institution of 


Mechanical Engineers, December 18, 1908. 


but in some cases the metal in the centre of the strike 


rises under the action of the internal stresses cau 


striking, with the result that the character cast in it is 
| hollow in the face. Such difficulty may be dealt with suc- 
cessfully by drilling a hole transversely in the matrix 
blank below the centre of the strike, as shown in Fig. 18. 
i tly with the 
machine in which they are used; the simplest form 


The form of the matrices varies 


matrix, Fig. 18, is struck in the end of a small square 
block of bronze. The Linotype matrix is struck in the 
edge of a sheet-brass stamping, Fig. 20. © Monoline 
machine uses a compound matrix having several strikes on 
one bronze bar, Fig. 19, and the Stringertype matrix is 
struck on the flat side of a brass stamping, Fig. 21. 
Justifying.—The operation of fitting or machining the 
surrounding metal so that the face of the strike, which is 
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Fig.28. FOLDING-WEDGE caupes, FOR MEASURING TYPE- MOULDS 
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character at a time. 


per) is that shown in Fig. 16, and is 


The matrix for the Wicks machine 
is struck in the end of a long stem of brass, which is 
| machined on its sides, Fig. 17. The Lanston monotype | 
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at the bottom of the depression in the matrix, is accu- 
in respect to the exterior, is known as 
“‘ justifying.” The matrix is tested by taking a trial cast, 
comparing this with a standard letter, usually the lower- 
case ‘‘m, ” and once, it with various appliances. A 
needle-point micrometer (Fig. 22) is used for the depth, and 
a bevelled-edge micrometer (Fig. 23) is used for measuring 
the face. Squares are used for testing the face, the ty 
ted against the light in two directions at right 

angles to each other. In the case of the simple matrix, 
shown in Fig. 16, the trial and error method suffices, but in 
the Wicks matrix a number of milling operations are neces- 
sary. The trial type must be measured and the matrix 
stem bent and twisted to bring the strike true for square- 
ness of face and line. Cuts are then taken off the sides of 
the matrix and off the base ; trial type are again taken, 
and the matrix further corrected if found necessary ; 
finishing cuts are taken, and last the matrices are gang- 
milled to length and end-milled to body. With hand-cu 
punches some twenty-three operations were necessary ; 
with machine-cut punches ,the number was reduced to 
about seventeen ; the various operations are shown in 
Fig. 24. The work of justifying is very highly skilled, a 
ood justifier earning 3/. 10s. to 4l. per week ; it is there- 
ore of t importance to reduce this work to a mini- 
mum. The reduction in number of operations was largely 
effected by rigidly holding the punch close to the face, by 
rigidly holding the matrix close up to the strike, by 
supporting the metal on all sides, and by accurately 
setting the punch in — before striking. The saving 
in justification was effected by elimination of some of the 
earlier roughing operations. 

In the case of matrices which are required in large 
quantities for matrix composing-machines, the adjust- 
ment of the striking-press must e made by the justifier, 
and, when set, the seni pos controlled from time to time. 
The larger the number of matrices to be struck and justi- 
fied, the more important it is that the punches be them- 
selves accurately justified and accurately set in the press. 
In the earlier matrices made for the Wicks machine the 
author used a light overhung striking-press, weighing only 
some 100 Ib. ; for the later matrices made in quantity, « 
press with symmetrical slides and a central plunger was 
used, weighing some 30 cwt., the extra rigidity contributing 
greatly to saving in justifying. 

Depth of Strike.—The depth of strike in ordinary 
matrices is usually 0.045 in. to 0.050 in. It is, however, 
less in the matrices of several of the casting and com- 

ing-machines ; it attains its minimum—0.02 in.—in the 
inotype and Monoline. 

Engraving Matrices.—A method of manufacturing ma- 
trices has been introduced in the last few years, in which the 
operation is performed by a small high-speed cutter carried 
on @ pan ph ; a former is used, and the process is the 
converse of that employed on the punch-cutting machine. 

The Ballou Engraving - Machine ‘or Matrices.—The 
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problem of engraving the matrix is much simpler than 
that of cutting punches. The character can be cut out of 
metal-plate like a stencil, and then secured by riveting or 
tinning to the backing. The follower may be of constant 
diameter, but must be sufficiently small to allow it to 
follow the outline in the hair-lines. The shape of the 
cutter can be that obtained by grinding a small amount 
off two of the opposite faces of a square pyramid, so that 
these faces meet in a line, the length of which is in the 
same ratio to the follower as the reduction ratio on which 
the machine is to work. The depth of cut is constant, 
the flat surface of the main stroke being obtained by 
traversing ten or more times to and fro over the length. 
The complex settings of the Benton-Waldo machine are 
here unnecessary, and since the material to be cut is soft, 
the cutter lasts a long time without sharpening, and the 
sharpening itself is a comparatively simple matter. The 
machines, when set and adjusted by skilled mechanics, 
can be operated by girls. 

A similar machine, known as the Dietrich, was intro- 
duced about 1899. It was arranged to operate succes- 
sively on four matrices. : 

Electrotyping Matriccs.—The easiest method of making 
matrices for the simple type-casting machines is by electro- 
lytic deposition of copper. A type of the desired character 
can be surrounded by two pieces of type-metal of similar 
form to the mould, and the face of the matrix is thus 


LS 
SOFT MOULDS. 


Fig 29 DETaN OF TYPE CASTING MACHINE (WICKS). 
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obtained true in the first place; the rough deposited 
sides of the matrix are filed or machined true subse- 
quently. There can be no objection to the use of this 
method in cases of urgency or repetition—for example, 
when a punch has been damaged or broken—but it has 
been resorted to by less-principled founders in copyin 
the founts of the leading founders. For the matrices us 
in the later forms of type-casting machinery electrolytic 
copper is not generally hard enough to stand the wear, 
and the rough deposited surfaces require too much and 
too troublesome machining. A new process has recently 
heen introduced in Germany by which the matrices are 
deposited in nickel much harder than the bronzes hitherto 
in use, and it appears to the author that this may be of 
considerable importance in the manufacture of machine 
matrices, 

Moulds.—The simplest form of mould consists of two 
halves, which are nearly alike. Both are built up of 
pieces of hardened steel ground, and lapped true and 
screwed together. The mould thus made is of definite 
size for body, but variable for the width of s°t, the parts 
being fitted with stops which close on the matrix and 
obtain from it the correct set width, the width of each 
matrix being therefore the set + a constant. In the direc- 
tion of the height of the type the mould is wider than the 
length of stem so as to provide for the gate for the injec- 
tion of the molten metal. In one part of the mould are 
inserted the raised beads for producing the nicks in 
the type ; and in the counterpart grooves are ground and 
lapped to fit the raised beads, which are exposed in the 
mould for a greater length, as the set of the type to be 
cast is increased. The author has found that type-metal 
under the conditions of type-casting machines will flow 
into an opening between surfaces varying from 0.0005 in. 
where the surfaces are water-cooled internally, to 0.0002 in. 
(and even less) where the mould is allowed to become 
warm. This inflow of metal will cause difficulty in 
ejecting the type, and will give it « fringe or ragged edge. 
In moulds of the kind just Tied where no provision 
is made for continuously cooling the mould, the type cast 
from the mould before it has attained the working tem- 
perature are not accurate for size; the speed is limited 
to that at which the mould does not overheat unduly, 
and in practice it is kept from overheating by stop- 
ping the machine from time to time and cooling with 
a wet rag. Some idea of the difficulty and expense 
of mould-making may be gathered from Fig. 25, which 
shows a mould for type with two nicks (the average 
number). The one half consists of at least five pieces, 
while the counterpart carries in addition the beads and 
the stop. The beads for forming the nicks contribute 


greatly to the difficulty, since the hole is partly in each of 












two pieces of hardened steel, which must be finished 
before the hole is lapped out, and the wire, which is made 
a gauge fit, must es its axis parallel to the surface 
within the degree of accuracy required for tightness in 
respect to the melted metal. As the mould undergoes 
some distortion when heated, and some due to wear, the 
fit when new requires to be within 0.0001 in. Mould- 
making as a trade is over 200 years old, and, as in the 
case of lapidaries’ work, the finishing is usually done by 
means of lead laps; the skill attained by the workmen in 
this trade is remarkable. 

The Wicks Mould (Fig. 48, page 62).— Difficulties, how- 
ever, beset on all sides the inventor and the engineer who 
have to design and make moulds of forms different from 
those to which these workmen are accustomed. The mould 
of the Wicks machine will serve as a particular example. 
The moulds of the Wicks machine are of the form of 100 
radial grooves in a disc 20 in. in diameter. The groove, 
3 in. in length, forms three sides of the mould (the back 
and sides of the type). The matrix, Fig. 17, page 59, slides 
in the mould ; the top cover c, Fig. 48, which is fixed, and 
under which the mould passes, forms the remaining side of 
the body (the front of the type), and the shield g, through 
which the molten metal is injected, forms the foot.* 

The first attempts to build a mould not proving suc- 
cessful, the next step taken was an attempt to mill and 
lap out the grooves in the disc. This also failed to give 
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satisfactory results, and recourse was again taken to 
building up the mould. The mould-wheel in this form 
was as shown in Fig. 29 (above). The mould-wheel 
was built up of a cast-iron wheel, in which an annular 
groove formed the water space, which was covered by a 
cast-steel foundation-ring turned all over, the latter being 
secured by studs to the upper surface of the cast-iron 
wheel, 

The upper surface of the foundation-ring was turned 
flat and scraped true; the wheel was then mounted on 
a division-plate, and dowel-holes drilled through a jig 
carried on the central column of the division-plate. 
Dowel-pins were driven into the holes in the foundation- 
ring, and the segments (also drilled in the jig) pressed 
down into place; tapped holes were also necessary in 
the segment to enable it to be drawn off the dowels for 
grinding and for lapping the sides. To obtain squareness 
in the parts of a mould, the knife-edge square, Fig. 26, was 
used ; for straightness of the faces, the vn gl trian- 
gular straight-edge, Fig. 27, was employed; and to 
measure the width of the mould at various parts of its 
length, folding-wedge gauges divided on the upper sides 
were used, as shown in Fig. 28. The segments were 
made of cast steel and left soft. Allowance for grinding 
was made on the thickness of the segments and the aggre- 

te top surface ground true in place. This wheel gave 
airly satisfactory results, but the top of the segments 
wore rapidly under the top cover, which was kept in 
contact by spring pressure. The next improvement was 
to adjust the top cover by means of folding-wedges and a 





* The error introduced through the foot having a 10-in. 
radius is very small. A pica em quad has for sagitta of 
the are forming its base a length of only 0.00035 in., which 
is less than the permissible error in height-to-paper for 


type. 








screw adjustment so arranged that the cover could be 


brought down into contact with the 1ents and then 
backed off some 0.0002 in. to 0.0003in. This did not, how- 
ever, stop the wear of the segments, owing to the difficulty 
of lubricating sufficiently and yet obtaining perfect type. 
The next step consisted in milling dovetailed grooves in 
the foundation-ring and in fitting the hardened-steel base 
pieces, which were secured by dowel-pins, Fig. 30. The 
whole surface of the foundation-ring was then ground true 
in _ on its column, transferred to the division-plate, 
and hardened steel segments fitted. These segments were 
secured by dowels and screws as in the case of the soft 
segments just described. This wheel was extremely costly 
to make, and when put to work showed appreciable wear 
in so short a period of time that the amount of type pro- 
duced before the wheel required new segments would not 
have been sufficiently large to ensure commercial success, 

A number of machines had now to be constructed in a 
limited time, and the problem was dealt with by the author 
in the following manner. The surface of the foundation- 
ring was turned and ground true in place on its column, 
and the mould was built up of two segments, as shown in 
Fig. 31. The angle-base segments were of annealed cast 
steel and produced by the following operations, Fig. 32 :— 
(1) Cut roughly to length ; (2) and (3) rough gang-milled 
all over; (4) uced over part width by milling; (5) 
tapered by milling in batches ; (6) straightened ; (7) end- 
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milled in angle on magnetic chuck ; (8) ground on back 
on magnetic chuck ; (9) scraped straight on short vertical 
face ; and (10) ground to set-width on magnetic angle- 
block.* The top segment operations consisted in (1) 
cutting to length; (2) and (3) rough gang-milling ; (4) 
tapering ; (5) straightening ; (6) and (7) grinding on flats; 
(8) and (9) grinding on edges. Both top and bottom seg- 
ments were at this stage about 4 in. longer than neces- 
sary, for the reason that the bottom segment, if made. to 
the standard dimension from the centre of the mould to 
the edge at the periphery of the wheel, would fail to 
make up the width should the next preceding segment be 
narrower in set of the mould of which it forms the base. 
Assembling.—The first operation consisted in drilling and 
tapping the foundation-ring ; the drilling was performed 
by aid of a jig carried on the division-plate, and the 
tapping was done by an automatic tapping-head. The 
drilling-jig was then removed, and a segment put in 
place which had been already drilled by the setting-jig 
while clamped on the plate ; each segment was numberec 
as put in place ; this setting-jig had gauge surfaces a con- 
stant distance C from the centre of the mould; gauges 
were used for the setting of a width equal to C — | 
(set). The setting-ring was then put on the outside o 
the wheel and secured roughly true by means of four 
set-screws ; this ring carried 100 screws, each of which 
served to adjust a segment in place by sliding it along 
the preceding segment ; and as each was brought to posi- 
tion it was then clamped by a temporary clamping plate 
and screw at the inner end. The setting having been 
completed, a sensitive drill, used in conjunction with the 
drilling-jig, drilled the necessary holes in each segment— 
viz., three clearing-holes for the holding-down screws, 
one hole for dowelling the angle-base to the foundation- 


* The surface of the ordinary magnetic chuck, Fig. 33, 
will probably be familiar to many members of this Insti- 
tution, but for the class of work now in question it was 
frequently necessary to grind segments on the edge ; also, 
owing to the high degree of accuracy required, the sur- 
faces of the vice on which the segments were placed 
required re-grinding whenever the magnetic vice was re- 
placed after being removed from the machine. Theauthor 


| designed the two kinds of magnetic angle-blocks shown 
jin Fig. 34, which have proved useful for a number of 


ee. rp The blocks each consist of two soft mild-steel 
vars of good permeability milled out to | or Ly shape and 
cross-milled with cuts which leave space for the complete 
separation of the two pieces of mild steel. The ends are 
secured by brass plates and screws, and the whole of the 
Seapaes is run up with white metal. The block is 
placed on the magnetic chuck, so that its poles respec- 
tively come over the poles on the chuck. The exterior 
can then be ground true, in place, on the surface-grinder. 
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ring, and one hole dowelling the top segment to the angle- 
base, one forcing screw-tapping hole for removing the 
angle-base from its dowel, and, in every tenth segment, 
a seventh hole for clearing the supporting stud of the 
matrix guide-ring. The angle-bases could now be re- 
moved from the wheel, cut to length, and the burrs 
removed ; the tapping could be performed, and the 
straightness checked ; if found necessary, the short ver- 
tical face was again scraped. The setting-ring was then 
raised and clamped roughly true, so that the centres of 
the screws came opposite the top segments. The bottom 
segments were replaced on the wheel and secured by tem- 

rary screws r meee the clearing holes. One angle- 
Ce being dowelled to the wheel, a top segment was 
placed on this and another top segment on the next con- 
secutive angle-base, each top segment having been lapped 
true on its vertical faces. The top segments were pressed 
towards the centre of the wheel by the setting-screws, and 
the width of the mould formed by them was measured by 
means of the folding-wedge gauges (Fig. 28). The angle- 
base was then forced off its dowel and lapped on the ver- 





Fig.36. MOULD AND MOULD-WHEEL{LINOTYPE MACHINE. 
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tical face until the mould obtained was a gauge fit through 
its length. Each mould was thus finished in turn, and 
the top segments as finished were dowelled to the bottom 
segments, each being numbered as put in place. The top 
segments were then all removed, and the angle bases 
secured by temporary screws with thin flat heads; the 
wheel was transferred to its own central column on which 
the foundation ring had been ground true. The tops of 
the angle-bases were now ground true in place, the top 
segments replaced and also ground true, the depth of the 
mould or size of body being thus obtained. The wheel 
was then ground true on the periphery and the shield 
scraped to fit. The underside of the wheel was also 
ground true to give a bearing for the lower bearing sur- 
face carried by the shield. These adjustable folding- 
wedges are shown at 03, 04, Fig. 48. 

The soft wheel, however, did not meet all requirements. 
The body-size could be restored a large number of times 
by grinding the tops of the angle-bases and the tops of the 
segments ; but the top segments wore after a considerable 
period, so that the less important dimension, the set, be- 
came large ; but the greatest difficulty to be met was the 
provision for the nicks in the stem. Experiments made on 
a wheel with soft segments demonstrated the possibility 
of casting the nicks instead of milling them, and thus 
obtaining type more free from burr, with a nick more 
acceptable to the compositor, and with less risk of break- 
age of the thin sorts. 

The necessity for hard top segments now became appa- 
rent. In making these the first five operations were the 
same as in the case of the soft segments. The sixth opera- 
tion consisted in drilling in a jig, in which the segment 
was set in place with allowance for grinding according to 
the sizes of the preceding and succeeding moulds, of 
both of which it formed part. The seventh opera- 
tion was cutting to length, and the eighth hardening. 
The tempering was performed by heating in an oil bat 
at a temperature of about 320 deg. Fahr. for some 
four hours. By this method the hardness could be 
justed with t nicety and equality for the whole of 
the wheel. The inner ends of the segments, in which the 
hole for the dowel-pin had not yet been drilled, were 
softened. The segment was then rough-ground on both 
flats, rough-ground on the edges, re-ground on the faces 
after an interval of time for recovery, re-ground on the 
vertical faces, and finally lapped on these faces. 





The wheel being assembled, the nick grooves were 
ground in with a fine emery wheel, turned toshape on the 
edge to give the required section and depth. e 
in the top cover were produced in the following manner. 
The top cover was mounted on the circular rotary table of 
a vertical milling-machine ; a small cutter spindle, driven 
by an electric motor, was to mill out a groove of the 
required width for the bead and to the correct radius from 
the _ of the Hye be aes ee _— of hardened 
steel wire, ground and lapped cylindrical, and subsequent] 
ground flat on two faces to fit the milled groove tightly, 
At the one end the milled groove was tapered by hand 
to permit of removal of the bead for fitting. The final 
fitting was done by lapping the face of the wire opposite 
the bead. The curvature of the groove in the cover 
was so slight that the bead wire could be sprung into 
pee vement difficulty. The nick bead is shown at e¢, 

ig. 


The Linotype Mould is shown in Fig. 36, below. As in 
the case of the moulds described above, it is built up of 
several pieces of hardened steel. The special features of 


Fig.38. TVPE SivG AS CAST JN MACHINE BEFORE 
TRIMMING (LINOTYPE). 
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its construction will be seen best by reference to the 
drawing of the type slug cast from it, shown untrimmed 
in Fig. 38. The cross projections at the foot of the slug 
prevent the slug from being sucked forward through the 
mould when the matrices are withdrawn from the face. 
These projections are removed by the end trimming-knife 
during the partial revolution of the mould wheel ; to pre- 
vent the nozzle drawing the slug back, each end of the 
mould is formed with a small projection at the foot. The 
grooves in one long face of the mould form raised ribs on 
the back of the slug; in ejection from the mould these 
pass through between the trimming-knives, which shave 
them down, and ensure correct body size when the slugs 
are placed in column. 

In the limited space of this paper the author cannot 
describe in detail the moulds of all other type-casting 
machines, but single type as cast in two of the machines 
mentioned in the paper are shown in Figs. 41 to 43. 

The Mould of the Lanston Monotype Machine, Fig. 44, 
is built up of several pieces. In the foundation-plate of 
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ad- | the fixed part is the hole for the injection of metal from 


the pump ; this hole is coned to fit the end of the pump- 
nozzle, which is elevated into place before starting the 
machine. To the foundation-plate is secured an inter- 
mediate plate, and on the top of this are fixed two body- 
blocks, which form respectively the back and front of the 
type; between these blocks, through which water is 
circulated, slides a rectangular plate of the same section 














as the type measured from foot to shoulder. The posi- 
tion of this slide is regulated by means of wedges as 
described below, so as to give the required set width to 
the type to be cast. A vertical plate is secured to the 
end of the foundation-plate opposite to the mould, and a 
hardened steel bearing-plate is secured to this by dowels. 
In the space between this bearing-plate and the face of 
the body-blocks the slide remo to and fro for each 
character cast. The slide itself is built up of a number 
of pieces, two of which, fixed to the main portion, form 
the front and back of the tang of the type; a tang-slide 
working between these forms the side of the tang. The 
fourth side of the tang is formed by the vertical face of 
the intermediate = between the foundation-plate and 
the body-blocks. The slide is guided by the projection 
of the tang-pieces below the body-blocks ; the tang cross- 
slide is moved by a projection fitting in the cam-groove 
milled out of the foundation-plate. 

The operation of casting is performed as follows :—The 
slide comes to rest with the tang opening opposite the 
mould ; the cross-slide moves to the set width required 


Fig.44.CASTING MACHINE(LANSTON MONOTYPE) 
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‘which is generally determined by the position of the matrix 
grid ; the matrix grid descends on to the top of the mould 
and is brought to true position by means of the conical 
hole in the back of the matrix, Fig. 18. The pump- 
vlunger makes its stroke and fills the mould and tang. 
The matrix grid is lifted and the slide moves to the right, 
shearing off the tang from the type and the jet ; as the 
slide continues its movement the tang cross-slide moves 
towards the body-blocks, ejecting the tang through the 
hole in the intermediate plate. When the slide has 
travelled clear of the type, the cross-slide ejects the 
type from the mould into the type-carrier, which delivers 
it to the galley; the slide then returns to the casting 


position. The whole cycle is repeated. for each type 
cast. 

Pumps.—Some of the greatest difficulties in the design 
of type-casting and matrix composing machines are to be 


found in the pump. They are generally of three kinds : 
(a) freezing of the jet; (+) stoppage of the jet by accumv- 
lated oxide (which occurs in pumps of intermittent action). 
and (c) difficulty in getting rid of the air which fills the 
pump delivery pipe and mould, and causes blowholes 
in the type.* These difficulties are met by various expe- 
dients ; the jet is separately heated by gas-burners, and is 
so arranged that metal does not remain adhering to the 
orifice and there become oxidised ; the plunger through- 
out the working length is immersed below the oxidised 
surface in the metal-pot, and the surplus metal which is 
pumped is returned to the pot without exposure to the 
external air ; the metal is delivered in large quantity and 
continuously, so that but little heat need be supplied by 
extra burners under the jet ; and last, in some cases (¢.7., 
the Linotype machine), special provision is made for 


* In his type-caster Sir H. Bessemer created a vacuum 
in the mould immediately before casting ; although this 
method appears to have been successful in this cese, 
it has no practical application at the present time, so far 
as the author is aware. See ‘Life of Sir Henry Bes- 
semer,” page 38 ct seq. 
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THE WICKS ROTARY TYPE-CASTING . MACHINE. 
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DELIVERY OF TYPE FROM ROTARY TYPECASTER (WICKS). 
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Fig.50. OPERATIONS IN MACHINING CHAIN-LINKS FOR ROTARY 
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clearing the air by fine grooves‘cut on’ the face‘ of; the 
nozzle. 

The pump employed on the simplest type-casters con- 
sists of a single plunger mechanically fitted and spring- 
operated. e pressure on the plunger at the commence- 
ment of the stroke is about 60 lb. per square inch, and 
falls during the stroke. 

The Wicks Rotary Type-Casting Machine Pump has four 

lungers about lin. in diameter by 2 in. stroke, each 
pene by an eccentric and rod from a belt-driven shaft. 
The plungers are a mechanical fit in holes in a steel block 
forming the cylinders; the inlet and delivery valves are 
flat-seated discs enclosed in cover-plates bolted to the 
sump body. The delivery pipe is fitted with a vertical 
feamels which forms a cylinder, in which a mechanically- 
— plunger operates ; this plunger is loaded by a lever 
and dead-weight through the intervention of a long coiled 
tension spring ; at the top of the travel of the plunger in 
the cylindrical bore is a cross-hole; the plunger thus 
serves the double purpose of accumulator it relief-valve. 
The pump runs normally at 100 revolutions per minute, 
and the relief valve works at a pressure of 150 lb. to 
250 lb. per square inch. The diameter of the jet is about 
0.1 in. The pump delivers a large surplus of metal 
through the jet, which is returned through a chute to the 
metal pot of pressed steel in which the pump body is 
immersed. The metal is kept at a temperature of 700 » Ao 
to 800 deg. Fahr. by gas-burners beneath the pot. 


TYPE SLICER (WICKS). 


Fe Full Sire. 


Linotype Pump.—This pump-plunger is shown in Fig. 45, 
and the jet in Vig. 46. The plunger is made an easier 
mechanical fit than in the pumps above described, and 
depends largely on the effect of the grooves. This method 
will be familiar to many members of the Institution from 
its adoption some twenty-five years ago for the piston- 
rod in some tandem steam-engines. The pump is spring- 
operated, the pressure being about 27 lb. per square inc 
at the commencement of the stroke and about 16 Ib. per 
_ inch at the end. The metal used is softer and has 
a lower melting-point than that used in the other pumps 
described above. 

The Pump of the Lanston Monotype Casting Machine de- 
— “an metal vertically upwards into the mould (see 

ig. 44). 


CLASSIFICATION OF TyPE-CASTING AND COMPOSING 
MACHINERY. 


There are four operations usually required in the com- 
position of printed matter: (a) type-casting ; (b) compos- 
mg (ec) cog oy and (d) distributing. 

e machines may be divided into four classes, accord- 
“— the number of these operations performed by each. 

Class I.—These are the simplest machines; they deal 
with one operation only. 

Examples :— 

Ia. Simple type-casting machine (Titchener) (single 

mould). 

Foucher type-casting machine (double mould). 

Wicks rotary type-casting machine (multiplemould). 

Kastenbein, icks, and Pulsometer composing 
machines. 

Ic. Stringer automatic line-justifying machine. 

Id. Empire and Pulsometer distributing-machines. 
Class I1.—Two-operation machines. 
IIa. Machines in which composing and line-justification 
only are effected. 
Examples :— 
umpire and the Dow composing and line-justifying 
machines. 

IIb. This comprises those machines in which the cycle 
is divided into two parts; generally the composition is 
effected on one machine, and the record (in which the 
line-justification is provided for) is transferred to the 
second machine, on which the casting and line-justifying 


Ib. 





.* To avoid confusion with the justification of type pre- 
viously referred to, this term, when in reference to 
justification of line, is called line-justification in this paper. 








are performed automatically, the [t 


; being delivered in 
lines into a galley. In suc es the type is not 
usually intended to be distributed, but to be re-melted. 
It follows that in general such machines are interdepen- 
dent and designed to work together. 

Examples :— 

The ton Monot composin, 
chines, the Tachytype (F. A. Semuson y 

oodson 


type (G 4 : . 
lass ITI.—Three-operation machines, 

IIIa. Machines in which type is distributed, composed, 
and line-justified. 

Examples ;— 
_ The Thorne and the Paige distributing, composing, and 
a ing machines. 
_ Ib. Machines in which matrices are composed into 
line and line-justified, a slug pany agen cast from the com- 


and casting ma- 
and the Grapho- 


plete line. ere can obvious no distribution, and 
the slugs are re-melted. Distribution of the matrices is 
effected after each line is cast. 

Examples :— 

The Linot and the Monoline. 


Class IV.—Four-operation machines. 
_ IVa. Machines in which the matrices are composed 
into line and line-justified ; single t are cast from the 
matrices (the spaces being of the width determined by the 
line-justification of the matrices) and delivered into a 
galley. The single machine performs the whole of the 
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work which, in Class [Td, is divided between two machines. 
The type is not generally intended to be distributed, but 
to be re-melted ; distribution of the matrices is effected 
after each line is cast. 
Example :— 
The Stringer type type-casting and composing machine. 
IVb. No machine performing the four different opera- 
tions of casting, composing, line-justifying, and dis- 
tributing is known to the author. 


f 


Crass Ia. Typr-CastinG MAcHINEs. 

The Simple Type-Casting Machine is usually known in 
England as the Ttchener machine ; this is substantially 
the same as the Bruce machine, invented and used in 
America prior to 1845. In thismachine the mould is very 
similar to the justifier’s mould shown in Fig. 25. The 
two halves of the mould are mechanically operated so 
that they are brought together and held in contact by the 
pressure of a spring, with the gate of the mould pressed 

inst the nozzle of the pump. The pump plunger, 
which is at the top of its stroke, is now allowed to 
descend under the action of its spring ; after the com- 
pletion of the stroke the mould is drawn away, and the 
two halves separated, the type-with the tang attached 
falling into a tray. A different mould is required for 
each y, but the mould is adjustable for those varia- 
tions in set which occur in a fount of type; a different 
mould is also required for quads, on account of the differ- 
ence in height-to- r. the nicks differ for different 
faces of the same ~ 3 a suitable mould is required for 
each different arrangement of nick. The nicks on the 
body are produced in casting, but the removal of the tang 
and the cutting of the heel-nick must be performed subse- 
quently. The type, after the tang has m broken off, 
are arran, by hand on a stick for the operation of 
laning the heel-nick, which is also performed by hand. 

e machine is belt-driven, and the movements of the 
pump plunger and mould are effected by ordinary cam 
mechanism, presenting no remarkable features of interest. 
The output of the single-mould type-casting machine 
varies from about 3000 per hour in pica to per hour 
in smaller bodies. 

The Wicks Rotary Type-Casting Machine represents 
the highest development at the gy time of machines 
for producing finished type, Fig. 47, page 62. The 
machine has 100 moulds mounted in a wheel which 
is revolved continuously by worm gear, the number of 
moulds of each particular set being determined by the 
demand for type of that set size. e number of moulds 
of each set must be determined from this, so as to 








give the minimum of waste due to over-production of 
certain It is, moreover, ni that some 
of the matrices should be changed at suitable intervals, 
so that the proper proportional number of each character 
may be cast, From these considerations it follows 
that if more than one face is to be cast in the 
wheel, these faces must be so designed that they agree 
closely in total demand for each set width. of 
different faces may be distinguished by supplementing 
the cast nicks with a cut nick produced by a milling- 
cutter in a similar manner to that used for producing the 
heel-nick. 

The sequence of operations in the Wicks machine is as 
follows :—After the type has left the mould m, Figs. 48 
and 49, the matrix s is ually withdrawn by a cam 
carried on the head a of the machine and bearing against 
the hard steel surface of the matrix-jacket 7. The matrix 
is guided on the stem by the mould, and at the upper part 
by a groove in the matrix guide-ring r. After passing 
the withdrawing cam w, Fig. 49, the matrix is slightly 
advanced towards the periphery of the wheel by the 
height-to-paper cam h, Fig. is, which acts on the 
screw g in the matrix-jacket; a light plate-spring b carried 
on the top cover ¢ presses against the outer surface 
of the matrix-jacket j, ensuring contact with the screw, 
and so secures uniformity in height-to-paper. Before 
reaching this point the end of the matrix-stem s has been 
covered by the top cover, and the end of the mould has 
also been covered by the shield g, which is mounted under 
an adjustable sliding-head u. On nearing the centre of the 
shield the port p, in which the stream of metal delivered 
by the pump is playing, becomes uncovered, and the 
metal enters the mould. . The type sets in a very. short 
interval of time after the mould has closed the port in the 
shield,* since the mould-wheel fn and top cover ¢ are both 
cooled by water circulation, As the revolution proceeds 
the type is carried round in the mould, and, when it is clear 
of the shield, the ejecting cam (not shown in the drawings) 

ins to operate on the matrix-jacket, causing the matrix 
and the type ¢ with it to move outwards, When ejected 
about 0.05 in., and therefore well supported in the mould, 
the heel-nick is cut in the foot of the type by a rapidly- 
revolving milling-cutter ; when further ejected (to about 
0.20 in.) an extra body-nick for distinguishing founts may 
be milled in if required. The ejection continues with the 
revolution of the wheel, and the end of the type when 
ejected about 0.35 in. enters the s between the 
leaves 1 of the chain-link k conempanting to its mould, 
Fig. 49. The chain consists of 100 links and is driven b 
the teeth d cut on the periphery of the mould-wheel. 
The ejection continues till the type .is just clear of the 
mould, when the retaining-cam v, carried by the head of 
the machine a, engages with one of the body-nicks in the 
type and prevents the type from being drawn back with 
the matrix under the action of the withdrawing cam w. 
The cycle of operations with the matrix is now repeated. 

The type which has left the mould is carried by the 
leaves 1 of the chain-link k (the method of machining 
which is shown in Fig. 50) to the receiving-galley y ; this 
is slotted so that the type 4, t is supported at the ends on 
the galley-plate, while it is propelled along the galley, 
and supported from tilting by the leaves / of the chain ; 
near the end of the slot in the galley-plate the leaves of 
the chain, which have up tothe present been carried on 
the chain-race z, drop, so that the upper ends clear under 
the galley-plate ;. side cam-pieces xz, which r on the 
rounded shoulders of the leaves, control the dropping, 
Fig. 49. The type is now free in the galley, along whic 
it 1s impelled by the next succeeding type. The stream of 
type is received on a stick of | section, and removed by 
a boy who places the type either 300 or 400 at a time in 
a type-galley in which they occupy the same relative 
positions. The recurrence of the largest set size or of a 
sequence of characters of large set serves as a guide to the 
boy in sliding the Wy along on to the stick, and at the 
same. time gives sta ahity to the last line in the galley. 

The type as received in the galley form a block. The 
number of lines in which the blocks are made up is so 
chosen as to give a nearly constant width of block body- 
wise (about 44 in.). The blocks are then divided by 
cutting them up at right angles to the direction of the 
lines of which they are made up. This work is ~- 
formed by girls, who insert thin strips of metal or celluloid 
between the rows of different characters, and add the lines 
of the same character together in small galleys to form 

of an approximately constant width. These pages 
are examined for defective type, which are replaced ; the 

are then tied round with string and packed in thick 
whitish paper. The handling of several lines of separate 
type between two flat pieces of metal requires a peculiar 
knack, which the girls acquire ~~ f 

The casting-machine is opera‘ by one skilled type- 
founder, who attends to the lubrication, to the mainten- 
ance of the metal in the pot at the correct temperature 
and level, to the exact adjustment of the top cover so 
that the body size is maintained, and to the finish of the 
type left by the milling-cutter. One boy takes off the 
type, and four to five girls distribute the output of each 
machine. 

The output of the Wicks machine is from 60,000 to 
70,000 finished type per hour for bodies from ruby to long 
primer, and fails with larger bodies to about 35,000 for pica. 

The pump runs at 100 revolutions per minute, and 
requires about 0.7 horse - power. The machine runs 
normally on bodies up to long primer at 10 revolutions 
per-minute, and takes about 1.1 horse-power. The total 

wer required to run both the machine and the pump is 

.8 horse-power. 
It was the original idea of Mr. Wicks that type could 





* So far as the author can ascertain, the type sets in less 
than 0.03 second in a water-cooled mould for bodies not 
larger than long primer. 
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be produced so cheaply 4 pould 
replaced by new type for less than the cost of distributing. 

e cost of distributing nf hand is generally 25 per cent. 
of the cost of composing by hand, or about 24d. per 1000 
type. The type when so distributed is not, moreover, in 
lines in the form required by composing-machines, and a 
small further expenditure would be necessary to set up 
the. type in the composing-machine tubes. The author 1s 
of opinion that if the Wicks machine had been brought to 
the present state of perfection some fifteen years earlier, 
and a cee ee with a large number of machines, 
the system ado y The Times of employing fresh type 
every day, and distributing by re-melting, would have 
found favour with a large number of the most important 
daily papers. 

Type-Slticing Machine —For charging composing-machine 
ti be; with type an auxiliary appliance has been designed 
by Mr. Wicks, and is shown in Figs. 51 and 52, page 63. 
The lines of type are transferred from the galley in which 
they are received to a slotted galley g, in which the faces 
are turned towards the galley. The slot is temporarily 
covered with a slip of metal, which rests on the lower edge 
of the galley when placed on the slicer, and is ejected at 
the first stroke of the blade. The blade } is drawn back 
by means of the handle, a tube u is placed on the hinged 
carrier c in front of the machine, and charged by the next 
stroke of the handle. The end type in the tube are 
towards each other by the fingers of the operator, jo at the 
same time the hinged carrier is brought forward (as at ¢,), 
till the type are inclined upwards, when the tube can be 
lifted off and transferred to the magazine of the compos- 
ing machine. Some two hundred of these machines are 
in use at the printing-office of the Times. 

The Bhisotype.—Since writing this paper, the author 
has been informed that a multiple-mould @machine has 
been constructed bearing this name. This machine is 
stated to be capable of casting at an even higher speed 
than that attained by the Wicks machine. 


(Zo be continued.) 





Protection OF TROLLEY Wires.—A. Harrich has in- 
troduced on the tramway lines of Regensburg an appa- 
rently successful device to. prevent the wear of trolley 
wires. on curves which practically are polygons. By 
means of special tools a sheath of hard copper sheet, 
1 millimetre in thickness, is pressed round the trolley 
wire, in lengths of 1 metre, from below, so that the seam 
ison the upper side. These sheaths can easily be renewed 
when they are worn through, while the repair of a trolley 
wire is a very difficult and costly piece oll week. So far, 
this device, which is not patented, has answered well. 


Exvectric Power 1x Itaty.—According to consular 
reports, the consumption of electric power in Italy has, 
during the ten gra my 1907, risen from 160 million kilo- 
watt-hours to 866 million kilowatt-hours, and the number 
of electric plants from 2032 to 5876. The concessions 
granted for new plants or extensions of old installations 
numbered 239 in 1906 and 226 in 1907. Of the new plants 
of 1907, 88 generate their own power, totalling 18,500 kilo- 
watts, and 50 of these utilise water-power. The additions 
concern chiefly the provinces of Piedmont (38 additions), 
Lombardy (45, 5 new), Venezia (28), Tuscany (15), the 
Marches (20), Emilia and Romagna (13). 


SHIPPING ON THE GREAT LAKEs.—The wth of the 
size of ships in use in the trade on the Great Lakes is 
shown by records taken at docks at Marquette. In 1898, 
488 ships cleared from the docks for which records were 
made, the ships having an average cargo of 2,223 tons. 
The average tonnage had increased to 2661 tons in 1900. 
By 1902 it had risen to 3109 tons. In 1904 the average 
cargo that cleared was 3668 tons, in 1906 the average cargo 
was 4,628 tons. The last complete year for which figures 
are available—1907-—shows that the average cargo of some 
331 vessels that cleared at the docks in question was 5107 
tons, while so far as records for 1908 are available at 
present, the average cargo appears to have been 6646 tons. 


THe Genoa-PoLcevERA TUNNEL Street-RAILway.— 
As the town of Genoa is cramped between the slopes 
of the Apennine Mountains and the Mediterranean, 
traffic and industrial development are much impeded. 
There is no space in the city for works, which have been 
erected in the valley of the Polcevera River, more than a 
mile west of the city. The main railways from Milan 
also come down this valley, and the traffic on the main 
line is too heavy to allow of its being utilised for the sub- 
urban service. A tramway runs from the city along the 
shore, and then up the Polcevera, but the route is 
circuitous and often blocked. To overcome these diffi- 
culties, it was sometime ago resolved to cut a tunnel 
through the mountains from the western portion of 
the city in a northerly direction right into the Polce- 
vera Valley. Blasting was commenced in 1905, and 
last May the new electric street-railway through the 
tunnel was opened. It leads to Certosa, on the Polcevera, 
and up to Rivarolo, on the same river. The tunnel 
itself has a length of nearly 2 kilometres. Trains running at 
25 kilometres an hour take 7 minutes instead of 22 minutes 
by the old tramway, and traffic through the tunnel, which 
is provided with a double track, is not liable in the same 
way to be blocked. The tunnel forms a straight line 
except at the northern outlet, where the rock was found 
unreliable. It rises first on a gradient of 1.5 per cent., 
and descends afterwards on an incline of 0.75 per cent. 
The gauge is 1 metre. The Vignoles rails rest on iron 
sleepers, the joints on double sleepers. The lighting of 
the tunnel is effected by glow-lamps from several circuits, 
and the tunnel is whitewashed. Trains are run at 
intervals of 10 minutes or less; the platforms are closed 
in to keep out the draught. 


this machine that it could be | 





CIRCULAR WEIRS AND ORIFICES.* 


By G. H. Guuiver, B.Sc., F.R.S.E. 


Tue discharge of water through a vertical circular 
orifice, under a given h i 
direct solution. The mathematical expression for the 
discharge is 


@ = 1200 Vh(H -h) {D- (H-h)} dh 
0 





gallons per minute, where D is the diameter of the aper- | 


ture, and H is the head of water above the lowest point of | 
the orifice, both measured in inches. The solution may | 
be obtained by a semi-graphical method. Taking a | 
definite value of H, the discharge is calculated for a 
number of elementary layers by giving to h various values 
between zero and H. By plotting these elementary dis- 
charges against the corresponding heads, a curve is 
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ON THE DISCHARGE OF WATER FROM | 


of the simplest nature. For instance, the discharge of the 
sine employed in the experiments is given very closely 
xy 
11 H -8, gallons per minute. 


The dotted line in Fig. 3 represents the disc! of a 


, is a problem admitting of no completely-drowned orifice, as calculated in the ordinary 


approximate manner: the difference between the two 


| results is about 24 per cent. for a head of two diameters, 


and decreases as the head rises. The dotted curve in 


| Figs. 1 and 2 shows the position of the layer of maximum 

















Gallons Minute. 
Dis: e 


obtained, the area under which represents the total dis- 
charge of water for the chosen value of H. A number 
of such curves are constructed for different heads of water 
(Figs. 1 and 2), the areas obtained by the planimeter, and 
these are plotted in the form of a new curve, from which 
the total (theoretical) discharge under any intermediate 
head may be obtained. Fig. 3 shows this curve drawn, 
up to a head equal to two diameters; it is applicable 
equally to all circular orifices. The coefficient of dis- 
charge was obtained from experiments with an orifice 
a=. in diameter ; its value lies between 0.625 and 0.630. 

e curve obtained from the experiments is given also in 
For both theoretical and actual discharge the 
curve is practically straight, so long as the head is 
between the centre and the top of the aperture. This 
su, ts that a circular weir, if kept running more than 
half full, and yet not completely drowned, might be use- 
fully employed in gauging streams ; the results could be 
wotked out very easily, and the recording apparatus te 


Fig. 3. 





* Abstract of pages read before the Royal Society of 
Edinburgh, November 2, 1908. 


| discharge for the various heads. 








DREDGING IN THE GULF OF Mexico.—The United States 
Government has just pl in commission the second of 
two very large dredgers required in the Gulf of Mexico. 
A noticeable feature of both these ships (the General C. B. 
Comstock and the Galveston) is the adoption of oil as the 
only fuel, the entire equipment being furnished by Tate, 
Jones, and Co., Pittsburg, makers of the Kirkwood 


| burners. The latest of the two dredgers, the Galveston, 
| is of 2,000 indicated horse-power capacity, four boilers 


being required. This ship was built after a thorough test 
of the General C.B. Comstock, built six years ago, and 
also equipped entirely by Tate, Jones, and Co. 


ANTIPODEAN Go.tp.—The yield of gold continues to 
decline throughout the Australian Colonies. The output 
in Western Australia for the first nine months of 1908 was 
1,235,367 fine ounces, as compared with 1,247,153 fine 
ounces in the corresponding period of 1907 ; in Victoria, 
483,426 fine ounces, as compared with 502,084 fine ounces ; 
in New Zealand, 363,533 fine ounces, as compared with 
359,600 fine ounces ; in Queensland, 338,053 fine ounces, 
as compared with 341,873 fine ounces ; and in New South 
Wales, 170,296 oz., as compared with 182,473 0z. It 
should be remarked, however, that the falling off observ- 
able in production is attributable, to some extent, to the 
general prosperity which has had the effect of diverting 
attention to other pursuits. 


AMERICAN SUBMARINES.—Two of the eight submarine 
boats authorised in the last session of Congress are to be 


| constructed at one of the United States Government navy 





yards. The remaining six authorised are to be built by 
private firms. The Electric Boat Company will build two 
at 454,500 dols. each, and two at 438,000 dols. each; all 
four vessels are to be delivered on the Pacific coast. The 
Torpedo-Boat Company is to supply one vessel for 410,000 
dols., to be delivered on the Atlantic coast ; the vessel 
will be constructed by the Newport News Shipbuilding 
Company. The American Laurenti Company is to supply 
one vessel for 437,500 dols., to be delive on the Atlantic 
coast; this vessel is to be built by the William Cramp and 
Sons Ship and Engine Building Company, of Philadelphia. 


A Setr-Trimuminc CoLiier.—Messrs. Irvine’s Ship- 
building and Dry-Docks Company, Limited, West 
Hartlepool, launched, on the 24t ult., the steel screw 
steamer Rouen, built to the order of Messrs. Furness, 
Withy, and Co., Limited, West Hartlepool. This vessel 
is one of the largest self-trimming colliers afloat, having 
extremely large hatchways and equipment for rapid load- 
ing and ‘ane ing. The dimensions of the vessel are 
as follow :—290 ft. by 40 ft. 2 in. by 20 ft. 64in. The 
pumping arrangements have been so carried out that the 
whole of the water-ballast can be pum out in 24 hours, 
which enables the vessel to make the port under full- 
ballast condition, whilst at the same time she is able to 
commence loading immediately. She is constructed with 
bulb-angle frames and longitudinal stringers, and is sub- 
divided to give four clear holds. Triple-expansion engines 
are being supplied and fitted by Messrs. MacColl and 
Pollock, Sunderland, having cylinders 204 in., 33 in., 54 in. 
by 36-in. stroke, and there are two single-ended boilers 
with 180 lb. pressure. 


Proposep LARGE Raitway BripGE IN DENMARK. — 
The rapid increase of international traffic has made ex- 
pedient, if not necessary, improved means of communica- 
tion between the Island of Masnedé and the Island of 
Falster. Three ways of providing these have been under 
consideration—viz., by increasing the number of steam- 
ferries and ferry harbours, by means of a tunnel, or by 
building a railway bridge. Investigations have proved 
that a tunnel would entail a considerable expenditure, 
about 1,500,000/. for one single-line tunnel, and, what 
would probably be necessary, twice that sum for two in- 
jam at single-line tunnels. A bridge is considered to 
have material advantages over an improved steam-ferry 
service, and the Government has now introduced a Bill 
providing for the construction of a bridge between the 
two islands, the cost of which is calculated at about 
525,0007. From the Island of Masnedé a dam is carried, 
in the plans, some 575 ft. into the sea as far as the channel 
called the Kalvstrém, which is spanned by a bridge 1100 ft. 
long. Then comes a dam of some 2800 ft. in length, as far 
as the channel called the Stovstrém, which requires a 
bridge of 5850 ft. in length ; then comes another dam of 
1000 ft. in length, and, finally, a third bridge, 410 ft. long, 
over the Orchoved channel to the Island of Falster. The 
large bridge across the Stovstrém channel will have a 
swing-span with two openings of 150 ft. clear width, and 
the piers in connection with this portion of the work will 
be specially protected. The normal distance between the 

jiers will 275 ft. It has been under consideration to 

lam the two narrow channels, so that one bridge would 
suffice ; but although it would probably entail a saving 
of some 45,000/., the plan has been abandoned as likely 
to interfere with certain local harbours. 
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ENGINEERING FEATURES OF THE 
WASHINGTON-STREET TUNNEL. 


Amone the recent important developments in the 
field of urban rapid transit in the United States 
the new Washington-Street Tunnel in Boston has 
attracted considerable attention. In its relations to 
the existing facilities of transportation in the city 
of Boston it is no less interesting than on account of 
its constructive features. Now that it has been 
successfully placed in service, a number of important 
changes will take place in the surface and subway 
railway service previously offered to the travelling 
public, the most notable being the removal of the 
elevated trains of the Boston Elevated Railway 
Company from the Tremont-Street Subway, their 
transfer to the tunnel, and the restoration of the 
original service by surface cars on the through tracks 
of the old subway. 

The Tremont-Street Subway was the first ever 
built in an American city for electric-car operation. 
It demonstrated completely the success of under- 
ground rapid transit in one of the most conservative 
cities of the country, and as far as surface-car 
operation was concerned, the results were on the 
whole entirely satisfactory. 

When the Boston Elevated Railway Company 
built its overhead lines in 1901, the trains were 
assigned to the two through tracks in the subway 
under Tremont-street on account of the imprac- 
ticability of building an elevated structure in 





top of the rail here is about 4 ft. above the tunnel 
bottom. The work of this section was carried on from 
both ends, and from shafts in sections from 12 ft. to 
20 ft. in length. The excavated earth was carried in 
tubs.on small cars to the shafts, where the tubs were 
hoisted and dumped into carts. After the excava- 
tion was completed, the floor or invert was built and 
the side om erected ; then the centre columns 
and roof beams were placed in position and riveted, 
followed by the completion of the roof and con- 
creting of spaces between beams. During construc- 
tion the building foundations were supported on 
I beams, carried on blocking or posts, and later 
pinned up on the completed roof with brick 
masonry. 5 
Section 2 extends to Boylston-street, north side. 
Both the flat arch and concrete invert type of con- 
struction are found in this section. Centre-column 
construction was used in approaching the Boylston- 
Street Station. Work of considerable delicacy was 
involved in this section in connection with the “x 
porting of buildings. A portion of the side walls 
close-to the foundations of the buildings was first 
completed, in advance of the main work of con- 
struction. In some places the tunnel walls were 
within a few inches and about 10 ft. deeper than the 
building foundations, and after reaching the depth 
of these foundations, excavation was generally 
carried on in kets 6 ft. in length, and the side 
wall erected there before the intermediate pockets 
were excavated. In one case, where settling took 





Fam seme was to build the westerly wall of the 
tunnel to the height of the springing line of the 
arch, and then to excayate for, and build, the centre 
wall to ‘the line, the arch being turned afterward. 
Considerable sewer reconstruction was required in 
Section3. At Boylston-street the south-bound track 
is depressed in — about 7 ft. below the level of 
the north-bound track. : 

Section 4 extends toa point near Franklin-street, 
consisting of the concrete invert and the steel-roof 
t of structure. Between Temple-place and 

inter-street a platform extends for a length of 
350 ft. on the west side of the tunnel, for south- 
bound trains. A cross-section of this platform is 
shown in Fig. 8. From Winter-street North there is 
a platform on the east side of the tunnel for north- 
bound trains. About three-fourths of the buildings 
along this section were under-pinned, and the 
foundations were carried down to the same depth 
as the bottom of the tunnel. Levels takeri on thes¢ 
buildings showed no settlement greater than ¢ in. 
and that in two cases only. 

Section 5 extends to a point near Court-avenue, 
including Newspaper-row, one of the narrowest 
parts of Washington-street. In ing through 
this district the south-bound Cannel tint is carried 
above the north-bound, and the station conditions 
at Milk-street and State-street are somewhat un- 
usual asa result. The Milk-Street Station (see Figs. 
10 and 11) handles only south-bound trains, and 
State-Street Station only north-bound traffic. Foot- 
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Washington-street, where it passes through the 
most densely populated part of the business district. 
It was realised that the operation of the elevated 
trains in the original subway was only a temporary 
plan, and the experience of the operating company 
amply bears out the assumption that a subway 
route so hampered by heavy grades and sharp 
curves could never attain the broadest usefulness 
in the handling of a fast-train service. The trans- 
fer of the,train service to the new tunnel will mean 
a much more satisfactory state of affairs from the 
operating standpoint, for the gradients and curva- 
tures are far less severe, and there wil! be available 
platform area that was out of the question in the 
rather limited confines of the first subway. 

The Washington-Street Tunnel is designed to 
accommodate trains of eight cars each, with 350-ft. 
platforms, and it is a double-track line about a 
mile and a quarter long, extending from an incline 
near Ash-street, south end, to the incline south of 
the north station. The narrowness of the street 
and proximity of buildings made the construction 
in parts very difficult. The following notes describe 
the work of Mr. Erson and his associates on the 
tunnel :— 

Section 1 covers the Bennett-Kneeland-street 
district, and is entirely covered by buildings except 
at _street-crossings. The walls and invert are of 
reinforced concrete, and the roof consists of steel 
I-beams, embedded in concrete and supported on 
the side walls, and a row of centrecolumns. These 
beams are from 12 in. to 24 in. in depth, and are 
spaced from 1 ft. to 4 ft. apart, ing to their 
loading. A typical section meen ane -street is 
shown by Fig. 2, page 66, the tunnel being about 
24 ft. wide inside at this point. The concrete side 
walls are from 2 ft. to 3 ft. thick, reinforced with 
s-in. twisted steel rods. The bottom and sides are 


water-proofed, and the foundations of the building. 


above the tunnel are carried on 24-in, I-beams. The 





place in spite of these precautions, it was necessary 
to support the front of the building by spur-shores. 
The foundation was then under-run in pockets 
about 2 ft. in width, and strengthened by a wider 
concrete base, 18 in. deep, containing 6-in. I-beams. 
Where the side walls did not come nearer than 
8 ft. from the building foundations, the pockets 
were 16 ft. long. The Boylston Building was 
underpinned by partitioning off a space about 12 ft. 
square about each one of the main piers, succes- 
sively, cutting through the piers and supporting 
them by steel beams carried through and under 
them. Excavation of the necessary hole under- 
neath followed, with the placing of the new brick 
piers. The brick piers were connected by a con- 
crete wall which supported the lighter piers of the 
building. In the case of the Shuman Building 
small cross-drifts were driven under the piers, and 
I-beams about 20 ft. long were inserted under the 
foundation. Another set of I-beams, parallel and 
near the front of the piers, was placed above the 
first beams, and supported at the end by timber 
blocking, the first beams being attached to these 
by iron belts. A large box was built upon the outer 
endsof the lower beams and filled with paving-stones, 
thus forming a cantilever, with the weight of the 
building upon the short arm. The excavation and 
masonry work then proceeded as usual, A cross- 
section of Section 2 at an air-duct opening near 
Eliot-street is shown by Fig. 3, page 66, while Fig. 4 
is a plan, and Fig. 5 gives the tunnel cross-section 
at the Bolyston-street Station, showing the south- 
bound ‘platform. The method of ventilating the 
tunnel is considered later. 

Section 3 extends slightly to the north of Hay- 
ward-place, and varies in width from 53 ft. to 35 ft. 
Concrete invert and centre-column construction is 
employed. A cross-section near Essex-street is 
shown by Fig. 6. The general method in Washing- 
ton-street, after the building foundations were 





pt ay between the two stations, however, provide 
or the i 


a connections for opposite directions. 
The bulk of this section has a concrete arch, with, 
2}-in. tie-rods. The arch rests on reinforced-concrete 
side-walls, except where entrances occur, where a line 
of steel girders set on steel columns is employed. 
ame School-street a flat roof of steel 1-beams 
and conorete replaces the arch for about 35 ft., to 
allow space for pipes and conduits to be carried over 
the tunnel. 

Upon leaying the Summer-Street Station the 
north-bound track descends rapidly, and reaches a 
maximum depth of about 15 ft. below the south- 
bound track, allowing the Milk-Street Station for 
the latter to be built over the former. A platform 
14 ft. wide is thus obtained without increasing the 
tunnel section. North of Milk-street the width of 
the platform is increased, and it leads through the 
wr ge! mentioned above to the State-Street 

tation and the East Boston Tunnel. The excava- 
tion for this section was deeper than for the - 
ceding sections, varying from 30 ft. to 48 ft. The 
concrete-mixing plant occupied an area of about 
5000 square feet in Post Office-square, until a sec- 
tion of the tunnel was completed, when it was 
transferred to the tunnel at Ordway-place. Hoppers 
just below the top of the arch received the cement, 
crushed stone, stone-dust, and sand through chutes 
from the street surface. Below the hoppers was a 
platform for gauging, and still lower, on the east 
invert, the mixer was placed. From the mixer the 
concrete was delivered into buckets on flat cars, 
from which the buckets were hoisted and dumped 
into cars running on the west invert. Electric 
power was used for the mixing and hoisting. The 
underpinning of the buildings on this section was 
done by the so-called ‘‘cantilever method.” Heavy 
15-in. I-beams were placed 1 and close to 
the building line, their ends being supported outside 
the lines of the hole to be excavated, Other 
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15-in. I-beams at right angles to the building line 
were hung by heavy bolts from the former, with 
ends projecting under the pier. . The other ends 
were then weighted or fastened to the tunnel 
structure then in place, and upward pressure 
applied to the pier by argey & up the bolts. With 
this preliminary support the buildings were under- 
pinned without entering the basements. 

Section 6 extends to the north side of State- 
street. This section comprises the greater part of 
the State-Street Station platform for north-bound 
trains. It is connected by stairways and passage- 
ways with the platforms of the Devonshire-Street 
Station of the East Boston Tunnel, and has common 
entrances therewith through the easterly part of 
the. Old State House. Through the entrances in 
the basement of the Old State House the passenger 


gcROSS SECTION ABOUT 68FT. NORTH OF HARVARD ST. 
"ig. 5 ‘dedi WASHINGTON ST. 





before the eljeiing, yome was excavated. The 
other buildings on Washington-street, closely ad- 
jacent to the tunnel excavation, were underpinned 
first, and the adjacent tunnel wall was then built. 
The bottom of the invert is about 46 ft. below the 
street surface. 

Section 7 includes the most delicate construction 
work done in the tunnel progress. It extends only 
147 ft. from the point where the northerly wall of 
the East Boston Tunnel crosses Washington-street, 
and is of interest mainly on account of its depth 
and its position with relation to the Ames Build- 
ing. The Ames Building has a height of over 
200 ft. above the earth on which its foundations 
rest. It is not a steel-frame building, but its floors 
are constructed of steel and masonry. The street 
walls are of stone with brick backing, and are so 





whether the whole area of the foundation support- 
ing the Washington-street wall should receive a 
new masonry support—that is, whether the under- 
pinning ought to be carried down to the bottom of 
the tunnel excavation, or whether only so much 
excavation should be made as was necessary for the 
tunnel displacement. An objection to the latter 
plan was that, even with great care, some dislodg- 
ment might take place of the earth to the west of 
the tunnel underlying and supporting the wall of the 
building. The former plan was open to the objection 
that some of the earth under the foundations of the 
first row of piers might also be disturbed. It was 
finally decided to support on the top of the tunnel 
as much of the building as was formerly supported 
within the street lines. 

In carrying out this work the west wall was 
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can reach cars going north, south, east, and west. 
The tunnel ‘tracks and a considerable part of the 
platform are covered by an arch 35 ft. wide in- 
ternally, rising to a height of 32 ft. above the 
north-bound track (see Fig. 12). The Washington- 
Street Tunnel passes below the East Boston Tunnel 
at the intersection of Washington and State-streets 
(see Fig. 13). Along the Sears Building—a promi- 
nent structure abutting on this section—the front 
wall of the building was about 6 ft. from the trench. 
Excavation was made in pockets 6 ft. in length, in 
which corresponding lengths of side wall were built 
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thick as to bring a weight on the underlying 
earth probablyyas great as would )be given by 
a steel building over 280 ft. in height. e 
alignment of the Washington-Street Tunnel and 
the need of a passenger station in this vicinity 
required that the westerly wall of the tunnel at the 
Ames Building should practically coincide with the 
westerly building-line of the street. The bottom 
of the tunnel masonry is 28 ft. below the founda- 
tions of the building, and 48 ft. below the side- 
walk level. The foundations of this building, how- 
ever, project into the street practically the whole 
width of the side-walk. It was foreseen by the 
Transit Commission that, unless the encroaching 
foundations should be removed, the tunnel would 
have to be built under them, and a considerable 
portion of the weight of the building would rest on 
the top of the tunnel. The conditions are indicated 
by Fig. 14, page 68, which is a cross-section taken 
not far from the middle of the building. South of 
this the foundation footings project over the tunnel 
ter, and to the north of this section to a 
less, distance than is shown. It was decided to 
allow the foundations to remain, after discussion of 
the case with the trustees of the building. 

A question which early presented itself was 
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formed of a series of hollow piers, each one being 
begun at the top, immediately under the founda- 
tion, and extended downward to the bottom of the 
tunnel wall. The piers were made hollow in their 
earlier stages, so that excavation could be carried 
on inside of them, and also because it was necessary 
to unite as a monolith the reinforced masonry of 
the arch and invert with the masonry filling the 
hollow piers and forming a large part of the west 
wall of the tunnel. In doing this work a trench 
was first excavated along the front of the building 
to the bottom of the foundation. A drift about 
4 ft. wide and 4 ft. high was then driven under the 
foundation at right angles to the trench to the back 
of the proposed tunnel-wall. A row of jacks was 
placed on each side of this drift to make up as far 
as possible for the supporting power of the exca- 
vated earth. At the farther end of this drift, on 
the tunnel-wall, a vertical rectangular shaft, 3 ft. 
by 3 ft. 9 in. in cross-section, was driven down to 
about 3 ft. below the grade of the bottom of the 
invert. As the shaft was driven, its walls were 
made of concrete slabs reinforced with embedded 
steel angles and rods, forming a hollow pier. The 
slabs were fastened together vertically and hori- 
zontally by splicing angles bolted in the inside 
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corners of the shaft. Steel foot-plates were driven 
out from the interior of .the bottom of the pier so 
as to project 9 in. beyond the outer edges of the 
shaft-lining at right angles to the tunnel-wall, tem- 
porarily increasing the footing area until additional 
supporting area was pa the construction of 
the elaidl lawest. After plugging the bottom.of the 
pier with about 3 ft. of concrete, the proper portion 
of the load was. transferred to the pier by driving 
steel wedges between the bottom of the building 
foundation and steel I-beams bedded on top of the 
pier-walks or lining. The wedges were so placed 
that the load was carried through the transverse 
walls and the back wall of each pier, leaving the 
wall on the tunnel side unloaded. 

As soon as the first hollow pier was completed 
and the proper load was transferred to its footing, 
a parallel drift was dug, and a second pier, touching 
the first, was built in the same manner. The 
process was continued, forming a cellular wall 3 ft. 
thick. Void spaces were filled with grout. -Thirty- 
four hollow piers were put down, twenty-five being 
directly abe the building foundations. For 
about one-third of the piers, in soft ground, rect- 
angular steel shields about 3 ft. deep were used. 
These were jacked down as the excavation _ 
ceeded, the concrete slabs being bolted in p 
behind them, as in ordinary shield tunnelling. The 
shields were left in place at the pier bottom.- After 
the entire- combined -underpinning and -tunnel-wall 
were in place, the westerly el of the tunnel was 
built in sections 7 ft. to 8 ft. long. Some of the 
concrete slabs were removed from the face of the 
underpinning wall where it was joined by the 
tunnel arch.and invert, thus allowing the steel 
reinforcing rods from the arch’ and invert to. be 
carried through the openings into the hollow piers. 
These piers were filled with concrete when placing 
the concrete.for the invert and arch, thus making 
the .pier. filling ‘monolithic with the rest of the 
section: Somewhat the same. method was used in 
underpinning the-Devonshire Building. . Owing to 
the unusual problems involved, and the importance 
of -being able to alter-plans or methods at every 
stage, this.section was built by day-labour. 

Section. 8. extends . to over-street. The 
tunnel structure consists of two arched. passages 
separated by a centre wall of steel: and concrete. 
For 400 ft. in Adams-square the tunnel lies below 
the -old ‘subway (see Fig; 16).. In order to depress 
the tunnel as little as possible its roof and the floor 
of the subway. where the two are in common are 
heavily reinforced with: steel and made as thin as 
is consistent with.the required strength. In some 
cases the thickness from the base of the rail in the 
subway to the intrados of the arch in the tunnel 
is only 1 ft. Methods found acceptable in other 
sections were utilised on this construction. 

Section 9 consists of the Union-Friend Station, 
lying almost entirely under buildings east of Wash- 
ington-street and south of Haymarket-square, with 
two platforms, each 350 ft. by 12 ft. Under the 
northerly end of the platforms is a sub- e 
leading to the present Haymarket-Square Subway 
Station. The latter will be greatly enlarged. On 
each platform is a row of steel columns 12 ft. on 
centres, supporting longitudinal girders. Between 
the tracks there is a row of columns 4 ft. on centres, 
carrying intermediate longitudinal girders, from 
which flat arches spring in each direction to the 

latform girders. ese arches are reinforced with 

-beams, and the platforms are covered by flat con- 
crete arches reinforced by steel rods. The roof 
over the central part of the station is left as thin 
as ible, to save valuable space for future owners 
and tenants of the buildings, who may wish to dis- 
tribute over the floors heavier loads than are now 
in use. 

Section 10 extends north of the preceding section 
for 330 ft., and in its course adjoins the original 
subway, which necessitated t:1e removal of portions 
of the walls and roof of the latter. The new strue- 
ture practically widens the subway by the con- 
struction of a new wall at a mean distance of about 
40 ft. east of the subway east wall. Steel columns 
ranging’ about 27 ft. westerly of the new wall 
directly support transverse beams extending from 
the new wall, and jack-arches between these form 


the main roof of the structure. The remaining | > 


strip of roof is formed by jack-arches between 
transverse girders, having their westerly ends per- 
manently connected with the steel roof-beams of 
the subway. At the northerly end of the section 
the line of new columns will not be placed until 
traffic is to be diverted from the"subway into. the 
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tunnel, the subway columns serving as supports in|to be practicable by Elihu Thomson, and _ is|ing of rolled or drawn brass does not destroy the 


the meantime. ; 

Section 11 extends to the northerly end of the 
wing of the Relief Hospital, which is directly over 
the incline leading to the elevated structure north 
of the present Haymarket-Square Station. The 
hospital building has been supported by needle 
beams during the construction period, the ends of 
the beams resting on brick piers on the subway 
roof, and on steel columns carried up from the 
subway. The track changes at Haymarket-square 
will result in the operation of a six-track incline 
north of the station. Two of these tracks will 
connect with the present elevated structure near 
the north station, and will be used by the Wash- 
ington-street Tunnel trains; two tracks will be 
brought to the surface and used by cars traversing 
the Scollay-square loop of the old subway, and two 
tracks will be carried to the elevated level, prob- 
ably to be used in connection with the East Cam- 
bridge elevated line. 

The ventilation of the Washington-Street Tunnel 
is effected- by fresh air admitted at the stations 
and drawn out of the tunnel by fans at points 
between stations. In some of the original 
subway the air was discharged through gratings in 
the side-walks, but this was thought objectionable 
on the crowded side-walks of Washin n-street. 
Tubes conduct the air from the tunnel to the dis- 
charge-points, which are usually above the tunnel 
entrances. Fan-chambers are located at La Grange- 
street, Hayward-place, Old House Meeting-House, 
and Adams-square. The air-tubes are in some cases 
above the tunnel, and in others below it.* 








ELECTRIC WELDING. 

Tue electric welding of metals has of late years 
developed from a scientific possibility into a regular 
manufacturing process and has for some time 
taken an assured place among workshop methods. 
It may be looked on more as a new art, opening 
out fresh possibilities in the working of metals, 
than,as an improvement on any previous practice, 
for it enables operations to be performed which 
would be quite impossible by any other means. 

There are two distinct processes coming under 
the name of electric welding, the one involving the 
use of an arc to cause local fusion, and the other 
dependent upon the fact that intense local heating 
is caused by the passage of a heavy current across the 
imperfect joint made by two metals in contact. 
For certain purposes, such as the filling up of holes 
in castings, &c., arc-welding holds. the field 
exclusively, but in general it requires considerable 
skill on the part of the workman, and the risks of 
bad work or of burning the metal are always present. 
The alternative method of welding was first shown 





_ * Further particulars of the earlier work on the Wash- 
ington-Street Tunnel will found in TRACTION AND 
TRANSMISSION, vol. vi., page 224, and vol. vii., page 19. 





commonly known as the Thomson process, or butt- 
welding. While arc-welding is essentially a handi- 
craft, butt-welding as now performed is entirely 
mechanical, and the process thus possesses in a 
very high degree the certainty and exactitude that 
machinery gives. 

Some mistrust of welding in general undoubtedly 
exists, and there are also yet a large number of men 
who are somewhat shy of electrical processes. 
When, as formerly, the goodness of a weld depended 
entirely upon the skill of a smith, and all his care 
was sometimes unable to prevent internal flaws 
which no inspection could detect, engineers naturally 
avoided welds wherever possible; but, with the 
Thomson process of electric welding, these considera- 
tions no longer apply. Human skill and judgment 
are almost entirely eliminated—at any rate, after 
once the machine has been set for any given class of 
work. Nor need the electrical part of the business 
cause any hesitation. All modern works now have 
electric power, which can be converted or trans- 
formed for welding, and though the welding 
currents are heavy, the voltage is as low or lower 
than that employed to work an ordinary electric 
bell. Moreover, the electrical equipment is as 
simple as can be conceived, and involves no — 
parts. except the starting-switch. An unskill 
labourer or boy can attend to a _butt-welding 
machine, since the quality of the work in no way 
depends upon the training of the attendant. 

e firm which has done the most to develop and 
popularise the Thomson process of electric welding is 
the British Insulated a Helsby Cables, Limited, of 
Prescot, Lancashire. Atan early date they employed 
the process in their wire-mills and cable works for 
jointing-up wires and rods, and, guided by their ex- 
perience and their necessities, they have designed a 
range of machines for dealing with work of the most 
varied nature. Before proceeding to describe the 
machines themselves, we will briefly mention some 
of the work which may be done upon them. In the 
first place, the variety of metals which may be welded 
should be noticed. Ordinary smith’s welding is 
confined to iron and very mild steel, but electric 
welding may be equally well applied to copper, 
brass, bronze, &c., and steels of comparatively high, 
carbon content. Copper to be welded has to 
raised to a very high temperature in comparison 
with iron, at which temperature it is not only 
brittle, but is highly oxidisable. Moreover, it does 
not pass through a long plastic stage like iron, but 
liquefies suddenly, so that ordinary processes are 
inapplicable. Brass and similar alloys are even 
worse in their behaviour, for in addition to defects 
similar to those mentioned, the zinc tends to 
volatilise before the copper constituent of the alloy 
is sufficiently hot. These drawbacks, although fatal 
to smith’s work, do not affect the electric process. 
In fact, all the metals named can not only be welded 
each to each, but iron, copper, and brass can be 
welded to each other if desired. The electric weld- | 





internal structure of the metal, and the welds will 
stand any further rolling or drawing that the 
material may be subjected to. This being so, it 
goes without saying that welds in copper, iron, and 
weldable steel wire and rod can be produced with 
certainty, and with a strength eyual to that of the 
original rod. As regards the size of material for 
which the British Insulated Company at present 
build machines, this varies from the finest wires 
drawn up to rods of 2 in. in diameter in iron or 
steel, 1} in. in diameter in brass, and { in. in 
diameter in copper, or sections of any form with 
equivalent respective area. The company also build 
a tyre-welding machine, which will deal with tyres 
up to 4 square inches in cross-section. From 
this it will be seen that butt-welding is by no 
means confined to the work of joining up inde- 

ndent lengths of rod or strip. The joint in a 

oop or ring, or in the rim of a perambulator 
or similar wheel, is effected with the same ease 
as that in a straight bar. Even the links of a chain 
can be closed by a suitable machine, as we shall 
show later. 

Besides butt-welding, a most interesting appli- 
cation of the principle has been devised under the 
name of ‘‘ spot-welding.”. There is no analogy with 
this in the art of the smith. The function of spot- 
welding is to connect sheets or strips of metal 
by means of small welded spots where necessary, 
thus arriving at the same end as is attained by 
riveting, but without the disadvantages of the 
latter. Spot-welding is De mgzegen rt applicable to 
thin sheet ware, and affords a means of fixing a 
handle to a cup or pan instantaneously, and without 
the previous drilling or punching which. riveting 
involves. ‘ The spot-welds in thin sheet metal are 
wonderfully effective ; in fact, it is quite impossible 
to break through the weld, the metal tearing away 
round the “isthmus” whenever it is tried. We 
have seen three thicknesses of ,-in. iron spot- 
welded together, the spot. being about @ in. in 
diameter, and splitting apart the pieces with a set- 
chisel and sledge - hammer consistently failed to 
cause fracture along the line of the weld. 

The third kind of electric welding develo 
by the British Insulated and. Helsby Cables; 
‘Limited, is known as ‘lap-welding.” In many 
ways this is the most extraordinary of all. As 
an example, we may say that it is possible to take 
two: plates or sheets of metal, cramp or other- 
wise fix them so that ‘they overlap along one edge, 
and pass ‘them through the machine, whence they 
emerge with a continuous and perfect welded joint. 
The company have been lap-welding the ends of 
steel tape for binding cables in this way for some 
time, and use the process throughout their works 
for joining up the lengths of tape into one con- 
tinuous le Previously the ends were brazed 
together, but welding has proved quicker, better, 
and much cheaper. Sheets and strips of metal up 
to ¢ in. in thickness may be dealt with by this .pro- 
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cess, to which we shall refer again in connection | 


with the machines for effecting it. 


There is one point which is common to all welding | adapted, together with the principles underlying 
by the Thomson process, and this is of very great | the process, we may now: turn to a description of 
We refer to the fact that no 
special cleaning of the surfaces to be welded is 


practical importance. 


required, nor need any flux be used. Ordinary 
machined surfaces, no matter how rough or covered 
with the ordinary 
unite perfectly. The dirt is burned off, probably 
with a slight splutter, and that is all. Of course, 
with a rusted surface the worst of the rust should 
be taken off, and the blue scale on iron should 
also be removed both from the surfaces of the 
intended joint and from the places where the metal 
will be held in the clamps. However, nothing 
special in the way of cleaning the surfaces is 
necessary. As will be understood, when we deal 
with the machines themselves, all slag, &c., that may 
form is squeezed out of the weld, and the pure 
metal forced into intimate contact. Again the heat 
is generated at the very joint itself, . because 
obviously the resistance to the current is almost 
entirely concentrated there by reason of the more 
or less imperfect electrical connection. The fact of 
heating at this point also to some extent assists the 
concentration of heat, because the hotter the metal 
the greater the electrical resistance. The whole 
operation of welding, moreover, being almost 
instantaneous, the heating is extremely localised, 
and the cooling therefore rapid. In fact, in some 
materials, such as steel with a fair percentage of 
carbon, the cooling is liable to be too rapid unless a 
special annealing device be resorted to. 

Leaving aside for the present the question of lap- 
welding and spot-welding, all machines for welding 
by the Thomson process act upon the following 
principle. The adjacent ends to = welded together 
are held in pairs of heavy copper clamps which tend 
to move together under the action of a spring or 
weight. Only the pressure between the ends of the 
pieces to be welded prevents the clamps approach- 
ing one another. Each pair of clamps forms one 
terminal of the secondary winding of a transformer, 
this winding. being formed of one massive turn of 
copper. In the primary circuit the switch is placed, 
and power may be taken from any convenient 
alternating-current supply. When the switch is 
closed a very heavy secondary current is caused to 
flow across the welding point, which instantly glows 
up to a white heat. e moment it softens, the 
movable clamp of the machine is forced forward by 
the spring or weight, and the fused surfaces are 
squeezed together. The motion of the clamp trips 
the switch in the primary circuit, shuts off the cur- 
rent, and the job is done. The work is so quick that 
it is impossible, except with very large bars, to rely 
on a man to trip the switch at the right moment, and 
even then it is inadvisable. Were the switch tripped 
an instant too soon, there would be a bad weld, 
while an instant’s delay would result in burning the 
ends of the metal away. The device of allowing the 
a up of the metal to determine the moment 
of tripping is perfect in practice. It does not 
matter, within reason, very much what amount of 
squeezing is allowed, so that the setting of the tri 
needs no special care. The first weld made will 
show whether too much or too little squeeze has 
been given; too little being risky, and too much 
producing an unnecessarily large collar of fused 
metal squeezed out around the joint to be removed 
afterwards. It should be said that the machine may 
be arranged automatically to swage down this collar 
while still hot, but usually it is preferable to remove 
it in the ordinary way. 

Spot-welding is effected by nipping the plates 
between pointed copper electrodes, which tend to 
close in the manner previously described. . The 
electrodes, as before, form the terminals of a single 
coil secondary of a transformer., The duration of 
the current is determined by the attendant, as there 
being little fear of burning, automatic trippiag— 
which, moreover, is not easy to effect, on account of 
the small travel of the electrodes—is not necessary. 
Lap-welding is done on an entirely different 
principle. One electrode is a heavy copper plate, 
while the other is in the form ofa roller. The lap- 
joint to be welded is pinched between the roller 
and the plate, so that the current passes through 
the joint at the point of contact of the roller. The 
metal here is strongly heated and the two sheets 
fused together as they are slowly forced under the 
roller. xe work is done at the rate of about 1 ft. 


per minute, and the results are admirable in every 
way. 


| showa machine for making butt-welds in ironormild- 
| steel wires from 0.005 in. to 0.25 in. in diameter, 


ease and dirt of the workshop, | silver. 
| the machine, and a regulating-switch in front varies 
| the winding ratio and thus the welding-current in 





Having briefly referred to the kind of work for 
which electric methods of welding are particularly 


the machines employed. Figs. 1 to 6, on Plate VII., 


and for small wires of gold, silver, nickel, or german- 
The transformer is contained in the base of 


the secondary. The secondary ‘‘ coil” is a massive 
U-shaped piece of copper, of which the two ends 
project through the table of the machine. To one 
end, that at the left-hand side when facing the 
machine, is bolted an arm of cast copper, which 
extends to the front, as shown in Figs. 2 and 5. 
To the other end of the coil is bolted a hollow 
turret, which carries bearings for a movable arm. 
This will be understood from Figs. 3 and 5. The 
movable arm is pivoted on ball-bearings, and can 
swing with the utmost freedom through a small 
horizontal angle. The heavy welding-current which 
has to traverse it is led into it through the 
lower pivot, which hangs within a cup filled with 
mercury. The friction of the arm is, therefore, 
extremely small, and the sensitiveness of the ma- 
chine thus obtained makes it possible to weld wires 
of exceeding fineness and of metals which would be 
generally considered unweldable. A hand-wheel 
and screw, seen at the left of the machine, regulates 
the tension of a spring which tends to move the 
pivoted arm towards the fixed one. 

The wires to be welded are cramped, one to each 
of the arms, by the cramps shown. The action of 
the cramps will be best understood from Fig. 5. A 
lever is pivoted to the arm, and an eccentric work- 
ing underneath the hinder end forces the front end 
down to hold the wire. The eccentric is operated 
by a small handle and works against a steel pad, 
which can be accurately adjusted by means of set- 
screws, so that the closing of the cramp is certain 
and definite on any particular sized wire. Current 
is switched on to the primary of the transformer by 
means of the knife-switch, seen across the upper 
part of the front of the machine. In the primary 
circuit is also a tripping-switch, located below the 
other and closed previously to it. As the weld 
heats up and the metals soften, the pivoted arm 
moves under the influence of the spring already 
mentioned, and after it has gone a very slight, but 
accurately predetermined, distance, it trips the 
automatic switch and shuts off the current. The 
setting of the automatic switch is very sensitive, and 
the distance the arm can move before tripping it is 
determined by the set-screw and scale shown in 
Fig. 6. The various scales permit of the best 
adjustment of the motions of the machine for 
particular classes of work being noted and recorded, 
so that whenever the same job is to be done again, 
work may be commenced with absolute certainty. 
The over-all dimensions of the machine are only 
about 16 in. by 15 in. by 17 in. high, and the weight 
is about 200 lbs. The maximum current consump- 
tion when the largest rods are being welded does 
not exceed about 3 horse-power. This only lasts 
about five seconds, so that with power at a penny a 
unit the cost of current does not amount to six- 
pence for a thousand welds. For the average work 
of the machine the cost of current is quite 
negligible. 

A type of welder built by the British Insulated 
Company for much larger work than the one 
sreviously described is shown in Figs. 7 to 10, on 

late VIII. This machine is broadly similar in 
principle and action to the former, but is modified 
to suit its heavy duty. The transformer is con- 
tained in the cast-iron base of the machine, as 
shown dotted in Figs. 8and9, As in every case, the 
secondary winding consists of asingle turn. To one 
end of this, above the cover of the transformer: 
box, is bolted the fixed cramp, which is the left-hand 
one of the pair, as seen in Fig. 8. The other 
terminal of the secondary coil is formed by a heavy 
cast-copper slide, planed to receive the sliding 
cramp Which moves upon it. Figs. 9 and 10 will 
make the arrangement clear, and the V strips, which 
ensure perfect fitting, should be noticed. 

Accuracy of fitting is notonly required for mechani- 
cal reasons, but is absolutely essential for electrical 
ones, on account of the extremely heavy welding | 
current which has to pass from the slide to the 
moving cramp. This is also the reason why the! 
slide is made of copper. Pure copper, of course, 
cannot be cast properly, so that a small percentage 








of tin is added, but this is kept to the lowest limit 
on account of its interference with the electrical 
conductivity. 

The machine will weld solid copper or brass rods 
from 0.375 in. to 1 in. in diameter, or iron and 
weldable steel from 4 in. to 2 in. in diameter. The 
difference in capacity when working on the two 
classes of metals is rather striking. It is, of course, 
due to the fact that the conductivity of copper is sv 
great, and the plastic state of the metal is almost 
non-existent. Hence the weld has to be made 
with great suddenness, and therefore requires a 
very heavy current in comparison with that neces- 
sary for iron or steel. Mild steel may be welded 
to copper or brass if desired, but the process is 
more of interest than of commercial utility at 
present. To equalise the heating of the two 
metals, and to ensure a successful weld, the elec- 
trical resistance of the two bars, measured from 
their point of contact to where they are respectively 
gripped by the jaws, should be equal or approx:- 
mately so. To effect this the overhang of the low 
resistance metal from its clamp is made greater than 
that of the other bar, or else the copper or brass 
bar has to be of much smaller section than the 
iron one. After the weld is effected, the whole 
can be turned down to the same size, and brass 
bolts with steel ends, and rice versd, can be screwed 
and submitted to all ordinary stresses without 
danger of failure at the junction of the metals. 

Turning again to the illustrations of the machine 
on Plate VIII., the design of the welding-cramps 
is clearly shown in Figs. 7 and 9. In the former 
illustration the fixed cramp is seen open, the 
moving one closed and gripping a .bar of metal. 
When open, the top part of the cramps is swung 
back right out of the way, thus enabling the bar 
to be got into the machine with great ease. The 
cramp is then closed over the bar, and tightened 
upon it instantaneously by means of the eccentric 
hinge of the handle. For the accommodation of 
bars of various sizes suitable replaceable jaws are 
inserted in the cramps. Pressure is applied at the 
weld by means of the pull of a weighted chain, one 
end of which is attached toa lever pinned to the 
sliding head, as shown in Figs. 9 and 10. The pres- 
sure may be varied to suit different classes of work 
by altering the number of the suspending weights. 
A long hand-lever serves to move the sliding head 
back, and in this position the lever may be held 
by a catch, as shown in Fig. 7, while the work is 
being adjusted. 

Reference to the same illustrations will show 
that the fulcrum of the lever actuating the slide 
may be adjusted along slotted ways in the bed of 
the machine. This provision is necessary in order 
that the position of the sliding head may be varied 
in relation to that of the hand-lever when the 
latter is held by its catch. The reason will be 
better understood by considering the way in which 
the machine is set up. First of all, the required 
weights are hung on the chain, and the hand-lever 
held back by the catch. Then, by moving the 
fulcrum of the chain-lever, the sliding head is set 
at such a distance from the fixed head as to allow 
a suitable overhang for the work. The rods to be 
welded are then cramped with their ends in contact, 
and the a is set to release the switch 
after a travel found by previous experience to be 
suitable. The hand-lever is then released and 
the switch closed, when the weld is immediately 
effected. At the proper moment current is cut off 
automatically by the tripping of the switch. The 
illustration shows the switch and tripping arrange- 
ment fairly well. The switch is on the front of the 
machine, and is closed by a cam which raises the 
movable contacts when the handle is turned. 
Moving with the contacts is a rod which, when in 
its uppermost position, is caught by the end of a 
horizontally-pivoted lever, and so holds the switch 
shut. On the sliding head is an adjustable stop, 
which may be set by means of a scale. When the 
head has moved in during the welding process by a 
previously determined amount, the stop comes in 
contact with the pivoted lever, and trips the 
switch. The whole of the mechanism is about as 
simple as it can be, and’ every moving part is in 
full view of the operator. ' 

The over-all dimensions of the machine are given 
in Figs. 8 and 10, and the weight of it is about 
4150 ib. When doing its maximum work it takes 
65 horse-power for about 90 seconds. 

The first machine illustrated on Plate IX.— 
namely, that shown in Fig. 1l—represents a very 
simple welder, desig ned by the British Insulated 
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and Helsby Cables, Limited, for odd jobbing work. 
It. will deal with copper and brass rods from } in. to 
£in. in diameter, and iron or steel rods up to 1} in. 
in diameter. Not being built for repetition work, 
it has no automatic tripping arrangement, but is 
hand-operated throughout. The transformer is con- 
tained inside the body casting, and the fixed and 
moving heads are very similar to those of the last 
machine. They form the terminals of the secondary 
coil, and are fitted with cramps of the type already 
described. The sliding head can be set to a greater 
or less initial distance from the fixed head, to vary 
the amount of overhang of the weld. When this 
adjustment has been made, the pieces to be welded 
are placed in the jaws with their ends in abutment, 
and the jaws locked by the eccentric handles. The 
small knife-switch on the front of the machine is 
then closed, and the workman forces the weld 
together by means of the large wheel, which actuates 
the sliding jaw through a crank and connecting-rod 
arrangement ; after a few seconds—that is, as soon 
as the weld yields under the pressure—he switches 
off the current, and the job is finished. The maxi- 
mum power taken is about 32 horse-power for half 
a minute. 

A quite different type of machine is that illus- 
trated in Figs. 12 to 15, on Plate IX. This parti- 
cular machine has been designed for welding up 
lengths of the mild-steel tape used in-armouring 
electric cables, and several are in use in the Prescot 
Works of the British Insulated Company for this 
purpose. Coils of tape on the machine (Fig. 12) 
give an idea of what the material is like. It is 
about 4 in. thick and 1 in. wide, with the ordi- 
nary blue finish. When the coil of tape being 
wound on to the cable comes to an end, the cable 
machine is stopped, and a new roll of tape 
joined up to the old. Formerly this was effected 

y brazing, which involved on an average five 
minutes’ stoppage of the work. The machine 
illustrated welds the ends together in half a minute, 
and involves only about a minute’s stoppage. 
It will deal with tapes from 4 in. to 3 in. wide, 
and from 0.015 in. to 0.0625 in. thick. The 
machine weighs 534 lb., and its over-all dimensions 
are 40 in. by 33 in. by 73 in. high. The transformer 
rests upon a wooden stand which constitutes the 
foundation of all the mechanism. Its secondary 
winding is a massive ©-shaped copper casting, 
shown best in Fig. 13. In the face of the upper 
part of the C is fitted a vertical sliding-piece 
which carries between bosses at its lower end a 
brass roller. The lower lip of the C extends for- 
wards and carries a horizontally-sliding brass table 
which may be moved to and fro under the roller by 
means of a cranked handle like the roller-rest of a 
lathe. A weighted lever and links tend to press 
the roller on to the table with considerable force. 
A pedal at the side of the machine allows the roller- 
slide to be lifted, and the ends of the tape to be 
welded together are laid on the table with about 
} in. overlap. Adjustable guides serve to keep the 
ends in line with each other and square with the 
machine. When the tape is in position, the roller 
is allowed to descend upon the joint of the tape, and 
the little switch on the leg of the machine is closed. 
The secondary current then passes from the roller 
to the table through the joint and heats up the 
latter, while the operator outs traverses the work 
underneath the i by means of the handle. The 
result is a perfect weld, with no shoulders or other 
imperfections, and of practically the same thickness 
as the original tape. 

Fig. 16, on Plate IX., shows an example of lap- 
welding done on a heavier type of machine, which 
we do not illustrate. The weld was made and tested 
in our presence at the British Insulated Company’s 
works. Two pieces of ordinary flat iron, 14 in. 
wide by } in. thick and about 30 in. long, were 
taken from the stores. They were placed together 
so that their long sides overlapped by about 4% in., 
and fixed in this position by a ‘‘ spot-weld” at each 
end. The combined strip was then taken and fed 
lengthwise through the machine, so that the lap 
passed between the roller and the plate, which, as 
in the previously-described lap-welder, formed the 
terminals of the secondary. th roller and plate 
were fixed, the strip being tapped between them 
by light blows of a hand-hammer. Its pace 
was about 1 ft. per minute. Immediately be- 
neath the roller the joint was white-hot, but the 
visible heat terminated about 1 in. on each side. 
When the strip was taken from the machine the 
lap-joint was perfectly welded from end to end. 
No metal was squeezed out, the shoulders being 





sharp and clean, and the total thickness of the 
joint was practically that of the two original pieces, 

he specimen was then sawn into lengths, and 
genuine efforts were made to separate the pieces at 
the weld. A sharp 
tudinally into the joint at the filed-up ends of the 
pieces, and efforts were then made to force the weld 
apart both by hammering and twisting. The result 
may be gathered from Fig. 16. It proved abso- 
lutely impossible to separate the weld, the metal 
always tearing at the side. We may say that the 


junction of the two pieces was quite invisible when | 
the weld was sawn through and polished. We can | 
certify personally to the effectiveness of the tests | 
applied to the work, and to the way in which it} 


withstood them. 

Another welding-machine for very special work, 
made by the same company, is illustrated on 
Plate X. Figs. 17 and 18 show the general 
arrangement, and Figs. 19 and 20 details of the 
switch. This machine is designed for welding up 
the links of chains, and is more fully automatic 
than the others, inasmuch as weld after weld is 
made and the chain fed forward without attention 
of the operator. The welds are made in the centre 
of one side of the links, and the chain makes two 
passages through the machine, as every alternate 
link can only be welded up in each passage. Refer- 
ring to the figures, it will be seen that a shaft is 
situated at the back of the machine carrying fast 
and loose pulleys and a fly-wheel. This shaft runs 
continuously while the machine is working. It 
carries a pinion gearing with a spur-wheel running 
freely on a second shaft infront. A clutch feathered 
to the shaft is periodically forced by a spring into 
engagement with the wheel, and periodically re- 
leased by the action of a cam device acting on its 
circumference. The consequence is that the second- 
motion shaft rests after every revolution. This 
shaft drives a short third-motion shaft on the front 
of the machine by means of a sprocket chain, and 
this third shaft therefore also makes only single 
revolutions at the proper intervals. The position 
of the chain in the machine is shown in Fig. 17. 
Starting from the left, it passes along an inclined 
channel path, on the edges of which sides of alternate 
links rest, so that the intermediate links are vertical. 
Atthe summitof the entrance channel will beseen the 
parts concerned in making the weld. There are, 
as the illustrations show, three pairs of appliances 
at this point. Above the chain on each side are 
the upsetting grips, which press against the end- 
buttocks of the link being welded, and close up the 
weld. Situated between these, and nearly vertical, 
is a pair of contact-pieces which form the terminals 
by which the welding current enters and leaves the 
link. Again, in front and at the back of the work 
are the dies of a pair of swaging levers. 

The action of the machine is as follows :—As soon 


as a cam on the second-motion shaft releases the 


upsetting-grips, these close together, under the 
action of the suspended weight and lever arrange- 
ment, and exert a pressure which closes up the 
joint of the link to be welded. Siiipoonaly the 
pair of contact-pieces are depressed by another 
cam, and come down hard on each side of the joint 
of the link. A third cam on the second-motion 
shaft closes the switch, of which details are given in 
Figs. 19 and 20. The switch-contacts are bevelled 
carbon-blocks, the lower pair being mounted so as 
to have a small yield under the pressure, and thus 
ensure good and equal contact. At this moment 
the clutch driving the second-motion shaft is auto- 
matically thrown out of engagement, and the 
machine comes to a stop, while the weld takes place. 
As soon as the link-ends are sufficiently heated, 
they are forced together by the pressure of the 
upsetting-levers, already referred to. The motion 
of the latter permits of the re-engagement of the 
clutch,, and the machine re-starts, immediately 
causing the swaging-dies to come together with a 
sharp blow and swage down the extruded metal 
round the weld before it cools. The contact- 
pieces and upsetting-pieces are raised from the link 
practically at the same time, although the blow of 
the swages is delivered while the closing pressure 
of the upsetting-levers still acts on the link. 

The swaging process ensures a thoroughly sound 
weld, and converts the burr into a sharp fin along 
the vertical diameter of the link. This is removed 
by the very ingenious device driven by the third- 
motion shaft, and situated to the right of the weld- 
ing head. When the link comes to this point it is 
seized, and given a sharp rock to and fro between 
fixed shear-blades, which cut off the fins and leave 


chisel was driven $ in. longi- | 


the link clean and neat, The chain is fed along 
automatically at the proper times, so as to bring 
a fresh link under the welding head. The feeding 
mechanism is clearly shown in the illustrations, 
and consists of a reciprocating finger pawl worked 
| from the third-motion shaft by means of a beve!- 
| gear and an adjustable crank. It should be men- 
tioned that the size to which the link is upset is 
capable of accurate adjustment, so that the links cf 
the finished chain are perfectly uniform. The 
primary coil of the welding transformer is wound 
in sections, thus allowing the welding current to be 
varied as desired. The machine illustrated will 
weld chains made of from 5 B.W.G. (0.220 in.) to 
1 B.W.G. (0.300 in.), and will finish from ten to 
twelve links per minute. Including the power for 
driving, the maximum power required amounts to 
about 13.5 horse-power when the welds are taking 
place. The weight of this machine is about 3212 lb., 
and its over-all dimensions are 74 in. by 47 in. by 
67 in. high. The British Insulated and Helsby 
Cables, Limited, have not as yet placed other sizes 
of fully automatic chain-welding machines on the 
market, but are manufacturing a hand-operated 
chain-welder, to which we shall refer later. 


(To be continued.) 








EXTENSION OF MALTA NAVAL 
DOCKYARD AND HARBOUR. 
(Continued from page 7.) 

THE PumpInc ARRANGEMENTS. 

THE pumping arrangements have been worked 
out with great care, and embody the latest Ad- 
miralty practice, which has been built up as the 
result of long experience and close observation. The 
plant is consequently efficient not only in respect of 
the economy of the machinery, but of the adaptability 
of the plant to meet any condition which may arise. 
Fig. 20, on page 72, is a plan of the various cul- 
verts and penstocks, with their connections to the 

ump-wells. The power-station, it will be seen, is 
ocated between the two docks, and there are two 
sets of engines, each with separate wells; but 
either pump-well may be used to empty the East 
or West Dock. 

There are two independent culverts from the 
creek into each dock. These are located on each 
side of the entrances, and each has a single pen- 
stock at a level of 33 ft. 9} in. below the coping. 
Connecting the outer with the inner compartment 
of the East Dock, there is a similar flooding-culvert 
with a double penstock 32 ft. 3 in. deep from the 
coping level. This latter culvert enables the inner 
compartment to be flooded from the outer com- 
partment. 

There are, of course, separate suction-culverts for 
the respective compartments of the East Dock. 
These unite and connect with a main suction- 
culvert, or sump, but each is fitted with penstocks, 
so that one compartment may be emptied without 
the other being affected. The single or West Dock 
culvert also connects with the sump, as is clearly 
illustrated in Fig. 21—an enlarged plan of the main 
suction and discharge culverts with their respective 
penstocks. The suction-culverts are circular in 
section, 7 ft. in diameter, and are lined with blue 
Staffordshire brick. The penstocks in the main 
suction-culverts are at a level of 54 ft. 6 in. below 
the coping. The sump communicates at this level, 
through two separate penstock chambers, with two 
main pump-wells, in which the main pumps are 
placed. 

The discharge-culverts from the pumps are at a 
'level of 19 ft. 4in., and are each controlled by a 
| single penstock. They have a small gradient up- 
| wards from the pumps to the sea. 
| There are drainage-culverts from the “stern” of 
| the docks leading to the suction-culverts, and these 
lare 4 ft. 6 in. by 2 ft. 6in. The gradient of these 
| drainage-culverts is. towards the main suction-cul- 
| verts of the docks, to counteract the gradient of the 
dock, which is 1 in 200. 

To the rear of the main wells there are two 

‘* drainage” wells, which are carried to a depth 
4 ft. below the level of the main pump-wells, 
and 6 ft. 6 in. below the level of the suction- 
‘culverts. These are to drain the dock of rain-water 
ben the small leakage through the caissons, &c., 
|when the main pumps are not in use. A com- 
|munication is provided between these drainage- 
|wells and the main pump-wells by a quadruple 
|penstock, so that either drainage-pump. may be 
; utilised for pumping out any water from either 
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main pump-well. Non-return flaps are fitted to the 
discharge-culverts from the drainage-pumps, to 
prevent accidental flooding of the wells owing to 
the opening of any discharge penstock through 
error or ignorance. As it is sometimes necessary 
for men to work in these wells, such a precaution 
is necessary. : 

The general arrangement of the pumping ma- 
chinery is illustrated on the plan and’ sectional 
views, Figs. 22 to 25, annexed. The whole of the 


machinery required for pumping out and draining 
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the docks, and for working the penstocks both 
within the pumping-house and around the basins, 
together with the steam - generating plant and 
auxiliaries, was erected, tested, and set to work by 
Messrs. Richard Moreland and Son, Limited, of 
London. The specifications required that the 
pumps should-be capable of discharging from the 
unoccupied docks 90,000 tons of water within five 
hours, the maximum height of lift of water—from 
the bottom of the dock to the average water-level 





of the creek—being 41 ft. 
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The steam plant, which operates not only the 
drainage and discharge pumps, but the engines for 
developing hydraulic power, to be described later, 
is supplied with steam from eight cylindrical 
boilers, 8 ft. 6 in. in diameter by 17 ft. 6 in. long, 
each fitted with corrugated flues 2 ft. 10 in. in 
diameter, and 173 tubes of 3 in. in diameter. Each 
boiler is fitted with a smoke downtake and damper 
to an underground flue running at the back of the 
boilers to the chimney-stack. A system of main 
and auxiliary boiler feed-pipes is connected to each 
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Fig.26 Fig.29. 





Fig.27. 









































































































































Fies. 26 To 28, GENERAL ARRANGEMENT OF Marin ENGINES, 


boiler. The feed-water is delivered through four engine-house, each 11 ft. by 3 ft. by 6 ft. 6 in. high, 


of Weir’s vertical feed-pumps, each with a steam fitted with live-steam-heating coils. The air-pumps eine 

cylinder 9 in. in diameter and pump-barrel 6} in. discharge into these tanks. A small steam and 

in diameter, adapted for a stroke of 15 in. “The hand test-pump is also fitted in the boiler-house for Fias. 29 anp 30. Secrion anp PLAN OF 
feed-water is drawn from two feed-tanks in the | testing the ioloen: All the steam and exhaust and | Mar Pump-WeE tt. 
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other pipes are of copper, all steam-pipes over 6 in. 
in diameter being wire-wound. The system con- 
sists of a set of main steam-pipes 84 in. in diameter, 
and a set of auxiliary steam-pipes 7 in. in diameter. 
The main exhaust pipe is 14 in. in diameter. 

The pumps are dr 


at right angles as shown in the drawings reproduced 
on 
work on one crank-pin, the crank shaft being ver- 
tical and placed over the centre of the well (Fig. 28). 
The cylinders are respectively 19 in. and 38 in. in 
diameter, with a stroke of 24 in. The working 
steam-pressure arranged for is 150 lb. per square 
inch, but the engines are required to do full duty 
with a boiler-pressure of 120 lb. per square inch. 
The vertical pump-spindles, which are of forged 
steel 8 in. in diameter, are connected by means of a 
solid forged steel coupling to the end of the crank- 
shaft. A collar thrust bearing is fitted to the upper 
length of the pump-spindle, just above the water- 
level in the well, as shown in Fig. 29. The thrust- 
collars on the spindle are turned out of the solid, 
the thrust block being lined with white metal. In 
addition to this main thrust block, there is one 
horizontal thrust bearing and four steady bearings, 
all fitted with lignum vite. These are carried by cast- 
steel girder-bearings in the well. The pump casing 
has 4 suction branch 7 ft. in diameter. e impeller 
is 9ft. in diameter, and the eye 5 ft. in diameter. 

The main pump-wells are illustrated on page 73 
(Figs. 29 and 30). The depth from the floor-level 
to the bottom of the well is 58 ft. 6 in., and, as 
already explained, the suction-culvert is 2 ft. above 
the bottom of the well, while the culvert communi- 
cating through the quadruple penstock with the 
drainage pump-well is level with it. The main dis- 
charge-culvert, however, is at a level 37 ft. 8 in. 
above the bottom of the well. 

The two ‘‘drainage” pump-wellsare oval in section, 
being 9 ft. by 7 ft., and have a depth of 62 ft. 6 in. 
from the engine-room floor-level, or, as we have 
already said, 4 ft. below the main pump-wells. In 
each drainage-well there is a set of three-throw 
pumps with gun-metal barrels and fittings. The 
pumps are 1 ft. 11 in. in diameter, adapted for a 
stroke of 3 ft. 6 in., and are driven by a machined 
three-throw crank-shaft, carried on a cast - iron 
gearing bedplate directly over the well, with helical 
gear cast-steel wheels and clutches. The pumps 
make 30 and the engines 90 revolutions per 
minute. The engines are placed one on each side 
of the ‘‘drainage” wells, and are connected to 
the pumps by shafting and crutches, so that 
either engine can drive either pump. These pumps 
deliver together 3000 tons of water per hour, a 
total height of 55 ft. 6 in. from the bottom of the 
drainage-sump to the average sea-level. The 
drainage-engines are of the compound vertical 
marine type, the cylinders being 12 in. and 24 in. 
for the high-pressure and low-pressure cylinders 
respectively, with a stroke of 24 in. 

he exhaust steam from the main pumps, drainage- 
pumps, auxiliary engines, and two sets of hydraulic 
pumping-engines, each of 200 indicated horse-power, 
is taken to the surface-condensers, of which there are 
two, each having a tube-cooling surface of 3000 
square feet. The auxiliary engines consist of two 
circulating pumps and engines. The circulating 
pump, which is of the centrifugal type, has a 12-in. 
suction and is driven by a steam-engine with cylin- 
ders 16 in. in diameter, with a stroke of 8 in.; 
and on the discharge branch there are two twin 
vertical air-pumps of the Edwards type, driven by 
vertical engines. 

Two tank pumping-engines to pump sea-water up 
into the tank over the panes head cm for fire and 
other purposes deliver together 200 tons of water 
per hour to a total head of 56 ft., and each is 
vertical direct-acting, with a steam-cylinder 10 in. 
in diameter, a pump-cylinder 12 in. in diameter, 
both adapted fora 12-in. strokv. 

In the engine-house, three overhead hand-power 
travellers, of a span of 29 ft. 7in., are fitted. Each 
can lift, traverse, and longitudinally travel a load 
of 8 tons. 

At the official trials, when only seven of the eight 
boilers were in use, the dock was emptied of the 
specified quantity of water in the specified time, 
although both drainage-engines were not running 
during the last hour of the pumping. The results 
of the test were as follow :— 


Mean ave total horse-power 1440 I. H.-P. 
Avera consumption per indi- 
cated horse-power see oF 2.33 Ib. 





riven by horizontal direct-acting | 
compound steam-engines, with the cylinders placed | 


ge 73 (Figs. 26 to 29). The connecting-rods | 





Speed of impellers at start ... 


per minute. 
66 = a at finish ... 116 revolutions 
per minute. 
Temperature of circulating water- 
suction me ie ree ... 70 deg. Fahr. 
Temperature of circulating water- 
discharge is ie See ... 84deg. Fahr 
Mean vacuum ... ae a 
Mean boiler-pressure ... 143 lb. per 


square inch, 
(To be continued.) 





TEMPERLEY TRANSPORTERS.* 
(Concluded from page 41.) 

WE conclude our series of illustrations of typical 
Temperley transporters by giving on page 80 | 
several views of the electric trolley hoist transporter | 
working at the Municipal Gas-Works in Paisley. 
This structure differs from those already described 
in having a self-propelled traveller of the electric 
type, instead of the rope-hauled traveller illustrated 
in Figs. 1 to 4, on page 38 ante. The electric 
traveller takes its current by trolley from a con- 
ductor alongside the transporter beam. In addition 
to the electric winch, a ‘‘ cabin” is suspended to the 
traveller for the accommodation of the craneman, 
so that the traveller is completely self-contained. 
In this way considerable advantage accrues, because 
the transporter beam may be laid at any or various 
gradients, and need not be straight. Moreover, 
turn-outs may be fitted so that the traveller can be 
switched from one transporter beam to another. 
The system, therefore, is more flexible than the wire- 
rope traveller running on transporters of the fixed 
bridge or tower type. Indeed, that at Paisley, 
which has a total length of 409 ft., as shown on 
Figs. 25 and 27, has four curves. ‘The distance 
traversed may also be greater, because the operator 
travelling with the load has always a complete view 
of the site of loading or discharging operations. 
Several travellers may run on the same track ; at 
Paisley there are two of the trolley hoists con- 
tinuously in use. 

_The trolley hoist, of which three different appli- 
cations are shown in Figs. 26, 29, and 30, is capable 
of being used for various purposes. Where the 
material to be handled has to be transported through 
short distances, or carefully stacked, the two-motor 
system is preferable, as the operator can raise and 
lower the load or move alongside the point of 
discharge without any changing of gear, or, if 
desired, both motions may be performed simul- 
taneously. Where material has to be transported 
through considerable distances and deposited in 
hoppers, or stock-heaps, or otherwise where very 
accurate stacking is not necessary, the single-motor 
type of traveller is quite suitable. The-first cost is 
somewhat less in the single-motor hoist than in the 
case of the two-motor type. By means of a special 
form of clutch mechanism in the single-motor type 
the change of gear from hoisting to transporting, 
and vice versd, is made without any difficulty, and 
the delays and troubles experienced with ordinary 
clutches are obviated. 

The installation at the Paisley Corporation Gas- 
Works consists of three complete transporters ; one, 
illustrated on page 80, being for handling coke, and 
the other two for filling and emptying the purifiers. 
The first-named has two electric trolley hoists, as 
already indicated, while the two others have each 
one. 

The coke transporter has an clevated steel track 
409 ft. long made up of I beams, supported by 18 
steel frames as shown on Figs. 25 to 28. The two 
electric trolley hoists running on the bottom flanges 
of this beam each raise a skip weighing 6 cwt., and 
taking about 14 cwt. of coke, at a speed of 60 ft. 
per minute and transport it at a speed of 500 ft. to 
600 ft. per minute. Hach hoist is fitted with a single 
motor of the totally-enclosed, scries-wound type and 
of 6 brake horse-power, with the requisite con- 
trollers, resistances, &c. The coke is conveyed in 
automatic dumping-skips suspended from auto- | 
matic dumping fall-bloeks, thereby allowing the 


| 


to be discharged at any desired height. 

e other two transporters at the Paisley Gas- 

Works consists of two tracks of rolled I girders 

running the whole length of each bay of the purifier | 
house. These tracks are carried on steel frames 
bolted to the roof girders and side walls, and each 
carries an electric trolley hoist generally similar to 





* The lifting capacity of the Port Talbot t rter 


was stated in our previous article to be 42 tons, instead of 


| hour. 
| per hour only, and at this rate of working the cost 





42 cwt. 





70 revolutions | those on the coke transporter, but modified to suit 


restricted headroom, &c., and having the same 
capacity. The transporters are used for conveying 


lime to the purifiers. 


Mr. J. R. Hyslop, the engineer and manager of 
the Paisley Corporation Gas-Works, states that 
experience has shown that the load can be lifted, 
conveyed to the screening plant, and returned to the 


|coke heap—a distance of 114 ft.—and lowered to 


the starting point in 60 seconds, and each elevator 
and grab is capable of handling about 30 tons per 
The present requirements are about 5 tons 


of handling averages 13d. per ton, including wages 
and oil, but not wear and tear, ‘‘ which is very 
small.” Two men, at 3s. 10d. per shift, handle 
and screen 60 tons of coke from the retort house, 
equal to 0.33 workman-hour per ton of coke handled, 








THE WORLD’S SHIPBUILDING. 

THe total tonnage of new ships, merchant and 
naval, exceeding 100 tons, launched from all yards 
throughout’ the world during the past year is, 
according to the carefully-prepared return of Lloyd’s 
Register, 2,142,975 tons—the measurement of 1532 
vessels. This is a lower total than for many years, 
and shows a reduction in tonnage of 956,000 tons, 
equal to 31 per cent., upon the figures for 1907 ; and 
of 1,139,800 tons, equal to 344 per cent., upon those of 
1906. Almost pling igen d y, 1,003,855 tons, the 
measurement of 559 vessels—represents the British 
proportion, and it must be admitted that it is satis- 
factory, although a decreasing quantity. Taking 
merchant shipping only, we find that in years of activity 
—as, for instance, in 1901—the British proportion was 
58 per cent. of the world’s aggregate ae me ; in 
1904 it had advanced to 61 per cent.; in 1905, when 
trade was advancing to its maximum activity, our 
percentage went up to 65 per cent.; in 1906, the year 
of maximum output, it was 62? per cent. Then began 
the depression in trade. In 1907, with a slight reduc- 
tion from the high-water mark, the British quota 
on to about 58 per cent.; and for the past year, 
with a lower merchant total than for ten years, we 
have an output in Britain equal only to 50 per cent. of 
the world’s aggregate. The explanation, of course, is 
to be found in the desire of foreign countries to meet 
their own requirements. As the demand for new 
tonnage in these foreign countries has not fallen off 
to the same relative extent as in this country, there 
are grounds for the belief that in competition foreign 
builders and workmen are either able to offer easier 
terms to their clients or are willing to work for a less 
degree of profit—some shipbuilders might consider 
that it would be more accurate to say ‘ ready to incur 
a greater degree of loss.” 

As confirming what we have said regarding the less 
diminution in foreign owners to British builders, there 
is the fact that several countries have increased their 
output. Amongst these the most notable is France, 
which has built a greater tonnage than during the 
—— four years ; Austria-Hungary, which partly 

ause of the purchase of fewer ships from Britain, has 
built more vessels than in any of the preceding sixteen 
years. In the case of the more important countries 
the decreases are not so serious as is the case in 
Britain. Here the tonnage of merchant shipping 
launched was 42 per cent. less than in ‘the preceding 
year, and practically 50 per cent. less than in the year 
of maximum output—1906. In the case of Germany, on 
the other hand, the reduction is equal to only 244 and 
344 per cent. respectively. Their total, however, is 
still considerably less than one-fourth that of the 
United Kingdom, a fact which carries some consola- 
tion. The United States output is 36 per cent. less 
than in 1907, which was the year of maximum activity, 
but the total is only faey! bo that of the United 
Kingdom. Japan shows a decrease of 10 per cent., but 
here the total is under 60,000 tons, as compared with 
929,000 tons for the United Kingdom. Norway, 
which comes next in point of tonnage, has a total of 
little more than one-twentieth that of the United 
Kingdom, and the aggregate measurements of the ships 
83 per cent. less than in 1907. Generally, therefore, 
Britain still holds the predominant position, although 
the shipbuilders are experiencing keener competition, 
and only by the greatest vigilance in keeping down 
costs and increasing the efficiency of labour can they 
combat this competition. 

There is another phase of this question which is of 
considerable importance. In addition to the tonnage 
built in the respective foreign countries, there were 
constructed in Britain for abroad 374,674 tons, 
so that the total addition to new merchant tonnage 


| added to foreign fleets becomes 1,278,000 tons, as com- 


pared with 555,000 tons built to fly the Union Jack. 
Thus, although the shipbuilders have this year had 
the satisfaction of sending a larger proportion of their 
output to foreign countries, shipowners are faced, as a 
consequence, with increased competition from foreign 
sources. We pointed out in our review that the foreign 
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tonnage was greater than in any previous year. 
[aking only merchant craft the proportion of British- 
built tonnage for foreign fleets is given by Lloyd’s as 
40 per cent., which compares with 34 per cent. in 1907, 
ar cent. in 1905, and 18% 


204 per cent. in 


1906, 214 


per cent. in 1904. The 


port. Lloyd’s 


cognisance 0 


gister points out that the net increase | with the previous year, nearly 
in the —— owned by the United Kingdom, taking less than in several preceding years—notably 1904, | 
vessels lost, and of sales to and purchases | when the out 


ritish Colonies, too, have 
increased their quota. A further aspect is the effect of 


| 





one-third that of the previous year, and one-fourth of 
Germany, on the other 
hand, has built for her own navy 2 tons for every ton 
launched for the King’s Navy, their total being 
97,660 tons, which is the largest on record, and com- 


the year of maximum output. 


pares with 14,800 tons in the previous 


ear, and 


Tyne return, which includes warships, the reduction 
is given as 38.3 per cent. On the Clyde also Lloyd’s 
shows 434 per cent., as in ENGINEERING. 

In table form we give the leading figures applicable 
to foreign countries from Lloyd’s returns. Table I. 
shows the tonnage of merchant ships of over 100 tons 


E | 62,678 tons in 1906. The United States, which come |launched in the various countries; Table II. gives 
the new tonnage on the tonnage available for sea trans- | next on the list, have increased their total, as compared 


| 


ut was 170,000 tons. 


In 1908 there | 


from foreign fleets, is about 169,600 tons less than the | were launched for the United States Navy eight vessels, 


tive years ranging between 405,000 tons and 764,000 | the tonnage of British warships. The total number of 


TABLE I.—Tasie SHowine THE TONNAGE OF VESSELS oF 100 Tons Gross AND UPWARDS (EXCLUDING 
WaksHiPs) LAUNCHED IN THE UniTED KINGDOM AND ABROAD DURING THE YEARS 1892-1908. 





























ar | United | Austria. | British | Den- Ger- aa c 
Year. Kingdom. Hungary. | Colonies. | mark. France. many. Holland| Italy. Sqm, Seep, Seoten countries. Totals. 

; tons | tons tons tons tons tons tons tons tons tons tons tons | No.| tons 
1892 | 1,109,950, 2,302 | 19,792 | 12,707 | 17,228 64,888 14,268 /13,888 .. | 24,572 | 62,688| 16,762 |1061| 1,358,045 
1893 | $36,383 | 7,435 | 17,080 | 10,719 | 20,837 | 60,167 | 1,389 |10,626| 1,132] 16,552 | 27,174) 17,788 | 846) 1,026,741 
1894 | 1,046,508 1,703 {| 6,803 | 7,300 | 19,636 119,702 | 15,360 | 5,306| 3.173| 17,169 | 66,804 | 137894 | 982! 1/323,538 
1895 | 950,967| 7,371 | 10,381 | 10,082 | 28,851 87,786| 8,292 | 5,603| 2,296) 121873 | 84.877| 7,881 | 880, 1,218,160 
1896 | 1,159,751 | 6,246 | 11,124 | 11,814 | 44,565 | 103,295 | 12,405 | 6,779! 7,849| 12,050 184.175; 7,820 |1113! 11567,882 
1397 | ‘952, 6,601 | 12,431 | 13,539 | 49,341 | 139,728 20,361 |12,910' 6,740| 17,248 | 86,888| 13,711 | 990) 1,331,924 
1898 | 1,367,570| 5,432 | 25,021 | 12,708 | 67,160 | 153,147 19,468 |26,530 11,424| 221670 | 173,250, 8.968 |1990| 1'893;343 
1399 | 1,416,791 | 9,248 8, 26,613 | 89,794 | 211,684 | 34,384 |49,472 6,775| 27,853  224,278| 16,382 /|1269 2,121,738 
1900 | 1,442,471 14,889 | 9,563 | 11,060 | 116,858 | 204,731 | 45,074 [67,522 | 4,543| 32,751 | 383,527 21,174 1364) 2'304'163 
1901 | 1,524,739 20,013 | 28,134 | 22,856 | 177,543 217,593 | 29,927 |60,526 37,208| 36,875 | 433,235 ,890 |1588) 2,617,539 
1902 | 1,427,558 | 15,192 | 28,819 | 27,148 | 192,196 213,961 69,101 |46,270 27,181| 37,878 379,174 | 38,277 | 2,502,755 
1903 | 1,190,618 | 11,328 | 34,690 | 28,600 | 92,768 184,494 59,174 |50,089 34,514| 41/509 381,820) 35,928 |1680| 2'145,631 
1904 | 1,205,162} 16,645 | 30,965 | 15,859 | 81,245 202,197 | 55,636 |30,016 32,969| 50,469 | 238,518 | 28,254 ie tt 
1905 | 1,623,168 16,402 | 10,798 | 17,557 | 73,124 255,423 44,135 |61,629 31,725| 52, 302, 25,554 |1576| 2,514,922 
1906 1,828,343 | 18,590 | 26,042 | 24,712 | 35,214 | 318,230 66,809 |30,560 42,489| 60,774 | 441,087 | 26,913 |1836) 2,919,763 
1907 1,607,890; 8,717 | 46,443 | 28,819 | 61,685 275,003 | 68,623 |44,666 66,254| 57,556 474,675 | 37,807 |1788| 2.778,088 
1908 | ‘929,669! 93,502 | 34,181 | 19,172 | 83,429 207,777 58,604 |26,864 59,725| 52,839 304,543 32,981 1/1405 1,833,286 

| | ' 








TABLE IT.—Tonnage of Ships Launched (including 
Warships) in each Maritime Country. 


Austria-Hungary 
Belgium “ 
British Coloni 
China .. ‘ 
Denmark 
France .. 
Germany 
Greece .. 
Holland 

Italy 

Japan .. 
Norway 
Portugal 
Russia .. 

Spain .. 
Sweden - 
United States. . 
Other countries 








Total foreign and | 


colonial .. 
United Kingdom 


Total for world 


TABLE IV.—Tasie SHOWING THE NUMBER AND DISPLACEMENT OF WARSHIPS OF 100 Tons AND Upwarps 


| 2,878,133 





3,099,299 | 2,142,975 
| 








| warships launched in the world was 127, of 309,689tons, 
of which Britain built for her own and other navies 


| 





| 1905. | 1906. | 1907, | 1908 
26,832 | 21,360, 10,311 | 39,115 
2,000! 5,813 | 16,542 | 16,300 
eA tod | 46,603 | 34,181 
5,070 2,898 1,195 | 59 
17,557 | 24,712 28,819 22,764 
| 105,365 | 58,502 96,924 | 105,455 
| 295,010 | 384,614 | m1, 508 305,977 
..| 44,857 | 72,489 68,724 59,156 
‘| 74,859 34,719 | 69,820 56,264 
| 50,075 | 85,806 | 127,854 | 62,085 
52,589 | 60,874 57,756 58,389 
| Pe * 306 | 302 
| 17,559 59,060 | 37,340 9,720 
Hi .. | . $008 5,210 
13,652 11,579 | 12,206 | 10,804 
401,027 | 486,650 | 265 7,393 
2,530 | 778 | 670 | 846 
| 
.. 1,125,164 | 1,345,942 | 1,356,934 | 1,139,120 | 
.| 1,752,969 | 1,936,793 | 1,742,365 | 1,008,855 | 
8,282,735 


~~ | thirty-six vessels, of 74,186 tons. 


TABLE ITI.—Number and Tonnage of Warships 
Launched, 1892-1908. 











British. | Foreign. 
Vear. $ - i or 

No. Tons. No. Tons. 
1892 30 | = 151,157 53 | =—s:157,744 
1893 . 18 45,898 33 
1894 . 30 x es | 87,050 
1895 . 59 148,111 23 100,614 
2896 . 55 | «(168,958 37 167,833 
1897 . a8 . 42 133,435 
1898 . 41 | 191,555 50 175,318 
1899 . 35 168,590 56 176,170 
1900 . 2 | 68,364 70 192,100 
1901 .. ei 41 .| 211,969 82 255,578 
1902 . me 23 94,140 79 183,966 
| 1908 .. x. 41 151,890 78 239,210 
1904 . Cine; } 127,175 65 307,831 
1905 . ‘a 28 | 129,801 90 233,410 
1906 . i 29 108,450 119 | «= 254,622 
1907 .. 3 36 134,475 106 =| s«:186,736 
1908 . a 36 74,186 91 235,508 





LAUNCHED FOR THE VARIOUS NAVIES DURING THE YEARS 1892 To 1908, 
































American ‘ Other 
Year. British. (United French German Italian. Japanese. | Russian. Fl 
States). | | 

tons tons tons tons tons tons tons | tons No. 
1892 137,271 31,102 25,465 34,400 8,920 4,158 | 27,364 | 221 | $8 
1893 40,278 40,200 52,055 8,100 5,785 os | 18,605 14,610 51 
1894 32,088 a 28,690 5,070 3,290 868 34,850 15,150 57 
1895 139,145 12,034 42,071 5,490 6,500 2,800 | 4,114 36,571 82 
1896 117,445 16,302 57,110 11,100 6,500 24,780 30,281 68,273 92 
1897 66,740 3,000 15,185 44,214 35,906 18,070 2,200 43,585 90 
1898 140,120 57,900 v 10,648 2,836 45,275 | 28,650 56,348 | 91 
1899 121,140 6,400 52,912 29,240 18,120 61,656 | 37,230 18,062 91 
1900 35,050 12,330 40,730 45,330 1,280 26,210 | 61,840 37,604 99 
1901 209,774 47,903 40,663 59,400 27,833 1,125 54,680 26,169 123 
1902 92, 20,449 44,139 32,324 8,724 8,350 | 48,485 22,795 102 
1903 147,813 66,140 30,760 60,590 Zt. 13,917 38,430 33,450 | 119 
1904 | 126,375 170,185 43,600 44,970 25,932 608 1,750 21,586 | 102 
1905 96,505 98,200 28,611 36,487 14,490 50,633 15,721 22,564 118 
1906 85,700 45,443 15,183 62,678 3,039 41,277 | 82,204 27,448 148 
1907 133,405 11,590 33,504 14,800 25,154 57,200 | 35,317 10,151 142 
1908 49,560 52,850 21,600 97,660 29,400 2,246 | 8, 47,574 | 127 

| | 











tons, the latter 
addition to the 


clearly show that the 


the largest on record. In 1907 the 
British fleet was 426,800 tons. It 
follows that the ratio of existing British tonnage to 
foreign-owned tonnage has suffered in the past year 
a very serious diminution. 
conceive for himself the effect which this must have on 
the national wealth derived from the important work 
of transportation. 

Regarding the output of warships, Lloyd’s figures 


We leave the reader to 


ritish output has been decreas- 


ing, while foreign production is more than maintained. 
Only in exceptional years has the total warship to 


launched in Britain 


n less than half that of the col- 


lective — of all foreign countries, but for the past 


year it is 


ess than one-third, notwithstanding the in- 


clusion in the British total of a larger proportion than 
usual of foreign ton hh 


past year is only 49, 


The Britis 


tons—less than in any year 


total for the 





sinee the beginning of the century, and little more than 





Turning now to a consideration of the work in 
different countries, we note that while the output of 
the United Kingdom of all ships was given on page 22 
ante (as the result of a summation of the returns sub- 
mitted to us by builders) as 1,077,266 tons, Lloyd’s give 
it as 1,003,855 tons. This difference of 73,400 tons is 
accounted for by the inclusion of small vessels, ane 
docks, barges, and othernon-sea-going craft not includ 
by Lloyd’s Register. The percentage of reduction, as 
compared with the output of the preceding year, in our 
summation is the same as in Lloyd’s—namely, 42 per 
cent.—and in other respects there isagreement. Lloyd’s 
have embraced 523 merchant vessels, whereas we had 
notification of 1354 naval and merchant ships from the 
various shipbuilding firms. In the merchant shipping 
output, as we pointed out, the Wear suffered most, the 
rate of decrease recorded by Lloyd’s being 70 per cent. ; 
at Hartlepool and Whitby, 60 per cent.; on the Teer, 
58 per cent.; on the Tyne, 41 per cent.; but in our 











the figures, including warships, for the respective 
five-fold, although it is | ee . - 


countries, ; Table III. shows separately the tonnage of 
warships launched in Britain, whether for our own or 
foreign navies, and the total warship tonnage of foreign 


ons 1€s | countries ; while Table IV. gives the tonn launched 
lowest for very many years, the addition in the last | of 52,850 tons, which is nearly 3000 tons in excess of | 


for the respéctive navies, irrespective of the country 
in which such vessels were built. 

From the tables it will be seen that the United 
States occupy next place to Britain, and that the 
total mercantile tonnage is 304,543 tons—that - is, 
170,000 tons less than in the previous year. Decreased 
activity has been widely experienced, but perhaps 
more so on the Great Lakes, where the output was 
111,000 tons less than in the previous year. Seventeen 
of the vessels built on the lakes were over 5000 tons, 
the largest, the James Corrigan and the Daniel’ B. 
Meacham—both built at the Great Lakes Engineering 
Works at Detroit—being of 6971 tons. On the sea coast 
the largest vessel was the Okalahama, of 5853 tons, built 
at Camden, New Jersey. This was the only vessel ex- 
ceeding 5000 tons launched on the coast, which suggests 
that, notwithstanding the great ambition of the States 
to take a position in the over-sea shipping, America 
still confines her operations to the coasting trade. 
The tonnage for the States is ae swelled by 
the inclusion of two large steamers built for the Navy 
for carrying coal to the squadrons. These vessels are 
of about 13,500 tons displacement. 

Germany takes next place ; as already pointed out, 
the decrease is not so great as has n the case 
in this country. During the years 1900-1904 the 
average yearly output was about 204,000 tons; in 1905 
it advanced to 255,000 tons, and in 1906 to 318,000 
tons. As has been the case in this country, there 
is a decrease since that time, and the reduction 
is about 35 per cent. Lloyd’s, however, do not take 
cognisance of any vessels built on the upper rivers of 
Germany; the total under this category for the 
past year is about 18,000 tons. Germany has the 
credit once more of building the largest steamer of the 
year. This vessel, the ‘‘George Washington,” of about 
25,000 tons, is an intermediate steamer, constructed 
by the Vulcan Company, of Stettin, for the Hamburg- 
American line. Another vessel, the Cincinnati, was 
of about 20,000 tons, two others were between 15,000 
tons and 20,000 tons, and five others between 6000 
tons and 10,000 tons. A notable vessel was a steel 
four-masted barque of 2738 tons, constructed as a 
Belgian training ship. : 

In France there was between 1902 and 1906 a great 

decrease in shipbuilding, but since then there has been a 
considerable revival—from 35,000 to 83,429 tons. 
But this latter figure is still, as shown in Table L, 
far below the output of five or six years ago. There 
has been also a notable increase in the steamers of 6000 
tons and upwards, the largest during the t year 
being two vessels built at St. Nazaire, each of 8500 
tons. : 
The Japanese figures included four steamers, each 
of 8600 tons, and at the present time there are 
nine steel steamers, of over 72, tons, in course of con- 
struction. One of them, of 13,500 tons, is to.be fitted 
with turbine machinery. The Holland figures do. not 
include steamers built for inland navigation, which in 
the t year made up 28,000 tons, so that the total 
for Holland is over 86,000 tons. The great majority 
of the Norwegian ships were of 1000 to 1500 tons, but 
two were of about 3600 tons. 








New ComprroLueR-GENERAL OF PaTENTS.—It is an- 
nounced that Mr. G. R. Askwith, .K.C., Assistant Seere- 
tary (Railway Department) of the Board of Trade, has 
been appointed to succeed Sir C, N. Dalton, K.C.M.G., 
C.B., as Comptroller-General of Patents, Desi and 
Trade Marks, when the latter retires from that office next 
month. 

Tue Late Proressor J. M. Pernter.—News comes 
of the death of Professor Joseph Maria Pernter, who 
died at Arco, in his native land of Tyrol, in the latter 
part of December. Born in 1848 at Neumarkt, he 
su uently became professor of physics at Pressburg 
and Kalocsa, in Hungary. After having. held a pro- 
fessorship at Innsbruck, he was in 1897 appointed 
successor to the great meteorologist J. Hann, when the 
latter retired from his post as director of the Centralanstalt 
fiir Meteorologie at the Hohe Warte in Vienna. 
Pernter had for some time made meteorological optics 
his chief study. He traced the connections between the 
size of rain-drops and the colours of the rainbows, 
researches which we noticed in the ‘nineties. When 
weather cannonades attracted attention, he took their 
study up, and when he had convinced himself that those 
efforts to avert hail-showers were useless, he did his best 
to put a stop to them. In connection with this study he 
gave a demonstration of the peculiar behaviour of smoke- 
rings issuing from smail guns, during the British Associa- 


tion’s Meeting at Southport in 1904, 
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A SIAMESE REVENUE CRUISER. 


Tue Revenue cruiser Suriya Monthon, recently com- 

leted by Messrs. John I. Thornycroft and-©o., Limited, 
Douthient ton, is of a t that is likely to become 
very useful where smuggling is still rife, and armed 
resistance is the rule in any encounters between 
Government officers and those engaged in defrauding 
the revenues.. She is the second of her type built by 
Messrs. Thornycroft, the first being the Amapa for the 
Brazilian Government. 

The particular duties of the Suriya Monthon will be 
the suppression of the existing practice of opium and 
firearms smuggling, which is carried on to a very great 
extent in Siam. In addition to this, however, she 
will prove a very handy and fast despatch-boat, and 
her seaworthiness is vouched for by the fact that the 
sister-vessel Amapa crossed the Atlantic to Buenos 
Aires under her own power, and without any discom- 
fort to the crew. 

The vessel, which is illustrated on Plate XI., and on 
this and the opposite page, is 137 ft. long over all, 
135 ft. on water-line, and 130 ft. between perpendiculars, 
by 18ft. beam, 9 ft. 9in. depth, moulded, with a draught 
of 6 ft., and carries on her forecastle a 6-pounder 
Hotchkiss quick-firing gun. 

The hull is of Siemens-Martin bullet-proof steel, and 
has fourteen water-tight bulkheads, one only of which 
is fitted with a water-tight door, the on being 
intact. The forward and aft decks are also water- 
tight. These precautions against foundering are 
rendered very necessary by the numerous uncharted 
coral reefs abounding in the seas in which she will 
cruise, 

The machinery (Figs. 10 to 12, annexed) comprises 
two sets of three-cylinder surface-condensing engines, 
with cylinders 9 in., 13 in., and 204 in. in diameter 
respectively, by llin. stroke, and a Thornycroft water- 
tube boiler of 210 Ib. working pressure, working under 
forced draught. The speed is 144 knots, with a load 
of 40 tons, and 700 indicated horse-power. Two con- 
densers (Fig. 9, Plate XI.), having separate circulating- 
pumps, a Caird and Rayner evaporator capable of sup- 
plying 24 tons of fresh water per 24 hours, a drinking- 
water distiller, and three steam-pumps for feed, bilge, 
and fire purposes respectively are provided. 

The quarters are roomy and exceptionally well 
ventilated throughout by electric fans, those for the 
officers being under the raised quarter-deck aft (Fig. 5), 
and consisting of dining-saloon, cabins for captain and 
six officers, with bath, pantry, lavatory, &c. The 
warrant officers’ quarters and the crew’s space are under 
the forecastle. 

Cold-storage accommodation is provided. The vessel 
is electrically lighted throughout all compartments, 
and a connahitakt projector of 10,000 candle-power is 
placed on the bridge. 

Steering is controlled from the bridge by a steam- 
engine, transmission being by shafting and bevel-gear. 
A hand steering-wheel is also supplied. | Another 
auxiliary is the steam-windlass, fit forward, 

In addition to the ordinary ship’s lifeboat and 
dinghy, a motor-tender will be carried (Figs. 13 and 14, 
page 77), This is a standard-type Thornycroft launch, 
30 ft. long, built of teak throughout, and provided with 
the necessary cork belting, air-tanks, &c., to pass the 
Board of Trade requirements for a lifeboat. The 
motor is the popular Thornycroft four-cylinder 4}-in. 
by 5-in. type, developing trom 23 to 26 brake horse- 
power, using paraffin as fuel. The speed of the launch 
is 12 miles per hour. 

The contract speed for the cruiser of 144 knots was 
easily exceeded iy mae than } knot on the official 
trials, in the presence of Sir William H. White, K.C.B., 
who superintended the construction on behalf of the 
Siamese Government. 

A very pleasant trip round the Isle of Wight was 
made on the Suriya Monthon just prior to the vessel 
leaving for Siam, where she p s under her own 

wer vid the Suez Canal. The guests entertained 
included the Chargé d’ Affaires for the Siamese Govern- 
ment and His Excellency Lord Li Ching-fong, the 
Chinese Ambassador. Sir William White, being abroad, 
was represented by Mr. W. J. Harding. 








Ten Years’ Rai, Exports.—The exports of rails from 
the United Kingdom in 1908 rhowed no progress, the 
yearly shipments for the ten years ending with 1908 
inclusive having been as annexed :-— 


Year. Tons, Year, Tons. 
1899 nv .. 471,774 1904 + .. 526,371 
1900 “ . 378,966 1905 a3 .. 646,569 
1901 ‘ . 466,607 1906 wi .. 460,328 
1902 : .. §83,548 1907 & .. 429,161 
1908 .. 604,076 1908 435,739 


The best years of the series were accordingly 1902, 1903, 
1904, and 1905, but a check in the external demand for 
our rails certainly appears to have been sustained since 
1905. The decline in the exports would have been more 
marked but for PY ony inquiry for British railway matériel 
in Argentina. ere also been rather more doing in 
British rails of late in India and our Antipodean de- 
pendencies. 





ENGINES OF SIAMESE CRUISER “SURIYA MONTHON.” 
CONSTRUCTED BY MESSRS. J. I. THORNYCROFT & CO., LTD., ENGINEERS, SOUTHAMPTON. 


Fig .10. 
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MOTOR-TENDER FOR SIAMESE REVENUE CRUISER. 


CONSTRUCTED BY MESSRS. J. I. THORNYCROFT & CO., LTD., ENGINEERS, SOUTHAMPTON. 


(For Description, see opposite Paye.) 
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THE SHIPBUILDING TRADES’ 
AGREEMENT. 


Tue following is the text of the agreement made, after 
long negotiation, by the Shipbuilding Employers’ Federa- 
tion and the shipyard workers’ trade unions, with the 
view of settling trade disputes without stoppage of work ; 
it is referred to in our leading article :— 


I. General FiuctvuaTions In WaGEs. 

(1) Changes in wages due to the general conditions of 
the shipbuilding industry shall be termed general fluctua- 
tions. Such general fluctuations in wages shall apply to 
all the trades comprised in this agreement and in every 
federated firm at the same time and to the same extent. 
Differences in rates of wages in any trade in different 








districts can be dealt with as heretofore, under Clause II., 
Section 3. . 

(2) In the case of all such general fluctuations the fol- 
lowing provisions and procedure shall apply—viz. :— 

(a) 58 step towards an alteration in wages can be taken 
until after the lapse of six calendar months from the date 
of the previous general fluctuation. ; 

(b) Before an application for an alteration can be made, 
there shall be a preliminary conference between the 
federation and the unions, in order to discuss the position 
generally, Such conference shall be held within 14 days 
of the request for the same. ‘ 

(c) No application for an alteration shall be competent 
until the foregoing preliminary conference has been held, 
and no alteration shall take effect within six weeks of the 
date of the application. 





| central conference withou 


(d) The application for a proposed alteration shall be 


| made as follows :— 


The federation to the unions parties to this agreement ; 


| or the said unions to the federation. 


(e) Within 14 days after the receipt of an application 


| the parties shall meet in conference. 


(f) The conference may be adjourned by mutual - 
ment, such adjourned conference to be held within 14 days 
thereafter. 

(g) Any general fluctuation in tradesmen’s rates shall 
be of the following fixed amount—viz. :— 

Piece-work rates, 5 per cent.; and time rates, 1s. per 
week, or #d. per hour where payment is made by the 


hour. 


II. QUESTIONS OTHER THAN GENERAL FLUCTUATIONS IN 


WaGEs. 


(1) When any question is raised by or on behalf of 
either an employer or employers, or of a workman or 
workmen, the following procedure shall be observed, 
viz. :— 

(a) A workman or deputation of workmen shall be 
received by their employers in the yard or at the place 
where a question has arisen, by appointment, for the 
mutual discussion of any question in the settlement of 
which both parties are directly concerned; and failing 
arrangements, a further endeavour may, if desired, be 
then made'to negotiate a settlement by a meeting between 
the employer, with or without an official of the local 
association, on the one hand, and the official delegate, or 
other official of the workmen concerned, with or without 
the workman or workmen directly concerned, as deemed 
necessary. : 

(b) Failing settlement, the pee shall be referred to 
a joint committee consisting of three employers and three 
representatives of the union or of each of the unions 
directly concerned, none of whom shall be connected with 
the yard or dock where the dispute has arisen. 

(c) Failing settlement under Sub-Section (6), the question 
shall be brought before the employers’ local association 
and the responsible local representatives of the union or 
unions directly concerned in local conference. 

(d) Failing settlement at local conference, it shall be 
cummin tae either party to refer the question to a 
central conference to be held between the executive board 
of the federation and representatives of the union or 
unions directly concerned, such representatives to have 
executive power. 

(2) If the question is in its nature a general one affect- 
ing more than one yard or dock, it shall be competent to 
raise it direct in local conference ; or if it is general and 
affecting the federated firms or workmen in more than 
one district, it shall be competent to raise it direct in 
in either case going through 
the prior procedure above provided for. 

(3) The questions hereby covered shall extend to all 
questions relating to wages, including district alterations 
in wages and other matters in the shipbuilding and ship- 
repairing trade which may give rise to disputes. 


III. Granp CoNnrEeRENCE. 


In the event of failure to settle any question in central 
conference under Clause II., Section L Sub-Section (d), 
either party desirous to have such question further con- 
sidered shall, prior to any stop of work, refer same 
for final settlement to a grand conference to be held 
between the federation and all the unions parties to this 
agreement. 

A conference may by mutual agreement be adjourned. 

On any occasion when a settlement has not been reached 
the conference must be adjourned to a date not earlier 
than fourteen days, nor later than one month, from the 
date of such conference. 


IV. Piece-Work QuEsTIONS—SETTLEMENT OF. 

Local arrangements for dealing with questions arising 
out of piece ae or in connection with piece prices 
or-piece-work, may continue or be established with the 
following further provisions—*iz. :— 

Failing settlement of @ny such question under the 
arrangements already existing or to be established, same 
shall be referred to a joint committee in accordance with 
Clause II., Sdction 1, Sub-section (6), and, if need be, the 
further préeedure under same clause, Section 1, Sub- 
Sections (c) and (d) and Clause ITT. 

Note.—In districts where there is a standing com- 
mittee the question, instead of being referred to Sub- 
Section (6), will be dealt with under Sub-Section (c), and, 
if need be, the further ure named. } 

The settlement shall be retrospective. 

Any claim for alteration of price must be made before 
the commencement of the job. 

The price to be paid during: the time the question is 
under discussion shall, failing agreement between the 
employer and workman or workmen concerned, be fixed 
in the following manner—viz. :— 

Two or three employers not connected with the yard 
where the question has arisen shall give a temporar 
decision as to the price te be paid, but said decision shall 
be without prejudice to either party, and shall not be 
adduced in evidence in the ultimate settlemiént of the 
question, 

V. DEMARCATION QUESTIONS. 
The existing local arrangements for the settlement of 
questions with respect to the demarcation of work shall 
continue meantime. 
VI. Generar Provisions. 


At all meeti: and conferences the representatives of 
both sides shall have full powers to settle, but it shall be 
in their discretion whether or not they conclude a settle- 
ment. 





In the event of any stoppage of work occurring in any 
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federated yard or federated district, either in contraven- 
tion of the foregoing or after the procedure laid down has 
been’ exhausted, entire freedom of action is hereby re- 
served to the Federation, and any federated association, 
and to the unions concerned, notwithstanding the pro- 
visions of this agreement. The suspension of the - 
ment shall be limited to such particular stoppage, and the 
agreement in all other respects shall continue in force. 

Pending settlement of any question other than ques- 
tions of wages, hours and piece-prices (the last-named 
of which is provided for above), two or three employers 
not connected with the yard where the question has 
arisen shall give a temporary decision, but such decision 
shall be without prejudice to either party, and shall not 
be adduced in evidence in the ultimate settlement of the 
question. 

The expression ‘‘ employer” throughout this agreement 
shall include an employer's accredited representative. 

Until the whole procedure of this agreement appl 
to the question at issue has been carried ee t 
shall be no stoppage or interruption of work, eit 
partial or of a general character. 
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er of a 


VII. Duration OF AGREEMENT. 

This agreement shall continue in force for three years, 
and shall thereafter be subject to six months’ notice, in 
writing, cn either side, said notice not to be competent 
until the three years have elapsed. 

On behalf of the Shipbuilding Employers’ Federation, 

(Signed) Frep. N. HENDERSON, President. 

On behalf of ths Shipbuilding Trade Unions, 

ALEX. WILKIE, WILLIAM ) 


> , 
Paterson, ALEx. Cot- | Ph nro A 
QuHOUN, FRANK Suita, | oe Bele 
Tuos. Park, G. M. Cameniiies. 


Sun.ey, Jonn Tuomson J 
December 16, 1908. 





Tue ENGINEERING AND SCIENTIFIC ASSOCIATION OF 
IreLANp.—The annual general meeting of the new session 
of the society above named was held in Dublin on the 
llth inst., when Dr. Lilly delivered his presidential 
address, entitled ‘‘ The Effect of Strain on the Strength 
of Ductile Materials.” . The address, which was illustra 
by lantern-slides, dealt principally with the research work 
that has recently been in i in. the engineerin 
laboratory of Trinity College. The object of this researc 
has been to determine the effect of strain on the yield- 
point, breaking strength, elongation, and ultimate strength 
of ductile materials, The experiments, which have been 
carried out on Bessemer steel, mild steel, wrought iron, 
and copper, were described, together with the different 
tests that had been applied to the materials enumerated. 
Owing to the small size of the testing-machine at 
Dr. Lilly’s disposal, the range of the experiments had, of 
necessity, been limited, yet some results of interest had 
been obtained, which would, he ae, have an important 
bearing on the drawing up of specifications for the testing 
of materials applied in construction. A new method of 
carrying out tests in compression was described, and its 
advantage over previous methods discussed. Di ms 
were then referred to giving results of the tests, and after 
explaining them, Dr. Lilly said that, so far as investiga- 
tion had gone, it led to the conclusion that any kind of 
strain raised the yield-point and breaking strength, and 
decreased the elongation for any kind of stress, but that 
the ultimate strength of the material was little affected 
by strain. For carrying out tests in practice he recom- 
mended the testing of two samples, one annealed, and 
ie ser tested in the condition in which it was to be 
used. 





INSTITUTION OF MECHANICAL ENGINEERS : GRADUATES’ 
AssociaTion.—The fourth general meeting of the above 
association for session 1908-9 was held at the Institution 
House, Storey’s-Gate, Westminster, S.W., on Monday, 
the 11th inst., at 8p.m. The chair was taken by Mr. 
Mark Robinson, Member of Council. A paper, entitled 
**Motor-Car Construction and Design,” was presented 
and read by the author, Mr. Roy V. Vining, of London. 
In yee | this very broad subject, the author con- 
fined himself to describing the details of construction 
and the mechanism of the standard type of car now 
upon the market, without entering into a discus- 
sion upon an rticular make of car. His remarks 
were confined also to petrol-driven cars of the pleasure 
type, leaving out the heavier cars used for commer- 
cial purposes. He dealt separately with the details 
of construction, such as frames and suspension, wheels, 


ted | was no evidence of an 


NOTES FROM THE NORTH. 
Guiascow, Wednesday. 

Glasgow Pig-Iron Market.—Last Thursday morning 
the pig-iron market was quiet, and the tone was steady. 
The business amounted to 5000 tons of Cleveland war- 
rants at 48s. 10d. cash, and 49s. 6d. three months, and 
closing sellers quoted 48s. 104d. cash, 49s. 14d. one month, 
and 49s. 64d. one months. In the afternoon there was 
very little doing, only one Cleveland warrant changing 
hands at 49s. 6d. three months. At the close the tone 
was steady at 48s. 11d. cash, 49%. 14d. one month, 
and 49s. 6}d. three months sellers. On Friday morn- 
ing the market was again very quiet but steady. 
The turnover only consisted of two lots of Cleve- 
land warrants at 48s. 104d. cash, and 49s. 6d. three 
months, and sellers’ closing quotations were firm at 


months. At the afternoon session a steady tone pre- 
vailed, but the total business Was only 1000 tons of Cleve- 
land warrants at 49s. 6d. three months, with closing sellers 
at 49s. 74d. Cash and one-month warrants were quoted 
1d. up at 49s. and 49s, 3d. sellers respectively. On Monday 
morning the market was weak, and some 2000 tons of Cleve- 
land warrants were put through at 48s. 10d. cash, 49s. 1d. 
one month, and 4s 6d. three months. The session 
closed with sellers quoting 48s. 10}d. cash, 49s. 1d. one 
month, and 49s. 64d. threé months. Sellers of hematite 
quoted 57s. 9d. , but there were no buyers. In the 
afternoon the tone was still dull, and Cleveland warrants 
were dealt in at 48s, 10d. and 48s. 94d. cash, and at 49s. 6d. 
three months, and the close was easier at 48s. 10d. cash, 
49s. 0}d. one month, and 49s. 54d. three months sellers. 
The turnover amounted to 3000 tons. On Tuesday morn- 
ing the market was much weaker, and Cleveland warrants 
were done at 48s. 7d. and 48s. 6d. cash, 48s. 7d. twenty- 
four days, 48s. 8d. one month, and 48s. 11d. March 17. 
The dealings amounted to 5000 tons, and closing sellers 

uoted 48s, 54d. cash, 48s. -_. one month, and 49s. 14d. 
three months. In the afternoon business was quiet 
and only two lots of Cleveland warrants —- 
hands at 48s. 5d. cash and 48s. 54d. ten days. e 
closing quotations were 4d. down at 48s. 5d. cash, 
48s. 8d. one month, and 49s. 1d. three months sellers. 
When the market opened to-day (Wednesday) there 
improvement in the condi- 
tions which have prevailed recently, and dealings were 
again on the small side. The turnover consisted of 
2500 tons of Cleveland warrants at 48s. 4d. cash and 49s. 
three months, and the session closed with sellers quoting 
48s. 44d. cash, 48s. 7d. one month, and 48s. 114d. three 
months. Hematite was called easier at 57s. 6d. cash 
sellers, but no business was done. In the afternoon the 
market was steady, but practically idle. The only trans- 
action was one Cleveland warrant at 48s. 44d. thirteen 
days, and the closing quotations were 48s. 44d. cash, 
48s. 7d. one month, and 49s. three months sellers. 
The following are the market quotations for makers’ 
(No. 1) iron :—Clyde, 60s. 6d. ; Gartsherrie and Calder, 
61s.; Summerlee, 62s.; Langloan, 68s.; and Coltness, 
90s. 6d. (all nee at Glasgow); Glengarnock (at Ar- 
drossan), 62s.; Shotts (at Leith), 62s.; and Carron (at 
Grangemouth), 63s. 6d. 


_ Sulphate of Ammonia.—There has been rather a better 
pon gd for sulphate of ammonia during the past week, 
and the price has advanced a little. The quotation to-day 
is firm, and holders are not willing sellers under 12/. per 
ton, but the buyers’ quotation is named at 11/. 15s. per ton 
for prompt business, Glasgow or Leith. It has been 
estimated that the total poosuton of sulphate of ammonia 
from all sources in the United Kingdom, during the year 
1908, was 314,000 tons. Of this quantity it has n 
calculated that Scotland produced 105,000 tons. The 
_ amount shipped from Leith Harbour last week was 
tons. 


_ Scotch Steel Trade.—A general resumption of operations 
in the pone steel works in Scotland took place this 
week, but the works of Messrs. rdmore, at Parkhead, 
will not start, it is stated, until next week. The establish- 
ments where work m resumed are not fully em- 
ployed, and it is likely to be a little time yet before 
any great improvement can be expected. Specifica- 
tions are scarce and consumers have not shown any 
inclination to order delivery of recent purchases. Com- 
petition both from local merchants and foreign agents 
is very keen, and in the limited inquiry which prevails 
the local makers are being sorely under-quoted. Steel for 
structural work is very quiet, and the —— of this 
class of material are oe even of the little which 
is being inquired for, the ian make is being success- 
ful in- many instances. Official prices are ynchanged. 





front axle and steering, engine, cooling systems, lubrica- | Malleable-Iron Trade.—No improvement of any kind 


tion, ignition, clutch, gear-box, drive, back axle, and 
brakes. He put forward some. suggestions also re- 
garding the trouble of skidding, and the beneficial 
effect that might accrue from diving the car by the 
front wheels instead of the back wheels ; the difficulty 
of steering when driving on the 
cited, but the author illustrated some devices in which 
the trouble was overcome. In conclusion the author 
illustrated and described the construction of the new 
Daimler engine, in which tappet valves ere dis- 
pensed with, and valves consisting of sliding sleeves 
working between the piston and the cylinder are to 
effect the inlet of the gases, and the exhaust. The paper | 
was illustrated by about thirty specially-prepared 





engine and a number of parts of special interest. The 

discussion following the paper was opened by Mr. M. G. 
unpan.. The chairman of the evening and the follow- 

ifig graduates took part :—Messrs. 

Copping, Robinson, Smith, and Thierme, The meeting 


terminated at 10.15 p.m. . 





lantern- | Limi Port 
slides, and theauthor had on exhibition a complete motor- | pron 





es, Cheeseman, | 


| can be reported in the state of the malleable-iron trade of 
| the West of Scotland. 
| little accumulation of orders during the holidays, and 
consequently not much work to start to. Bars from the 
Continent are on offer here at prices considerably under 





front. wheels was | those of local makers. 


Scotch Pig-Iron Trade.—A_ fairl 
for Scotch ordinary pig iron, and 
| inquired after. 


Clyde Shipbuilding.—Several new orders are reported 
as having been placed with Clyde shipbuilders this week. 
The Clyde Seaines and ‘Engineering Company, 

lasgow, have booked an order for 
a steamer of 350 ft. in length, which is intended for 
nger and cargo traffic in the East.—Messrs. William 
amilton and Co., Port Glasgow, have received the order 
to build and engine a nop cargo steamer for Glasgow 
owners. This vessel will have a carrying capacity of 
| about 7500 tons dead-weight, and the machinery will be 
| supplied by Messrs. David Roway and Sons, Glasgow.— 


good demand exists 
ematite is also being 





48e. 11d. cash, 49s. 2d. one month, and 49s. 74d. three | 


There was, in most cases, very | h 


It is also reported that the order for a new passenger 


ng 
steamer, for service on the River Clyde, has been placed 


with a Port Glasgow firm. 
Conference of the Scotch Iron and Steel Trades.—With 
| reference to the joint meeting, reported in this column a 
| fortnight ago, between the Scotch Steel-Makers’ Associa- 
| tion, the Sheet-Makers’ Association, and the Malleable- 
| Iron Makers’ Association, a further meeting was held in 
| Glasgow yesterday (Tuesday) afternoon. The committee 
| appointed at the previous meeting made a report, and then 
| it was agreed that the same committee should meet the 
directors of the Caledonian, North British, and Glasgow 
| and South-Western Railway Companies on Friday, first, to 
| discuss the question of the enforcing of demu charges 
| for detention of the companies’ wagons, &c. is matter 
has been the subject of much talk in business circles 
lately, and it is generally > ag that the proposed 
charges will mean a considerable increase in the cost of 
carriage of material. The coal trade is also considering 
the matter, and it is believed that some amicable arrange- 
ment will be come to, at an early date, between the 
directors of the three Scotch railway companies and traders 


generally. 


NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 

Hull Coal Returns.—The official returns to hand of the 
Hull coal trade shows a substantial decrease in traffic 
when compared with the previous year. The tonnage 
reached 5,906,880 tons, being a decrease of 620,416 tons, 
but over 900,000 tons ahead of 1906, and easily second to 
the record total of 1907. Of the decreased trade, the 
foreign exports—2,875,157 tons—are 547,183 tons behind 
the figure of 1907, and the quantity sent coastwise (mainly 
to London), 881,465 tons, is less by 390,531 tons than was 
sent during 1907. The fall in the traffic is due to two 
causes—less buying by the German and Dutch ports and 
France, and the displacement of gas-coal contracts from 
London, which fell out in March, and were again secured 
by the Durham coal-owners. One remarkable feature of 
the return is the fact that, in spite of the great falling 
away in the volume of trade, the South Yorkshire firms 
have done a r business at their natural outlet, Hull. 
Of the sixteen firms sending over 100,000 tons during the 
year, ten were in South Yorkshire, four in the western 
part of the country, and two in Derbyshire. 


French Steel Tariff.—The Sheffield Chamber of Com- 
merce has decided to send in a strong protest to the Board 
of Trade against the very heavy proposed increases in the 
French Tariff, especially as regards various kinds of steel, 
steel rails, wire, &c. It is suggested to all manufacturers 
who do trade in France that they should write to their 
customers asking them to protest to their deputies against 
those increases of duty on steel, which is the raw material 
for engineering purposes. The proposed increases are in 
some instances so great as to be entirely prohibitive, 
They are peculiarly irritating, in so far as they are founded 
upon chemical differences of the steels, and upon the ten- 
sile strength of wire, and both these elements of charge 
are sure to lead to endless disputes. 


Tron and Steel.—The new year has not opened with any 
weight of orders, and few firms give satisfacfory reports 
of immediate pi ts. Pig-iron makers, however, both 
Lincolnshire and Gorkachion are well booked to the 
middle of the year, and decline to contract beyond at 
present rates, re brands are 6d. and 1s. above 
the prices current before the holidays. No change is 
noted in the price of bar iron, which remains at 6/. 10s. 
In finished iron the outlook is somewhat better, makers 
expecting shortly to profit from the Government orders 
recently given out. e of the most satisfactory signs is 
the increased export trade which is being done with 
America ; last quartér, showed a decided upward move- 
ment. A fair number of inquiries have come to hand 
for steel, and some of ‘thése may be expected shortly to 
materialise. Agricultural-implement makers and makers 
of garden-tools are. busy on stock, and anticipate a on 
season. Some slackness, however, is reported this week 
és, shovels, picks, and other ex- 








in the demand for 8 
pe won Me On the other hand, fair indents have been 
received frdm South Africa#or tools and drills. 


South Yorkshire Coal Trade.—Most of the pits in the 
district have had a busy week following the holidays. 
Stocks have been well cleared, and this gave an impetus 
to the demand for steam fuel. The requirements of works 
are better, but there is little doing in shipping circles, and 
this has the effect of weakening prices. These have now 

nerally settled down to the contract rates of 8s. 3d. to 

6d. per ton. Gas fuel is moving freely. Washed 
smalls and best slacks are in strong demand at from 


5s. 9d. to 6s, 3d. per ton at the pits. House-coal is = 
ing out of hand briskly. The London market is ta ing 
consignments of best qualities, and the deman 


eavy 
both for these and for second-grade qualities, which pass 
locally, is strong. There is no marked change in prices, 
which rule for best Barnsley house about 12s. 6d. per ton 
at the pits. Coke is in steady request. though there has 
not been recently any movement in price. 








‘Tur Lérscuperc TUNNEL.—Several meetings were held 
in December between the Bernese Alps Railway Company 
and the contractors with reference to the continuation of 
the Létschberg tunnelling work, when it was decided that 
the former direction hitherto followed on the north side 
should be abandoned, and a new direction followed so as 
to avoid the critical spot beneath the Gastern Valley. 
This decision has been arrived at although the work 
of testing the ground under this valley is not yet com- 

leted ; these operations are P ing very slowly. 

his deviation will increase the length of the tunnel by 
about 1 kilometre (0.62 mile). 
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NOTES FROM CLEVELAND AND THE | 
NORTHERN COUNTIES. 
MIDDLESBROUGH, Wednesday. 

The Clevcland Iron Trade.—A quiet feeling still pre- | 
vails in the iron trade, and quotations are easier, but a 
fair number of sales have this week been recorded. Ship- 
ments must be regarded as satisfactory for this season of 
the year, the clearances of pig so far this month averaging 
some 3000 tons per working day. One of the most 
unsatisfactory features of the market is the steady addi- 
tions to the stocks of pig iron. At makers’ works 
large quantities of hematite pig have now accumulated, 
and the stock of Cleveland iron in the public warrant 
stores is now close on 150,000 tons, the additions so far | 
this month being at the rate of over 1000 tons per working | 
day. Sales of No. 3 g.m.b. Cleveland pig iron have | 
been recorded this week at 48s. 6d. f.o.b., and that is | 
now the general market quotation, whilst No. 1 is 50s. 9d., | 
No. 4 foundry 47s. 6d., No. 4 forge 46s. 6d., and mottled 
and white each 46s. There is very little doing in East 
Coast hematite pig, but a rather | sale made last 
month has just become known. The business was done 
under somewhat exceptional circumstances. The sale 
was to Italy for delivery of mixed numbers at 55s. over 
the spring, which is below what merchants are asking. 
Second hands still put the price of mixed numbers at 
55s. 6d., and producers quote 56s. Spanish ore is, if any- 
thing, a trifle firmer, sellers being under the impression 
that consumers are getting well through their stock, and 
that they will have to make fresh contracts before long. 
Rubio of 50 per cent. quality is 16s. ex-ship Tees. Coke 
is in fairly — request for local use, and average blast- 
furnace qualities stand at 16s. delivered here. 


Alteration to Tees-side Furnaces.—The employés at the 
Lockenby Iron Works, Middlesbrough, have received 
notice to terminate their engagements this week. The 
action has been taken so as to carry out extensive con- 
structional alterations to the blast-furnaces. Those em- 
ployed after this week will be engaged on a datal notice. 
About 150 men are employed at the furnaces. The 
intended alterations will take six to nine months to 
complete. 

Manufactured Iron and Steel.—Very little new can be 
reported concerning the various branches of the manu- 
factured iron and steel industries. The anticipated 
improvement in trade with the beginning of the new 
year has not yet appeared, and indications of any 
change for the better in the near future are by no 
means pronounced. There are, however, some san- 
guine traders who profess to see signs of Snereee. 
ment. Fortunately, several departments are sily 
engaged on contracts made some little time ago, and 
in one or two branches occasional orders keep comin 
to hand; but makers of some descriptions are short o' 
work, and report inquiries very few indeed. Common 
iron bars are 7/.; best bars, 7/. 7s. 6d. to 7/. 10s.; best 
best bars, 7/. 15s. to 8/.; packing iron, 5/. 10s.; iron ship- 
plates, 6/. 7s. 6d.; iron ship-angles, 7l.; iron girder-plates, 
6l. 12s. 6d. ; iron boiler-plates, 7/. 7s. 6d. ; steel bars, 
6l. 5s.; steel ship-plates, 6/.; steel ship-angles, 5/. 12s. 6d.; 
steel boiler-plates, 7/.; steel strip, 6/. 7s. 6d.; steel hoops, 
61. 10s.; and steel joists, 5/. 15s.—all less the customary 
24 per cent. discount. Cast-iron chairs are 3/. 10s. ; cast- 
iron columns, 6/. 10s.; light iron rails, 6/. 15s.; heavy 
steel rails, 5/. 10s. ; and steel railway sleepers, 6/. 10s.— 
all net cash at works. Iron or steel galvanised corrugated 
sheets, 24 gauge, in bundles, stand at 12/. 10s. f.o.b.—less 
the usual 4 per cent. 


Tradc Statistics.—The quarterly returns issued by the 
Middlesbrough Chamber of Commerce show that at the 
end of December last of eighty-one blast-furnaces erected 
in the port of Middlesbrough fifty-five were in operation. 
During the last three months of the year the output of 
Cleveland pig iron at Middlesbrough was 340,000 tons, and 
the make of hematite, spiegel, ic, and other kinds, 
200,000 tons—total, 540,000 tons, as compared with a 
total production of 555,000 tons for the previous quarter, 
and 572,000 tons for the last three months of 1907. The 
production within the port of Middlesbrough during 1908 
reached 2,230,000 tons, 1,415,000 tons of which were 
Cleveland pig, and 815,000 tons hematite and other special 
irons. Imports of foreign ore to Middlesbrough last 
quarter reached 518,263 tons, as compared with 449,091 
tons for the previous three months, and 404,571 tons for 
the fourth quarter of 1907. The total value of goods, other 
than coal and coke, exported to foreign and colonial 
destinations from Middlesbrough durin the three months 
ended December 31 last, was 1,609,190/.—a decrease of 
557,382/., as compared with the last quarter of 1907. 





University OF LONDON : LECTURES ON ARCHITECTURE. 
—A course of University Extension Lectures has been 
arranged in connection with the University of London, 
on the subject of Renaissance (and Modern) Architec- 
ture. This course, to be given by Mr. Bannister Fletcher, 
F.R.S., B.A., will consist of twelve lectures, of which 
the first was delivered on Monday, the 11th inst. 
The lectures will be delivered in the University Building, 
Imperial Institute-road, South Kensington, S.W., at 
8 p.m. on successive Mondays. 





MEMORIAL TO THE LATE Sir G. Livesry.—We are 
requested to state in connection with the memorial to the 
late Sir G. Livesey, to which we referred recently in these 
columns, that contributions to the fund should be sent 
to the secretary of the Institution of Gas Engineers, 39, 





Victoria-street, Westminster. A sum of 10,0007. is re- 
quired to endow a Livesey professorship in gas engineer- 
ing and fuel, the form that the memorial is to take, and 
it is hoped that there will be no difficulty in raising this 
amount, 





NOTES FROM THE SOUTH-WEST. 


Cardiff.—The demand for coal for early shipment has 
improved ; quotations for steam and Monmouthshire large 
have shown scarcely any change, but smalls have exhibited 
an upward tendency. The best large has made 14s. 3d. | 
to 14s. 6d. per ton, while secondary qualities have ranged | 
between 13s. and 13s. 9d. per ton. There has been an | 
average inquiry for house coal ; the best ordinary qualities 
have made 14s. 6d. to 16s. 6d. per ton; No. 3 Rhondda 
large has brought 17s. 6d. to 18s. per ton. Patent fuel has 
been firm at 14s. to 14s. 6d. per ton. Foundry coke has 
been quoted at 17s. 6d. to 20s. 6d. per ton, and furnace 
ditto at 15s. 6d. to 16s. 6d. per ton. As regards iron ore, 
Rubio has made 14s. 6d. to 14s. 9d. per ton, upon a basis 
of 50 per cent. of iron, and charges, including freight, | 
insurance, &c., to Cardiff or Newport. 


South Wales Coal.—The exports of coal last year from 
the six principal Welsh ports—Cardiff, Newport, Swansea, 
Port Talbot, Neath, and Llanelly—were as follows :— 
Cardiff—foreign, 16,761,374 tons; coastwise, 2,754,008 
tons—total, 19,515,382 tons. The corresponding exports 
in 1907 were:— Foreign, 17,369,175 tons; coastwise, 
2,610,854 tons—total, 19,980,029 tons. Newport—foreign, 
3,931,571 tons; coastwise, 778,101 tons—total, 4,709,672 
tons. The corresponding exports in 1907 were :—Foreign, 
3,821,892 tons; coastwise, 781,265 tons—total, 4,603,157 
tons. Swansea — foreign, 2,933,904 tons; coastwise, 
234,143 tons— total, 3,168,047 tons. The corresponding 
exports in 1907 were :—Foreign, 2,893,413 tons; coast- 
wise, 289,174 tons—total, 3,182,587 tons. Port Talbot— 
foreign, 1,106,919 tons; coastwise, 411,019 tons—total, 
1,517,938 tons. The corresponding exports in 1907 were : 
—Foreign, 1,260,707 tons ; coastwise, ,802 tons—total, 
1,638,509 tons. Neath—foreign, 216,090 tons ; coastwise, 
226,058 tons—total, 442,148 tons. The corresponding ex- 

rts in 1907 were:—Foreign, 139,990 tons; coastwise, 

1,593 tons—total, 391,583 tons. Llanelly—foreign, 
198,941 tons ; coastwise, 50,935 tons—total, 249,876 tons. 
The corresponding exports in 1907 were :—Foreign, 201,855 
tons; coastwise, 51,317. tons—total, 253,172 tons. The 
aggregate exports last year were, accordingly, 29,603,063 
tons, as compared with 30,049,037 tons in 1907. 


Cwmfcdin Tin-Plate Works.—There are now fifteen mills 
in operation at the Cwmfelin Tin-Plate Works, Swansea, 
and four new mills aré about to be erected, with a pro- 
vision for a further addition of two mills if necessary. 


Dowlais.—Both* the Goat Mill and the Big Mill have 
been fully “eres of late upon steel rails, sleepers, fish- 
lates, &c. e output has been principally consigned to 
ndia and the Far t, but home railway contracts 
have absorbed some smaller lots. 


Work at Portsmouth.—A large amount of repairing and 
refitting is now in hand. The refit of the Dreadnought 
has been commenced, and the King Edward VII. is 
expected to be taken in hand in a few days. The battle- 
ships Prince of Wales, Ve nce, Jupiter, and Revenge, 
and the cruisers Berwick, Hampshire, Eclipse, Grafton, 
Terrible, and Spartiate are also to be dealt with. 

The Swansea Valley.—The tin-plate trade has continued 
active, and most of the mills have been fully employed. 
There has been an average output of pig iron. e out- 
put of the bituminous collieries has been scarcely up to 
= average, but the production of other pits has ng 

rge. 





ALMANACKS, CALENDARS, &C.—We have received large 
card-almanacks from Messrs. John Smith and Co., Grove 
Works, Carshalton; Messrs. Thwaites Brothers, Limited, 
Bradford ; the United States Metallic Packing Company, 
Limited, Soho Works, Bradford ; and a tear-off memoran- 
dum calendar from Messrs. Kin; -Potter, Clements, and Co., 
Limited, 56, Ludgate Hill, E.C. Others are to hand from 
Callender’s Cable and Construction Company, Limited, 
Belvedere, Kent; Messrs. J. Halden and Co., 8 and 9, 
Great Chapel-street, Victoria-street, S.W.; and Mr. H. 
Munzing, {79, Upper Thames street. A calendar bearing 
an excellently rendered embossed figure of a knight in 
armour is to hand from Messi .’ Willson Cobbett, 


Limited, 59 eeree anett A wall-cardalmanack 
has reached us from Messrs. Janebent, Lindsay, and Co., 
Limited, Blackness Foundry, Dundee. Messrs. Arnold 


Goodwin and Son, Ltd., Sumner-street, Southwark Bridge- 
road, S.E., send us a wall-sheet almanack. A calendar 
reaches us from Messrs. J. and P. Hill, Ordnance Works, 
Sheffield ; as also do others from the London Electric 
Firm, George-street, Croydon, and Messrs, Payneand Sons, 
103, Farringdon-road, E.C. A Shakespeare tear-off calen- 
dar is to hand from Messrs. Ashwell and Nesbit, Limited ; 
a twelve-leaf almanack from Messrs. W. H. Willeox and 

., Limited, 23, Southwark-street, London, 8.E.; and a 

rpetual calendar from Messrs. C. A. Vandervell and Co., 

arple Way, Acton Vale, W. From the D. P. Battery 
Company, Vienited, Bakewell, Derbyshire, a calendar 
bearing a picturesque view of their works and surround- 
ings has reached us. Wall calendars are also to hand 
from Messrs. Peckett and Sons, Atlas Locomotive Works, 
Bristol ; the Lilleshall Company, Limited, Oak tes, 
Shropshire, and from the Alexandra, Newport, and South 
Wales Docks and Railway, Newport. Other large and 
useful calendars come from the Brush Electrical Engi- 
neering Company, Limited, Loughborough; Messrs. 
Arthur L. Gibson and Co., 20, Tower-street, U per St. 
Martin’s-lane, W.C.; the Phoenix Dynamo Manufacturing 
Company, Limited, Thornbury Works, Bradford ; Messrs. 
Wilham Clowes and Sons, Limited, Duke-street, Stam- 
ford-street, S.E.; Messrs. R. Y. Pickering and Co., Li- 
mited, Wishaw; Messrs. Thomas Smith and Sons of 
Saltley, Limited, Saltley Mill, Birmingham ; the Western 
Electric Company, North Woolwich ; and Messrs. James 
Spencer and Co., Hollinwood, Manchester. 





MISCELLANEA. 


Tue “ Notification of the Gas Referees for the Year 
1909,” just published by’ Messrs. Wyman and Sons, 
Limited, contains a full description of the apparatus and 
methods used at the Metropolitan gas-testing stations. 


The Metropolitan West Side Elevated Railroad of 
Chicago contracts for its brake-shoes on a mileage basis 
with the American Brake-Shoe and Foundry Company. 
The shoes are of the detachable type, fixed to a steel 
back. The records show that the average car-miles per 
shoe works out at 9959, and the shoe cost per 1000 car- 
miles, after deducting the scrap value, to be 47.74 cents 
percar. The average of wear was 64 per cent. 


The City and Guilds of London Institute have arranged 
for a course of six lectures on reinfo concrete, to be 
delivered at Finsbury College, E.C., by Mr. C. F. Marsh, 
M. Inst. C.E., from 8 to 9 p.m. on Tuesday evenings, 
commencing on the 18th inst. In view of the steadily 
growing popularity of this system of construction, the 
course should meet a long-felt want, and will no doubt 
prove of extreme service both to civil engineers and to 
architects. 


R. O. Herzog, of the Technical High School of Karls- 
ruhe, shows in the Zeitschrift fiir Klectrochemte that a 
simple relation exists between the surface tension yy and 
the specific volume v of non-associated liquids at the 
same temperature : log y + “v = r, in which u and r are 
constants. — the results of previous experiments by 
W. Ramsay and Shields, this relation is proved to hold 
for benzol, carbon tetrachloride, ether, ethyl acetate, and 
other compoun 


As a result of Mr. B. J. Arnold’s report on the working 
of the New York Subway, it was decided to equip two 
eight-car trains with side doors for the Interborough 
Rapid Transit Company. In these trial trains four 
additional doors are provided to each car—two extra on 
either side—pneumatic closing gear being provided., It 
appears that difficulty in devising satisfactory closing gear 
has been the cause of the delay in putting these cars ‘in 
service, as their trial was decided upon some weeks ago. 





A Curious AcciDENT ON THE EeyptiAn State Ratt- 
ways : ErratuM.—Although not affecting to any material 
degree the description of the curious accident on the 
Egyptian State Railways recorded in our last issue on 
page 47, we should mention that the points between 
which the accident occurred are Dessouk and Shabas, 
instead of as given in the description in question. 





Coat In Victoria.—The Victorian Government boring 

> which have been exploring the Poulett River 

istrict in search of coal seams have found fresh deposits 

at various depths. Having removed one of the plants 

to the east side of the Poulett, Mr. Stanley Hunter 

— the discovery of a 3-ft. 6-in. seam at a depth of 
t. 





Tue InstTiTUTION oF Crvit EnGineers: Stupents’ 
Mertines.—At the students’ meeting held at the Insti- 
tution on Friday, the 8th inst., at 8 p.m., Mr. Bertram 
Blount, Assoc. Inst. C.E., in the chair, Mr. K. W. 8S. 
Mitchell, Stud. Inst. C.E., read a paper on ‘ Portland 
Cement ; the Effect of Fineness with Aeration on its 
Strength.” An interesting point brought out by the paper 
was the large increase in surface area cove by a fixed 
quantity of finely-ground cement over that covered by a 
like quantity of . coarsely-ground cement, thus enabling 
a larger amount of te to be covered af the finely- 
ground product. A discussion followed, in which 
the a oa took pert :—Measrs. G. Love- 

ve, H. T. Tudsbery, H. C. A. Thieme, H. G. Williams, 

. R. Smith, D. G. French, A. 8. rmaine, R. F. B. 
Gaudin, C. J, Guttmann, and J. M. 8, Culbertson. 


THE ate BitjTisx ——— » ow telilediue tevion 
was erally ipated, new t! ip-cruiser 
Indefatiguble, whi is to be laid down at. Devonport next 
month, will mount eight 12-in. guns in pairs in barbettes, 

»of which will be capable of firing on either broadside. 

he will also have tw 4-in. quick-firers and twenty- 
seven smaller a will have two torpedo-tu 
both submerged. ne Indefatigable’s | between 
porns will be 555 ft., compared with the three 

nvincibles’ 530 ft. ; beam, 80 ft., an excess of 18 in. ; 
while the displacement will be approximately 19,000 tons, 
com with the Invincibles’ 17,250 tons ; the 
specified horse-power 45,000, against 41,000 in the 
which have just entered the service. mean 
will be 26 ft.5in. The speed will be 25 knots, — 





Tue LATE Mr. Cuaries Scriven.—We have 
to record the death of Mr. Charles Scriven, ner 
of the firm of Messrs. Scriven and Co., . Old 


Foundry, Marsh-lane, Leeds. Mr. Scriven was 61 years 
old‘at the time of his death, and for the last 18 months has 
taken no active part in the business of the firm. The first 
part of his engineering career was as an @ - 
tice at the works of Messrs. Wood , Scriven, and Holds- 
worth ; he su uently became manager of t works, 
the name of the firm having then been altered to Scriven 
and Co. Later he me works r of the now 
extinct concern of Messrs. Smith, Beacock, and Tannet, 
Victoria Foundry, Leeds. In 1893 he purchased the 
business of Messrs. Scriven and Co., and ‘a’ remaining 
sole partner for some years, took his two sons into the 
firm. Mr. Scriven was one of the founders of the Leeds 
Association of Engineers, originally a society for foremen 
and draughtsmen, and one of the pioneer societies of its 
kind. He was a member of the Institution of Mechanical 
neers, 
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TEMPERLEY 








ELECTRIC TROLLEY-HOIST TRANSPORTER AT PAISLEY GAS-WORKS. 
CONSTRUCTED BY THE TEMPERLEY TRANSPORTER COMPANY, NOW AMALGAMATED WITH APPLEBYS, LIMITED. 
(For Description, see Page 74.) 
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ELECTRIC WELDING-MACHINERY. 
CONSTRUCTED BY THE BRITISH INSULATED AND HELSBY CABLES, LIMITED, ENGINEERS, PRESCOT, LANCASHIRE. 


(For Description, see Page 69.) 
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ELECTRIC CHAIN-WELDING MACHINE. 
CONSTRUCTED BY THE BRITISH INSULATED AND HELSBY CABLES, LIMITED, ENGINEERS, PRESCOT, LANCASHIRE. 


(For Description, see Page 69.) 
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NOTICES OF MEETINGS. 


Tue InsTiTUTION OF MECHANICAL Enornerrs.—Friday, January 
15, at 8 p.m,, the nomination of officers for election at the 
annual general meeting on February 19 will take place. r to 
be read and discussed :—‘‘ The Filtration and Pu oe of Water 
for Public Supply,” by Mr. John Don, Associate Member, of May- 
bole (being an.al of a r selected by the Council for the 
First pn of the “ Water Arbitration Prize,” 1908). 

Tae InstiTuTE OF MARINE ENGINEERS.— Monday, January 18, at 
58, Romford-road, Stratford, E., at 8 p.m. Discussion on ‘“‘ The 
Gas-Engine and Producer-Gas Plant for ie Work.” 

Tue InstiruTe oF SANITARY ENGINEERS.—Monday, January 18, 


at 8 p.m., when the following r will be read :—* Water Supply 
to Villages,” by Mr. 8. Barlow Bennett (Associate). 
Royal Society oF ARTs. —Monday, January 18, at 8 p.m. 


Cantor Lecture. ‘The Public Supply of Electric Power in the 
United Kingdom,” by Mr. G. L. Addenbrooke, M.I. E.E. (Lec- 
ture I.).- -Wednesday, January 20, at 8 p.m. “Gothic Art in 
Spain,” by Mr. Henry C. Brewer. Major Martin Hume will 
preside. 

Tue [NstiruTION or Civi, ENGINEERS.—Tuesday, January 19, at 
8 p.m. Papers to be further discussed :—“ High on Railway 
Curves,” by Mr. John Wyatt Spiller, Assoc. M. Inst. C.E. “A 
Practical Method. for the Improvement of Existing Railway 
Curves,” byMr. William Hamilton Shortt, Assoc. M. Inst. C.E.— 
ion ne. visit, Wednesday, January 20, to the Royal Mint, Tower 

ill, E. 

ROYAL METEOROLOGICAL Society.— Wednesday, January 20, at the 
Institution of Civil Engineers, ordinary meeting at 7.30 p.m., and 
the ordinary general meeting at 7.45 p.m. An address on “‘Some 
Aims and Efforts of the Society” will be delivered by Dr. Hugh 
Robert Mill, President. 

Tue LysTiTuTion oF MINING AND MgTALLURGY.—Thursday, Jan- 
uary 21, at 8 p.m., at the Rooms of the ee ee Society, Bur- 
lington Houge, Piccadilly, London, W. The following papers will 
be discussed +—“ The Silver Islet Ba Lake Superior,” by Mr. 
Walter McDermott, Past-Preside Aa Theory of Volcanic 
Action and Ore Deposits, their ince and Cause,” by Mr. Hiram 
W. Hixon. ‘An Instance of Secondary impoverishment,” by Mr. 
H. H. Knox, Member. 

PrysicaL Society or Lonpon.—Friday, January 22, at 5 p.m., 
in the Physics Laboratory of the Royal College of Science, Im- 
perial Institute-road, South Kensington. 1. ‘“ The Effective Re- 


sistance and Inductance of a Concentric Main, and Methods of | 


Computing the Ber and Bei and Allied Functions,” by Dr. A. 

ussell. 2. “* The Luminous Efficiency of a Black Body,” by Dr. 
C. V. Drysdale. 3.“ The Use of the Potentiometer on Alternate- 
Current Circuits,” by Dr. C. V. Drysdale. 

Royat InstiruTion or Great Britain.—Friday, January 22, at 
9 o'clock. On ‘‘The World of Life; as Visualised and Inter- 
preted by Darwinism,” by Mr. Alfred Russel Wallace, O.M., 
».0.L., LL.D., F.R.8. Afternoon lectures next week, at 3 o'clock. 
—Tuesday, January 19. On “ Albinism in Man,” by Pro- 
fessor Karl Pearson, M.A., F.R.S. (Lec ture I.).— Thursday, Jan- 
uary 21. On “‘ Mysteries of Metals,” by Professor J. O. Arnold, 
D.Met. (Lecture L.).—Saturday, January 23. On (1) ““ The Critical 
Faculty,” by Professor Sir Hubert von Herkomer, C.V.O., D.O.L., 
LL.D., R.A. 

Tae Roya Sanrrary Instirutr.—On Friday, January 22, includ- 
ing, at 2.30 p.m., visit to the Manchester Royal Infirmary ; if ® 
discussion in the Municipal School of Technology, on “ "The 
chester Royal Infirmary from the Hygienic, Sanitary, and Zsthetic 
Points of View,” to be opened by Mr. Edwin T. Hall, V.-P.R.1.B.A. 
(Member of Council), followed by Mr. John Brooke, F.R.1.B.A., 
and others. 





NOTICE. Immediate! ly iy following tt the Index to our last volume, 
which is published with the current issue, will be found the 
Classified Directory of Current Advertisements in ENGINEERING, 
together with a List of the Telegraphic Addresses of the Advertisers 
and Key. This Directory and List, with Telephone Numbers and 
Telegraph Codes in use, ether with Glossaries for the use of 
Foreign Buyers, is also published in compact book form for handy 
reference, and may be had gratuitously on application to the Pub- 
lisher. This Directory is sent at regular intervals to the principal 
pare hasers of machinery throughout the world. 
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THE SHIPBUILDERS’ AGREEMENT. 

Human nature being what it is and immutable, 
there must ever be masters and servants; and me- 
chanical appliances for production being necessary 
to the progress of the race, there must be capital as 
well as labour. Each is indispensable to the other. 
Both have a common aim. But, unfortunately, 
in the attainment of this aim there are great possi- 
bilities of disagreement, with a consequent retar- 
dation of progress. As often as not the cause is 
found in the adjustment of relative effort by the 
two combined forces in order to suit the varying 
measure of resistance due to competition, or to ap- 
portion the relative reward for such effort. As such 
adjustments have to be made from time to time, and 
self-interest is a dominant factor in human nature, 
disagreements are inevitable. The conditions, thus 
briefly reviewed, point to the need of some automatic 
and unfailing method for making the necessary re- 
adjustments. In the coal and iron trades, where the 
variants are insignificant, the sliding-scale has been 
foundeffective ; but in industries where highly-skilled 
labour is involved, or where the conditions are most 
varied, the solution is more difficult. Arbitration has 
been proposed and has attained one or two prominent 
successes ; but the difficulty is that the arbitrator 
has too frequently an indifferent acquaintance with 
the intricacies of the industrial conditions, and 
there is always the suspicion that even at the end 
of a long inquiry, the decision is arrived at, not ona 
basis of equity, but of expediency—on the principle 
of ‘‘splitting the difference.” Moreover, arbitra- 








tion is adopted, often unwillingly, as a last resource, 
after great loss has been incurred by employers and 
employed, owing to stoppage of work. lations 
between the parties are strained and continue so 
after a decision which pleases no one. This is the 
reason why*settlement of disputes by conference 
between the parties is more esirable. A consis- 
tent and conscientious advocacy of one’s claims com- 
mand the respect of even an opponent ; anda settle- 
ment sdualiy arrived at is more satisfactory in 
the end, and more binding on both parties. 

The agreement which has been come to be- 
tween employers and employed in the shipbuild- 
ing trades, and is now being submitted for rati- 
fication by the trade unions concerned, is there- 
fore a step in the right direction. It is, indeed, 
the largest step yet made, because it seems to 

romise success where other similar schemes 

ave failed, and to be more comprehensive. It 
embraces every shipbuilding firm in the kingdom, 
with one or two exceptions, and it may be taken 
that at the first prospect of effective use of the 
machinery created by the agreement, these recal- 
citrants will seek for entrance to the Federation. 
Every trade union, twenty-five or twenty-six in 
number, having members in shipbuilding works are 

rties to the scheme. It is, therefore, the most 
inclusive of any such agreement yet made. It avoids 
the weakness of earlier schemes. The 1898 agree- 
ment in the engineering trade was no sooner renewed 
in 1907 than such a strike as it was intended to 
avoid took place, and involved great loss and hard- 
ship. This agreement, admirable in its draughts- 
manship, failed, because the Amalgamated Society 
of Engineers subsequently passed at a delegate 
meeting a new rule giving power to any branch 
concerned in a dispute to have a final vote for or 
against a decision of the central conference. Thus 
the engineers on the North-East Coast by a local 
vote over-ruled their leaders, and a few recalcitrants 
involved almost a complete stoppage of the marine 
engineering industry of the kingdom. The ship- 
builders have profited by this experience. Not 
only, as shall presently be explained, is there ma- 
chinery to suit all possible disagreements and to 
avoid stoppage of work, but ‘* at all meetings and 
conferences the representatives of both sides shall 
have full powers to settle, but it shall be in their 
discretion whether or not they conclude a settle- 
ment.” Had conference representatives of the engi- 
neers had plenary powers, the North-East Coast men 
would not have got strike-pay, there would have 
been no strike, and much of the distress still pre- 
vailing would have been avoided. 

The full text of the shipbuilders’ agreement will 
be found on page 77 of this issue. e first sec- 
tion deals with general fluctuations in wages, due to 
the rise and fall of trade. We are now experienc- 
ing a period of severe depression, and it is only by 
strict economy that trade can be improved. Capi- 
talists are forfeiting much, in some cases all, of 
their dividends on investments ; labour is expected 
to be satisfied also with less remuneration. The 
agreement sets up machinery to adjust the balance 
in meeting the inexorable law of supply and demand. 
The first point is that such changes are to affect all 
yards and all trades simultaneously, and their inci- 
dence must not be at intervals of less than six 
months. Before an application can be made for 
such a general alteration in wage a preliminary 
conference between representatives of the federated 
employers and federated unions is to be held in 

er to discuss the position generally. This idea 
of weighing aright the state of trade is a valuable 
innovation, as it ensures an exchange of informa- 
tion and thought which must have useful results. 
Too often, by inaccurate and exaggerated reports 
of shipbuilding orders, the daily Press create erro- 
neous ideas of the condition of trade, and when an 
application is made for an increase in wage, or 
when resistance is offered to a proposed reduction, 
it is difficult for the men to recede from the posi- 
tion taken up. This preliminary conference is thus 
a wise precaution. Six weeks must elapse between 
the preliminary conference and the application, so 
that there is time for reflection. Then come con- 
ferences to consider the applications for a general 
alteration in wage ; but the fluctuation can only be 
of fixed amount—®5 per cent. on piece rates and 1s. 
per week, or jd. per hour, on time rates. Modera- 
tion characterises all of these unique provisions. 

As regards local wage questions, the system 
adopted in the engineering agreement is followed 
generally. If the dispute is confined to one yard, 
employer and men meet, and, failing to arrive ata 
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settlement, they bring into their conferences local |formed that it would appear to be perfectly in 


officials of the Employers’ Federation and of the 
trade unions. The next procedure is the submission | 
of the question to three shipbuilders and three 
unionists not connected with the works where the 
dispute prevails. This is a most commendable 
course. If a solution is not thus found, the em-. 
ployers’ local association and the responsible local 
representatives of the unions concerned confer. 
The court of appeal is the executive board of the 
Federation and representatives of the union con- 
cerned. The proviso—‘‘such representatives to 
have executive powers”—is important. In cases 
where the local wage dispute affects more than one | 
yard, a local conference is at once held, and where | 
it touches all interests the court of appeal is to be | 
at once invoked; but here, as always, there must | 
be no stoppage of work. 

But the shipbuilders’ agreement goes one step 
further in instituting a grand conference. Should 
what we have termed the ‘‘ court of appeal,” in- 
cluding members of the executive board of the 
Federation and representatives of the unions 
affected, fail to agree, then the question at issue, 
‘* prior to any stoppage of work,” is to be referred 
“: for final settlement to a grand conference to be 
held between the Federation and all the unions 
parties to this agreement.” Thus in the event of a 
failure to settle any question by mutual agreement, 
every shipyard, and every trade in every yard, is 
involved, because there are twenty-six union parties 
to the eement; and if one trade strikes or 
is locked out, all may have to cease work. 
A grave responsibility rests upon each member 
of such a conference, and there is thus the 
greater incentive to adopt conciliatory measures. 
One other important point is that such a confer- 
ence cannot be broken up; it may be adjourned 
by mutual consent or otherwise, but it meets 
again automatically within a month. No deadlock 
can arise because either party objects to take the 
initiatory step in connection with an adjourned 
meeting. 

Piece-work prices and premium bonus terms are 
frequent difficulties, largely because piece-clerks 
and rate-fixers are too eager to show reductions to 
their superiors without the employer being fully cog- 
nisant of facts. As often as not the consequence 
is that workers refuse to take the best out of their 
machines, knowing that by earning ‘‘ big money ” 
they run the risk of having the rate cut. This is 
why the Rowan bonus system finds so much com- 
mendation; if care were taken to have it thoroughly 
understood by the men, we are convinced that it 
would prove acceptable to them. In any event 
reductions in piece-rates or time-allowances should 
only be made after most careful investigation, and 
even then reluctantly. The proposal in the agree- 
ment for a joint local committee to consider piece- 
work disputes, and, failing that, of employers and 
men in other works settling the issue, is to 
commended. The ultimate procedure is the same 
as in local disputes regarding wages. The price to 
be paid for piece-work done during a dispute is to 
be fixed by two or three shipbuilders not connected 
with the yard ; but this is to be without prejudice 
to either party, and is not to be adduced in evidence 
in the ultimate settlement of the question. This 
pgp asap d method of settlement by other employers 
is also applicable in locel wage disputes pending 
the final issue. 

There are one or two other points which should 
be closely studied, but the agreement must be 
accepted as indicative of a comprehensible economic 
evolution. It is well that there can be no stoppage 
of work in connection with a dispute until ad- 
mirably conceived machinery has been exhausted in 
attempting an amicable settlement. The agreement, 
when fina = | ratified by the unions interested, will 
be enforced for three years, and shall thereafter be 
subject to six months’ notice, in writing, on either 
side. We hope that there will be no need for such 
annulment, but rather that it will be adopted in its 
most beneficial features in the engineering, textile, 
tailway, and other trades where most regrettable 
pg a of work have recently done so much harm 
ro local and national trade. 








THE PATENTS ACT. 

We learn from the Times that the Bureau of Manu- 
facturers at Washington has received a report from 
Mr. McCunn, the United States Consul at Glasgow, 
in which he says :—‘‘ With regard to the clause in 


the Patents Act, ‘to an adequate extent,’ I am in-' 





be | sibleto contend thatthe public demand inthis country 


order, in the meantime, to manufacture the parts 
of a machine in the United States and have them 
assembled in the United Kingdom. The ground on 
which this view is taken is that each part of the | 
machine, taken separately, is not a patented 
article, the patent merely applying to the machine 
as a whole. No test case has yet been taken in| 
the British Courts, and I am informed that the | 
above is the generally accepted reading of the law | 
until such test case is brought.” We do not know 
the source of Mr. McCunn’s information, but we 
can say with certainty that this reading of the 
law is not generally accepted. No general rule 
as to what constitutes manufacture in this country 
‘**to an adequate extent” of a patented article can 
be laid down ; each case must be judged on its merits. 
Section 27 of the Act is very specific. Revocation 
can be applied for if the patented article is manu- 
factured, or the patented process is carried on, ex- 
clusively or mainly outside the United Kingdom. 
If the patentees can satisfy the Comptroller that 
the patented article or process is manufactured or 
carried on to an adequate extent in the United 
ee or can give satisfactory reasons why the 
article or process is not so manufactured or carried 
on, then the Comptroller can refuse to order revoca- 
tion. 

But what does ‘‘to an adequate extent’”’ mean ? 
As we have already said, each case must be con- 
sidered on its merits, but we do not think the 
mere assembling in this country of the parts of a 
machine made abroad will be held to constitute 
manufacture to an adequate extent. Manufacture, 
as we understand the word, involves a great deal 
more than the act of putting together the finished 
parts of a machine. e Comptroller has recently 
given a decision in a case in which the first question 
he had to decide was whether the patented article 
—a sewing-machine made in accordance with the 
specification of Letters Patent No. 26,519, of 1896, 

nted to Johnson, on a communication from 

illeox and Gibbs Sewing-Machine Company—had 
been manufactured to an adequate extent in 
the United Kingdom, and from this decision we 

ther that he will not regard the manufacture 
in this country of a comparatively small number of 
parts of a machine as manufacturing the patented 
article to an adequate extent. The Comptroller 
evidently intends to interpret the words ‘‘to an 
adequate extent” rigorously, and not to allow, 
unless, of course, his decisions are overruled on 
appeal, the intentions of the framers of the Act to 
be nullified by adopting the quibbles set up by those 
who have not met the requirements of the law. It 
is clear that in future he will read into the phrase 
“to an adequate extent” the meaning that the 
manufacture in this country mustsubstantially satisfy 
the public demand here. In the course of his deci- 
sion the Comptroller says : ‘‘ It seems to me impos- 


for the patented article is substantially met by the 
manufacture here of a comparatively small number 
of substituted parts, which are mere modifications, 
made to suit the taste and convenience of certain 
purchasers, for which there would be no demand 
except for the purpose of using them as parts of 
the entire machine.” Seeing that the Comptroller 
has adopted this position in the present case, the 
only conclusion that one can come to is that Mr. 
McCunn’s ‘‘generally accepted” reading of the 
law will not one that will generally commend 
itself to the Comptroller. 

In the case to which we have referred, the prime 
object of the invention protected by the patent, 
which the Comptroller has ordered, subject to an 
appeal to the Court, to be revoked forthwith, 
is to produce a lock-stitch sewing-machine capable 





of operating at a very high speed with smooth- 
ness, ease, and but little noise, upon either thick | 
or thin work. It appears from the evidence that | 
the machine, as imported, has been wholly manu- 
factured in the United States, but that before it is | 
sold in this country a few parts are taken out, and | 
in their place others are substituted which are | 
manufactured here, and are made stronger, or of a 
particular design, having regard to the purposes to 
which it is known the machines are to be put by 
those who purchase them. The substituted parts, 


however, are very few in number as compared. 
with the other patented parts of the machine. | 
The machine is not patented in Germany, and | 
the petitioners for revocation are alleged to be, | 
or to be about to become, agents for certain 
Continental firms for whom they desire to sell’) 


sewing-machines made by such firms in accord- 
ance with the patent, and which, if at present 
sold, would be an infringement of the patent. As 
the patent, which is dated November 24, 1896, 
has been ordered to be revoked, one effect of the 
revocation will be to enable the Continental firms to 
send machines to this country, which, at the moment, 
owing to the monopoly enjoyed by the patentees, 
they cannot do. . On behalf of the patentees evid- 
ence was given that it would be scarcely possible, 
or rather, absolutely impossible, to manufacture 
successfully the machine entirely in the United 
Kingdom, by reason of the fact that neither the 
necessary tools nor the high-class skilled labour 
required can be procured here ; that every part 
of the machine requires the utmost skill and 
precision in manufacture, and that it would be 
between five and ten years from the present 
time before the patentees could be in a position to 
make completely the machine in this country, even 
if they determined so to do. It was not contended 
that the whole of the period mentioned would be 
occupied in getting the plant, but that a great time 
would be occupied in getting the labour employed 
in working the plant to that state of efficiency that 
would enable a machine of the quality now pro- 
duced by the patentees to be turned out. The 
petitioners contended that there were machines 
made in Germany according to the patent which 
would work at as high a speed as the patented 
machines ; that some of the Continental manufac- 
turers had turned out all the parts of the machine 
without any special tools, and with simply the 
tools used for their ordinary sewing-machine work, 
and that a German firm were able to put a similar 
machine on the market in six months from the time 
they started to make it. 

We have heard much of retaliatory measures that 
are to be enforced against British inventors holding 
German patents, and that the German law is fairer 
to foreign patentees, as regards working, than is 
the British law. We do not think that this view of 
the German law will be supported by those who have 
any knowledge of the subject. The Comptroller, 
no doubt in view of the hysterical outcry of the 
German Press, takes care to point out that the words 
‘*to an adequate extent ” are taken from paragraph 11 
of the First Section of Article 1 of the German Patent 
Law of April 7, 1891, which provides that patents 
can be revoked at the end of three years from 
the date of the official grant if the owner neglects 
to put the invention into practice within the realm 
‘‘toan adequate extent,” or, at any rate, to do every- 
thing that is necessary to' ensure such carrying out 
of the invention. These provisions have from time 
to time formed the subject of important decisions of 
the Supreme Court of the German Empire. These 
decisions, although they are not binding on our 
British courts, are undoubtedly worthy of con- 
sideration. In the light of the German decisions, 
the Comptroller thinks that in the present case, if 
the essential features of the patented article are not 
manufactured in the United Kingdom to such an 
extent as substantially to satisfy the demand here, 
but are imported from the United States, the 
patented article is not manufactured to an adequate 
extent in the United Kingdom. He refers to a 
well-known German legal text-book and to several 
cases, which appear to him to be in complete accord- 
ance with the plain sense and intention of our own 
Act. If, therefore, the German courts have decided 
as to what is intended by the words ‘‘to an adequate 
extent,” and our law, which is a copy of the German 
law, is interpreted in much the same manner, we 
cannot see where the great injustigee to German 
patentees comes in. 

The next question the Comptroller had to decide 
was whether the patentees had given satisfactory 
reasons why the patented article is not manufac- 
tured to an adequate extent in the United Kingdom. 
Even in America the patentees do not manufacture 
themselves, but employ a well-known firm to do 
the work for them. This firm have made sewing- 
machines for the patentees for over forty years, and 
it is therefore easy to see that the patentees have 
found it cheaper to continue to employ this firm 
to supply the machines they export to this country 
rather than to employ a manufacturer in this country 
to do the work, or themselves to set up a factory 
here for the purpose. The convenience of the 
patentees is, the Comptroller holds, no reason why 
they should not manufacture here, and as it was, no 
doubt, anticipated by the patentees that such a de- 
cision would be given, they tried to show that the 
manufacture of the machine in this country was 
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impossible. We have briefly noted some of the 

evidence that was given in support of the con- | 
tention. It is obvious that such a contention must | 
be taken with a grain of salt, and, even if sub- 

stantiated, it does not afford a satisfactory reason 

for not manufacturing in this country. For, 

assuming it to be correct, the patentees could have 

got over the difficulty by importing the requisite | 
machinery and labour. The Comptroller says that 
if he is to accept contentions of this kind as a satis- 
factory reason for failing to manufacture in this 
country, he doubts whether any American patent 
for machinery of precision could be revoked on the 
application of a German applicant, or any German 
patent for similar machinery on the application of | 
an American applicant, although, as a matter of | 
fact, the machinery might in both cases very well | 
be manufactured in any one of the three countries, 
if the patentee were not in possession of the mono- 
poly of manufacture. 

As before pointed out, the patent is dated in 
1896, and has less than two years to run in the 
ordinary course. Even assuming the patentee’s 
evidence to be correct, the Comptroller does not 
think any useful object would be gained if he were 
to delay the revocation of the patent. He will 
not hesitate, save in very exceptional circumstances, 
to revoke a patent forthwith, when a case for 
revocation has been made out, and the patentee 
has, prior to the application, taken no steps 
whatever to comply with the requirements of 
Section 27. The power to defer the revocation for 
a reasonable interval was given to the Comptroller 
for the protection of patentees who, of their own 
accord, have taken substantial preliminary steps— 
e.g., by the purchase of sites and the erection of 
fastories—to comply with the requirements of the 
Act, but have had not sufficient time to complete 
their works and actually manufacture the patented 
article before an application is made to revoke their 
patent. In the present case it appears that the 
patentees have taken no steps whatever with a view 
to meeting the requirements of the section, although 
more than sixteen months have elapsed since the 
passing of the Act. 








THE PRUSSIAN MATERIALPRO- 
FUNGSAMT IN 1907. 

Tue Royal Prussian Materialpriifungsamt at 
Gross-Lichterfelde, near Berlin, on whose work we 
have briefly been commenting for quite a number 
of years, is a government institution which performs 
all sorts of tests for authorities and private clients, 
and acts as arbitrator with the consent of both 
parties. The investigations are either conducted in 
the public interest, and the results published, or 
tests are made according to the particular desires of 
the client on ordinary business lines. The public 
interest is always to be guarded, however, and 
any observations of general importance are duly 
published in the Mitteilungen, issued by the Prii- 
fungsamt. The Amt also advises as to processes 
and apparatus and as to the taking of samples. 
The orders received are of the most varied descrip- 
tion, and the departments are frequently asked to 
solve peculiar problems—e.g., whether the gilding 
of post-cards would be discoloured by the cards, 
whether receipts made of a cartoon paper consisting 
of three: layers could be fraudulently used, how 
many per cent. of tantallum were contained in ores, 
whether new explosives could safely be transported, 
why the zine eyes of certain shoes had come out, 
and why some granite paving-stones, resting on a 
bed of concrete and smeared with rather thick seams 
(Lin.) of concrete, had split off in spherical shells. 

The staff of the Priifungsamt consisted, in 1907, 
of the general director, Professor A. Martens ; two 
directors, Professors Rudeloff and E. Heyn, who 
are chiefs of the departments for metal-testing and 
engineering and for metallography respectively ; 
and four other chiefs of departments—Professors 
Gary (building materials), Herzberg (paper and 
textiles), Rothe (chemistry), and Holde (oil) ; fur- 
ther, sixteen permanent collaborators, six perma- 
nent assistants, eighty-eight assistants, mechanics, 
clerks, labourers, &c.—a total of 226 persons. The 
work, the income, and expenditure had again in- 
creased, and the government grant, which had kept 
fairly steady in the ‘nineties, but had taken a | 
decided rise in 1902, is still on the increase likewise. 
Owing to the great variety of the work, we must 
content ourselves with some rather disjointed notes. 

In conducting simultaneous long-duration ex- 





periments with twenty testing- machines, some | 


| that the friction coefficient of rest is slightly 


trouble was experienced with the hydraulic safety- 
valves; the springs would not close perfectly. 
The pointers of the pressure-gauges of the machines 
were therefore provided with electric contacts, 
which open a cut-out valve if the load should 
rise above the desired limit. The hydraulic dia- 
phragm testing-machines* used in connection with 
these tests are continuing to give full satisfaction. 
The loads may be changed thirty and thirty-five 
times per minute, and most of the diaphragm ma- 
chines had stood nearly two million such changes ; 
only a few have broken down. Friction tests con- 
ducted with rings made of various metals showed 
eater 
than the friction coefficient of motion with oil lubri- 
cation ; the opposite holds for non-lubricated sur- 
faces and for water lubrication. Bronze upon bronze 
and bronze upon mild steel gave the lowest coeffi- 
cients, 0.11 to 0.13 ; cast iron on cast steel and mild 
steel on cast iron the highest, 0.21 to 0.27. 

The first results of a promising research on the 
elastic limit of solids, conducted by Dr. Ewald 
Rasch, have been communicated to the Prussian 
Academy of Sciences. As the critical stress or 
elastic limit is difficult to determine on the testing- 
machine, and depends upon the conditions of the 
test, Edlund, in 1865, Haga, Wachsmuth, and 
lastly, H. Hort, in 1907, have attempted to make 
the determination by observing the thermal changes 
in the test-piece. Rasch accomplishes this by means 
of a thermo-couple and an Einthoven-Edelmann gal- 
vanometer, a gold wire 0.0085 millimetre in thick- 
ness, or a bolometer. The thermo-couple of silver 
and constantan is either pressed againt the test-rod ; 
or the silver wire is soldered to the upper end, and 
the constantan wire to the lower end of the rod, so 
that the rod itself forms the junction. When the 
rods—mild steel, cast iron, and brass have so far 
been experimented with—were loaded, they first 
began to cool, the d T/d p was negative; the d’ T/d p 
then diminished to zero, and turned, on increas- 
ing the load, decidedly positive. The turning 
point was sharply defined, while not recognisable 
on the machine, and the results of the thermo- 
electric tests were in good accord with extenso- 
meter measurements. On releasing the stress, the 
thermo-curve traced its course back, though not 
along the same path. The method may enable us 
to study the stress-strain phenomena in the interior 
of solids, about which we know very little so far. 

A very large amount of research work is being 
done on concrete and cements. One of the pro- 
blems which still baffle the experts is the distinc- 
tion between natural and artificial Portland cements 


when in the finished states; there are certain dif- 


ferences, but a reliable criterion is not known. 
Some of the tests on plain and reinforced concrete 
beams were conducted by Mr. E. Probst, on be- 
half of Mr. A. L. Johnson, of the Extended 
and Corrugated Bar Company, of St. Louis, U.S.A. 
Specimens extended more when in the moist than 
in the dry state, and the total extension of rein- 
forced concrete was greater than that of plain 
concrete. The extension is more evenly distri- 
buted along the beam when the iron has not been 
lished before embedding. In some of the tests, 
ms under load were ex to steam, oxygen, 
or carbon dioxide for considerable periods ; rusting 
of the iron did not set in before the reinforcement 
had been stressed to its elastic limit. Concrete 
repared with coke ashes did not rust the iron as 
hen as air and moisture did not gain access through 
cracks. At the moment of maximum stress which 
the concrete would support the adhesion between 
the concrete and the iron was diminished. This 
adhesion depended upon the age of the concrete and 
upon the state of the surface and shape of the iron. 
Tests were made by determining the resistance 
which bars opposed to their being pulled out of the 
concrete ; this resistance was greater for knob-rods 
than for round rods, which in their turn resisted 
more than flat bars. 
In several cases of axle and rod fractures notched- 
bar impact tests indicated that the respective rod 


had locally been weakened by being turned down. 


Siemens-Martin steel chains, electrically welded 
without leaving a distinct seam, broke in most cases 
outside the seam ; when welded in such a way that 
a swelling was formed on the one side, fracture 
might or might not take place in the seam. A 
rolled hexagonal iron, which had subsequently been 
drawn to improve its appearance, was found to have 
been impaired in strength. 





* See ENGINEERING, vol. Ixxxiv., page 861. 





In the tests of flanges, either forged of mild steel 
under the hammer, or hydraulically pressed out of 
Siemens-Martin steel, the former flanges showed 
superior tensile strength and higher resistance to 
concussions when already damaged, and superiority 
also in bending and impact tests. Tearing the pipe 
out of the flange was tried at temperatures of 
100 deg., 200 deg., 300 deg., and 400 deg. Cent. In 
the forged specimens all the pipes gave way before 
the flange broke down, while most of the pressed-on 
flanges could be pulled out. In all cases a marked 
diminution of the strength of the flange was noticed 
above 300 deg. Cent. 

The paper-testing department has systematically 
tested 435 different kinds of papers taken from old 
manuscripts (dating from 1489 and later) and books 
of the University of Berlin, and from modern 
journals. Of the latter, not more than six out of a 

undred were found to be printed on fairly good 

per that would justify keeping the journal in a 
ibrary, and modern books were not much better ; 
the English books came out well in these tests, but 
their number was too small to draw any conclu- 
sions. Dr. J. Frank, the librarian of the Univer- 
sity of Berlin, agrees with Professor Herzberg in 
regarding this state of affairs as very serious. 
Fortunately, the improvement continues which was 
noticed of bee in the quality of the paper used for 
public documents. As regards asbestos textures, 
an addition of about 5 per cent. of cotton, advisable 
to facilitate the spinning of the asbestos, seems to 
be unobjectionable in other respects. 

The comprehensive researches on the rusting of 
iron, carried out in the department for metallo- 
graphy, will be noticed on another occasion. Cer- 
tain steels, especially nickel steels, appeared to be 
very sensitive to-high temperatures. 

In view of the repeated poisoning accidents, 
caused by ferro-silicon and more directly due to 
the evolution of phosphuretted and arseniuretted 
hydrogen from the wet alloy, it should be pointed 
out that the test for phosphuretted hydrogen, as 
ordinarily carried out in the analysis of calcium 
carbide and acetylene, seems to be misleading. The 
gas is generally passed through sodium hypochlorite 
in order to oxidise the gaseous combined phos- 
phorus to phosphoric acid. But it results that 
phosphorus may be liberated in volatile organic com- 
pounds which are not oxidised by the h hlorite, 
and which thus escape detection. The observation 
deserves attention, as many now technically-applied 


ferro-alloys contain some phosphorus. 


| 

|THE WORKING OF THE RAILWAYS 

IN THE SOUTH AFRICAN WAR.* 
By W. Hype KE ty. 


THE railway systems of South Africa, prior to the 
outbreak of the war of 1899-1902, were the Cape 
Government Railways, the Natal Government Rail- 
ways, and the Netherlands South African Railway 
Company. The most important of the three systems 
was, of course, the Cape Government system, for 
not only was it the largest, but it served the greater 

rt of the sub-continent, and its lines converged 

rom three of the most important points—Cape 
Town, Port Elizabeth, and East London. 

The Natal Government’s main line from Durban 
to the frontier at Lang’s Nek formed a very valuable 
line of communication during the campaign in that 
colony, and also a useful subsidiary line of supply 
during the later stages of the war. 

The Netherlands South African Company com- 
prised all the lines in the Orange Free State and 
the Transvaal, and it had also a working agreement 
with the Portuguese line from the eastern frontier 
at Ressano Garcia to Delagoa Bay, a most important 
point for the Transvaal. 

The Cape Government Railways consisted of 
| three trunk lines, running inland respectively from 
| Cape Town, Port Elizabeth, and East London. The 
system was divided into four sections as follows :— 
Miles. 

590 














Western Section--Cape Town to De Aar ... 
Midland Section—Port Elizabeth to Nor- 
val’s Pont, on the Orange River, with 
branches Naauwpoort to Aar and Ros- 
mead to oy - and two routes from 
Uitenhage, near the coast, to Rosmead 
Junction a te ie mo vs 
} Eastern Section—-East London to Bethulie 

Bridge, on the Orange River a: .. 833 
Northern Section—De Aar to Vryburg 273 


* The quotations are from the “‘ Detailed History of the 
Railways in South Africa,” with the kind permission of 
the Council of the Royal Engineers’ Institute. 
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To these should be added the Rhodesian Railway, 
Vryburg to Buluwayo, 587 miles, making a total 
tfileage of 2574 miles—almost as large a mileage as 
that of the Great Western Railway of our own 
country. 

The gauge is 3 ft. 6 in. throughout the South 
African railways, and the lines are single. The 
ruling gradient on the Cape railways is 1 in 40 
between the coast ports and De Aar, Naauwpoort, 
and Albert Junction, but northward of these points 
the gradients are 1 in 80 and 1in 100. On the 
Natal lines the ruling gradient is 1 in 30 south of 
Ladysmith, and 1 in 50 north of that town. The 
sharpest curve on both the Cape and Natal lines 
is 300 ft. 

Civil Organisation of the Lines,x—{a) The Cape 
Government Railway.—For traftic, there was the 
chief traftic manager at Cape Town, who had under 
his orders a chief traftic inspector, a train inspector, 
and a traftic manager for each of the five sections. 
Each section was divided into a certain number of 
districts, and each of the districts was in the charge 
of an assistant traflic manager. 

For the locomotive department, there was the 
chief locomotive superintendent at Salt River, 
where the principal locomotive shops were estab- 
lished. Under him were three locomotive super- 
intendents for the Midland, Eastern, and Western 
sections, and two district locomotive superintendents 
for the Northern and Rhodesian sections. The 
sections were divided into locomotive districts, each 
representing a day’s work for an engine. 

he engineering department had an engineer-in- 
chief at Cape Town, who was assisted by three 
resident engineers for each of the three sections— 
Midland, Eastern, and Western—and these had dis- 
trict engineers under their orders, in charge of 
further subdivisions of the sections. 

Owing to gradients, coaling and watering facili- 
ties, and station accommodation, the traftic, loco- 
motive, and engineering districts did not correspond. 

(b) The Natal Government Railways.—A similar 
organisation existed on the Natal railway, the 
assistant traffic manager at Durban having under 
his orders three district traffic superintendents at 
Maritzburg, Ladysmith, and Newcastle. 

(c) The Netherlands South African Railway Com- 
pany was a Hollander concern, and the organisation 
of their lines prior to the outbreak of the war is 
unimportant, as the whole system was taken over 
by the British military authorities as the army of 
occupation became established, and the lines were 
administered under the title of the ‘‘ Imperial 
Military Railways.” 

On the outbreak of war, the establishment of a 
military controlling staff became at once necessary 
for dealing with the movements of troops, supplies, 
and stores on the railways within the theatre of 
operations. Admirably as the civil staffs of the 
railways worked, they could not possibly deal un- 
aided with the multifarious requirements of military 
traffic, or keep in touch with the general staff of 
the army in the field, or the staff on the lines of 
communications. In sucha country as South Africa, 
the existing lines of railway were of vital impor- 
tance to the British Army. The theatre of opera- 
tions was so vast, the numbers of troops and 
quantities of stores to be moved so colossal, that it 
was evident from the outset that the railways would 
be taxed to their uttermost capacity, and that their 
safeguarding would be a serious item to consider in 
the plans of campaign. 

ajor (afterwards Sir) E. P. C. Girouard, R.E., 
who had been Sir Herbert Kitchener’s right-hand 
man on the Sudan Railway, was despatched to 
South Africa on the outbreak of the war to organise 
the military control of the railways in British terri- 
tory, and to take over those in the enemy’s 
eountry. 

In England people are accustomed to think little 
of the preparations which must be made for war, 
and most of them seldom cont2mplate the necessity 
of the War Office organising the control of the 
great railways of this country to meet the exigencies 
of invasion. Any interference with the organisa- 
tions of the railway companies, which can meet 
with the tremendous demands of Bank Holiday 
traffic in England, may seem preposterous to an 
outsider—still more preposterous, perhaps, to some 
railwaymen themselves—but it is nevertheless es- 
sential that there should exist in the army in peace 


time a carefully thought-out organisation for work- 
ing the railways in time of war. Naturally, such a 
ues is worked out by the chiefs of the various 
departments of the lines ; but so far as the control 





of military traffic over civil railways is concerned, 
even in friendly countries, there must be a military 
head and a military staff in close touch with the 
civil staff and the head of the army. It is natural 
that the ordinary routine work of the railways in a 
friendly country must be left in the hands of the 
civil staff, but it is most important that there should 
be a staff of officers trained in peace time in the 
details of railway working, whose duty in war time 
would be to co-operate with the civil staff in meeting 
all military demands. 

Such an organisation cannot be said to have 
existed prior to the South African War, but in the 
Corps of Royal Engineers there were a number of 
officers who had had valuable experience in the 
Sudan and India, and who were thoroughly ac- 
quainted with technical railway work. These 
formed the nucleus of the staff which Major 
Girouard rapidly organised on his appointment as 
Director of Railways on the outbreak of war. 

The first organisation decided upon by Major 
Girouard was a tentative one, and, as it had been 
chiefly drawn up while its author was on the voyage 
to the Cape, it had soon to be modified consider- 
ably. The army as a whole was ignorant of the 
capabilities of a railway, and many difficulties arose 
through lack of co-operation, lack of experience, and 
absence of technical advice to guide officers in 
command of various places on the railway when 
making demands on the lines. But these difficulties 
were only natural, and they ae as the 
system of control became more developed and estab- 
lished. 

The original organisation laid down the following 
main ag ae — 

1. The Director of Railways was to be the inter- 
mediary between the Staff of the Army and the 
Civil Administration of railways in friendly country. 

2. In unfriendly country, the director would take 
over full control of the lines. 

3. A staff of Royal Engineer officers, acquainted 
with railway working, would be appointed to co- 
operate with the civil staffs of the railways in meet- 
ing military demands. 

4. Lines under the control of the director were 
to be allotted as ‘‘ communication sections ” under 
assistant directors (A.D.R.). These officers were 
to be under the orders of the general commanding 
the communications within whose district their 
lines ran, and also under the director, and were to 
co-operate with the general managers of the lines 
within their district. 

5. Deputy assistant directors (D.A.D.R.) were to 
be stationed at the terminals of the traftic districts, 
and would be under the A.D.Rs. They were to co- 
operate with the civil traffic staft. 

6. Under the orders.ef the D.A.D.Rs. were to be 
the railway staff officers (R.S.Os.), whose duty it 
would be to superintend the movements and trans- 
port of troops at railway stations. (It did not 
follow, of course, that there would be an R.S.O. at 
every station.) 

‘*The principle underlying these proposals was the 
creation of a military staff corresponding grade by 
grade with the civil organisations.” There was, 
however, a good deal of misunderstanding on the 

rt of military commandants at stations on the 
ines of communication regarding the position and 
duties of the staff of. the. Director of Railways, more 
especially regarding: the duties of the railway staff 
officers, Orders issued by station commandants 
which had not passed through the railway . staff 
ofticers often created serious dislocation of traffic in 
other districts, and it was a long time before the 
position and responsibilities of the R.S.Os. were 
properly appreciated by the rest of the army. 

In December, 1899, after the original organisa- 

tion had been tried, some improvements were made, 
and the following order was issued to define more 
clearly the duties of the military controlling 
staff :— 
‘* Duties of Staff Officers, Lines of Communication 
Railways.—1. e working of the railways is 
carried out by the civil staff of the Cape Govern- 
ment Railway, with a staff of military officers to 
assist and direct the military traffic. This staff 
forms part of the staff of the lines of communica- 
tion, and is the only means of communication 
authorised between the military authorities and the 
civil railway officials. 

‘*2. The military railway staff will consist of ;:— 

‘**(i.) One assistant director of railways on the 
staff of the Inspector-General, Lines of Communica- 
tion, in charge_of all communications. 

**(ii.) One deputy assistant director of railways 


in charge of the Western, Midland, and Eastern 
sections respectively. 

‘*(ii.) One D.A.D.R. on the staff of the base 
commandant, and as staff officer to the assistant 
director—in charge at Cape Town only. 

‘*(iv.) Railway staff officers (R.S.Os.) on the staffs 
of the station commandants, at stations as required. 

‘*3. The duties of the various staff officers on 
the railways are as follows :— 

“The Assistant Director of Railways is respon- 
sible for the whole working of the railway line 
of communication, and is the channel through which 
should pass all communications on railway matters 
from the Inspector-General, Lines of Communi- 
cation, and the Director of Railways. He should 
keep up a complete account of the state of the 
traffic and the position of rolling-stock on the rail- 
way, and cecal lea in touch with the general 
traffic manager of the system. -He should keep 
himself informed of the work carried out by the 
deputy assistant director. 

‘* Deputy Assistant Directors, under the orders of 
the Deputy Inspector-General, Lines of Communi- 
cation, should keep themselves informed of the 
state of traffic in their sections. They should, 
through the station commandants, exercise a gene- 
ral supervision over the work of the railway staff in 
their districts. They should keep careful watch on 
the distribution of rolling-stock on their sections, 
and are responsible that it is used in the best way. 
They should keep in touch with the traffic managers 
of their sections of the railway.. No work of any 
nature will be undertaken by the Civil Railway 
Department for the military unless the approval of 
the D.A.D.R. has previously been obtained. 

‘*The office of the D.A.D.R. should be located 
at the same station as that of the district traftic 
manager. ‘ 

‘* Railway Staff Officers, under the orders of the 
station commandants, are responsible for the traffic 
at the stations where they are located. They are 
responsible that no train is delayed for military 
requirements, except in extremely urgent cases on 
the authority of the station commandant. They 
are especially responsible for seeing that trucks 
loaded with military stores are released as quickly 
as possible. They should address their D.A.D.Rs. 
on any questions concerning railway matters on 
which they require information or orders. They 
are responsible for all detraining and entraining 
operations at their stations, and the comfort of all 
troops passing through.” 

A station commandant was not himself on the 
railway staff. He was the military officer in military 
charge of the station and its surroundings. 

This organisation marked a great advance on the 
first system, but it still left something to be desired, 
for station commandants ‘‘often arranged for move- 
ments by rail without reference to officers of the 
military railway staff with whom they should have 
conferred.” 

Later on, in 1901, the railway staff officers were 
placed under the Director of Railways. 

So heavy had been the stream of refugees from 
the two Boer states into British territory in the 
three or four months previous to’ the war that the 
passenger rolling stock available had become un- 
equal to the demands, and, as the business of 
supplying the military requirements became more 
and more pressing, the traftic problems became 
more and more complicated. But, fortunately, a 
certain amount of rolling stock had been distributed 
among the Western, Midland, and Eastern sections 
of the Cape Railway, and so, when communications 
were interrupted by the Boer invasion of the 
colony, each section was able to work indepen- 
dently. 

The invasion of Cape Colony through Colesberg 
and Stormberg made the Midland and Eastern 
sections insecure for the passage of ng, Sa 
stores, so the Western section necessarily me 
the chief means of communication. 

After Lord Roberts’ army had reached Bloem- 
fontein, however, the lines from Port Elizabeth 
and East London became available, and military 
traffic was then more equally distributed. ‘‘ It was 
arranged that all personnel (and stores for places 
north of Kimberley) should disembark. at supe 
Town, and supplies, stores, and remounts for the 
forces o —e in the Orange Free State and 
Transvaal should be landed at Port Elizabeth and 
East London.” 

‘* For the protection of the railways forming the 
lines of communication, military guards were allotted 





'to the principal stations, bridges, and to tunnels 
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and water supply places. Patrolling of the line 
was done by unarmed men of the engineeri 
branch, who reported ‘all well’ as they oc 

and sentries. In case of damage or danger, 
they adopted the ordinary precautions to warn 
——_e trains, and also warned the nearest 
military. post or sentry.” 

To supplement the existing accommodation, a 
large number of additional sidings and platforms 
were put in by the railway troops and the engineer- 
ing department of the Cape Government Railway. 

‘* Special troop time-tables were made out, and 
telegraphic advice was sent of the running of troop 
trains to such stations as had been fixed upon for 
stoppages for meals or for watering. At these 
places, arrangements had been made for hot water 
for men, and for drinking-water and buckets for 
animals ; and, on receipt of telegrams, the R.S.O., 
or station-master, saw that everything was in readi- 
ness on the arrival of the incoming train. Where 
parties of ten men or under travelled by train, they 
were given ‘ hot-meal’ tickets, and meals were then 
provided at refreshment-rooms by the railway con- 
tractor under a special contract.” ’ 

To adjust accounts between the Cape Railway 
and the Imperial Government, the following rates 
were agreed upon :— 


Pence per 
Mile. 
Per passenger ... .... 0.33 
» animal = ere . 0.66 
», ton of goods Se 1.00 


(A ton in the South African Colonies = 2000 Ib.) 


For the repair of lines damaged by the enemy 
two field railway sections were organised, one for 
the Western Section of the Cape Railway, and one 
for the Midland Section. The staff of each section 
was composed of Royal Engineer officers, and com- 
prised one assistant director of railways with his staff 
officer, a superintendent of works, a traffic officer, 
and, in the case of the Western Section, a locomotive 
superintendent. These sections had some of the 
Royal Engineer companies allotted to them, and 
“7 were distributed as follows :— 

o the Western Section—The 8th (Railway) Co. 
R.E., the 31st (Fortress) Co. R.E., and a portion 
of the 11th (Field) Co. R.E. In addition, 40 civilian 
railway employés from the Orange Free State and 
200 natives. 

To the Midland Section—The 10th (Railway) Co. 
R.E., the 20th (Fortress) and 42nd (Fortress) Cos. 
R.E. In addition, some 90 civilian railway em- 
ployés and 200 natives under civilian gangers. 

These troops carried out all hasty repairs to the 
permanent way, bridges, &c., and constructed de- 
viations where necessary, with a view to reopening 
railway communication as quickly as possible, and 
leaving semi-permanent and permanent reconstruc- 
tion to be carried out by the engineering department 
of the railway and the Railway Pioneer Regiment. 
This latter unit was raised in December, 1899, to 
carry out railway work under the Director of Rail- 
ways, and was composed chiefly of officials and 
workmen formerly employed on the Rand mines. 

Among the more important repairs carried out by 
the railway troops were the deviation (1 mile 
990 yards long) and the low-level bridge over the 
Orange River at Norval’s Pont. This work was 
opened for traffic in 11 days 21 hours from its com- 
mencement—a remarkable result of organisation 
and ar The Railway Pioneer ‘Reale, 
among other work, reconstructed the permanent 
bridge at Norval’s Pont, and completed their work 
in the short space of 66 days. 

As the British Army spread its occupation of the 
enemy’s country, the lines in the Dutch Republics 
were taken over by the Director of Railways and 
organised under the title of the Imperial Military 
Railways (I.M.R.). 

The two Cape lines at Norval’s Pont and Bethulie 
were continued by Orange Free State lines, which 
met at Springfontein, and from thence ran a 
single line through Bloemfontein and Kroonstad to 
Pretoria. From Elandsfontein, the junction for 
Johannesburg, a line ran south-west through Johan- 
nesburg and the Witwatersrand district to Klerks- 
dorp, and another south-east through Heidelberg 
and Standerton to join the Natal main line at 
Charlestown. From Pretoria ran a line northwards 
to mimes ee another east to Komati Poort, 


the Delagoa Bay line running thence to Lourengo 
Marques 


The organisation of the I.M.R. included a traffic 
department, an engineering or works department, 
& locomotive department, a telegraph department, 





stores department, and an accounts department. 
All the officials of the Dutch lines were naturally 
hostile, and the whole of the staffs for the I.M.R. 
had to be reorganised and drawn from the army 
and from civilians in the colonies, with as many 
railwaymen as could be spared by the Cape railways. 

Regarding traffic on the LMR. the difficulties 
which the staff had to face were not only the 
——_ to the lines and the scarcity of all classes 
of rolling-stock caused by the enemy’s withdrawing 
it as they retreated, but the impossibility of running 
trains by night. The army as a whole still mis- 
understood the limitations of a railway, and con- 
sequently rolling-stock was frequently used un- 
necessarily and without authority. 

The chief cause of the trouble was the serious 
detention of trucks under load when they reached 
their destination. As the treops advanced, each 
dépét became blocked with trucks .under load, and 
as the advance progressed, the mileage of railway 
communication increased and the-lack of rolling- 
stock became more and more serious. Eventually, 
after strenuous efforts on the part of the railway 
staff officers, this evil was reduced, but while it 
lasted it very seriously affected the carrying capacity 
of the railways, and therefore the progress of the 
campaign. 

Another difficulty was the indiscriminate loading 
of vehicles by the different army departments. As 
soon as Lord Roberts’ army halted to refit at 
Bloemfontein, stores of all kinds were loaded up at 
the base dépéts and forwarded to Norval’s Pont. 
‘*Officers from each unit at the front went south- 
wards to collect and bring up the regimental bag- 
gage, and this alone filled 300 trucks. The bridge 
at Norval’s Pont was not repaired at this time, and 
consequently this station, and many others south of 
it, were choked with loaded wagons, none of which 
could proceed ; and eventually orders were issued 
that only supplies were to go forward.” Remounts 
and mounted units had to be detrained at Spring- 
fontein and sent north by road, and dismounted 
men, for whom separate accommodation could not 
be provided, went on to Bloemfontein on supply 
trucks. p 

Again, the reconstruction parties were not always 
able to keep railhead close behind the army, and 
consequently the contents of supply trucks to 
be carried in wagons and carts from railhead to the 
camps. The quantities of supplies sent up from the 
base dépéts were frequently much in excess of 
actual requirements, and it was impossible to 
reinove them to the front before the dépét was 
shifted, and equally impossible to reload’ and carry 
them on by rail. Consequently the surplus was 
left behind, and the railway authorities were often 
called upon to reload and carry it forward. Not 
only was the traffic on the line disorganised and the 
work of reconstruction spullatider Tentipoeal but 
engines and wagons were withdrawn just when the 
demands on all rolling-stock were greatest. 

These difficulties were in time removed, as the 
regulations issued by the Director of Railways and 
his staff became better known and enforced, but 
they showed how much trouble might have been 
saved if more officers had been available who 
thoroughly understood railway working, and if the 
various departments of the army had been in closer 
touch with the railway. 

The enemy’s raids on the railways, which began 
with De Wet’s attack on June 7, 1900, and con- 
tinued at frequent intervals practically to the end 
of the war, still further reduced the carrying capacity 
of the lines by making night-running impossible, 
and by delaying the traffic through the demolition 
of the permanent way. The lines of blockhouses 
along the railway were not begun until January, 
1901. 

The chief lesson to be learnt from the working of 
the railways is the necessity of having prepared in 

time a scheme whereby the instructions issued 
by the Quartermaster-General at headquarters re- 
garding the forwarding of traffic may be rigidly 
carried out. This necessitates an organisation under 
a Director of Railways for working the lines captured 
from the enemy, and controlling the use thereof by 
the army. A great deal-can be done with a nucleus 
of officers trained in railway working, but beyond 
‘* general principles ” lies a multitude of lesser tech- 
nical points, for dealing with which an experienced 
staff is necessary. Civil staffs will still control their 
lines behind the army, and perform the routine 
work, carry out heavier repairs and works, but 
alongside of them, and co-operating with them, must 
be the military railway staff, and close behind 





the army in the field must be the railway troops 
to carry out hasty repairs to push railhead as close 
to the front as possible. 





G. A. BORELLI. 

Amone the contemporaries of Torricelli, men- 
tioned in our memoir of him, published in our issue 
of January 8, page 41 ante, was Borelli. Born in 
the same year as Torricelli, three centuries . 
Borelli is to-day remembered ‘chiefly amo “the 
throng of devotees of the subject of artificial flight. 
He was equally eminent as a mathematician, a 
mechanician, and a physiologist, and was the 
founder of the once famous school of iatro-mathe- 
maticians, whose members sought to explain the 
functions of the body and the application of 
remedies by statical and hydraulic laws. He was 
the first to demonstrate the impossibility of man 
flying by means of any machinery impelled by 
human force. 

Giovanni Alphonse Borelli was born in the 
beginning of the year 1608, at Naples. Beyond 
the fact that he studied mathematics under Cas- 
telli, at Rome, probably at the same time as Torri- 
celli, little is known of his life till towards 
middle age. In 1828 he published a work on 
Euclid, and soon afterwards was made a pro- 
fessor at Messina. Naples and Sicily at this 
time suffered, under Spanish rule, the worst 
horrors of the Inquisition, a circumstance which 
may account for the absence of any particulars of 
Borelli or his work. After the famous rising of 
Masaniello at Naples in 1647, and the accompany- 
ing unrest in Sicily, Borelli left Messina and took 
up his residence at Florence, and became attached 
to the Accademia del Cimento. For some time he 
lectured at Pisa. While in the north he was fortu- 
nate to discover in the Medici Library an Arabic 
manuscript of the great work of Apollonius on 
** Conic tions,” which was at once translated 
into Latin, and published. Though to the incom- 

rable Newton belongs the honour of the estab- 
ishment of the law of gravitation, yet the idea that 
the planets exerted forces upon each other had 
occupied the minds of several eminent men, such 
as Bouilland, Hooke, Huygens, and Wren. Borelli, 
too, contributed to this subject. In 1666 he pub- 
lished a work on the ‘ Theory of Jupiter's Satel- 
lites,” in which he distinctly describes the influence 
of gravity as a central force in the planetary 
motions. Both Newton and Huygens attached 
considerable value to Borelli’s views. 

By the year 1668 Borelli had returned to Mes- 
sina ; but after the revolt of the Sicilians in favour 
of the French, the Spaniards accused him of sedi- 
tion, and in 1674 he was banished. Just at this 
time Christina, the ex-Queen of Sweden, was living 
at Rome, and she, who had invited Descartes to 
Stockholm, now offered an asylum to: Borelli. 
Thither Borelli repaired, and at Rome he ended 
his days. 

In addition to his works on Euclid, on Apollo- 
nius and astronomy, Borelli is known by his 
labours in mechanical physiology. His conclusions 
with regard to the motion of animals held sway for 
nearly two hundred years, and it is only in our 
own times that his theory of flight has been modified 
or abandoned. His researches in animal mechanics 
are contained in two works, the first of which, ‘‘ De 
Motionibus Naturalibus,” was produced in 1670, 
and his greater work, ‘‘De Motu Animalium,” 
published posthumously during 1680 and 1681, and 
since republished many times. It was in these 
works that Borelli showed that, whatever mecha- 
nism was invented, man would still be unable to 
fly, owing to the want of any adequate force to work 
it. Another subject he wrote on was diving, but 
his remarks are as pe men interesting as showing, 
in spite of the rapid advances being made, the very 
elementary state of scientific knowledge of the 
time. He suggested as a diving costume a dress of 
goat-skins fastened to a copper vessel about 2 ft. 
in diameter, to contain the diver’s head. Within 
the helmet he proposed to have a number of pi 
arranged to produce circulation of the air, in er 
to promote condensation. Borelli thought this was 
all that was necessary to purify the air. ‘‘ The 
moisture,” he says, ‘‘by which it is clogged in 
respiration, and by which it is rendered unfit for 
the same use again, being taken from it by its 
circulation through the pipes, to the ‘sides of which 
it would adhere, and leave the air as free as 
before.” 

During the last few years of his life Borelli was 





86 


ENGINEERING. 





[JAn. 15, 1909. 








brought to very straitened circumstances. Robbed 
of all he possessed by a servant, he was glad to find 
shelter in the Convent of St. Panteleon, where he 
died on the last day of the year 1679. 








NOTES. 

Navat Arcuirecture at Liverpoo. UNIVERSITY. 

ALL associated with the maritime industry have 
learned with satisfaction of the gift by Mr. Alexan- 
der Elder of 12,5001. for the endowment of a Chair 
of Naval Architecture at Liverpool University—a 
department of education in the great Mersey seat 
of learning which has been advocated with great 
tact by Sir John Brunner, Sir William White, Pro- 
fessor Watkinson, and others. There is uliar 
appropriateness in the gift and giver, for Mr. 

Ider is the son of Mr. David Elder, a pioneer, 
with Robert Napier, in marine engineering, and 
has for fifty years been identified with , Fame 
pool maritime concerns, latterly more directly 
with Messrs. Elder, Dempster, and Co. He 
is thus a brother of the late John Elder, equally 
noted for his great services to the Clyde maritime 
industries, whose widow gave an equally large sum 
to the Glasgow University fully twenty years ago 
for the endowment there of the John Elder Chair 
of Naval Architecture. This was the first recog- 
nition by a university of the claims of shipbuilding 
as a suitable subject for scientific education. The 
University of Durham followed the example a 
year ago; but even with Liverpool now added, 
our facilities in this respect are inadequate, in 
view of the national importance of the industry. 
Germany shows us an example. In the Technical 
High School at Charlottenburg alone there are 400 
students of naval architecture and marine engineer- 
ing, as compared with 170 in all British schools, 
naval and collegiate, a condition which is not con- 
ducive to the maintenance of our high position in 
the science and practice of naval construction. 
Liverpool University, we hope, will assist to adjust 
the balance ; but discretion will require to be 
exercised in arranging a curriculum. Already there 
are many schemes, including one for an expensive 
model experiment tank, while others look for the 
resuscitation of the shipbuilding industry on the 
Mersey. Limitations must be recognised in this 
and other respects, otherwise disappointment must 
result. A tank is a desirable adjunct if money can 
be found, but we doubt if the all-absorbing demands 
of shipping on the Mersey will yield to such influ- 
ence as a Chair of Naval Architecture may have on 
shipbuilding work. The professor must work for 
the advancement of science and national interests 
through his students wherever they may come from 
and wherever they may go. The University cannot, 
and ought not to try to, overcome economic condi- 
tions ; but it may give to Liverpool University a 
renown for original research, and to the port a fame 
for its consulting naval architects which she does 
not now possess, notwithstanding her place in the 
ship-owning communities of the kingdom. Thus 
locally will accrue, but the greatest gain must 
be measured from the scientific and national stand- 
point. 


Exectric TRACTION ON THE SWEDISH STATE 
Rari~way in LAPLAND. 


Preliminary calculations have now been made 
concerning the adoption of electric traction on the 
Kirnna-Piksgriinsen section of the Swedish State 
Railway for the purpose of facilitating the transport 
of iron ore. ‘As a basis for the calculations, a 
quantity of 3,300,000 tons of iron ore is supposed 
to be conveyed annually from Kirnna to Piks- 
griinsen—that is, the Norwegian frontier—en route 
for Narvik, where shipment takes place. Provided 
that the Vakkokoski Fall is sufficiently powerful to 

ield the requisite power, a power-station of 12,000 
Geesh-pener will constructed there, and the 
electric current will be transmitted to the Krokvika 
‘Railway Station, a distance of some 8 miles from 
the Fall, at a pressure of 50,000 volts, which at con- 
venient places will be reduced to 15,000 volts. The 
cost of the power-station is calculated at about 
2,000,000 kr., or 110,000/., and the annual expendi- 
ture at 80,000 kr., or 4500/. The building will cost 
about 11,000/., the turbines about 10,000/., the 
electric plant close = 30,0001. Of transformers, 
there will be 4 at Kirnna, 3 at Tornetrésk, 4 at 
Abisko, and 3 at Piksgriinsen ; all transformers to 
be of the same type, calculated for 1500 k.v.a. 
normal and 3500 k.v.a. maximum. The cost of 
these is put at about 27,000/.; the annual expendi- 


ture is calculated at 28001. The cost of the electric 
lines is calculated at 123,0001., and the annual ex- 
penditure at a trifle above 10,0001. The electric 
working of the line will require 16 ore-train loco- 
motives, at a cost of about 80001. each, three pas- 


the aggregate cost of electric locomotives is put at 
about 160,000/. Steam traction requires 39 loco- 
motives of different types, which cost a trifle more 
than the electric locomotives specified above. The 
annual cost of the electric locomotives is calculated 
at 16,0001. The saving entailed by electric trac- 
tion is calculated at 54,0001. The annual cost of 
the traftic by steam locomotives amounts to 92,000/., 
whilst the corresponding cost by electric traction 
amounts to 67,5001., leaving a balance in favour of the 
latter of about 25,0001. By deducting 47,5001. for 
calculated working, amortisation, and maintenance 
| expenses as calculated for electric traction from the 
92,0001. which will be saved by the abolition of 
steam traffic, the balance, about 45,000/., repre- 
sents 8.85 per cent. of the total capital, 500,000/., 
required for power-station, transformer-stations, 
electric lines, electric locomotives, &c, Adoption 
of electric traction, however, means several other 
savings, apart from those enumerated above, which 
cannot yet be accurately calculated. If the trafic, 
upon which the electric traction is based, should 
be carried on by means of steam traction, several 
new arrangements would be necessary—as, for in- 
stance, a new station, where the trains could pass 
in case the line was not made a double one. It 
would also be necessary to instal new coaling plant 
at Abisko, and the line would have to be altered so 
that the gradient on the Stenbacken-Kajsaniemi 
section was done away with. 


THERMIT REACTIONS. 


Although thermit reactions belong to the class 
of metallic reductions, inasmuch as we reduce an 
oxide—e.g., iron oxide—by means of a powdered 
metal—aluminium—with the object of obtaining 
iron in the molten state, there are characteristic 
features which justify H. Goldschmidt, of Essen, 
to speak of particular thermit reactions. The essen- 
tial points are that the mixture of oxide and metal 
should readily be ignited, that the reduction should 
propagate itself through the mixture, that a pure 
metal should be produced, and that the slag of 
the resulting oxide or compound should be sufti- 
ciently fluid to allow the particles of reduced 
metal to flow together. During his continued 
researches, Goldschmidt has, in conjunction with 
Weil and Miiller, found many reducing mixtures 
which do not satisfy the conditions of a thermit. 
Silicon is now a comparatively inexpensive electric- 
furnace product ; it is a-powerful reducing agent, 
but not a thermitic agent. When it is mixed 
with chromium oxide or the manganese oxides 
Mn,0, and Mn,O,, the reaction does not spread ; 
in mixtures with Mn0,, the reduction proceeds, but 
pure manganese is not obtained. The iron oxide 
(F 208 is not reduced by silicon ; the red oxide 
(Fe,O0,) is reduced when the silicon is very finely 
subdivided. Copper oxide and silicon yield a silicide, 
not copper. A mixture of equal parts of copper 
oxide and lead oxide and silicon reacts like a ther- 
mit ; but the reaction. is too slow, and the impure 
metals separate in two layers. Nor does calcium 
answer as a thermitic agent, although it reacts vio- 
lently with many compounds, as F. M. Perkin and 
also Beckmann had already ascertained. The result- 
ing calcium oxide (lime) has so high a melting-point 
that a few globules of reduced metal are found 
embedded in a partly solidified mass of slag and 
unattacked mixture. Mixtures of calcium and 
silicon provide less violent reagents, and can tech- 
nically be applied. The best proportions are 2 Ca 
to 1 Si, when a liquid slag is formed. It does not 
appear possible to produce a calcium-silicon direct 
from lime and silicon bya thermitic process ; but such 
a compound or silicide, containing up to one-third of 
its weight of calcium, can be prepared in the furnace. 
This silicide of Goldschmidt has the density of 2.45 ; 
the density should be 2.2, but the compound is not 
free from iron, though free from carbon. The 
calcium silicide—which, we should mention, could 
be seen in the Franco-British Exhibition, as 
one of the alloys made by the Société Electro- 
métallurgique Procédés Paul Girod—is an active 
deoxidiser, and forms a very fluid slag, which 
rapidly rises to the surface, while alumina itself 
is - to remain finely distributed through the 
| stec ; the silicide also desulphurises. Magnesium 





— locomotives calculated to cost half that sum | the two metals together, or by depositing calcium 
each, and a motor-carriage, which will cost 2200I.;| clectrolytically on an aluminium cathode. 





silicides are less easily prepared than calcium 
silicide, and are not recommended for thermitic 
reactions ; the same holds for the silicides of 
barium and strontium. Alloys of aluminium and 
calcium answer well; they are prepared by fusing 


The 
latter process is that of Poulenc Fréres, of Paris, 
who exhibited this alloy at Shepherd’s Bush. Ac- 


cording to Goldschmidt, the best ratio is 53 parts 


by weight of Ca to 47 parts of Al, when a fluid 
slag of the composition 3 CaO, 2 Al,,O, results, melt- 
ing, according to Boudouard, at 1395 deg. Cent. 
Alloys of the three elements Al, Ca, and Si are also 
recommended in the proportions 20:47 : 33; the 
resulting slag melts at 1345 deg. Cent., while the 
slag 4 CaO, 3 SiO, melts at 1425 deg. Cent. We 
wish to add that B. Neumann has succeeded in 
reducing, by means of silicon, chrome ironstone to 
ferro-chromium in Héroult furnaces, but he failed 
in obtaining pure chromium, titanium, tungsten, 
and molybdenum, metals of high melting points, 
which have a strong affinity for carbon and silicon. 








RAILWAY CURVES. 

AT the ordinary meeting of the Institution of Civil 
Engineers, held on Tuesday, the 12th inst., Mr. James C. 
Inglis,- President, in the chair, the papers read were 
** High Speeds on Railway Curves,” by Mtr. J. W. Spiller, 
Assoc. M. Inst. C.E., and ‘“‘A Practical Method for the 
Improvement of Existing Railway Curves,” by Mr. W. H. 
Shortt, Assoc. M. Inst. C.E. The following are abstracts 
of these papers :— 

The recent railway disasters at Aylesbury, Sulisbury, 
and Grantham have aroused considerable interest in the 
question of the maximum — safely permissible on 
curves, The first paper has been written with the object 
of determining the limiting safe speed of ordinary rolling- 
stock when passing round curves on well-maintained rail- 


ways. 

The motion of a truck on a length of straight line is 
first considered, and it is shown that such motion is of a 
somewhat irregular character, due to imperfections in the 
road-bed. After referring to the very small effect that 
the conicity of the wheel-tyres has on the direction which 
vehicles naturally follow, the motion of a simple truck 
round a curve is considered, and the path which the 
wheels take is defined. 

The amount and effect of the additional forces acting on 
curves is next t , and the lateral pressure which they 
ordinarily produce tetween the leading wheels of a ie 
express engine and the rails is determined; it is al 
pointed out that, ccntrary to general opinion, supereleva- 
tion does not reduce to any material extent the lateral 
pressure between wheel and ail. 

The effect of the curvature forces on the stability of a 
locomotive is investigated, and simple formule are evolved 
giving the maximum safe speed permissible with super- 
elevations varying from zero to 4in., having regard to the 
effect of overturning only. 

The danger of derailment, owing to the lateral pressure 
which exists between the leading wheels and the outer 
rail, is considered, and formule are evolved giving the 
maximum safe permissible speeds on all curves. It is 
pointed out that the results so obtained are in all cases 
smaller than those derived from formule which consider 
the danger of overturning only. 

The increased danger of derailment through junctions, 
owing to the action of the crossing guard-rails, is a 
pointed out. 

The importance of introducing transition curves at all 
places where sudden cha of curvature exist is referred 
to, and the properties and proportions which such a curve 
should possess are explained. Diagrams are given show- 
ing the method of inserting such curves between a circular 
arc and a straight line, and how by introducing them into 
junctions higher speeds become safely permissible. 

The second paper points out that the high speeds at 
which trains now run render it very important not only 
that the track should be of sufficient strength to carry the 
great weights put upon it, but also that its alignment 
should be perfect; so that trains-entering and leaving 
curves may at all times travel not only safely, but so 
smoothly that passengers will not feel any discomfort 
whatever, whether the curves be sharp or flat. In order 
to secure this condition, it is necessary that all curves 
should be entered and left by transition curves. 

With regard to lines yet to be made there should be 
little difficulty in providing the necessary transition 
curves, as there will be no fixed obstacles in existence to 
interfere with the setting out by any of the methods 
already published ; but the lines yet to be made in Great 
Britain are few in comparison with those already in exist- 
tence, most of which have been construct without 
transition curves. Hence the necessity for some simple 
and effective method of introducing, without serious ex- 
pense, transition curves which will promote the smooth 
and safe running of trains at high s S. . 

Such a method has been devi by the author ; it is 
believed to be original, and has been used with success on 
the London and South-Western Railway. The method 
isa Le magge one, in which distorted scales are so used as 
to render very small differences of curvature clearly 
visible. 

Before describing the method the two following ques- 
tions are discussed 

1. What is the true 

When a pure circu 


ee 


rpose of a transition curve ? 
curve is entered directly from 
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the straight, centrifugal force acts very suddenly on each 
vehicle ; this sudden action of the centrifugal force pro- 
duces a swing, similar to the swing of a pendulum-bob 
when drawn aside and released. 

Asa rule, the outer rail on the straight leading to the 
curve is ually superelevated, so that the proper 
amount of cant. is attained at the entrance to the curve; 
but this cannot lessen the extent of the swing, although 
it lessens the sense of discomfort to the passengers. 

The over-swing or pendulum effect is augmented b 
reversal of curvature, and, consequently, it is at woch 
points discomfort is most felt. 

The true purpose of a transition curve is, therefore, to 
enable the centrifugal force to be applied gradually, and 
so obviate the swing produced by its sudden action. 

2. What is the most suitable length and form of tran- 
sition curve? 

An efficient transition curve should allow of a rate of 
gain or loss of ial acceleration for the fastest trains 
just equal to the maximum amount that will pass un- 
noticed. 

The radial acceleration of a car moving v feet per second 


in a curve of r feet radius equals at ; So that, neglecting 
r 


the easing effect due to the length of a coach, the rate of 
gain of acceleration when a car enters a curve of r feet 
radius with a transition / feet long, at v feet per second, 


3 

equals + - In the author's experience, the maximum 
r 

rate of gain or loss of acceleration that will pass un- 

noticed is 1 ft. per second per second in a second, so that /, 


the length of transition necessary, equals “ ft. 
Tr 


It appears that eleven times the square root of the 
radius in chains represents the maximum speeds in miles 
per hour that are regularly attained over curves in 
practice, anc, therefore, eliminating v from the above 
expression, it is shown that for practical purposes the 


saitable length of transition curve equals ,/ R chains. 


V = 11 /R being onl ' true up to about 82 miles per 
hour, L = J/R only applies to curves of less than about 
54.3 chains radius. a 

Where 5) Ss as high as 11 VR are not probable, or 
even possible, the length of transition may be reduced, and 
is given by the expression arm =. where V is the 
maximum speed. 

The reciprocal of the rate of change of acceleration 
gives a measure of the efficiency of the transition curve ; 

ence the efficiency of any transition curve of length L 
chains between a tangent and a curve of R chains radius 


under a speed of V miles per hour equals a L 


In all cases where the length of transition adopted is 


less than V/R this expression is extremely useful, as it 
enables a comparison to made between a number of 
equally possible, but different, methods of improvement. 

It is shown that the form of the transition should be 


such as to satisfy the relation 1 _ m where p= the radius 
r 
at any point, \ is the length of transition traversed up to 
that point, 7 the radius of the main curve, and / the length 
of a = gg 

Mr. Glover, in a paper appearing in vol. exl. of the 
Minutes of Proceedings of the Institution of Civil Engi- 


neers, shows that the spiral \ = m \/ @ completely satisfies 
this condition, and is in every way the simplest form of 
transition curve to use. 

With regard to the application of these transition 
curves to the improvement of existing railway curves, the 
following is a brief outline of the general method :— 

I. The existing curve is surveyed with a series of over- 
lapping two-chain chords, offsets being taken at every 
chain from the centre of the chords to the rail ; that is, 
the existing track is taken as a base-line, and the curva- 
ture of this line determined ; the position of all structures, 
such as the abutments of bridges, &c., are picked up in 
reference to this base-line. 

II. This information is plotted to a distorted scale, all 
lengths measured along the base-line being plotted to a 
scale of 40 ft. to an ~§ all lengths at right angles to the 
base-line—that is, all off-sets—to a scale of 4 ft. to an inch, 
and all radii to a scale of 400 ft. to an inch. 

IIIf. A suitable transition curve is then drawn out to 
the same scales on tracing-paper, and fitted to the original 
curve, by placing the tracing over the survey, and moving 
it about until a suitable position is found. 

IV. When this has been done it simply remains to 

scale off, with a scale of 4 ft. to an inch, the distance each 
point of the original curve must be moved to the right or 
left to bring it into the new position ; and from this infor- 
mation a new centre line embodying the transition curve 
is Feesed out on the ground. 
_ Three actual cases are described as examples. The first 
is the improvement of the end of a nominally 30-chain 
curve, while the second is the more important case of the 
improvement of the alignment at a point of reversal of 
curvature, which was distinctly felt when passing over it 
in high-speed trains. 

The third case illustrates the application of the method 
of improvement to curves complicated with switches and 
crossings, such as occur in the case of junctions, &c., and 
more ially in the neighbourhood of stations. 

A table is given showing how closely the off-sets as 
obtained from the pegs setting out the improvement on 
o ground agree with the off-sets as scaled from the 
dia, 
di 


m of the improved alignment in this last and most 
cult case. 





“THE PROBLEM OF FLIGHT.” 





_To THe Epitor oF ENGINEERING. 
Str,—With regard to the question of propellers, may I 
draw attention to one or two points which seem to be 


very frequently overlooked. 
hrust per Horse-Power.—Statements are frequently 
|made as to this without any mention of the ve of 
}advance. Since a horse-power is 550 foot-pounds, at a 
is of 5) ft. per second (advance, not slip or propeller 
| speed) the thrust cannot exceed 11 lb. per horse-power, 
|and, similarly, at 274 ft. per second the thrust cannot | 
| exceed 20 lb. per horse-power. These res need, of | 
course, to be reduced by the efficiency coefficient. 

Variation of Thrust.—It seems to be frequently over- | 
looked in considering aeroplane propellers that the 
propeller settles down to a certain speed determined by 
the joint effect of its dimensions, slip, and the motor 
variation. If we plot the power curve to a revolution 
base for the motor, and a set of similar curves for the 
power consumed at certain revolutions with various 














degrees of slip, the points of intersection of the latter 
curves with the characteristic curve of the motor, as shown 
above, will indicate the normal revolutions attained, and 
the power consumed at those revolutions. A study of 
these curves (based on experimental figures) will, I think, 
clear up many of the difficulties in connection with heli- 
copter and aeroplane problems. 

Augmentation of Phrust by Cross - Draught.—It was 
shown in your columns some time ago by Mr. Cree Brown 
that the Loess varies as the sum of the squares of the pro- 
peller and translatory velocities. It must, however, be 
noticed that the augmentation of thrust by cross-draught 
will n to be neutralised by an eq and opposite 
force, so that in the helicopter types more power will be 

uired for the horizontally-acting propeller. 

y I further call attention to the probable utility of 
forming the propeller-blades with Phillips sections, so 
that when travelling with the designed speed of advance 
the chords of the curves lie in the direction of relative 
motion. This will ensure maximum thrust with minimum 
torque. 

Iam, Sir, yours faithfully, 
HerBert Cuat wey, B.Sc., Eng. 

Hotel Me'ropole, Moscow, January 5, 1909. 





HORSE-POWER RATING OF PETROL- 
ENGINES. 


To THe Eprror or ENGINEERING. 

Sir,—I regret that, owing to absence from town, I did 
not see your issue of the 25th ult., containi Mr. 
age’ peeoge of ay seo ~ Mh ee 

ting,” until two days ago. Hence my delay in replying. 

There can now = - sane that Me. OGarmans 
article, which I criticised, in which he used the results of 
the hill-climbing tests in the “ 1000-mile trials,” was 
issued in connection with the report of the S.M.M.T. 
He admits that he was invited by the chairman to write 
the article, and that he wrote it, hoping that it would 
throw some light on the best formula. My contention has 
been that it could not possibly help in any way to differ- 
entiate between the formule, and I still maintain that 
opinion, and shall now endeavour still further to prove 
that my contention is correct. 

First of all he shows that his results more closely 
with the 0.4 d? formula than with the Lanchester-Callender 
formula, 0.197 d (d — 1) (r + 2), and that oe one still 
better with the formula 0.46 d?r°4, Now what are the 
differences between these formule? The first assumes a 
mean pressure during the working stroke of 70 Ib. per 

uare inch, and a piston speed of 1000 ft. per minute. 
The last, which was given by Lanchester with the con- 
stant 0.4 instead of 0.46, assumes the same mean ure, 
but instead of taking the same piston nek fe all 
engines it takes the piston speed 1000 ft. per minute 
= for engines having a stroke-bore ratio unity; and 
for other stroke-bore ratios it varies the piston speed 
so as to keep the intensity of inertia stresses constant. 
This piston speed is te by 1000 r°4, where r is the stroke- 
bore ratio. Mr. O’Gorman has altered the constant to 
0.46, hence he assumes a piston speed proportionately 

ter—t.e., 1150 74 ft. per minute. The difference 
tween this formula and the R.A.C. formula is therefore 
purely one of definition (Mr. O’Gorman denies this, but 
does not enlighten us as to his reasons), involving the 
question, Shall we measure our horse-power at 1000 ft. 
per minute, or at 1150 r°-4 ft. per minute? 

If the 0.46 d?r°-4 formula represents the hemmgoess 
calculated from the results of the hill-climbing tests better 
than the R.A.C. formula represents them, we may infer 
that the piston speeds of the engines during the hill- 
|climbs are more closely represen by the expression 
| 1150 7-4 ft. per minute than by 1000 ft. per minute. The 








| tests, together with either formula, might be to 
| deduce the actual piston speeds of the engines, but they 


cannot differentiate between formule whose only dif- 
ference is one of definition. 

en we come to consider Callender’s modification of 
Lanchester’s formula, we open new ground. Professor 
Callender, by a series of accurate experiments on in- 
ternal-combustion engines of different sizes, obtained an 
expression for the influence of the size of cylinder on the 
mean pressure during the working stroke. As the 
cylinder is reduced in size the ratio of surface to volume 
increases, hence the pro) ional heat-loss to the jacket 
increases, arid reduces the mean re. This fact is 
allowed for in the formula 0,197 d (d — 1)(r + 2); but this 
formula also contains the piston speed assumed by 
Lanchester, 1000 7°-4, which may be approximately repre- 


sented by = (r + 2), both being approximations for the 


more accurate expression, 1140 |V/ ss + 0.3. If we are 


going to make comparisons between this formula and the 
actual brake horse-power of engines of different sizes in 
order to see whether Callender’s expression for the heat 
loss is verified by these tests, it seems to me futile to do so 
unless the brake-horse-power tests are carried out at the 
piston 8 assumed by the formula, or unless a cor- 
rection is made for the difference of piston speeds. If the 
correction is not made, the variation of horse-power due 
to heat-losses is drowned in the uncertain possibly 
much greater variation due to piston speed. 

This correction was neither made by the S.M.M.T. 
in their report nor by Mr. O’ in his article. I 
pointed out the mistake in the former at the discussion of 
the report by the I.A.E., and Professor Call in 
following me, supported the correction, Hence, Mr. 
O’Gorman’s use of Professor Callender’s name as an 
authority against me is quite unjustified, The correction 
for piston speed is one of simple proportion, for in a good 
spellepa engine the brake horse-power is proportional to 
the piston speed up to speeds much above the normal. 

I aoe never at any time offered any objection to the 
R.A.C. rating as a substitute for the indefinite nomen- 
clature given by makers, but I do object to the R.A.C. 
formula being Seuvead from its assumptions and set u 
as a fetish, any good design which shows considerable 
deviation from the formula being dubbed a “freak.” The 
formula is good so far as it goes, but it has been greatly 
misused by certain members of the R. A.C. committee and 
others by severing it from its assumptions. It ought to 
be defined with the piston speed stated in the definition. 

If the nominal horse-power of an engine is going to 
defined without reference to piston speed, it is simply 
waste of time to think of the effects of any other variable, 
or to represent them in the formula. In actual practice 

iston speeds up to 2500 ft. per minute have been used. 
if, then, it is possible to have a variation of horse-power 
of more than 100 per cent. due to piston speed alone, what 
is the use of trou ling about the secondary variations due 
to heat losses, throttling at inlet valves, &c., which may 
amount to a mere fraction of this large variation? The 
effect of throttling in the inlet pipes, valves, &c., is alto- 
gether excluded if the horse-power characteristic is straight 
up to the speed of the test. The primary variable is the 

ston speed ; the variable second in im ce is the 
Coupee Until the first is allowed for it is useless to 
consider the second, and until both are allowed for it is 
useless to consider any others. 

Since Mr. O’Gorman and I differ on matters of defini- 
tion, it would be useless to continue this discussion. It 
may have been all right in the early days of motoring to 
ignore piston speed, when the maximum _horse-power 
obtainable from the engines occurred at about 1000 ft. 
per minute ; but much progress has been made in design 
since then, and most of our good engines are working on 
a straight horse-power characteristic. 

do not understand Mr. O’Gorman’s allusion to my 


‘pet ” formula. My formula 0.4 D? ré was the first to 
attempt to rate engines at equality of inertia stresses, 
and not at equality of piston s js. It was derived 
from considerations of dimensions alone, and in com- 
paring dissimilar engines, for want of actual data, I 
took tentatively the cube root of the piston displace- 
ment volume as a measure of the linear dimensions. 


This gave me piston speeds 1000 r# » I was glad when 
Mr. nchester published his analysis of the inertia 
stresses in actual engines, and showed that 1000 r°-4, or 
between that and 1000 7°5, was more correct. Since then 
I have repeatedly advocated the adoption of his formula 
and of Professor Callender’s addition to it, so that my 
own is of merely historical interest. 
Yours faithfully, 
J. B. HenpErson, 
Royal Naval College, Greenwich, January 7, 1909. 





ASSISTANT ENGINEER-IN-CHIEF OF THE Navy.--Mr. 
R. J. Butler, C.B., who has been so long identified with the 
Engineering Department of the Navy, and for some years 
has been Assistant Engineer-in-Chief in the Controller’s 
De ment of the mene has just retired from the 
public service, and has joined, and been elected a director 
of, the firm of Messrs. John Spencer and Sons, Limited 
Newburn Steel Works, Newcastle-on-Tyne, whom he wi 
represent at their London office. At the Admiralty he 
wal, it is understood, be succeeded by Engineer-Com- 
mander Philip Marrack, who has also been closely identi- 
fied with the many improvements eff by Engineer 
Vice-Admiral Oram recently. -Mr. Marrack first took 
rank as Assistant Engineer mm 1881, and has successively 
advanced to the rank of Commander, taking also a special 
course at the Royal School of Naval Architecture and at 
the Royal Naval Coll at Greenwich. Lately he has 
been identified with turbine constructional work. 
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THE ITALIAN SUBMERSIBLE BOAT 
BY 


CONSTRUCTED 


THE FIAT 8. GIORGIO COMPANY, 


ENGINEERS, 


“FOCA.” 


SPEZIA. 








Tue above view illustrates the Italian submersible | 


boat Foca, which we briefly referred to in our article 
on page: 12 ante. We stated, through a misap- 

rehension, in that article that the Otaria and 

richeco had been built by the Fiat 8. Giorgio Com- 
pany. Those two submersible boats were built by 
the Venice Naval Dockyard, on the designs of Naval 
Constructor Cesare Laurenti, who is now the technical 
director of the Fiat 8. Giorgio Company. The Foca, 
which is claimed to be the fastest boat of her class, 
has been built completely by the Fiat Company, also 
on the designs of Naval Constructor Laurenti. The 
view shows her running at a speed of 15 knots. 








THE MOSCICKI ELECTRICAL 
CONDENSER. 

In the_fourth of his post-graduate lectures on wire- 
less telegraphy and telephony, Professor J. E. Flem- 
ing described the Moscicki condenser as being a most 
efficient substitute for the Leyden jars hitherto 
generally used, to provide the capacity necessary in 
the oscillating circuits needed in radiotelegraphy. 
These condensers can withstand potentials as high as 
60,000 volts, whilst 20,000 is about the maximum 
that the ordinary Leyden jar can be expected to 
sustain. A group of these new condensers assembled 
together in one casing is illustrated in Fig. 1, whilst 
the construction of each element is clearly shown in 
Figs. 2 and 3. 

As will be seen, the condenser consists of what is 
practically a gigantic test-tube, having thin walls 
everywhere save near the top. Like a Leyden jar, this 
tube is coated inside and outside with a metallic film, 
but in place of the tin-foil used with the former the 
coatings of the Moscicki condenser are of silver, 
chemically deposited, as in the ordinary method of 
coating the mirrors used in astronomical telescopes. 
Leyden jars, made with a uniform thickness of glass, are 
liable to fail near the top, above the level of the arma- 
tures. The new condenser, accordingly, is greatly 
thickened here, but being thin elsewhere, the capacity 
of the element is high; whilst if it were made uni- 
formly thick throughout, tais capacity would be greatly 
diminished, owing to the greater distance then inter- 
vening between the inner and outer coatings of the tube. 
The arrangement adopted combines, therefore, strength 
at the part most liable to failure, with the thin walls 
eminently desirable elsewhere. For wireless tele- 
graphy itis very essential that the ohmic resistance 
of the coating shall be small. Some difficulty was at 
first experienced in getting as thick a film of silver 
deposited as was desirable from this standpoint ; but 
this has now been entirely overcome, as much as 100 
grammes of silver being successfully deposited on the in- 
terior surface of an element having a tube 4 centimetres 
in diameter by 95 centimetres long. This coating is 
further backed by a layer of copper, electrolytically de- 

ysited. As already mentioned, the exterior of the tube 
is also silver-coated. When mounted the glass tube thus 
covered is placed inside an iron tube, and the interspace 
between the two is filled with a mixture of glycerine and 
water, which ensures an equality of potential between 
the iron tube.and the outer coat of silver. The iron 
tube protects the element from accidental injury, and 
enables it to withstand the incidents of transport, even 
over rough country. This feature is particularly valu- 
able in connection with military field telegraphy on the 
wireless principle, and hence these condensers are being 
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largely adopted by the War Office, as well as by the 
Admiralty. 

In addition to its use for wireless telegraphy, this 
type of condenser is finding other applications—viz., 
in the protection of high-tension lines from the effects 
of lightning, and in the improvement of the power- 
factor of alternate-current power transmissions. For 
the latter purpose the condensers can, it is claimed, be 
installed at a cost of 1/. to 3/. per K.V.A. The manu- 
facture of these condensers is, we add, shortly to be 
commenced in this country, though the supply is at 
present derived from Switzerland ; the Englieh agents 
of the manufacturers being Messrs. Isenthal and Co., 
of 85, Mortimer-street, W., to whom we are indebted 
for our illustrations. 








Execrric Furnaces tN Russta.—It is reported that 
Héroult electric steel furnaces are to be installed at the 
Imperial Russian Obukhov Steel Works at St. Peters- 
burg and atthe Kirntnerische- Eisen and Stahlwerks-Ges., 
h, Carinthia. 

























































Fé Fig.3. 
view OF TOP Ja Key 
eS\N NB o 
© ))"SNNG 
OW WY 
Lipp yp 
SECTION C.D. \ 
== Fig. ¥ 
: TOP OF CASE 
4 Fig.é 
6+ —|— fr-# 
| SECTION G.H. 
} Fig.?. 














View FROM ENO 


@ 


Canapian Ralistror’MExico.—Recent despatches an- 
nounce that a contract for steel rails for Mexico has been 
awarded to the- Dominion Iron and Steel Co., of Carihda. 
| Hitherto the orders have gone chiefly to the United States. 
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Ir is a matter familiar to most mechanical engineers 
that, among machine-tools, the lathe has probably been 
regarded by inventors and mechanics as better suited 
than any other tool for experiments, the object of 


which has been to turn it into a universal tool. The 
reason for this is not far to seek, for the lathe, and 
especially the screw-cutting lathe, does appear to lend 
itself kindly to the addition of all sorts of contrivances 
originally etna to it, which very much widen the 
useful range of work to which the tool can be applied. 
Makers seem to have a special liking for this outlet 
for the display of their inventive faculties, with the 
result that many admirable improvements have been 
made, so much so, in fact, that some of us would 
hardly recognise the lathe of our boyhood in the 
elaborate contrivances which are now called by the 
same name. The modern lathe must now be able to 
perform many complicated operations besides those 
of turning, and much time, therefore, is spent in 
trying to make it mill, drill, divide, &c. As 
is well known, the desired results are obtained by 
the addition of various fixtures, either to mount 
the work upon, or to carry the milling-cutter or 
tool, as may be desired. The results are, however, 
only obtained after much labour and expense, and it 
was with a view of simplifying and reducing these 
attachments that the lathe which we illustrate 
above was designed and constructed by Mr. Joseph J. 
Pealing, 11, Earle-road, Tunnel-road, Liverpool. The 
tool is shown in two views, Fig. 1 being what we may 
call a front elevation, and Fig. 2 an end view, eac 

of them showing in perspective the general arrange- 
ment of the lathe. the maker claims that the tool is a 
decided advance on the existing lathes, as used in the 
modern tool-room and in the finer branches of engi- 
neering, and that it is one capable of producing in a 
commercial way model and fico ow mie Bt cent 9 milling- 
cutters, taps, reamers, &c., which are not oondiealh 
and are, therefore, more easily produced on one 
machine. 

In order to accomplish the varied processes for 
which it has been designed the Mersey universal lathe 
is provided with a rising and falling main headstock, 
the rise and fall of which is equal to one-half the 
distance from the centre to the bed. The lathe- 
bed is provided at the head end with two vertical 
slides, having vees on the side nearest the front of the 
headstock. In these slide-beds extension-pieces, 
which form part of the main headstock, are carefully 
fitted, so as to slide therein without shake, gib-pieces 
and screws being provided to compensate for wear. 
In the extension-pieces vertical slots are cut, through 
which and the slide-bed a clamping-bolt is passed for 
— the headstock in place. The nut, having a 
knurled head, can easily be tightened by hand. The 
arrangement is very clearly shown in Fig. 1. 


























The mechanism for raising and lowering the head- 
stock is as follows :—On a spindle which is mounted 
on the lathe-bed there is a bevel-wheel which gears 
with a larger bevel-wheel, and through simple mecha- 
nism raises or lowers the headstock, when the spindle 
is turned by means of a key which fits its squared end. 
The elevating-screw is screwed into the headstock, and 
is threaded at the lower end, where it passes through 
the large bevel-wheel, which is collared to the bed, 
so that when the latter rotates, the spindle and 
the headstock to which’ it is attached are raised or 
lowered: An index is provided which is graduated 
to 0.001 in., by means of’ which the lathe mandrel 
may be accurately fixed at varying distances from 
the lathe-bed, and so rmit of different opera- 
tions being performed. The hand-lever by which the 
headstock is-raised is clearly shown in the figures. 

The change-wheels are made so that they will gear 
for traversing or screw-cutting when the headstock is 
at the highest or any position, the quadrant being 
shown down in Fig. 2 in order to show the extension- 
pieces, &c. The raising headstock, of course, makes 
the lathe equal to one of larger centres, or is equiva- 
lent to a gap-bed without introducing the disadvan- 

es of-the latter. 

or a foot-lathe the belt tension is provided for by 
mounting two brackets on the back of the lathe-bed, 
which brackets carry a back-shaft cone and driving- 
pulley at a height equal to the height of the lathe 
spindle when raised to an extent equal to one-halfthe 
full rise. By this means it is quite possible to main- 
tain the belt tension. Our illustrations clearly show 
the arrangement. In the case of power lathes the belt 
tensions would be maintained by a special counter- 
shaft or other suitable means. 








INDUSTRIAL NOTES. 

THE report of the Fair Wages Committee was 
dealt with in last week’s ‘‘ Industrial Notes ;” now 
we have the report of the Departmental Committee on 
the Truck Acts, fines, &c., in which ‘‘the system of 
living-in ” is dealt with. The Committee was a strong 
and representative one, representing all sides of the 
question. In the majority report ‘‘the living-in 
system” is not wholly condemned, nor is there a 
recommendation for its prohibition. The minority 
report condemns it, and would prohibit it. The 
revolt against ‘‘ the living-in system” is mainly 
because of its restraint. This, indeed, was the inten- 
tion of its provisions—to keep the young of both sexes 
from the streets late at night, for their own benefit. 
In these days much restraint is objected to, andthe 
changed circumstances render it more irksome than it 
was fifty years ago. The Committee recommend some 
modifications, but not its abolition. The main recom- 








mendations by the Committee are :—(1) The extension 
of the Truck Acts to outworkers ;, (2) the fines shall 
not exceed 5 per cent. of the week’s wages af the 
worker ; (3) that no fines be levied on young persons 
of sixteen years of age and under: (4) that living-in 
establishments be subject to regulations and inspec- 
tion. These recommendations i canted out will do 
much to prevent the evils coniplained of, so that even 
the shop assistants will welcome the changes. 





It is a relief sometimes to turn away from the strife 
and disputes between capital and labour, and to look 
at another aspect of the hfe of the workers, as shown 
in their thrift and provision for adversity. Friendly 
societies were legalised, protected, and facilities given 
for their establishment some thirty years before the 
ban of illegality was removed from trade unions. They 
flourished more or less as village clubs, being subsi- 
dised by contributions of the local gentry and clergy. 
The right to have branches was not conferred, how- 
ever, until the ‘forties, as they were prohibited under 
the Corresponding Societies Acts and the Licensing of 
Reading-Rooms Act ; but in 1846 they were exempted 
from the provisions of those Acts. owever, some of 
the ‘‘ great Orders” were instituted long before the 
exemption was embodied in Acts of Parliament. Since 
that date the movement has so increased in volume and 
force that at present the total membership of such 
societies is estimated to be 6,000,000, with accumulated 
funds of 60,000,000/., and annual payments in benefits 
of 5,000,000/. This is a splendid record of thrift. 
Recently the numerical increase has been small, but 
there has been a substantial addition to the aggregate 
funds. Some years ago steps were taken to increase 
the capital amount per member, and during the inter- 
val much has been done to satisfy actuarial require- 
ments. One reason for the alleged deficiency was the 
limitation as to investments, savings banks and the 
National Debt Commissioners being the only outlet for 
securing interest, and the interest in those has de- 
creased. The Odd Fellows stand in the forefront 
with 1,029,972 members, and the funds amount to 
13,832,048/., an increase of 451,778/. 13s. 3d. in the 
year. The Foresters come next with 892,329 members, 
and funds amounting to 7,696,269/. 11s. 5d.—increase, 
209,909/. If wives were included the membership would 
reach 1,275,080. The Hearts of Oak is a centralised body 
with 297,762 members and funds at 3,593,383/. 10s. 3d. 
The above facts and figures show the strength of the 
movement—one which is commended on all sides. 





The final agenda to be discussed at the Ninth Annual 
Conference of the Labour Party, to be held in the Town 
Hall, Portsmouth, on January 27 next and following 
days, has been issued. It is a bulky document, inter- 
leaved with blank pages for the convenience of the 
delegates. The business is admirably and skilfully 
arranged, and the resolutions and amendments are 
very clearly set forth, with here and there explanations 
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as to their effect in connection with the constitution | appear to have a good record as members of the union. | strike pickets were warned, and police were stationed 
e returns do not show any real improvement in the to prevent assaults and damage to the property. 


and policy of the Labour Party as now defined and set 
forth in the constitution, and by the decisions of the 
Hull Conference. However much men may differ as 
regards the principles, policy, and the means adopted 
by the Labour Party, the officials and executive are 
to be congratula upon the arrangement of the 
agenda, and upon the clearness with which they state 
their objects and aims. There is no attempt to 
disguise either. 
nature of the resolutions and amendments ; the 
desire in many quarters appears to be to curtail indi- 
vidual liberty, and to mould the opinions and actions 
of its members and representatives after a uniform 
pattern ; to put them into a kind of State lathe, and 
to apply thereto State calipers, so that all shall fit 
like the mechanical parts of the modern manufactured 
watch. Human nature cannot be so moulded, and, if 
it could, it would be undesirable. The programme is 
too long to be here given in detail, nor is it necessary, 
as the whole will considered in the light of the 
decisions of the Conference. There are likely to be 
sharp dissensions on some points. 





Mr. G. B. Shaw once said that Socialism would be 
all very well if it were not for the Socialists. He is 
himself an example of what he means. He calls him- 
self a Socialist, but he is in reality the quintessence 
of individualism. Others could uoted, but 
he is the best that can be chosen. heir indivi- 
dualism is manifest in various ways and directions, as 
appears in their speeches and actions. Rumours and 
reports were afloat last week to the effect that serious 
differences had arisen in the ranks of the Labour 
Party, whether as to matters of principle, of policy, 
or of means, were not clear. It issaid that the Member 
for Merthyr had arranged to curtail his visit to the 
United States because of these differences. But the 
leaders and officials of the party are reticent as to the 
nature and extent of the rift in the lute. The opposing 
parties may adjust their differences again as they have 
so often done before, but the fact of their existence is 
a self-evident argument in favour of individual liberty 
in political action, as in all other affairs of life. The 
important delegate meeting in Scotland recently held 
favours the idea that there is a revolt on the part of 
many to the hard-and-fast lines advocated by the 
more aggressive sections, for there are more than one 
or two. The demands of the Labour Party and the 
Socialists are not always easy to understand. It seems 
that Mr. Shaw would wish the Labour Party to for- 
mulate a programme to which neither Tory, Unionist, 
Liberal, Radical, nor Irish Nationalist can agree, and 
then fight independently until the programme is en- 
dorsed. But surely some such proposal was formulated 
long ago. It was ‘that all the means of production, 
distribution, and exchange should be nationalised.” 
This is broad enough in all conscience—a programme 
none of the other parties will assent to. What then is 
to be the new programme ? 





The Journal of the Amalgamated Society of Engineers 
for the first month of 1909 is fairly in accord with all 
previous numbers, when under the editorial supervision 
of Mr. Geo. N. Barnes, M.P., the ex-general secretary. 
Its tone may not be so socialistic, but its adherence to 
the principles and policy of the Labour Party is self- 
evident. In the editorial notes reference is made to 
the concerted action of that party in and out of Parlia- 
ment, stating that ‘it has left its mark on the 
statute-book, in administrative orders, and in the im- 
proved conditions of thousands of workers,” but it 
adds that ‘‘ it is abundantly evident that the Labour 
Party is destined to have troublous times in 1909.” 
The hasie of that prophecy is that it has awakened 
‘*the determined opposition of various interests and 
claims.” But it would be wise to consider to what 
extent the aggressive forces of Labour and Socialism 
have provoked such ‘‘ determined opposition.” 
the hand of Ishmail is against every man, can it be 
wondered at that the hand of every man is against 
Ishmail? The chart representing unemployment in 
the engineering trades shows a decline of out-of-work 
members of the A.S.E., but there were still 11 per 
cent. out of employment, the total being 11,600; a 
month ago, 11,874. The total or superannuation benefit 
was 5641—increase in the month, 43. The membership 
was 108,883—decrease, 135. Tne aggregate in receipt 
of benefits numbered 19,664 full members, costing 
8264/,, or 1s. 10fd. per member per week. This is a 
very heavy drain on the funds, 





The first number for the new year of the Iron- 
founders’ monthly report is under the management of 
the newly-elected general secretary, Mr. W. M. 
Lawson. Through the death of the late general 
secretary, and the retirement of the ex-secretary, 
there were two vacancies to be filled; the election of 
assistant-secretary is now proceeding, the nomina- 
tions being in, and those standing as candidates 
have their election addresses in the repért. They all 


But the disquieting thing is the | 
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state of trade. The total on the fun 
| 50 on the sick-list, and of 33 on superannuation benefit, 
| but a decrease of 33 on donation benefit, and of 16 on 
| dispute benefit. There was also a decrease of 48 un- 
| employed, but not on donation benefit. The figures, 
as t 

| point of view. The weekly cost of benefits as above 
amounted to 2067/. 5s. ‘ 
member per week. The decrease in funds in the 
month amounted to 3611/. 0s. 7d. The total balance 
was 55,998/. 16s. 7d., as compared with 94,649/. 3s. 5d. 
a year ago. The depletion of the funds in the t 
year was almost phenomenal. The aggregate member- 
ship was 19,501 ; a year ago, 19,919. The decrease is 
really small considering the depression in 1908, and 
the levies which the members had to pay. The returns 
as to the state of trade are very discouraging. In no 
place is it said to be very good, and only in three places 
good ; in four improving. All the rest report the state 
of trade to be slack and dull to very bad, the latter 
increasing. The worst of it is that it is bad or very 
bad in the chief centres of industry. The mean 
average of unemployed members of this union works 
out at 15.2 per cent.—a very high average in this trade. 
There is a hopeful expectation of better times this 
year, and some evidence is given in favour of that 
view, but the improvement is not apparent as > 
though new and important contracts are mentioned. 





The report of the Amalgamated Society of Carpenters 
and Joiners has little of encouragement to record as 
regards the state of trade, nor, indeed, as respects the 
decline in membership. But efforts are to made 
this year to curtail expenditure in management, by the 
merging of branches of few members in others in the 
same locality, thus saving the salaries of branch 
officials. It is also sdameeell to curtail the expenditure 
in printing and parcels. At the present time the 
total niente is 62,926. Of these, 8297 were 
unemployed. It is a large total to be maintained 
out of the union funds. The executive have de- 
cided to continue the levies for parliamentary pur- 
poses pending the decjsion of the House of Lords 
on the appeal case of the Amalgamated Society of 
Railway Servants ; but the members are urged to pay 
the levy of 3d. per quarter voluntarily for the present, 
and not to compel the unwilling to obey and pay the 
amount. A special circular has been issued to that 
effect. The sums so collected are to be accounted for 
separately, so that the amount will not appear in the 
union books as contributions or levies, but as volun- 
tary gifts for Parliamentary representation. The 
branches have sent .in various resolutions on the 
subject, some of which are given in this month’s 
report. There does not seem to be any general revolt 
upon the question at issue. 





The Ironworkers’ Journal reports that the Board of 
Conciliation and Arbitration for the Manufactured Iron 
and Steel Trade of the North of England has decided 
upon a reduction of wages: threepence per ton for 
puddling, and 24 per cent. on smith and forge wages, to 
date from the end of the month. At a later date of 
two days the Midland Wages Board also resolved upon 
a similar reduction. The ascertained selling price of 
manufactured iron and steel was shown to justify such 
reductions. The wages of blast-furnacemen in the 
North of England, in the Cleveland and other districts, 
have also been reduced, but only slightly. These 
reductions seem to indicate that the lowest level of 
prices had been reached, but the decrease is not so great 
as might have been expected by the long depression in 
trade, and by reason of the prolonged » en ta on the 
North-East Coast and in other centres. Another 
testimony to the value of conciliation in the iron and 
steel rome. is given in this month’s journal. There was 
|a good deal of discontent in the North of England 
| districts over the question of extras paid to puddlers 
| and others by reason of the variations in different 
firms, with the result that the whole matter was 
considered with a view to uniformity throughout all 
the districts. The different customs by various com- 
panies and firms were set out in a circular and sent to 
all the parties concerned. The recommendations of 
the Committee were then referred to Mr. J. W. Peace, 
M.P., as arbitrator, with the result that a full working 
arrangement was agreed upon under six different 
heads, and the whole were endorsed by the committee. 
The agreement applies to all kinds of extras and prize- 
money in the various grades affected, and it is to apply 
during the whole period covered by the award. is 
will prevent sectional disputes, for the extras are 
defined and fairly uniform. 








The Broken Hill mine dispute and strike drifted 
into violence last week, and it is reported that an 
attempt was made to destroy the supply water main 
by dynamite, but it was frustrated by a blunder of the 
wreckers, by wrongly locating the spot intended. The 





was 5729 ; last | It is said that the 
month, 5749—decrease, 20. There was an increase of | to meet the miners 


e report states, are not encouraging from the trade | 
, or about 2s. 47d. per | 
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proprietors of the mines have offered 

representatives in conference, under 
the presidency of a judge, if the union will withdraw 
the pickets. This had not been done at date of writing. 
Violence is generally associated with labour disputes 
in Broken Hill, Australia. 





The notices of a reduction in the engineering trades 
in the Birmingham district is thought likely to result 
in resistance on the part of the men. The present 
rates were adjusted only in 1907, when the men asked 
for a standard rate of 38s. per week, but accepted 37s., 
regarding it as the minimum rate. It is said that a 
number of branches in allied trades will be expected 
to accept a similar reduction to that of the engineers, 
and therefore all the sectional societies are on the stir 
to take concerted action. It is thought that the notices 
of the employers are part of a concerted scheme to 
reduce wages on a national basis ; this may be suggested 
in order to induce the unions to consent to active 
resistance. 

Another labour trouble has arisen in Birmingham in 
the bedstead trade, some 2000 having gone out on 
strike because the employers refuse to continue the 
bonus system, on the m that the non-associated 
employers refuse to give any bonus at all. The bonus 
system has been in operation for several years, first at 15 
per cent., then reduced to 74 per cent, The associated 
employers gave the men time to try and bring in the 
non-associated employers, but the men failed to influ- 
ence them to that extent. 





The ballot taken in the dyers’ dispute at Bradford 
was so unsatisfactory that the executive of the union 
advise the men not to strike, but to accept the em- 
ployers’ conditions. Only 58 per cent. voted, and of 
these only 1375 voted for a strike out of 4508 who 
voted ; 2928 did not vote at all. 





The first arbitration under the President of the 
Board of Trade’s scheme has taken place in the North- 
ampton boot and shoe trade, but at date of writing no 
award has been given. 





In the woollen trade one of the chairmen named in 
that scheme has been endeavouring to effect a settle- 
ment, but at date of writing there is no intimation of 
any final agreement. 








TYPE-CASTING AND COMPOSING 
MACHINERY.* 
By L. A. Legros (Member), of Watford. 
(Continued from page 64.) 
Crass Ip.—Typr-Setrinc oR Composinc MACHINES. 


THE earliest machine with the guide-plate, and many 
other features of ——o type-setting machines, 1s 
probably the Young and Delcambre setter, which was 
used for setting the Family Herald as early as 1842.+ 

The Kastenbein Composing Machine, invented prior to 
1870, was brought into practical working form at the 
Times printing office, and, with some modifications there 
introduced, is used for composing almost the whole of the 
Times and many other publications printed in the Times 
Mffice. The tubes u are U-shaped, the type are arranged 
set-wise, all the nicks being Sowatestie and the faces 
towards the operator, when the tube is placed in the 
vertical position it occupies in the machine. The depres- 
sion of a key k, Fig. 53, pushes the lowest corresponding 
type forward by the foot towards the front of the machine ; 
when more than half ejected, the front end comes over « 
bar 6 running along the front of the machine ; when the 
type is fully ejected, it overbalances backwards from this 
bar (as shown dotted) on the release of the pusher, and 
falls feet downwards down a guiding-groove in the guide- 
plate v of the machine. A lightly-balanced lower lever 
arm, against which the type bears in falling into the race, 
corrects any tendency to turn. The type as they arrive 
at the level of the race are pushed forward by a con- 
tinuously-driven reciprocating plunger having a stroke a 
little greater than the body-size of the type. The type 
are thereby delivered along a type-race, from which they 
are drawn by hand by a second operator who performs the 
line-justifying. The keyboard of the Kastenbein machine 
is very compact, and comprises eighty-four keys arranged 
in four rows, as shown in Vig. 54. 

The power required is less than 0.1 horse-power. 

The Wicks Composing Machine.—In the Wicks compos- 
ing machine, Fig. 55, the keyboard is of great length, 
with only two rows of keys, the arrangement resem- 
bling more closely that of the piano than that of the 
typewriter. The keys k operate vertical rod qg, Fig. 56, 
which are jointed to plunger sectors of helical —, P 
working in the spaces of a coarse square thread s. Two 

uarters of round bar with screws milled out are arranged, 


the one right hand and the other left hand, facing each 





* Abstract of paper read before the Institution of 
Mechanical Engineers, December 18, 1908. 

+ Many of the details of this machine were worked _out 
by Sir Henry Bessemer. See ‘‘ Life of Sir Henry Bes- 
semer,” page 43 et seq. 
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Fig. 53. TYPE-FREEING MECHANISM FOR COMPOSING MACHINE(KASTENBEIN. 
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Fic. 55. Type-Comrostnc Macuine (Wicks) 


other, and are ma@hined so as to form a pair of races 
(between which is an intervening strip r) inclined at 45 deg. 
to the horizontal for the type to slide down. The type ¢ 
are contained in U-sha tubes wu of tin or thin brass in- 
clned at 45 deg. tO the horizogtal (and at 90 deg. to the 


with Automatic Linge-JustTirieR (STRINGER). 


race). The type are arranged in the tube bodywise—1.c., 
the nicks lie against one side of the U. The depression of a 
key causes the plunger, the end of which is reduced to 
the set width of the type, to remove the lowest character 
from the corresponding tube and push it into the race, 


Fig. 56. 
TYPE-FREEING MECHANISM FOR COMPOSING w 
- MACHINE (WICKS). 
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down which it slides on its side by gravity to the nose of 
the machine, where a star-wheel w catches it, brings it to 
an erect position, and pushes it in place against the line 
accumulating in the type-racez. The star-wheel is driven 
continuously bya pedal or a small electric-motor. Sections 
of the line are drawn away by a second operator, who 
line-justifices each line and transfers it to a galley in 
exactly the same manner as in the other machines of this 
class. 

The Wicks machine is interesting chiefly for the reason 
that the keyboard was designed so as to enable a number 
of the most-frequently-occurring combinations of- char- 
acters to be obtained by the simultaneous depression of 
two or more keys; for example, the, ing, and and.* While 
this effects some saving of time, the long distance which 
the more remote characters must travel under the action 
of gravity makes the machine slow in such cases, though 
this is said to be compensated for by the ocninee gained 
on the chords; also the distance through which the 
operator must move his hand is greater than in those 
machines which have a compact multiple-row Keyboard. 
The power required is less than 0,1 horse-power. 

The Pulsometer Composing Machine (Fig. 59, pagé 92).— 
The type ¢ are contained in horizontal tubes u, and the con- 
tents of each tube or trough are kept pressed towards the 
front of the machine by a weighted follower f, Fig. 60, 
page 93; the type are supported by a front plate v, which 
extends about 0.50 in. in height above the bottom of the 
tubes, and is bevelled at the top to a knife-edge. The de- 
pression of a key k causes the front type in thecorresponding 
tube to be raised till it clears the knife-edge, when the action 
of the follower ensures this type being projected over the 
edge of the front plate. It now falls freely down a vertical 
groove in the front plate or apron v of the machine, 
which is shaped as an inverted triangle. At the lower end 
of the vertical groove it is guided by the inclined race- 
ways, into which it falls, to a central channel, and thence 


* See Appendix III, Logotypes. . 
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to the entrance to the composing race, into which it is 
pushed by a continuously-revolving eccentric. The front 
plate is covered with a sheet of te glass g to keep the 
type from turning, and to enable the operator to see that the 
apron- ves do not become blocked. A continuously- 
driven horizontal shaft s im a vertical reciprocating 
motion to two steel swing-plates p placed longitudinally 
with the machine. Across the direction of these are flat 
-_ pA ye l, for each characte t, gene at —— 
end, and each carrying a triangular pawl q, which is 
normally raised. When a key k is Een the corre- 
sponding pawl drops into the range of action of one of the 
owing-aieien? which carries it and the lever upwards ; 
the vertical pusher is driven upwards by the lever, and 
its upper end z, passing through the lower side of the U, 
lifts the corresponding first type up till it clears the front 
o>. There are four rows of keys, there being in all 
92 keys. 

The power required is stated to be about 0.1 horse- 
20wer. 
: Other machines of Class Ib are the Hattersley, the 
Fraser, and the Hooker machines; the last, which was 

tented some thirty years ago, is interesting, as the key- 

vard was not made of the form usual in other type- 
setting machines or in typewriters, but was arranged ns 
a series of plates forming a copy of the ordinary lower 
case, Fig. 61, below, from which the compositor would 
pick up the type in hand composition ; but instead of 
picking up the characters, his touch freed a type through 
the intervention of a contact exciting an electro-magnet 
corresponding to each plate. 

The yn | bell which gives notice before the com- 
pletion of the line to the operator of type-writing machines 
18 usually fitted on type-setting machines. 


Crass Ic.—Line-Justiryina MACHINES. 

Compressible Spaces.—Many inventors have endeavoured 
to effect line-justifying by the use of compressible spaces, 
but the difficulties have not been satisfactorily overcome. 
The compressible space should be capable of occupying the 
width of the em quad before compression, and of being com- 
pressed to the thickness of the thick space. This should be 
possible without risk of throwing the sides of the adjacent 
type out of parallel, without lifting the type from their feet, 
and without bending a character occurring singly, such as 
“a” or “I,” which may come between two spaces. More- 
over, the space must not itself rise so as to interfere with the 
typographic surface. Two attempts to solve the problem 
of the compressible space are shown in Figs. 61 and 62. 


Fig.61 Fig 62 


COMPRESSIGLE SPACE | COMPRESSIBLE SPACE 
(MACKIE). (WICKS). 


(Enlarged) (Enlarged) 








958.%. 


The Stringer Line-Justifying Machine.—A machine re- 
cently invented by Mr. H. Gil rt Stringer has been made 
in which a line of type as delivered by any type-setting 
machine of Class Ib can be accurately line-justified. 

The method adopted is to set em quads throughout the 
line in place of spaces, and subsequently to reduce these by 
milling down to the correct width for equally spacing the 
line. As it is essential that the justified line should con- 
tain quads under some conditions—e.g., at the end of a 
sentence and beginning of a new paragraph—these must 
not go through the — + + process for line-justification. 
It is, therefore, necessary that two kinds of quads be used. 
Those which are‘intended to remain quads are of greater 
height (0.02 in. to 0.03 in. is sufficient) than those which 
are to be reduced. The former are supplied by the de- 
pression of the quad-key on the type-setter, and the latter 
(space-quads) by the depression of the space-key. 

Coupled to the space-key is a rod which operates a 
counting mechanism in the automatic line-justifier. The 
line is composed into a measure longer than the finished 
line, which allows for the amount to be machined from 
the space-quads. For each space-quad set up in the line, a 
pair of folding-wedges is supplied from a magazine to the 
measuring part of the apparatus in accordance with the 
reading shown on the counter. The excess of length of 
the line as composed above the measure which it 1s ulti- 
mately to occupy is transferred to the wedge-box, and when 
the wedges are driven home by vertically lifting one part 
of each pair, the amount that the lifter rises automatically 
divides the difference of oe by the number of spaces, 
and sets the milling device for reducing the space-quads. 
The machine then operates by pushing the line of charac- 
ters forward along a race which has an opening at the 
side opposite to a reciprocating feeler. yoo character 
having the requisite height stops the feeler, and is then 
pushed through by the pusher into the continuation of 
the race. When a space-quad occurs the feeler passes 
over it, and the space-quad is then advanced, grip 
between narrow jaws on its front and back edges in a 
slide, carried vertically down past a rapidly-revolving 
face-mill (the depth of cut being proportional to the lift 
of the wedges of the measuring device). It is replaced in 
the line by the automatic release of the jaws the for- 
ward pressure of the next character. The gear which 
drives the feeler and pushing-plunger is thrown out during 








* The keys acting in conjunction with the lower swing- 
plate are not shown in Fig. 60. 
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the milling operation, and recommences to operate as| by depressing keys corresponding to each character, the 


soon as the milling operation is completed. en the | operation being the converse of composing. 
complete line has n line-justified it is automatically | The Pulsometer Distributing Machine (Fig. 63).—The 
transferred to a galley, and the measuring wedges return | galley pe the matter to be distributed is inclined 
to the magazine in readiness for the succeeding line. at 45 deg.. and slopes downwards towards the keyboard. 
StopBand am 
[ovewnnn] dypet uw 
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Fig 64. DETAIL OF SEPARATING BRIDGES FOR 
DISTRIBUTING MACHINE (PULSOMETER). 
Full Si. 
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Fig. 67. 
} Seerranene- 
Fig. 69. 
METHOD OF DISTRIBUTION 
THORN SIMPLEX DISTRIBUTOR 
ee oon , 
Quad Ready to Fall : y 
go Y 
| \ 4 
c D \ | 
J \ 
: PV @ oe teak 
Inclined at 45° \ ef e a eB 















three sorts of type is performed automatically by two 
bridge-pieces, arranged at different heights, which divert 
the character to the mouth of the corresponding tube 
a 64, 65, 66, and 67). A brass follower is placed in 
each tube to keep the type upright ; the type, as they fall, 
are pushed into the tubes by a series of eccentrics, one to 
each tube, carried on a continuously-rotating shaft. The 
peruased of the Pulsometer distributing machine has 
50 keys arranged in three rows. 

The power required is stated to be. about 0.1 horse- 


power. 
Automatic Distributing Masepes poten the work b 
means of nicks cut on the back ( occasionally on both 
back and front) of the type. The type are nicked so that 
each sort.dealt with by the distributor has a different 
combination. 

In the Empire Automatic Distributing Machine, which 
was in use for some years at the office of the Times,* the 
t were nicked on the back, Fig. 68, by means of a 
Wiking ehabine with two sliding tool-holders. The 
setting of the tools could be rapidly effected by putting 
dowel-pins into numbered holes in each slide. A table 
was provided with the machine giving the number of 
holes to be used on each slide for each character. Actually 
the combinations in the nicking machine were coeneee 
in a Somewhat haphazard manner. The type in the dis- 
tributing machine was automatically removed from the 
galley in a line, and then pushed by a er, one 
character at a time, into a series of carriers. The carriers 
had a step-by-step motion and sto consecutively in 
front of feelers wah were f .to the counterpart of 
the nicks cut in the ype feeler slides advanced 
against the type, and when a feeler fitted the nick combi- 
nation in the type it could move forward, releasing the 
type from the carrier, and ogy Seno « 4 the t pe to 
fall into the magazine of tubes. machine distributed 
eighty-four sorts. 


Crass Ila,—Composine AND LiINE-JUSTIFYING 
MACHINES. 

The Empire Composing and Line-Justifying Machine.— 
The type ure contained in three cases, each of about 
30 channels, which are carried on cradles with glass fronts. 
The cradles can be placed horizontally for receiving the 
cases, and then turned vertionty with the face of the t 
to the front, ” as > Ld visible foe Glas. e 
arrangement of guide-plate, um-check, and type- 
race is very similar to that of the Kastenbein composer. 
oe space-bars are used temporarily in composing, 
and are put in position by the space-key. When the line 
is nearly completed a bell warns the operator, and he 
either completes the word or divides it. The temporary 
space-bars are then driven home to expand the line to the 
proper measure. The bars are arranged to correspond 
with six different set widths of spaces—viz., 0.25, 0.375, 
0.5, 0.625, 0.75, and 0.875 of the body. The distance that 
the space-bar eee decides the width of space su 
plied ; the machine supplies a space not greater than the 
setting and at the same time withdraws the space-bar. 
After each operation of inserting a s' the remaining 
space-bars are driven home, so that the final maximum 

ible error is 0.125 of the body. ‘This is a considerably 
rger error than that usually obtai~ed in 7 by 
hand, in which the limit attainable depends on the 
L.C.M. of the fractions of the body represented by the 
thin, middle, and thick spaces. 
$x $x § =a body. 

The Dow Composing and Line-Justifying Machine is of 
recent American design. The type are contained in a 
magazine of vertical tubes, and do not fall down a guide- 
plate, but are pushed by carriers from right or left to the 
centre of the machine, where the line is composed verts- 
cally ; the arrangement is said to be somewhat similar to 
that previously adopted in the Paige machine. Temporary 
brass spaces are set in the line; and on depressing the 
justifying-key the line is transferred to a horizontal posi- 
tion and measured. A s magazine, placed on the left of 
the machine, supplies t r spaces from a of 
ten different set widths.  line-justification, therefore, 
can be a much closer approximation than in the case of 
the other composing and line-justifying machines of this 
class using fewer set widths. 


Crass IIs.—Composine anp Casting MACHINES. 


The Lanston Monotype Composing and Casting Machines. 
—These machines consist of two separate and quite dis- 
tinct parts : firstly, the composing and line-justifying ma- 
chine, Fig. 70, 94 (frequently called the keyboard) ; 
and secondly, the casting and setting machine, Fig. 71. 

The keyboard of the composing machine is very much 
like that of a typewriter, but with a larger number of 
keys.t A ribbon of paper is fed through the machine, 
guided, as in the Wheatstone perforated strip, by side 
perforations.t The two top rows of (red) keys, eo | 
numbers, fulfil the function of line-justifying descri 
later. The right-hand vertical row of keys and the 
bottom horizontal row of keys each effects one perforation 
only in the ribbon. The other keys each effect two per- 
forations. Each key when depressed about one admits 
compressed air to the required combination of 31 plungers 





* And subsequently in the office of the Hereford Times, 
to the proprietors of which the author is indebted for some 
of these data. F 

+ The inverted comma and apostrophe are repeated in 


About 0.5 horse-power is required to run the line-justi- | The lowest line is raised into the receiving-t h, where | two set widths, some printers preferring more white, and 
fying machine. ~ Fit it is read by the operator, and is distebuted through accordingly they can use either. . 
7 shutters on an apron inclined at 45 deg. to the horizontal, | _+ The perforated ribbon was employed by Mackie, of 
Crass Ip.—DisrrisuTine Macuines. and at right angles to the galley. There are twenty-four W: , in 1868, in his composing machine. He used 
In the earliest distributing machines the type was sliced | keys, cat each generally corresponds to a group of three | 14 rows of holes in combinations of two at a time, giving 
off the column, the line read by the operator, and the | type which are selected so as to differ by at least 0.008 in. i x 13_ 91 combinations available. 
type returned to the tubes used on the composing machine, | in set width among themselves. The bution of the 2 
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equally spaced, which perforate the roll ; 14 of these per- 
forations produce variation of the position of the matrix 
grid in # and 14 in y, so that a total of 225 characters, 
8 and quads can be produced (the case of + = o and 
of y = 0, being provided for by the keys which give one 
perforation on v. : : 

Above the keyboard proper is a pointer which rises step 
by step for each depression of the space-key, and a drum 
(somewhat like the cylinder of a Fuller's slide-rule) on 
which are figures giving the resulting spacing required for 
the line. This drum can be rotated up to a movable stop 
by depressing the upper of the two (green) keys on the ex- 
treme right of the key __ This justifying-scale key is 
depressed when ready to justify and causes the line-justify- 
ing scale to rotate until it stops with the correct number 
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The small figures below the columns show the set-values in 
eighteenths of an em for the type in each column. 


at the end of the pointer. The bell rings 5ems before the 
completion of the line ; this is sufficient to ensure the 
acceptance or rejection of the longest indivisible word. 
The mechanism driving the drum-stop, Fig. 72, aggre- 
gates the total set of the letters on a scale like that of a 
pane and enables the operator to see whether he 
will proceed with the space and the next word, or will 
divide the word, or complete the line at the end of the 
word. Having completed the setting of the line, he de- 
presses the upper (green) key, and then refers to the 
reading shown on the drum, which is of the form 3. This 
reading gives the two (red) keys to be depressed in the 
top row and second row respectively ; the reading corre- 
sponds to the settings of two differential wedges, which 

ivide thesurplus space (left on completing the line) over 
the number of spaces in the line. 

All the fifteen characters of a row arranged vertically 
on the keyboard (or of a row arranged hodywise on the 
grid) have the same set width ; this is a most important 
eature in designing faces to suit the machine. ne unit 
employed is one-eighteenth of the quad, and the vertical 
rows of keys give the following set widths :—One row 
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A.—Space transfer. B.—Coarse wedge. C.—Fine wedge. 

When C and B are operated, the line is transferred to the galley. 
The caster can be so set that consecutive strikes of C and B 
do not transfer the line, enabling double or multiple justifica- 
tion to be performed for tabular work. The final justification 
is effected by striking the required key of the top row, and 
then striking key No. 1 of the top row simultaneously with 
the required key of the second row. 


each 5, 6, 7, and 8 units, three rows 9 units (en quad), two 
rows 10 units, one row each 11, 12, 13, 14, 15, oe 18 units 
(Fig. 73). The space-key operates in a different manner, a1 d 
gives a setting of 4 units only ; the keys act by elevating - 
stops, which Limit the travel of a rack e' ing with the 
counting-wheel, one tooth of which equals one unit, and 
one revolution of which is equal to 9 ems (Fig. 72). 

To enable different faces and different tolllen to be cast 
from the same ribbon two difficulties have to be met :— 
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1. The difference in set widths which exists in certain 
sorts between old style and modern. 

2. The increased set width of the sorts as bodies decrease 
in series, or when an extended or condensed face is re- 
quired to be cast. 

The first difficulty is got over by designing the old-style 
face of moderni form so that the lower case ‘‘r” and 
“*s” are wider, the “‘h,” “‘k,” ‘‘n,” “‘u,” &., narrower, 
the ‘‘a” and the ‘‘o” much narrower, while the “‘e” re- 
mains unaffected. The resulting face is very legible, 
thoughmany of the distinctive features of old style are 
almost absent.* 

The second is dealt with by increasing the whole of the 
set widths proportionately ; the quads are thus no longer 
square or half square, though the em is double the en ; 
the spaces must also be proportionately widened, and this 
involves altering the space-wedges in the casting machine 
to give the correct measure. t 

he actual perforation of the ribbon is effected by 
means of’ compressed-air from the same supply used for 
controlling the casting machine. 

The lower of the two additional (green) keys, placed 
to the extreme right of the keyboard, serves for return- 
ing the counting gear to zero, ready for commencing a 
new line. 

The appearance of the perforated ribbon is shown in 
Fig. 74. The ribbon is rolled on a drum as it is perfo- 
rated, and on completion is removed from the composing- 
machine. The completed ribbon can now be fed into the 
type-casting machine, and is in proper order for this, as 
it requires to go through in the opposite direction ; the 
casting machine begins work at the end of the matter, 





justifying keys of the top row on the keyboard (which 
are last dep in composing the line) operate the 
plungers in z and y respectively, the one controls the 
distance moved by the coarse s -W , and the other 
by the fine space-wedge one-fifteenth the taper of the 
coarse wedge. Once set, these w retain their position 
for the whole of the line ; hence all these s; are equal 
in set width. The whole travel of the a wedge may 
correspond to only 0.0075 in. in the mould, the minimum 
difference of width for each s' being 0.0005, in. 
The maximum error of line-justification in a line con- 
taining ten spaces will then be 0.005 in., and in small 
pica body it will be nearly double the minimum error 
obtainable by hand justification, but probably nearly 
equal to the error actually obtained in practice. The 
coarse wedge will move 0.0075 in. for each step, and 
the total range will represent 14 x 0.0075 in. x 14 x | 
0.0005 in. or 0.1120 in. In the case of small pica of 
11 point, the space already re’ mts 4 units (each of 
about 0.0085 in.), or 0.0338 in. The limits of width be- 
tween which the s can be varied are therefore from 
0.0338 in. to 0.1458 in., or from rather less than the middle 
space up to nearly the em quad. In the event of a line 
being cast of wrong length, the machine stops auto- 
matically. 

The machine presents some very special features. _The 
ribbon, if rolled up, can be used again an indefinite 
number of times; it can used for any body size (say 
pica to nonpareil) ——— the set widths are proportional 
to the bodies, and it can be used for either modern or 
modernised old style. A different drum must be used on 
the keyboard machine, however, and a different ribbon 











Fig.75. MATRIX GRID FOR CASTING MACHINE(LANSTON MONOTYPE). 
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and works back to the beginning. The last operation in 
composing is the depression of the two keys in the top 
row ; the corresponding perforations are now the first to 
come into operation, and provide the adjustment for the 
space-wedges, which retain their setting till the casting of 
the line is completed. 

The perforated ribbon passes over the air-tower of the 
caster between a long port and a drilled surface which 
communicates by pipes with the cylinders of thirty-one 
plungers which correspond to the thirty-one rows of holes 
which can be punched in the ribbon. The holes in the 
ribbon act like ports in a valve and admit air only to those 
cylinders the plungers of which are to be actuated. In 
the first instance the space-adjusting wedges for control- 
ling the opening of the mould are set, and this setting 
remains constant till the line is completed and a new 
setting is given. Then for each character a third ys 
comes into operation, determining the set width to 
given to the mould for that character. The position of 
this wedge is dependent on the position of the matrix grid 
in the direction of the set width relatively to the mould. 
The matrices, Fig. 18, see page 59 ante, are secured in 
the grid, Figs. 75 and 76, by wires ing through the 
cross-holes. They are arranged in fifteen rows of fifteen 
each, all the characters of a row bodywise being of the 
same set width. The matrix grid is spring-controlled, so 
that it tends to be driven the maximum distance in both 
directions—1.e., it tends to travel to the origin in both x 
and y, and actually travels the full distance in both when 
there is no perforation in the ribbon (em quad). The 
movement is checked by fourteen plungers, for each direc- 
tion, which rise vertioally and stop the travel of the grid 
horizontally. The plungers are operated by compressed 
air a‘ a pressure of about 15 lb. per square inch, 

Tne plungers also perform another function ; the two 





* It is, however, possible, by altering the “lay-out” (or 
a-rangement of matrices), and by marking certain keys 
for a different character from that originally shown on 
them, to cast an old-style face having the full peculiarities 


of old = 
+ A different drum is used on the keyboard, corre- | j 


sponding to the number of points in the set width of the 





special em quad. 


produced if the matter is required to be printed in a style 
which necessitates variation in the space-wedge settings or 
in the lay-out. The ribbons can be stored, and represent 
a much smaller amount of capital locked up than in the 
case of type or stereotypes. 

The speed of the Lanston monotype can be as great as 
180 type per minute for a medium-sized body, and in ordi- 
nary work 150 type per minute can be obtained. The 
power required to run the keyboard and the casting 


machine is about 0.5 horse-power. 

The Tachytype, invented by F. A. Johnson, of America, 
is a ve wo ade mg e perforated strip is narrow, 
being about 2 in. wide; the line-justification is effected 


automatically by the machine, and at the same time that 
the holes are perforated the character represented is 
typed on the strip, so that the operator or any other person 
can read the record. The English rights in this machine 
have been acquired by the Linotype Company; the 
machine has not been worked commercially. 

The Dyotype.—Since writing this paper the author has 
been informed that a machine of this name has recently 
been worked out in Paris. 

In this machine type are cast separately and two at a 
time. 

On the composing machine temporary spaces are put in 
during the composition of the line, and after the termina- 
tion of the line, during the period that the succeeding 
line is being composed, the perforations corresponding to 
these spaces are re’ by supplementary perforations 
which automatically justify the line on the strip. Thus 
the strip can be put into the machine so as to commence 
at the beginning instead of at the end, as is the case in 
baw 9 sy of this class. , oi sihes 

ne t o not require to conform any special se’ 
width, patina any face may be employed with 
alteration of set width or side-wall. 


Cass IIlaA.—MAcHINES IN WHICH TyPE 18 DISTRIBUTED, 
CoMPOSED, AND JUSTIFIED. 

The Thorne Machine in its earlier forms did not line- 
justify the type, but in its latest form an automatic line- 
justifier is combi: In the Thorne machine there are 
two co-axial vertical cylinders having radial grooves to 





receive the type. The upper cylinder is charged with 


matter for distributing without special pre tion, ex- 
cept that, in the Empire machine, the type are 
specially nicked in the back with a different combination 
for each character. The grooves in the top cylinder have 
only a projection in the form of a raised bead, correspond- 
ing to the cast nick on the front of the type, Fig. 69. The 
grooves in the lower cylinder, on the other hand, bear 
the combinations of beads corresponding to the 
nicks at the back of each individual character. The lower 
cylinder remains stationary, and the upper revolves inter- 
ety, with a pause when the grooves are in align- 
ment.” When the beads in the lower cylinder groove agree 
with the nicks in a type above it, the latter descends, and 
is available in due course for composition. The composi- 
tion is effected by ejecting the lowest type (from the 
groove corresponding to the key dapreintt-on to a re- 
volving circular disc. The type are brought round by 
the disc to the — of delivery, where they are received 
on a belt. and thence travel to the receiving race. The 
line-justifying mechanism comprises a summing device 
which registers the total set of the line, and a registering 
device for the number of spaces. There are four set widths 
of spaces, and the justification takes account of any ten- 
dency to under or over-s the line asin the Empire 
machine ; but, owing to the smaller number of sizes avail- 
able, the result is not even so close an approximation as in 
the case of the Empire. The Thorne machine patents for 
England were acquired by the Linotype Company ; the 
machine has not been worked here commercially. 

The Paige Distributing, Composing, and Line-Justifying 
Machine is probably one of the most complicated machines 
ever devised, and contests the first place with Babbage’s 
original calculating machine. Only two of the Paige 
machines have been made, and they are preserved in 
America in the Cornell and Columbia Universities as 
curiosities. * 

Crass IITs,—Matrix Composting MAcHINEs CasTING 

Sues. 

The Linotype Machine (Fig. 77).—The Linotype has 
been the subject of so scodh Trenton, it has, p ved sO 
important a part in the development and production of a 
great proportion of the newspapers of the day, and it has 
involved the sinking of so a capital sum, that it is 
really worthy of a paper to itself. It cannot be dealt with 
so briefly as the preceding machines, and many interest- 
ing features must be here omitted for want of space. 

At the top of the machine is the distributing-bar, 
Fig. 78, which is formed with seven wards, interrupted 
on the following system:—The top ward, which may be 
styled No. 1, is alternately tooth and space, the length of 
tooth corresponding to the pitch of the divisions in the 
magazine mouths immediately below. Ward No. 2 is 
alternately tooth and space, but the length is double the 
tooth length of No. 1; similarly, No. 3 is alternately 
tooth and for four times the tooth length of No. 1, 
and generally No. n is 2"! times the pitch of the maga- 
zine mouths. Kach matrix is formed with seven teeth on 
each side of the top V nick, that “combination being 
retained which corresponds to the wards removed from 
the rack at the point at which it is desired that it should 
fall. In every case the arrangement on each side of the 
V issymmetrical. The matrices of the characters which 
are most used travel the shortest distance, return soonest 
to the m ine, and the keys releasing them are most 
conveniently placed together under the operator's left 
hand. The order of release, detail of the distributing- 
bar, and detail of some of the matrices will seen in 
Fig. 78. The matrices in the ine are retained 
by an escapement w, which is f on the depression 
of the key k, Fig. 79, page 97. The key does not 
effect this directly, but releases a cam-carrier g, which 
permits the cam ¢ to be driven by one of two roller- 
shafts S,, S,, which are kept revolving one in front of 
and one behind the lower verge-rods v,, which are raised 
by the depression of the keys. So long as the key remains 
depressed the cam will roll on the roller and cause the 
upper verge vg to reciprocate vertically and release a 
matrix successively at each stroke. A very light touch of 
the key is sufficient, the power drive completing the 
release. The matrices, as they fall, travel in a curved 

th from the magazine, which slopes downwards and 
orwards, into the guide-box, in which the left-hand 
grooves are nearly vertical, and the right-hand grooves 
rudimentary, and supplemented by a continuously-running 
belt, which assists the matrices to the star-wheel. The 
star-wheel (of fibre) pushes the matrices through a set of 
pawls. In falling past the star-wheel, the matrix was apt 
to strike against the last in the line, and to damage the 
sharp edge at the strike. To obviate this one corner has 
been cut away, and the life of the matrices has thereby 
been greatly increased. The completed line of matrices 
is shown in Fig. 80. Some matrices are now made with 
two faces ; when the second face is used, the lower-side 
tongues of the matrices travel in a groove at a higher 
level until the casting has been effected (Fig. 81). The 
line is measured directly by the total length of the group 
of matrices. As in other composing - machines, the 
operator is warned by a bell, set about 5 ems before the 
end, when the line is nearly full; the length set must be 
short, to allow for the spaces filling out the line. Between 
each word a space matrix or space band is -dropped ; this 
has no teeth, consequently it is not elevated to the dis- 
tributor-bar at the top of the machine, but direct to 
its own magazine. The Sages (Fig. 82) consists of 
two main pieces dovetailed together, yet sliding freely, 
and fitting sufficiently well to avoid trouble from metal 
getting between the two parts. The line having been set 
up, the other parts of the machine come into operation 
when the operator pulls the starting-handle. 

At the back of the machine is a cam-shaft carrying nine 

*See J. S. Thompson: “History of Composing 
Machines,” pages 23 to 27. 
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cams; this shaft is belt-driven through the intervention 
of an internal expanding clutch. The clutch is thrown 
out of gear in the event of any accident jamming parts 
of the machine ; this renders the machine practically fool- 
proof—a very necessary precaution, not only to avoid 
risk of damage by a learner, but use the expert 
operator, once he has com a line and pulled the 
lever, immediately begins the composition of the next 


| set through the successive operations of casting and trim- 
| ming, nor does he follow the matrices in the elevator and | the ejecting to the castin ition], see Fig. 37; the 
| distributor. i ft e 


| the Linotype. A line of matrices having been assembl 
| it is vad by 


succeeding line, and does not watch the line which he has, The first elevator descends (1),* Simultaneously the 
| mould-wheel makes a quarter revolution (2) [turning from 


matrices are now in front o mould. The mould-wheel 





The following is the sequence of movements made by - — 

we * The figures in parentheses denote the cams actuating 
t by means of a lever, and passes into the de-| the lever or other member, counting from left to right 
livery carriage, which carries it in to the first elevator. | along the cam-shaft. 
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now comes forward (8) and engages the matrices [the 
aligning lugsof the lattér passing under the aligning edge 
of the mould], but does not make complete contact. The 
vice-closing lever rises (3), allowing as wring to seat, which 
in so doing turns a screw, which sets the vice-bloc k to the 
correct size of the line. The first line-justification lever 
(4) rises, pushing up the spaces successively from right to 
left in an inclined position, Fig. 85. Meanwhile the de 

livery carriage has rettiirned to the position of -rest:(9). 
The - first liné-justification. lever: (4) having descended, 
pressure is also now re duced from the’ end of linetby the 
vicé-lever returning to thé position of rest (3); tle par 

tially-justified line- being suffic iently held ‘in positior by 
the préssure of the left vice-jaw. The ‘first “elevator (1) 
now ‘slightly rises, catising the matrices to align along the 
edge of the mould. The metal:pot(7), Fig. 86,<now fitakes, a 
temporary forward movement, the objectof which is td pes 
the mould against’ the matrix- lirie to ensure” face? ~align- 
ment. ‘ The pot ‘having: dropped, hack; the vicé-leVer (3) 
again’ risés,- allowing the Sprifig-controlled vice-block to 
determine the, correct length of line. Both the first (4) 
and secénd (3) line-justifitation Slevers now rise simul- 
taneously; and push thé: space: “bands a4 evenly.’ The pot 
(7) again‘ad Vahhcés; and is tighthpréssed agairist the back 
of the moyld ;, the plunger (6) descends, forcing the molten 
metal into the mould and mattices. ' The plunger having 
returned, the pressure on thie"thottom ‘of - the ‘matrices 
caused by the first elevator is owithidrawn, the line-justi- 
fication, and vice-levers return tothe position of rest, and 
the” pot and mould-wheel (8) retreat, leaving the slug in 
the mould.’ The mould-wheel tow completes its revoli- 
tion by’ making a thtee-c uarter turn (2), Fig 37 _ (see 


Fic, 85. - Parn or ‘MATRICES (Lrvoryre)= . . | page 61° ante); during which'the baekof the méuld 2passés 
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ever a knife which trims off the superfluous metal, Fig. 38 
[including, of course, the locking bars]. The mould- 
wheel now advances (8) on to two steady-pins, the mould 
being in front of two parallel trimming-knives, through 
which the line is forced by an ejector-blade (8), which 
pushes the line from the mould, Fig. 38, and thence 
through the knives into the galley at the front of the 
machine, Fig. 87 [the ejector-lever being returned by 
(9)]. Meanwhile the first elevator (1) has carried the line 
of matrices upwards to the intermediate channel, where 
it is met by the second elevator (5). The first matrix- 
pusher (9) now transfers the line of thatrices from the first 
elevator to the second. The pusher having temporarily 
receded, the elevators return to their position of rest. 
Meanwhile the first matrix-pusher, acting in conjunction 
with the space-shifter (9), in advances and causes the 
space-matrices to. be atheted by the space-shifter, 
which returns them to their receptacle at the right-hand 
end of the intermediate ‘channel. In_ the meantime 
the line of matrices has been pushed by the second 
matrix-pusher (2): from the second elevator into the 
lift-box, where the matrices‘ are lifted, one at a time, 
so that each successive matrix is —— by three 
revolving screws, and passes’on to the distributor-bar 
(Fig. 78), along which it travels [by means of revolving 
screws engaging with the lugs]. The matrices are sus- 
pended from the distributor-bar by their teeth, and when 








to be changed very quickly from one face and body to 
another. 

Meryenthaler Linotype.—This is the American Lino- 
type, and in its latest form comprises some further im- 
provements in duplex working. 

Monoline.—The Monoline. Fig. 89, is of Canadian origin 
and manufacture, and is remarkable for its great sim- 

licity as compared with the other slug-casting machines. 

uction in the number of parts has been carried con- 
sistently through the design, with the result that a very 
compact, a much lighter and much less costly machine 
has been evolved. (The actual cost is less than half that | 
of the Linotype machine.) 

The keyboard comprises ninety-six keys and a space- 
key, which are arranged in eight rows of twelve, the 
arrangement being very similar to the keyboard of the Bar- 
Lock or Y6st typewriters. There are, apart from space- 
matrices for line-justification, eight different kinds of 
matrix, Fig. 19 (see page 59 ante), each kind carrying 
twelve strikes. The characters of a group are, of course, 
chosen so that they come on the same set width. 

According to the particular key depressed, a matrix is | 
released from the magazine compartment for the kind of | 
matrix containing that sort, and is received on a stop, set | 
by the key, so that it is at the proper level to ween | the 
required character in line when it passes into the assembler. 
The space-matrix, Fig. 83, consists of a long steel wedge | 




















Fic. 89. Matrix Compostna anp Stug-Castinc Macuine (Mono.ine). 


each arrives at that portion of the bar from which the 


same combination of teeth has been removed, it falls in a similar manner tothe Linotype space-matrix, 


between guides and passes back into the magazine. The 
— of the matrices through the machine is shown in 
Fig. 85. 

The Linotype is driven usually by belting ; the main 
shaft carrying the clutch runs at about 72 revolutions per 
minute, and the cam-shaft at about 7 revolutions per 
minute. About 0.3 horse-power is required to run the 
machine ; the maximum torque is required when making 
the up-stroke of the pump. 

The mould and the body-trimming knives can be 
 ogrend arranged so that when a suitable matrix is used 
the type can be kerned below the body-size, the kerned 
portion being entirely formed in the matrix. This is 
used to form the two-line letter used in newspapers at the 
commencement of advertisements. The beginning of the 
succeeding line must be set with two or more quads so as 
to provide the clearance for the kern, or the exact length 
may be obtained by using the two-line matrix reversed, 
Fig. 88, page 97. 

The two-line and other special matrices are formed 
without nicks, and consequently are not elevated to the 
distributor-bar ; they drop into a tray near the space- 
magazine. 

The rate of output of the Linotype machine is generally 
taken at 6000 ens per hour, this representing the normal 
rate of an average compositor. Under eal conditions, 
however, the compositor can set from 7000 to 8000 ens. 

Linotype Duplex Machine.—By a recent improvement 
the Linotype can be arranged with two interchangeable 
magazines and two moulds fitted diametrically opposite 
each other on the mould-wheel. This enables the machine 


| 





sliding between two short steel wedges, and is operated 
x, Pig. 82. 
The long wedge has a projection on the back, against 
which the justifier pushes, lifting the wedges until the 
line is filled. 
The casting, trimming, and ejection of the slug from 
the mould are effected in a very similar way to the same 
operations on the Linotype, but the distribution of the 
matrices after the line has been cast is effected in a much 
more simple manner. The hooks at the top of the matrices 
are arranged in a series of nine different lengths, corre- | 
sponding to the eight kinds of type-matrices and the space- 
matrix. The selection to the nine magazine compart- 
ments is effected by sliding the matrices on their lower 
ends, so that the hooks engage on a series of distributor- 
rails, which are then lifted, and bring all those of each 
kind of matrix (which have been used in the line) opposite 
their respective channels in the magazine into which each 
kind is pushed laterally, off the distributor-rails, by a 
pusher. 
The Monoline slugs are delivered into a galley in 
column. 
The Monoline machine occupies a space of about 
3 ft. 6 in. by 4 ft. 6 in., it weighs about 800 Ib., and | 
— about 4 horse-power to drive it. 
The adoption of a rational keyboard in which the keys | 
most used are placed close together is, in the author's | 
opinion, preferable to the methods adopted on some of | 
the other machines described, in which the arrangement | 
of keys is dependent.on the set width of the character or 
on some constructional peculiarity of the machine. 
The Tupouraph.—Since writing this paper the Typo- | 
graph, which was not at that time worked in this country, | 


| upon 


has come into the field of mechanical composition, in 
which it was already well known on the Continent. 

The Typogra h differs from the other two slug-casting 
machines described in several important details. 

The matrices are in the form of a long bar, the lower 
portion of which is of rectangular section, the strike being 
im the side. The upper end of the matrix is formed into 
a wire lug, which embraces a wire carried on the upper 
frame of the machine. Each kind of matrix is cunponted 
from a different wire, and released by an escapement of 
the shears variety. The matrices do not leave their wires, 
and are returned to that end of the wire which forms the 
magazine by simply tilting the top frame back. The top 
frame is balanced with a spring, so that a very small force 
suffices to effect this, 

The mould is water-cooled, and differs from the othe: 
slug-casting machines in the arrangement adopted fo 
shearing off the tang. The slugs are ejected into a galley. 

During the time that casting is taking place, composi 
tion must cease, and the compositor should read his cop’ 

1 


|at the moment he starts the casting operation. T 


— and distributing operations are, however, per 
formed in considerably less time than on the other slug 
machines, in which they occur simultaneously with the 
composition of the succeeding line. 

The machine requires about 0.2 horse-power. 


(To be continued.) 








German Raits ror Cuina.—The German Steel Syn 
dicate is reported to have secured an order for 75,000 tons 


| of rails for the Tien Tsin and Pukow Railway (China). 





Lonpon ScHooi or Economics.—The Lent term courses 
of lectures on “‘ transport ” subjects will commence next 
week. The course of ten lectures on ‘ Railway Econo 
mics—Operating*”’ will be commenced by Mr. W._ T. 
Stephenson on Tuesday, January 19, at 6.15 p.m. The 
course on “‘ Railway Economics—Commercial,” by Mr. 
Stephenson, will commence on Wednesday, January 20, 
at 6.15p.m. The course on ‘“‘ Economics of Railway Con- 
struction and Locomotive Operation,” also by Mr. 
Stephenson, commences on Friday, January 29, at 6.15 
p-m. ‘‘ The Law of Contract and Carriage by Railway” 
forms the subject of nine lectures by Mr. H. W. Disney, 
commencing on Monday, January 18, at 6.15 p.m. 

ITALIAN PetroLevM.—The Italian petroleum industry 
has only developed slowly, but is now claiming atten- 
tion. Wells have been driven in three districts, in the 
provinces of Piacenza and Parma, the most important 
sources, in the valley of the Liri River, and in Sicily. 
In 1897 the production of crude petroleum did not quite 
amount to 2000 tons, of a value of nearly half a million 


| francs; by 1904, 3543 tons were produced, valued at 


1,053,300 francs. The production of 1906 is estimated at 
20,000 tons, and is said to have been surpassed in 1907. 
The first refinery was built in 1881; when drilling was 
carried to greater depths, on the Canadian system, two 
more refineries were established. The capital has largely 
come from France ; in the latest of the three great com 
panies, the Petroli d'Italia, in Genoa, French capital is 
also largely interested. 





Fire Tests WITH Fire-Extincuisuers.— We have 
received from the British Fire-Prevention Committee two 


| of the well-known ‘* Red-Books” issued by them. These 
| are numbers 128 and 133, and give particulars of experi- 
| mental tests carried out by the committee in connection 


with simple means of fire- prevention, the former book 
relating to appliances, such as buckets of water, hand- 
pumps, &c., in common use, and the latter to asbestos 
cloths, sand, and steam, as applied to burning petrol, &c. 
These tests are naturally of interest, as they deal with 
means which are easy of application rowan the earlie1 
stages of a fire. The experiments described in book 
No. 128 were twelve in number, and included the appli- 
cation of water from a small hand-pump, or from ordinary 
buckets, on to curtains and drapery, burning hay in a 
stable, a burning crate of loose wood, packing-cases, burn 
ing wood in the form of a stack, burning petrol, oily rags, 
dirty cotton-waste, &c. The conclusions arrived at were 


| that a small quantity of plain water energetically applied 


from vessels in common use is almost uniformly effective 


| in extinguishing promptly small fires, such as mentioned, 


in their early stages, except in respect to petrol and 
similar light spirit. The efficiency of plain water sv 
applied does not depend on exceptional skill in handling 
the vessels or appliances, but, given fair aim, is main|) 
effected by the amount of energy accorded to the opera 
tion of throwing or pumping respectively. The tests 
described in book No. 133 were undertaken to ascertain the 


| effect of applications of asbestos cloths, sand, and steam 


upon wer and various burning materials, but primaril) 

yurning petrol, and more particularly under condi 
tions that would be met with in processes employed by 
dyers and cleaners. The asbestos cloths used were squares 
of material procurable in the open market at about 22s. 6d. 


|each—the price being for cloths without cords at two 
| corners—and known by the name of ‘‘ Lucifer Brand ” fire 
sheets. They measured 6 ft. by 6 ft. 4 in. each, and had 


cords at two corners. The conclusion arrived at by the 
committee as the result of the tests was, that asbestos cloths 
are completely efficient in putting out burning spirit 
vapour,and, in the case of burning materials, it was found 
that asbestos cloths could be of use in confining the fire 
until other appliances were brought into play. With re- 
gard to the effect of sand, it wasdemonstrated that where 
this material was used to soak up spirit, the vapour of 
which was ignited, it wasquite efficient ; the value of steam 
when applied within a building in which a fire is burn- 
ing was demonstrated. It is necessary in this case that 
the building should be closed up so as to exclude draught. 
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Methods of Surveying Used in the Compilation of Large- 
Scale Plans of Small Areas. By N. F. Mackenzir, 
M. Inst. C.E. London: Bradbury, Agnew, and Co., 
Limited. [Price 5s. net.] 

Tus little book is avowedly unpretentious in scope. 

It has been written for the use of estate agents, 

planters, forestry students, and others who may be 

desirous of acquainting themselves with only the 
simplest and most ordinary operations of land- 
surveying on a small scale. The author, therefore, 
in the first chapter excludes from consideration all 
surveys extensive enough to be affected sensibly by 
the earth’s curvature, and makes clear to his 
readers that (so far as mathematical knowledge is 
concerned) nothing beyond an elementary acquaint- 
ance with plane trigonometry and Euclid has been 
assumed. Chapter II. deals solely with chain 
surveying by triangulation, which is recommended 
as being, though laborious and slow, more accurate 
than other methods which have the advantage of 
rapidity. A plan is given illustrating the triangu- 
lation of a small plot of ground (though, unfortu- 
nately, two necessary tie-lines are omitted), and 
minute and useful instructions are supplied for 
guidance in the field-work and in the A+ slo 
plotting of the survey. 
deal with the description, use, and adjustment of 
instruments for taking angles and bearings—the 
prismatic compass, box - sextant, and theodolite. 
The disadvantages inseparable from reliance on 
magnetic bearings are noted, and a simple graphic 
method is given for the elimination of the closing 
error in the plotting of a prismatic compass closed 
traverse. Chapter VI. is devoted to useful prob- 
lems in surveying treated by very simple methods, 

Chapter VII. to ‘‘ Theodolite Traverses,” Chapter 

VIII. to ‘‘ Levelling,” and the remaining three 

chapters respectively to ‘‘Plane Table Work,” 

‘* Contours,” and ‘‘ Curve Ranging.” It will thus 

be seen that the book fairly covers what may be 

termed ‘‘every-day surveying practice,” and abstains 
from the discussion of more abstruse and less gene- 
rally accepted methods. 

It is questionable whether, in so well-worn a 
tield, anything new can be said. The merit of such 
a work will therefore lie in clear and concise de- 
scription of sound and tried methods of surveying. 
The author at times sacrifices clearness and concise- 
ness to minuteness of description, and a little 
judicious condensation would increase the interest 
and usefulness of the book. The opposite defect— 
insufficient explanation — is also observable here 
and there. For example, in Chapter II. we find 
it stated that ‘‘in a short line a ranging rod at 
either end is sufficient ; but, if the line be several 
hundred yards long, intermediate rods are required, 
so that the chained line may not deviate from 
the true alignment.” This is true only to a limited 
extent, and, bearing in mind that he is writing for 
persons who are presumed to know nothing of 
surveying, the author might with advantage have 
stated that the intermediate rods are required in 
case the forward rod becomes obscured as chain- 
ing proceeds. Again, in Chapter VI. we find: 
** Problem TV.—To interpolate two stations on a 
given straight line— 


Place ranging poles at A and B on the line. Two 
men stand facing each other at C and D. C gets 
D into line with B, and D at the same time motions 
C 


A B.” This problem is unintelligible except on the 
assumption that B is not visible from A ; and this 
is not stated. 

Rules are quoted in several instances as to the 
** permissible error” in surveying. In chain sur- | 
veying the limits are given as “+ 1 in 1000 in 
favourable ground, and + 1 in 500 in broken or | 
hilly ground.” In the chapter dealing with theo- 
dolite traverses we find :—‘‘It is difficult some- 
times to make certain which of two adjacent vernier 
divisions coincides, and an error equal to the | 


The next three chapters | 


’ into line with A. When both conditions are | 
simultaneously satisfied, C and D are in the line | 


'one and not the other be responsible for carrying 
| on errors through the whole of the work ? 


reading. Thus, with a theodolite reading to 30’, 
the error at each station may be 30” in read- 
ing and 30” for imperfect centering and inter- 
section. These errors are sometimes in one 
direction and sometimes in the other, thus tend- 
ing to cancel. If x be the possible error at 
each station, and there are n stations, then the 


” 


probable total error is x Vn.” Further on, under 


‘* Levelling,” it is stated that ‘‘in careful levelling 
. . . . the error should not exceed 0.1 ft. per mile, 
and increases as the square root of the distance in 
miles. If levelling is done for a certain distance, | 
and then carried back again to the starting point, | 
the permissible error is that due to the distance | 
between the extreme points, and not that due to | 
the whole distance levelled. Thus, in levelling 
four miles along a road, and four miles back to 


check the work, the permissible error is 0.1 v4 ft. 


| 

‘and not 0.1 V8 ft. The reason is that certain 
errors tend to cancel each other when the levelling 
|is performed in opposite directions.” Some con- 
| firmation of these opinions would be desirable, and 
| it would be interesting to know how far the rules 
|are empirical. In ordinary practice the permissible 
¢rror is generally governed by the purpose for 
which the survey is required. No doubt, however, 
a recognised standard fer good work would be | 
| advantageous. 

Traverse surveying with the theodolite is very 
fully dealt with, both as regards the taking of the 
angles and lengths in the field and the subsequent | 
calculation, tabulation, and correction of the lati- 
tudes and departures. 

The chapter on levelling is excellent, so far as 
the instruments used and their adjustments are 
dealt with, but the description of the actual field- 
work of levelling is the least pleasing part of the 
whole book. In the first place, the author lays | 
down as a sine qud non that the instrument shall 
always be set up at exactly equal distances from 
the backsight and foresight, the distances being 
measured in each case. This is not done in ordinary | 
practice, however desirable it may appear from an 
academic point of view. It is impracticable when | 
levelling up or down a steep slope, unless the sur- 
veyor elects to make no use of the upper third of | 
his staff—which would cause much loss of time. 
Again, ‘‘ If absolute accuracy is required in a cross- 
section, the instrument must be moved so tltat each 
pair of readings is taken on two staves equidistant 
from the leyel.” These counsels of perfection must 
be disregarded if the surveyor has, as is usual, only 
a limited time at his disposal. 

A little further on in the same chapter we come 
to a surprising paragraph :—‘‘ Many surveyors get 
the rises and falls by comparing each reading with 
the preceding reading instead of with the preceding 
backsight. This gives the same result as regards 
the reduced levels, and has the advantage of giving 
an arithmetical check on the working out of the 
reduced levels. By adding up the rises and the 
falls, and deducting one from the other, the total 
rise or fall is arrived at. This added to or sub- 
tracted from the R.L. of the starting-point gives 
the R.L. of the last point, which must agree with 
the calculated R.L. This is the sole advantage of 
the method, which otherwise is altogether unsound. 
For example, the R.L. of peg 500 is known. From 
it are calculated the R.L.’s of the points on the 
cross-section at peg 1000. But the readings have 
not been observed at equal distances from the 
level. If the line of collimation is slightly out of 
adjustment, and it is seldom in absolutely perfect 
adjustment, the redyced levels of the cross-section 
will be incorrect. From the last cross-section 
reading the R.L. of peg 1000 is calculated, and is 
therefore also wrong ; and this error is carried on | 
through the whole of the work.” It would appear | 
from this that the author considers the arithmeti- | 
_cal check to be a matter of little consequence. Few 
experienced surveyors will agree with him in this. 
The last sentence is really incomprehensible in the | 
light of what precedes it, for if both the method | 
which he recommends and the method which he 
condemns give the same reduced levels, how can 























The chapters on plane-table work and contours | 


Though some modifications of the book are 

desirable, there is much in it which is useful and 

raiseworthy, and it is hoped the author will not 

disappointed in his expectation that it will prove 

a genuine help to those for whom it was specially 
written. 





Aerial Warfare. By R. P. Hearne, with an Introduction 
by Sir Hrram S. Maxim. London: John Lane, The 
Bodley Head. [Price 7s. 6d. net.] 

ALTHOUGH the season of the year just past is 

usually associated with e and goodwill, a con- 

certed effort appears to Some been made this winter 
to prevent us, in this island,from properly enjoying 
ourselves. A few years ago the ruin of the nation 
was read in the horoscope of our manufacturing 
industries. But we pulled ourselves together, and 
the Jeremiahs, perforce, transferred their love of 
prognostication to the subject of the physical dete- 
rioration of the race. In its turn the Army became 
the butt of their lamentations ; and now, according 
to these friends, we are hastening headlong on the 
road to perdition because a new era has dawned in 

aerial navigation. The Duke of Argyll, Sir H. 8. 

Maxim, and others at home, and Councillor Rudolf 

Martin—the latter, of course, actuated by motives 

very different to the former gentlemen—have all 

been at pains to proclaim to the world how easily 
our destruction might be accomplished. These, in 
the sphere of oratory, have been seconded by Mr. 

H. G. Wells and Mr. R. P. Hearne in the field of 

literature, who have, in this form, given us their 

ideas of the possibilities of airships in warfare. 

Mr. Wells’s book is fiction pure and simple. The 
chief regret we have, on finishing ‘‘ Aerial Warfare,” 
by Mr. R. P. Hearne, is that this author has given 
us an incomplete book—a novel without characters 
or hero. We here have pictured many vivid scenes, 
but they are mere bioscope productions. Why 
could not a name be given to the ‘‘ capital without 
defensive works of any kind”? Or to the ‘head 
of the military department ” killed by a shell from 
an airship while explaining in the House that 
these newfangled contrivances were worthless as 
military weapons? Why should not this puppet 
have a name and live in fiction? But, for another 
reason also, we have closed the book with a feeling 
of disappointnient. The author appears to be under 
the quaint delusion that he has avoided extrava- 
ae of language and reined in his imagination. 

n reality, he has been the prey of self-deception. 
His imagination has taken charge of his pen, and 
the sensationalism of a work of fiction runs through 
the book. We too frequently meet with such ex- 
pressions as ‘‘ raining down explosives,” ‘‘ wreaking 
destruction,” ‘‘inextricable confusion,” &c.—lan- 
guage that can certainly only be classed as extrava- 
gant. We are told that all England could be laid 
waste by airships—of course an absolutely absurd 
idea—and, in picturing the effect of the appearance 
of airships over a certain nameless capital, the 
author forgets all decorum and indulges in lurid 
melodrama. Elsewhere he prophesies the use of 
aerial to’ oes dirigible from airships by wireless 
control. ese “little torpedoes will sail through 
the air without attracting notice until close to their 
objective,” and will be discharged ‘‘ from a distance 
at’ which an airship would be almost invisible.” 

Here is a nice picture! Fancy a swarm of those 

deadly ‘‘ miniature airships” arriving from nobody 

knows where. Surely it would be ‘‘very puzzling,” 
and possibly they would do ‘‘ incalculable damage.” 

But when shall we see them either at a distance 

from, or close to, their objective ? 

Some thirty-nine pages are given to introduction 
and foreword, but only after other eighty-three pages 
does the author reach ‘‘the main theme of the book.” 
He then magnanimously admits that ‘‘ we have no 
actual data to goupon.” Quite true. Continuing, he 
naively remarks that this ‘‘allows greater latitude 
of treatment,” as if lack of premises were excuse 
for rash conclusions, instead of being a reason for 
additional caution. Almost in the same breath, so 
to speak, our author raises a warning lest enthu- 
siasm should lead to absurdity, and a few lines 
after casually remarks that many of his conclusions 
‘* will doubtless prove to be wrong.” With this we 
agree heartily, though the admission be made at the 
cost of decreasing the value that can be set on the 


smallest value to which the vernier will read may | are interesting, and will be useful to those under-| book. We have already said enough to show that 
thus be made at each station. Again, if the theo- |taking that class of work. The last chapter on | we do not quite agree with the author that ‘he has 
dolite be not accurately centred over the station, or | lining-out curves is all that might be desired. The | avoided those absurd and sensational conclusions 


if the observed station be not accurately inter- 
sected by the wires, an error is caused in the angle ; 
this error may be taken as equal to the error in 


advantage of designating a curve by its “« degree | 
of curvature” rather than by its radius is stated and | 


explained. | 


advanced by writers who have given unbridled play 
to their imaginations.” 
We may instance a few cases in which we hold 
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the author to have handled well-established facts | 
somewhat negligently. For example, the Ville de 
Paris is a non-rigid, and not a semi-rigid, airship. 
The presence of fog and mist is a distinct hindrance 
to successful work in the air, instead of being bene- 
ficial, as is several times suggested. The block illus- 
trating the Wright aeroplane is quite incorrect ; the 
machine being, in practice, twisted, and not tilted, 
as shown, Is a certain neighbour to France cor- 
rectly described as her ‘‘ unconquerable enemy ?” 
Why should the ‘‘amateur” engineer be selected 
as the best man to produce an airship? Again, will 
‘‘the air-currents ... soon be as well understood 
as those which the sea navigator has to cope with”? 
This is rather suggestive of permanent charts of | 
fickle cyclonic disturbances ! e would also point 
out that Mr. O. Wright, on the occasion of the re- 
geinble accident at Fort Meyer, took up Lieutenant 
Selfridge, and not vice versd, as stated. As some- 
thing of an antidote to these, let us say that we 
believe the author to be absolutely correct in his 
statement that ‘‘there is much scope for ingenuity 
in the designing of aerial harbours.” 

The introduction to the. book is by Sir H. S. 
Maxim. Although Sir Hiram’s name and words 
add considerably to the interest of the volume, it is 
somewhat unfortunate that he has been selected in 
this instance as the author’s supporter. Sir Hiram 
Maxim has lately publicly declared that 100,000 
men could be aaied in England in one night, from 
France by 5000 aeroplanes. Whether we. agree 
with, or dissent from, this, is quite immaterial here ; 
but with this in our mind as the authoritative view 
of the introducer, it jars somewhat to read Mr. 
Hearne’s emphatic statement that ‘‘ Once for all it 
may be definitely laid down that airships are quite 
untitted for transport ..., and the notion may be 


dismissed as absurd.” In this actual connection, Sir | 


H. 8. Maxim himself is a little inconsistent. Many 
points of his theory are open to criticism ; but, con- 
fining ourselves to one, we would point out that he 
writes rather disparagingly of the chassis fitted to 
the Voisin machines. ow, his invasion scheme is 
based upon ability of 5000 machines to make several 
cross-Channel trips in one night. The present 
pattern of the Wright machine, ‘‘so superior ” to 
the others, would, however, be helpless after once 
landing on these shores; so that unless some chassis 
be adopted, Sir H. Maxim’s project falls to the 
ground. 


All said and done, however, we have greatly en- | 


joyed the book, and can heartily recommend it as 
— a couple or so of hours of pleasant diver- 
sion. - It is too bulky for the number of its pages, 
but the print is good, and there are half-toned 
engravings in profusion, of a character above re- 
proach, 





Retrieval at Panama, By Linpon W. Bates, Assoc. Inst. 
C.E. _New York: The Technical Literature Company, 
220, Broadway ; London: Archibald Constable and 
Co., 10, Orange-street, W.C. [Price 5 dols. net.] 
Détroit de Pariama, By Puivirrk Bunav-VARiLia. 
Paris: H. Dunod et E. Pinat, 49, Quai des Grands- 
Augustins. [Price 10 francs. ] 
THE United States has, in recent years, been much 
troubled by the discovery in its midst of the pre- 
valence of many undesirable practices, and now 
appears to have become so accustomed to the excite- 
ment accompanying disclosures that it is unable to 
exist without some stimulant of this kind. | Certain 
it is that no sooner has one scandal been dealt 
with than another is unearthed, the succession 
being so rapid and continuous as to make some 
despair of the end ever being reached. Both 
Government and private enterprises have been 
dragged into this whirl of exposure, and among 


La 





other subjects on which public criticism has been 
fearlessly made is the great undertaking on which | 
the Government of the United States is engaged | 
at the Isthmus of Panama. For the most part, how- | 
ever, the criticism of this project has fortunately | 
fallen to men superior to the usual class of individual 
engaged in journalistic disclosares. In fact, men 
fort an intimate knowledge cf the conditions in- 
volved, and regarded as responsible authorities on 
such subjects, have not feared to publicly draw atten- 
tion to what they consider to be radical mistakes in | 
the plans or methods of work at Panama. The subject 
has recently become revivified, and such has been 
the disturbing effect of the rumours, and of the 


arguments of the critics, that not only has Mr. Taft | 
decided to visit the Isthmus, on a tour of personal 
inspection, ere he commences his term of office as 
President, but Mr. Roosevelt has also appointed | 
to accompany him, a commission of experts to in- | 


vestigate the whole matter. Mr. Taft is optimistic ; 
in fact, in the month of May last he estimated 
that the work would be completed in four years, 
but all other authorities place the time still required 
at from 1$ to 2} times this amount. 

Mr. Lindon W. Bates estimates eight or ten years 
from 1907, but as the working conditions have been 
improved since he first wrote his articles in the New 
York Press, which have now been reprinted in book 
form under the title ‘‘ Retrieval at Panama,” his 
figures may need modification. Some of Mr. Bates’s 
remarks are now, as a matter of fact, of comparatively 
small interest, and, as they are written in Ameri- 
can journalistic style, do not give much pleasure in 
the reading. This book is, however, quite instruc- 
tive, though difficult for the uninitiated to follow. 

Apart from the discussion of the financial magni- 
tude of the project (to which the people of the 
United States are slowly becoming reconciled), 
the contents of this book relate to questions of 
health, and to the plans. Mr. Bates shows that 
towards the close of the French régime the health 
on the Isthmus was not nearly as bad as is generally 
believed. In Traction and Transmission, several 
years ago, this view was also advanced. To mention 


‘only one branch of this subject, the facts that yellow 


fever did not appear among the canal employés for 
three consecutive years, and that there were four 
other years in which but a few sporadic cases were 
recorded, two of these showing but one each year, 
have been entirely overshadowed by the loudly- 
trumpeted reports of the American sanitary work. 
With this, however, we hardly have to deal here, 
except to remark that most broad-minded men who, 
in the past few years, have come into close touch 
with work at the Isthmus are agreed that the later 


| French efforts were belittled at the commencement 


of the United States régime in a manner quite 
unworthy of that nation. 

The chief interest in both Mr. Bates’s, and in 
M. Bunau-Varilla’s, book is now to be found in the 
discussion of the plans of construction. Both have 
much to criticise. Both are strongly opposed to 
the 85-ft. level project with locks in flight. Both 
are against the huge Gatun dam. Mr. Bates holds 
that the underground flow of water is so great at 
the place selected for this dam that under the great 
working head percolation will ultimately result in 
its destruction. Although this view has been 
officially contraverted in the latest annual report, 
it is mentioned that piling is to be driven to cur- 
tain off the ground flow. But Mr. Bates draws 
attention to the fact that borings have proved the 
main underground channel to extend to a depth of 
268 ft., and the report does not contemplate any- 
thing more than in in shallow depths. 

The latest report also states that during the year 
with which it is concerned it was decided to increase 
the usable length of the locks to 1000 ft., and their 
width to 110 ft. When the total length of each 
lock was given as 900 ft., Mr. Bates voiced an 
a for a usable length, and margin, of 1000 ft. 

en the Government project provided a width of 
90 ft., Mr. Bates was advocating 115 ft. width. 
Similarly, depth has been increased to 40 ft., a 
figure advocated by Mr. Bates for a long time. 

ese and other changes may be mere coincidences, 
but they at least serve to show that many of Mr. 
Bates’s arguments are reasonable. 

Alterations have now been made in the lock 
arrangement at the Pacific end of the canal ; and, 
in fact, as the work proceeds, so are changes intro- 
duced, until many of the chief features of the 
‘*Minority’s ” original scheme are now wanting. 
Whether or not the new Commission will suggest 
a modification of the whole of the 85-ft. project 
remains to be seen. 
been lodged by M. Bunau-Varilla against the selec- 
tion of the new Commissioners as already proved 
to be prejudiced, for they have, apparently, all ex- 
pressed views in favour of the present plans. In 


A public protest has already | 


view of the changes already introduced in the | 


plans, and of probable difficulties of the future 


/unless the plans are still further modified, Mr. 


Bates’s book is well worth reading, as is also that 
compiled by M. Bunau-Varilla. 

e work at the canal is not all plain-sailing, 
although the Isthmus is now boomed as a health 


resort, and the changes in the past of the plans, 
| personnel, and methods leave ample room for the 


question whether further alterations may not be 
found desirable. Both these authors discuss the 
work from the engineer’s point of view. Both, 
however, have collected in their volumes a some- 
what miscellaneous assortment of papers, making 





them rather difficult to follow. Included in Mr. 
Bunau-Varilla’s volume are several letters to the 
President of the United States, a paper read by the 
compiler of the book before the Royal Society of 
Arts, at which Sir J. Wolfe Barry took the chair, 
and facts concerning the cost of excavation brought 
out at the Engineering Conference of 1907. These 
two gentlemen have been very active in giving 
warning of the dangers of the original United States 
project, but the effect on the Government has so far 

en almost as insignificant as the consequences of 
Don Quixote’s tilting at the windmills. One thing, 
however, is certain—namely, that the undertaking 
is so gigantic, and the risks in the earthquake zone 
so great to large engineering structures, that no stone 
should be left unturned to enable complete success 
to be attained. As throwing considerable light on 
the difficulties involved, these two volumes can cer- 
tainly be recommended, although some of the 
figures of operation given have since been consider- 
ably improved upon by the working forces at 
Panama. 





Analytische Ermittelung und Anwendung von Einfluss- 
linien einiger.im Eisenbetonbau hiufig vorkommender 
statisch unbestimmter’ Trager. By ) Fwy ARTHUR 
Leperer. Edited by Rup. Wolle. Berlin, 1908 : 
Wilhelm Ernst und Sohn. [Price 5 marks. ] 

Tus volume of eighty-eight pages, large octavo, 

illustrated by text figures and thirteen plates, 

belongs to a rather rare class of publications. The 
author has calculated the influence-lines of certain 
statically indeterminate girder types, such as are 
commonly applied in ferro-concrete structures, and 

Mr. R. Wolle, chief of a firm engaged in this work, 

has charged himself with the responsibility for the 

undertaking. The object is to supply the designer 
with the necessary data for the construction of 
continuous girders, with particular regard to the 

German and Austrian Regulations of last year. 

That means that cases of the ordinary practice are 

dealt with, a more general treatment of the problem 

being left for a future occasion. 

Influence-lines are much appreciated by the 
younger school of engineers. The influence-line 
has for its abscissa the distance of the load-unit 
from the one end of a girder, and for ordinate the 
bending moment or shear due to that load at any 
given section or on any member. The influence-lines 
of statically determinate systems are straight lines 
cages. of easy graphical methods of construction. 

or statically indeterminate systems, the influence- 
lines become curves of high orders, troublesome for 
graphical treatment, and more easily and more 
reliably deduced by analytical methods in certain 
special cases. The author adopts the analytical 
treatment throughout, and the tables represent the 
summary of his results. The arrangement would 
have been more lucid if there were parallel numbers 
for the subject-matter and the tables. The ordi- 
nates appear as linear functions of the span. For 
approximate calculation the ordinates can directly 
be measured off, or the areas be determined with 
the aid of a planimeter ; for more exact deductions 
the Simpson rule may be applied, if integration is 
not to be resorted to, which would not be difficult, 
however. Some practical examples are worked 
out, and the volume impresses us as an able and 
conscientious piece of analysis. 
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Fic. 4. Incor Sawn Turoveu. 


5000-TON PRESS FOR DYNAMIC COM- 
PRESSION OF FLUID STEEL. 

THE engravings which we publish on this page and 
on the three following pages, and on our two-page 
Plate XIL., are illustrative of a 5000-ton press which 
has been at work at the Parkhead Forge of Messrs. 
William Beardmore and Co., Limited, for some time, 
and will be studied with interest in view of the re- 
liable results achieved with armour-plate and steel 
forgings manufactured on the dynamic-compression 
system for which the plant has been designed. 
The aim of-the steel-maker has always heen to get 
the ingot without interior flaw. However careful 
the process of melting and of casting. under the 
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usual system, there is always the danger of-pipe 
cavities or porosities forming in the centre of the 
ingot during the process of reduction of tempera- 
ture from 2000 deg. to 700 deg. within the mould. 
In most cases it is impossible to discern these flaws, 
nor is there a certainty that stress cracks or fissures 
can be seen by the naked eye. The danger is, no 
doubt, greatly reduced by casting ingots with heads, 
amounting in some cases to one-third in volume and 
weight of the actual ingot; but, in addition, the 
practice has invariably been to take out the core 
wherever possible. With an armour-plate ingot 
this cannot be done, and there is consequently a 
greater need for excessive care, not only in selecting 
the constituent units for the furnace, but in the 
eum of smelting and casting. These precautions 
ave in many cases given consistent reliability, but 
some firms have preferred to adopt a system of ‘com- 
pressing the ingot during the process of cooling. 

As is well known, Sir Joseph Whitworth many 
years ago introduced the practice of fluid compres- 
sion by static pressure acting on the top of the 
ingot, and this has long been regarded as sound 
practice. Lately there was introduced from the 
Continent, by Mr. William Beardmore, Glasgow, a 
method, first devised by M. A. Harmet, of St. 
Etienne, in which the steel is compressed by a 
dynamic compression process which. gives the effect 
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of wire-drawing, and the illustrations we now give | creased by the operator, who is controlling the| of the ingot, the ultimate pressure being 3 tons 


show how the process is carried out. 

Briefly expressed, the steel, when teemed into 
the mould, which is tapered, with the large end 
oa is compressed by hydraulic power acting from 

elow. 


mould, shown in Figs, 1 and 2, whereby high radial 
pressure is exerted with moderate bottom pressure, 
the walls of the ingot meanwhile having continuous 
support throughout the entire surface of the mould. 
In this way the volume is diminished contemporane- 
ously with the shrinking of the mass. 


While introduced primarily to céunteract the | 
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Fics. 5 to 7. APPARATUS FOR THE REeGULATION 
OF PRESSURE ON THR INGOT, 


defects of contraction, it is claimed for the Harmet | 
process that it diminishes the defects due to re- | 
tardation in cooling, liquation, and the formation | 
of coarse crystals, with possibilities of cleavage. This 
is because the ingot mould, in which compression 
is carried out, consists of a great mass of metal, 
which itself absorbs a quantity of heat, and is kept 
in constant contact with the metal to be cooled. 
It is not our intention here to enter at length into | 
the relative efficiency of this as compared with | 
other compression processes... The advantages of 
the Harmet process will be found set out in an 
earlier volume of ENGINEERING,* and there can be 
no doubt of the splendid structure and homogeneity 
of the Parkhead steel, as illustrated by the views, 
Figs. 3 and 4, on page 101, which show respectively 
the external walls of an ingot and the interior struc- 
ture, the latter view being from a photograph of , 
an ingot sawn through the centre. 
An important element in the success of the pro- | 
cess is the precision with which the pressure is | 
regulated ; and to assist towards this end, an 
apparatus, illustrated in Figs. 5 to 7, annexed, 
is used ; the diagram upon it shows the operator, | 
for his guidance, the pressure desired at any stage | 
of the compression of the ingot. Fig. 8 represents 
the compression suitable during the cooling of a 
26-ton rectangular ingot. When first passed: into 
the press, the liquid steel within the mould (which 
is carried on a traverser) is subjected to a pressure of 
10.cwt. per square inch exerted by the bottom 
upward-working ram, The pressure is steadily in- 








* See ENGINEERING, vol. Ixxiv., page 726. 


In other words, the casting, in the form | 
of a tapered plug, is forced upwards into a tapered | 


valves in communication with the high-pressure 


accumulator system (to be explained later) in such | 


degree that the pointer follows the curve printed 
on the diagram. 

In about thirty minutes the ram of the top 
hydraulic cylinder, which has a head formed to 
suit the top opening in the ingot mould, is driven 
into position within the opening, but the cylinder 
valve is left open, so that the ram may be in direct 
communication with the accumulator, and may 
recede in front of the ingot as it is pressed up the 
mould, The valves for controlling the pressures 
within the top and bottom hydraulic cylinders 





| corresponding to Fig. 8, which is followed as 
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“PRESSURES> 


Fig. 8. _Typrcan DiaGRamM oF PRESSURE DURING 
THE CooLinc or A 26-Ton Recranauiar INGor. 


are shown in Figs. 5 to 7, and associated with 
them is a drum, having around it the diagram 


closely as possible during compression. This 
drum is rotated by clockwork, and makes one 
revolution in 30 minutes—four revolutions are 
shown in Fig. 8. The pointer is actuated from the 
lower ram, and has, therefore, a vertical motion, 
and when fitted with a pencil gives a diagram of the 
rate of advance of the ingot into the mould, the 
units being inches and minutes. The period of 





compression lasts until the ram reaches the end 
of the parallel part of the mould, and occupies | 
from six to seventeen hours, according to the weight 


| per square inch. The pressure on the bottom ram 


is then taken off, and the ingot stripped by the pres- 
sure of the top ram, the carriage removed from 
under the press, and first the mould and then the 
ingot lifted off by the overhead crane. 

ull details of the construction of the press are 
given on Plate XIL. and on pages 103 and 104. The 
complete arrangement is shown in plan and eleva- 
tions in Figs. 9 and 10, on Plate XII. Generally the 
design follows the usual lines, the press (see Figs. 11 
and 12) consisting principally of a top and bottom 
entablature, with four forged-steel columns, the 
bottom entablature carrying the pressing-cylinder, 




















Fias. 29 anp 30. Derarrs or THE Steet CoLuMNS 
OF THE PREss, 





and the upper one the stripping-cylinder. Above the 
bottom entablature, and resting on it, is a heavy 
built-up platform, which serves as a guide to the 
pressing-ram, and supports the traverser on which 
the ingot-mould is carried. The carriage is fitted with 
a cylindrical ram, with a flanged upper end, having 
the same shape as the ingot-mould, and provided 
with a renewable cast-iron face. This ram is con- 
centric with the ingot-mould, and has a vertical 
travel equal to the length of the stroke of the ram of 
the pressing-cylinder. The ingot-mould is parallel 
for a corresponding vertical height, but has a taper 
of 1 in 25 on the radius for the remainder of its 
length. Suitable valves are fitted to separately 
control the water-pressure to both top and bottom 
cylinders, whereby either the ordinary works pres- 
sure of 10 cwt. per square inch may be used, or 
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any other pressure up to 3 tons per ‘square inch. 
‘The increased pressure is obtained through the in- 
termediary of an accumulator. 


The top entablature is illustrated by Figs. 13 to 
15, and the bottom entablature by Figs. 16 to 18 ; | 


but it may be well in describing the details to begin 
with the latter and work upwards. 
entablature is made of cast steel in four pieces, 
secured together by bolts, and with mild - steel 


g. 33 
































The bottom | 


and is made hollow to enable a mild-steel ram, with 
bottom ‘end made hemispherical, to be fitted, in 
order that it may adjust itself to any irregularity 
in alignment. This mild-steel ram passes through 
the guide, and, when in its lowest position, clears 
the carriage, and is concentric with the ram of the 
latter when in positiori. 

The four steel columns are fitted and secured, as 
shown in Figs. 29 to 32, on page 102, and weigh 
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Figs, 33 to 42. Deraits or Incor TRAVERSER AND TRACK. 


shrunk on the projecting circular bosses at | 
It is bored out at the centre to receive 
This cylinder, shown in 


ngs 
ich joint, 
> pressing cylinder. 
gs. 19 to 22, has an internal diameter of 50 in., 


ri 
ss 
t] 
r 
eapted for a stroke of ram of 33in. ' This cylinder 
has a ‘*loose” end, which was adopted to obviate 
difficulties in manufacture, the joint being made 
of soft Copper, kept tight by the internal water 
pressure. e gland and leather packings are 
shown by Fig. 21. The ram is 50 in. in diameter, 
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‘the carriage wheels, and T-slots for receiving the 
traversing gear-racks, to be described later. 

| _The top entablature is secured to the upper ends 
of the columns as shown in detail by Figs. 13 
ito 15. It is made of cast steel, and is of tho 
| Same construction as the bottom entablature. It 
is bored out at the centre to receive the top cylin- 
der, which is illustrated by Fig. 25, on Plate XII. 
This cylinder is of cast steel, in one picce, with a 
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Fig 54. 
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36 tons each. A hole is bored lengthwise through 
two of them: in one case it serves for the con- 
veyance of the hydraulic pressure from the valve 
to the lower cylinder, and in the other it forms a 

rotected passage for the wire actuating the record- 
ing gear already described. 

Above the bottom entablature is the guide-cast- 
ing, shown by Figs. 23 and 24, on Plate XII. It 
is secured to the main columns by covers and bolts, 
and is provided on its upper surface with rails for 









cover on the under side. The ram and piston are 
shown in Fig. 26, and the gland and leather pack- 
ings in Figs. 27 and 28, 

e arrangement adopted for bringing the mould 
and its metal into and out of the press is shown 
in Figs. 33 to 36, annexed, and the track for the 
carriage in Figs. 37 to 42, while the mould is illus- 
trated in Figs. 43 to 55, and the carriage in Figs, 56 
to 60, on page 104, 

The carriage is made of cast steel, and is bored 
out at the centre, Figs. 48 to 50, to receive the 
ram, which is shown in Fig. 46. This is a con- 
tinuation of the ram working in the cylinder in the 
bottom entablature of the press, as previously 
described. It is, however, entirely separate, in order 
to. permit of the movement of the iage. is 
carriage, which can be traversed to either side of the 
press, as shown in Figs. 9 and 10, runs on girders 
resting on a joist grillage, as shown in Figs, 33 to 
35, and in detail in Figs. 37 to 39. Thisstrength of 
construction is to take the great weight of carriage, 
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5000-TON HYDRAULIC PRESS AT PARKHEAD FORGE; DETAILS OF INGOT-MOULD. 


CONSTRUCTED BY MESSRS. WILLIAM BEARDMORE AND CO., LIMITED, PARKHEAD WORKS, GLASGOW. 
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palette to prevent metal 
running through. The 
mould shown is of rectan- 
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gular cross - section, but 
octagon ingots are also 
made, the range of sizes 
“* being from 11 to 42 tons. 
For the smaller ingots, a 
cast - steel distance - piece 

6 (Figs. 48 to 50) is placed 
|-$ between the carriage and 
the mould. 

The press is served, as 
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mould and ingot, amounting in some 
cases to 190 tons. The carriage is tra- 
versed by means of double-rack and 
pinion (Figs. 33 to 36) driven by a 
30-horse-power motor through 50 to 1 
worm reduction gear. Details of the 
pinion are shown in Fig. 41, of the 
rack in Figs. 40 and 42, and of the 
guides for the rack, which are bolted to 
the joists, in Figs. 39. 

A detail of one of the moulds used 
is shown in Figs. 43 to 45. It is made 
of cast iron reinforced by mild-steel 
hoops shrunk on, a construction de- 
signed to resist the wedge action of 
the ingot, owing to the mould bei 
pans A cast-iron palette is p 


on the top of the ram, and the mould 
is lifted on to the top of the carriage, 
as shown in Fig. 9. It is jointed with ' 
ganister round the outside edge of the 








en 7 ET | shown in Fig. 9, by a 100 


anda 45-ton crane, with a 
clearance of 34 ft. 6 in. above the deck of 
the carriage. Thus an ingot 11 ft. 6 in. 
high may be cast, leaving sufficient height 
for the ingot mould to be lifted off the 
ingot, as shown in the dotted lines to the 
left of Fig. 9. The steel-melting furnaces, 
which have a capacity of from 20 to 45 tons, 
are accommodated in the same building, 
and the ladles are conveyed by the 100- 
ton crane, and are teemed into the mould 
as shown in Fig. 2, page 101. The mould 
is traversed into the press, and first the 
bottom and next the top press brought into action, 
as already described. 

The weight of the press, which was made entirely 
at Messrs. William rdmore and Co.’s Parkhead 
Works, Glasgow, is about 500 tons. This method 
of dealing with large masses of steel has given 
entire satisfaction, and two other presses of 4000 
tons capacity have been constructed and are now 
ready for use. These presses are similar in detail, 
but have each only two columns instead of four ; 
and to give them additional stability they are 
placed side by side, and are connected through 
flanges, which meet at the top and bottom entabla- 
tures, with fitted bolts. 








Australian Locoworive Burpive.—The Clyde Engi- 
neering Company, Granville, New South ales, has 
delivered twenty of the sixty locomotives ordered for the 
— page ales Government reeng. i 
paid for 71-ton passenger engines works out at 5,205/. 
each, as against 5601/. paid for imported engines in 1907. 
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PROPORTIONS OF DIAMETER AND 
STROKE IN PETROL-ENGINES. 


OnE of the points about which there is, perhaps, 
more diversity among the manufacturers of motor- 
cars than any other is the proportion of bore to stroke 
in the engines. If this depended on any variation 
in the work they were intended to do, there would 
be nothing remarkable in it, but for all practical 
purposes the requirements of all the different makes 
of car are the:same, yet the stroke varies from 0.75 
of the diameter to 1.6 times that dimension in cars 
of the-very highest reputation. 

It seems evident that although, if-care enough be 
taken with the details, excellent results may be 
got with engines of any proportions, yet there must 
be some proportion which. will give better results 
than any other, and this is no doubt the case ; but 
in practice, if the question be carefully gone into, it 
seems that the best proportion of stroke to diameter 
of cylinder may depend very largely on details of 
construction, as to which there still exists a.good 
deal of difference of opinion. 

In order to compare the designs of engines of 
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different proportions we must fix some basis of size 
on which to compare them, and also settle all the 
requirements to which we attach importance. 

Undoubtedly, we ought to compare engines on 
the basis of the horse-power they will give under 
the conditions under which they are required 
to run. In practice this means the -horge-power 
they will give at some fixed number of revolutions. 
It has been proved that racing engines of longer 
stroke than is ever used in the ordinary touring-car 
can be run up to 3000 revolutions per minute, and 
that, in actual fact, the possible speed does not de- 
pend on the stroke, and therefore that the possible 
power depends simply on the cylinder capacity. 

For an ordinary touring-car, however, the revo- 
luiions are limited to a great deal less than the 
above, on account of the noise and vibration. 
The revolutions being fixed at some moderate 
alount, power at a given mean pressure depends 
solely on the cylinder capacity, and this should 
therefore be the basis of comparison. Thus, to take 
ai instance, if we require an engine of a total cylin- 
dr capacity of 200 cubic inches, which is about the 
amount required by a moderate-sized éar, the cylin- 
ders may alternatively be of the sizes given in the 
table in the next column. 

The most essential requirements of a_petrol- 
engine are :—Durability, quietness, smooth run- 
hing, and small weight. In practice there does not 











Alternative Diameters and Strokes for a Cylinder 


Capacity o* 200 Cubie Ti 
Diameter. Stroke. 

in. in. 

4h 34 

4 4 


: : 


appear to be any evidence that either of the first 
three of these requirements is materially affected by 
the proportions adopted for the eglindion: Dura- 
bility is principally a matter of bearing surface and 
rigidity, and while the long-stroke engine has the 
advantage of less pressure on the bearings, the short 
stroke runs at a lower piston speed, and for the 
same weight can have longer bearings, as will be 
seen later on. In quietness there seems to be abso- 
lutely nothing to chose, the two makers whose 
cars have probably the greatest reputation for 
quietness being those who use extremes of short 
and long stroke respectively. Smooth running, 
again, does not seem to be perceptibly affected. by 
the proportions. In theory it might possibly be 
expected that the long-stroke engine would show 
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long, if the stroke be altered, the alteration in 
height will approximately be 3} times the alteration 
in stroke. us, if we compare an engine with 
cylinders 4 in. by 4 in. with one 34 in. by 5} in., the’ 
latter engine will be 2 in. shorter, but 4% in. higher. 
The long-stroke engine would therefore probably 
be slightly heavier, but, on the other hand, the 
bonnet and frame,might be 2 in. shorter, so that 
there would be little difference in the total weight. 
In practice, however, there are other considera- 
tions which often prevent the engine being shortened 
in length in proportion to the reduction in gylinder 
diameter, the principal being the space occupied by 
the valves and bearings. With cylinders of the 
same capacity, running the same number of revo- 
lutions, the size of the valves should be the same 
whatever the proportions of diameter and stroke— 
a point often lost sight of. In this case, if all the 
valves are placed on one side, they may take up so 
much space that the length of the engine is inde- 
pendent: of the diameters of the cylinders. - This 
will be seen by takingan example. For an engine 
of the size we have been considering valves 13 .in. 
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in the clear way will be about the size generally con- 





















































a superiority at low 
speeds, owing to the 
smaller area of. the pis- 
ton, and consequently 
smaller reaction from the 
explosion pressure ; while 
the short stroke would, 
at high speeds, show less vibration from the moving 
parts, owing to the lower piston speeds. There 
seems, however, to be very little evidence that the 
difference is material over the range of proportions 
actually used. in motor-cars, and each type seems to 
give excellent results, provided that the cylinders 
are large enough for their work, the compression 
moderate, and other details well worked out. 

The question must, therefore, mainly be, What 
proportions give the lightest engine and the most 
convenient arrangement of ? In racing-cars, 
where weight was the only limitation, the propor- 
tion of stroke to diameter arrived at by trial and 
error was about 0.9. In racing-cars, however, the 
revolutions are not limited by practical considera- 
tions, consequently very large valves must be used, 
and there are many other essential differences 
between them and touring-cars. 

With given sized cylinders, &c., the weight of an 
engine will depend mainly on its outside dimen- 
sions, and, therefore, the most essential question is 
what proportions will make the most compact engine. 
The width is little affected by the stroke, as the 
long-stroke engine will require a wider crank-case, 
though it can have a cylinder casting slightly 
narrower. In a four-cylinder engine, however, if 
the diameter of the cylinders be altered, the altera- 
tion in total length will be four times the alteration 
in diameter ; while with connecting-rods 2} strokes 














¥ 


























sidered desirable, and Fig. 1 shows that these take 
up as much space as 4-in. cylinders if the same core- 
space is allowed between them. Comparing the 
4-in. by 4-in. engine again with one having smaller 
cylinders, but a longer stroke, it is obvious that 
the latter cannot be reduced in length, and will 
therefore be heavier, owing to the extra height. 

If the engine with the cylinders small in diameter 
is to be made of the same weight, it must therefore 
have some different valve arrangement, the most 
usual being’ to-have the valves on opposite sides 
with two cam-shafts. It is, of cqurse, possible to 
omit the water space between the valve kets, 
but this seems very bad practice though it is some- 
times done. 

In Fig. 1 the cylinders are shown all cast in one, 
as this makes the most compact arrangement ; but 
if they are separate or in pairs, the same arguments 
apply, as the extra space required between the 
valves equals that required between the cylinders. 
The principal remaining point, which determines 
the best proportion of diameter to stroke, is the 
arrangement of the bearings. It is essential that 
the crank-shaft should be so supported that the 
bearings will not show excessive wear. There are 
two arrangements of main bearings of four-cylinder 
engines in general use. 1. A bearing between each 
crank and the next (five-bearing crank-shaft). 2. No 
bearing between each adjacent pair of cranks (three-' 
bearing crank-shaft); while there are several ex- 
amples being made of engines with no intermediate 
bearings at all (two-bearing crank-shaft). 

For good wear it is essential that the crank- 
shaft and bearings should be rigid enough not to 

ring in the least, and this is far more important 
than simply extent of bearing surface. Hence the 
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five-bearing crank-shaft is distinctly thé most 
mechanical design. On the other hand, there is no 
difficulty in making a shaft which will not spring, 
even if some of the bearings are omitted, provided 
it is made heavy enough, and the arrangement 
chosen must therefore depend on what relative im- 
portance is attached to weight, first cost, &. 

With the five-bearing crank-shaft there is gene- 
rally litt‘e difficulty in getting enough bearing sur- 
face, even if the cylinders are placed very close 
together. 
cylinders in 
_czanks are very well supported, the distance between 
the main bearings being only 3} in., while the total 
length of the main bearings is 8 in. If, however, 
we omit the intermediate bearings, we get a crank- 
shaft something like Fig. 3. 's this the space 
between the main bearings is 8} in., while the total 
length of the main bearings is only 8 in. These 
could be made longer by increasing the length of 
the engine, but this is already greater than in 
Fig. 2, the length over the main bearings being 
2? in.. greater, and that over the cylinders $ in. 
greater. The crank-shaft in Fig. 3 must. be larger 
in diameter than Fig. 2, and therefore the whole 
engine must be either heavier or less durable. 

If the cylinders are teduced in diameter, and the 
stioke lengthened, the defects of this type of 
engine are less’ pronounced, as will be seen on 
examining Fig. 4, which shows the crank-shaft for 
cylinders 3} in. by 5} in. In this case the distance 
between the main bearings is reduced, and, further, 
the pressure on the crank-pins is considerably re- 
duced, and the absence of intermediate bearings not 
nearly so objectionable. It appears, therefore, that 
there are two general designs which will require 
different proportions to get the best results, If the 
valves are all at one side, and a five-bearing crank- 
shaft is used, probably a stroke approximatel 
equal to the diameter will give the best results. If, 
on the other hand, only three bearings are used, it 
appears that it will be better to mn af the stroke 
some 1.5 times the diameter, but in this case the 
valves cannot all be arranged on one side, in the 
usual way, without increasing the weight. 

Comparing these two types of engine, there 
seems no doubt that the five-bearing engine will be 
the best, as it will combine lightness and durability 
to a greater extent, The only practical advantage 
which can be claimed for the three bearings is 
cheapness ; but as’ the crank-shaft has to be larger 
in diameter, and longer, the saving will be very 
small indeed, while if two cam-shafts are used, the 
extra expense of these will be far greater than the 
saving in the main bearings. 

Few examples of the third arrangement have yet 
been made, but it appears as if its use might be 
c — extended for very small four-cylinder 
e -gines, where first cost is of great importance. 
There is no doubt that there is a good demand for 
« four-cylinder car of small power—say with cylin- 
ders from 24 in. to 3 in. in | tre gy in these 
the engine is not a very large proportion of the 
total loaded weight of the car, so that the crank- 
shaft can easily be put in strong enough to allow 
for the absence of intermediate bearings. With 
this type of engine it seems, however, that it will 
be of the utmost importance to keep both the 
length between the main bearings, and also the 
pressures on the crank-pins, as small as possible, 
and therefore the peer” a cylinders and longest 
stroke practicable should be used. For the sake of 
comparison with previous figures we may refer to 
Fig. 5, which shows what the crank-shaft would be 
like for an engine of the same cylinder capacity as 


Fig. 2 shows a crank-shaft to suit the | 
ig. 1, and it will be seen that the | 











‘cheaper than split brasses can be adjusted. The 
icost of machining and erecting such a crank-case, 
tin fact, probably need not be more than a third 
‘that of the ordinary type with split bearings, &c. 
‘In addition to this it lends itself much more readily 
‘to a cheap combination with the gear-box. 

' The weight also will probably be less than that 
of the three-bearing arrangement, for the latter 
entails the placing of the middle pair of cylinders 


|a long way apart in order to get along enough 


middle bearing, while the two-bearing crank allows 
of the cylinders being brought very close together, 
and therefore of a very light cylinder casting and 
crank-case, which will largely compensate for the 
heavy crank. 

Altogether this arrangement appears to deserve 
more attention for really small engines. Nothing 
but actual experience can show how far it will prove 
successful in practice, but the fact that one of the 
best and most experienced makers of petrol-engines 
‘introduced an engine of this type in 1907, and added 
another size of the same pattern last year, seems 
‘to speak well for it. The greatest difficulty is to 
arrange the valves satisfactorily so as to keep the 
engine short. Two cam-shafts are expensive, and 
probably some special arrangement will give the 
best results. 








EXTENSION OF MALTA NAVAL 
DOCKYARD AND HARBOUR. 
(Continued from page 74.) 

THE PENSTOCKS. 

THERE are nine single penstocks, four double 
penstocks, and one quadruple penstock, as shown 
on the plan, Fig. 20, on e 72 ante. These were 
constructed by Messrs. Joseph Blakeborough and 
Sons, of Brighouse, Yorkshire. Of the diate pen- 
stocks detail drawings are reproduced on page 108, 
Figs. 31 to 46. These single penstocks, numbered 
1 to 4 on the plan, are used in the dock-filling culverts 
connecting the docks with the creek: On page 109 
(Figs. 47 to 55) we reproduce drawings of the single 
yenstocks Nos. 11 and 12, which, as shown in 
‘ig. 20, are placed in the main culvert taking the 
discharge from the main pumps. These culverts 
are ata level of 19 ft. 4 in. below the coping; con- 
sequently the spindle is comparatively short, but 
the drawings are interesting because of the area of 
the door and the construction of the guides. 

The single penstocks Nos. 1 to 4 are 5 ft. 6 in. 
in diameter, the total depth from coping being 33 ft. 
94 in., whereas in the case of Nos. 11 and 12 the 
diameter is 7 ft. 6in., and the depth, as already stated, 
is 19 ft. 4 in. Other penstocks range in diameter 
from 4 ft. 3 in. in the case of No. 13, to 7 ft. in the 
case of Nos. 6,7, and 8. These latter are 54 ft. 6 in. 
deep, and close the various branch culverts from 
the docks to the main sump. The quadruple pen- 
stock has four doors of 4 ft. by 2 ft., the depth being 
‘57 ft. In all cases the doors are raised and lowered 
‘by means of lifting-screws, and are provided, with 
the exception of No. 13—that in the drainage 
culvert—with hydraulic engines. The bevel-gear 
in all cases is double, and the shaft revolves in one 
direction only, raising or lowering the penstock 
doer according to the particular set of wheels 
‘brought into play by means of the clutches (Figs. 38 
to 41). Automatic gear is also provided for dis- 
engaging the driving-clutch when the doors are 
raised or lowered to the required level. 

The hydraulic engines and the shafting and gear- 
ing for operating the penstocks were constructed 
by Messrs. Richard Moreland and Son, Limited. 
The single penstock doors, illustrated in Fig. 31, 


‘steel plates, the angle bars being laid in concrete 
foundations, while the bearings for the lifting-screws 
lare of cast iron. The lifting-screws themselves 
l'are of naval brass, and the crossheads of cast steel. 

The penstocks Nos. 6 and 7 on the suction-pipes 
‘from the outer and inner compartments of the East 
Dock, being contiguous to each other, are worked by 
one engine of 57 horse-power, with four cylinders 
having rams 6 in. in diameter for a 12 in. stroke. 
These are the largest and deepest of the penstocks, 
and consequently required greater power to move 
them against the high pressure. The penstock- 
Nos. 8 to 12, which are also contiguous to each 
other, as shown in Fig. 20, are worked from one 
engine through a line of 4-in. steel shafting with 
bevel-wheels and clutches. The doors in the case of 
penstocks Nos. 6 to 10 are 3 tons 1? cwt., and in 
the case of Nos. 11 and 12 (the largest), as illus- 
trated in Figs. 47 to 55, are 3 tons 47 cwt. The 
quadruple penstocks are operated by vertical re- 
versing steam-engines, each having two cylinders 
6 in. in diameter by 5 in. stroke, and in this case an 
automatic cut-off gear is fitted to the penstock decor 
spindles, in order to prevent the gear overrunnin ; 
when the doors are closed or fully open. 

Non-return flaps are fitted to the main discharge 
culverts, which are below sea-level, in order to pre- 
vent accidental flooding of the wells owing to the 
opening of a discharge penstock through error or 
ignorance. These flaps are shown in Fig. 20, and of 
them detailed drawings are given in Figs. 56 to 58, on 
| page 109. The frames are of cast iron, with holes 
for lewis bolts cored in and provided with bosses. 
| The lugs are cast on the frames for hinge-pins ; the 
pins are of naval brass, and provided with washers 
and split-pins to keep them in place. The flaps 
illustrated have the frames cast in two pieces, and 
the connecting flanges were machined to ensure 
a true connection. In the case of the smaller non- 
return flaps fitted, for instance, on the discharge- 
culverts; as shown in Fig. 20, on page 72 ante, the 
frames are in one piece. ‘These frames are covered 
in some cases with oak boards tongued and grooved, 
and in other cases with elm boards. The facing 
fillets in the culvert are machined in order to ensure 
a close fit, and the hinged flaps are of wrought iron, 
with wrought-iron bolts and washer-plates. 

The penstock shafts have covers consisting of 
cast-iron framing, with jarrah-wood blocks fitting 
over the rolled joists and frames on the coping. 


(To be continued.) 











THE INSTITUTION OF MECHANICAL 
ENGINEERS. 

AN rpg | eneral meeting of this Institution 
was held on Friday last, the 15th inst., at the In- 
stitution House, Storey’s-gate, Westminster, the 
chair being occupied by Mr. J. A. F. Aspinall, 
Vice-President, in the absence, through illness, of 
the President, Mr. T. Hurry Riches. 

ELECTION OF OFFICERS. 

The usual formal business having been transacted, 
the list of the retiring Members of the Council 
and the list of new nominations were read by the 
Secretary. It was stated that in accordance with 
Article 25 of the constitution, the Council had 
appointed Mr. H. Graham Harris to fill the 
vacancy caused by the nomination of Mr. J. A. F. 
| Aspinall, as President ; while, to fill the vacancy 
lresulting from the resignation of Mr. John 
| Tweedy, Mr. Wilson Worsdell, of Gateshead, had 
|been appointed a Member of Council. - Both 





previous examples, bat with cylinders 3} in. in dia- weigh 1 ton 16} cwt., and the gearing, which these gentlemen were therefore included in the 


meter by 6 in. stroke, the size of the crank-shaft | is illustrated in Fi 


. 38 to 41, is driven by a 


being such as to allow about the same stress as in| 10-horse-power 4-cylinder hydraulic engine, with 


Fig. 1. It is, however, very doubtful whether it 
is a suitable design for engines as large as this, 


a ram 3 in. in diameter and having a 6-in. stroke. 


|The cylinder and gear are bolted down on to a 


and seems much more suitable for one with cylin- | 


ders, say, 24 in. by 4} in. 

At first sight it would appear that if the omission 
of two of the intermediate bearings did not effect a 
material saving in cost, the omission of the remaining 
one would not do so either. In practice, however, 
the saving may be very great. With a three-bearing 
crank-shaft the crank-case is usually split in exactly 
the same way as the five-bearing, the only saving 
a the two bearings and their caps. 
two-bearing shaft, however, the crank-case may be 
split vertically like that of a single-cylinder engine, 
and the facing machined at the same setting as the 


' steel, machined all over. 


riveted steel bedplate. The shafting is of wrought 
The gear-wheels are of 
cast steel, machine moulded, and the fixed wheels 


‘are keyed to the shaft, while the loose bevel-wheels 
'are brass bushed, with clutch teeth cast with them. 


ith the | plummer boxes are of cast iron. 





The sliding clutches are of cast steel, bored and 
slotted, while the automatic gear for operating the 
clutches is of wrought iron, the pin with shaft-head 
working in the clutch being of gun-metal. The 


cast iron, with seatings to receive the naval-brass 
fices.. These latter are machined on both sides, 
secured by set-screws of the same material, having 


he doors are of | 


|retiring list. It was further announced that, in 
|accordance with Article 23, the President, two 
| Vice-Presidents, and seven Members of Council 
| would retire at the ensuing annual general meet- 
ing in February. The following is a full list 
of those thus retiring :—President, Mr. T. Hurry 
Riches ; Vice-Presidents: Messrs. Henry Davey 
and Henry Graham Harris, both — during 
the year ; Members of Council : essrs. H. F. 
Donaldson, of Woolwich; Arthur Greenwood, of 
Leeds (appointed during the year); Mr. H. Graham 
Harris (nominated as Vice-President) ; Mr. J. 
Rossiter Hoyle, of Sheffield ; Mr. Henry Lea, cf 
Birmingham ; Mr. Walter Pitt, of Bath, and Mr. 
| Wilson Worsdell (appointed during the year). 

The following nominations for election at the 
annual general meeting had also been made by the 


seats for the main bearings. ‘The latter can also be | countersunk heads. The brackets for carrying the | Council :—As President, Mr. J. A. F. Aspinall, of 
unsplit bushes, which can-be replaced, when worn, | lifting-screws are formed of rolled-steel joists with | Manchester; as Vice-Presidents: Messrs. Henry 
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Davey and H. Graham ~Harris; as Members of 
Council :- Messrs. H. F. Donaldson, Arthur Green- 
wood, J. Rossiter Hoyle, Henry Lea, Walter Pitt, 
and Wilson Worsdell (all retiring members), and, 
as new names, Dr. H. F. Hele-Shaw, F.R.S., of 
London ; Mr. William H. Patchell, of London ; and 
Captain H. Riall Sankey, of London. 

The Chairman having reminded the meeting that 
members and associate members might. add other 
names to the nomination list, Mr, E. H. G. Brewster 
proposed that Engineer-Vice-Admiral Sir Albert 
John Durston, K.C.B.; should be added to the list 
of candidates for the office of Vice-President of the 
Institution. This proposal was seconded by Mr. 
J. R. Chalmers, ak this name will accordingly be 
added to the list of candidates to be submitted for 
election at the meeting in February. 

The Secretary then announced that forty-six 
candidates had that day been added to the roll of 
the Institution, and that the Council had sanctioned 
two transferences from the class of associate member 
to that of full member. 


FILTRATION AND PURIFICATION OF WATER. 


A paper entitled ‘‘The Filtration and Purification 
of Water for Public Supply” was then read in 
abstract by the author, Mr. John Don, Associate 
Member, of Maybole. This paper was the one 
selected by the Council of the Institution for the 
tirst award of the Water Arbitration Prize, 1908. 
As we commence to print the official abstract of this 
paper in another part of the issue, we proceed at 
once to the discussion, prior to which, however, the 
author made certain slight corrections of data given 
in his paper, as follow :—In reference to Table IT. in 
the paper, which, showed the comparative cost of 
various filters in regard to capital outlay and cost 
of working, Mr. Don said it had been somewhat 
difficult to get exact information on these heads. 
In the case of the Bell filter, he had calculated that 
twelve of these, 8 ft. in diameter, would be required 
to treat one million gallons per day. A member of 
the company had, however, since informed him 
that six filters would suffice, thus reducing the 


Company on this head was instructive. A great 
reservoir, used for a quarter of a century for storing 
water during floods, contained at the bottom but 
a few inches of sediment when the reservoir was run 
dry during the drought of 1898. The number of 
bacteria in raw water was reduced enormously 
by storage, as had been proved time after time. 
On the question of settling-reservoirs the speaker 
would say that in most cases, especially in upland 
schemes, storage reservoirs could also serve as 
settling-reservoirs. In the case of the Sundridge 
Park Reservoir, referred to by Mr. Don, which was 
designed by his colleague, Mr. Morris, this reser- 
voir was not intended to act as a settling-reservoir, 
as all the water pumped into it came from deep 
wells. Its peculiar arrangement was designed for 
the purpose of securing perfect circulation, and was 
a most economical and excellent one for the con- 
struction of a covered reservoir. 

Turning to filtration, the speaker considered 
that this was a very important matter in con- | 
nection with river and gathering-ground supplies. 
The author had described the construction and 
working of the open sand filters: The speaker's 
department of the Water Board was responsible 
for the daily filtration of from 200 to 250 million 
gallons of water, and it would therefore be seen 
how much depended upon efficient filtration. He 
would a that the cost of this filtration 
was very much less than was generally supposed. 





A few days ago he had looked up the‘ cost of fil- 

tration in the Tate company’s time—the average for | 
some years—and he believed it worked out at »yd. | 
per 1000 gallons. In other words, 14,000 gallons | 
of water were filtered at a cost of ld. Interest on | 


siderable inquiry into the ozone method. On 
Wednesday last he had had the advantage of hear- 
ing Dr. Rideal’s paper, and he had seen the ozone 
process in operation at Paris six or seven years ago, 
and on several occasions since. The improvements 
—principally in the cost of producing ozone, and in 
the cost per 1000 gallons of water. treated—had 
been such during recent years that the speaker con- 
sidered the ozone process to have also a good future 
before it. He had also a good opinion of the 
Anderson system, and he remembered that, about 
twenty years or more ago, he had, in conjunction 
with the late Sir William Anderson, tried some 
experiments on a scale equal to about half-a-million 
ge lons per day, with very good results. He 

lieved that at the present day fully forty million 
gallons a day .were treated by the’ Anderson 
process in the neighbourhood of Paris. Other 
speakers might have something to say with regard 
to water hardening and softening, distribution, 
growth in mains, &c.; but, in concluding his 
remarks, the speaker would like to take exception 
to Mr. Don’s observation that in Britain we were 
less advanced than our Continental friends in the 
study of water purification, which was not the.case. 

Dr. John F. Beale, demonstrator in the Public 
Health Laboratories of the London Hospital, wa& the 
next speaker. He said that in his excellent paper 
on the present state of our knowledge of water puri- 
fication, Mr. Don had referred to the opinions of 
Dr. Thresh, who was the chief of the department to 
which the speaker belonged. It was stated, for 
instance, that in the opinion of Dr. Thresh, the 
filtering skin could not, with safety, be dispensed 
with. That certainly was the view taken by Dr. 


capital and sinking fund charges were not included ; | Thresh until recently, but the experiments at the 
the cost embraced merely the working expenses, | Bedford Water Works—to which Mr. Don had 
the cleansing of the sand, and the provision of new | alluded—showed conclusively that the ‘‘film” was 
sand, Mr. Bryan ed with the author’s views on | not absolutely essential for efficient filtration. As 
roughing filters, and this he did by reason of actual |the author had pointed out, there were at these 
experience, over a number of years, in the work- | works sand filters which were fed by sprinklers, 
ing of a plant made by Mr. Puech, and put down by and no filtering skin formed on the surface ; yet 
the East London Water-Works Company, to filter, the water from these beds had been found of 
roughly, about 10 million gallons per day. These greater bacteriological purity than that from beds 


roughing filters had acted very well. e water 
was subsequently passed over ordinary sand filters, 
with the result that the sand filters operated for a 
much longer time than they would have done had 
there been no previous filtration by the Puech 

filters. The speaker also agreed in the main 
question of distribution, the speaker had not had | with the opinions aenell tar Mr. Don as to 
time to deal fully with this subject, but it was|the construction and management of slow sand 
treated at greater length in the complete paper. | filters ; they might, however, require modifica- 
He would, however, say that the troublesome | tion according to local circumstances. Mechanical 
growth of the crenothrix, which clogged the mains, | filters he regarded as of very great interest, and 
was best dealt with by removing the iron in solu-|he and his colleagues had experimented with 
tion. Iron in solution might be removed by pre-|them for twenty years past. uring the last 
cipitants, of which there were many. Lime might | decade or two these filters had made considerable 
be used for this purpose, as might also sulphate of | progress, and had proved an undoubted success for 
alumina ; but, as tinh larite or oxidium was | manufacturing purposes; and had in cases also 
best of all. Filtration through these latter sub-| proved successful for domestic supplies. He 
stances would completely remove the iron, or at | believed, however, that the most exhaustive ex- 
least so large a portion of it that the crenothrix | periments that had ever been made on the relative 
would not be able to live upon the residuum. merits of slow sand filters and mechanical filters 

He 


capital cost to about half the amount stated in the 
table. With regard to the Mather and Platt filters 
he believed that twelve could now be bought for 
about 5000/., six, therefore, costing 25001. He be- | 
lieved, moreover, that six of these filters would do | 
the same work as six of Bell’s. Turning to the 





| which were fed in the ordinary way. 


Mr. W. B. Bryan opened the discussion. 
congratulated the author upon the manner in which 
he had brought together the principal features of 
consideration involved in water supply, a matter of 
world-wide interest. As to sources of supply, the 
speaker agreed with Mr. Don that districts with 
greatly varying geographical positions must have 
supplies of varying character, whether these sup- 
plies were from rivers, upland gathering grounds, 


were carried out by the Filtration Commission of 
the City of Pittsburg. The report of the Com- 
mission, which occupies from 350 to 400 pages, 
ave results of trials extending over a very 
ong period, and set forth the cost of installation 
work, the bacterial efficiency, loss of water in 
washing, use of coagulants, and every other. detail 
which appeared under the headings of ‘‘ Compara- 
tive Cost,” ‘‘ Efficiency,” ‘‘ Durability,” and ‘‘ Sim- 





or from underground sources. The author had | plicity of Operation.” Summing up the results, 
referred to the several classes of reservoirs, and | the report stated that : ‘‘In view of the foregoing 


also to the roofing-in of some of them as a re- | considerations, we find the adoption of the system | 


medy for plant-growth. In the case of storage of sand filtration to be the most advisable.” It 
reservoirs on upland gathering grounds, holding | was significant that since then the huge plants put 
from 100 to 200 days’ supply, roofing-in was, of |down for Philadelphia and other great cities had 
course, impossible on account of the cost involved. been filters of the ordinary open pe. 

Water once filtered, however, or obtained from | Nevertheless, he considered, Mr. Bryan con- 
underground sources, should invariably be stored | tinued, that there was a future for mechanical 
in covered reservoirs. 
Water Act of 1852 it was compulsory upon com-j| which was the purification of the waste water 
panies supplying London with water to cover | prior to its being passed into running streams. 


the whole of their reservoirs for filtered water | Those who had to deal with filtration on a large | 
within a certain number of miles of St. Paul’s.|scale would know the difficulties of purifying | 
even the water used | 


Personally he was of opinion that water, once fil- | sufficiently for this pu 


tered, should not see daylight in until it came |from ordinary slow filters. If the amount of 


In fact, by the Metropolitan | filtration, in spite of many difticulties, one of | 


Sand- 
beds did not act as filters in the same way 
‘as filtering paper, for example. The pores be 
|tween the particles of the finest sand were 
| sufficiently large to allow masses of thousands of 
| bacteria to pass through without hindrance. When 
| water was passed slowly through the beds, tho bac- 
teria and colloid matters settled on the particles 
and adhered thereto, and until the upper layer of 
the sand had become adhesive the purification was 
inefficient. At Bedford the upper surface of ‘the 
sand was so constantly distur by the sprinkler 
that the grains did not become adhesive ; but at 
about 1 in. below the surface, and extending down- 
wards for 3 in. or 4 in., the sand acquired an adhe- 
sive covering, and formed an effective barrier to 
the passage of bacteria. In such cases, therefore, 
a surface filtering film was unnecessary. 

The author, Dr. Beale continued, had also re- 
ferred to certain investigations on the efficiency 
of the Candy filter. At the laboratory, during 
recent years, they had made a number of experi- 
ments with these filters, and had, moreover, 
examined nearly all the mechanical filters on the 
market, while Dr. Thresh had lately had au 
srporeany of studying the pene of rapid 
filtration as practised in the United States. As 
a result of these observations and experiments, 
they were of opinion that no mechanical filter 
without certain adjuncts, such as alumina, could 
be depended upon to remove bacteria, Any of 
them at a certain stage of the filtering process 
would yield a water of good bacterial purity ; 
but if the observations extended from washing to 
washing, the results, speaking of bacterial action 
only, were not quite so satisfactory. So far as 
complete clarification was concerned, it was probable 
that all of them would effect this if carefully worked ; 
but that was another matter. Dr. Thresh had, on 
many occasions, recommended the Candy filter for 
the removal of traces of iron and traces of sul- 
phuretted hydrogen, and for removing also colour 
due to organic matter, &c., and the results had left 
nothing to be desired. The rite or oxidium, or 





out of the- consumer’s tap. The impounding of 
yaw water in reservoirs had proved to be -of the 
greatest advantage, and the exposure to sunlight 
and air had invariably improved the water, especi- 
ally from a bacteriological point of view. The 
experience of the late East London Water-Works 


whatever these filters might contain, prapent 
wash-water were much increased—as was always | certain properties not pomeense by sand of any 
ithe case with mechanical filters—the difficulty kind, Great trouble , at times, arisen from 
‘was enhanced. The speaker hoped that some | growth and deposit in water-mains, due to minute 
| day this difficulty would be got over. With respect | traces of iron in solution. Filtering through the 
to other methods of purifying the water, Mr. Bryan | Candy filter removed these traces of iron, and growth 
had for the last eight or ten years made con-|in the mains absolutely ceased. This growth was 
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probably due to a species of crenothrix, but the 
Ss of this organism was easily overlooked. 

é best way to find it was to macerate a little of 
the deposit in very dilute acid at about 100 deg. 
Fahr., until nearly all the iron was dissolved out. 
A small amount of nearly colourless flocculent 
deposit would then be obtained; this could be 
stained in the ordinary way and examined micro- 
scopically, when spores of crenothrix, occasionally 
filaments, might be observed. 

As to the purification of water by chemical and 
electrolytic methods, no allusion had been made by 
Mr. Don to the use of chlorinated lime. In a 
recent contribution to the Lancet, Dr. Thresh had 
shown that in waters containing little suspended 
matter, a trace of chlorine would effect practical 
sterilisation in a very few minutes, and as he (the 
speaker) had carried out at the Public Health 
Laboratories a number of experiments with this 

int in view, he could confirm what Dr. Thresh 

ad stated.’ Moreover, they had examined samples 
taken from an installation connected with a large 
water supply, and had found that similar results 
could be obtained on a large scale. The excess of 
chlorine was easily removed by the use of sul- 
phurous acid, and, as the cost was only a few 
shillings per million gallons, and no patents were 
involved in the process or the apparatus, the 
method was likely to be adopted’ in many cases, 
and to receive a considerable amount of attention 
in the néar future. 

Professor Henry Robinson, who spoke next, 
considered that the paper contained information 
which would be esefel t0 all for reference. He 
would not criticise the statements made by the 
author with regard to the various processes, as. he 
believed that each process had an opening for 
itself. One method might be right under one set 


of conditions, and another under a different set. 
The remarks which had been made that evening 
opened up matters which were outside the paper. 
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He fully agreed with the statements made by Mr. 
Bryan. With reference to underground water, the 
author had alluded to the possibility of identifying 
this, and the speaker would like to put it upon 
record that some years ago he had been engaged 
upon a case in which underground water was being 
taken in an unfair way. It had previously been 
decided, in Chasemore v. Richards, that under- 
ground water could not be identified. Know- 
ing, however, that lithia could be identified by 
its spectrum, the speaker had put lithia into 
water which underground, taking samples 
of this water before the lithia was put in, and 
others later on; when-the lithia had had time to 
travel from point to point. These latter showed 
the presence of lithia, and thus identified the water 
to the satisfaction of the Court. It was a serious 
matter for a large manufacturer who sank a well for 
his water supply to find that someone else could 


come and sink another well close to his, but.a little | 





higher up the stratum, and thus deprive him of his 
supply. he case to which the speaker had referred 
was that of the Dorking water supply, and one 
effect of the case, and of the fact that lithia enabled 
water to be identified, was, in two other instances 
within the speaker's experience, to stop the taking 
of water where injury would have been done to 
others. 

Mr. Daniel Adamson, who followed, said that the 
author, referring to the production of ozone, had 
stated that the ozonisers were ‘‘of the Schneller 
pattern, and did not differ in principle from those 
already described.” The speaker contended, how- 
ever, that the Schneller ozonisers were distinct from 
the Siemens pattern, which was the pattern pre- 
viously devel The glass dielectric shown in 
Fig. 13 was dispensed with entirely, which the 
speaker regarded as a point in favour of the Schneller 
ozoniser. The author had mentioned the celluloid 
sieve. It would have been interesting if he had 
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also mentioned that these sieves had to be perforated 
with very small holes—he believed about 2, in. in 
diameter. Considerable difficulty was experienced in 
obtaining these sieves, the fine perforations of which 
were required owing to the fact that it was impos- 
sible to purify the water of the River Mark (Holland) 
without very intimate contact of the ozone with the 
water. This intimate contact could only be obtained 
by breaking up the water into the finest streams, 
and forcing the ozone in with it. This experience 
seemed to show that the Howard-Bridge apparatus, 
described by the author, was not likely to prove 
satisfactory. The speaker considered that in the 
case of Fig. 18 of the paper, a spark-gap was needed 
to make the illustration of the apparatus complete. 
So arranged, the apparatus gave a very large quan- 
tity of ozone free from oxides of nitrogen, a feature 
which was essential if ozone were to be used for 
water purification. Stress might also be laid on 
the necessity of drying the air which passed 
through the ozonisers, in order to reduce to a 
minimum the objectionable oxides of nitrogen; 
and, to ensure a good supply of ozone in proportion 
to the energy used, it was also necessary to cool the 
air admitted to the ozonising apparatus. Mr. 
Adamson next directed attention to a comparatively 
new type of mechanical filter, in which the con- 
taining vessel was of aspherical shape, and mounted 
on trunnions, so that it might be revolved for the 
cleansing of the filtering medium. It would be 
understood that the spherical form had certain 
advantages in this connection; this shape was 
better supported between trunnions than the cylin- 
drical one, as had been proved with other forms of 
apparatus ; it had also the advantage—claimed in 
the paper for the conical vessel—of reducing the 
possibility of leakage of the water being filtered— 
that is to say, the possibility of the creeping of the 
water between the sand and the sides of the vessel. 

Mr. William Fox, the next speaker, wished that 
the author had added to the figures he had given, as 
to the comparative cost of the various filters, some 


|set the loss of head required to 





For a fair comparison the mechanical filters should 
be placed side by side with some well-established sand 


filtration works, and both operated for a considerable 


period, and proper observations taken. It would 
then be possible to know if there were justification 
for recommending sand filters, which might be more 
expensive in the first place, or if the mechanical 
filters were eflicient enough to warrant their definite 
adoption. Not long ago it had been stated in 
iikense that sand filters were obsolete. If that 
were so, England was much behind the times, as 
was also Pittsburg. He did not, however, think 
that sand filters were obsolete. Various dis- 
advantages of sand filters had been pointed out, 
but, with one exception, the disadvantages were 
all relative to cost, and not to efticiency. The 
exception referred to was the possibility of con- 
tamination when the filters were being cleaned, 
but, as a practical question, he did not think that 
possibility arose. Against rapid filters might be 
pass the water 
through the filters ; for instance, the Candy filter 
required a 12-ft. loss of head, as against a few inches 
in the case of sand filters. This might, in some 
cases, mean the difference between gravitation and 
pumping ; but even if pumping were necessary, it 
might at once add 50 per cent. to 10 per cent. to 
the cost of pumping. The speaker believed, there- 
fore, that, after allowance for all these points, 
although the first cost of sand filters was con- 
siderably greater than that of rapid filters, yet, 
when efficiency was taken into account, it was not 
in nine cases out of ten “obsolete” practice to 
adopt the sand filter. 

The next speaker was Mr. Morris, who said that, 
while he had had nothing to do with the filtration 
of water, his name had been mentioned in connec- 
tion with the reservoir at Sundridge Park, which, 
of course, was for storing water pumped from the 
chalk. His object in arranging for a very com- 
plete circulation of the water inside the reservoir 
was to keep it fresh, otherwise some of the water 


information as to the cost of the ordinary sand | in the reservoir might remain there for several days 


filtration. When recommending filters to clients, 
it was desirable to be able to say that such 
and such a filter was the cheapest and most efficient ; 
but to do that it was necessary to know how the 
sand filter compared with the various rapid filters. 


} 
| 
| 
| 


|or weeks, and when drawn out upon an occasion of 


great demand people would complain that it tasted 
very flat. 

Mr. Aspinall then brought the proceedings to a 
close by stating that the discussion on Mr. Don’s 


The speaker understood that the cost of the rapid | paper would be adjourned until Friday, February 


filters given in the table had been considerably | 19 next. 
|meeting would take place on Monday, February 8 


modified since that table was printed. From the 
table, for instance, it appeared that the Candy 
filter required only 318 square feet to filter 
1,000,000 gallons a day, while the Bell filter and 
others required considerably more-—twice or three 
times as much. Apparently, however, from the 
correction made that evening, the Bell and the 
Reeves filters had come into line, and worked 
at practically the same rate as the Candy filter. 
Again, if the cost of buildings (which he be- 
lieved were invariably required for these filters) 
was not included in the figures given, this would 
have to be added, and would bring the figures 
nearer to the cost of ordinary sand _ filtration. 
Taking ordinary sand filtration at the rate of 
50 gallons per square foot per day— much, of 
course, depended upon the situation, the cost of the 
sand, the slope of the ground, and the facilities for 
getting material both for building and filtering pur- 
poses—it might be assumed that, ona tolerably large 
scale, the cost of sand filters would be 40001. to 70001. 
per million gallons, Another point in connection 
with rapid filters was the amount of water required 
for waking. So far as he could make out, rapid 
filters were washed very quickly : the pressure was 
put on from the lower side for a few minutes, and 
as soon as the water ran fairly clear there was a 
reversal, and the filter was put into action again. 
No time was allowed for running unfiltered water 
to waste inthe operation of washing, and no time 
was allowed for the formation of any film, generally 
considered as necessary for proper filtration. More- 
over, the speaker did not see hcw any film could be 
formed—at any rate, on some of the filters. In the 
case of the Candy filter there was on the top of the 
sand a perforated 
the formation of a film on the top of the sand. A 
film might possibly be formed below the top, as had 
happened at Bedford ; but was it possible in that 
case to wash it out by turning filtered water in from 
below? Even if the filters were allowed to run for 


half an hour after washing, it would mean an addi- 
tion of 2 per cent. on the cost of the filter, in addi- 
tion to the large quantity of water always required 
for washing purposes, 





late, which entirely prevented | 


He announced also that the graduates’ 


next, when Mr. H. F. Donaldson, Member of Council, 
would deliver a lecture on ‘‘ Interchangeability, 
and Methods of Securing it, in Screw-Threads.” All 
classes of members, he added, were invited to attend 
the graduates’ meeting. 








PUMPING-STATION FOR FLOOD-WATER 
AT SOUTHSEA. 

THE summer that has just passed saw the completion, 
at Southsea, of a very important piece of engineering 
work, which was designed and carried out by Messrs. 
Bramwell and Harris, consulting engineers, 11, Great 
George-street, Westminster. This work consists of a 

umping-station situated on the low-lying stretch of 
and, known as Southsea Common, between the Parade 
and the town, and is intended for dealing with flood 
rain-water in times of heavy rainfall, or during sudden 
severe storms. 

The question of how best to deal with this storm- 
water had, for a considerable time, troubled the Town 
Council of Portsmouth, for the district in question lies 
so low that ordinary gravitation drainage was out of 
the question, and it was only at certain states of very 
low tides that any possibility of getting rid of such 
flood-water existed. On the piece of land named 
a great amount of flooding occurred from time to time, 
and various schemes were discussed, until it was at 





last decided to call in the aid of the late Sir Frederick | 


Bramwell, who visited the place, and in due time sent | 2 
| the quantity of rain is sufficient to cause the level 


in his report on the subject. 

The Town Council of Portsmouth adopted the sug- 
gestions contained in the report, and the present 
works were designed and carried out by Mr. Graham 


Harris, the late Sir Frederick Bramwell’s partner. | 


|The conditions were somewhat peculiar, because any 


large expenditure of capital on this a district 
was to be avoided, as only a comparatively small 
number of ratepayers would be benefited thereby, or, 


| in other words, the expenditure would be on a limited 


district only. Before going further, therefore, it may 
be well to draw attention to the leading features of 
the case. 

The total drainage area of the borough of Ports- 
mouth is just under 4870 acres, including the dock- 


| sently. 


able height above the sea-level. The main sewage 
outfall is at one extreme end of the area, and there- 
fore, owing to the flatness of the district, the gradients 
of sewers are very small, and the sewers themselves 
are, as a matter of fact, below the level of high tide, 
and can only partially discharge their contents even 
at the time of dead low water. In consequence of 
this the whole of the sewage has to be pumped from 
the sewers into storage-tanks placed above the level 
of ordinary high tide. During the first ebb tide these 
tanks are emptied into the entrance of Longstone 
Harbour, and the sewage is carried by the tide wel- 
out to sea. 

The drainage area comprises two portions—one, the 
higher portion, consisting mainly of the central and 
northern parts of the borough; the other, and lower 
portion, comprising the districts on the west, south, 
and east, or the whole of Portsmouth proper and the 
dockyard. Each of these areas is drained by a com- 
plete system of subsidiary sewers, connected by sepa- 
rate main sewers to the pumping-station. 

During heavy rainfall it is necessary to relieve the 
sewers, and storm outfalls are therefore provided at 
various points, and these are so arranged that when 
the flood-water rises to a certain height it passes over 
an overflow weir direct into the sea. There is one of 
these relief outfall sewers near to the flooded area of 
Southsea, where it is connected with the main sewer. 
In times of heavy rain, when flooding was anticipated, 
or during its occurrence, the practice was to utilise this 
relief outfall by opening a valve, which allowed the 
flood-waters or sewage to pass. This could, however, 
only take place at low tide, when the sewer was above 
the level of the sea. There was sometimes much delay 
in connection with the opening of this outfall, for the 
key by which the penstock-valve was opened had to be 
procured from the War Office authorities, who wished 
always to know when the outfall was used. 

Although the population during the last few years 
has considerably increased, and the pumping-station 
at Eastney is still capable of dealing with the ordinary 
flow of sewage, it is not sufficiently powerful to deal 
with the flood-water as well as the ordinary flow pass- 
ing into the sewers. The low-lying district of Southsea 
is the centre of the southern part of the drainage area, 
and is served by the low-level system of sewers. It 
forms, roughly, a hollow sunk below the general level of 
the surface, and from it there is no natural outlet for 
flood-water, the average level being about 3 ft. below 
the level of ordinary high water of spring tides. In 
this area flooding occurred, with more or less severity, 
from five to nine times a year. If it happened that a 
rainfall of 4 in. occurred at or near the time of’ high 
water, flooding was almost invariably caused, and 
great inconvenience followed. 

As a remedy for this state of things, overflow weirs 
or chambers were constructed at suitable points on the 
sewers draining the flooded area, and these chambers 
were connected by cast-iron mains, varying in diameter, 
which were carried to a point on Southsea Common 
between the Parade and the sea-wall. Where these 
pipes ended a pump-house was constructed, which 
was placed entirely below ground, the entrance being 
masked by suitable shrubs and low-growing vegeta- 
tion, so as to cause as little distigurement as possible. 
The pump-chamber was constructed so as to be per- 
fectly water-tight, and in it suitable electric-motors 
were placed, which were coupled direct to centrifugal 
pumps. The suctions of these pumps were connected 
with a sump, into which the cast-iron mains before 
mentioned discharged, the pump-discharges being con- 
nected with the existing storm-water overflows near 
Southsea Castle. By this arrangement, even at high 
water of the highest spring tide, the flood-water is 
easily got rid of. The electric-motors alluded to are 
two in number, of 150 brake horse-power each, but 
provision is made for a third motor in case of necessity. 

The action of these motors is governed by a float 
placed in the sump-chamber, which float rises and 
falls with the flood-water. When this float reaches a 
certain level it automatically starts or stops the motors 
by means of an ingenious arrangement of electrical 
resistances, which we shall describe more fully pre- 
Both pumps are not started at the same time, 
each having its own float and automatic starting gear. 
With this arrangement one pump starts first, and, if 


of the water still to rise in spite of the efforts of the 
first pump, the second pump is thrown into action 
and comes to the assistance of the first. 

As the military authorities at Southsea Castle 
require that information should be _ them when, 


| under the new conditions, the outfall is used, an elec- 


trical indicating device and a recording instrument 
are fixed in the Castle. In the pumping-chamber 
there are three instruments of the chart type, 
two (one for each motor) operated through relays at 
the back of the switchboard. These give a record of 
the starting, running, and stopping of the pave, Tle 
third instrument records the opening and the closing 
of the penstock-valve previously mentioned. A special 


yard, and its general level is not favourable for | switch is coupled to this valve, which will be described 
drainage purposes, for it nowhere rises to any consider- later. A similar’ set of instruments is installed at the 
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Town Hall and Eastney Pumping-station, the first two 
of the three instruments only being supplied, but at 
Kastney there were added two bell-ring and indicating 
relays. Having now given @ general outline of the 
jnstallation, we will describe the pumping-station more 
in detail. 

The general arrangement is that shown in Fig. 1, 
below, which is a small plan scale showing the rela- 


tion of the station to the sea-wall and the neighbour- | plied with continuous current at 500 volts. Each motor 


ing streets.. The weir-chamber is shown at A, and 


the pumping-station at B. Into the former of these the | 
existing main low-level sewer enters on the left- | 


This overflow weir is intended 
promptly, and allow 


hand side, as shown. 
to take exceptional flood-water 
relief as soon as possible before t 
rise to a dangerous height in the sewers. 
connected with the pumping-station by the cast-iron 
yipe C. The weir is shown in sectional longitudinal 


centre, in sectional plan, and in cross-section in 
Figs. 2, 3, 4, and 5 res 
flood-water, after entering from the sewer, rises in the 
trough until it overflows at the sides into the channels 
containing perforated plates, which may be seen in 
Figs. 2, 3, and 4, the plates being inclined in a longi- 
tudinal direction towards the centre of the weir, as may 
be seen in Fig. 2. The water from both sides of the 
weir finally reaches the penstock, from which it can, if 


desired, be allowed to pass through a valve to the sump down by the consulting engineers that the resistance 


e water has time to | 
It is | ing-chamber. 
elevation, in transverse vertical section through the | 
‘ample contact-surfaces, provided with earbon-breaks, 
tively, on page 112. The, 


|will be placed in line with the other two at the 
left-hand side, as seen in our illustration (Fig. 8). 
Each of the pumps shown is capable of delivering 
200,000 gallons per hour against a head of 30ft. They 
are of the well-known centrifugal type, of Messrs. 
Gwynne’s manufacture. Each pump is driven by a 
150-horse-power compound-wound semi-enclosed motor, 
made by Messrs. Johnson and Phillips, which is sup- 


is controlled by an automatic motor-driven starter in 
connection with the float in the sump. The automatic 
starter is of special interest, as it has been expressly 
designed for this installation. A perspective view of 
it is shown in Fig. 18, which is a reproduction of a 
photograph of the apparatus in position in the pump- 
It may also be seen in detail in Figs. 10 
to 14, page 113, which are a front elevation, an end 
elevation, a plan, and two transverse sections. 

Each. starter consists of nine switch-arms, having 


the switches being mounted on a marble panel and 
connected to cut-out resistances as starting-up takes 
place. The switch-arms are shown at A, Figs. 10, 
13, and 14, page 113. The arms are operated by cams 
secured to a cast-iron cylinder B, Figs. 10, 12, 13, 
and 14, the cylinder being rotated through special 
gearing by a }-horse-power series-wound motor, which 
is shown at C, Fig. 12. It was a requirement laid 
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of the pumping station, which it enters at the point E, ' 
shown in Figs. 7 and 8, page 112, which are respectively | 
a transverse vertical section and a sectional plan of the | 
pumping-station. Fig. 6, on the same page, is a longi- | 
tudinal vertical section of the same. A ground plan to 
the same scale may be seen in Fig. 9. 

The arrangement of this pumping-station is really so 
clearly shown in the views we reproduce that very little 
description is required, and it will be sufficient to say 
that the water entering the sump F, when it rises to a | 
certain height, acts on a float which in turn starts the 
motors which actuate the pumps, the water being | 
raised from the sump and discharged through the pipe | 
(, Figs. 7 and 8, whence it passes away to the sea at 
uny state of the tide.. A perspective view of the | 
interior of the pump chamber, showing two of the 
entrifugal pumps with their motors in position, is 
-produced in Fig. 16, page 116, and shows very clearly | 
the arrangement. 

Having now described the object and the construc- 
tion of the pumping-station, it will be of interest to 
notice the appliances by which the actual mechanical | 
work of the installation is automatically carried on. 
‘his machinery is, as before stated, electrically driven, 
ind was supplied and erected by Messrs. Johnson and 
Vhillips, Limited, Victoria Works, Charlton, Kent, | 
who were the contractors for the whole of the ma-| 
chinery, and who, in conjunction with the consult- 
‘ng engineers, designed the various ingenious con- | 
trivances In connection therewith. We will first refer | 
to the pumps, and afterwards to the apparatus by | 
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cut out at starting must be re-inserted at shutting 
down, and this necessitated the provision of another 
set of cams and levers, and also means of reversing the 
small series motor. The first and last switch-arms 
inserted, Nos. 1 and 9, Fig. 15, page 113, are held in 
by catches, which, in the event of the voltage failing, 
are tripped by the plunger of a solenoid, Fig. 18, 
page 116. The speed of starting can be varied, the 
resistance being of liberal design to allow for this 
variation, and the apparatus can also be worked by 
hand. The resistance is of the grid type, and is 
mounted beneath the panel in a wrought-iron frame. | 
The starter is controlled by a balanced bar, which is 
hung in a vertical position at the right-hand side of 
the panel. On this bar are two stops, which operate 
two switches and control the small series motor. The 
upper of these two switches is of the 8.P.C.O. type, 
fitted with carbon break, and is termed the float 
switch, while the lower is of the D.P.C.O. type, and 
is termed the reversing switch. The bar is moved up 
and down by the float in the sump. 

We will now proceed to describe the action of 
the apparatus. It is as follows :—When the water 
in the sump reaches a predetermined level, one of 
the stops on the float-bar D inserts the float-switch 
(Fig. 15). This makes the field of the main motor, and, 
the reversing switch being in the forward direction, 
the small series motor starts rotating the cylinder B 
in the forward direction. This action inserts the 
switch-arms in the correct order, and so starts up 
the main pump-motor. When the last switch has | 





small series motor. As pumping proceeds, and the 
level of the water in the sump fal s, the float-bar D 
rises, till, at a certain level, the other stop inserts the 
reversing switch F in the reverse position. When this 
takes place the small series motor starts rotating the 
cylinder B in the reverse direction, and moves the 
switch-arms in. the correct order, so as to reinsert re- 
sistance in the main motor circuit till the solenoid coil is 
short-circuited. When this takes place the main switch- 
arm is tripped, which opens the float switch and inserts 
the reversing switch in the forward position, and the 
whole apparatus is thereby shut down, but is left 
ready for starting up again. If the voltage should 
happen to fail while pumping is proceeding, the main 
switch-arm operates the reversing switch only, inserting 
it in the forward position, so that, on the supply of cur- 
rent being renewed, starting up once more takes place. 

As the float-switch is required to break the shunt 
field-circuit of the main motor, it is provided with a 
special contact and arm, which. insert a non-indue- 
tive resistance in parallel with the field-circuit before 
the latter is broken. This non-inductive resistance is 
shown at G, Fig. 12. A diagram of the wiring for the 
starter for the main pumps is shown in Fig. 15. 

In addition to the main pumps there is an auxiliary 
automatic pumping set, which is used for draining the 
motor-room and sump. ‘The pump is controlled by a 
float and by a starter of the dash-pot pattern. This 
set is capable of discharging 1000 gallons per hour 
against a head of 30 ft. 

The switchboard in the pumping-chamber may be 
seen in Fig. 17, page 116. i is made of white marble 
peer mounted on a strong wrought-iron frame, and 
1as panels for controlling two incoming feeders, two 
main motor circuits, and one auxiliary motor circuit, 
as well as spare panels for one additional feeder and 
one main motor. Each circuit is provided with an 
ammeter, a D.P.C.O. knife-switch, and D.P. enclosed 
type fuses with duplex terminals. The feeder-panels 
are also fitted with voltmeter receptacles and main- 
motor panels with shunt-regulators for speed variation. 
The bus-bars are in duplicate, so that either motor 
can be run off either feeder. Two voltmeters, carried 
on a swing bracket at the end of the switchboard, 
measure the feeder and bus-bar volts respectively. 
Should a breakdown occur, or the flood become too 
severe for the pumps to cope with it, a special pen- 
stock-valve which forms a by-pass to the pump- 
chamber can be opened, delivering the storm-water on 
to the beach at low tide, but as this valve is the 
property of the Admiralty, a record has to be kept 
whenever it is opened or shut. 

The switch for the penstock-valve was designed to 
complete the recorder circuit directly the valve was 
opened, and, as it is fixed in the valve chamber, it was 
made thoroughly water-tight. The switch is enclosed 
in a cast-iron box, and consists of an arm carried on 
a notched disc, which makes contact with two rings, 
forming part of the recorder circuit. Motion is given 
to the switch-arm by means of a screwed spindle 
carrying a spring which engages with the notched disc, 
This spindle is driven from the valve spindle by spur- 
wheels. On opening the valve, the switch-arm rotates 
and at once completes the recorder circuit ; but mean- 
while the screwed spindle has travelled in an axial 
direction, so that the spring releases the disc, and no 
further motion is given to the switch-arm, which 
continues to complete the circuit. As the valve is 
opened to its full extent, the screwed spindle simply 
travels further into the switch-box, travelling out 
again as the valve is closed, till the spring engages 
once more with the notched disc, and, as the valve 
closes, the arm is moved into the off position. The 
whole of the recording appliances are driven ‘by a 
30-volt Leclanché cell-battery, situated in the pumping- 
chamber. 

The cables connecting the different apparatus to the 
switchboard in the pump-room consist of vulcanised 
bitumen insulated cable of Messrs. Johnson and 
Phillips’ standard manufacture. The main power- 
cables are galvanised wire armoured, and the shunt- 
cables are taped and braided, and run in a galvanised 
insulated steel conduit. The main cables from the 

enerating-station were supplied by Messrs. Callender, 

amilton House, Victoria Embankment, London, E.C. 
They have a sectional area of 0.5 square inch, and are 
paper-insulated, covered with lead sheathing, and 
waterproofed with jute yarn. 

The recording instruments at the Town Hall, &c., are 
connected to the pump-chamber, whenever possible, by 
means of overhead wires on the telephone-poles. The 
recorder at the Coastguard Station, however, is fed 
direct by an underground paper-insulated, lead-covered 
and armoured cable, size ,4, r sadtgenscny laid direct in the 
ground, and covered by a marker-board. The overhead 
wires for the other instruments are fed by a similar 
cable running to and up the nearest telephone pole. 





INSTITUTION OF CiviL ENGINEERS : INDIAN Premium. 
—The Council of the Institution of Civil Engineers have 
awarded the “Indian Premium” for 1908 to Mr. P. P 


which they are automatically controlled. There are | been inserted, a stop on the cylinder B moves the | Anderson, M. Inst. C.E., for his paper on “ Kiver Control 
at present two of these pumps in operation, The third ' reversing switch to the ‘‘ off” position, and stops the by Wire Network.’ 
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PUMPING-STATION FOR FLOOD WATER AT SOUTHSEA. 
MESSRS. BRAMWELL AND HARRIS, WESTMINSTER, ENGINEERS. 
(For Description, see Page 110.) 





Fig.2 ____ Surface of Comm W% Manhole 30:20 _, 2Layersof Butumen Sheeting 
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ELECTRIC CONTROLLING GEAR FOR PUMPS AT SOUTHSEA FLOOD-WATER STATION. 
CONSTRUCTED BY MESSRS. JOHNSON AND PHILLIPS, LIMITED, ENGINEERS, CHARLTON, KENT. 
(For Description, see Page 110.) 





and Ohio Railroad 10,000 tons. Steel- 
bar mills are now working to 75 per 
cent. of capacity. During the past 
year the output of tin-plates was 
475,000 gross tons, a decline of 8 per 
cent. as compared to 1907. The price 
is 3.70 dols. per 100 lb. of coke-plates. 
General demand for iron and steel 
products this week is disappointing. 
Anticipations were indulged in for 
much heavier sales and orders. No 
cause isapparent. The railroad com- 
panies are not showing any inclina- 
tion to place their 1909 rail orders, 
The only assignable cause of quiet in 
steel circles is the coming tariff re- 
vision. The revision is now under 
consideration, but as a special session 
of Congress will be called in March, 
no definite action is probable until 
the revision Congress meets. The 
tin-plate industry is thriving, and the 
output is greater than at any time for 
over a year. Many independent 
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NOTES FROM THE UNITED STATES. Sat ie Tine alt , 
PHILADELPHIA, January 14. the Dominion Iron (9331) concerns are operating full time. 
I\rerest in the price of plates is centering in the|and Coal Com- Numerous large enterprises are in 
renewal of the contract between the United States| pany, of Nova temporary abeyance hat a heav 


Stec! Corporation and the Pressed-Steel Car Company. | Scotia, but it is hardly conceivable that such a re-;demand will develop near spring is evident, but wit 
The contract, which has been in force ten years, | duction will be made. |the large excess of productive capacity there is no 
expires on February 14. Under this contract 2,000,000| During the past few days structural and plate mate- | disposition among buyers to hasten the placing of 
tons of steel plates were delivered ; price, 30 dols. per | rials have been shaded in price, for the purpose of | orders, especially as there is an under-current of hope 
het ton. The steel was made at the Homestead Steel | stimulating demand. The year opens with a pig-iron | that prices will be lower. 

Company’s plant at Pittsburg. A renewal of the| output which means 21,000,000 tons per year, as 
contract is probable. The large contract will be sought | against an average output of 15,000,000 tons last June. Pic 1x Germany.—The output of pig in Germany last 
by s-veral concerns.. Should the tariff on steel be The Reading Rail Company have just placed an| year was 11,813,511 tons, as compared with 13,045,760 
reduced 6 dols. per ton, it would throw the New| order for 15,000 tons of steel rails, and the Chesapeake | tons in 1907, 














114 


ENGINEERING. 


[JAN. 22, 1909. 








THE LATE MR. JAMES BRAND. 


Tue news of the death, at Bournemouth on Friday 
last, of Mr. James Brand will be received with regret 
by a very large circle of engineers, with whom, at one 
time and another, the deceased gentleman came in 
contact, either professionally or otherwise. Mr. 
Brand was well known for his connection with rail- 
way development in Scotland, with harbours and other 
undertakings of a civil oninening character, and 
managed during his life, which reached to seventy-seven 
years, to get through an extraordinary amount of work. 

He came of a Kincardine family, and was born in 
Montrose in 1831, being the son of Mr. Charles Brand, 
a contractor. Mr. James Brand was educated at the 
Montrose Academy, and subsequently was apprenticed 
to a civil engineer. At the termination of his appren- 
ticeship he joined his father, at first as an assistant, 
being taken, later, into partnership with him, under 
the style of Messrs. Charles Brand and Son. At 
the time the firm was engaged upon important rail- 
way construction contracts. These included, for 
instance, in 1857 the Huntly and Rothiemay sec- 
tion of the Great North of Scotland Railway, 
followed by the construction of the Mulbar section of 
the line between Keith and Inverness, the Keith and 
Craigellachie section of the Great North of Scotland 
Railway, and the section of the Highland Railway 
between Bonar Bridge and Golspie. Subsequently the 
firm constructed, on the Glasgow and South-Western 
system, the line between Muirkirk and Ayr, including 
many mineral branch lines. On the Caledonian Rail- 
way the firm was responsible for the Balerno branch 
and other undertakings. The contract for the first 
10 miles of the Glasgow Corporation tramways was 
also given into the hands of Messrs. Brand in 1871. 

The father died in 1884, having retired from the 
firm in 1882. For some time subsequently Mr. James 
Brand was sole partner, but in 1902 took into partner- 
ship his two sons and Mr. A. Smith. The work of 
the firm since the death of its founder, Mr. Charles 
Brand, has included two sections of the City and 
District Railway of the North British Railway Com- 
any, the Glenfarg section of the same system, the 
“llon and Cruden Railway of the Great North of 
Scotland Company, the Inverness section of the Avie- 
more direct line on the Highland Railway, the Bridge- 
ton and Trongate sections of the Caledonian Railway 
underground line, and a section of the Glasgow 
Subway. In the way of harbour and dock work, 
Messrs. Charles Brand and Son were responsible, among 
other things, for the carrying out of improvements at 
several fishing harbours on the Moray Firth, for exten- 
sions in connection with the Grangemouth dock and 
harbour, for extensions at Belfast, and other works in 
Treland. 

In later years Mr. Brand gradually withdrew from 
active participation in the firm’s business. As an 
employer Mr. Brand always evinced considerable 
interest in the welfare of his men, and the labour 
troubles of the firm were of very rare occurrence. 
His business activity was insufficient to fully employ 
his physical and mental energy, and he found time 
to j mtr to public work. e filled with honour 
several important offices connected with the adminis- 
tration of the Poor Law, &c., for Glasgow, and with 
the Municipal Hospital Committee at a time when 
the city had yet much to do in regard to the latter, to 
bring its work up to the present state of efficiency. 
In short, Mr. Brand’s life was straightforward and 
strenuous, equally in his business and in those public 
affairs to which he gave the services of his experience, 
and his loss will be regretted, not by engineers alone, 
but by many others who knew him for a staunch friend 
and a practical leader. 








Tur Institution oF ExectricaAL EnGinerrs.—At the 
meeting of the Institution of Electrical Engineers, held 
last Thursday, January 14, it was announced that the 
Council had appointed as Honorary Members Mr. Oliver 
Heaviside, F.R.S. and the Hon. Charles Parsons. 





Tur Moscrckt EvecrricaL Condenser : Erratum.— 
Messrs. Isenthal and Co., of 85, Mortimer-street, W., ask 
us to say that the outer tubes of the Moscicki condenser, 
when used for wireless telegraphy, are invariably of brass, 
and not of iron, as stated in our article on page 88 of our 
last issue. ‘The main function of the water-jacket between 
the inner and outer tubes is to cool the condenser, and the 
outer, being blackened, readily radiates away the heat 
absorbed by the water. 


Lieut Ratwars Act, 1896.—The Board of Trade have 
recently confirmed the undermentioned orders made by 
the Light Railway Commisioners :—(1) Bath Electric 
Tramways (Light ilway A ( ‘ 
amending the Bath and District Light Railways Order, 
1901. (2) Callington Light Railway (Amendment) Order, 
1909, further amending the ——— Light eg we f 
Order, 1900, as amended by the Callington Light Rail- 


way (Extension of Time) Order, 1903, and the Callington 
Light Railway (Amendment and Transfer) Order, 1907, 
and authorising the construction of a Light Railway in 
extension of the Light Railway authorised by the Calling- 
ton Light Railway Order, 1900. 


Amendment) Order, 1909, | 


THE ROYAL METEOROLOGICAL SOCIETY. | 


THE annual meeting of this Society was held on Wednes- | 
day evening, the 20th inst., at the Institution of Civil | 
Engineers, Westminster, Dr. H. R. Mill, President, in 
the chair. 

The Council, in their report, referred with pleasure to 
the increasing interest in meteorology which is apparent 
throughout the country, and they believe that this is in | 
some measure due to the scheme of lectures inaugura 
by the Society. They also reported a further increase in 
the roll of the Fellows. 

Dr. Mill devoted his presidential address to: ‘‘ Some | 
Aims and Efforts of the Society in its Relation to the Public | 
and to Meteorological Science.” He pointed out that the | 
Society is com of Fellows whose interest in meteoro- | 
logy varies widely, and there is moderation in dividing | 
the Fellows into no more than three orders: meteoro- | 
logists, observers, and interested persons. Meteorologists | 
have either voluntarily devoted much time to the scien- | 
tific study of atmospheric phenomena, or are profes- 
sionally engaged in meteorological work ; observers, while 
often well ve in meteorology, specialise in collect- 
ing data and preparing them for discussion ; and persons 
interested are those—and they form the majority—who 
have neither the special training of a meteorologist 
nor the special aptitude or inclination of an observer, but 
are none the less convinced of the importance of the work 
which is being done by the other two orders, and willing 
to support it, eager to Bt acquainted with the results 
obtained, able to follow and appreciate, and often to 
criticise very usefully, the expositions which meteoro- 
logists and observers lay before the meetings. The 
public contains many interested persons of this class 
who do not belong to a meteorological society, and are 
the less able, on that account, to understand what is going 
on in the air above them ; but the great multitude of the 
public, which for convenience may be called the general 
public, consists of persons who are not interested 
either actually or potentially, in the scientific study of 
atmospheric phenomena, but require stimulation and 
education before they can think rationally, or speak in- 
telligently, about the weather. In dealing with the 
subject-matter of meteorology there are two extreme 
points of view held among meteorologists, which appeal 
to two opposite types of mind; these are the simply 
observational and the purely analytical ; and it is one of 
the great advantages of a scientific society to bring repre- 
sentatives of the two types together, and to encourage 
mutual toleration and understanding. After referring to 
the activity of the Society in the establishment of well- 
equipped and carefully-inspected stations for accurate 
observations of meteorological phenomena, and to the 
work carried out by various special committees, the 
President proceeded to call attention to two lines of 
usefulness which lay open to the Society at the present 
time. One is the correction of the impulsive sensa- 
tionalism and anti-scientific spirit in meteorological 
matters of a certain section of the Press in this country, 
which, no doubt, ne reflects the somewhat muddled 
ideas of the general public; the other is the advance 
which has nm made in meteorological science during 
the last few years, and the new opportunities it 
brings. He then alluded to the popular errors which 
are current concerning published weather records, and 
the effect of these on the meteorological departments 
maintained by many municipalities. There seems to be 
an opinion that (1) sunshine is good, (2) rain is bad, (3) 
cold is bad, (4) dryness is good, (5) heat is good, and (6) to 
be above the local average in the ‘‘bad” elements, or below 
it in the ** good,” is a disgrace never to be acknowled: 
if it is possible to deny it. So much is this the case that 
he “ad g heard instances of reports being suppressed in 
order to obviate misconceptions, and of imstruments 
heing moved in order to obtain more agreeable records. 
He next stated that we now stand at a very important 
point in the history of meteorology, which bids fair to 
expand in interest and importance in the twentieth century 
as chemistry did in the nineteenth, and from the same cause 
—increasing necessity of applying its principles to prac- 
tical ends. The standpoint of the meteorologist to-day is 
different from that of fifty or even of twenty years ago. 
Then the only department in which much general interest | 
could be expected was climatology, the study of the 
average an ~ mee of the atmosphere at different places. 
Much remains to be done in that department, but the 
main interest is being diverted from the study of the air 
4 ft. above the ground, on the study of which climatology 
| has been based, to the vast expanse of the upper atmo- | 

sphere miles above the abode dum. He believed that in | 
|a few years the “airy navies grappling in the central 
| blue ” would demand a far more exact knowledge than 
j is now required of atmospheric circulation and the 
| relation of wind to gradient, or the disturbing influence 
of insolation on pressure, on the nature and movements of 
atmospheric eddies and currents ; and these things being 
| of practical importance, it will become worth the while of 
| wealthy people to find the means for studying them. 
After br. Mill had been thanked for his address, and 
for his services during the past year, Mr. H. Mellish was | 
elected President, and Mr. F. Campbell Bayard and 
|Commander F. W. Caborne, C.B., Secretaries for the | 


ensuing year. | 
| 
| Crry ann Guu.ps or Lonpon InstrruTE.—An evening | 
| course of six lectures on Reinforced-Concrete Construc- | 
| tion has been commenced by Mr. C. F. Marsh, M. Inst. 
C.E., at the City and Guilds Institute, Finsbury. The | 
first lecture was given on the 1%th inst., and the course | 
will be continued weekly on Tuesdays from 8 to 9 p.m. 
till completed. The ground covered includes the discus- 
sion of the general properties of concrete construction, its 
behaviour under loading, and calculations. 














| 48s. 44d. cas 


| are mostly of a hand-to-mouth character. 


NOTES FROM THE NORTH. 

Giascow, Wednesday. 
Glasgow Pig-Iron Market.—Last Thursday mornin, 

the pig-iron market was steady, but the dealings wer 
limi to 2000 tons of Cleveland warrants at 48s. 44d. 
cash and eleven days, and 49s. three months. At th. 
close there were-sellers over at 48s. 44d. cash and 49s. three 
months, and at 48s. 74d. one month. Sellers of copper 
quoted 63/. three months, but there were no buyers. In 
the afternoon the tone was easier, and only two lots of 


| Cleveland warrants changed hands at 48s. 3d. cas). 


The closing er were practically unchanged at 

, 48s. 74d. one month, and 49s. Od. 
three months sellers. On Friday morning a firmer tone 
prevailed, and about 3000 tons of Cleveland warrants 
were done at 48s. 4d. cash and five days, and at 48s. 8d. 
one month. Closing sellers quoted 48s. 54d. cash, 
48s. 84d. one month, and 49s. 14d. three months. Hema- 
tite was quoted 57s. 6d. cash sellers, but there were 10 
buyers. In the afternoon the market was inclined to be 
a shade stronger, but business was quiet. The transac- 
tions only amounted to 1500 tons of Cleveland warrants 
at 48s. 74d. twenty-eight days and one month, and 
48s. 114d. March 29, and the closing prices were 48s. 6d. 
cash, 48s. 84d. one month, and 49s. 14d. three months. 
On Monday morning, after Cleveland warrants had 
opened easier, the quotations firmed up. The dealings 
consisted of 2500 tons at from 48s. ‘dha. to 48s. 65d. 
cash, 48s, 84d. one month, and 49s. 14d. three months, 
with closing sellers at 48s. 7d. cash, 48s. 94d. one month, 
and 49s. 24d. three months. Hematite was a shade 
easier at 57s. 44d. cash sellers. In the afternoon the 
tone of the market was just a trifle easier and 250) 
tons of Cleveland warrants were again put through 
at 48s. 6d, cash. The closing quotations were 483. 65d. 
cash, 48s. 9d. one month, and 493. 2)d. three months 
sellers. On Tuesday morning a strong tone prevailed and 
5000 tons of Cleveland warrants were dealt in at 48s. 74d. 
and 48s. 8d. cash, 48s. 104d. one month, and 493. 4d. and 
49s. 44d. three months. There were buyers over at 
48s. 8d. cash and 48s. 10$d. one month, and sellers at 
48s. 9d. cash, 49s. one month, and 49s. 5d. three months. 
In the afternoon the market was steady, but business 
was quiet. The turnover amounted to 2000 tons of 
Cleveland warrants at 49s. one month, and 49s, 44d. 
three months, and at the close of the session there were 
sellers at 48s. 9d. cash, 48s. 114d. one month, and 49s. 5d. 
thre: months. When the market opened to-day (Wednes- 
day) a good strong tone existed, but no dealing of any kind 
took place. Cleveland warrants were quoted at the close 
at 48s. 114d. cash, 49s. 25d. one month, and 49s. 74d. three 
months sellers. Sellers of hematite quoted 58s. 3d. three 
months, but there were no buyers. In the afternoon the 
market was fairly steady, but business was very quiet, 
and the only transactions were two lots of Cisveland 
warrants at 49s. 6d. three months, with buyers over. The 
closing quotations were a shade easier, with sellers quot- 
ing 48s. 11d. cash, 49s. 14d. one month, and 493. 7d. three 
months. Thecash quotation for hematite was 58s. sellers. 
The following are the market quotations for makers’ 
(No. 1) iron :—Clyde, 60s. 6d. ; Calder and Gartsherriec, 
61s.; Summerlee, 62s.; Langloan, 68s.; and Coltness, 
90s. 6d. (all shipped at Glasgow); Glengarnock (at Ard- 
rossan), 62s.; Shotts (at Leith), 62s.; and Carron (at 
Grangemouth), 63s. 


Sulphate of Ammonia,—A fair amount of business is at 

mt passing in the sulphate of ammonia market, 

and the price remains steady. The quotation to-day is 

11/, 17s. 6d. per ton for prompt delivery, Glasgow or 

Leith. The amount shipped from Leith Harbour last 
week was 190 tons. 

Scotch Steel Trade.—There has been a slight improve- 
ment in the Scotch steel trade, in one or two directions 
at least, during the past week; but, on the whole, the 

neral state of the trade is no better than it was. Very 
ew orders are being booked, and these are mostly for 
small lots, while inquiries are extremely scarce. Only a 
very moderate demand exists as yet for shipbuilding 
material, although it is estimated that quite a respectable 
quantity must be wanted before long. Structural sec- 


| tions are a little better this week, some fair orders having 
| been fixed up, and makers anticipate a stiil further im- 
| provement very soon. i 


Continental firms have raised 
their quotations, and this should be to the advantage cf 
the local producers. The official list of prices is without 
change. 

Malleable-Iron Trade.—The malleable-iron tradeof the 
West of Scotland is again just about as bad as it was 
before the holidays. Inquiries are, perhaps, a shade moie 
numerous, both on home and export account, but orde:s 
Broken time 
is general in the majority of the works. 


Scotch Piy-Iron Trade.—A steady trade continues to be 
done in Scotch pig-iron, and makers have plenty of orders 
on hand to keep them busy for some time. The demand 
from abroad is good, and regular shipments are being 
made. The general inquiry is satisfactory, and the sam« 
also applies to hematite iron. 

The Railway Demurrage Question.—-The demurrage 

roposals of the Scotch railway companies continue to 

2 the subject of much talk, aud it is confidently believed 
here that some modifications will be made by the railway 
directors before the new rules actually come into force. 
As showing the feeling which exists among most of the 
large traders against the new demurrage proposals, 
notices have been posted up in several of the iron and 
steel works to the effect that after February 1 the men 
will be working on one day’s notice. If it should be found 
necessary to suddenly close down some.of these large 
establishments, it will indeed be a pity, as much unem- 
ployment already exists in these districts. 
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Shipbuilding.—The Dundee, Perth, and London Ship- 
ping Company have placed a contract with the Caledon 
Shipbuilding and Engineering Company, Dundee, for a 
new steamer of 1200 tons. This vessel, which is for the 
company’s Dundee and Hull trade, will have a speed of | 
12 knots, and will be of the following dimensions :— 
Length, 240 ft. ; moulded breadth, 32 ft. ; and moulded 
depth, 17 ft. 6 in.—An order is reported as having been 
laced with Messrs. William Denny and Brothers, Dum- | 
for two paddle-steamers for the Irrawaddy 
Flotilla Company, for river service.—The Montrose Ship- 
building Company, Montrose, have received a contract to 
build a small steamer of about 400 tons carrying capacity. 


Scotch Imports of Iron and Stecl.—The registered quan- 
tities and values of certain kinds of iron and steel manu- 
factures imported into the ports of Aberdeen, Dundee, | 
Glasgow, Grangemouth, and Leith during the month of | 
December, 1908, are as follow :— | 





Tons. Value. 

£ 
Iron wrought in bars, angles, &c. 1645 9,567 
Iron and steel hoops and strips ©”. 677 5,805 
Iron and steel plates y = 587 4,356 
Steel wrought in bars; angles, &c. 459 3,806 
Total 3318 23,534 








NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 

Wages Troubles.—It is understood that the various 
branches of the engineering trades on whom the Em- 
ployers’ Federation recently served a notice for the 
reduction of 1s. per week on time and 24 per cent. on 
piece-work, are Geand rather to accept these terms 
than force the matter to a head, ey having regard 
to the outcome of the arbitration in the case of the 
moulders. Since the award of the arbitrator in the latter 
matter, the men have practically made a clean sweep of 
all their principal officials. 

Smoke-Abatement Exhibition.—Thanks to the enterprise 
of the Sheffield Federated Health Association that cit, 
is to have its first Smoke-Abatement Exhibition, whic 
will be held in the Corn Exchange, from’ March 1 to 
20. Three conferences will be held, the first of manu- 
facturers, the second of local authorities, and the third of 
representatives of voluntary associations. 


Tron and Steel.—A quiet-tone has characterised the iron 
and steel trades of the district during the past week, but 
there is an opinion all round ‘that prospects are brighter, 
and that as the season’ advances there’ will be a steady 
increase in activity. The fact that prices are believed to 
have reached the lowest, and that consumers hold no large 
stocks, all tends to stimulate business ; and though* this 
quarter may see no marked advance, there isa quiet con- 
fidence that before the half-year is closed a definite upward 
movement will be registered. Raw material is firm, and 
good orders for pig iron have recently been placed. Makers, 
however, are very chary of forward booking, and practically 
decline to sell at present rates except for immediate de- 
livery. In the steel branches a certain amount of light work 
has come to hand, and the orders for armour placed last 
week, though small, will do something to relieve the 
situation. o decision has yet been,received in reference 
to the Bethlehem Steel Company’s action, and orders for 
high-speed steel, for export to the States, are still coming 
in in increasing quantities. Railway companies are order- 
ing but very sparingly, and only for immediate needs. 
There are plenty of inquiries for steel rails, both for 
South America and India, but few orders thave been 
placed this week. Locally, the file trade is in a very 
depressed condition, and there is but little doing in eng)- 
neers’ tools. So far, the promised incfeased activity in 
shipbuilding has not materialised. 


South Yorkshire Coal Trade.—A brighter tone charac- 
terises the house-coal trade of South Yorkshire. Collieries 
are working better, and in some of the thick-seam_ pits 
tive days have been put in, the stoppage for the holidays 
having cleared stocks. A fair tonnage is going to London, 
though there is still room for improvement. t house 
coal is making from 12s. to 12s. 6d. per ton, with secondary 
samples about 10s. 6d. per ton at the pits. The volume of 
trade in hard coal is still unsatisfactory, though there are 
signs of improvement, a good tonnage of this quality 
going to West Yorkshire and Lancashire. Works are 
taking fair supplies. Values of steam coal are not’ firm, 
but the lower prices are causing more inquiries in respect 
to future contracts. The railway companies are taking a 
fair average supply. No t improvement is anticipated 
until the opening of the Baltic ports. Gas fuel sells well, 
but the demand for slacks is hardly so strong. ay 
fuel is ini good request, best sorts being quoted up to 6s. 6d. 
per ton. 








CALENDARS, ALMANACKS, &c.— We have received 
almanacks from the following firms :—Messrs. J. and E. 
Wright, Limited, Universe Works, Birmingham ; Messrs. 
Flowerdew and Co., 14, Bell Yard, Temple Bar, London; 
Messrs, Joseph Westwood and Co., Limited, Napier Yard, 
Millwall, London, E.; Messrs. Mavor and Coulson, Limi- 
ted, ‘47, Broad-street, Mile End, Glasgow ; The Lloyd | 
Sabaudo, Turin. | 
ELectro-METALLURGY IN Norway.—We read in Stahl | 
und Eisen that works have lately been started in the | 
vicinity of Flekkefjord, Norway, for the manufacture of 
steel on the electrical process. The necessary power is 
supplied by waterfalls! The Hjort process is employed. 
For the present; the works are to produce tool steel of the | 
best quality ; later, however, the plant is to be increased | 
with a-view to other productions. 








NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 
MIDDLESBROUGH, Wednesday. 
The Cleveland Iron Trade,—The production of Cleve- 
land pig iron is now being fairly well taken up, and the 
additions to the warrant stores have been checked. 
Hematite pig iron continues to accumulate at the makers’ 
yards, and the iron stocked there is now very consider- 


able. Shipments of pig iron are poor, but they are no 
worse than was generally expec A heavy of | 
pig iron is this week being loaded for Melbourne. —Pre- 


parations are proceeding for the carrying out. of the | 
alterations and improvements to the two blast-furnaces at | 


the Lackenby Iron Works. One is Ef am out of opera- 
tion this week, and the other will be L 
course of a few days. Values of Cleveland pig show some 


improvement, and, indeed, quotations are stronger and 
higher than they have been since the beginning of Decem- 
ber. No. 3 g.m.b, Cleveland is quite 49s. for 


i po 
f.o.b. delivery, and more poten cre to be paid on forward 
account, but the amount of business passing is on only a 
limited scale. No. 1 is 51s. 3d..; No. 4 foundry, 47s. 9d. ; 
No. 4 forge, 46s. 9d. ; and mottled and white, each 46s. 
There is little or nothing doing in East Coast hematite 
pig iron, and this unsatisfactory state of affairs has 
existed for some time past. Quotations are weak, and 
values are cheap as compared with rates now ruling for 
Cleveland iron. Under normal conditions Nos. 1, 2, and 3 
East Coast hematite should be 8s. to 10s. above No. 3 
Cleveland pig, whereas at present the difference is barely 
Gs. 6d. to 7s. Merchants put hematite mixed numbers. at 
55s. 6d., and would readily sell at that figure, but pro- 
ducers fix the price at 56s. 


Manu peewee Tron and Stecl.—Orders for most descrip- 
tions of manufactured iron and steel come very slowly 
to hand, but many producers speak rather hopefully of the 
future, and anticipate improved demand hefore long. 
Some departments are very busily employed, but in other 
branches work is slack. Prices all round are stationary. 
Common iron bars are 7/.; best ‘bars, 7/. 7s. 6d.; best 
best bars, 7/. 15s. to 7/. 17s. 6d.; packing iron, 5/. 10s.; 
iron ship-plates, 6/. 7s. 6d.; iron ship-angles, 7/.; iron 
boiler-plates, 7/. 7s. 6d.; steel bars,’ 6/. 5s.; steel ship- 
plates, 6/.; steel ship-angles, 5/. 12s. 6d.; steel boiler-plates, 
7l.; steel hoops, 6/. 10s.; steel strip, 6/. 7s. 6d.; and steel 
joists, 5/. 15s.—all less the customary 24 per ‘cent. dis- 
count. Cast-iron chairs are 3/. 10s. ; cast-iron columns, 
6l. 10s.; light iron rails, 6/7. 15s.; heavy steel rails, 5/. 10s. ; 
and steel railway sleepers, 6/. 10s.—all net cash at works. 
Iron or steel sabvesiiond corrugated sheets, 24 gauge, in 
bundles, stand at 12/. 10s. f.o.b.—less the usual 4 per cent. 
discount. 


. Spanish Orc.—Quotations for foreign ore show rather 
an upward tendency, but. are not actually changed. 
Rubio is very firm’ at 16s. ex-ship Tees for r cent. 
que. Of late there has been more ore from Southern 
Spain than Rubio sold here owing to the very firm stand 
taken by the owners of the Rubio mines who are not at 
all anxious to sell just now, believing that values will 
improve. 

Coke.—Coke is in good request both for local consump- 
tion and forshipment. The price of average blast-furnace 
qualities remains at 16s. delivered here. Foundry coke 
ranges from 17s. to 18s. f.o.b. 








Correr Deposits iv LarLanp.—Some years ago de- 
posits of graphite were discovered at Jéeketkurkkio, close 
to the Torne River, in Lapland; it has now been dis- 
covered that the graphite contains veins of copper ore. 
During last year a’ number of experimental blastings were 
carried out, and the work will be continued. 





INCORPORATED INSTITUTION OF AUTOMOBILE ENGINEERS ; 
Grapvates’ Secrion.—The recently-established Coventry 
Graduates’ Section of the Incorporated Institution of 
Automobile Engineers is making rapid progress. e are 
informed that a good programme of lectures has been 
drawn up, and visits arranged to works, &c. The first 
lecture will be given by one of the graduates, Mr. J. A. 
Mackle, of the Daimler Motor Company, the subject being 
“The Progress of ‘Flight.” The meeting at. which this 
subject will ‘be taken will‘be held on Tuesday, January 26, 
at the Priory Assembly Rooms, Coventry, at 8.15 p.m. 
The Hon. Secretary of the Graduates’ Section at Coventry 
is Mr. G. W. Hayter, 132,.Widdrington-road, Coventry. 





Lioyvp’s Supping Returns or Vesseis Lost. 
According to Lloyd’s Register of British and Foreign 
Shipping the vessels of over 100 tons lost between July 1 
and September 30 of last year numbered 119, of an aggre- 
gate of 132,377 tons. Of these, 61, of a combined gross 
tonnage of 92,253, were steam vessels, and the vaahiior - 
58—were sailing vessels, of, together, 40,123 tons. Of the 
steam vessels, 31 were wrecked and 13 foundered. The 
United Kingdom lost 14 vessels, of an aggregate of 
18,959 tons, by wreckage, and the Colonies three vessels, 


of, together, 8567 tons.” In collisions 6 vessels, belong- | 


ing to the United Kingdom, of, together, 13,750 tons, 
were lost. | Of the tonnage owned, the United King- 
dom lost 0.24 per cent., and the Colonies 0.74 per cent. ; 
France lost 1 per.cent., and Austro-Hungarian shipping 
0.81 per cent. Of the sailing vessels, the United States 
lost most in numbers—viz.; 15—but the combined tonnage 
of these, 7741, was less than the regate of 11.911 tons 
of the seven sailing vessels lost by the United Kingdom. 
Of the sailing tonnage the United Kingdom Jost 1.21 per 
cent., and the U.S.A. 0.65 per cent., while Italy lost 1.34 
per cent. Altogether the United Kingdom lost tonnage 
amounting to 51,774 tons; in 32 vessels ; Germany, 11,263 


The funds of the | tons, in 6 vessels ; Norway, 10,630,tons, in 14 vessels; and 


company have been supplied mostly by Dutch capitalists. | the U.S.A., 15 vessels, of 7741 tons. 


own out in the | 


NOTES FROM THE SOUTH-WEST. 


Cardiff.—The steam-coal market has shown no great 
activity ; quotations are nominally unchanged, but the 
|demand has been inactive. The best large steam coal 
has made 14s. 3d. to 14s. 6d. per ton, while secondary 
qualities have brought 13s. and 13s. 9d. per ton. In the 
house-coal trade an average business has been passing; the 
best ordinary qualities have brought 14s. 6d. to 16s. 6d. 

r ton. No, 3 Rhondda large has been quoted at 17s. to 
| 17s. 6d. per ton. Foundry coke has made 17s. 6d. to 
| 20s. 6d., and furnace ditto 15s. to 16s. 6d. per ton. As 
| regards iron ore, Rubio has been quoted at 15s. 6d. to 16s. 
| per ton, upon a basis of 50 per cent. of iron, and charges, 
| jncluding freight, insurance, &c., to Cardiff or Newport. 


Dry-Dock Fusion.—Mr. Justice Swinfen Eady has sanc- 
tioned an alteration of the memorandum of association of 
the Cardiff Channel Dry Docks and Pontoon Company, 
Limited. The object of the alteration is to enable the 
yaar: og to acquire shares in similar concerns, and to ex- 
tend the area of its operations. Not long since a provi- 
sional ment was entered into between the directors 
of the Channel Dry Docks Company and the directors of 
the Bute Dock Company and the Mercantile Company, 
with the view of bringing about a fusion of the three com- 
panies. It is anticipated that this will now take place. 


Falmouth.—A scheme for the construction of ocean 
docks at St. Just, in Falmouth Harbour, has been pre- 
pared by Mr. J. H. Ryan, in order to enable Falmouth 
to deal with ocean liners, and also to develop local ship- 
ping. The proposed harbour has been designed with a 
view ‘to the accommodation of the largest vessels now 
afioat-or under construction, and to connect:the docks 
with the Great Western main line near Grampound it 
is proposed to lay down a railway 13 miles in length. 
The cost of the works, including the railway, is estimated 
at 687,000. 


Port Talbot.—A “~~ barge which has arrived in Port 
Talbot Docks is the first instalment of dredging appli- 
| ances intended for the removal of an island in the 
| northern portion of the dock, opposite the harbour- 
master’s house. This piece of land S proved an impe- 
diment to the working facilities of the dock, and its 
increased area, Steps are 





| removal will mean a largel 
| also being taken to erect a tip on the north bank of the 
dock, and also to provide a wharf for the special conveni- 
ence of the Port Talbot Steel Works. 


- Newport Docks.—The engineers of the Alexandra (New- 
port and South Wales) Docks and Railway Company have 


— a detailed’ estimate” of the capital proposed to 
expended in’ the event of the company’s Bill for next 
session receiving the sanction of Parliament. The total 


expenditure is estimated at 170,899/., which will represent 
an’ extension of the existing South Dock, authorised in 
1904. 





Tue ForrucomMinc ImMPERIAL*INTERNATIONAL EXuHIBI- 
TION, Lonvon.—We are informed that at the Imperial 
International Exhibition to be held at Shepherd’s Bush, 
W., this summer, a special effortis to be made in the mecha- 
nical and civil engineering section to assemble «a good 
display of producer-gas plants, of internal-combustion 
engines, and other prime’ movers and accessories, as well 
as machinery and machine-tools, &c. Contractors’ plant 
will also be represented, especially in connection with 
such modern developments as concrete construction, &c. 
It is suggested ‘to utilise this opportunity for carrying out 
a comprehensive series of trials of suction-gas plant, and 
some of the institutions interested in such work are to 
be approached in order that their co-operation may be 
secured, 





PROPOSED ENGINEERING EXHIBITION IN MANCHESTER. 
—A project has been set on foot to hold an engineerirg 
exhibition in Manchester in 1910, The suggestion was 
discussed at a meeting held at the Midland Hotel on 
January 14, and the meeting being entirely favourable, a 
provisional committee of nine engineering firms, repre- 
senting different sections, was appointed. The meeting 
|tin arran. by the International Trade Exhibitions, 





Limited, of Broad-street House, London, who will act as 
| organisers and busifiess contractors for the exhibition, a 
| committee appointed’ by the industries interested, and 
| representative of the various engineering trades and 

institutions, having control and management of the 
| undertaki . A further meeting will be held at the 
| Midland Hotel, Manchester, on February 17, when it is 
| hoped that the project will take still more definite shape. 
| 
Concrete InstiTuTR.—At a meeting of the Council of 
| the Concrete Institute, held on the 14th inst., it was 

decided that all new members resident in Great Britain, 
after the first 500, should be subject to an annual sub- 
scription of two guineas, instead of the present subscrip- 
tion of one guinea, except in the case of colonial and 
| foreign members, who shall each contribute one guinea 
annually to the funds of the Institution. The following 
| chairmen have been appointed to the Standing Com- 
mittees: — Committee on Science, r. W. Dunn, 
| F.R.1.B.A. ; on’ Parliamentary matters, Mr. A. Ross, 
| M. Inst. C.E.; on Mass Concrete, Mr. C. H. Colson, 
| M. Inst. C.K.; on Tests, Mr. W. T. Hatch, M. Inst. 
C.E. Acting as honorary secretaries the Committees 
have the services of the following :—Science, Mr. F. 8. 

Wentworth-Shields, M. Inst. C.E.; Parliamentary, 
Mr. J. E. Franck, A.R.1.B.A. ; Tests, Mr. G. Kirkaldy, 
Assoc. Inst. C.E. ; Reinforced Concrete Practice, Mr. 
R. W. Vawdrey. The third general meeting of the Insti- 
tute will take place on February 18, at the Royal United 
Service Institution, when Mr. L. Serraillier will read a 
paper on “‘ Certain Aspects of Reinforced Concrete.” 
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PUMPING-STATION FOR FLOOD WATER AT SOUTHSEA. 


MESSRS. BRAMWELL AND HARRIS, WESTMINSTER, ENGINEERS. 
(For Description, see Page 110.) 
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THE POSITION AND FUTURE OF 
THE MOTOR TRADE. 


THERE can be no doubt whatever that the present 
position of the motor trade, in England, at all 
events, is, on the whole, very unsatisfactory. The 
usual explanation of a whole trade being depressed 
is that the demand for its productions is diminishing, 
and therefore there is not enough work to keep the 
various concerns going. In the motor trade, how- 
ever, this is not the case, as the sale of motor- 
‘cars has increased enormously in the last few years, 
and is still increasing at a rapid pace, and therefore 
there must exist special reasons for the depression. 

Undoubtedly, the English motor trade began 
punder very bad auspices, owing to the operations 
of the company-promoter. Many companies were 
started in the early days which never were on any- 
thing like a sound basis, and the operations of these 

revented sounder firms from doing a satisfactory 
pusiness. Hence the early period of the trade was 
one of depression, when it ought to have been one of 
prosperity. The effect of this has, however, prob- 
ably long died out, as the unsound firms were 
either reconstructed on a better basis, or else 
they went into liquidation, and therefore the field 
was left clear for more legitimate enterprise. The 
position of the trade at the present time is there- 
fore the result of the management of the various 
concerns during the last three or four years. 

Following on the first period, when the situation 
was dominated by the company-promoter, there 
was one of gradual development, during which 
several firms built up a good reputation and a 
satisfactory business, which in some cases increased 
with a rather sudden boom about three years ago. 
| Unfortunately, when this took place those respon- 
|sible for the management of the concerns did 

not always recognise what is essential to per- 
|manent success. The motor trade is at present 
|in a very progressive stage, and every year a 
| buyer can get better value for his money than 
in the year before. Hence, for a firm to be at 
|all permanently successful, it is not enough that it 
should supply as good a car as it did the year before 
lat the same price, but it should give a better car 
for a less price. In many cases, so far from this 
being the case, firms who had got a large trade 





| demand. 





improved their products very little, if at all, and 
in;,some {cases the quality actually deteriorated. 
Having got a-design for which there was a good 
demand, no effort was made to improve this design 
in order to keep pace with the improvement in the 
designs of competitors. In the effort to make profits, 
the quality of both materials and workmanship had 
a tendency to deteriorate, while the careful tuning 
up and adjustment which the cars got when the turn- 
over was smaller disappeared. e result is that 
there are some old patterns of cars which are actually 
considered better by those experienced in second- 
hand cars than later productions of the same 
firm. At the same time that this change in the 
construction of the cars was taking place huge ex- 
tensions.of works have been. made, and very large 
stocks of cars have been -built, which could only 
have been justified on.a very great increase in the 
e financial results of this policy have 
naturally been that very large stocks have accumu- 
lated, while money has had to be borrowed to pay 
for them, and concerns, which a short time ago 
were making very large profits, now show heavy 
lesses, and are in some cases insolvent. 

In certain instances a considerable amount of trade 
has been lost ‘from the endeavour to cover too large a 
range of ground, or from changes in the general 
policy of production. Thus firms who have had a 
very good sale for their small cars have abandoned 
them to make big ones ; while, on the other hand, 
firms who started with heavy work have taken up 
light cars. . Where a firm has a large trade with a 
particular type of car it is, no doubt, wise to add 
other sizes or types—e.g., a firm making small cars 
often adds larger ones ; but it is very doubtful 
policy, even in this case, to neglect the type that was 
the original success, On the whole the larger Con- 
tinental firms appear to have been more consistent 
in their policy than the English ones, and accord- 
ingly they have had a more uniform trade. In 
many cases firms which established a reputation 
for particular good qualities years ago have the 
same reputation now. Thus the cars made by one 
firm have always been thoroughly reliable, even if 
a little heavy and slow ; those made by another 
somewhat rough, but cheap, and good value for the 
money, &c.; and the aim of each firm has been to 
stick to the same good points and to eliminate the 
bad. Abroad, too, firms which have once got a 
good reputation for a particular size or type have 
seldom abandoned it, but have continually improved 
the designs in new patterns. A far greater part of 
the profits for each year appear also to have been 
spent on making improved designs for the next than 
has been the case in this country. 

In spite of the present depression there seems 
no doubt that the moter trade will be very profitable 
in the future to those firms which are well managed. 
The demand for motor-cars is rapidly increasing, 
and should soon outrun the present supply It 1s 
probable, however, that the price of cars will fall 
considerably, while the quality will be improved, 
and it will be necessary for those who are to be 
successful to provide for this. Probably the most 
important effect of this will be to concentrate 
the trade in the hands of the larger makers, 
who can turn out a great number of cars, and 
consequently build them very much cheaper than 
the small ones. It is very obvious that a firm 
which only turns out one or two hundred cars 
a year cannot build them as cheaply as one 
which turns out several thousand. This emphasises 
the necessity for the smaller firms to concentrate 
their efforts on a small number of patterns. . It 
also seems very doubtful whether commercial cars 
and pleasure cars can be made really successfully in 
the same shop in the future. The requirements of 
the two are very different, and it would seem 
that a firm which undertook one only would do 
it better than a firm which tried both, unless, 
of course, the two businesses were run as separate 
departments. Another questionable policy is that 
of firms turning out small numbers of cars as an 
accessory to some other branch of engineering. 
There are several firms doing this now, but it 
appears as if in the future they would have either 
to increase their output or to retire from the 
business. In any case, the motor-car trade is so 
special that it should be undertaken by an entirely 
separate department, or, possibly better still, a sub- 
company. 

Points in design to which far more attention 
will have to be paid in the future are the cheap- 
ness of manufacture, convenience of access, and 
cheapness of maintenance. It is very obvious, on 
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carefully examining the designs even of some of the 
leading manufacturers, that they entail a very great 
deal of unnecessary expense, which in no way 
increases the efficiency. 

In order to maintain a good reputation, cars will 
have to be cheap in upkeep, and this depends very 
largely on the convenience of access. It is some- 
times assumed that a cheap design is not com- 
patible with convenience of access and with cheap 
maintenance. ‘This is, however, not the case, and, 
generally speaking, a design which is expensive to 
erect in the first place will be expensive to take to 
pieces for repair, and re-erect again. Again, un- 
necessary complication, or the use of a number of 
small parts, in place of fewer larger ones, not only 
increases the first cost, but, so far from reducing the 
upkeep, increases it also. 





THE JAMES WATT LECTURE. 

THERE was a peculiar appropriateness in the 
delivery of the James Watt Lecture this year by 
the Hon. C. A. Parsons. It was James Watt who 
discovered the principles of the economical utilisa- 
tion of steam, and whose work has been the foun- 
dation of steam-engine design down to the present 
day. Moreover, he put his principles into ae 
and probably built the best engine possible under 
the limitations of workmanship and material then 
existing. The chief thermodynamic improvements 
that have been made since his time, such as increas- 
ins the range of expansion of the steam, and effect- 
ing the expansion in more than one cylinder, 
have all been in aecordance with the principles he 
enunciated, and it is not too much to say that until 
the advent of the steam-turbine Watt’s work 
dominated the whole — of deriving mechanical 
power from steam. /att was not the first man to 
invent a piston-engine, neither was Parsons the first 
to devise a turbine, but each, in turn, has effected 
a revolutionary advance in the use of steam power, 
and earned for his name a place among the bene- 
factors of the world. Watt happily lived to see his 
engine firmly established, and Mr. Parsons has had 
the pleasure of watching the growth of his turbine 
from the time when it was a toy, which hardly 
anyone believed in but himself, until it has become 
the standard machinery for British battleships, and 
is daily constructed in units of many thousand 
horse-power. Such phenomenal success is rarely 
attained, but it is also rarely deserved. 

Mr. Parsons’ lecture dealt with the principles 
discovered by James Watt, and traced their appli- 
cation to steam-engines from those of Watt himself 
down to the highly developed forms of modern 
compound triple and quadruple reciprocating en- 
gines, and also to the turbine. The principles, 
Mr. Parsons pointed out, were simply these : firstly, 
that the latent heat of steam is nearly constant over 
the working range, and that consequently the higher 
the pressure and the greater the ratio of expansion, 
the more work can be obtained froma given amount 
of steam ; and, secondly, that steam will rush into 
a vacuum. Both these facts strike us now as so 
elementary that they help us to realise the ignor- 
ance that prevailed in Watt’s time regarding prac- 
tical physics. The youngest apprentice to-day 
starts far in advance of where Watt left off, and 
few people think how difficult progress was when 
facts which are now the commonplaces of the class- 
room were yet to be reasoned out and verified. 

Watt’s greatest practical contribution to the 
development of an efficient engine was probably 
the provision of a separate condenser, in place of 
ouuleniing the steam in the cylinder itself. This 
seems now the obvious thing to do, but most things 
are obvious when one knows them. The step was 
only taken as a result of careful reasoning, and was 
justified by an immediate reduction in the coal con- 
sumption to a quarter of what it had previously 
been. Watt knew very well that the next step 
towards efticiency should con:ist in using higher 
pressures and greater expansions ; but manufac- 
turing processes were not sufliciently advanced to 
allow of progress in this direction. Besides, as 
Mr. Parsons pointed out, Watt had succeeded in 
producing an engine using only from 5 Ib. to 7 Ib. 
of coal per horse-power hour, and as there was an 
immense demand for such engines, Watt and his 
partners did the best thing in devoting all their 
energy to extending the adoption of their engine as 
it stood. 

In due time, and largely because of the exist- 
ence of the engine, boiler-making and engineering 
work generally improved, The needs of the loco- 





motive taught engineers to use comparatively high-| were adopted for the new Cunarders. _ This con- 


pressure steam, and in the middle of last century 
compound engines began to be used. The Watt 


stituted an enormous step in the mercantile marine, 
as the largest turbines previously built were those 


engines were fitted with a short-stroke high-pressure | of 9000 horse-power in the Queen, a cross-Channel 
cylinder on the other side of the beam centre, and| boat. As every one knows, the turbines of the 
used the original cylinder as a low-pressure cylinder. | Cunarders develop about 70,000 horse-power. The 


Hundreds of these McNaughted engines are at work 
to-day. Compounding was invented by Hornblower 
in 1781, or seventy years before it came into prac- 
tical use. The long delay in the adoption of the 
principle was solely due to the fact that pressures 
were too low to make compounding worth while. 
Mr. Parsons considers that, on account of the 
friction, the bulk, and the momentum of the 
moving parts, a cylinder in which the mean effective 
pressure is less than 7 lb. per square inch is not 
worth having. 

As higher and higher boiler pressures became 
practicable the triple, and then the. quadruple, 
expansion engine was developed. In the latter an 
expansion ratio of 16 has been used, as inst 
the two-fold or three-fold expansion of Watt. 
Triple - expansion engines, which ‘are far more 
general than quadruple, have a volumetric ratio 
of about 10, whereas a volumetric ratio of be- 
tween 60 and 70 is easily obtained with marine 
turbines for equivalent work. - The many early 
attempts of inventors to make steam-turbines were 
doomed to failure, even if onl¥ on account of the 
fact that there were then no uses to which such a 
high-speed prime mover could be put. Materials 
and workmanship were also not good enough ; but 
after 1880 conditions became more favourable, and 
by the genius and perseverance of one man the 
turbine became an accomplished fact, and took its 
rank in the very front of prime movers, marking 
the first great step since the days of Watt. 

Mr. Parsons, in the latter part of the lecture to 
which we have referred, dealt cursorily with the 
principal types of steam-turbines. In the turbine 
associated with his own name he described the expan- 
sion of the steam along the turbine, and mentioned 
that a blade speed of 115 ft. per second was common 
in marine practice, the steam velocity at issue from 
the blades wens about double this. In land practice, 
where higher speeds of revolution are permis- 
sible, steam velocities up to 600 ft. per second 
and blade velocities up to 300 ft. per second are 
general at the exhaust ends of the turbine. Tur- 
bines of the Rateau and Zoelly type have steam 
velocities of 900 ft. to 1100 ft. per second, and 
blade velocities from 350 ft. to 450 ft. per 
second. The single-stage Laval turbine runs with 
blade speeds up to 1200 ft. per second, and steam 
velocities up to 4200 ft. per second. In the five- 
stage Curtis the blade velocities are about 460 ft. 
per second, and the steam velocity about 2000 ft. 
per second.. This is practically all taken out by 
two rows of moving and one of fixed blades. 

It will be noticed that. the steam velocity in ‘the 
Parsons turbine is much lower than in any other 
type. Mr. Parsons has consistently used low velo- 
cities since he has found that wet steam at-high velo- 
cities exercised a cutting action on metal... The 
cutting has been found due to minute particles of 
water in the steam. To test an extreme case 
Mr. Parsons placed a hard file opposite to a jet 
of steam issuing at 100 lb. pressure into a 
vacuum of 1 lb. absolute pressure. After 145 
hours the file was found to be eroded 4 in. deep, 
as if it had been sand-blasted.. The calculated 
velocity of the issuing steam was about 3800 ft. per 
second, and the striking fluid pressure of a drop of 
pure water at this pressure is about 90 tons per 
square inch. In actual turbines the erosive action 
is reduced by the relative motion of the blades. 
The more the stages the less the erosion, and in 
turbines of the Parsons type erosion is absent, and 
brass and copper blades preserve their polish. 

Just fifteen years ago, and ten years from the 
commencement of work on the compound turbine, 
Mr. Parsons decided that the results obtained on 
land justified the trial of turbines for marine pro- 
pulsion. By the end of 1897 the Turbinia was 
completed and attained a speed of 31 knots. The 
destroyers Viper and Cobra followed, and in 1901 
the first turbine passenger vessel, the King Edward, 
was built by Messrs. Denny at ‘Dumbarton. She 
proved highly successful, and now there are about 
120 vessels actually on service fitted with tur- 
bines, and seventy more under construction, re- 
presenting a total horse-power of marine turbines 
of about 2,250,000, of which 1,250,000 is completed. 
In 1905 the Admiralty decided to adopt turbines 
for all new fighting ships. The same year turbines 


low-pressure turbine in the Queen is 6 ft. diameter 
by 20 ft. long, and weighs 25 tons; whereas’ the 
low-pressure turbines of the Cunarders are 17 ft. 6 in. 


| diameter, 50 ft. in length, and 300 tons in weight. 











THE GRONDAL-KJELLIN AND ROCH- 
LING - RODENHAUSER ELECTRIC 
STEEL FURNACES. 

On Thursday, January 14, the Gréndal-Kjellin 

Company, Limited, of 20,: Abchurch-lane, E.C., 

commenced a series of special melts in one of their 

induction steel furnaces on behalf of the Sheftield 

Steel Research Committee, represented by Pro- 

fessor J. O. Arnold, Mr. A. Balfour (of Messrs. 

Seebohm and Dieckstahl, Limited), Mr. Fedden, the 

city electrical engineer, and Mr. Osborn (of Messrs. 

Samuel Osborn and Co.), all of Sheftield. The 

experiments were conducted by Mr. J. Hirdén, and 

took place in the shed of the Gréndal-Kjellin Com- 
pany, erected in a corner of Messrs. Dorman, Long, 
aud Co.’s steel yard, Nine Elms Lane, Battersea. 

It had. been intended to use the large experi- 
mental furnace of the firm ; but early on Wednes- 
day morning the current failed for some reason 
during a preliminary heat. The man in charge 
should have partly’ emptied the furnace, when 
he saw that the current would not suftice to keep 
the 2 cwt. of metal in flow. He did not do so, and 
as a result the charge froze in and damaged the 
magnesia lining. As the preliminary experiments 
were to begin on Wednesday, the furnace had to 
be taken off its base, and to be replaced by the 
smaller 60-kilowatt furnace, of 2} tons weight. 
The latter had been used for melting copper alloys, 
and had for that purpose been provided with a 
lining of graphite and clay. It was, in so far, not 
suitable for steel-smelting, as the molten metal 
could take up carbon and silicon from the lining. 
For this reason, it will be seen, the experiments 
were interrupted on Thursday afternoon; they will 
soon. be resumed with the large furnace, duly re- 
lined with magnesia. 

Fig. 1, on page 119, is from a photograph of the 
shed and the furnace, constructed, to the design of 
the Groéndal-Kjellin Company and Mr. Hiardén, by 
Messrs. Vickers Sons and Maxim, of Sheftield. The 
furnace is more complicated than it would be were 
it not especially designed for experimental purposes, 
for melting zinc, copper, steel, chromium, &c., and 
for running on single-phase and on two or three- 
phase circuits at pressures ranging from 200 to 3000 
volts, and 25 or 60 cycles. Nevertheless, it is, in 
essentials, very simple. The engraving shows the 
standards, and also tle horizontal rectangular fram- 
ing, on to which the furnace proper (the large or the 
small one) is lowered by means of a crane. Some of 
these features will better be distinguished in Fig. 3, 
a view of a larger furnace of the same type. The 
furnace-itself is, broadly speaking, a cylindrical ring, 
about 3 ft. in diameter outside, filled with a mixture 
of dolomite and tar or magnesia and tar, which is 
rammed in between the iron shells of the two con- 
centric cylinders. In the 60-kilowatt furnace this 
outer shell isin one:piece, divided at the back. In 
larger furnaces the shell is made up of several 
quadrants insulated from each other to minimise 
eddy currents. In front of the shell will be seen the 
> aay and also a tap-hole leading to the bottom of 
the trough. The trough is a circular groove, be- 
tween the inner and the outer shell ; the groove is 
5 in. deep and about 3 in. wide at the top, tapering 
down towards the bottom. The metal in this 
trough forms the secondary of a transformer which 
surrounds the furnace in a rectangular framing, 
erected in the vertical plane.* The transformer 
core is prominent in Fig. 1, and we also see 
the third vertical limb which passes through the 
hollow centre of the cylinder. As a rule, only 
this central limb is wound with the primary coil ; 
this coil, patented by the Gréndal-Kjellin Com- 
pany, consists of copper tubes, through which water 
circulates. When the furnace is run on a two- 
phase circuit, coils are also put over the side limbs. 


* We should refer our readers to our articles on 
** Electric Iron and Steel Furnaces,” ENGINEERING, vol. 
Ixxxv., pages 739 and 775, and on Mr. Hiirdén’s discourse, 
ENGINEERING, Vol. Ixxxvi., page 45, * 
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These latter coils were in position during Thurs- | 


day’s experiments, having previously been used for 
drying the furnace ; but they were not live. 

The core is built up of thin sheets of iron, placed 
edgeways, and insulated from one another merely 
by rice paper. The core certainly became warm 
during the experiments, which had lasted for several 
days already ; but the temperature did not exceed 
70 deg. Cent., and as long as the coils are kept cool, 
the heating of the lamine is not a disadvantage. 





teeming remains in the same vertical plane, while 
it would travel if the furnace turned about trun- 
nions ; this is another improvement of the Gréndal 
Company. The tilting can also be effected with 
the aid of the crane. 

The furnace current is taken from a motor-gene- 
rator unit, of Messrs. Vickers Sons and Maxim, 
mounted on the floor behind the furnace ; only the 
casing of the alternator can be distinguished just 
over the hand-wheel in Fig. 1. The unit consists 


| the right side of the diagram, and can be traced 
with the aid of the thick lines ; the alternating cur- 
rents are marked in thin lines. The terminals of the 
alternator are directly joined to the coil terminals 
of the furnace. 
We pass to the trial heats of Thursday, January 14. 
At 9.20 a.m. 11.5 kilogrammes of pig, fused in a 
coke .furnace, were poured into the trough. To 
| this charge 15 kilogrammes of scrap (rivets, punch 
| ings) and 13.5 kilogrammes of Dannemora blisters 
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Messrs. Gréndal and Hirdén have been successful 
in raising the power factor of induction furnaces. 
Originally Kjellin furnaces: did not realise a higher 
power factor than 0.6; during the trial heats to be 
noticed the cos 6 was always 0.9 and nearly reached 1, 
as will be seen from the readings taken, although 
single-phase currents of 60 cycles were applied. 
This result is due to the proper proportioning of 
the coils and core. Mr. Hiirdén finds a core satu- 
ration of 7500 c.g.s. units per square centimetre 
most profitable for technical purposes. 

The furnace is tilted by means of the hand-wheel 
seen on the left of the furnace. By bevel gearing 
and a countershaft a spindle (not visible in Fig. 1, 
but shown in Fig. 3) is raised which lifts the furnace 
up from behind. The arrangement is such that the 
jet of liquid metal passing out of the spout during 











150-Kitowatr Furnace At NIAGARA FALLS. 


of a direct-current niotor driving a 60-kilowatt 
alternator for currents of 250 volts and 400 amperes, 
provided with two slip-rings, and so constructed 
that both single-phase and two-phase currents can 
be generated at 25 and 60 periods. The machinery 
runs nermally at 720 revolutions ; during the trials, 
at which full power was not required, the speed 
was generally 670 revolutions. Direct current 
was received at 460 volts from the Battersea 
Borough supply. The instruments kept remark- 
ably steady during the experiments. The switch- 
board, designed by Mr. Hardén, is shown in Fig. 1, 
and Fig. 2 is a diagram of the connections ; the 


~ 


general disposition of the instrument and leads in 
Fig. 2 corresponds to the actual arrangements, 
which, we need not emphasise, are the result of a 
good deal of study. 


e direct currents enter at 























































































AM VOL aa 
F 
AM MET: 
auucree L 
FIELO 
LH - , 
genemarent >) 
pore 
3 MOTOR FIELO 
2 REGULATOR O 
| Bagi : 
s 
= 
z 
s = 3 
STING CohMmPs e 
\ ~ 
“ 5 
NJ 
z Aux 
® Ry 1S TANCE 
a 
a Ss 
. 7 
oo . 
§ & 
i mmr t 
é 
N 
& 
GENERATOR CONNECTION 
SINGLE PHASE 2 PHASE S PHASE 




















Wk U 
33 z 
| rT 
For Single Phase connect Moi, Ill to2 
» Two Phase connect Iwi, Tw, 


MN to2, IY to 4. 
Three Phasc I to 1, TM to2. IV te 3 


were gradually added after 10 a.m. To do this, 
the bricks (which are arched in large furnaces) 
which cover the trough are lifted off, and the 
scrap is thrown in. The dimensions of the pieces 
may be larger than the width of the groove; 
the somewhat rough treatment and the poking of 
the lumps with rods of iron looks as if it might 
injure the lining. Crucible linings have to stand a 
good deal, however, and when we saw the furnace 
on Friday, after cleaning, it appeared in very good 
condition ; in larger furnaces the lining would be 
less endangered. The instruments remained steady 
during this charging process, during which the 
current is purposely kept down. At 10.30 the 
readings were: 193 volts, 240 amperes, 44 kilowatts ; 
the power factor thus being 0.95 ; at 10.45: 180 volts, 
268 amperes, 45 kilowatts. The temperature of the 
metal was estimated at 1350 deg. or 1400 deg. Cent., 
and the carbon percentage at 3.5 in the pig, and 
about 2 in the mixed charge. Just before teeming 
10 kilogrammes, at 10.50, some aluminium was put 
into the metal. As soon as the furnace was tilted, 
the volts went up (to 300), the amperes down (to 
100 and less), and the kilowatts also down; the 
symmetry of the secondary circuit is disturbed by 
the tilting, as the level of the metal rises on the 
one side and sinks on the other, and the secondary 
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circuit is finally broken, when the metal no longer 
forms a continuous ring in the groove. While 
the charge is flowing out, these current varia- 
tions continue, unless the supply is regulated, 
which was done for the continuous trials; in 
practice the current would be cut off during teem- 
ing. By 11.40, 20 kilogrammes more had been 
drawn off, and the charge was replenished. At 
12.15 the readings were: 165 volts, 265 amperes, 
41.5 kilowatts ; at 12.32: 168 volts, 250 amperes, 
37 kilowatts, the variations being partly intentional 
and due toregulating. At 12.40 the fifth and sixth 
ingots, together of 20 kilogrammes, were taken, and 
a fresh charge of 25 kilogrammes was put in, 
bringing the charge up to 52.5 kilogrammes. Dur- 
ing the luncheon interval the furnace was left 
under the care of aman. At 2 p.m. the metal was 
boiling vigorously; at 2.12 p.m., first 14 kilo- 
grammes and then 8 kilogrammes were teemed. 
This last ingot burned the iron mould. The jet 
of metal looked whiter than those before ; the tem- 
perature had evidently risen too high for the metal, 
which the members of the Committee regarded not 
as a low-carbon steel—the carbon percentage should 
have been less than 1 at that time—but as an iron 
rich in carbon and silicon, these constituents having 
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been taken up from the trough lining. The trials 
were, therefore, interrupted. With pieces of slag 
adhering to the lining, the trough’ looked, indeed, 
as if it had suffered; we could not discover any 
damage next morning, however. 

A flux of brick-dust and calcined lime had been 
added early during the experiments, and ferro-man- 
ganese and other alloys had also been thrown in. 
The ‘‘ pinch” effect could frequently be observed 
in the fused metal. Where the cross-section of the 
trough becomes temporarily diminished by pieces of 
coke or other causes, the current density may rise 
too high for the liquid metal ; the metal contracts, 
and the circuit; may actually be broken ; the liquid 
then rises on both sides of the obstruction, to flow 
together again the next moment with violent 
surgings. The fused metal is seething all the time, 
and the trial certainly proved that very high tem- 
peratures can quickly be produced in this induction 
furnace. 

The 150-kilowatt furnace, illustrated in Fig. 3, 
has already been referred to. It is of similar con- 
struction as that of Fig. 1, and was also built by 
Messrs, Vickers Sons and Maxim, under Mr. 
Hirdén’s supervision. The furnace has been in- 
stalled by the American Electric Furnace Company, 
at Niagara Falls; it takes charges of 800 kilo- 
grammes, and castings of 500 kilogrammes can be 
made from it. It is customary to leave part of the 
charge in these furnaces. 

The developments of the Réchling-Rodenhauser 
furnace, ohias we proceed to notice briefly, further 
prove that the mghest temperatures are not a 
monopoly of the arc furnaces. The new furnace, a 
diagram of which we reproduce in Fig. 4, by 
permission of the editors of Stahl und Eisen, is of 
the general type of those which we illustrated on 
page 775 of our issue of June 12, 1908 ; but it is 
arranged for three-phase working. For many 
works, especially those on the Continent, the pos- 
sibility of directly utilising three-phase currents is 
& distinct advantage. The supply is generally on 











the three-phase system; special generators need 
not be put down, therefore, for the furnaces ; or, 
where their installation is advisable, those gene- 
rators may be joined to the electric-supply plant, 
and serve as areserve in cases of emergency. Fur- 
naces of the type illustrated are run on 50-cycle 
circuits for charges up to 3 tons; for larger furnaces, 
of 8 tonsand more, 25 cycles are used. All these 
furnaces are tilted. 

The furnace of Fig. 4 was completed early last 
year, and is designed for charges of 1.5 tons on 50- 
cycle circuits. The furnace has the shape of a 
horse’s hoof, the outline being a distorted circle, 
In Fig. 4 we see the three vertical cores carrying 
the coils joined by the upper limb (dotted line). 
Two of the vertical cores are parallel to one 
another, the third is at right angles to them. Each 
core is immediately surrounded by the primary 
coil; then comes the secondary coil, encased like 
the former, and outside the coils the narrow por- 
tion of the ring trough; the cooling of the coils 
is effected by a ventilator, the arrangement of 


the ducts being very similar to that illustrated 


in Fig. 3 of the previous article (just quoted) of 
last. year. In the ordinary. combined -induetion 





and resistance furnace, fed with alternating cur- 


rents as described by us last June, the two ring 
troughs united to a figure 8, the central portion of 
the eight being widened out into a hearth. In 
Fig. 4 we see three rings joined to a common 
hearth, about 5 ft. in length and nearly 2 ft. wide, 
accessible through three doors. , Near the parts 
where the rings. join the central hearth the three 
pairs of secondary-pole plates are embedded in the 
walls; these plates are made of corrugated steel, and 
are covered with a preparation of magnesite and 
tar, which conducts the current when hot. Each of 
the six-pole plates is coupled with the one terminal 
of the respective secondary coil ; the other terminals 
are connected to a neutral bar underneath the lower 
horizontal limb of the core (not visible). The charge 
is introduced chiefly through the two doors at the 
back (Fig. 4); flux is introduced through all the 
three doors. 

While in the small experimental furnace which 
we first described practically the whole refractory 
material of the furnace consists of the mixture of 
magnesia and tar, large furnaces are provided with 
a bottom and walls of firebrick, and the mixture of 
calcined magnesite or dolomite and tar is rammed 
only into the interior. In the three-phase furnace 
this ramming is effected by means of compressed 
air, and the operation takes eight hours. The fur- 
nace is then dried, and the tar burnt out, by 
putting iron hoops or rings in the trough ; after 
four hours’ heating by the currents induced in 
the iron rings some pig can be run into the 
furnace. The pre-heating absorbs 1500 kilowatt- 
hours in the 1.5-ton furnace, and only 2000 kilo- 
watt-hours in a 3-ton furnace ; Fig. 5 is a photo- 
graph ofa 3-ton single-phase furnace. These figures 
exemplify the relative economy of large furnaces. 
The first real charge at V6lklingen, on the Saar, 
where these furnaces are built and used, is Thomas 
iron, teemed from a converter, as it is more econo- 
mical to burn the carbon and silicon out in the 
converter than in the electric furnace. The first 
flux consists of calcined lime and scale from the 
rolling-mill ; this flux dephosphorises. It is drawn 
off, and replaced by a more viscous slag of lime and 





carbon. This slag is free of. iron, and crumbles to 
afwhite powder ; finally, ferro-silicon and other 
ingredients are added. Although the slags are only 
heated from below by contact with the iron, the 
temperatures are sufficiently high for the produc- 
tion of all kinds of steel and alloys. The power is 
raised finally to drive out all oxygen. 

Trial heats have been conducted at Vélklingen 
by the Poldihiitte, of Kladno, Bohemia, by the 
Aciéries Liégeoises, and others. Excellent mate- 
rials of superior elasticity and strength were pro- 
duced, remarkably steady current-curves obtained, 
and the. power-factor ranged from.0.7 to 0.8. The 
furnace of Fig..4: absorbs about. 400 volts and 400 
amperes per phase ; nearly half of that power enters 
the charge through the secondary pole-plates. In 
melting serap, 900 kilowatt-hours.are absorbed per 
ton of steel, A heat takes from 3 to 34 hours, 
and seven charges can be completed in 24 hours, 
about 700 kilogrammes being teemed each time. 
The lining may have to be renewed once every 
week or every fortnight; half of the material 

fred is taken from the old furnace lining. 

The production of rail steel for points, &c., 
requires about 130 kilowatt-hours per ton of steel. 
We mentioned in eur previous articles that rail 











Fig. 5. Récutmne RopennauserR-Sincie-PuHase InpucTION Furnace at VOLKLINGEN. 


steel was being made in electric furnaces at Vélk- 
lingen, and that the Prussian Railway Department 
paid 2I. extra per ton of this steel. This was 
started as an experiment; but the remarkable 
homogeneity of the electric steel has enabled the 
Gesellschaft fiir Elektrostahl to enter into active 
competition with Thomas steel rails, and their rail 
oR: BA fast-as it can be produced. The 8-ton 
furnace is charged from the converter, as in the 
other cases, in making rail steel, and is excited by 
currents of 25 periods. Thus one of the great aims, 
whose realisation the late Hermann Wedding hardly 
hoped for. when first reporting on the Rochling- 
Rodenhauser induction furnaces, has already been 
realised within a year of his death. .The electric 
furnace is not likely to replace its rivals ; but it will 
be here as in other: fields. The possibility of 
utilising superior material will gradually raise the 
whole branch, and progress in one direction will 
benefit the entire industry. 





THE LATE DR. FRANCIS ELGAR, 
LL.D., F.R.S. 

Tue sudden and widely regretted death of Mr. 
Francis Elgar, LL.D., F.R.S., deprives naval 
architecture of one of its most influential exponents 
ere yet he had attained that age when the pursuit 
of science loses its charm and the achievement of 
success in difficult problems its seductive encourage- 
ment towards inspired diligence. In his fifty years 
of active work, however, he had produced results 
many of originality and all of utility—which en- 
titles him to a prominent place in the records of 
early scientific shipbuilding He was a naval archi- 
tect who applied mathematical principles in design, 
and throughout his life wasa consistent advocate of 
scientific procedure. It is true that before he 
entered the lists there were evolved methods of cal- 
culating thestatical anddynamical stability of ships ;* 
but these were not often adopted in practice. — 

The Royal School of Naval Architecture at South 





* See ENGINEERING, vol. lxxxvi., page 314, 
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Kensington in one year in the ’sixties sent pforth 
three students, William H. White, the late William 
Johns, and Francis Elgar, who, under the encour- 
agement of the late Sir Edward Reed, were destined 
to exercise a great influence on the science of ship- 
building. In saying this, we must also concede 
that in private works were many youths who had 


awakened to the importance of the problems in- | 


volved, and the report of a Committee on Ship 
Resistance and Propulsion of the British Associa- 
tion of 1868 gives honourable mention to Dr. John 
Inglis and others.* But it still holds that the initial 
inspiration came from the naval schools, and for this 
Elgar has much of the credit. 

As in the case of so many of our prominent naval 
architects, Elgar’s progenitors had been long con- 
nected with the dockyards. 
He was born at Portsmouth 
on April 24, 1845, and his 
early education was got at 
the dockyard school, which 
was then under the late 
Robert Rawson, to whose 
zeal and aptitude as a teacher 
many naval architects owe 
much. Elgar’s apprentice- 
ship as a shipwright in the 
dockyard began in 1858, and 
he went through the com- 
plete course, finishing in the 
drawing-office. Consistent 
with the practice of the 
period—which still obtains 
—he attended the advanced 
classes at the school during 
this apprenticeship, and 
there laid the groundwork 
of that mathematical know- 
ledge by means of which he 
was enabled to do such sound 
work in later years. In 1864 
he became an Admiralty 
student in the Royal School 
of Naval Architecture and 
Marine Engineering at South 
Kensington. After three 
years’ course he passed out 
of the school with the highest 
diploma that could be ob- 
tained. Soon after he was 
sent to Messrs. Laird’s yard 
at Birkenhead, to act as 
assistant-surveyor on the ill- 
fated Captain. His work 
was, of course, concerned 
entirely with construction, 
although, as shall presently 
be shown, he later took 
up the problems associated 
with the stability of this 
vessel. 

In 1870 he was singled out 
for preferment, being at the 
early age of 25 years ap- 
pointed Foreman of the yard 
at Portsmouth Dockyard, 
under Mr. W. B. Robinson, 
Master Shipwright and Chief 
Engineer, to whom he ulti- 
mately became an assistant 
on all professional matters. 
The loss of the Captain, it is 
well known, raised anew the 
question of the stability of 
ships, and Elgar, working 
under the direction of Mr. 
Robinson, prepared a careful 
consideration of the question 
for presentation to the Royal 


building and Engineering Company ; put at thesame 
time had been engaged by various European and 
other Governments to design ironclads and other 
fighting ships. Elgar was, in the first instance, 


|= at the head of the designing department in 


sondon. He was thus responsible for embodying 
in design the general instructions of Sir Edward 
Reed, and at the same time was occupied in super- 
intending the construction of many of the vessels so 
designed. Among the number were the ironclads 
Kaiser and Deutchland, for the German Government; 
the Independencia, primarily designed for the Brazi- 
lian Government, but subsequently bought for the 
British Navy, and re-named the Neptune—a vessel 
which has recently been sold out of the ser- 
vice ; the Almirante Cochrane and the Valparaiso, 





From a photograph.by Elliott and Fry. 





was' advantageous, in that it gave him an oppor- 
tunity to develop a knowledge of the commercial 
side of his business, of which he never lost grasp. 
Thus in his later years he became, in the . highest 
sense of the words, a sound ‘‘ man of affairs.” 

In 1874 Reed, when he resigned the position of 
chairman and managing director of the Karle Com- 
pany, induced Elgar to take up the definite duties 
of general managership of the Hull Works, when 
the late Sir John Brown, of Sheffield, became 
chairman. While the works had undergone a pro- 
cess of expansion, the company was somewhat 
hampered financially, and Elgar had therefore 
to exercise considerable commercial prudence in 
placing the establishment on a more favourable 
asis, winning thereby the high commendation of 
his chairman. During his 
régime at Hull several vessels 
were completed forthe trans- 
Atlantic service of the North 
German - Lloyd, the Kon- 
Go, and the engines con- 
structed for the Hei Yei were 
—— the Bessemer was 
finished and passed through 
her trials, and several gun- 
boats were constructed for 
the British Navy, whilst 
various merchant vessels and 
small craft were built. From 
1876 to 1879 Elgar practised 
in London, in conjunction 
with Sir Edward , as 
a consulting naval architect, 
and was again responsible 
for a considerable part of the 
warship-design work under- 
taken for foreign Powers. 

His early work for the 
Japanese Navy brought him 
a high mark of commenda- 
tion in 1879. At that time 
the Japanese Government 
had made up their minds to 
be, to some extent, inde- 
pendent of Europe for their 
naval requirements, and it 
was decided to invite assist- 
ance in order to reorganise 
the dockyards. The then 
chief constructor of the 
Japanese Navy had been in 
this country in connection 
with the negotiations for 
the building of the warships 
already mentioned, and had 
met Elgar in connection with 
this work. Knowing of his 
experience in the direction 
and management of a British 
Government dockyard and 
of private shipbuilding 
works, and that he was tho- 
roughly conversant with all 
questions of design and con- 
struction, the Japanese Go- 
vernment invited him to 
visit Japan, in order to 
reorganise the scanty re- 
sources of the country, and 
to prepare a scheme of ex- 
pansion. Elgar remained in 

apan until 1881, and as a 
consequence the ‘Japanese 
were able to lay the founda- 
tions for their later achieve- 
ments in naval construction. 

When he returned to 
London, Elgar resumed his 


Society. There was some appropriateness in the | for Chili; the Foo-Soo, the first ironclad possessed | business of consulting naval architect and engi- 
fact that Mr. Robinson was prevented from attend-| by Japan, and two armoured cruisers, the first built | neer, and amongst the companies with which he 


ing to read the paper, and thus the young naval 


architect had the rare fortune of appearing early | 


in life before the Royal Society, and the still 
further advantage of hearing stimulating words of 
encouragement from Scott Russell and Samuda, 
two of the giants of the profession at that time. 
Towards the end of 1871 Elgar left the Govern- 
ment service to become chief professional assistant 
to Sir Edward Reed, who had retired from the 
position of Chief Constructor of the Navy in the 
previous year. Reed had become the first chair- 


man and managing director of Messrs. Earle’s Ship- 





* See ENGINEERING, vol. ix., page 290, 


for the same navy—the Hei-Yeiand Kon-Go. Elgar 
was also engaged on the plans of the steamer Bes- | 
semer, fitted with the saloon patented by Sir Henry | 
Bessemer, who aimed at providing a ship which would 
deprive the sea of its terrors for timid passengers ; | 
of yachts for the Emperor of Russia, of river gun- 
boats for the Turkish Navy, and of other work. | 
He was thus at this period of his life brought into | 
contact with every conceivable phase of design 
work, and this, combined with his early mathe- 


matical training, gave him an experience in the 
science of his profession which formed a splendid | 


foundation for the original and advanced work done 
in later years, The association with Reed, too, | 


was connected in this capacity were the Orient 
Steam Navigation Company, the New Zealand 
Shipping Company, the Compania Mexicana Trans- 
Atlantica, and the British Steamship-Owners’ Pro- 
tective Association. For these and other lines he 
designed many mail-steamers, and was called upon 
also to advise on many professional matters. It is 
noteworthy that he thus early adopted bilge-keels, 
and in the Ormuz reduced the angle of roll from 
24 deg. to 12 deg., other conditions being equal. 

In 1883, when Mrs. John Elder founded the 
Chair of Naval Architecture at Glasgow University 
in memory of her husband, and in fulfilment of 
a desire which he, in his short but brilliant 
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life, had entertained, Elgar was invited to be-| the concern, owing to ditficulties which had arisen | In 1907 he aecepted the invitation of the Council 


come the first Professor of Naval Architecture. | with the Admiralty and War Office. 


Although he 


to deliver the James Forrest lecture, taking for his 


The organised teaching of naval architecture, so | was admirably suited by temperament and experi-| subject ‘‘ Unsolved Problems in the Design and 


far as it applied to mercantile work, was of great ence for the difficult task, it involved a severe | Propulsion of Ships.” 


importance, because the Admiralty schools were | strain, and very close application to the solving of 


concerned primarily with the requirements of the | difficult problems. 


fighting fleet. A curriculum had to be arranged, 


and as testimony to the experience and prescience | teristics. 


But. the success he achieved 
once more established Elgar’s outstanding charac- 
Ever placid and considerate of others, 


of the first occupant of the chair, there is the fact he created around him a serene atmosphere, irre- 
that little change has since been made at Glas- | spective of whatever stormy elements there might 


gow, and that other university courses on the be in the subject under discussion. 


same subject have been based on the lines first 
laid down. He continued to be professor at 
Glasgow until 1886, but: his interest in educa- 
tional work continued to the end. To his ad- 
vocacy are to be attributed many of the scholar- 
ships which have since been endowed in connec- 
tion with the development of the science of ship- 
building. . Elgar’s influence as a teacher has been 
far-reaching, and many young men who thus came 
into contact with the master-mind. have since en- 
joyed the privilege of: advice and encouragement 
from their former master. 

Elgar returned to the Government service. in 
1886, to take up the difficult work of organising the 
dockyards. The Admiralty had appointed a Com- 
mittee, of which Admiral Graham was the president 
and the late Sir Gordon Miller the secretary, in 
order to investigate the question of dockyard ad- 
ministration. The result of their inquiry was the 
unanimous recommendation that a Director of 
Dockyards should be appointed with a clear re- 
sponsibility for the management of these great 
national establishments. Lord George Hamilton, 
as First) Lord of the Admiralty, had no difticulty 
in recognising Elgar’s fitness for the appointment. 
On him there thus devolved the difficult and often- 
times delicate work of introducing radical changes ; 
but that suavity, which overlay a strong determi- 
nation to carry out a decision arrived at after 
mature judgment, enabled him to make great 
changes in organisation without making enemies. 
As a consequence, the cost of work in the dockyards 
was materially reduced, and the time necessary 
for constructing battleships was considerably short- 
ened. Thus when the work in connection with the 
Naval Defence Act came to be undertaken, the 
nation got.a considerably higher value for their 
expenditure than would have been the case under 
the old régime. This question of the cost of war- 
ships was very properly the subject of a paper read 
at the Institution of Naval Architects in 1895, three 
years after he had ceased to be Director of Dockyards, 

He resigned his appointment at the Admiralty in 
1892, in order to resume in a direct form.a long 
and pleasant association with the Fairfield Works. 
This association commenced with his friendship 
with Mrs. John Elder and with Sir William Pearce, 
the first baronet. He had, when professor at Glas- 
gow, advised in various matters ; and in 1892, four 
years after Sir William’s death, when there was a 
desire to strengthen the Board from a scientific 
standpoint, Elgar was induced to relinquish his im- 
portant Government appointment to become a 
director and naval architect; a short time after- 
wards he became managing director, and a year ago 
chairman of the company. There can be no ques- 
tion of the great advance made at Fairfield during 
this period, alike in respect of naval and mercantile 
work. Many notable merchant vessels were de- 
signed by him, including the Empress of Ireland 
and the Empress of Britain for the Canadian Pacific 
service, with a high economical speedin combination 
with large deadweight capacity, the two turbine- 
driven Egyptian mail steamers, and several yachts. 
In ten years the firm also built seventeen war- 
ships, having an aggregate displacement tonnage 


of 145,000, while for this and four other warships | 


they provided machinery of a collective power of 
352,000 horse-power ; the value of these vessels 
ready for commission was 124 millions sterling. 
In the adoption of the steam-turbine the firm 
have also taken a prominent part, the total power 
constructed in three years being 95,000 horse- 
power. These figures, however, give but a slight 
idea of Elgar’s influence at Fairfield. Here, as 
elsewhere, he did a large amount of important work, 
and he has reorganised the staff with that sound 
judgment of personal qualities which he possessed. 

A year ago, at a time when Dr. Elgar was so 
ordering his professional work as to obtain a 
greater measure of leisure, he was uired, in the 
interest of old friendships and public polity, to 


become Chairman of Messrs. Cammell Laird and 
Co., Limited, with a view to the reorganisation of 





He was essen- 


tially Pye in his estimate of men, leaning always | 
s the kindliest interpretation of misunder- | 


towar 
standings. He was slow in arriving at a decision, 
because anxious to consider every side of a ques- 
tion; but when he had made up his mind, he was 
painstaking and consistent in carrying his ideas 
into effect. His experience is reflected in the story 
of his professional work. As a manager he had in 
abundant degree that most important of all re- 
quisites—the faculty of getting the best out of his 
staff with their fullest free will. As a companion 
he was charmingly genial, and of him it could be 
said he was not easily provoked and thought no evil. 

‘The absorbing importance of commercial work in 
later years compelled Elgar to relinguish much of 
his ‘scientific work, although this was a matter of 
much regret. Apart from his designing work, he 
did much to advance pure science. In. 1883 he 
“craggy his only book—on ‘‘Ships of the Royal 

avy.” In Glasgow University his work was en- 
tirely scientific, with occasional excursions into the 

ractical work of design. One cannot but regret, 

owever, that his natural distaste for public appear- 
ance oftentimes deprived technical institutions of the 
results of his research. And yet he made many 
notable contributions. The sinking of the Austral in 
an Australian harbour in the early ’eighties brought 
from him te the spring meeting -of the Institution 
of Naval: Architects, in 1884, a most helpful con- 
sideration of thé use of stability calculations in 
regulating the loading of steamers. Up to that 
point naval architecture had not always considered 
the variableness of the stability due to loading, 
and Elgar strongly enforced the“ importance of 
owners and masters being in possession of .the 
means of applying the results of ‘stability calcula- 
tions, so as to be of the greatest practical’ use 
in loading merchant steamers, and at the same 
time siguicting the stability in accordance with the 
requirements that might arise. Two years later he 
made another valuable contribution in connection 
with the causes of loss of ships at sea, principally 
concerned with the shifting of cargoes and their 
effect. on. stability—or,’ rather, instability. He 
represented the Institution’ of Naval Architects 
on the Load-Line Committee appointed by the 
Board of Trade in 1883. In connection with 
the Bulkhead Committee’s work, ten years later, 
he offered important views, not so much in con- 
travention of the recommendations, but in amplifi- 
cation of them, urging that much was then required 
in the way of mathematical investigation, and of 
quantitative experiments upon the flexure of thin 
plates under normal pressure before any calcula- 
tions, that might be attempted, could be con- 
sidered sufficiently exact or trustworthy to serve 
as a guide in practice. In 1893 he read a paper 
on fast ocean steamships, comparing the scantlings 
and other qualities of the Campania and Lucania 
and the Great Eastern. In 1895 he contri- 
buted" the paper already referred to on the cost 
of warships, and in 1896 sought to lay down 
helpful guidance to those anxious to make com- 
parisons of naval power, enforcing many qualities 
in warship design, which were too often neglected 
in classifying the relative power of ships. After 
the accident to the Atlantic liner Fulda on the 
keel-blocks in'a Mersey dock, regarding which he 
was professionally consulted, he read a paper on 
‘*The Distribution of Pressure over the Bottom 
of a Ship in Dry Dock and over the Dock-Blocks.” 
The Royal Society was also fortunate in securing 
one or two contributions. Elgar represented the 
Institution of Naval Architects on Lloyd’s Tech- 
nical Sub-Committee, on the Consultative Com- 
mittee of the Board of Trade, and on the Engi- 


neering Standards Committee, in all of which he | 


did useful work. 

Elgar became a member of the Institution of 
Naval Architects in 1871, and was elected a 
Member of Council in 1883, Vice-President in 
1888, and Honorary Treasurer in 1902. Of the 
Institution of Civil Engineers he was elected a 
member in 1884, and a member of Council in 1903. 


He was a Fellow of the 
Royal Society, and, in 1885, had the honorary 
degree of LL.D. conferred upon him by the Uni- 
versity of Glasgow in recognition of the work he 
had done in promoting the technical education of 
students of naval architecture in the highest and 
most important branches of that science. He was 
a member of the club of literary and scientific 
geniuses known as the ‘‘Odd Volumes,” and had 

the Chair of their ‘‘Oddships.’ He was 
/ also a member of the Tariff Commission. 

There was a week ago no reason to doubt that he 
would yet add to this long record of achievements. 
He had throughout life enjoyed good health, and 
although the exacting work of the past year had. 
taxed his strength, it was expected that a short 
holiday in the south of France would bring com- 
plete recuperation. He left. England almost in 
normal health, in the last week of the old year, for 
Monte Carlo, and was enjoying his well-won rest. 
About ten days ago he had the misfortune to slip 
on the steps of the hotel entrance, and skinned his 
ankle. Although he was forced to give it absolute 
rest, there was no cause for anxiety. Great physical 
weakness ensued, accountable only on the assump- 
tion that blood-poisoning had resulted from the 
flesh wound ; but his normal robustness was re- 
turning, when on Sunday evening, the 17th inst., 
he died quite suddenly, the cause of the collapse 
being, it is thought, an embolism. His wife— 
Ethel Annie Mitchell, daughter of Mr. John Howard 
Colls,, London, whom’ he married in 1889—was 
with him at the end, and although it can avail little 
in her great bereavement, she has the deepest 
sympathy of Dr. Elgar’s many friends. 








THE INSTITUTE OF METALS. 

‘ As: stated in our report of the proceedings at the 
Birmingham meeting of the Institute of Metals, 
last November, there was but little discussion at 
that time on the papers read, the Council having 
thought it wisest to read as many papers as possible 
then, postponing the discussion, for the main part, 
to the meeting held on Tuesday and Wednesday 
last at the Institution of Mechanical Engineers. 


ScrENCE AND PRACTICE. 

The chair was occupied by Sir. W. H. White, and, 
after formal business had been completed, a paper 
by Sir Gerard A. Muntz, Bart., entitled ‘‘'The 
Relation between Science and Practice, and its 
Bearing on the Utility of the Institute of Metals,” 
was read by the Secretary. In this paper the 
author pleaded for greater co-operation between 
the scientific investigator, the manufacturer of alloys, 
and the engineer. Many of the troubles met with 
by the latter were, he thought, due to a failure to 
consult the maker of an alloy before deciding on 
its use. With respect to the work of the scientist, 
he complained that results were not published in 
such form as to be immediately intelligible to and 
applicable by the practical man. He also pleaded 
for greater readiness in the disclosure of so-called 
trade secrets, holding the viewthat, though the indi- 
vidual might thus give away something, he would 
certainly learn a dozen valuable things in exchange. 

In the discussion which followed, Mr. Cookson ex- 
pressed the view that it was best that those engaged 
in research should keep to research, and leave the 
practical application of their results to a different 
class of workers, such as the scientific staff now usual 
in large metallurgical factories. From his own 
experience he could testify to the immense practical 
value of pure research work, Thus the investiga- 
tions of Roberts-Austen on bismuth had proved 
very useful to him in manufactures of antimony 
and lead, where bismuth had a highly deleterious 
action. Again, some researches in crystallography 
had shown his scientific staff the reason of occa- 
sional grittiness in white lead. This turned out to be 
due to the presence of crystallised carbonate of lead, 
and it had proved possible to separate this out. 

Mr. Rosenhain, who spoke next, expressed the 
view that the making of science and the practi- 
| calising of it were best kept distinct. Inthe first, 
‘certain facts were established, and these might 
| then be applied by a different set of men to indus- 
| trial ends. . One frequent source of trouble was 
the attempt to apply ‘‘raw” science too directly 
to manufacturing processes. In research it was 
| essential to isolate and simplify phenomena ; but in 
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practical work such simplification was impossible, 
and the new conditions or ingredients might greatly 
modify the results attained. The scientist was 





with a 25 per cent. elongation. He did not agree 
with Mr. Milton that there were no trade secrets in 
producing white metal, as a considerable number 


ften called in to settle disputes between makers | of trials had been necessary before he had been 
and users ; and here he asked for a greater readi- | able to reproduce a certain well-known metal with 
ness in the supply of complete information. Cases | all the physical properties desired. 


were apt to be stated with the suppression of 


Mr. Thomas remarked that one reason why 


essential facts, and, as a consequence, the expert) failures often proved mysterious was that when 
had to form his judment not merely on physical | they occurred the first thought of the engineer was 
data, but was compelled to include also the human | to get going again, and only after this was accom- 


factor. 
Mr. Johnson also spoke, suggesting that more 
consideration should be given to the needs of the 


iP 


small brass-founder, who could not afford the scien- | 


tific staff mentioned by Mr. Cookson. For instance, 
detailed information as to the way in which the, 
now relatively low-priced, metal aluminium could 
be used to replace copper or tin would be most 
valuable. Of course, there was an immense amount 
of information in Dr. Carpenter’s research, but this 
extended over 1000 pages ; and the men he had in 
view could not find two years’ spare time in which 
to study it. Would it.not be possible, he asked, to 
give briefly the salient facts of this research? To 
say definitely, avoid this, or take care of that? 
Such a précis would be of the utmost value to the 
class in question, and he agreed with Mr. Muntz 
that metallurgical researches were commonly pre- 
sented in too academic a form for the understand- 
ing of the average Birminghanr brass-founder. 

Dr. ‘Dunn remarked that the manufacturer him- 
self was largely responsible for the gulf between him 
and the research student. If he would only state 
clearly his problems and difficulties, investigators 
like Dr. Carpenter and Mr. Rosenhain might well 
be able to help him ; but it was unreasonable to 
expect them to know by instinct exactly what the 
practical man wanted. 

Professor Turner, who followed, expressed the 
view that there was often in research work a choice 
possible between some investigation of immediate 
practical importance and another of more recondite 
interest. Both were equally valuable from’ the 
scientific standpvint, but there was far too great a 
tendency for the young student to adopt the second 
alternative. 

The next speaker, Mr. Greenwood, expressed the 
hope that the Institute might standardise methods 
of analysing lead and antimony alloys. Different 
chemists using different methods now got different 
results, which was very unsatisfactory. 

Sir W. H. White, in closing the discussion, said 
that the immense importance of research work was 
well shown by the Krupp method of making 
armour, which was based entirely on Roberts- 
Austen’s investigations into the critical tempera- 
tures of iron and steel. 


CorrPER AND CopPER ALLOYS, 

‘The discussion on Mr. J.T. Milton’s paper, entitled 
‘*Some Points of Interest Concerning Copper and 
Copper Alloys,” read at Birmingham, was next taken. 
The first speaker was Mr. A. E. Seaton, who men- 
tioned cases of extraordinary failures which had come 
within his own experience.. Some cold-drawn copper 
pipes many years in store proved absolutely brittle 
when, at last, it was attempted touse them. Again, 
like Mr. Milton, he had had cases of Muntz metal 
bolts going ‘‘rotten” when used to fasten the sheath- 
ing to composite ships. He believed the explanation 
wes largely to be found in the effect of time. A 
steel tube dipped in a strong acid bath momentarily 
was uninjured, but if left in for a very long time was 
quite brittle on removal, due to the occlusion of hy- 
drogen, a process requiring time. He suggested that 
the hardness of the bronze tools used in prehistoric 
times was due entirely to the slowness with which the 
melting was conducted in ancient furnaces. Possibly 
scme of the failures now experienced with copper 
were due to traces of sulphur too small to be de- 
teeted by ordinary analysis. Given time, it appeared 
possible that copper might occlude sulphur if the 
atter were present in the atmosphere in small 
quantities. Again, traces of bismuth had a very 
‘ad effect. As to the structure of copper alloys, he 
had been surprised at the largeness of the crystals 
found after fracture in heavy propeller blades, 
10 in. to 11 in. thick in parts. He agreed that 
lead weakened gun-metal, but it made machining 
easier. He was inclined to believe that the good 
effects of forging were often overrated. Some 
of the zine bronzes were nearly as good cast as 
forged, and in days past steel castings were obtained 
quite as good as forgings, showing as they did a 
tensile strength of 25 to 30 tons per square inch, 


lished, involving often a considerable lapse of 
time, did the metallurgist receive a small specimen, 
with no information save the obvious fact that the 
metal had failed. Were it not for this tendency to 


we essential facts he thought many more 


failures would be cleared up. Some remarkable 
cases of corrosion locally, whilst the bulk of the 
plate remained unaffected, were due, he thought, to 
surface conditions. A plate covered with ‘scale 
might, for example, resist the action of a corrosive 
fluid. Should some of the scale be detached by a 
blow, accidental or otherwise, the exposed metal 
would then rapidly corrode. 

Professor Gowland expressed the view that many 
failures were due to the annealing of copper in a 
reducing atmosphere, and suggested that . this 
might have been the case with some of the cases 
quoted by Mr. Milton. He agreed with the author 
that arsenic up to 0.4 per cent. improved the 
quality of copper tubes. He disagreed with 
Mr. Seaton’s view that ancient bronze tools owed 
their hardness to the method in which they were 
melted, since this hardness was easily obtained by 
hammering the bronze. He might mention that 
electrolytic copper was not always free from sulphur. 
Some of the copper sulphate used as electrolyte was 
at times occluded, and if the anode was subsequently 
smelted copper sulphide was produced, and led to 
unsound castings. In one case a very serious corro- 
sion of locomotive tubes had been traced to the fact 
that the coal used was at times within the reach of 
—_ from the sea. On burning the coal the sodium 
chloride volatilised and condensed on the tubes, 
leading ultimately to the formation of copper 
chloride. On covering over the coal-bins, so as to 
protect them, the trouble disappeared. 

Mr. Rosenhain also spoke, and thought that some 
of the peculiar failures of brasstubes described might 
be due to the metal being locally over-strained in 
the process of drawing by a small particle of some 
kind or other getting embedded in the tube and 
passing with it through the dies. . The extra work 
put on the metal at the point might lead to corro- 
sion, since it was known that an electrolytic action 
could take place between severely deformed and 
annealed metal. He very much questioned the time- 
effect referred to by Mr. Seaton, save in cases where 
metal had been severely over-strained in the opera- 
tion of cold-drawing. 

In reply, Mr. Milton said that Professor Gow- 
land’s suggestion that the tubes referred to in his 
paper had been annealed in a reducing atmosphere 
could not hold, since the metal was restored by 
annealing, which could not be done with gassed 
copper. A peculiarity about Muntz-metal sheathing 
was that on occasion it would outlast the ship, 
being as good as copper, whilst in other auenaile 
simnilar circumstances it went rotten in a very short 
time. As to the effects of forging, he did think 
that this operation gave finer grain, and did not 
believe large crystals were as good in a metal as 
small, Nevertheless, propeller castings having 
crystals measuring 3 in. across answered perfectly 
well. Lead should not be put into gun-metal, yet 
he had known liners for propeller-shafts to have as 
much as 5 per cent., which, he believed, was added 
merely in deference to tradition. 


ALUMINIUM. 
At the evening meeting of the Institute Mr. 
Echevarri’s paperon ‘‘Aluminium and Some of its 
Uses” was discussed, the first speaker being 


reasonably be expected, some 33,000 tons being 





now produced per annum. The metal would, he 
thought, be largely adopted for the superstructures 
of ocean liners, and also for the manufacture of 
cartridge-cases and military equipments generally. 
Much, however, had to be learnt in the matter of 
using the metal ; thus aluminium and copper had 
been put together in damp places, with the natural 
result. Again, in the early days satisfactory castings 
could not be produced. A French company, twenty 
years ago, took a contract for a 14-ft. propeller of 





aluminium bronze, which turned out simply a mass 
of blow-holes. 

The next speaker, Mr. A. Phillip, asked for infor- 
mation as to the preparation of the powder used for 
aluminium paint, which was almost as impalpable 
as French chalk. When used for propellers alu- 
minium bronze, containing 90 per cent. copper and 
10 per cent. aluminium, corroded with extraordinary 
rapidity, and he wished to say that many tests made 
on the corrodibility of aluminium alloys seemed 
inconclusive. When simply immersed in sea water 
they often stood well ; but if whilst thus immersed 
they were kept under gentle friction, he thought 
very different results would be obtained. 

Professor Carpenter, who spoke next, agreed 
with Mr. Phillip as to the effect of the removal by 
friction of the protective film of oxide in aluminium 
alloys immersed in sea water. 

r. Morris, who followed, referred to the use of 
aluminium for electrical conductors, of which he had 
had 15 years’ satisfactory experience. At one time 
soldering was a difficulty, but now small wires 
were joined by autogenous welding, and larger 
ones by the process of ‘‘ burning,” the ends to be 
united being placed in a mould and molten metal 
run in. With overhead wires the so-called mecha- 
nical joints were satisfactory. For switchboard 
mountings, particularly where very large currents 
had to be taken, as in electro-chemical works, 
aluminium was, he said, preferable to copper. 
Innumerable solders had been proposed, but most 
of them deteriorated on exposure. The difficulty 
of soldering arose from the film of oxide always 
present, even on: freshly-cut or polished metal. 
Chlorides were commonly used as fluxes, and 
enabled the solder to get below this oxide film. 
Single-wire overhead conductors of aluminium 
should not be more than No. 6 or No, 8, and larger 
conductors were best stranded. 

Mr. Milton, referring to the fact that rolled 
sheet was stated to have a tensile strength of 9 tons 
per square inch, asked whether this would not be 
much reduced on annealing the metal. He thought 
the use of the ‘‘ casting” alloys would be greatly 
extended in the future, as some of them appeared 
to be 50 per cent. stronger than the pure metal and 
not very much heavier. 

A speaker, whose name did not transpire, stated 
that the aluminium flasks supplied to the Ashanti 
Expedition had been very unsatisfactory. Amongst 
other objections, they in some way or other com- 
municated a nauseous flavour to the water carried in 
them. 

Professor Huntingdon, referring to this state- 
ment, said that he had used a hunting flask of the 
metal for years, and found no drawbacks. As to 
soldering, he strongly suspected that the ultimate 
deterioration of the joints was due to the fluxes 
used. Unless all the chloride was got out from the 
pores of the metal it would end by causing corrosion. 

Professor Turner, who followed, suggested that 
if the manufacturers of the metal wished to extend 
its use, they should themselves discover and publish 
the safe methods of soldering it. 

Mr. A. E. Seaton said he had tried all qualities 
of aluminium-bronze, but, though strong castings 
could be obtained, they were too porous for his 
requirements. In fact, engineers’ experience with 


aluminium had been most rn game) Could 
sound sand-castings be made, they would be largely 


used, instead of cast iron, for many purposes. He 
had hopes that, by alloying aluminium with some of 
the rarer metals, all difficulties would be sur- 
mounted. Could it be obtained in sheets even as 
strong as the strip iron of twenty-five years ago, it 
would be largely adopted, but till then engineers 
would remain shy of using it. 

Mr. Johnson said that his firm had had trouble in 
using the metal for the oil-vessels of safety-lamps. 
In the first place, the metal was so soft that the 
screw-threads at the oil-plug wore rapidly ; and, 


| secondly, the castings came out too porous to con- 
Mr. Ristori, who contended that progress in the | 
utilisation of the metal had been as rapid as could | 


tain mineral oils, which exuded excessively, although 
the alloy contained 20 per cent. of zinc. 

Sir W. H. White, in bringing the discussion to a 
close, said that all attempts to use aluminium for 
the hulls of vessels had resulted in failure through 
excessive corrosion, but the metal was suitable for 
certain parts of the superstructure. He hoped, 
nevertheless, that ultimately an alloy suitable for 
hull construction would be discovered. 

In reply, Mr. Echevarri said that he had supplied 
aluminium-bronze propellers for eighteen years past 
to both the French and British Admiralties, and 
had never even heard of trouble from corrosion 
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until the statement of Mr. Phillip at that meeting. 
Plates measuring 6 ft. by 15 ft. to 20 ft. long and 
# in. thick were now obtainable; and any sections 
or sizes could be rolled as readily as steel, and 
with the same plant. Rolled light alloys having a 
tensile strength of 16 tons were obtainable, and 
had been used for the chart-house of the Celtic. 


THE ANNEALING OF THE CoPpPER ALLOYS. 

The paper on ‘‘ The Mechanism of Annealing in 
the Case of Certain Copper Alloys,” by Messrs. 
Bengough and Hudson, read at the Birmingham 
meeting, was next discussed, the first —_— being 
Professor Carpenter, who claimed that the re- 
searches by Mr. Edwards and himself on the equi- 
librium diagram of the aluminium and copper alloys 
was much more complete than that of Mr, Currie, 
subsequently published. They found that alloys 
containing between 88 and 8 per cent. of copper 
were useless industrially. The useful alloys, with 
less than 12 per cent. of aluminium, fell into 
two series, of which that containing from 7} to 
10 per cent. had very remarkable mechanical pro- 
perties. With 9 to 10 per cent. of aluminium, 
an alloy with a tensile strength of 38 to 40 tons, 
combined with 29 per cent. elongation in 2 in., was 
obtained, and this alloy, when subjected to Professor 
Arnold’s endurance test, proved better than any 
material previously tested by him. Generally, it 
closely resembled in its properties a Swedish Bes- 
semer steel containing 0.3 per cent. of carbon, over 
which it had in most respects a slight superiority. 
His own experience agreed with the statement in 
the paper that in copper alloys the y phase was dan- 
gerous. This was well exemplified by the 10 per 
cent. alloy just referred to, which, as tested, had 
the properties stated. If, however, it were heated 
for an hour at 400 deg. Cent., it was completely 
ruined, the strength falling to 32 tons, and the 
elongation to 3.5 per cent. on 2in. In its original 
state the alloy consisted of an a phase containing 
7.3 per cent. of aluminium, and a 8 phase with 12 
per cent. aluminium. The 8 phase if heated in the 
presence of the a phase above 400 deg. Cent. decom- 
posed into the a phase just mentioned, and a y phase 
containing about 6 per cent. of aluminium. This 
inversion of the 8 phase was unaccompanied by any 
structural change visible in the microscope. 

Mr. Rosenhain, the next speaker, said there were 
difficulties in accepting the theory of annealing 
advanced by Beilby, even with the speaker’s own 
modification. Beilby had suggested that when a 
metal was hardened by mechanical means, an 
amorphous phase was produced which was naturally 
hard. The difticulty arose, however, that if a 
metal were hardened by overstraining it in tension, 
it was at the same time softened as far as com- 
pressive stresses were concerned, while such an 
amorphous phase as predicated by Beilby should be 
‘*hard”’ to all varieties of stress. The speaker had 
modified Beilby’s theory by supposing that the 
amorphous phase only existed temporarily and 
rapidly disappeared ; but on this basis, the harden- 
ing of the metal against further tensile strains 
was inexplicable. Another view of the mechanism 
of this hardening process had recently occurred 
to him. Each crystal of the metal had cer- 
tain planes along which it yielded most readily 
if strained in a particular direction. If the strain 
became excessive, slip surfaces were developed, 
with the result that the originally flat cleavage 


plane became stepped, and these steps on ‘the’ 


opposing faces interlocked like ratchet teeth, and 

revented further relative movement of the faces 
in the original direction of motion. Any further 
deformation of the crystal took place then on 
some other plane of cleavage, and hence the metal 
was apparently hardened against further stress. If, 
however, the direction of the straining force were 
reversed, the steps would no longer oppose motion, 
but slip over each other like a ratchet over its teeth 
on its backward stroke, with the result that the metal 
was apparently softened as regarded these reverse 
stresses. If steel were over-heated, it had, on 
cooling, a coarse granular structure, but its original 
texture could be restored by raising its tempera- 
ture above a certain critical point, and then rapidly 
cooling it. From the paper it appeared that. if 
Muntz metal was heated for a long time just below 
720 deg., it would become coarse in structure, and 
he wished to ask if, as in the case of steel, its 
texture could be restored by heating it above this 
critical temperature and then rapidly cooling it. 
In the paper one of the micrographs showed twin 
crystals, and he asked whether these could ever be 





produced by annealing alone, without‘previous roll- 
ing of the metal. 

Mr. Milton, who also spoke, stated that he had 
produced twin-crystals in yellow brass by simply 
annealing it for 48 hours. 

In reply, Mr. Hudson said that Muntz metal, 
coarsened in structure by prolonged heating below 
720 deg., would, if then heated above this limit 
and rapidly cooled, exhibit on fracture a ‘‘ cast” tex- 
ture; but the process had no. refining effect, as 
occurred with steel. He suggested that the twin- 
crystals found in cast metal on prolonged annealing 
by Mr. Milton really arose through accidental de- 
formation of the metal by gripping it in the vice, 
or by sawing it previous to the annealing process. 
The a phase alone formed twin-crystals, but not 
the 8 phase. 

At the conclusion of Mr. Hudson’s reply the 
meeting was adjourned till the next day. 








NOTES. 
SrrenetH Tests or Iron STRucTUREs. 

In recognition of the fact that the designers of 
bridges and of high and complex iron structures are 
not rarely confronted by problems, as to which 
theory does not offer a clear guidance and con- 
cerning which experiments are lacking, the Verein 
Deutscher Briickenbau und Eisenbaufabriken has 
nominated a commission for the systematic testing 
of iron structures. The initiative in this important 
step was taken by Mr. L. Seifert, of the Gesellschaft 
Harkort, and the commission consists of this gentle- 
man, of three other representatives of notable 
iron-construction firms, of delegates from the De- 

rtment for Public Works, and of Professors 
eeemee and Rudeloff, representing the Prussian 
Materialpriifungsamt at Gross-Lichterfelde, near 
Berlin, at which establishment the tests are being 
carried out. The preliminary arrangements were 
in the hands of Mr. A. Seydel. The above- 
mentioned association of German bridge-builders 
and structural iron works has been in existence 
since 1904, and it was established with the 
object of arranging for experimental researches. 
In presenting its report on the work already done 
in this field, the commission emphasised that many 
careful researches of past decades had lost their 
value because both the methods and the materials 
had undergone great changes. Among the more 
simple spekieten now under investigation we notice 
the following:—The influence of different methods 
of riveting; the supposed value of the fillets of 
rivets under the head of the rivet, which text-books 
recommend, but which we have hardly ever met in 
practice ; the influence of the condition of the surface 
—rough, pickled, lubricated, coated with red lead, 
&c.—of riveted iron structures on their slipping 
resistances. Subsequent experiments will concern 
the shearing strength of riveted structures with 
different groupings of the rivets, and the weakening 
of the plate by the grouping of the rivets; the 
strength of struts with various lattice arrangements, 
and their bending, especially when the struts are 
fixed eccentrically to the direction of the force ; the 
lateral stiffness of the upper girders on bridges and 
cranes, and the lateral stiffness of the corners of 
portal frames. The best methods of connecting up 
cross-girders and the resistance which angle-irons 
oppose to the bending of their sides are also to be 
investigated. Other problems which always crop 
up again are the durability of iron paints, and the 
action of the wind pressure on jointed structures. 
‘Considerable means and ingenuity and perseverance 
will be required to carry this programme out. 
Tests of whole structures are so rarely undertaken 
that any endeavours in this respect are to be 
encouraged. 


Tue G.B. Surrace-Contact System. 


In view of the recent experience of the London 
County Council with the G.B. surface - contact 
tramway system, a special interest attaches to a 

per describing the working of that system at 

incoln, read by Mr. Stanley Clegg before the 
Institution of Electrical Engineers last Thursday. 
In the G.B. (Griffiths-Bedell) system the live con- 
ductor lies on insulators in an earthenware conduit 
buried a few inches below the surface in the centre 
of the track. Square plates of cast iron set in the 
roadway at 6-ft. centres have shanks of wrought 
iron which point vertically downwards to the live 
conductor. The shanks are bored up to contain a 
mushroom-shaped iron plunger which carries a 
carbon contact-piece at its lower end, The plungers 





are normally held up in the shanks of the 
studs by springs ; but when the studs are strongly 
magnetised, the plunger-heads, being of the same 
polarity as the shanks, are forced downwards and 
contact is made with the live conductor. The top 
of the stud is then alive. The tram-car has slung 
underneath it a flexible chain of iron skates which 
are under the influence of a strong magnetic field. 
The passage of the car over a stud causes the skates 
to be attracted into contact with the stud, and the 
latter, being magnetised by the field, becomes alive, 
as just described. When the car leaves, the stud is 
demagnetised and becomes dead, a contact-brush 
trailing from the back of the car causing a bell to 
ring if this is not so. Other features, such as 
the provision against short-circuiting at cross-overs, 
&c., were described in our issue of December 27, 
1907, when we dealt with the G.B. system installed 
in the: Mile End-road. It is well known that con- 
siderable trouble has been experienced with the 
latter installation, but advocates of the system 
claim, with some show of reason, that had not the 
County Council refused to be guided. by the advice 
of the inventors, the troubles would not have 
arisen. This view is supported by Mr. Clegg’s 
peper, which shows that, on the whole, the 
G.B. system has worked excellently at Lincoln 
for the last three years. The author gives 
the capital cost as only 10 per cent. greater 
than that of the overhead system, and shows that 
the working and maintenance costs work out at 
more than a fifth of a penny cheaper per car-mile 
than the average of some seventy other municipal 
systems, although the car-miles run at Lincoln are 
fewer than in any of the other systems. As regards 
reliability, he claims the advantage for the surface- 
contact, which at Lincoln only incurred a loss of 
0.0354 per cent. of the total car-mileage in three 
years. He considers the surface-contact system 
safer for the public than the overhead, and states 
that every case of a live stud has been automatic- 
ally detected at the time, and that no harm has 
ever resulted. The silence of the surface-contact 
cars is particularly noticeable after the overhead 
trolleys, and only in times of very snowy weather 
is the G.B. system at any disadvantage as com- 

red with the overhead. The discussion on 

r. Clegg’s paper was somewhat disappointing 
in that most of the points raised were conjectures. 
Hence it leaves matters pretty much as they were 
regarding the relative merits of surface-contact, 
conduit, and overhead systems. Of all three types, 
the overhead is certainly the cheapest to construct 
and the easiest to inspect, but it is the noisiest and 
the most unsightly. Even if little weight is given 
to these defects, it is undeniable that the poles, 
especially when in the middle of the road, are a 
serious nuisance to traffic. The conduit system is 
exceedingly expensive, and adds to the terrors of 
the road for cyclists and drivers of narrow-tyred 
vehicles. If trams must exist, the ordinary road- 
user would certainly prefer a good surface-contact 
system to any conduit, and of such surface-contact 
systems as have been tried the G.B appears to have 
the fewest disadvantages, 








THE LATE Mr. Louis Coiskav.—We regret to have to 
record the death of Mr. Louis Coiseau, which occurred at 
his Paris residence om the 15th inst. Mr. Coiseau was a 
well-known civil engineer and contractor ; he was Presi- 
dent of the French Association of Civil Engineers in 1905. 
Among the important work he carried out we may 
mention the Zeebrugge harbour and the canal to Bruges, 
described in two of our former issues (see. ENGINEERING, 
vol. Ixxix., pages 659 and 693), an enterprise he executed 
in collaboration with Mr. J. Cousin, and brought to a 
most satisfactory completion, in the face of numerous 
natural difficulties. Mr. Coiseau was in his sixty-third 
year ; he was a Knight of the Legion of Honour, and 
Commander of several foreign orders. 





Wittine’s Press Guipr, 1909. London: Published 
by Messrs. James Willing, Junr., Limited, 125, Strand, 
W.C. [Price 1s. net.}—This annual now appears for the 
thirty-sixth year in succession, and forms a comprehensive 
index to the Press of the United Kingdom. It includes 
all such publications as newspapers, reviews, magazines, 
annuals, guides, directories, &c., as well as the journals, 
transactions, and proceedings of the learned, scientific, and 
other societies. full alphabetical list is given of titles, 
and a classified list under trades, interests, professions, &c. 
Further, there are given for the metropolitan publications 
an alphabetical list, and a directory arranged according to 
date, &c., of publication, with papers classified, for ex- 
ample, under dailies, with sub-headings, monthlies, &c. 
Lists giving the metropolitan and suburban papers, the 
provincial papers a: under names and geographical 
classification, abridged lists being also given of the lead- 
ing Colonial, American, and foreign Press, 
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jouw. INDUSTRIAL NOTES. 


Tue general ‘report on the state of trade, by the 
Labour ent of the Board of Trade, is 
on the following extensive, varying, and far-reaching 


returns :—In addition to the 2655 employment returns 
from trade unions used for the chart, 3755 were re- 
ceived from vo relating to 1,096,827 work- 
people employed in coal and iron-mining, the cotton, 
woollen, worsted, and other textile trades, the build- 
ing trades, the boot and. shoe and: other : clothing 
trades, and the paper and.glass trades. Besides these 
6410 statistical returns, a large number of returns of 
a non-statistical character were received from em- 
ployers’ associations, trade unions, local co dents, 
and other sources. ese returns show that employ- 
ment was, on the whole, much about the same. There 
was some improvement in the cotton, worsted, linen, 
and lace trades. There was the usual seasonal decline 
in the building trades, and the 4 ag een and other 
industries were adversely affected by the usual ae 
suspensions at the end of fe As compared wit 
a year ago, employment in all the principal industries 
showed a decline. ‘ 

The 416 trade unions making returns had a net 
membership of 679,060, of whom 61,619, or 9.1 per cent., 
were reported as unemployed, as compared with 8.7 per 
cent. a month ago and 5.6 per cent. a year ago. 





Employment in coal-mining was fairly good, and 
showed some improvement as compared with a month 
ago. It was not so nee as.a yearago. The average 
number of days worked by the pits was 5.29, as com- 
pared with 5.19 days a month ago and 5.63 daysa year 
ago. 

_* iron-mining employment ‘was good, and about 
the same as a, month ago and a yearago. The average 
number of days worked per week at the pits was 5.75, 
as compared with 5.81 days in the previous month and 
5.82 days a year ago. 

Employment in the pig iron industry continued. 
moderate. It was worse na year ago. Returns 
relating to the works of 108 ironmasters employing 
22,100 workpeople. showed 286 furnaces in blast, as 
compared with 339 a month ago and 305 a year ago. 

At iron and steel works employment continued about 
the same as in the previous month. It was worse than 
a year ago. The volume of employment—i.e., num- 
ber employed multiplied by the number of shifts 
worked—at the works from which returns were re- 
ceived was 0.2 per cent. more than in the month 
previous, but ‘11.4 per cent. less than a year ago. 

In the tin-plate and steel-sheet industry employ- 
ment continued very good; it was better than a 
month ago and a year-ago. At the works covered by 
the returns 456 tin-plate and sheet-mills were working, 
as compared with 444 a month ago and 436 a year ago. 

Employment in the engineering trades continued 
slack, with a considerable amount of short time, and 
was worse than a month ago’arid a year ago. The 
percentage of trade-union members unemployed was 
14, as compared with 13 per cent. a month ago and 6.3 
per cent. a year ago. e usual holiday suspensions 
affected employment at the end of the month. 

The shipbuilding trades continued bad, but showed 
a slight improvement —— with a month ago. 
They were, however, much worse than a year ago. 
Branches of trade unions with 54,965 members reported 
24.7 per cent. unemployed, as compared with 25.2 per 
cent. a month ago and 14.2 per cent. a year ago. 





In the spinning branch of the cotton trade and in 
the weaving branches employment was moderate. In 
both branches it was better than in the previous 
month, but worse than a year ago. Short time was still 
worked to a considerable extent in the weaving branch. 
Retutns recefved from firms paying wages to 115,863 
workpeople showed an increase of 7.8 per cent. in the 
amount of wages paid as compared with a month ago, 
and a decrease of 6.7 per cent. as compared with a 
year \ 
uptaeent in the woollen trade was bad, and 
worse than a month ago and a year ago. Returns 
from firms employing 28,668 workpeople showed: a 
decrease of 2.5 per cent. in the amount of wages paid 
compared with a month ago, and of 10.7 per cent. com- 
pared with a year ago. 

The worsted trade was moderate, and better than 
2 month ago, but was worse than a year ago. - 

urns from firms employing 48,115 workpeople showed 
an increase of 2 per cent. in the amount of wages paid 
compared with a month ago, and a decrease of 4.6 
per cent. compared with a year ago. 

In the linen trade employment showed an improve- 
ment oummanel with a month ago, but was still slack ; 

‘ was slightly worse than a year ago. Returns from 
firms employing 48,921 workpeople showed an increase 
of 2.7 per cent. in the amount of wages paid compared 
With a month ago, and a decrease of 1.9 per cent. com- 
pared with a year ago. 

_ Employment in the jute trade was fair, and showed 
little change compared with a month ago; it was 
Worse than a year ago. Returns from firms employing 





18,019 workpeople showed an increase of 0.1 per cent. 


in the amount of 


id: compared with a month 
ago, and a decrease of 5. 


per cent. compared with a 


year ago. 

Employment in the lace trade in England continued 
moderate, and was worse than a year ago ; in Scotland 
it was fairly good, and better than a month and a 
year ago. Returns from firms employing 7605 
people showed an increase of 2.1 per cent. in the 


a decrease of 1.5 per cent. compared with a year ago. 
In the hationy tans in England siahepaan’ ous 
moderate, and worse than a month ago and a year 
ago. In Scotland it continued good, and was better 
than a year ago Returns from firms employing 
17,690 workpeople showed a decrease of 2.1 per cent. 
in the amount of wages paid compared with a month 
ago, and of 2.5 per cent. compared with a year ago. 





Employment in the boot and shoe trade continued 
moderate, and was worse than a year ago. Returns 
from firms employing 60,724 workpeople showed an 
increase of 0.1 per cent. in the amount of wages paid 
compared with a month ago, and a decrease of 4.6 per 
cent. compared with a year ago. 

The other leather trades continued bad, and were 
worse than both a month ago and a year ago. Trade 
unions with a membership of 3369 had 8.6 per cent. 
unemployed, as oomered with 8.2 per cent. a month 
ago and 7.2 per cent. a year ago. 





Employment in the paper-making trades was fair. 
It showed little change compared with a month ago, 
but was not so good as a year ago. 

In the printing and k-binding trades employ- 
ment was fair on the whole, but slack with litho- 
— printers. It showed a seasonal improvement 

uring the greater part of the month, but declined 
towards the end of the month, when it was not so 
good as a yearago. The percentage of trade-union 
members unemployed in the printing trades was 5.7, 
‘as compared with 4.2 a month ago and 4.9 a year 
In the book-binding trade the percentages were 

5.4, 4.4, and 2.8 respectively. 





Employment in the building trades continued slack. 
It was worse than a month ago, and much worse than 
@ year ago. 

In the furnishing and wood-working trades employ- 
ment continued bad on the whole, and was worse than 
a year ago. Trade unions with a total membership of 
36,909 reported 10.8 per cent. of their members un- 
employed, as compared with 10.1 per cent. a month 
ago and 8 per cent. a year ago. 

The glass trades, though dull, continued to show 
a slight oo but were much worse than a 
year ago. turns from firms employing 7907 work- 
people showed an increase of 1.5 per cent. in the total 
earnings as compared with a month ago, but a decrease 
of 12.4 per cent. as compared with a year ago. 

Employment in the pottery, brick, and tile trades 
continued bad generally. It was worse than a month 
ago, and much worse than a year ago. Much short 
time was worked. 





In agricultural labour employment was, in general, 
regular, but in most districts pte Rr lost time 
at the end of the month through the severe weather. 
In many districts the demand for men of that class of 
labour was not sufficient to give employment to all. 

Employment of dock and aveniie bour generally 
continued moderate in London, and was fair and better 
than a month ago at Liverpool. At the other principal 
ports it continued dull, and was worse than a month 
ago. The ave number of labourers employed daily 
at the docks and principal wharves in London (exclu- 
sive of Tilbury) was 12,398—a decrease of 2.4 per cent. 
as compared with a month ago, and of 10.9 per cent. 
as compared with a year ago. 





The changes in rates of wages affected nearly 24,000 
workpeople, all of whom sustained decreases. The 
number included 1000 blast-furnacemen in South Staf- 
fordshire, 20,000 iron-puddlers and millmen in the 
Midlands, and 900 iron-moulders at Sheffield. The 
total computed effect of all the changes was a decrease 
of nearly 850/. per week. 

Eleven labour disputes began in the month, as com- 
pared with twenty-eight in the previous month, and 
seventeen in the same month, I The total number 
of workpeople involved in disputes which began or 
were in progress was 17,576, or 123,068 less than a 
month ago, but 6742 more than in the same month a 
year ago. The aggregate duration of all the disputes, 
new and old, amounted to 165,000 working days, or 
580,600 less than a month ago, but 4200 more than a 
year ago. Definite results were reported in the case 
of seven wo gee new and old, directly involving 502 

rsons. these seven disputes, two were decided 
in favour of the workpeople, four in favour of the em- 
ployers, and one was compromi 





In last week’s ‘‘ Industrial Notes” attention was called 


work- | 


amount of wages paid compared with a month ago, and | 





to the thrift side of industrial life, but the figures quoted 
only referred to the friendly societies. Since that was 
written a fuller authentic record has been published 
by the Chief Registrar of Friendly Societies, including 
all the authorised agencies for thrift, and the te 
fi 

of the masses in the various 


are gigantic. They represent the investments 
reg 
societies and savings banks of the United Ki 


istered provident 

ngdom, 
sanctioned and protected by statutory law. The fol- 
lowing is a general summary :— 











Name and Nature Funds. 
of Society, &e. Memabers. £ 

Friendly societies .. 14,606,969 52,620,542 
Building societies .. 616,729 72,258,428 
Co-operative societies 2,467,806 52,960,807 
Trade unions ‘ 1,719,081 5,864,342 
Compensation schemes 108,444 198,704 
Labour loan societies 33,500 257,643 
Aggregate .. 19,547,479 184,155,556 

Th r s+ s. Ty att 
Post-Office savings banks .. 10,332,784 174,982,645 
Trustee savings ks 1,759,228 61,806,617 
Railway savings banks 64,126 6,865,072 
Grand total—all inclusive 31,708,617 426,809,890 


The stupendous figures above given are marvellous, 
both as regards the numbers given and the accumu- 
lated savings. But even these do not represent. all. 
Numerous annual sharing clubs are excluded from 
the returns, not being registered. The Registrar 
suggests a more searching audit of accounts to pre- 
vent losses by improper investments, defalcations, 
and misappropriations. When we witness so much 
distress from want of employment, it is well to re- 
member the vast numbers who strive to provide for a 
rainy day. 

The quarterly report of the Card and Blowing Room 
Operatives’ Association, issued last week, contains 
references to the recent strike, and states that the 
Association has agreed to send re ntatives to the 
conference convened by the President of the Board of 
Trade, ‘‘with a view of trying to formulate some 
scheme whereby general lock-outs and strikes will be 
avoided.” The report adds: ‘‘The task is a great 
one, and the difficulties are numerous ;- but if good 
wishes count for anything, progress will be made,”” In 
reference to the efforts already made in this con- 
nection, it states that conferences to be held 
ten years ago, at the invitation of the employers, many 
meetings being held; but the card-room es were 
not invited. This is the complaint, and may explain 
to some extent why it was that the members of that 
body refused to fall in with the views of the cotton- 
spinners in the recent dispute, and actually struck 
when the spinners accepted the employers’ terms. 
The report emphatically states that ‘‘no scheme will 
for one moment be accepted, or even considered, unless 
we have a voice in considering the proposed scheme in 
detail before it is placed Dales our members.” This 
appears to be right enough if the proposals apply to 
the card-room other hands. erence is ein 
some detail to the recent strike, the various stages of 
which are described. It is there stated that ‘‘ the 
operative spinners si the agreement for a re- 
duction of wages with a humility and haste unprece- 
dented, and we then became face to face with a struggle, 
our forces being — the joint forces of the operative 
spinners and employers, and-we were determined that 
under no circumstarices would we accept the terms 
accepted by the spinners.” Such remarks are scarcely 
wise under the changed circumstances. It is strange 
that after the above an appeal is made for harmony as 
follows :—‘‘ Now that this unfortunate matter is ovér, 
no effort should be spared to bring about a more close 
agreement between the two ies.” This is most 
desirable for all parties. . 


The report of the Operative Cotton-Spinners’ Asso- 
ciation wisely refrains from criticism. It shuns refer- 
ences which might prolong friction, and which might 
endanger the conference to be held shortly between 
the representatives of employers and employed in the 
cotton trades, under the presidency of Mr. Winston 
Churchill, M.P., or his nominee. The united member- 
ship of this body was at date 18,717, an increase of 387 
in the month, and of 1403 in the past year. The 
returns show that under 2 per cent. of the full mem- 
bers were entirely out of work, as against under 1 per 
cent. in the previous month, and of 1.55 per cent. a 
year ago. But, in addition, 507 were unemployed 
through temporary stoppages, and 38 through acci- 
dents ; there were also piecers on the funds to the 
number of 200 per week. The aggregate on the funds 
from all causes was 10.94 per cent., as compared with 
80.34 per cent. in the previous month, and 3.84 per 
cent. a year ago. The higher eo of over 80 per 
cent. was the after result of the strike and lock-out. 
There was an increase of 


iecers in the month of 347, 
and of 1232 in the year. 


e officials of the union dealt 


with 45 dispute cases in the month, relating to various 
kinds of grievances ; these are usually set without 
any stoppage of work. There were also 53 accident 


cases dealt with, and 99 compensation cases sent to 
the employers. These are usually settled by mutual 
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arrangement, Two serious accident cases were placed 
under the treatment of the official doctor of the asso- 
ciation. Since the Compensation Act came into force 


2876 compensation claims have been sent to the em- |, 


ployers, nearly all of which were settled without 
itigation. ‘The funds of the union are beginning to 
show an increase after the depletion of last year. "rhe 
gain in the month poeta: 5 to 843/. 12s. 6d. Each 
compensation case is recorded in the report, and the 
amount per week awarded after due consideration. 
The same is also done as regards disputes ; the facts 
are given, so that in all cases the members can test the 
accuracy of the figures and of the facts of each case. 


What has been termed a crisis in the history of the 
Labour Party is being gradually explained, though 
attempts have been made to conceal the facts, or to 
minimise them. It was caused in reality by a section of 
the aggressive Socialists, whose desire is to rush the 
party into extreme Socialism, and to force the trade- 
union element to join them in their revolutionary 
methods. Now this latter element is the steadying 
and moderating force in the movement, and it finds 
most of the money for carrying on the crusade, and 
for the payment of members and of electoral and other 


expenses, The ardent aggressives have, however, over- | 


shot the mark, for they have brought a protest from 
the editor of the Socialist organ, Teerion, who says 
that he has no wish to see the trade-union element 
forced into the Socialist ranks. Justice, 
other hand, supports the aggressive faction. 
two organs are In opposition. 
Mr. George Bernard Shaw is to prepare the new 
Socialist practical ee ramme. He is capable of man 
things with his faci 

his genius is equal to ‘‘a practical programme for 
political purposes.” Some of the leaders fear the 
result of his attempt, which may endanger peace 
rather than promote it. The speeches of some of the 
ablest leaders of the Labour Party show that they are 
not to be bullied into a revolutionary policy, or forced 
into the by-lanes of intrigue. The chairman of the 
Party declared at Bolton that they were not elected 
for revolutionary purposes ; that they were doing the 
best they could to promote progressive legislation, 
and that to do so they must conform to the usages of 
the House of Commons, It is said that the Member 
for Colne Valley will be present at the annual confer- 
ence to defend his policy of obstruction and defiance. 
The delegates are not very likely to endorse his policy. 


The quarterly meetings of the Iron and Steel Trades 
in the Midian s passed off quietly, without material 
change in prices or conditions. The tone was better, 
without manifestation in the placing of orders. On 
Manchester Change there was no indication of even a 
better tone. Thousands of men in the engineerin 
branches of trade are reported to be itn 20 maser 4 
without prospects of work. 





Some 5000 colliers and pit-lads were thrown idle 
in the early part of last week in the South Wales 
coal-fields by a strike of the mechanics, much to the 
consternation of the Miners’ Federation. Negotiations 
were at once set on foot, with the result that the 
matter was referred to arbitration, and work was 
resumed, 


The dispute in the boot and shoe trades is not yet 
settled. The operatives demanded a reduction of hours 
from 54 to 50, on the present statement of prices ; 
the employers offered two hours, but refu four. 
The latter, however, made certain conditions, which 
the operatives declined. Negotiations are not yet over, 
and it is hoped a settlement will take place. 





The Gas-Light and Coke Company have inaugurated 
a profit-sharing scheme, much on the lines of the 
South Metropolitan Company, instituted by the late 
Sir George Livesey. It is stated that some 11,000 
employés will benefit by the scheme. 


The Amalgamated Engineers have elected Mr. 
Jenkin Jones as general secretary, in succession to 
Mr, Geo. N. Barnes, M.P. His majority was 2884, 
irrespective of the Australian and South African 
branches, 





Reports as to the organised unemployed are far from 
satisfactory. One of the leaders of the hungry marchers 
left them, declaring that they got arom, tampered 
with the collecting-boxes, and complained of the food 
and sleeping accommodation, which the leader declared 
were better than they had at home. Two other leaders 
in the suburbs of London were prosecuted for with- 
holding the money collected and appropriating the 
same to their own personal uses. 





French Rouune - Stocx.—The Paris, Lyons, and 
Mediterranean Railway Company has let a contract for 
1800 goods trucks to the French General Construction 
Company 
workshops at Marly-lez- Valenciennes. 


on the | 
Those } 
It is announced that | 


e pen, but it is doubtful if | 


y. The trucks will be built in the company’s | 


|THE FILTRATION AND PURIFICATION OF 
* WATER FOR PUBLIC SUPPLY.* 
By Joun Don, Associate Member, of Maybole. 


Being an Abstract of a — Selected by the Council for 
the First Award of the Water Arbitration Prize, 1908. 


BEING restricted to certain limits, this paper should, 





Seer te oe ae on win 


Fe 0 


Section AT A.B. 


| correspondingly enla ici ifying 
} pondingly enlarged. The efficiency, of a purifying 
‘ plant, for example, has relations with the character of th: 
gathering ground, with the effects of seasonal changes, 
| the recurrence of drought and heavy rainfall, and with th 


| condition of the distributing equipment: Theréare othe: 
reasons perfectly familiar to anyone who has studied the 
intricacies of providing pure water at all times and unde: 

| all circumstances. The point. of view, then, of such a 


seemingly, be directed to the discussion of the processes thesis as this being principally the methods of purifica- 
Fig.1. CONTINUOUS SEDIMENTATION CIRCULATING RESERVOIR 
AT SUNDRIOGE PARK | , , 
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‘of purification of water by filtration, precipitation, and 
other appliances. ; 

But the purity of drinking water hangs so intimately 
upon all the incidents of its history, from source to con- 
sumer, that the scope of the details to be considered is 





* Paper read before the Institution of Mechanical 
Engineers, Friday, January 15, 1909. 
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tion, there would necessarily be included therein a con- 
spectus of the whole. history of any particular supply, 
from the time that it falls in raindrops to the earth to the 
moment when it trickles from the drinking-tap. 

The accepted sub-divisions of the subject may accord- 
ingly be here retained, and are distinguished as follows : 
—(1) Sources of supply ; (2) impounding ; (3) filtration ; 
and (4) distribution. 


oe 
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Each of these compartments embraces many further 
divisions, which will appear in the course of the discus- 
sion. 

Sources or SupPty. 

Rarely does it heppes that a catchment area is entirely 
free from the possibility of contamination from sewage, 
manures, or other decaying matters deposited on the sur- 
face. But water undertakers have certain powers con- 





decay, and, secondly, it teems with insects and animalcula, 
dead and alive. Water from peaty 
and, from the presence of peaty acids which it invariably 

carries, it is able to dissolve lead. | Certainly these ingre- 

dients may be removed by precipitation with alum and | 
other chemicals, and if that be pro 
supply may be rendered 


yunds is discoloured, 


rly attended to, the 
rfectly wholesome. 
Numerous towns in England are supplied from deep 


borings, and such is also the case in America on the Missis- 


ferred upon them by the Act of 1847, and when. new | sippi Valley, in the Transvaal, and elsewhere. In all 
ground is acquired they ought to make precise stipula-! undertakings of this nature the same considerations apply 


tions with reference to the operations that are to be 


r-| with regard to the area, surrounding the wells, as in the 
mitted on any portion of the ground which they hold on | case of catchment districts: 
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A. Valves in wash-arms. F. Inlet-pipe for dirty water. L. Steel filter-shell. 
B. Rakes on wash-arms. G. Wash-out pipe for cleaning. M. Top block on shell. 
C. Hydraulic hollow wash-arms. H. Top pipe. N. Inlet-valve for dirty water. 
D. Hydraulic hollow shaft. I. Vertical wash-valve. ©, Wash-out valve. 
E. Perforated Strainers. K. Outlet for filtered water. 
Fic. 6. Hicu-Pressure Fitter (Bett). 


lease, or from which they are authorised to collect water. 
Water undertakers should, if possible, acquire the full 
possession of the lands lying near the principal conduits, 
as well as of a considerable area adjoining the reservoirs. 
Such land should be planted, and the streams kept free 
from weeds, and the flow of water freely exposed to the 
air. Needless to say, the drainage of habitations within 
the catchment area must be rigidly excluded, and the 
water manager should periodically make an examination 
of intercepting-drains and conduits, in order to satisfy 
himself that the precautions are effective under all con- 
ditions. ; 

If agricultural pursuits have to be tolerated within the 
catchment area, these should, if possible, be restricted to 
grazing. In any case, the use of farmyard manure and 
town refuse as top dressing is very objectionable, and can 
hardly fail to import polluting matters into the stream. 
Mineral fertilisers may be allowed if any concession on 
this point has to be made, gr 

Water proceeding from marshy ground is in no case to 
be recommended ; he in the first place it is of the nature 
of stagnant water and holds the products of vegetable 











of the country will enable water authorities to determine 
the extent of land which they should have under their 
control. 

Pollution of water from underground sources is of fre- 
quent occurrence, and exhaustive experiments have been 
made by Dr. Thresh and others to discover the most suit- 
able means of locating the prime cause of contamination. 
The surrounding area must first be searched for rubbish 
heaps, farmyard manure, cesspools, &c. The suspected 
spot is then dosed with a chemical substance, as common 
salt, ammonium chloride, fluorescein, or even with a cul- 
ture of harmless bacteria, and the well is regularly 
pumped for some time. If the water gives indications 
of the presence of the added chemical, the deduction 
naturally is that there is some avenue of communication 
between the suspected locality and the well in question. 
The interpretation of the results demands great care and 
experience, for one must particularly note the rate at 
which the chemical travels from the place wherein it-was 
deposited to the water in the boring. By that means the 
observer will be able to form an cpenion as to whether a 
fissure does or does not exist. Slow percolation would 


} 


lof water-weeds, alge, and plankton. 
| plant species of a low type —— very actively, and 
ts. 


indicate unfissured strata, and through closely compacted 
ground bacteria and offensive matters do not penetrate to 
any great depth. This is why it has been recommended, 
as a controlling experiment, to make use of a culture of 
bacteria; for if that can filter into the boring from the 
suspected. spot, other species of the same kind can do 
likewise. 
RESERVOIRS. 

Storage reservoirs fall into several classes, not only in 
reference to their capacity relative to the daily demand, 
but also in regard to the admission or exclusion of light, 
and to the arrangements whereby their contents are either 


A knowledge of the geology | jeft comparativeiy still, or are forced to travel from com- 
| partment to compartment. f ’ ! 
. | tation goes on in impounded water is an interesting ques- 


The rate at which sedimen- 


| tion which suggests many lines of useful investigation. 
The time of descent of any given particle depends upon its 

| size, its density, its form, and, above all, upon the speed 
with which it 1s being carried forward. 


|. Where the sediment is fine and the mney capacity not 
* 


very great, subsequent filtration must t 
to complete the purification. 
Impounding on Valleys.—The oldest and the most 
natural method of forming a reservoir is to dam up a 
stream which is enclosed by rising ground. Here the 


epended upon 


| chief causes which militate against the acknowledged 


benefits of impounding are to be looked for, in the growth 
In soft waters 


cause many objectionable results. _The water. carries 
away products of their decay, which become noticeable to 
the consumer both from the visible turbidity and from 





| the attendant odours. 


Remedies for Plant-Growths.—Much may be done to 


| obviate these evils by judicious ‘construction of the im- 


| pounding dam. - Roofing over is the perfect remedy, for 
| plants of the species mentioned will not grow in the dark. 
Nor do they flourish readily in water which is kept in 
motion. When, as in so many instances, the case to be 
dealt with is a reservoir exposed to the light, in which 
the water rests for many days, the main principles of 
| construction are these :—The dam should be as deep as 
ible, not less than about 30 ft., so as to discourage 
| bottom growths. The slope of the sides is to be steep, so 
as to diminish the shallew margin on which the ae find 
an attachment. The bordersare to be kept clear of grass. 
To a depth of 10 ft. below the probable water-level they 
should be pitched with set rubble, or lined with concrete, 
and deeper still with loose stones. 

Destruction of Alge by Chemicals.—The result of many 
investigations is the discovery. that the a may be 
destroyed by the rage yce of a chemical which need not 
impair the potability of the water. Salts of copper are 
algicidal even in very dilute solution. One part of the 
sulphate in ten millions of the impounded water serves 
to extirpate the alge and to leave the water clear and 
limpid. This has been confirmed by numerous successful 
experiments in America, England, and elsewhere. 


Serr.inG- RESERVOIRS. 


| American and French Patterns of Settling-Reservoir.—It 
is usual in America to have three or four compartments 
arranged either in a rectangular form or in a crescent. 
From the raw-water basin the flow takes place over a 
dividing-wall into the next, and so on. At the Paris 
water-works of the Compagnie Générale, the settling- 
tanks are so constructed as to induce continuous and - 
ssive sedimentation. The process here is three-fold. 
‘irst, the path of the water lies through a series of narrow 
troughs disposed in zigzag form, in which the heavier 
particles are thrown down. Following the troughs come 
a sequence of larger compartments, and, finally, decant- 
ing-basins, and in both of these the alternating left to 
right and also up and down movements induce still 
further precipitation. The combined effect of these slow 
and regulated and tortuous movements is that the sedi- 
mentation is more rapid than if the water were left 
stationary. It is also conducted within a much less area 
and with far less depth than would be necessary if mere 
stagnation were depended upon to produce a like result. 
Notable for its ingenious construction is the Sundridge 
Park cove reservoir, which is laid out in concentric 
channels. From the plan (Fig. 1) it will be seen that the 
water circulates first in one direction and then backwards 
in the next conduit inwards. There is a slight fall from 
the periphery to the centre, where the outlet is placed. 

e assurance of the water engineer that this reservoir, 
as well as those of similar construction at Eltham and 
Knockholt “‘ work admirably,” may be accepted as good 
evidence that the principle of their construction is sound. 





FILTRATION. 

Retention of Bacteria,—Starting with a filter-bed con- 
stituted of layers of gravel and sand, graded from coarse 
to fine upwards, and all thoroughly clean, we know that 
for a time it intercepts none of the microscopical germs, and 
only an inconsiderable portion of the less minute orga- 
nisms and of the suspended silt. As its operation con- 
tinues, the ratio of suspended matters which escape to 
those which are retained decreases gradually, until after 
the lapse of a certain time it becomes almost a vanishing 
quantity. ~*~ 2 shows what actually took place in an 
experimental filter employed to purify stream-water. 

e number of bacteria in the effluent is shown in 
Fig. 3, which indicates a progressive diminution during 
the first twenty hours’ flow, from many hundreds per 
cubic centimetre down to barely one hundred. 

The reason for the gradual improvement in the purity 
of the effluent. is not te to seek. Sediment accumulates 
upon the surface of the sand ; it covers the surface of the 
granules in the top layer, and loosely plugs the intervening 
channels. Distributed all over this film of silt are numerous 


minute forms, as alge, desmids, and bacteria. The upper 
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surface of the sand is transformed into a loose and more 
or less permeable matting of vegetable filaments, mostly 
lying quite superficially, and only invading the sand to 
a depth of a few inches. When this felt-work has 
attained to a certain consistency, the water which escapes 
through its interstices is denuded of sediment, and even 
of bacteria to a very large extent. 

Deductions from the Working of Roughing Filters.—It 
is not the minuteness of the openings alone that contri- 
butes to the arrest of bacteria. From the experience of 
the ‘‘roughing” filters in the Paris Water-Works, it 
appears that a large percentage of microbes, sometimes as 





much as 90 per cent., fails to escape from the fourfold 
Fig.8. COMPRESSED AIR 4 
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the rate of filtration is slow. In the second place, the 
cleaning of a bed which has become clogged entails con- 
siderable expenditure of time and labour, and the contact 
of labourers’ feet with the filtering bed is objectionable. 
The top layer must be scra) away to a depth of about 
half an inch, and fresh sand substituted. Thirdly, there 
is a loss of time and of water after the run is re-started. 
In cold weather the filtering skin forms more slowly, and 
in summer the rapid increase of alge necessitates frequent 
cleaning. 

Regulations for the Construction and Management of 
Slow Sand Filters.—1. The surface of the filters should 
be of such dimensions that there is a sufficient reserve to 


been allowed to pass into the service reservoirs or mains, 
and under all conditions which appear to be abnormal. 

6. There should be determined by exhaustive experi- 
ments the time that ought to elapse between the cleansing 
of a bed and the delivery of the effluent to the service 
reservoir. 

7. The thickness of the filtering layer should be suffi- 
cient for the local conditions, and never less than 16 in. 

8. The walls and floor of the filter must be water-tight. 

9. There should be appliances for the proper washing of 
the sand, and, wherever practicable, the contact of the 
workmen with the material should be avoided. 





10, Special regulations should be. drawn up for the 
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percolation of beds furnished with comparatively large 
particles, ranging in size from 1 in. in diameter to } in. 
According to Dr. Kemna, the gravel strainer does not 
operate at all like a sieve. The pebbles and coarse grains 
are covered with a sticky. film, composed partly of dead, 
and partly of living material. Particles of mud, as well as 
germs, impinge on the stones and tend to adhere. 

The fact being established that rough strainers do catch 
a large percentage of the minute forms, we are not left 
in doubt that the same occurs in the ordinary sand-beds. 
After they have donned their slimy covering they consti- 
tute one of the agencies by which bacteria are removed. 

Function of the Filtering Skin.—Returning now to the 
felt-work of algoid growth, we can readily see that a 
similar office is performed by the interlacing filaments. 
The minute strands with their slimy coating capture bac- 
teria just as the threads of a spider’s web catch insects. 
Here then we have the second agency for intercepting the 
bacteria. When one remembers that these two agencies 
referred to operate mostly in the upper layers, one can 
deduce that a second filtration is likely to prove more 
efficacious in the treatment of refractory filtrates than 
would have seemed to be the case at first sight. 

Alge «as Bactericides.— Experimental study of the 
natural history of the filter-bed has brought to light yet 
a third cause of the important check which the sand filter 
imposes upon bacteria which frequent its surface. Dr. 
Strohmeyer has shown thet green alge are energetic 
destroyers of minute germs, acting upon them in all prob- 
ability by means of the nascent oxygen which they 
evolve. The two commonest species of distoms are shown 
enlarged in Fig. 4 (page 126). 

Colloids ; their Nature and Precipitation.—But further. 
The investigations of Zsigmondy, Burton, Dunbar, and 
others have shown that even matters in solution, more 
especially colloidal substances, are separable from water 
by contact with filter-beds. Precipitation of colloidal 
matter undoubtedly occurs in the filter-beds which receive 
the fluids from septic tanks, and the marked diminution 
of organic matter which is effected by certain types of 
filter designed to purify river-waters is very likely attri- 
butable to de-solution of colloids. 

Operation of Sand Filters,—Collo:dal solutions do not 
escape the attention of the ordinary sand filter. The 
slimy coating of the granules exercises an absorptive 
power over them and retains a portion. It isa thin, soft 
membrane, not tightly drawn, but much convoluted, 
and Drs. Kammann and Carnwath are inclined to ascribe 
the higher absorptive power to the inner surface of this 
slimy film. They do not claim that the membrane pre- 
cipitates the colloids. Their disintegration follows from 
biolytic changes, fermentation, oxidation, putrefaction, 
at a later period. 

Finally, we must not overlook the fact that the air en- 
tangled in the filter-bed helps to oxidise organic matters. 

Disadvantages of Sand Filters. — It remains now to 
touch upon the disadvantages which are met with in its 





operation. Of these there are prominently three. First, 
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ensure the delivery of the necessary supply under all 
conditions of the raw water. ; 

2. There should be two or more beds, so that cleaning 
may be done without wholly interrupting the work of 
purification. 5 

3. Each filter-bed should be provided with a regulator, 
so that the velocity of the flow may be under control. _ 

4. The effluent should be readily available for sampling 
as soon as it leaves the filter. er 

5. Bacteriological analysis should be made periodically, 


more especially after cleaning, and after filtered water has | 


| management of the filters in cold weather, more especially 
in times of frost. 


MECHANICAL FILTERS. 


Meaning of “‘ Pure” Water.—In order to estimate the 
relative and com tive merits and demerits of the 
several forms of improved and mechanical filters which 
it is intended to review, it will be n ary to formulate 
a standard of purity of the filtrate, which has received 
authentic recognition from quarter worthy of respect. 
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Comparative Cost or Various Fitters with REGARD To CapitaL OUTLAY AND TO WORKING EXPENSES. 


Unit of quantity considered :—1,000,000 gallons 


r diem. 


No service reservoir is supposed to exist, and the cost of such is not included in the estimates given below. 





| 











—— Jewell. 
Capital outlay 45001, 
Filtering area i 454 sq. ft. 
Mechanical power .. i 10 B.H.-P. 
Maintenance (not including} 12s. 


interest) | 


Filter washing : How often?) Once or twice daily 


| 
Free run of the filter after) 
washing | 
Percentage of water re- 
quired for washing 


Life of the filter 
a for regulat- 
e 


“ing the supply of any pre- 
cipitant pt 





Special regulating-taps 
are provided working 
under steady head 





15 minutes 


24 to 5 per cent. | 


50 years | 











| | 
‘ . i Reeves 
Bell. Candy. | Puech, (Mather and Platt). 
43801. 22201. 77401. 65001. * 
603 “4 ° 318 sq. ft. 35,000 sq. ft. 1000 sq. ft. 
2 B.H.-P. None None None, unless desired 
10s, 2s, 10s. Not definitely stated. 
| May be about same as 
: for Bell 
Once daily to) Same as Part weekly ; part Once per day as a rule 
once in three Bell monthly ; part yearly ‘ 
ys } 
With extraalum| A few (Time required to fill the 3 to 5 minutes 
added, a few| minutes | filtering basins—i.c., afew 
minutes minutes : 
1 per cent. or) } per cent. |Varies with the condition About 2 per cent. 
less ; often } per} of the raw water ; 24 to 3 
cent. r cent, as a rule 
Equal to the life} 50 years ual to the life of slow) 15 years as a minimum 
of a steel bridge | sand filters 
A self-regulator| None re- |As arule, no precipitant is|Ball-valve regulator, or 
is attached quired | employed. If necessary, a 1. pump from water 
| gauged tap is used motor on the main 








The above statistics have been supplied through the kindness of the proprietors of the filters quoted. 





* See Mr. Don’s corrections on page 107. For *‘ 43801.,” read 21901.; for ‘603 sq. ft.,” read 302 sq. ft.; and for ‘*65001.,” read 2500k 




























































































isn) 


¢ 


~ 


79.1) Insiz 6 


WATER REGULATOR 


y 
Y 
y 
Y 
Y 
y 
Y 


GSITTTY 


S 





\ 


4 


ZU 


SS 





( NNNAANAAAANANSRARAAAAAA AAA 








A. Siphon. 
H. Height through which the 
— works. This is 
justed by the screw C. 


C. Screw passing through E, 
the nut, and serving as 
support to the siphon. 
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F. Float attached to bars, 
T G G, and thus brought 
to bear on the siphon. 


JEWELL Fiuter (Fig. 5, page 127). 

Relative Advantages.—In comparison with slow sand 
filters, Jewell filters (the Jewell Export Filter Company, 
8, Lendal, York) possess the following advantages :— 

1. Capacity to treat very turbid waters and to remove 
colour. 2. Occupy a relatively insignificant area-of ground. 
3. Freedom from risks of objectionable growths, and from 
the tastes and odours they impart. 4. Rapidly and easily 
and cheaply cleansed, without risk of contamination by 
workmen. Details of the first cost and of the working ex- 
penses of the Jewell filter will be seen in the table annexed. 


Bett Fiurer (Fig. 6, page 127). 

Very similar to the Jewell filter in its leading principles 
is the Bell filter. The precipitant employed is the same, 
and the device for washing the sand when it becomes 
clogged is only. a little more elaborate than that of the 
American invention. Not only is filtered water forced 
upwards from below, but the revolving arms which stir 
up the sand ‘are hollow perforated tubes, which receive a 
further supply of pure water from above, by way of the 
revolving shaft, and discharge this in fine streams among 
the filtering material. . The holesin the hollow wash-arms 
are protected when not in use by an automatic back-pres- 
sure valve. 

Head of Water Required.—In the American filter the 
head varies from 6 ft. to 14 ft.—that isto say, it does not 
exceed a pressure of 7 lb. per squire inch. e Bell filter 





Fig.13. AIR-OZONISER AT WIESBADEN. ( Siexnens-Halske). 
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2.. The water must be clear, 
and free from taste and smell. 

British and Foreign Stan- 
dards of Purity.—It is well 
known that on the Continent 
much less attention is paid 
to the chemical analysis of 
filtrates than in this country. 
In Britain, water containing 
more than 0.1 part of albu- 
minoid ammonia per million 
would regarded as sus- 
picious. The presence of 
nitrites is also looked upon 
with suspicion in thiscountry. 
It is generally accepted that 
upland surface water should 
not hold more than 0.3 to 0.5 
part of nitric and nitrous 
nitrogen together per million. 
Seine water contains on the 
average 1 part per million of 
nitric nit: m, and traces of 
nitrates. T] - is a —— 
in prescribing a genera! 
A oe of mm Pa based on 
chemical comstitution merely. 
A knowledge of local circum- 
stances bearing on the area of 
catchment is a sine qua non 
if the analysis is to be made 
the test of potability. The 
only satisfactory test of the 
efficiency of a filtering plant 


The following, so far as concerns the standard of purity, | which is generally available would seem to be that which 


may be 


regarded as essential 
Two Criteria.—1. The number 
centimetre to be under 100. 


the German authorities rely u 
of bacteria per cubic aosnees upon in France an 


teriological analysis. 


, and which is largely 
Belgium—namely, the 
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is usually worked under a pressure far in excess of that 
limit. Pressures of 30 lb., 95 Ib., 120 lb., and 300 Ib. per 
square inch are employed at Bury, Crewe, Polton, and 
Linwood respectively. But the filter works with a less 
powerful head if needful. Messrs. Bell affirm that the 
consolidation of the granulated quartz in their filters, 
owing to the high pressure, tends to economy. 

iency.—The Bell filter (Messrs. Bell Brothers, Calder 
Iron- Works, Ravensthorpe, Yorks) possesses all the distin- 
i traits which mark the efficiency of its American 
rival. It removes peaty acids when these are mt ; 
it deals effectively with fine silt. Asa result of bacterio- 
logical analyses of its effluent, as tested at Banbury by 
Professor Frankland, the filtrates were pronounced to be 
“of a very high degree of bacterial purity,” the bacillus 
coli being reduced from 10 per cubic centimetre to 1 in 10 
cubic centimetres. 


REEVES (MATHER AND PLatrT, Mancuesttr) FILrer 
Fig. 7, page 128). 

This filter, which is constructed by Messrs. Mather and 
Platt, Limited, Salford Iron-Works, Manchester, does not 
differ greatly from the Bell filter. Coagulants may be 
brought into use if so desired. The filtering material is 
crushed quartz, and the size is graded, a layer of finer par- 
ticles being at the top, and of coarser below. The filter is 
constructed to act either with pressure or with a deep head 
of water. In the pressure variety represented (page 128) it 
will be noticed that the form of the ftering cylinder is that 
of the frustum of a cone, with the wider end upwards. It 
is claimed that this design prevents water from slipping 
down the sides without bemg properly filtered. The ers 
remark that the filtered water is allowed to run waste for a 
few seconds only. They do not state, however, that the fil- 
trate is satisfactory as regards the bacterial content after 
that brief run. There can, indeed, be little doubt that in 
this country at least there is an absence of systematic test- 





ing of the filtrate after washing. Unless the greatest care be 
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taken to exelude the first filterings until such times as|'A full account of the Magdeburg undertaking will be 
experiment has shown that the filter will have resumed | found in the Technisches Gemeindeblatt, of February 5, 
its normal efficiency, great numbers of bacteria may escape | 1907. y ; : : 
into the consumers’ supply. Expert opinion in Britain| Possibility of Over-Filtration.—It is an open question 
inclines to the belief that a filtering viscous skin, whether | whether the Puech filter plant isnot over elaborated. No 
artificial or natural, is the agent which plays the most | film forms upon the finishing filters, but the water in these 
important part in the elimination of germs, so long as | is in summer loaded with vegetable matters which have to 
sand or crushed quartz is the material of which the bed is | be seummed away by manual labour. ; 
composed, It will he remembered that with the Jewell| Filtering Skin always Desirable.—Neither Dr. Kemna 
filter about half-an-hour was considered sufficient for the | nor Dr. Thresh (see Transactions of Water Engineers, 
skin of precipitated alumina to establish its proper effi- | 1907) seems to be satisfied that the filtering film can safely 
ciency, | or advantageously be dispensed with. Accordingly, at 
7 | Waelhem there 1s to: be a considerable modification of 
Canby Fiver (Figs, 8 and 9, page. 128), | the original Puech process. There will be dégrossisseurs, 
Against the use of coagulants there have been urged | but.no pre-filter. ‘The slow sand filters will be left to do 
from time to time various objections, some rather fanci- | their full share of the work. Neither will there be any 
ful, others more real, There is the question of expenditure | #eration from bed to bed, but the strainers will be covered 
representing an outlay of 5s. to 10s. per million gallons|to exclude light and prevent growth of vegetable 
filtered (6s. on the average, per grain per gallon, per mil- | OT€a@nisms, . A é 
lion gallons). It is recognised that it may be beyond the | _ Aevulator.—An ingenious speed-regulator is attached to 
ordinary attendant of a filtering plant to determine the | the finishing filter, so that the rate is maintained constant, 
exact amount of coagulant that should be,added under | Figs. 11 and 12, page 129. ‘ 
varying conditions of the raw water. (To be continued. ) 
Oxidium.—Oxidium, which is the effective medium of 
the Candy filter, is a porous composition of iron oxide, 
silica, &c., which exhibits properties similar to those 
of spongy platinum. Consisting largely of iron and sili- 
cates, oxidium absorbs oxygen from the air, and yields it 
again to organic matters suspended or dissolved in the 
water. Living germs are intercepted as efficiently as 
in any of the filters yet described. It appears that 
wet combustion proceeds: rapidly as the water perco- 
lates, The oxygen is supplied from the pores of the 
oxidium, wherein it is occluded. The stored oxygen is 
gradually used up as filtering goes on, but it is easily 
renewed by emptying the cylinder and admitting air. By 








TYPE-CASTING AND COMPOSING 
MACHINERY.* 
By L. A. Learos (Member), of Watford. 
(Concluded from page 98.) 


Crass TVa.—Four-OPERATION MACHINES. : 
THE operations of composing and line-justifying, casting 
a justified line and setting it, which are usually divided 


‘sion from the bottom of the notch across the“flat being 
the set width plus a constant.’ The matrices are assembled 
as in the Linotype, and measured in a vice, together with 
space-matrices, Fig. 84, page 96 ante, the measurement 
being made on the aggregate thickness of all the matrices, 
When the line has been composed, the spaces are driven 
up to fill the vice. The set width of the spaces is obtained 
in just the same way as with the type matrices; the 
Stringertype space-matrix is tapered in side elevation, 
and the width at any point is equal to the set desired plus 
the same constant asin the type-matrix. It is not essential 
that the thickness of the matrix should be the same as the 
set width of the type cast from it, but all the matrices of 
a fount may be a constant multiple of the set width in 
thickness. The space-matrices must then be arranged 
with different tapers in front and side elevation. If 6, is 
the inclination of the wedge surface to the vertical in 
front elevation, and @, in side elevation, and C is the con- 
stant multiple in the case of the type-matrices, then 


tan 6, = C tan 4. 


It is thus possible to set the vice and its details to the 
dimensions of any convenient body-size, such as piea, and 
the difficulty of obtaining a sufficient thickness for the 
matrices of the thin sorts is overcome. 

The platform by which the space matrices are pushed 
up is L-shaped in plan, and maintains the lower ends of 
the space-matrices at the same height while passing before 
the mould. 

The matrices having been measured are presented one 
by one in front of the mould, which closes to the set width 
given bythe notch; the pump injects metal into the 
mould, which then opens, and one part acting as an 
elevator vertically raises the type with its tang to the 








a simple means a large volume of air is compressed into 
the dome of the cylinder, so that the descending water is 
well aerated. 

Tests Made.—Dr. Thresh has made many analyses of 
the effluents of the Candy filters, and the purification in 
general has been shown to be admirable. Practically 
speaking, there is no escape for pathogenic bacteria. | 
Albuminoid ammonia is reduced to an _ insignificant | 
amount. Nitrification makes great progress in passing | 
through the layers of oxidium. Tron salts in solution are | 
wholly got. rid of. ‘The apparatus is made by the Candy | 
Filter Company, 5, Westminster Palace Gardens, Artil- | 
lery-row, Westminster, | 





Canpy’s PoLaRITe FILter. 


Similar in construction, filtering medium, and operation, | 
is Candy’s polarite filter, 


Pvurcn Fitter (Fig. 11). 


The construction of the Puech filter is altogether novel. | 
It is not, strictly speaking, a mechanical contrivance ; | 
rather is it an adaptation of the older system, in which | 
the sediment-charged water is subjected to graded filtra- 
tion. There is a series of beds, in which the filtering sub- 
stances range from coarse to fine. First is a battery of dé- | 

rossisseurs, or roughing filters, with four compartments. | 

n the first the whole of the filtering medium consists of | 
pebbles of the size of walnuts, in the second they are com- | 
parable in dimension to hazel nuts, in the third the grade | 
18 that of beans, while in the fourth it descends to that of | 
peas, The depths of the layers are respectively 12 in., 
14 in., 16in., and 16in., but these thicknesses may require | 
to be varied according to the character of the water | 
treated. Naturally, the water finds its way more easily 
through the coarser materials, and accordingly the area 
of the first dégrossisseur is smaller than that of the 
second, and soon. Thus the speed with which the water | 
percolutes decreases rapidly from one compartment to | 
another, being five times slower in the last than in| 
the first. | 

Action.—It isclaimed that the suspended impurities are | 
arrested, throughout the whole depth of each bed. Dr. | 
Kemna stated in his notes upon the working of an experi- | 
mental plant 10 metres square, that the action of the | 
Puech-Chabal gravel strainers was very effective as a pre- 
liminary treatment'of river-water. He found that most 
of the matters in suspension were removed, that there | 
was a great diminution in the number of microbes, that 
there was a slight fall in the percentage of organic matter } 
and albuminoid ammonia, aad a considerable reduction 
of the free ammonia. He also discovered that the dimi- 
nution of microbes and of suspended matter was largely 
independent of the speed, while the chemical reduction 
(loss of ammonia and organic matter) was inversely pro- 
portionate to the rate of filtration. These are important 
points well worthy of the attention of water under- 
takers, a } 

DIAGRAM OF PurEcH’s RovGHING FILTers. 


The Pre-Filter.—From the gravel strainers the effluent 
passes on, by cascades preferably, to the next stage in 
the purification, the so-called pre-filter (Fig. 11, page 128), 
the upper layers of which consist of coarse sand, thus 
ates quicker passage of the water. Last ‘of all | 
comes a bed composed of materials very similar to those 
in the slow sand filter. This is the finishing process. 

Efficiency.—Judging from the bi-weekly reports of the 
Observatoire Municipale de Montsouris at Paris, the effi- 
ciency of the Puech-Chabal system leaves nothing to be 
desired, The Seine water'at Nanterre after treatment 
with this system is from week to week superior in free- 
dom from bacteria to that obtained by other processes at 
Neuilly, Choisy le Roi and Saint Maur. At Madgeburg, 
the Puech filters were applied to the purification of the 
water of the Elbe, which is notoriously polluted with 
sewage and other offensive materials in greater or less 
amount. Here also its success has been beyond question. 








between two machines, are combined in the Stringertype 
Machine. 

The Stringertype Machine (Fig. 90).—In this machine a 
line of matrices is composed, and the operations of line- 
justifying, casting a justified line, and setting are per- 
formed automatically. The Stringertype matrix, Fig. 21 
(see 59 ante), differs from the Linotype matrix, 
Fig. by page 59, the strike being on the flat. The matrix 
is notched at the side, and this notch serves to set the 
mould to the correct width for the character, the dimen- 


* Abstract of paper read before the Institution of 
Mechanical Engineers, December 18, 1908. 











Fie, 90, Matrix Composine, Line-Justiryine, anp Type-Castinc Macuiny (STRINGERTYPE). 


receiving race, into which it is pushed by a horizontal 
pusher. By an ingenious arrangement of the mould the 
| tang is carried up above the feet, two V notches being 
| left, one at each side, Fig. 42 (see page 61 ante) ; the 
tang can thus be readily broken off, and the rough frac- 
tured part is clear above the feet. This is done auto- 
| matically by the machine before delivery, the tangs falling 
| clear down a shoot. The type during the casting and 
composing operations is horizontal ; when the line is com- 
| pleted it is automatically turned through 90 deg. to the 
vertical position and placed in the receiving galley. 

The matrices travel from the vice to the left of the 
machine after the measuring: operation ; they are then 
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pushed successively one at a time into the cross-race, and 
travel from the operator tin front of the mould ; the last 
matrix cast from remains in the slide until the first of the 
next line comes along, when this matrix is pushed along 
the cross-race. After the matrix has been cast from, it 
passes along the cross-race by the pressure of the next 
succeeding matrix, and when it has travelled its own 
width past the casting point a plunger pushes it into the 
elevator race. On the completion of the line the elevator 
lifts thematrices then in therace to theslide where the space 
matrices are transferred to their magazine, and the type- 
matrices elevated to the distributor-bar, which operates in 
the same way as in the ore a machine. 

Safety cut-outs are provided, which operate under any 
circumstances which would involve damage to the machine, 
and in the event of a line being cast of incorrect length 
the machine is also stopped. 

The advantages of casting separate type are many : 
corrections can be made by hand, and away from the 
machine if necessary, whereas in the slug-machines it is 
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necessary to re-cast the whole of the line even when the 
correction consists of only two trans letters or a 
point omitted ; the depth of the strike can be deeper, an 
therefore a clearer impression obtained, and the break- 
away tang permits a od metal to be used (similar to 
that employed in ordinary type for hand composition), 
whereas the metal used in the slug machines, and in those 
similar to the Monotype, must necessarily be soft. 

The normal s: of the Stringertype mould is 160 


characters minute ; as stated above, this does not 
represent the limit of output of a single mould; the 
total output 


—* of nearly 10,000 ens per hour, is 
that of any operator at work. 

The machine requires about 4 horse-power. 

It isnot generally intended to distribute the type, but 
to re-melt it; when, however, it is desired, a matrix can 
he left at rest in the machine and type cast from it con- 
tinuously, so that sorts can be obtained from the machine 


greater than 


| types, 
‘sion-Plates for Producing the Wicks Machine,” 
| “‘ Bibliography.” Of these, our 
|} duce Appendix IV, only.—Ep, 





for — composition, if both machine and hand-work 


are ‘ 
The same degree of accuracy is required in type cast 
by these machines as in type cast on the cals eae’ 
caster. The test usually applied to check accuracy is 
that known as the ‘‘lock up,” which consists of repeating 
the same characters for a whole page. 

It does not appear probable to the author that the old 
method of casting single type and composing by hand 
can ever be entirely superseded by machine composition, 
as the bulk of display work and a large portion of 
scientific works cannot be so treated. In the case of most 
daily newspapers the whole of the ordinary matter, with 
much of the small type advertising, is set either in the 
form of slugs, or, in the case of the more expensively- 
produced papers, by means of other composing machines. 


A very large amount of high-class work for the better | 
weekly periodicals, for magazines, for novels, and for text- | dolite was used, 


tooth, following it under the action of the weight, just 
touched the revolving mill. The mill was then traversed 
to one side, and the micrometer screw turned through the 
amount desi to be removed plus a constant. This 
constant was usually about yy, in., and represented the 
least amount that could be removed with certainty by a 
cutter without risk of refusal and glazing of the surface. 

The single distant-object method of measurement did 
not require any particular accuracy in centering the theo- 
dolite on the division-plate. It proved, however, a very 
troublesome method in practice, owing to the rapid and 
frequent variations in light and atmosphere near London, 
and, further, owing to the yielding of the clay strata 
under the passage of trains on adjacent railways. 

As several plates were required, the author next tried 
a different method (Fig. 91), in which the chief troubles 
noted above were diminished. The same centesimal theo- 
Two pieces of fine piano wire were 


books is still being performed by hand ; but it is probable | stretched by suspended weights from a slide and slide- 


that this work also will be performed by machines in the 
near future, owing to the greater degree of perfection 
regularly obtainable in the product. 

e word of caution is offered by the author to those 
who think of competing in the field covered by these 
machines. The detail is so complex, and the difficulties 
met with in working out the machines are so numerous, 
that the time for which a patent is granted may easily 
be in greater part absorbed in experimenting before a 
commercial result is obtained. . 

In conclusion, the author wishes to express his thanks 
to Mr. W. H, Maw, Past-President, for his kind assist- 
ance and for help in obtaining particulars; to his son, 
Mr. R Maw, Associate Member, for his aid in pre- 

ring diagrams; to Mr. J. F. Gilmore, of the British 
Stringertype Syndicate, who has been connected with the 
Linotype and several of the principal machines, for much 
valuable information ; and to his staff for their assistance 
in the preparation of many of the diagrams with which 


this paper is illustrated. 

[The paper was accompanied by five appendices, deal- 
ing respectively with ‘“‘ French Type,” ‘‘ Characters and 
Signs required in Scientific and other Works,” ‘ 
”* * On Methods Employed in Correcting the — 
an 
space permits us to repro- 
i] } 


APPENDIX IV. 


On the Methods Employed in Correcting the Division- 
Plates for Producing the Wicks Machine. 


The division-plates used were of the form of a circular 
disc with a central boss scraped to fit a central column. 
The divisions were 100 in number, and cut in the peri- 
phery of the disc with the ordinary dividing gear supplied 
with one of the best makes of milling-machine. The 
form of division was such that the working face of each 
was radial and the other face inclined to the tangent 
(Fig. 93, annexed) ; the locking-bolt was accurately ground 
and lapped to fit in a slide on the base of the division-plate. 
At an early stage in the manufacture of the Wicks 
machine it was found that the division-plates were not 
sufficiently accurate for the grinding processes on the 
segments to be carried out so far that segments could be 
manufactured to stock as components. The marimum 
error permissible, so that the segments could be prepared 
up to the stage at which lapping would begin, was found to 
be about equal to an error of 0.0007 in. at the periphery 
of a circle 20 in. in diameter, or less than 15 seconds of 
arc. This corresponds to about 44 in. at a distance of 
1 mile ; to ensure the result it was considered necessary 
to make the measurements to less than one-fourth of this 
amount. 

1. In the first method employed the author used a 
theodolite with two micrometer microscopes reading to 
10 seconds centesimal. One side of the plain end of a 
lightning-conductor on a distant way | was used as the 
distance object, and the angle moved through from one 
setting of the division-plate to the next obtained by direct 
reading on the graduated circle of the theodolite with the 
micrometer microscope, the reading obtained being of the 


form— 
4.000 grades + difference. 


After taking the reading the theodolite was re-set to zero, 
set on the distant-object, and the plate moved another 
tooth ; the second angle was then measured. By this 
means the total of the readings should have equalled 400 
grades, but the errors of personal equation and of the 
standard are of the theodolite were found to be equal to, 
say, 0.00045 grade (4.5 seconds centesimal). : 

Ye was then possible to determine the actual difference 
from the standard angi for each angle moved through b 
the division-plate, and, by continuously —— the di 
ferences, the maximum positive error (or from the work 
shop point of view, the lowest tooth) could be determined. 
The excess of the maximum positive error above the sum 


d | of errors at any particular tooth gave the cut to be re- 


moved from that tooth, 

The method adopted for performing this work was de- 
vised by Mr, Colebrook ; it consisted in mounting the 
division-plate on a horizontal spindle between centres on 
a milling-machine, and applying a constant torque by 
means of a wire fastened to the periphery of the boss, | 
passing over a pulley and loaded with a weight. 

A micrometer screw was fitted so that it could be en- 
gaged with the flat radial surface of any tooth in succes- 
sion. Anangle-mill mounted on the spindle of the milling- 
machine could be fed across the face of the tooth to— 
reduced. This micrometer screw was set in contact with 





a different tooth of the plate, so that the cutter came 
inside the gap corresponding to the tooth to be reduced ; 


irest some 200 = from the instrument. The wires were 
‘blackened, a clean white paper background placed behind 
them, and the suspended weights were immersed in water 
to damp out any vibration. The screw of the slide-rest 
was worked till the readings obtained, using the side of 
each of the two wires, gave a close approximation to the 
desired angle of the division-plate (4. grades). 

Tn this case it was necessary to set the theodolite more 
nearly central with the division-plate, an eccentricity of 
fs in. only being permissible. 

he mode of operation was as follows :— 

(1) The bolt being inserted in the space n of the divi- 
sion-plate of the theodolite, the telescope was first set 
on the left wire L and the reading Ln noted. 

(2) The telescope was then turned on the right wire and 
the reading Rn noted; thus by difference the angle 
LOR was obtained (Rn — Le ). 

(3) The plate was turned till the bolt engaged in space 
(n + 1), and the reading of the left wire Ln +1 was taken. 

(4) The telescope was turned, and another reading of 
the right wire Rn +1 was obtained ; from these again the 
angle LOR was obtained as (Rn + 1— Ln +1). 

hus the angle LOR was measured 100 times, and 
from these measurements its error was obtained, (For 
a oe d = 0.000031 grade. ) 

If d and e are the differences from the angle of 4.000 
grades in the readings of the left and right wires respec- 
tively, then the readings are of this form (where n is the 
starting point) :— 

Lh =(n) 4.0008 + dn Ra (n+1) 4.0008 +en41 
La+1 = (n+1) 4.0008 + dagi R®+! = (n+2)4,0008 +en+2 
La+2 = (n+2) 4.0006 + dn4e Rua+e = (n+3) 4.0008 +en+s 
and 

Ra;— Ln = 4.0008 + en41 — du = 4.0006 + 5-an4i 

where 6 is the mean error of standard angle and 94+: is 
the error in the theodolite arc over the portion used from 
space n to space (n +1). 

Now taking the alternate readings, 

La+i = (n+1) 4.0008 + dn4i 

Ra = (n+1) 4.0008 + en41 
and subtracting, we get Ln+1—-Rn = dn+i—en+1, where 
9, the error of the theodolite arc, is eliminated ; and if a 
represents the actual error of the angle from space n to 
space n+1, 


ii 


@ = dn+1 — (@n4i—-§). 


The actual arithmetical work can be reduced to about 
six columns of figures, and the corrections obtained with- 
out difficulty. 

The degree of accuracy attained can be judged by ‘the 
following result after three series of corrections had been 


applied. 
nell at periphery of wheel 10 in, radius expressed in 
millionths of an inch ;— 


0 | 70 140/210 280 350 420 490) 560/630 700 
to | to | to | to | to | to | to | to | to| to to 
70 140 210 280 350 420 490/ 660/|680/ 700 770 





Errors. 





| 
Number of | | 
aoe i 10/21 15 | 19 | 7 | 7 | 6) 


7 4 0 4 





It will be seen that the errors had only just been 
reduced to the desired amount after the division-plate had 
been corrected three successive times. 

3. The next method devised (Fig. 92) gave far better 
results, and did not involve the necessity for making so 
many observations continuously. 

The column of the pee ate was fitted with centres 
and a long bar of mild steel suspended between these. 
This lever was forked at its outer end some 30 in. from 
the centre. A bolt and set-screw were provided for spring- 
ing open the forked part or closing it. Each arm of the 
fork was drilled and a plug of silver wire inserted in 
each. A very fine radial line was drawn on each silver 
plug with a diamond, A micrometer microscope was 
arranged on a fixed support fast to the base of the divi- 
sion-plate, so that the Torisontal lever could swing under 

stop was fitted on the division-plate with an 
adjusting-screw with long stem, to enable the horizontal 
lever he set so that either the left or right wire could 
be brought to zero; the lever was kept under a constant 
ressure against the screw end by means of a weight and 
ie cord. Further means was for enabling the 
stop to be moved through approximately four grades 
after the reading had been taken. The gear was boxed in, 
so that variations in temperature and radiation from the 


The method adopted was as follows :—In the of 
the lever, R is the right-hand radial line, and L the left, 
The line R was brought under the micrometer microscope 


it. 


be | operator did not affect the readings appreciably. 


the micrometer screw was then slacked back till this, and set to zero, then the plate was moved one tooth and 
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the reading on the line L taken, the reading being the 
diflerense between the = L O Rand the angle moved 
through by the plate. ter the reading had been taken 
the stop and lever were moved so as again to bring R to 
zero ; the plate was then moved another tooth and the 
next reading of L taken. : 

The read of R were always zero. The readings of 
L nave ike diene d,, dy, dg . . . from the standard 
e. 


oreover, since the plate moves through 400 grades 
when it completes its revolution, 
zd, +-dy + ds ea a digo Should = 0, 
Actually it was found to equal A, and im 
error of the standard angle between the lines on the silver 


alu ‘ 
: The corrected differences d,- 6 , dg—5, dg—8 . ... were 


= 5 was the 


then tabulated as D,, Dy, Dy. . . Digg and summated con- | shed 


tinuously thus :— 
D,, D, + Dg, D, + Dz + Ds... D, +... Digg 
the calculation being of the form which makes checking 


vag easy. ‘ 
hese totals were then each multiplied by a constant 
so as to reduce them to the scale of the micrometer ad- 
justment for milling. The new values being aj, 09, 63, ¢ 
. « « Gyo, Of which the maximum value ¢m corres mded 
to the [owest tooth ; adding 0,001 in. to this and subtract- 
ing (om + 0.001 in.) from each term in succession, the 
negative value obtained gave directly the amount of cut 
to be taken. 

The results obtained can be seen from the following 
table, in which the error in millionths of an inch at the 
circumference of a wheel 10-in. radius is given in the top 
line, and the number of teeth falling between the limits is 
given in the succeeding lines, as shown by measurement 
after the first, second, and third.cuts had been taken. 

ee ee { ff \ | 
| 0. 100 200) 300/400) 500 600 700/800 900 1000/1100 1200 
- to| to  to|to| to| to|-to| to| to} to | to | to.| to 
FFOF. 100 200 300} 400) 500 600/700 800]900 1000/1100] 1200 1300 


P- - a VEncasy! et a | ! 
ae 15 18 22 > 7/4)/0/2)/8)1/0) 2 
tut | | 
After Sed} 10/20 17/14/13) 10) 4 

cut } 


| 

After Srl) 16 26 30/16) 9. 2 * fous 
cut | | 

) i u 


} 
|}4|/3':2 1 














The methods adopted may appear troublesome and 
complicated, but actually the calculation was merely of a 
simple arithmetical character. These division-plates, it 
should be remembered, were not light measuring appa- 
ratus, but had to serve for carrying numerous drilling and 
other jigs, and required sufficient surface to bear setting 
hundreds of times each day in continuous regular work. 








BOILER EXPLOSION NEAR 
CAMPBELTOWN. 

A FORMAL investigation has been conducted by the 
Board of Trade at the Town Hall, Campbeltown, with 
regard to the cause and circumstances ‘of a boiler explo- 
sion. which -occurred on September 24 -at -Torchoillean 
Farm, near Campbeltown, and which resulted -in the 
death of the tenant, Mr, Alexander: M‘Millan. The 
Commissioners were :—Mr. J. A. Fleming, K.C., Sheriff 
of Dumfries, presiding, and Mr. J. M. Croom, consulting 
engineer, Leith. Mr. James Morton, Writer, Glasgow, 
conducted the case for the Board of Trade. 

Before taking evidence, the Commissioners visited the 
scene of the explosion and examined the exploded boiler. 

On the Court resuming, Duncan M‘Millan, son of 
the deceased, was the first witness called, and said he was a 
blacksmith by trade, but had had no experience with boilers 
and engines, His father took over the farm in November, 
1907, and purchased a steam boiler and engine from the 
previous tenant ; but that was not the boiler which ex- 

loded. The old boiler was under steam once or twice 
fast winter and during the spring, but his father was not 
satisfied with it, and, during the summer, made up his 
mind to get another. With this in view he went to 
G yw early in July, and, on his return, told witness 
that he had bought a boiler from a firm there—Messrs. 
Fyfe and Allan. When the boiler arrived his father 
fitted it up at the farm, and then got a man named 
Craig, an engineer at a local colliery, to come up and 
have a look at it. Witness heard Craig caution his father 
about the boiler, and also heard him s t that he 
should put two straps or bands round it, as he did not think 
it was strong enough for the threshing-mill. Craig did 
not ask his father what pressure he was going to work 
at, but told him not to put more than 10 1b. of steam on it ; 
but deceased told witness afterwards that he should try 
to get a higher pressure than that out of it. Craig also said 
that if he gota chance he would come up some time and 
test the boiler along with his father, but he did not come. 
Witness and his father put a d right round the 
boiler a day or two after Craig’s visit. On September 
24 the boiler was at work, and while witness was e 
in threshing he heard the sound of escaping » and on 
running round to the engine-house, where his father had 
been, he found that he had been very severely scalded 
and had been removed to his house, where he died the 
same night. “aery 

James Craig, engineer at Drumlemble Colliery, said he 
had visited the farm and assisted the deceased to fit up 
the boiler and pipes. The boiler was not intended for 
power at all, but only for heating pom, and witness 
warned the deceased against using it for steam purposes. 
Deceased said he took out the old boiler because it leaked 
and put the fire out, and witness remarked that he thought 


he had put_away a better boiler than the one he had | their own ignorance and folly. _ 





installed. From the way deceased spoke witness thought 
he was not too sure about the boiler, and that he did not 
want him to frighten him. Witness suggested that three 
bands should be put round the boiler to strengthen it, 
and deceased asked if one would not be sufficient, to 
which he replied that one would certainly be better than 
none. He did not care about making suggestions to 
deceased, aS he thought he understood all about boilers. 

Archibald D. Armour, of the firm of Armour and Sons, 
Campbeltown, said that the deceased called once or twice at 
their premises about the time he put the boiler in, and 
told witness that he had bought a boiler, a second-hand 
one, for his threshing-mill. itness inquired what sort 
of a boiler it was, and was led to understand that it was 
a boiler intended for low-pressure heating. He therefore 
urged deceased very strongly not to put any steam pres- 
sure on the boiler. Witness never saw the boiler prior to 
the explosion. Deceased-explained that the roof of the 

was so low that he pe not get a vertical boiler in, 
and that the boiler he had bought was the most suitable. 
Witness told him it would be far better to get the roof 
raised than run any risk with that boiler. Deceased did 
not indicate at what pressure he intended to work the 
boiler, but he understood that for the purpose of thres! 
a good deal of pressure would be required, perhaps from 
35 Ib. to 40 lb, 

William Fyfe, managing director of the firm of Messrs, 
Fyfe and Allan, Limi St. George’s-road, Glasgow, 
deposed that about July 2 last Mr. M‘Millan called 
upon him with reference to the boiler, which was on his 
premises at the time. He was introduced by a man 
named M‘Geachy, one of the firm’s workmen, who had 
been in their employ for 20 years. Witness was very 
busy at the time, and M‘Geachy took deceased to see the 
boiler. M‘Geachy told witness that M‘Millan was a 
farmer at Campbeltown, but did not tell him what the 
boiler was for; it never occurred to him to ask to what 
use the boiler. which was one intended for heating only, 
was to be put, nor did it seem to him at the time unusual 
that a farmer should want such a boiler. M‘Geach 
afterwards reported that M‘Millan was pleased wit 
the boiler, and terms for purchase were agreed upon. 
There was nothing said about the boiler mp | er on 
trial, nor about the pressure or purpose for which it was 
intended to be used. Witness had at that time no idea 
as to the purpose for which the boiler was required. 
Witness had known similar boilers guaranteed by the 
makers up to 20 Ib. pressure, but he did not tell deceased 
that the boiler in question had worked under steam pres- 
sure before. 

Alfred Marriott, partner in a firm of boiler-makers at 
Govan, said that the boiler in question was never intended 
for anything higher than from 10 Ib. to 15 Ib. working 
oressure, and that if he had been told that it had to 
ve worked at 35 1b. to 40 lb., he would say it would be at 
a very great risk. The boiler was of very weak construc- 
tion for such a pressure and totally unfit for work. 

Alexander M‘Donald, engineer-surveyor to the Board 
of Trade at Glasgow, said he had, as instructed, made a 
preliminary inspection and inquiry with regard to the 
exploded boiler. The cause of the explosion, in his 
opinion, was the unsuitability of the boiler for the pres- 
sure at which it was worked. When he examined the 
safety-valve there were two weights on the lever—a 2-lb. 
weight and a 4-Ib. weight. It was impossible to put any 
other weights on the end of the lever without tying them 
on. He had no doubt whatever that the boiler, in con- 
struction and design, was never intended to bear a pres- 
sure such as that to which it was subjected ; and in his 
opinion this was an extremely plain case ofa boiler being 
put to a purpose for which it was never intended. 

This concluded the evidence, and, after Mr. Morton had 
addressed the Court for the Board of Trade, the presiding 
Commissioner summed up. The inquiry, he said, was 
somewhat unusual in this respect—that nothing had been 
said which was in any way contradictory to the evidence 
put forward by the of Trade. The only way in 
which the explosion could have been preven was by 
the boiler not being used for the pu for which it 
was used. Of late years there seemed to be, he would 
not say an increase in the number, but a considerable 
number of accidents occasioned by neglect. or the misuse 
of boilers in places where they are subjected to no 
periodical inspection. Some boilers—-many boilers—had 
to be periodically inspected by law; but inspection 
had not as yet been extended to boilers at farmhouses. 
It was not within the province of the Court to say whether 
it was desirable and necessary that the Legislature 
should to that extent. In the meantime, however, 
it was their duty to say, as publicly and as solemnly as 
they could, that a great responsibility lay on the heads of 
people who used boilers without taking.every precaution 
to see that the class of boiler was sufficient for the purpose, 
and that the boiler was kept in a good state of repair. 

No order was made as to costs, and Commissioner Flem- 
ing said that the Court would formally report to the 
Board of. Trade according to the evidence that had been 
given. 

This explosion is a striking illustration of the urgent 
necessity that exists, and to which we recently called 
attention, for extending the provision of the Factory 
and Workshop Act, 1901, to boilers in use at farms 
and for agricultural Here was a small 
boiler, made originally simply for heating purposes, and 
never intended for steam pressure, oes second-hand 
by a farmer, who was apparently quite ignorant of the 
danger he was running, and set to work to drive machi- 
nery at a pressure of 35 lb. or 40 lb. onthe square inch. 
It burst from weakness, and killed the purchaser, 
Inspection would have revealed the danger and prevented 
the explosion. It seems absolutely essential that in some 
cases people should be saved from the consequences of 





CATALOGUES, 

A CATALOGUE to hand from Messrs. Gaukroger, Sykes, 
and Roberts, Limited, Halifax, is concerned with steam 
fitti such as cocks, gauges, &c. The catalogue is 
priced and well illustrated. 


Messrs. Ed. Bennis and Co., Limited, Little Hulton, 
send us a pamphlet on the economy of small elevators. 
This is a reprint of an article in the Textile Mercury, and 
deals principally with boiler-house practice in mills. 

The Consett Iron Company, Limited, have re-issued 
their little booklet giving sizes, &c., of ve. chequered 
plates, sections of various: kinds, &c. his little booklet 
also contains particulars of tests required by Lloyd’s, 
Admiralty, British Standards, &c. 


Messrs. Pilchers, Limited, Morgan’s-lane, 8.E., have 
sent us recently their new booklet of sample colours, and 
also lists of oils, paints, varnishes, &c., tarpaulin-dressing, 
‘* caroyle” for motor-car cylinder lubrication, and -“‘ stop- 
rot” for preserving w 


The India-Rubber, Gutta-Percha, and Telegraph Works 


hing | Company, Limited, Silvertown, E., have sent us a circular 


descriptive of their latest pattern of portable’ testing set, 
in which a range of resistance of from 0.1 to- 11,100 ohms 
is obtainable. 


A pamphlet consisting of a reprint of articles that ap- 
peared in the’ Engineering Review of New York, together 
with certain correspondence bearing on the subject of fans, 
is to hand from Messrs. James Keith and Blackman and 
Co., Limited, 27, Farringdon-avenue, E.C. The pamphlet 
is entitled ‘‘ Fan Notes,” and is profusely illustrated. 


Messrs. William Geipel and Co., Vulcan Works, St. 
Thomas’-street, S.E., have sent us a circular describing 
the Vulcan thermo-electric pyrometers, with range of 
from 32 deg. to 2900 deg. Fahr. The couple consists of 
platinum-iridium wires. Indicators and recorders are also 
dealt with. 


We have received from the Normal Powder and Ammu- 
nition Company, Limited,-Hendon, N.W., a pamphlet 
describing Unge’s system of aerial torpedo, designed for 
life-saving purposes, and also, it is stated, for fighting war 
balloons. At official trials made at Shoeburyness, in 
1906, this torpedo carried about 3200 yards. 


Messrs. C. A. Vandervell and Co., Warple Way,,Acton 
Vale, W., have sent us a catalogue of ‘‘C. A. V.” electri- 
cal productions. This list makes mention of accumulators 
of several patterns, ignition-coils, electric-lamps. for cars, 
magnetos, giving diagram of connections,: charging and 
lighting plants, plugs, &c. 

Messrs. Joseph Wright and Co., Neptune Forge, 
Tipton, Staffs, issued a pamphlet full of illustrations of 
the many forgings in steel and iron which they are 
prepared to make. These include cranks, hammered 
steel rolls, hammer and die-blocks, stern frames, and 
trunnion rings. 


Mesars. Applebys, Limited, 58, Victoria-street, S.W., 
have issued a pamphlet descriptive of their steam, 
electric, and hand-power concrete-mixers. In conformity 
with Messrs. A plebys? other publications of this class, 
this pamphlet forms a small hand-book on the subject 
treated. e mixers dealt with are of the portable or 
stationary type. 


Messrs. Mac rt, Scott, and Co., Limited, Station 
Iron Works, ead, Edinburgh, have recently issued 
a pamphlet describing their patent telemotor steering- 
gear. is apparatus transmits by hydraulic means the 
effect of the revolving motion of the wheel to the steering- 
gear aft. The system includes two small motors—one at 
the wheel, and the other aft in the steering-compartment. 


The Manganese-Bronze and Brass Company, Limited, 
116, Fenchurch-street, E.C., have sent us a well=produced 
book, entitled '*‘ Notes on the Selection of a Bronze for 
Steamship Propellers.” This is lavishly illustrated with 
large views vessels to which Parsons manganese- 
bronze propellers have been fitted, and with pictures 
showing blades damaged, but not broken. Manganese- 
bronze blades have been fitted on war vessels of a number 
of countries, and lists of the names of these, as well as 
illustrations of typical vessels, are given in this volume. 








Brescia Exursition.—The electrical journal L’Elec- 
tricien states that an International Exhibition of the Appli- 
cations of Electricity is to take place in the course of 
the present year at Brescia, in Northern Italy, under 
the patronage of the Italian Minister of Commerce, the 
Brescia Municipality and Chamber of Commerce, the 
Milan Chamber of Commerce. The province of Brescia 
contains many’ hydro-electric power-stations, several of 
which are guide interesting. 





THE RouMANIAN Rattways IN 1907.—The Roumanian 
railways open to traffic had, according to the Zeitung des 
Vereins Deutscher Eisenbahnverwaltungen, a total opened 
length of 1980 miles at the close of 1907; the total receipts 
for the year amounted to about 3,075,000/. In 1897 
the total length was 1790 miles, and the receipts approxi- 
mately 1,955,000/. Traffic on the Roumanian railways 
has therefore increased by about 65 per cent. during the 
last ten years. The total goods traffic amounted to 
6,000,000 tons, in which corn and flour shipments amounted 
to 2,500,000 tons. In 1906-7 about 1,400,000/, were spent 
on developing the railway system and in the purchase of 
——— ‘ a aie months later, 10a)  uase, So 
manded by t ent, and gran y Par- 
liament. "e further sum of 5 0002. was included for 
the railways in the budget of 1907-8, which sum is to be 
expended over three to four years. 
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‘‘ENGINEERING” ILLUSTRATED PATENT 
RECORD. 


ComPILeD By W. LLOYD WISE. 

SELECTED ABSTRACTS OF RECENT PUBLISHED SPECIFI- 

CATIONS UNDER THE ACT OF 1907. 

The number of views given in the Specification Drawings is stated 
in each case ; where none is mentioned, the Specification is not 
illustrated. 

Where inventions are communicated from abroad, the Names, &c., 
of the Communicators are given in italics, 

Copies of Specifications may be obtained at the Patent Office, Sale 
Branch, 25, Southampton Buildings, Chancery-lane, W.C., at 
the uniform price of 8d. 

The date of the advertisement of the acceptance of a Complete 
Specification is, in each case, given after the abstract, wnless the 
Patent has been sealed, when the date of sealing is given. 

Any person may, at any time within two months froin the date of 
the advertisement of the "Ople nee of a Complete Specification, 


give notice at the Patent Office of opposition to the grant of a | 
Patent on any of the grounds mentioned in the Act. 


ELECTRICAL APPARATUS. 


m a wo = 
ted, minster, an le effer, 
D 0-Electric Machines. [3 Figs.) September 
1908.—This invention relates to means for cooling and ventilating 
the commutators of dynamo-electric machines; and it is more 
particularly useful in the case of high-speed machines, where the 
problem of keeping the temperature of the commutators within a 
practical limit is difficult. ~In the drawings it will be seen that the 
«commutator is built up in ‘two separate lengths, the segments 
belonging to one length being electrically connected by means of 
vanes to the segments of the other length. a isa shafton which 
the commutator is built, and }!, b!1 and b2 are cones on which the 
commutator is mounted, which are provided with longitudinal 
slots 6, through which air may readily pass. e denotes a number 
of shrink-rings, which are applied to prevent the segments from 
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flying asunder under the action of centrifugal force. The vanes J | 
serve to conduct the electric current from one segment to the 
other, and also as fan-blades. g is a fixed casing which surrounds 
the commutator and the vanes J, and it has a chimney g!, through 
which the heated air is exhausted. According to the invention, 
the segments d are provided with open longitudinal channels k on 
their under sides, and the currents of cool air are led through 
these channels, and coming into contact with the sides thereof, 
which present a large surface, effectively cool the segments. As 
soon as the commutator rotates, the vanes f draw air through the 
channels k, as indicated by the arrows, and the air, after cooling 
the segments, is exhausted at the chimney g!. (Accepted October 28, 
1908.) 

12,175. T. J. Rorke and E. Rorke, Barnes. Switch. 
{2 Figs.] January 3, 1908.—This invention relates to a switch of 
the kind in which a rocking member is operated so as to close or 
open a circuit by electro-magnetic action. A is a vessel con- 
taining mercury, to which one of the supply leads is connected. 
B is a contact adapted to dip into the mercury. The contact is 
carried by the pivoted tube J. A terminal is provided on the 
standards in which the tube J is pivoted to attach the lead for 
conveying the current from the main supply into the*switch. 
The standards are mounted upon a platform E, beneath which are 
disposed two electro-magnets F, F}, The cores of the electro- 
magnets are suspended by means of chains attached to the tube J, 
and, according to the particular electro-magnet for the time being 
energised, its core is operated. Between the contact B and the 
electro-magnets is situated a make-and-break device, compris- 
ing a rod H of carbon carried by the tube J, and a yieldingly 
mounted carbon rod H! carried by the platform E. The carbon 
rod H) is arranged so that a portion projects above the platform, 
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and the other portion projects into a vessel H2 containing mer- 
cury. The vessel H? is in electrical connection with the mercury 
vessel A. Upon the tube J being caused to move about its pivot, 
80 that the contact B is caused to enter the mercury in the 
vessel A, the carbon rod H first comes into contact with the carbon 
rod H1, and this rod H! is thereupon pushed further into the 
mercury in the vessel H2. After the tube J has moved through 
& certain angle the contact B enters the mercury in the vessel A. 
Thus, if current is passing through the switch, such current will 
momentarily be carried by the carbon rods H, H!, but so soon as 
the contact B enters the mercury the current takes this path and 
avoids the carbon contacts. When the tube is caused to move in the 
opposite direction, the reverse action takes place. Assuming the 
Switch to bein the position shown, the circuit is as follows :— 
From one of the mains the current passes to the electro-magnet F!, 
and thence to one of a pair of insulated contact-pieces /? in the 
tube J ; the current flows through the mercury in the tube and 
passes to the other main. The electro-magnet is energised and 
draws down its core so as to overbalance the tube J, the mercury 





, that the mercury has moved from one end of the tube to the 


| of the cages of lifts, to prevent the toes of the occu 


in which flows from the one end to the opposite end, and by its 
weight keeps the switch in the ition to which it has n 
moved by the energising of the electro-magnet F!. 
of this magnet is broken at the contact-pieces j2 owing to the fact 


other ; no further electrical energy is therefore being expended 
in maintaining the switch in its required position. Stops for 
restricting the rocking motion of the tube J are fixed to the plat- 
form E, and a horse-shoe magnet is arran; to act as a se 
fa for the carbon make and break. (Accepted October 


LIFTING AND HAULING APPLIANCES. 


22,667. N. wn, Wigan. Lifts. (8 Figs.) October 
15, 1907.—This invention relates to a safety device for the — 
t being 
trapped between the edge of the cage and the well. In carryin, 
out the invention, the front of the floor is provided wit 
a hinged or pivoted plate capable of being raised or lifted along its 
front edge, which is connected by a cranked arm and suitable 
links with a cam or lever, by which it is operated. Along the 
front edge of the floor of the cage a plate A is hinged or pivoted 
and is provided with a cranked arm a, by which it can be. rocked 
in its bearings from a horizontal position level with the floor when 
the cage is at rest, to an inclined position when the cage is tra- 
velling, so that should the foot of a person be resting upon the 
plate A when horizontal it will be moved back by the raising of 


Fig.t 


The circuit | 


ic 
21, | 


| viece c, which, adjacent to the yoke, is continuous; but at the 
| free end, which is brought into a vertical position centrally 
beneath the yoke, is divided into a number of separate poles. The 
pole-piece of opposite sign e is secured in the same way to the 
yoke, and also terminates in a vertical portion centrally beneath 
the yoke. The free end of this pole, however, is broader than the 
pole-piece ¢, and has formed in it a number of holes of rather 
greater dimensions than the ends of the pole-piece c, one of which 
ends into each of the holes. As illustrated, the pole-ends 
and the holes are made roughly elliptic in section. Naturally, the 


Fig.t. 
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the plate A. The plate A is operated by a lever B connected by | 
lever b with the crank-arm a, this lever being moved on the start- 
ing of the cage to raise the plate A, and on the mage of the | 
cage to place the plate A again in a horizontal position. e lever 
B may be actuated automatically by a sliding-bolt C and a cam- 
piece c. The wall of the well of the lift is at each floor fitted with 
acain-piece c, with which the sliding-bolt comes in contact, so that 
as the cage approaches each floor the lever Bis moved to place the | 
plate A flat, and as the cage leaves the floor the lever B is moved in 
the reverse direction by a spring b! to raise the plate A. Or the 
lever B may be actuated by an attendant, a pawl and ratchet being | 
connected therewith to hold it in the desired position. The 
attendant will in this case move the handle before starting the 
cage to raise the plate A, and again after stopping the cage to lay 
the plate flat. (Accepted October 21, 1908.) 


RAILWAYS AND TRAMWAYS. 


14,480. G. B. Holmes and A. D. Allen, Wellington, 
New Zealand. Trolley-Heads. (3 Figs.) July 8, 1908.— 
This invention has particular reference to that class of trolley- 
head for electric traction in which the trolley-wheel spindle is 
mounted in sliding blocks, which will permit it to accommodate 
itself automatically to all irregularities and curvatures of the 
trolley-wire. The object of the invention is to provide an im- 
proved trolley-head of the class referred to. 1 indicates a yoke 
provided with an extension for securing it to a trolley-pole 3, the 
respective jaws of the yoke being provided with slots 5 inclined 
downwardly toward the rear. ring- blocks 7 are slidably 
mounted in the slots 5 and provided with flanges having curved 
faces for engaging the walls of the yoke. Springs 10 are supported 








on studs on the bearing-blocks and yoke-jaws respectively, for 
normally maintaining the bearing-blocksin the upper portions of the 
inclined slots 5. e springs 10 thus constitute a | 
for maintaining the trolley-wheel in contact with the trolley-wire, 
and preventing shocks due to irregularities in the latter. A spindle 
16 is secured in the bearing-blocks and rotatably supports the 
trolley-wheel. The curved faces enable the bearing-blocks and 
spindle 16 to swing as a whole in the yoke, to permit automatic 
swing of the trolley-wheel for adjustment of the latter .to curva- 
tures of the trolley-wire. Such adjusting swing of the trolley- 
wheel will compress the one or the other of the springs 10. The 
studs which support the ends of the springs 10 enable the springs 
to accommodate themselves to the swing of the bearing-blocks 
and spindle. (Accepted October 28, 1908.) 

026. E. H. Cockshott, Leeds, and A. W. . 
Won Bromwich. tnd [3 Figs.) November —— 
—This invention relates especially to the form of construction of 
the electromagnets employed on trams as brakes, and consists in | 
forming the electromagnets, which may be bi-polar or multi-polar, 
with concentric pole-pieces—that is, with the ~~ of one 
sign surrounding the pole-piece of — <e. n the form 
illustrated, the electrom et is strictly of the bi-polar type, but 
the one pole-piece is divided into a number of sections, each of 
which occupies a space provided in the other pole-piece. a is the 
yoke, in the centre of which is placed the winding, by which the 
magnet is excited. To one po of the yoke a is bolted the po'e- 


| tending flan 


| grooves 9, and the flan; 


| and the clearance strip 13, into an o 


Soran 





ore which must be left between the pole-ends and the side of 
the holes is governed by considerations of magnetic leakage and 
so forth, and must be sufficient to ensure the passage of a fair 
proportion of the flux through the rail. If desired, the available 
—_ between the pole-ends and the sides of the holes may be 
filled, or partially filled, by stays or the like of non-magnetic 
material. (Accepted October 28, 1908.) 


STEAM ENGINES, BOILERS, EVAPORATORS, &c. 


16,648, G. Wi 0" Pitts) . U.S.A. Turbines. 
{4 ei) August 7, 1908.—This invention relates more particularly 

to holding means for the stationary blades of turbines. An object 

of this invention is to improve upon the construction hither to 
adopted to overcome the troubles which arise from the necessarily 

small clearances and the distortions of the rotors and stators of 
turbines. The moving blades 4 are secured in any suitable manner. 

The stationary blades 5 are mounted in are-shaped base-pieces 8, 

which are secured in place in T-shaped channels or grooves 9 
formed in the stator 3. The base-pieces 8 are rolled or drawn to 

the desired section and are preferably cut into semicircular seg- 

ments, each of which is provided with a row of radially-extending 

holes 10, into which the stationary blades are mounted. Each 
semicircular base-piece is provided at either side with axially-ex- 
11 which co-operate with the wider portion of the 
T-shaped channels in securing- the base-piece in place on the 
stator. A larger projection 13 is formed on the portion of each 
base-piece, which extends beyond the T-shaped channel and is 
adapted to extend axially of the turbine into close proximity to 
and in line with the free ends of an adjacent row of moving blades, 
thereby forming a clearance or clearance-determining strip for the 
blades, The body portion of each base-piece 8 is adapted to make 
a sliding fit with the narrower portion of one of the T-shaped 
8 11 are so formed that they fit freely into 
the wider portion of the channel. The depth of each channel is 
sufficient to permit a transverse motion of a base-piece in a plane 
perpendicular to the axis of the turbine rotor, The flange or pro 
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jection 13 is of sufficient width to extend over the ends of an ad- 
jacent row of “ry te when the base-piece is mounted in 
one of the slots 9. e inner face of each base-piece 8 is provided 
with a rectangular groove, in which a flatspring 15 or a plural- 
ity of flat springs are mounted. The ye 15 operates between 
the base-piece and the inner wall of the channel 9 to yieldingly 
force the base-piece, and consequently the blades secured thereto, 
tive position relative to 
the rotor and moving blades. The -piece is so constructed 
that when the flan; 11 are held by the spring 15 against the 
shoulders of the “fF shaped ch 1, the stati 'y blades will 
project into close proximity with the turbine rotor and maintain 
a desired clearance. The clearance strip 13 is so located that it 
ee into close proximity with its corresponding row of moving 
lades and maintains a clearance equal to that between the 





| stationary blades and the moving rotor. With such a construction, 


if for any reason the relative positions of the rotor and stator are 
disturbed, and the clearances, which it is desired to maintain, are 
destroyed by the rotor contacting with the free ends of the 
stationary blades or the stator coming in contact with the free 
ends of the moving blades, the base-piece 8 will move radially 
outwards under the influence of the contacting force and flatten a 
number of the springs 15, thereby preventing any serious results. 
Under such conditions the free ends of the stationary blades will 
be yieldingly held in contact with the rotor and the clearance 
strip 13. Holes 16 in the stator prevent the springs from operat- 
ing against the pressure of the motive fluid. (Accepted October 
21, 1908.) 


23,213. T. Clarkson, Chelmsford. Steam - - 
rators. (3 Figs.) October 21, 1907.—This invention relates to 
steam-generators, and has for its object to effect improvements 
in that type of generator which comprises a cylindrical chamber 
with heating tu projecting from its walls. According to this 
invention, the cylindrical chamber is provided with a series of 

-tubes nes from its walls ; these tubes, however, being 

than those previously employed, and so arranged 
that they lie in a series of horizontal ririgs around the central 
chamber. The central chamber A is cylindrical, with closed end 
A! constituting the base. At the upper end the wall is flanged, 
the flange being preferably inwardly directed and of substantial 
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depth, so that such a thickness of metal is provided as will give 
a good hold for the pipes and other fittings which are carried into 
it. Projecting from the wall of the chamber are a series of U- 
tubes B, whose arms are straight, and project from the wall 
radially. These (J-tubes B are arranged in ups forming a 
series of horizontal rings. The upper arms of a ring of tubes lie 
in a horizontal plane slightly above that in which are situated the 
lower arms. The points at which the upper and lower arms of 
the tubes enter the chamber are not situated one-above ‘the other, 
but so that the whole U-tube lies on an ifcline relatively to the 
horizontal plane. The tubes in apy one ring are placed so closely 
that they overlap. The arrangement of the tubes is such that the 


tubes forming any one ring do not overlap the tubes forming an 
adjacent ring, and thus a clear annular space is left between the 


upper and lower members of any one series of U-tubes which goes | Machines. (2 Figs.] October 18, 1907.—The object of the 

to make up a complete ring. _It is apparent that this space, which | Present invention is to produce a system of ring-spinning of such 

is indicated at B3, is comparatively easy of access when it is desired | 4 nature as to avoid the absorption of too much energy, and with 

e lower portion of the chamber | Which the same variations in speed can be obtained as with 
ined in t 


to clear the tubes of deposit. 


he | §P usually employed. With this end in view the invention 
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faces can be made to bear simultaneously on their respective seats. 
The bridge L may be provided with a key engaging with a key-way 
in the spindle B, to prevent relative rotation of the spindle and 
sleeve. (Accepted October 28, 1908.) 


TEXTILE MACHINERY. 
23,050. F. Houget, Verviers, Belgium. Spinning- 





dl 





A is not provided with heating tubes, the water t 


lower end of this chamber being thus comparatively undisturbed, | Consists essentially in mounting the ring upon an extensible 
so that it practically forms a mud-pocket for the collection of sedi- | member adapted to permit a rotary motion to be given to the 
rods C, of such length that | Ting, and capable of participating in the rising and falling move- 

ially provided | ments which may be given either to the ring or to the driving 
rods C con- | member. The ring proper.e is mounted on, or formed integral 


ment, Into the flange are screwed 
their outer ends will rest on a shoulder or ring 
at the upper end of the enclosing chamber D. These 
stitute brackets which support the generator, and their ends are 
conveniently flattened to allow of retaining-bolts passing ——- 
them, The arrangement is such that the bolts may readily 

disconnected, and the generator removed from its casing without 
difficulty. (Accepted October 21, 1908.) 





14,135, J. Whyte, London. Steam - Generators. 
\7 Figs.) July 3, 1 -—This invention has reference to means 
for promoting circulation in steam - generators of the ordinary 
vertical type, whether fitted with cross-tubes or not, and relates 
more particularly to generatots which have tubular or trough-like 
casings or jackets situated at the end of the cross-tubes, and 
fitted to the side walls of the furnaces inside the water "7 
According to this invention, devices of this kind are provided 
which are so arran that they throw the whole of the water 
bodily into circulation in a spiral direction. Means are also pro- 
vided whereby the devices are held or clamped in position without 
any drilling being necessary. a@ represents the boiler-shell and b 
the furnace-box of an ordinary vertical boiler having cross-tubes 
, cl, the fire-grate being at d. e and f represent the improved 
circulators which are fitted at the ends of the cross-tubes. In the 
present example, the circulator e at the right-hand or inlet end of 
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the tube is arranged vertically, whereas the circulator f at the 
left-hand or outlet end of the tube is inclined so that the water is 
oe sidewise in a more or less slanting direction, and sets 
up the desired spiral circulation in the boiler. The devices ¢ and f 
are either cast or are formed of light sheet-metal bent into rect- 
angular trough shape and closed at one,end—i.e., the upper end in 
the case of ¢ and the lower erd in the case of f, the open side rest- 
ing against and being closed by the furnace wall itself. The 
devices may be provided with small angle-pieces which project 
into the ends of the cross-tubes and rest against the walls of the 
latter, so as to we the circulators from shifting. The actual 
holding in place of the circulators is, however, effected by springs, 
such as A, which rest against the boiler-shell and press the casings 
e, f tightly against the furnace walls. In this way the casings are 


with, one element of a telescopic member, comprising a number 
of hollow cylinders a of decreasing diameter, similar to the tube of 
a telescope, and alternately fitted with pins and slots, forming an 





effective driving connection as regards rotation, but permitting 
relative movement longitudinally. The bottom cylinder a! is 
formed integrally with, or attached to, the pulley d, which runs 
freely on the enlargement A of the spindle 7, and can be driven by 
a belt. The ring proper ¢, which is fitted with a traveller /, rests 
on the ring-rail g, so that it can, in addition to rotation, also 
participate in the up and down movements given to the rail g 
when forming bobbins. When in its up and down movements the 
ring-rail g carries with it the ring ¢ and its traveller /, the eylin- 
ders @ slide one u the other, all participating in the rota- 
tional movement given to the pulley, and communicated to the 
ring, whatever its position in relationto the pulley d and to the 
spindle ¢. It is clear that the arrangement may be oo equally 
well to cases where the ring-rail g is stationary, and the spindles 
are reciprocated to produce bobbins. (Accepted October 28, 1908.) 


Wilson Brothers Bobbin , Limited, 
Garston. Shuttles. (6 Figs.| 


an . 
January 13, 1908.—This invention relates particularly to those 
shuttles in which a spiral spring, either with or without a tube or 
cylinder, is eny tone in place of the more general bent plate 
spring for holding the shuttle-peg in both its closed and open 
itions. In such arrangements, the spiral springs have been 
iable to break, besides having other attendant disadvantages in 
practical use, and the object of this invention is to obviate and 
overcome these drawbacks. This object is attained by the use of 
a volute spring wound from a flat tapered strip of steel, in combi- 





clamped in eae with sufficient firmness, without any drilling 
or screwing being necessary, and in a way which permits of their 
easy removal or readjustment. (Accepted October 21, 1908.) | 


12,635. A. H. H R. Kilburn, and J. Hop- | 
and Co., Limited, Huddersfield. Equilibrium | 
Valves. [1 Fig.) June 12, 1908.—This invention relates to valves | 
of the double-beat or equilibrium type, and has for its object the 
— of improved means for adjusting the relative positions of 
he two valves so as to ensure that the dame may both be tight on 
their seats at varying pressures and temperatures, The lower 
valve A is secured to a spindle B, which, at its upper end, is con- 
nected to the actuating lever D. The upper valve E is secured to 
a sleeve F, which embraces the spindle B, and s through a 
stuffing-box in the lid H of the valve-casing, and at its upper end 
is attached to a bridge J. The sleeve F is furnished with a gland 
and stuffing-box to prevent leakage between the spindle and the 
sleeve. L is a second bridge, to which the bridge J is connected 
by pillars M. Screwed on the spindle B above the bridge L is an 
adjusting-nut N, which is provided with handles by which it can 
be turned. Also screwed on the spindle B, but below the mo 
L, is a locking-nut P. By adjusting the nuts N and P on the 





spindle B the sleeve F can be moved up or down, and the position | ¢ and bears — the head of the shuttle-peg¢. A washer is 


of the valves A and E can be thereby adjusted relatively to each 


ove f 
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nation with a suitable metal striking-plate or plates placed in a 
hole or recess in the shuttle behind the head of the shuttle-peg. 
@ is the body of the shuttle ; b the hole or recess formed therein ; 
¢ the shuttle-peg; d the pin upon which it is pivoted; e the 
volute spring ; fa steel striking-plate with a projecting stud. The 
volute spring ¢ is placed in the hole 6 with either the large or the 
small end at the bottom of the hole ; and in the former case, as 
illustrated by Fig. 1, the striking-plate f is employed preferably 
with a projecting stud, which rests in the small end of the spring 


other. In this way variations brought about by expansion or con- | If the small end of the spring ¢ is inserted into the hole, as show “ 
traction of the spindle and other parts of the valve due to changes | in Fig. 2, it is preferred to fit a striking-plate f over the large en: 
of temperature and pressure can be corrected, and both valve | of the spring which comes next the head of the shuttle-peg ¢, in 


addition to the striking-plate f at the small end of the spring +. 
(Accepted October 28, 1908.) 


MISCELLANEOUS. 


535. F. W. Mellowes, Sheffield. Roof-Glazine. 

[4 Figs.| January 9, 1908.—This invention relates to roof-glaziny 

of that kind in which the glass is held by metal glazing bars whic): 

are themselves secured to the purlins or other support by shoes or 

| clips, without the necessity of boring holes in the glazing bars, the 
object of the invention being to provide an improved form of, and 
a new method of manufacture for, such shoes. A shoe is provided 

| for the lower end of each glazing bar. In carrying out the inven- 
| tion, a blank of the configuration shown in Fig. 1is stamped out of 
| Sheet metal. The blank is shown forked at one end A, and this 
part constitutes the base of the shoe to be screwed to the purlin. 
A longitudinal ri B is formed along each prong of the forked 
part A by stam . The other, or narrow, end of the blank is 
orovided in a similar manner with two longitudinal ribs or pro- 
ections C on the reverse side. Towards the extreme end D of the 

Jlank the two ribs C merge into a single one A hole or slot F 
is formed in each of the ribs C either before or after these ribs are 
formed, or during the operation of stamping them. The blank is 





next bent into the shape shown in Figs. 2, 3, and 4, forming the 
finished shoe. The glazing bar, which this shoe is particularly 
intended to secure, is of an inverted T section, and rests on the 
base A between the ridges B, which effectually prevent any side 
movement. The end of the bar is supported by the parts of the 
ribs C, which are shown in a vertical position in Fig. 4, whilst the 
part D is intended to extend over the web of the giazing bar, to 
prevent the latter from being lifted upwards by any cause, such as 
wind pressure on the under surface of the glass. Wings G may be 
formed on the shoe to provide a bearing surface for the ends of 
the panes of glass supported by the glazing bars. The holes or 
slots F are intended to come opposite the ends of the gutters 
which are often provided in the glazing bars for conveying any 
water which may find its way past the junction of glass and bar. 
The glazing bar, being supported between the ridges B on the base 
of the shoe, is slightly raised above the purlin or other support a 
distance equivalent to the thickness of the base of the shoe, and 
ss is thus provided for any condensation water on the bottom 
of the bar. (Accepted- October 21, 1908.) 


J. W. Macfarlane, Cath and R. 
es. 


WwW! Motherwell. Contrstugal 

[4 Figs.| October 23, 1907.—This invention relates to means for 
effecting the economical regulation of the supply of water or 
fluid under pressure when employed to drive suspended self- 
balancing centrifugal machines, and is applicable to that class of 











centrifugal machines in which the motor is fixed direct to the 
centrifugal spindle. As shown, the spindle A of the centrifugal 
machine is prolonged upwards above the bearing B, which carries 
the load, and attached thereto is a governor C, the spindle C! of 
which is arran to actuate the usual connections which operate 
the throttle-valve or cut-out. (Accepted October 28, 1908.) 








Coat Exports FRoM ScotLanp.—The exports of coal 
from Scotland last year amounted ta 9,770,040 tons, which 
is 376,591 tons less than in 1907. The country to which 
the largest shipments were made was Germany, which 
took 2,731,913 tons. Denmark came second with 1,305,963 
tons, and Sweden third, taking 1,225,542 tons. All but 
607,579 tons of the exported coal went to Huropesn 
countries. Shipments to home ports and bunker coa 
from Scotland amounted, last year, to 5,061,427 tons. 
These shipments had increased by 275,707 tons over the 
figures for 1907, so that the net result for the year 1908 
isa decrease of shipments amounting to 100,884 tons on 
the amounts for 1907. Messrs. D. M. Stevenson and Co., 
Glasgow, in their annual report, are of the opinion that 
better trade is in prospect. The effect of this, however, 





placed at the bottom of the hole, upon which the spring is seated. 


on the coal trade is expected to be delayed for some time. 
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LITERATURE. 


——_@—_— 
The Design and Construction of Ships. By Joun Harvarp 

Bires, LL.D., Professor of Naval Architecture in the 

University of Glasgow. Vol. 

Strength. Complete in itself, with 36 folding plates 

and 245 other illustrations. London: Charles Griffin and 

Co., Limited. [Price 25s. net. ] 

WE are glad to welcome the appearance of a portion 
of Professor Biles’s work, which has been looked 
for with much expectation by the technical world 
for the past few years. From the volume now 
before us it is evident that the author’s intention 
is to produce a standard work of a systematic 
character, which should cover the whole range of 
the subject of naval architecture ; it is, therefore, 
important to consider it in some detail, so that a 
sound opinion may be formed as to how far this 
intention has been realised. 

This volume is divided into three parts. The 
first lays down the principles of flotation and equili- 
brium, states the principles of calculation relied 
upon for the numerical determination of the charac- 
teristics of a floating body, and gives a brief descrip- 
tion of the various types of ships at present afloat. 
The second part considerably extends the funda- 
mental rules of calculation in their detailed applica- 
tion, the calculating instruments so much used are 
described, and the questions of freeboard and 
tonnage are dealt with. The third part, comprising 
about half the volume, is devoted to the all- 
important question of the stresses which may come 
upon a ship in the great variety of circumstances 
in which she may be placed during her active 
existence. 

Nearly all the calculations usually made in naval 
architecture find their geometrical illustration in 
the problem of determining the area and centre of 
gravity of a plane figure, one of whose boundaries is 
a curve. The author, starting from this point, 
describes the method of characterising a curve 
mathematically by its ‘‘ equation,” and then clearly 
shows how the properties sought are determined. 
Following upon this come the extensions into the 
region of practical quadrature ; the methods for 
these operations are set out in full detail, not only 
those which have been used from the time of 
Newton, but also the later methods, arithmetical and 
mechanical. The planimeter, integrator, and inte- 
graph are fully described, and those who are most 
familiar with their use will be best able to appre- 
ciate the statement that since their introduction 
work has been done which otherwise would have 
been set aside as impracticable if the operator only 
had relied on the older laborious methods. The 
modern arithmetical methods are shown to stand in 
a somewhat similar position; their use is fully 
exemplified, and, though not so economical of time 
and labour as the instrumental methods, they offer 
a powerful and easy means of operation to those 
unable to make use of the mechanical devices. 

A chapter is devoted to the subject of ‘‘Stan- 
dardisation.” In some cases the calculations made 
by naval architects give results which are indepen- 
dent of dimension, and these are in themselves 
standardised without further trouble ; such instances 
as the block and prismatic coefficients will imme- 
diately occur to the reader. There are a large 
number of other instances, however, in which this 
is not the case, and before they can be directly used 
for comparison have to be ‘‘tempered” in order to 
make the comparison quite valid. Before it becomes 
possible to fully utilise the vast stores of data 
accumulated in various places some such system as 
that elaborated by the author must necessarily be 
adopted. A general history and review of the ques- 
tion of tonnage is given, and much detail in tabular 
form of the tonnage measurements of ships of various 
clisses. Note is made of the vexed question of 
deductions, and attention is called to the work of 
the recent Committee on Tonnage (of which the 
author was a member), resulting in the Act of 1907 
limiting the amount of deduction for propelling 
power, 

The subjects of stress and strain are most ex- 
haustively dealt with, and the method and results 
of inany calculations are reviewed. Examples are 
given for vessels of various classes among waves, 
and in a great variety of positions—on crests and 
in hollows, with the ship both upright and in- 
clined—and consideration is also given to the effect 
of the orbital motion of the particles of water 
which make up the wave, in its bearing on the 
Sticsses under determination. Stresses due to the 
heave of the sea are included, and, we believe, for 


I., Calculations and | 








the first time, methods and results of stresses due 
to pitching and ‘scending. In this latter connec- 
tion, it will be remembered that several years 
ago Captain Kriloff, of the Russian Navy, pro- 
epee a method for dealing with this question, 

ut, unfortunately, it was only within the grasp 
of accomplished mathematicians of the calibre of 
Captain Kriloff himself, and, so far as we are_aware, 
it has not been brought into general use. 

Our present author's results show that the stresses 
brought on ships by the motion of pitching may be 
very serious at times, and are consequently well 
deserving of independent investigation in impor- 
tant cases. Much attention is devoted to the con- 
sideration of the application of the theories of 
stress and strain to actual structures, and as to how 
far the results of theory are borne out in practice. 
In particular, the crushing to which decks may be 
subjected has been very exhaustively treated, and 
the results of a large number of experiments are 
given, with carefully reasoned deductions there- 
from ; in the end, the author seems to be of the 
opinion that the subject of crushing is, at pre- 
sent, not susceptible of the same exact treat- 
ment as other modes of stress, and that therefore 
the prudent man would, in practice, err on the 
side of safety. The classic experiments made upon 
the torpedo-boat destroyer Wolf, both in dry dock 
and at sea, are given with a fulness which their 
importance and their unique character fully warrant. 
They constitute a complete examination of the 
stresses and strains throughout a composite struc- 
ture, subjected to bending moments varying from 
extreme hogging to extreme sagging ; they also give, 
for the first time, a full record of the stresses which 
actually come upon a ship at sea, and the bending 
moments deduced therefrom. The author was 
exceedingly fortunate in having had the oppor- 
tunity of carrying out these experiments, and the 
profession generally is to be congratulated on the 
fact that they are so fully and clearly set out. 

Returning to our opening remarks, it may be 
said that what was premised as to the intention. of 
the author is fully borne out by the present 
volume. The portion of the subject dealt with has 
been handled in a masterly manner, and serves to 
»lace the work at once in the front rank ; in fact, it 

as no rival in its thorough dealing with the sub- 
ject. In saying this we do not mean to infer that 
it is not capable of improvement, and there are a 
few ‘eoupdiagiiios of form, &c., which will no 
doubt disappear when the book reaches a second 
edition, which we feel sure it will do ere long. 

In the second volume, yet to be published, we 
understand that the author proposes to deal with 
the general question of stability, the theory of 
wave-motion, and the oscillation of ships in wave- 
water, with resistance and propulsion, the whole 
leading naturally up to design and construction. If 
these subjects are dealt with in as much complete- 
ness as those already passed in review, it seems 
probable that much more space than one volume of 
the present size will be required. We therefore 
look forward with much interest to this continuation 
of the author’s labours, which we hope he may give 
to the public at an early date. 
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ELECTRIC WELDING. 
(Continued from page 71.) 

In our last article we described a fully automatic 
electric welding-machine for making chains, and 
mentioned that the British Insulated and Helsby 
Cables, Limited, had also brought out a more simple 


hand-operated machine for similar work. is we 
illustrate in —— 21 to 23, on e 136. Tt will 
weld up chain-links, buckles, smal! rings, &c., up 


to }-in. diameter wire. The mechanical design of 
the machine is very attractive. It bears not the 
least resemblance to the fully automatic chain- 
welder, and is in no sense an adaptation of that 
machine. It consists, as will be seen from the illus- 
trations, of a cast-iron table bolted to legs, and 
carrying the welding transformer and the various 
levers. The welding transformer is on the front 
part of the table, and its secondary, consisting, as 
usual, of a single heavy turn of copper, is placed 
horizontally, and supported from lugs cast on the 
table, as shown in Fig. 23. The two ends of the 
secondary come out at the front of the machine, 
and each has a vertical rectangular groove in it. 
In these grooves are cramped copper terminals 
which have somewhat the appearance and form of 
lathe-tools. They are shown in position in Fig. 21, 
and can be adjusted vertically by means of set- 
screws beneath them. These copper terminals, when 
once set for any particular job, do not move during 
the welding process. 

At the hinder end of the table carrying the trans- 
former is bolted a large bracket extending towards 
the front of the machine, where it is supported by 
turned iron pillars (see Fig. 23). This bracket 
carries a fixed vertical pin at the back, upon which 
turns a hollow cam-sleeve. The sleeve has three 
cams formed solid with it, two being edge-cams for 
actuating the upsetting-levers, and one, the upper- 
most, a face-cam for actuati the lever which 
presses the work down on tothe terminals. All . 
three levers are furnished with adjustable steel 
bits at their front ends, as shown in position in 
Fig. 21. The upsetting-levers have their fulcrums 
near the front ends, and their cams are so sha 
that the upsetting pressure is very great with but 
slight effort of the operator. The handle which 
actuates the cam-sleeve extends to the right of 
the machine, and is furnished with a hinged cam- 
piece, whose function is to close the switch in the 
owe circuit and release it at the proper moment. 

e switch is of exactly similar construction to that 
illustrated in Figs. 19 and 20, Plate X., published 
with our issue of the 15th inst. It is shown in 
Figs. 22 and 23 in a sloping position at the right- 
hand side of the machine. e operation of weld- 
ing is as follows :—The attendant, who may be a lad 
or a girl, places the link on the copper terminals, with 
the open side downwards and centrally between the 
terminals. He then pulls the hand-lever towards 
himself. This turns the cam-sleeve, and therefore 
actuates the three levers already mentioned. The 
vertically-moving one presses the link hard down 
on the terminals, thus ensuring contact, while 
the horizontal ones come er, taking up any 
spring in the link, and closing the joint tightly. 

eanwhile the hinged cam on the hand-lever 
comes into action, and presses the plunger of the 








switch downwards, thus closing the circuit. The 
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HAND-OPERATED ELECTRIC WELDER FOR CHAIN-LINKS AND RINGS. 


Feg 21. 
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passage of the current instantly heats up the joint of 
the link, and as the metal reaches a welding tem- 
perature and softens, the operator is able to pull 
the hand-lever still more towards him, thus up- 
setting the weld and freeing the switch, which 
opens by its own spring. The welded link is 
released by pushing back the hand-lever, the 
hinged cam swinging back and worn | over the 
switch in this direction without closing it. When 
working on chains of }-in. wire, about 200 welds 
are made for a consumption of one unit of current, 
and an industrious girl can weld about 700 links per 
hour. For doing smaller links the current can be 
regulated by means of a switch on the back of the 
machine which varies the effective ratio of the 
transformer windings. 

One of the latest types of electric welding- 
machines, designed by the British Insulated and 
Helsby Cables, Limited, is a simple and inexpen- 
sive machine which will perform a wide range of 


October 9 last when dealing with the recent Man- 
chester Electrical Exhibition, and now give draw- 
ings of it in Figs. 24 to 26, on the next page. The 
machine proper stands on a wooden cupboard, and 
consists of the welding transformer, to which most 


of the transformer is placed vertically, and consists 
of a single rectangular turn of copper, almost com- 
pletely closed, as shown in Fig. 24, which repre- 
sents the front view of the machine. To the left- 


welded. This may be copper or brass rod from 
0.064 in. to 0.400 in. in diameter, or iron or mild 
steel from 0.064 in. to 0.750 in. in diameter. Equi- 
valent sections of lar or other shapes may, 





of the mechanism is fixed. The secondary winding | 


hand end of the secondary coil is fixed one of the | 
cramping heads which hold the material to be) 


CONSTRUCTED BY THE BRITISH INSULATED AND HELSBY CABLES, LIMITED, ENGINEERS, PRESCOT, LANCASHIRE. 








,of course, be dealt with, suitable clamps for holding | 
being fitted. The left-hand cramping-head is fixed| the workman runs back the movable head by 











ordinary small welding-work. We reproduced aj to a slide, which moves in a broad V-guide along 
photograph of this type of machine in our issue of | the horizontal top of the secondary coil. This head 


tends to move towards the fixed head under the 
action of the lever and weights shown, but can be 
withdrawn by depressing a pedal which is situated 
near the right foot of the workman. 

In the illustrations the cramping-heads are shown 
in contact with each other. There is, however, 
really a thin piece of insulating material between 
them to prevent the possibility of actual metallic 
contact. The cramping of the work is extremely 
simple. Each rod lies in a grooved bed, and a flat 
cramping - plate is forced down upon it by the 
quarter turn of a handle which actuates an eccen- 
tric, bearing against the other end of the plate. In 
order that the arrangement may lock on all sizes of 
rods, adjustable nuts are provided on the upper 
side of the cramping-plate. 

To make a weld between two pieces of rod 
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ELECTRIC WELDING-MACHINE FOR RODS FROM 0.064 IN. TO 0.750 IN. IN DIAMETER. 


CONSTRUCTED BY 
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pressing down the pedal. The head is held from 
yoing forward again by a pawl and ratchet, by 
Which it is arrested at a point which has been found 
to give the best amount of overhang for the par- 
ticular work about to be done. The rods are placed 
in the cramps with their ends in contact, and the 
cramps closed by a quarter turn of the handles. 
lhe slide is now released from the holding ratchet, 
and the pressure of the lever and suspended 
Ww ight allowed to come on the junction of the rods. 
lhe switch is closed by the revolution of a cam, 
and is held shut by the engagement of a trigger, 
as shown in Figs. 24 and 26. The weld imme- 
diately commences to heat up, and as soon as the 
metal softens, the sliding head moves forward and 
forces the ends of the rods together. After a pre- 
determined motion the trigger holding the switch 
closed is tripped automatically and the current 
thus cut off. The maximum power used by the 
tuxchine is 10 horse-power, which will weld up two 
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Fig 25. 
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lengths of }-in. mild-steel rod in 7 seconds. The 
machine may also be used quite conveniently for 
small ‘‘ spot-welds,” to replace riveting in sheet- 
metal articles, &c.; but where much of this work 
is to be done, the special welding-machine to be 
described later is more suitable. 

A class of work for which electric welding is par- 
ticularly applicable is the closing of hoops and rims 
of wheels, such as wheels of perambulators, &c. 
The welding up of a hoop of round iron is quite 
a simple matter, and may be performed on one 
or more of the: machines previously described ; 
but to do the same operation neatly with a rim 
of J section, or even more complicated shape, 
is not so easy. The reason is fairly obvious. 
In the case of a_ straightforward hoop, the 
burr left. by welding gives no trouble, as it 
may be removed by a file or other means. But 
when a section such as that of a hollow rim has to 









































filing off the burr inside and outside. The British 
Insulated Company has therefore designed a ma- 
chine specially for rim-welding in which imme- 
diately the weld is made it is swaged down by a pair 
of dies, and leaves the rim smooth and of correct 
thickness and shape at that point. The machine in 
question is illustrated in Figs. 27 to 30, on page 138. 
In certain respects it is something like the power- 
driven chain-welder previously described. It is 
driven by power, and is fully automatic, except that 
the workman inserts and removes the rims. ferr- 
ing to the illustrations, and more particularly to Figs. 
27 and 29, it will be seen that a power-driven shaft 
runs across the back of the machine, and drives the 
spur clutch-wheel on the second-motion shaft, 
immediately above it. The clutch is forced into 
engagement by a spring, and periodically released 
by a cam beneath, so that the second-motion shaft 
stops automatically after ss complete revo- 
lution. On the second-motion shaft, counting from 
the left, comes first a face cam, which moves the 
long cast-steel lever, shown in plan, against the 
action of the suspended weights, and causes the 
movable welding head to move away from the fixed 
head. Next comes a small cam, which closes the 
high-tension switch of the transformer; the switch, 
which is similar to that illustrated in Figs. 19 and 
20 ante, being placed directly under the cam. The 
next cam is one of a pair of large cams working 
under the ends of a pair of long levers, which 
serve to grip the work. These are prominent in 
Fig. 30. Between these cams is another pair which 
work the upper of a ned of swaging - levers, the 
lower swaging lever being operated by a cam 
between the two previously mentioned. 

The machine comes to rest with the welding- 
heads apart, the grips open, the swaging - levers 
open, and the switch off. The workman then 
places a rim in position, with its ends abutting, and 
presses a pedal. This releases the clutch-stop and 
allows the clutch to engage and start the second- 
motion shaft. The various cams on the latter then 
close the gripping-jaws, release the sliding head 
so that the suspended weight acts upon it and 
compresses the weld, and switch on current. The 
joint in the rim is therefore heated. up, and, 
softening, is upset by the suspended weight 





be welded, it is tedious work to make a good job of 


and lever arrangement. The moment this occuts 
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ELECTRIC RIM-WELDING MACHINE, 


CONSTRUCTED BY THE BRITISH INSULATED AND HELSBY 


Fig. 27 


the central cams cause the swaging-levers to 
close sharply on the weld and squeeze down the 
vurr. The end of the upsetting-lever is linked to 
a bell-crank lever, so that the motion of the former 
turns the bell-crank lever slightly and throws out 
the clutch, thus stopping the machine. The rim is 
released when finished, so that it has simply to be 
lifted away and replaced by another ; the pedal is 
again depressed and the same operations are gone 
through. The welding transformer is contained in 
the body of the machine, and is wound in steps and 
controlled by a four-way switch, so that different 
voltages may be obtained for various sections of 
rims. The machine illustrated weighs 2147 Jb. 
and measures over all 54 in. by 45 in. by 52 in. 
high. It will deal with rims from 8 in. to 40 in. in 
diameter, from 4 in. to ; in. thick, and from § in. 
to lin. wide. The maximum power taken, includ- 
ing that for driving the machine, is about 11 horse- 
power, and from 10 to 15 rims may be welded up 
per minute. 

A machine for welding wrought iron or weldable 
steel up to 4 square inches in section is shown in 
Figs. 31 to 34 on the opposite page. It is non-auto- 
matic, and can be nal for joining either straight 
lengths or for welding up tyres. The arrangement 
shown is one for tyres, which may be éither plain or of 
channel section. The welding transformer is housed 
in the casing of the machine, and one set of clamps 
is fixed to one terminal of the secondary, the other 
set being movable on a slide working in a bed on 
the other terminal. Each set of clamps consists 
of two parts, both water-cooled, and with easily 
interchangeable contact-pieces. The back parts are 
adjustable by means of set-screws, so that the ends 
of the tyre meet fairly and squarely, while the front 
parts grip the tyres tightly under the actionof a screw 
and hand-wheel. When the tyre is in position the 
quick break switch in the primary circuit is closed 
by a pedal, and as the an heats up the necessary 
upsetting motion is obtained through a lever and 
ratchet. A hand-wheel gives a quick return of the 
shoe, the ratchet being then out of action. In 
Fig. 34 is reproduced a pact of the slide, 
with clamps and upsetting gear. The interchange- 
able contact-pieces, which have to be fitted to suit 
the tyre, are shown loose. 

(To be continued. ) 
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SHORT-BASE RANGE-FINDERS. 


In the articles on ‘‘Short-Base Range-Finders,” 
eee so in our issues of November 13 and 27 
ast (pages 639, 640, 707, and 708), there appeared 
certain statements and deductions which, we are 
informed by Messrs. Barr and Stroud, convey 
quite erroneous impressions regarding the princi- 
ay involved in the design of the range-finders made 
y their firm, and the details of construction which 
they adopt. As one instance they refer to the 
author’s deduction from an experiment he made, 
which is stated toindicate an error of 22 seconds of arc 
under certain artificial conditions. Messrs. Barr and 
Stroud, however, have pointed out to us very import- 
ant differences between the arrangement of double 
tubes on which the experiment was made and the 
actual details of construction adopted in their range- 
finder, while they add that any one who studies the 
matter closely with reference to the Barr and Stroud 
range-finder—even as described in the above- 
named articles, and supposing the author’s ex- 
periment and its result be accepted as reasonable 
and applicable—will see that the final result is mis- 
stated tifty-fold, and that the error, under the very 
artificial conditions assumed, should have been stated 
to be less than 4 second of arc, and not 22 seconds. 
We, of course, fully accept Messrs. Barr and Stroud’s 
assurances and the explanations they have given 
us of this particular mis-statement, and we much 
regret that there should have appeared in the 
articles anything likely to convey erroneous im- 
pressions of the accuracy obtainable by instruments 
of their types, to the development of which they 
have devoted so much care and skill during more 
than twenty years of work_on range-finder design. 








RANGE - FINDER 
CON- 


THE SHORT - BASE 
AND ITS PRINCIPLES OF 
STRUCTION.—No. IV. 

By H. Dennis Taytor. 
Tue Cooke NavaL Rance-FInver. 
In short-base range-finders the requirements for 
naval purposes are essentially different to those for 
field use. An instrument that is to be used ina 
stationary position in the fighting top of a battleship 
need not be a light instrument; indeed, weight adds 


9Sa6) 1 


very much to its steadiness.when a stiff wind is blow- 


ing. In order that it may turn round in the least 
Pp ssible room, of course the vertical or azimuth axis 
nas to be placed below its centre ; and in order to 
facilitate the keeping of a distant ship in the field 
of view, consistently with the least possible move- 
ment of the observer, it is essential that the eye- 
piece should also be at or near the centre of the 
instrument and over the azimuth axis. 

A photograph of the Cooke naval range-finder 
on its stand is reproduced in Fig. 14, annexed. 
There is only one telescope, O H PLE (Fig. 15), 
whose objective (2}-in. aperture) is at O, the halv- 
ing prism and first lens of erecting eye-piece at H, 
a small optical square at P, orecting lens at L, and 
third and fourth lenses at E. 

This elbowed telescope is attached to (and looks 
into) the right-hand box B, at one end, and at the 
other end to the outer steel tube T at its middle. 
This outer steel tube carries within it the inner 
steel tube ¢, the supporting connection between them 
being only at the two ends, all connections and 
working parts being supported by the outer tube. 
This is done to save the inner tube from all 
capricious vertical buckling that can alter the 
halving adjustment. The end boxes B, and B,, 
carrying the two optical squares S, and 8, respec- 
tively, are fixed to the end of the inner tube. 

At C, and C, are two plane silvered glass mirrors, 








large enough to take in the full beam of light filling 
the objective and turning the light through about 
180 deg. Sp is the swinging prism, and Z p the 
zero setting prism. They are achromatic prisms, 
giving a minimum deviation of about } deg., and 
are exact duplicates. 

The single telescope performs its functions in 
this way, that the upper half of its object-glass 
receives light from the distant object through the 
right-hand end of the base, and the lower half 
through the left-hand end. Taking the right-hand 
end first, the light from the distant object passes 
through the window W,, the zero setting prism Z p, 
is twice reflected from the upside-down optical 
square S, (the bottom edges of whose mirrors are 
level with the centre of the objective), and then off 
the upper halves of the two mirrors C, and C, into 





which then throws an image on to the halving 
prism H, the upper half of the image being utilised, 
and the lower half being cut off by the aforesaid 
screen n near L. 

The erector lens L then throws a reversed image 
of H, and the two images formed upon it, into the 
eye-piece E, where it is further magnified. The 
final result is that the view shown in the upper 
half of the apparent field is that which is seen 
through the mght-hand window w, and the upper 
half of the objective, while the view seen in the 
lower half of the apparent field is that obtained 
through the left-hand window w, and the lower half 
of the objective. 

Fig. 17. is a vertical section of the halving- 
— H, which is cemented to the achromatic first 
ens of the eye-piece, showing the fine edge separa- 
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the upper half of the objective O, by which it is 
brought to a focus on the halving prism H, the 
image that falls upon the lower half of such halving 
prism being utilised, but the image that falls upon 
the upper half of the same being completely cut off 
by a screen n near L, where a double image of the 
(apparently) bisected objective is formed, as shown 
in Fig. 16. 

At the left-hand end the light from the distant 
object passes through the window W,, is twice 
reflected from the larger optical square 8, and passes 
thence along the lower half of the inner tube 
through the swinging prism Sp, then underneath 
the optical square S,, is reflected twice from the 
lower halves of the two mirrors C, and C,, and 
thence into the lower half of the objective O, 








ting the two half images which are 
formed by the different halves of the 
objective. 

ig. 18 is a view of the image 
finally seen in the eye-piece, « / 
being the halving-line, and cd and 
ef two vertical guide-lines (etched 
upon the halving-prism), which are 
about 15 minutes of are apart. All 
observations of coincidence are sup- 
posed to be made somewhere between 
these two lines or in the middle por- 
tion of the field, where definition is 
the sharpest. These guide-lines also perform valuable 
functions in the first adjustments of the instru- 
ment. The field is illustrated with the split images 
in use, showing the two images abruptly cut off at 
the halving-line. By operating the range-prism S p 
the horizontal separation is neutralised. 

When set on an infinitely distant object, such as 
the moon, the swinging prism § p is set to its pos:- 
tion of minimum deviation, when it is about square 
to the rays of light passing through it and deviates 
the rays through about three-fourths of a degree. 
Then the zero prism Z p is, by means of a suitable 
screw, swung round from its position of minimum 
deviation until the two images are in horizontal coin- 
cidence. In order that this may be done, the angle 
between the mirrors of the optical square S, is made 
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about one minute less than the angle between those | 


of §,. This adjustment of the zero having been 
made, if the instrument is then turned upon an 
object at a finite distance—say, 7000 yards— 
obviously the lower image from the left-hand end 
must then show to the right-hand side, and there is 
a horizontal separation of 1 minute 36 seconds 
between the two images, as in Fig. 18. 

This parallax is now neutralised and measured by 
turning the knurled drum m, in the top of the tube 
upwards with the fingers of the right hand. This 
drum, through the tubular steel rod r, terminating 
in a tangent screw g, works round the worm-wheel 
sector to which § p is attached. S p is thus swung 
round upon a vertical axis in the direction of the 
dotted position, until it gives enough extra deviation 
to throw the lower image (as seen in the field of the 
erecting eye-piece) into strict horizontal coincidence 
with the upper image. 

The correct range is then indicated upon a 





long ivory scale which travels to and fro in front | 


of the upper part of the finder eye-piece F. The} 
rod 7, has a quick screw of about 2 in. pitch, turned | 


on its outside, whose function it is to traverse a nut, 
to which is fixed the ivory scale, so that the travel 
of the scale and the angular swing of S pare strictly 
co-ordinated. 

It should here be pointed out that the device of 
neutralising and measuring the parallax by means 
of swinging a prism away from its position of 
minimum deviation about an axis parallel to its 
refracting edge is the most delicate and unerring 
method that has yet been devised. 

In the case of the swinging prism it can be shown 
that for an angular motion N the amount of extra 
deviation given by it is proportional to N?, or the 
square of the angle of swing for the first 18 degrees 
of swing, after which an extra deviation varying as 


N‘ becomes perceptible. This means that its measur- | 


ing capacity is much more delicate for the small 
parallaxes and long ranges than for the short ranges. 
This has certain-very obvious advantages. 

Now it is clear that certain temperature errors 





/ment turns for adjustment in altitude. 


are excluded from this instrument, chiefly because | 
there is only one telescope, and the only thing | 


essentially necessary to its accuracy is the abso- 
lute invariability of the angles contained between 


the two mirrors constituting each optical square, | 


or else, if there be variation, then they shall both 
vary the same way. For instance, if the reflecting 
angle of S, enlarges by one second ona cold day, 
then the lower image seen through it will go to 
the left hand in the field by one second ; but the 
probalility is that the change induced in §, will 
’e the same (since the two optical squares are 
duplicates in construction), and also cause the upper 
image to move to the left, so that no range error 
will be produced.- The writer has proved that the 


condition of non-variability of the two optical squares | 
1s quite within the possibilities of ordinary work- | 


shop practice. Their construction was explained 
in the last article. 
The horizontal buckling of the inner tube cannot, 
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of course, affect the coincidence of the images in the 
least degree, while the vertical buckling only affects 
the halving error, from which no indirect error can 
follow, since the telescope looks into both optical 
squares from the same direction, No movements 
of the two reflectors C, and C, that can possibly take 
place can in the least degree affect the range- 
readings, since, if they move, both images are 
shifted together, and coincidence is not affected. 
The temperature effect upon the refraction of 8 p 
is exceedingly minute (about 1 second for 50 deg. 
Cent. alteration of temperature), but what there is 
is neutralised by the equal variation that takes 


place in Z p. Variations in barometric poe 
also affect the refraction of both prisms alike. No 


movements of any of the lenses of the telescope 
can affect the coincidence, since, if any one lens 
moves, then both images are shifted in the same 
direction. 

A considerable and unlikely degree of wear of 
the worm sector and worm operating the range 
prism S p would be required to visibly affect the 
readings. For instance, if coincidence has been 
obtained for an object 7000 yards away, then, should 
the angle of swing of S p be thrown wrong by 
one minute of arc, the effect upon the coincidence 
would be only 0.28 second ; similarly it would be 
0.14 second at 28,000 yards, about 0.35 second at 
5000 yards (the error consequent upon 1 minute of 
error in swing varying inversely as the square root 
of the range). It is thus seen that at 7000 yards 
range the optical leverage, as it were, of the swing- 
ing prism S p is as 214to 1. All backlash between 
the worm and worm-wheel is, of course, taken up 
by a spring. 

Doubtless, the telescope having to be carried in 
an exterior parallel tube detracts somewhat from 
the compact appearance of the instrument,. but it 
does not interfere with the ease of manipulation. 
The two collars G and G, containing ball-races, 
furnish the horizontal bearings in which the instru- 
These 
collars fix on to trunnions on the stand of the in- 
strument. Every optical part is easily got at for 
cleaning, and every part of the telescope can be 
taken out altogether for that ae. A is the 
astigmatiser lens, which is only brought into opera- 
tion when distant bright lights are to be observed, 
when its employment turns the lights into vertical 
luminous lines ; or, instead of this, the screen n 
near L (Fig. 15) can be slid aside by pushing a knob 
to one side, when the split images are converted 
into the overlapping images, and two sets of lights, 
as seen through the right-hand and left-hand ends 
respectively, can then be seen in any part of 
the field, and can be brought into coincidence by 
bringing one set directly below the other set, the 
field and its halving-line and two vertical guide- 
lines being illuminated for such work by means of 
a small electric lamp near the object-glass. The 
use of the overlapping images is also almost indis- 
pensable for securing the first adjustment of the 
optical squares, so that the straight lines formed 








by the junction of their two reflecting surfaces may 
be parallel to one another and also perpendicu- 
lar to the plane containing the base and distant 
——. Otherwise maladjustment in this respect 
will lead to small indirect range-errors should the 
inner tube buckle vertically under unusual sun-heat. 

Fig. 14 is, as already stated, a view of the instru- 
ment mounted on its stand. It will be noticed 
that the motion in azimuth is for the most part con- 
trolled by the hips, which are embraced between 
two teak-wood cheeks, whose distance apart can be 
easily adjusted. The left hand works the instru- 
ment in altitude by means of the handle shown 
hanging downwards, while the right hand is placed 
on the top of the instrument and operates the 
drums m,, m,, m, (Fig.15) regulating the halving 
adjustment and the rotation of the range-prisms. 

hese three knurled drums are in three separate 
compartments, the left-hand one (from the ob- 
server’s point of view) regulating the halving error 
by causing the optical square 8S, to swing slightly 
upon an axis pointing to the distant object. The 
middle one is a quick motion for approximate range- 
reading, and the: right-land one is for the final 
setting of the horizontal coincidence or range-read- 
ing. ~ The ivory: scale giving the ranges is about 
30 in. long, and is seen and read in the upper part 
of the field of the finder telescope, which carries 
a small pointer. 

The trunnions on which the range - finder is 
securely fixed are mounted on spiral springs and 
link-work in order to isolate the instrument against 
the vibration so often prevailing on board ship. 

The height of the instrument can easily be altered 
to suit the height of any observer by simply turning 
the wheel shown near the base of the pillar. In 
order to guard sufficiently against interior atmo- 
spheric refraction, the inner tube is covered with 
one layer of flannel and one layer of leather, while 
the outer tube and boxes are covered with water- 
“noe leather ; but in the case of the sides of the 
»0xes a small air-space is left between the leather 
and the cast iron of which they are made. This 
latter precaution is required in order to guard the 
optical squares inside from unequal temperatures 
under sun-heat, for should the metal frame across 
the front or open end of the optical square, be 
1 deg. Cent. warmer than the other end, an error 
in, reflection of 24 seconds might be produced. 
However, careful experiments have satisfied the 
writer that under the hottest sunshine, from above 
or behind, no greater difference than about 4 deg. 
to $deg. Cent. could arise, and this would be partly 
neutralised by a corresponding error in the other 
optical square. But under sun-heat from the front, 
directly or indirectly causing heat to be radiated 
in through the window of the left-hand optical 
square more especially, the local and temporary 
warming up of the front end of the latter is almost 
sure to/follow, leading to the lower image from 
that end moving towards the left by 1 to 3 seconds, 
causing longer readings to be obtained, unless the 
precaution is taken of forming the tubular sunshades 
of a double tube, with about a } in. of space be- 
tween, that is left open to the air. Even then, sun- 
heat nearly in front is apt to get reflected obliquely 
off the interior surface of the inner tube, and thence 
on to the front part of the optical square frame. 
Altogether it seems to be impossible to devise an 
instrument that shall be always absolutely unaffected 
by one-sided radiant heat, and therefore shading of 
some sort is always desirable, for in no other way 
can the uniform ‘temperature of the optical squares 
be secured. 

Lastly, it may be pointed out that after this 
instrument has once been accurately corrected for 
zero in the workshop, there is no reason why it 
should ever require readjustment afterwards, unless 
the instrument meets with violence, or is meddled 
with. The new Cooke military range-finder for 
artillery purposes has, of course, to meet special 
conditions other than those obtaining in the Navy. 








THE CENTRAL ZINC COMPANY’S 
WORKS AT SEATON CAREW. 

TuE smelting of zinc sulphide in this country has, 
until recently, only been conducted on a compara- 
tively small scale. In fact, so insignificant. has 
been the British demand for concentrates, that 
almost the whole of the output of ore from the 
Sulphide Corporation’s Mines at Broken Hill found 
its way to the Continent, and more particu- 
larly to Belgium. This condition of things is, 


however, now somewhat changed, for the Central 
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Zine Company, Limited, which was recently formed 
by the Sulpide Corporation, ‘ast year opened ex- 
tensive new works which have been erected on a 
site of about 52 acres of land near Seaton Carew, 
a few miles from West Hartlepool, on the North- 
East Coast. These works have been erected at a 
large cost, and are expected to employ from 300 to 
400 men. Previously, the company had operated 
a small smelting plant in the neighbourhood of 
Swansea. In the new works the dry process of 
smelting has been adopted, all the appliances being 
of the latest and most improved type, and the 
methods employed embody the most recent know- 
ledge on the subject. The ore, in the form of 
gencentrates, is roasted in special furnaces, where 





Fig. 25. 


it is oxidised ; the sulphurous acid fumes are con-| Interesting as the process of zine-smelting in 
verted into sulphuric acid in a separate plant; the | these works is, it is not with this, however, that we 
ore is cooled, mixed with reduction coal and charged | are at present so much concerned as with the con 
into furnaces of the recuperative type, where the | struction of the buildings, which are in many ways 
zinc is distilled off as a vapour, and, after being | novel, being built entirely of steel and concrete. 
collected in a metallic form in condensing pipes, is | Several of the buildings were designed and carried 
cast into moulds as spelter. lout by Messrs. Nicholds and Reynolds, King’s- 
The Seaton Carew Works are laid out for a| court, Broadway, Westminster, S.W., whose system 
capacity of about 35,000 tons of zinc blende per |} of steel and concrete slabs enabled them to be 
annum, which means from 10,000 to 12,000 tons of | erected expeditiously. = é 
spelter per year. The amount of sulphuric acid} One of the most important buildings is the 
manufactured is also considerable, being approxi-| pottery. Its position may be seen in the general 
mately equal to the weight of concentrates roasted. | plan, Fig. 1, and it is shown in detail in Figs. 8 
A plan of the works, showing the disposition of the | to 14, Plate XIII. Fig. 8 is a transverse section 
buildings, is given in Fig. 1, Plate XIII. through the building, showing an end wall; while 
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Fix. 9 is a half-transverse section showing one of the 
roof principals, floor girders, &c. Fig. 10 shows the 
method of constructing the ventilator, while Fig. 11 
illustrates one of the windows. The longitudinal 
chinnels between the stanchions which carry the 
roof principals may be seen in Fig. 12. The method 
of ae the gutters is illustrated in Figs. 13 
an : 

The pottery building, as the name implies, is 
where the retorts, pipes, &c., which are used in 
the zine-smelting process, are made. It is 315 ft. 
long and 55 ft. 9 in. wide inside, and at one 
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end has two rooms, which run the full width of 
the building, and are 50 ft. long. They contain 
the motors, elevators, crushing machinery, pug- 
'mills, and presses for manufacturing the fireclay 
|pots used in the process of zinc manufacture. 
|The bottom floor of the remainder of the building 
|is left open, and the waste gases from the dis- 
tillery furnaces are carried through flues under- 
neath, so as to dry the clay which is stacked above. 
The upper floor of the building is divided into 
| 15 chambers, which are heated by steam for drying 


| 





length of the building in front of the chambers, 
and has a cross-passage which leads over a bridge 
to the distillery. This bridge may be seen in the 
general plan, Fi . 1. The upper floors are all con- 
structed of reinforced concrete, with a 2-ft. gauge 
tramway, and turntables embedded, on which run 
the bogies carrying the pots. 

The building itself is a steel panel structure, the 
walls and partitions of which are built with hollow 
machine-made concrete blocks, moulded on the site 
from selected slag from furnaces using Cleveland 


the pots and pipes. A corridor runs the entire;ore. The slag is annealed before crushing, and 
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then broken to pass through a g-in. ring. The roof 
of the building is of corrugated sheeting, but below 
this and over each chamber a ceiling is formed of 
steel framing and ‘‘Eternit” asbestos sheets; the 
chambers are also fitted with fire-proof air-tight 
doors constructed with ‘‘Eternit” sheeting on a 
steel framework. ' 

The method of forming the concrete walls is 
clearly shown in Figs. 18 to 22, Plate XIII. ; the 
first of these represents a portion of a wall with 
various blocks assembled in position, while the 
remaining four figures are larger scale horizontal 
sections taken at different points, as shown by 
the section lines in Fig. 18. The blocks for the 
outer walls are 10 in. thick, 32 in. long, and 9 in. 
deep, and have a cavity in the centre 3} in. wide. 
Those of the upper walls and partitions are 44 in. 
thick by 32 in. fine by 9 in. deep, with a cavity 
14 in. wide in the centre. These illustrations are 
so clear that any further remarks with regard to 
this method of construction are hardly neces- 
sary. It may, however, be said that these 
blocks, dovetailed together as they are by cement 
dowels in the spaces shown and set in cement, 
appear to make an excellent wall, cheap, water- 
»roof, rapidly constructed, and of great strength. 

he stanchions which support the concrete blocks 
are carried on a steel grillage foundation, which is 
bedded in concrete, as shown in Figs. 15 and 16, 
Plate XIII. This form of foundation gives great 
stability to the stanchion. The appearance of the 
concrete blocks stacked ready for use may be 
gathered from Fig. 17, page 141, which is a repro- 
duction from a photograph of the pottery building 
while in course of construction. 

The floors of the drying-chambers are double ; 
that is to say, above the reinforced concrete a 
second floor of timber grids is provided, and 
between these two floors are the heating-pipes for 
drying the pots and pipes which stand upon the 
timber grids. Each chamber is about 47 ft. long 
and 17 ft. wide, and is perfectly air-tight. It has 
to withstand a temperature suflicient to dry the 
pots, and is provided in the bottom floor with 
eight large hit-and-miss ventilators and in the 
ceiling with three ventilating shafts, which pass 
through the roof to the outside. They are to 
facilitate the control of the heat and the carrying- 
off of the condensation, They are clearly shown in 
Fig. 8. 

Bach chamber, when full, contains 300 to 400 
retorts, which weigh about 3 cwt. each. From this 
it will be seen that the loads on this building are 
somewhat excessive, and as the whole of the site 
is composed of sand, the special form of spread 
foundation for the stanchions, to which we have 
before alluded, was adopted, so that not more than 
l ton per square foot is transmitted to the ground. 

The ground-floor has been laid partly in open 
concrete work, and partly in concrete paving-slabs 
2k in. thick, the whole of the concrete being made 
of slag, as previously described for the wall blocks, 
with the exception that for the mass work in the 
reinforced floors it was crushed to pass through 
a }-in. ring. The top surface of the floors and 
paving was worked up with specially prepared 
slag to withstand heavy traffic, such as barrows, 
trolleys, &c., in addition to the traflic on the tram- 
lines. A general perspective view of the pottery 
building is shown in Fig. 23, page 142. 

The roaster building, which may be seen on the 
plan, Fig. 1, close to the acid chambers, is also a 
steel panel structure, about 105 ft. long by 76 ft. 
wide, and contains the furnaces in which the ore is 
roasted prior to distillation, the gases generated 
during the process passing off to the sulphuric acid 
chambers. The ts of this building are of 4} in. 
hollow concrete blocks, made and put together in a 
similar way to those used in the pottery building, and 
illustrated on Plate XIII. he roaster building 
is shown in sectional elevation and in plan in Figs. 2 
and 3, Plate XIII. An enlarged longitudinal section 
may be seen in Fig. 4, and an elevation of one of 
the roof principals in Fig. 5. Sections of some of 
the stanchions are given in Figs. 6 and 7. A per- 
spective view of the building is given in Fig. 25, 
page 142, which is a reproduction from a photograph. 
Aspecial feature of the construction isthe roof, which, 
in order to avoid the use of internal stanchions, has 
been made on the cantilever principle, as will be 
seen on reference to Figs. 4 and 5. Under the 
apex of each span there runs a lattice girder the 
whole length of the building, and each of these 
girders carries the whole weight of one span of the 
roof, together with its eovering, which consists of a | 





layer of boarding, over which ruberoid is placed. 
Large open ventilators are provided over each 
furnace, the construction being shown in Fig. 5. 
A bridge is provided at one side of the building 
for the tramway which conveys the ore to the fur- 
naces. The ground floor of this building is laid in 


a similar manner to that of the pottery building— 
_ open concrete and part 3-in. concrete 
bs 


that is, 
paving-s. 

Leaving the roaster building, we naturally come 
to the distillery building, where the roasted ore 
undergoes the process of being heated in special 
furnaces, so that the zinc is distilled off and con- 
densed in special pipes. We need only say that it 
is a steel building, 414 ft. long by 56 ft. 6 in. wide, 
covered with galvanised corrugated iron. There is 
an upper floor of reinforced concrete, which has 
been specially designed to take heavy loads without 
vibration from the traffic along the tram-lines. The 
lower floor is similar to that of the roaster building. 
Outside this building, and adjacent to it, are pro- 
vided platforms and gangways. These are steel- 
framed structures, with reinforced concrete floors 
between the buildings and the lifts over the gas- 
producers which supply gas to the furnaces. 

In connection with the roaster building and for 
the distillery there are two chimneys, the one for 
the former building being 105 ft. high and 4 ft. in 
diameter inside ; while the latter has a height of 
120 ft. above the ground, and an internal diameter 
at the top of 5 ft.6in. In construction they are 
similar, and are built on the Custodis principle. 
The chimney for the distillery is illustrated in part 
sectional elevation in Fig. 26, Plate XIII., from 
which a very clear idea of its form and construc- 
tion may be gathered. 

An important part of the plant on the works is 
the gantry by which the train-loads of ore are con- 
veyed from the siding to the ore-bins. Its position 
may be seen in Fig. 1; but its general appear- 
ance and the details of its construction are shown 
‘in Figs. 27 to 36, page 143, the first three of these 
being an elevation, a plan, and a section respec- 
tively, while the remaining figures illustrate detailsof 
the structure. The gantry is 115 ft. long by 40 ft. 
wide, and has on it three lines of railway. It is 
built of steel girders and stanchions, in accordance 
with the requirements of the North-Eastern Rail- 
way Company, so as to take their heaviest goods 
engines, which are used to bring the coal and ore 
on to the bins in 20-ton trucks. It will be seen 
from our illustrations that the gantry is provided 
with eight coal-shoots—four on each side—for 
handling the coal. These shoots are shown in 
detail in Figs. 37, 38, and 39, page 143. The doar 
at the bottom of each shoot is curved, and is so 
hinged that it slides over the mouth of the shoot, and 
closes up the opening in such a way that it is im- 
possible for the shoot to become blocked up at this 
point. The door is actuated by a lever and weight 
as shown. The bins in which the ore is stored are 
thirteen in number, and they have been constructed 
in reinforced concrete on the Coignet system, so as 
to allow standage for thirty-nine 20-ton trucks. 

The whole of the plant is driven electrically, the 
current being supplied by the Cleveland and 
Durham Electric Power, Limited, who have built 
a sub-station close by the works. This sub-station 
is shown in Fig. 24, page 142. 

The contractors for the pottery and roaster 
buildings, the two brick chimneys, the bridge from 
the distillery, the steel gantry and shoots, the 
platforms and gangways to the gas-producers, the 
cottages for the workmen, as well as the electric 
sub-station and other contingent works, were 
Messrs. Nicholds and Reynolds, of King’s-court, 
Broadway, Westminster, 8.W., who secured these 


|contracts on designs prepared by themselves and 


in open competition. They have carried out a 
number of similar contracts in different places, 
and have found that their system of building 
lends itself to rapidity of construction. 

These works at Seaton Carew mean a large in- 
crease in the production of British spelter ; and it 
is expected that the output from them will enable 
several of the Cleveland iron-working establish- 
ments to take up the production of galvanised iron 
As now completed, the new zinc works are under 


the ,general management of Mr. H. M. Ridge, to | po 


whom is due the very complete arrangement of the 
plant. 





Tuer Surveyors’ Institrvute.—The annual dinner of the 
Surveyors’ Institute will be held in the Whitehall Rooms, 
Hotel Metropole, on Tuesday, February 23. 





THE MONELL PATENT. 

On Wednesday, the 20th inst., Mr. Justice Joyce 
gave the following judgment in the case of the 
Carnegie Steel Company v. Bell Brothers, Limited, 
and Dorman, Long, and Co., Limited, which started 
in the High Court of Justice, Chancery Division, 
on November 16 last :— 

‘* Upon the whole I think—and, if it were neces- 
sary, should decide—that the patent sued upon is 
invalid ; but, at all events, I find that, whether it 
be a good or a bad patent, it has not been infringed 
by the defendants, and therefore I dismiss the 
action with the usual consequences.” 

The patent referred to was that numbered 5506, 
of 1900, taken out by Mr. Oliver Imray, Birkbeck 
Chambers, Southampton-buildings, acting on behalf 
of Mr. Ambrose Monell, who at the time was 
manager of the open-hearth steel works of the 
Carnegie Company, at Pittsburg. The patent was 
for a process to enable the manufacture of high 
carbon steel from a relatively high phosphorus pig 
iron, the steel obtained being of any desired per- 
centage of carbon without recarbonising. The 
process consisted in charging upon the hearth ‘‘ pre- 
ferably about the usual quantity of limestone,” and 
an amount of iron ore ‘* preferably equal to about 
20 per cent. of the weight of the pig iron which 
it was proposed to treat,” the proportion of 
ore varying according to the percentage of 
carbon desired in the finished product. The 
limestone and ore were then carried to a red 
heat, when the charge of molten pig was poured 
in the furnace ‘‘ preferably as rapidly as pos- 
sible and as nearly at once as possible.” An 
active reaction took place, the ore oxidised the 
phosphorus, silicon, and manganese in the pig iron 
with extreme rapidity, and oxidised at the same 
time a portion of the carbon. At the end of one 
hour, more or less, the phosphorus was substan- 
tially eliminated from the metal ; it was reduced to 
less than 0.10 per cent., ‘‘ preferably to about 0.04 
per cent. or less if the original phosphorus per- 
centage was 0.50 to 0.80 per cent.” Practically all 
the silicon and manganese were removed with the 
phosphorus, and a portion of the carbon was 
oxidised by the ore. The slag ‘‘ was removed from 
the furnace as it formed and boiled up, or, if con- 
venient, it might be removed ata single operation.” 
The removal of the slag was finished at the end of 
about an hour from the introduction of the molten 
metal, and was ‘‘preferably as complete as pos- 
sible.” It was desirable, however, ‘‘to remove 
about 80 per cent. of the entire body of the slay, 
leaving the bath of metal nearly uncovered.” This 
dephosphorised the metal, the phosphorusand silicon- 
bearing slag was removed at an early stage of the 
process while the metal was still at a relatively low 
temperature. At that same time decarbonisation 
was not yet completed, ‘‘the carbon was preferably 
not reduced to less than from 1 to 1.5 or 2 per cent. 
when the slag was removed.” But when the slag 
had been withdrawn, the bath was heated as rapidly 
as possible ‘‘to about the temperature required for 
tapping,” and ore was added as needed to reduce 
the carbon. When the latter was reduced to the 
proper point, in about five hours from the time of 
removing the slag, the metal was tapped 

Such is an abstract of the patent on 
action was based. 

In the course of his summing up Mr. Justice 
Joyce stated that the patent was not founded upon 
any new idea, or upon the discovery of any fact, 
scientific or otherwise, not perfectly known before. 
The specification added nothing to the previous 
knowledge of steel-makers. It disclosed no new 
apparatus, device, or contrivance. Having regard 
to the state of knowledge existing, the patentee at 
the time did not invent anything whatever in the 
popular sense of the term ; but, of course, whether 
the specification did or did not disclose an inven- 
tion in the technical and legal sense was entirely 
another question. Considering all that was pre- 
viously known and practised before the later im- 

rovements in the construction of basic open 
nett he could not help doubting whether there 
was suflicient novelty and subject-matter in the so- 
called invention described in the specification to sup- 
rt the grant of a patent. It had been said that all 
the plaintiffs claimed a monopoly of was the intro- 
duction of oxide and lime on the hearth of the 
furnace, and pouring molten metal upon them at 
the temperature at which they were about to melt. 
But if this was the correct view of the specification, 
Mr. Justice Joyce found it difficult to understand 
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how, after all that had been done and published 
before, there could, on March 23, 1900, have been 
a valid patent for that. It appeared to him that 
upon a comparison of the various steps in the 
process described in the specification with those of 
the system followed by the defendants, there were 
so many and such material differences between the 
two, as also in the results, that, to say the least, he 
was unable to arrive at the conclusion that there 
had been any infringement of the plaintiffs’ patent, 
such as it was, either at the Clarence Works or at 
the Britannia Works. 

The onus of proving infringement was upon the 
plaintiffs, and in his opinion they had failed to 
prove it. Moreover, if it could by any possible 
ingenuity be made out that, according to the true 
construction of the specification, the system pursued 
at either of the two works had been an infringe- 
ment of the patent, then he thought that the patent 
must include that which had been done before at 
the Clarence Works, which everyone was entitled to 
do at the date of, the patent. In the opinion of 
his Lordship the action failed, and, after adding a 
few words on the patent and its specification, he 
delivered his judgment, as set forth at the com- 
mencement of this article. 

It will be remembered that at the general 
meeting of the Iron and Steel Institute which was 
held in London on May 9, 1900, two papers were 
read—one by Mr. James Riley on ‘‘The Use of 
Fluid Metal in the Open-Hearth Furnace,” and the 
other by Mr. Benjamin Talbot on ‘‘The Open- 
Hearth Continuous Steel Process.” Both papers 
were taken ther for discussion, and in the 
course of this Mr. Monell read in abstract a memoir 
describing his process, the main features of which 
memoir are set forth in the outline which we give 
above of his patent. The claims then put forward 
by Mr. Monell on the plea of novelty led to a very 
active discussion, and among the speakers who took 
part in this was Mr. F. W. Harbord, who referred 
the members to a paper he read at the meeting of 
the Institute held in London in the autumn of 1886, 
and entitled ‘‘Some Preliminary Experiments on 
the Removal of Metalloids in the Basic Siemens 
Furnace.” In this paper Mr. Harbord described 
a number of experiments he had carried out, and 
among other stetements he made we find the follow- 
ing :—‘‘. . . It seems possible that by using excess 
of oxide of iron, with a fair proportion of lime to fix 
the phosphoric acid, molten iron might be taken 
direct to the Siemens furnace, and the metalloids 
removed in a much shorter time than at present.” 

Mr. B. Talbot’s remarks in the course of the 
discussion raised upon his paper above referred to 
suggested anything but novelty in the process out- 
lined by Mr. Monell at the meeting of 1900. 





InsTITUTION OF NavaL Arcuirects.—The annual 
meetings of the Institution of Naval Architects will take 
slace on March 31 and April 1 and 2, in the hall of the 

oyal Society of Arts, John-street, Adelphi, W.C. The 
Right Hon. Earl. Cawdor, President, will occupy the 
chair. The annual dinner will be held on Wednesday, 
March 31, at the Hotel Cecil, Strand, W.C. 


ConTracts.—Messrs. Brown and Smart, Erith, Kent, 
have lately received an order from the New Zealand Govern- 
ment for one of their ffin motor-electric sets, having 
three-cylinder motor direct-coupled to a dynamo, to give 
an output of 6 kilowatts, and switchboard for same. 
~—Messrs. Ed. Bennis, Little Hulton, are supplying 
eight Bennis stokers and self-cleaning poelinn om ye 
furnaces for Lancashire boilers to Messrs. Steel, Peech, 
and Tozer, Limited, Phoenix Special Steel Works, Shef- 
field ; four to the Bradford Colliery Company, Limited, 
near Manchester; six coking stokers to Messrs. Henry 
Leetham and Sons, Limited, Yorks, as well as fulfilling 
other orders.—The Paterson Engineering Company 
Limited, Amberley House, Norfolk-street, Strand, W.C., 
have received an order for a water-purifying and oil- 
eliminating plant, of a capacity of 30,000 gallons per hour, 
from the London Electric Supply Corporation, Limited. 








Tue Institution oF Crvi. ENGINEERS : STUDENTS’ 
Mrrrings.—At_ the Students’ Meeting, held at the 
Institution on Friday, January 22, at 8 p.m., Captain H. 
Ria!l Sankey, R.E., M. Inst. 0.E., in the chair, Messrs. 
W. E. Fisher and E. B. Wood, B.A., Studs. Inst. C.E., 
presented a full and interesting account of their ‘‘ Experi- 
ments on a Diesel Engine,” carried out at Birmingham 

niversity. The authors interpreted the results of the 
tests to indicate that the efficiency of the engine depended 
chiefly upon the form of spray or fuel-pulveriser used, 
rather than upon the compression obtained. In the 
Well-sustained discussion to which the paper gave rise, 
the following gentlemen partici seh lent A. R. 
Mitchell, D. G. French, EC. Wells, H. C. A. Thieme, 
A. S. Quartermaine, R. G. C. Batson, W. R. Smith, 
C. J. Guttmann, G, B; Wells, R: F: McKay, and J. M. 8. 
Culbertsoni 





JAPANESE FINANCE. 


At the opening of the Japanese Diet, the Prime 
Minister, ae Katsura, intimated that not only 
had the alliance between this country and Japan 
lately been further strengthened, but that there 
was increased friendliness on the part of all the 
other great nations of the world. We are interested 
in Japan, because she is our ally and friend, and a 
strong friend worth having, but the consideration 
of that aspect of the subject would take us into 
political matters which are beyond the scope of an 
engineering journal. It is, of course, from the in- 
dustrial and commercial point of view chiefly that 
we study Japan, and that we may do, not only as a 
friend, but also in some respects as a rival, we hope 
as a friendly rival, not only in the trade of the Far 
East, but also in the markets of the world generally. 
Mere friendship does not count for much in inter- 
national commercial relations, as these are deter- 
mined chiefly by economic considerations. The 
relative economic conditions of Great Britain and 
of Japan, and indeed of the Far East generally, 
should receive far more attention than they do. 
These conditions are rapidly changing, and unless 
the manufacturers and merchants of this country 
keep a strict watch upon them, and adapt them- 
selves to them, they will, in many departments, find 
themselves stranded. 

The great war that was waged between Japan and 
Russia laid a very heavy burden on the Japanese 
people, which naturally reacted ia the regions of in- 
dustry, commerce, and credit. That burden was 
so great that it would have overwhelmed any people 
less courageous than the Japanese, but those who 
have studied this aspect of their national life will 
admit that method and resolution, the qualities so 
common in the conduct of her campai are 
equally conspicuous in Japan’s financial and 
commercial development. During the past three 
years the Government of Japan has had to 
face problems affecting the country’s credit and 
stability, not less formidable than those when the 
country was engaged in a contest with what was 
considered one of the great military empires of the 
world, and they have done so with such resolution 
and ability that their prospects are good and their 
credit high. True, they have found it necessary to 
economise in many directions, and to post me part 
of their programme for industrial development ; 
but, in any case, it would probably have been 
advisable to hasten more slowly than they were at 
one time inclined to do. 

The Japanese Financial Commissioner in Europe 
has made a statement showing that the revenue 
and expenditure estimated in the Budget for the 
year 1909-10 are in round figures as follow :— 





45,000,000 115,000,000 | 


Pes | Expendi- | 
—_— Revenue. | care, Surplus. | Deficit. 
| yen yen yen | yen 
Ordinary _..| 471,000,000 | 401,000,000 | 70,000,000 | 


Extraordinary 70,000,000 


The extraordinary revenue includes 11,000,000 
yen appropriated out of the surplus of the previous 
years, amounting in all to 70,000,000 yen. This 
surplus was caused by an excess of the actual 
revenue over the estimate for the year 1907-8, and 
by the postponement of the works for the years 
1907-8 and 1908-9. 

A comparison between the budget for the year 
1909-10 and that for the current year is as follows : 





Total .. 616,900,000 | 516,000,000 





Revenue. | 
Increase. Decrease. 


1909-10. | 1908-9. 


yen yen 
439,000,000 | 32,000,000 








yen 


Ordinary .| 471,000,000 











Extraordinary 45,000,000 | 144,000,000 ; 99,000,000 
Total ... 516,000,000 | 583,000,000 67,000,000 
Expenditure. 
Ordinary ..| 401,000,000 | 395,000,000 6,000,000 ™ 
Extraordinary | 115,000,000 | 159,000,000 sal 44,000,000 
Total . 516,000,000 | 554,000,000 38,000,000 





In comparing the accounts for the two years, 
however, it ought to be noted that the revenue and 
expenditure for the railways are deducted from the 
Budget for the current year, because from this year 
onwards the revenue and expenditure of the rail- 
ways will be brought into a special account, and 
will be separated from the general Budget ; and the 


revenue will be appropriated for the expenses of 
the redemption of the principal and payment of the 
interest of the railway loan and the construction and 
improvement of the railways. For the year 1909- 
1910 the estimated revenue from the railways is 
38,000,000 yen. Out of this amount the debt 
charge is 29,000,000 yen, and the contribution 
to the reserve fund is 600,000 yen, thus leav- 
ing a balance of 7,500,000 yen to be appropriated 
to the cost of the construction and improve- 
ment of the railways. But the total amount of 
the cost of construction and improvement needed 
is estimated at 29,000,000 yen, and the balance 
of the amount will be met by loan from the 
deposit department of the Government... The cost: 
of the construction and improvement of the rail- 
ways will be met in the same way in the ensuing 
years. The Government upheld the general prin- 
ciple that the permanent expenditure shall be met 
by the permanent revenue. Therefore, the ex- 
penditure for the telephone and iron works, &c., 
which has hitherto been met by a loan, will hence- 
forth be covered by the permanent revenue. No 
new loan will be issued, except for the Formosan 
works, and this will be rai by special means, 
without being floated on the market. 

The Government are determined to pay off their 
debt as quickly as possible, and the annual amount 
of the redemption of the debt will be increased. 
The Government propose to redeem the debt, 
including that for the Formosan works, by 50,800,000 
yen at least every year, and it is estimated that all 
the National Debt, internal and external, amount- 
ing to 2,600,000,000 yen, including the Railway 
Purchase Loan, will be redeemed in the course of 
twenty-seven years from 1909-10. 

In order to accomplish these ends, the Govern- 
ment postponed various works while cutting down 
the ministrative expenses by 5,300, yen. 
They are far from ignoring the necessity of reform- 
ing the taxes, but they intend, first of all, to pay 
attention to the redemption of the debt, the estab- 
lishment on a sound footing of the national finance, 
which they consider most urgently necessary, and 
then they will proceed to frame a scheme for the 
reform of taxes, to be executed with the utmost 
diligence in the course of a few years, Their finan- 
cial operations are characterised by economy for 
‘the present and foresight for the future. 





THE MYSTERIES OF METALS. 

Tue first of a course of lectures entitled the 
‘*Mysteries of Metals” was delivered at the Royal 
Institution on Thursday afternoon, January 21, by 
Professor J. O. Arnold, F.R.S., of Shefield. 

Metals, the lecturer said, were solid substances, 
embodying many mysteries, and at the outset it was 
necessary to differentiate between what was defi- 
nitely known about them and that which was still 
a mystery. As a preliminary, moreover, it would 
be necessary to consider matters apparently quite 
unconnected with metallurgy, but which were really 
fundamental in the science. In 1784 the Abbe Haiiy 
investigated for the first time the crystalline cleavage 
of minerals. Still more important was the discovery 
by Sorby, in 1849, of the crystalline structure of 
rocks ; followed, in 1863, by his identification of 
metals as crystallised igneous rocks. Haiiy founded 
on his experiments a very ingenious theory of cry- 
stalline cleavage, which, unfortunatel , however, 
suffered from ‘‘one little rift in the lute” —viz., that 
it did not agree with the facts, and this cleavage 
in minerals and metals still remained a mystery. 
In mineralogy, and in metallurgy, which, indeed, 
was a branch of mineralogy, crystals were divided 
into two classes—viz., idiomorphic crystals (rare in 
mineralogy and very rare in metallurgy) and allotrio- 
morphic crystals. The former —- not only 
an internal molecular symmetry, but also an external 
geometric form. Allotriomorphic crystals, on the 
other hand, possessed internal molecular symmetry, 
but not a definite geometric external form. Their 
| outlines, in short, might be either sharp or rounded, 
}and arose through the mutual interference of cry- 
| stalline growths starting from several centres, the 
| effect of which was to render the boundary shapeless. 
| Typical idiomorphic crystals of magnetite em- 
bedded in a mass of chlorite were, he said, repre- 
|sented in Fig. 1 (page 146). The external form 
| was that of aa octahedron, very perfectly developed. 
| Here the crystals had had a Pe liberty to grow, 
and put on accordingly their proper form. 

In Fig. 2, on the other hand, was shown a set of 
allotriomorphic crystals produced by growth advano- 
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ing from a series of centres. These different schemes 
of crystallisation had, he said, collided, and pro- 
duced not straight, but rounded boundaries. The 
example shown—a piece of red kidney hematite 
—was an almost theoretically perfect example of 
allotriomorphic crystallisation. 

To obtain idiomorphic crystals of a metal it was 
necessary that they should form in cavities in the 
general mass, so that they might grow freely, which 
was impossible when they were embedded in the 
solid metal. Good specimens of such idiomorphic 
crystals were sometimes obtained from cavities in 
steel ingots, and here the iron assumed an outer 
geometric form. Such crystals were curiosities in 
metallurgy, and might practically be ignored. 
Fig. 3 showed, he continued, crystals formed in a 











specimen of silicon steel received from Mr. Stead. 
The different tints to be seen arose, the speaker 
said, from different orientation of the crystals, 
while the etching figures showed the symmetric 
internal structure. He had recently obtained 
evidence that iron can develop this internal struc- 
ture as perfectly as any mineral. Generally, the 
cleavage planes were parallel to the faces of a 
cube, though had there been perfect freedom of 
growth, the cleavage planes would have been 
parallel to the faces of an octahedron. In fact, 
several systems of cleavage planes were possible in 
a crystal, and these were not necessarily parallel to 
the external faces of the crystal. Rock-salt, for 
example, crystallised in cubes; and here the 
cleavage planes were parallel to the faces of the 
cube. Felspar, however, also crystallised in the 
cubic form, but it cleaved parallel to the faces 
of an octahedron. The fact that in many minerals 
there were two or three definite sets of planes of 
cleavage greatly increased the difficulty of under- 
standing the phenomenon. 

In Fig. 4 was represented, Professor Arnold 
proceeded, a section through a meteorite, which 
appeared to consist of three huge crystals of high 
nickel steel. The crystal to the right had, it would 
be seen, lost its form, perheps because it was here 
the body struck the earth in falling, but in the other 
two the structure was well developed. One of these 
crystals, it would be seen, was crossed by rectangular 
lines, but the crystal on the left, in addition to these 
rectangular lines, showed also a second triangular 
set. At one time it had been thought that the 
existence of this triangular set of lines was definite 
proof of an extra terrestrial origin ; but this was not 
the case, as similar systems were well developed 
in unannealed steel castings, as shown in Fig. 5, 
where the upper half represented a micro-section 
before itaelicee and the lower showed the effect 
of this latter operation.’ This triangular system 
of cleavage planes was, he said, associated with 








great brittleness. It could be destroyed by 
annealing, and the disappearance of these trian- 
gular lines was then accompanied by an extra- 
ordinary change in the mechanical properties 
of the material, which, from being as brittle as 
glass, became capable of being bent double without 
fracture. Incidentally the lecturer mentioned that 
the great meteorite brought by Peary from the 
Arctic regions, and estimated by him as weighing 
90 tons, had later, on exact measurements of its 
dimensions being made, been calculated to weigh 
45 tons; and, when finally weighed, turned the 
scale at 36 tons only. The discrepancy was, he sug- 
gested, due in part to occluded hydrogen. 

On preparing a section of a pure metal, its 
allotriomorphic crystallisation led to the appearance 


























| Qurve of Pure Tron. 


shown in Fig. 6, which was typical of the appear- 
ance of such metals under low magnification. In 
pure metals these allotriomorphic crystals alone 
existed, the boundaries of which, as shown in the 
figure, might have any form, either rounded or 
straight. 

During the past quarter of a century the metal- 
lurgy of iron, Professor Arnold said, had received 
special attention, and several theories had been 
advanced to co-ordinate the peculiarities observed. 
Of these, special mention must be made of the 
‘*allotropic ” theory, which, if true, was most im- 
portant. It originated in the phenomenon known 
as the ‘‘ recalescence”’ of iron, which was discovered 
by Barrett, in 1872, in further investigating Goré’s 


discovery, in 1868, that iron and mild steel lost their | 








magnetic properties if heated above a certain tem- 
perature. Barrett in his experiments found that 
if a mass of iron were heated and allewed to cool, 
it suddenly, after becoming relatively dull, grew 
brighter again, owing to the heat set free by an 
internal molecular change. 

This phenomenon had been thoroughly investi- 
gated here and abroad, and there was now complete 
agreement as to the actual facts, which might, 
perhaps, be most easily made evident by comparing 
the behaviour of platinum and iron. If a mass of 
platinum were highly heated and allowed to cool, it 
did so steadily, and a recording electric pyrometer 
attached to it would trace the cooling curve as a 
straight line. If a piece of pure iron were substi- 
tuted for the platinum, this did not cool steadily, 
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but, as shown by the differential cooling curve, 
Fig. 7, after cooling down to about 870 deg. Cent., 
it suddenly got hotter again, and there was a 
similar phenomenon at a temperature of 735 deg. 
Cent. he upper break in the curve was known 
as Ar,, and was associated with the phenomenon 
of recalescence. The other break, which corre- 
sponded to the change in the magnetic properties, 
was called the Ar, point. According to the allo- 
tropic theory the iron existed in different allo 
tropic modifications at different temperatures. 
Below Ar, the ordinary soft iron was the variety 
present. Between Ar, and Ar, a different molecular 
variety, known as § iron, was supposed to exist, 
which was harder than ordinary iron, whilst above 
the Ar, point a very hard variety, known as y iron, 
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was presumed to be present alone. These allo- 
tropic modifications were then assumed to account 
for the phenomena of the hardening and tempering 
of steel. If this theory were true, Professor Arnold 
proceeded, it was of immense importance, and to 
test its validity the following experiments had been 
made. Bars of very pure iron were taken, heated 
ind quenched from different temperatures, and their 
subsequent mechanical properties determined. The 
results were given in the table below, and in Fig. 8 
the tensile strengths were plotted against the tem- 
perature from which the metal was quenched. The 
curve had been divided up into sections, as shown, 
corresponding to the ranges of the a, 8, and y varie- 
ties, according to the theory under test. Though 
there was, as would be seen, an increase in strength 
with an increase in the temperature at quenching, 
there were no breaks in the curve at the points 
corresponding to the supposed change from y to B 
iron and from 8 iron to thea variety, so that as an 
explanation of the mechanical properties of steel and 
iron the allotropic theory had gone by the board. 

A similar explanation of the effect of small addi- 
tions of bismuth to gold had also proved erroneous. 





Fig. 12. 


If to pure gold one-tenth of 1 per cent. of bis- 
muth were added, and a bar cast, this, he said, 
would snap in two if dropped, whilst a bar of pure 


















_ Bar Quenching Maximum | piongation, | Reduction 
Number. | Temperature. Stress. mongation. | of Ares. 
deg. Cent. tons per sq. in.| p.c. in 2 in. | per cent. 
Normal 15 21.42 | 44 80 

3 400 21.59 } 43 76.8 

525 22.46 41 78.8 

600 34 76.2 

650 31.5 76.8 

705 27.5 73.8 

! 780 29.5 70.8 

‘ 820 29.46 | 27.5 | 765.4 

887 32.63 21.5 | 75.9 

928 31.35 76.2 
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gold would easily bend double without fracture. This 
was the fact. To explain it, it was suggested that 
the amount of bismuth was too small to produce the 
effect directly, and that it did so by producing an 
allotropic change in the gold molecule, from a duc- 
tile to a hard and brittle variety. A microscopic 
eXamination of sections of pure gold and the gold- 
bismuth alloy showed, however, that in the latter 
crystals of pure gold were surrounded by a eutectic 
cement of a gold-bismuth alloy, which was ex- 
trenely weak, the result being that the bar as a 


whole was the equivalent of a structure built of 


excellent bricks, but with very bad mortar. Thus 
a micro-section of pure gold was represented in 
Fig. 9. Here the different shades of the crystals 
were due simply to their different orientation, and 
was merely analogous to the light and dark stripes 
observed in rolling an ordinary lawn. 

Fig. 10 showed the section obtained when from 
0.1 to 0.2 per cent. of bismuth was added to the 
gold. This bismuth united with a small portion of 
the gold to form a definite alloy, which was uni- 
formly distributed throughout the general mass, so 
long as the temperature was high enough, but 
remained fluid after the gold solidified. In the 
process of formation the gold crystals threw out 
this alloy, with the result that in the end these 
crystals were surrounded by a brittle gold-bismuth 
eutectic. Hence, though the bulk of the bar cast 
was pure ductile gold, it was brittle as a whole. 
By working up a small fragment of such a bar, in a 
mortar at a raised temperature, the eutectic could 
be ‘‘smeared” off, leaving the pure gold, which 
could be beaten out in the usual way. 








Copper was, the speaker continued, another metal 





surround the crystal from which it was derived, 
but, in some instances, was deposited in the middle 
of the crystals, as shown in Fig. 13, which repre- 
sented a micro-section of a gold-silicon alloy. 
Another mystery of metals was the occasional 
rotting of Muntz-metal bolts. Here, on fracture, 
it was commonly found that the bulk of the metal 
had acquired a dark coppery colour, surrounding, 
perhaps, a core of unaltered metal. Several cases 
of this kind had been investigated by him, and he 
had found that the failure was due to electrolytic 
action. From the dark deteriorated portion the zinc 
had been dissolved out, leaving merely a mass of 
spongy copper. A similar explanation applied to 
many cases of the failure of brazed joints. 
Returning to the drawback associated with a 
cellular structure, Professor Arnold said that in 
some text-books it was stated that Mushet’s con- 
tribution to the success of the Bessemer process 
was merely the plan of adding carbon to the blown 
vessel of metal ; but this was a fallacy and an in- 
justice, his work being really so important that the 





»xrocess should = known as the Bessemer- 
ushet process. essemer had hit upon the 








on which bismuth had a most injurious influence, 
acting almost exactly as in the case of gold, but 
with the difference that the eutectic was, in this 
case, pure bismuth, and not a bismuth-copper alloy. 
A micro-section through a copper bar containing 
$ per cent. of bismuth was shown in Fig. 11. Each 
crystal of copper in cooling threw off the bismuth 
originally dissolved in it, so that each was sur- 
rounded by a wall of this metal, forming a cell. The 
bismuth had a very different rate of contraction 
from copper, and, owing to this contraction, it would 
be seen that each cell-wall had split in two, which 
would of itself be sufficient to account for the 
resulting brittleness. 

Cellular structures such as here exemplified were, 
the speaker said, almost invariably things to be 
avoided, being unreliable under mechanical strains. 
As another example of them he showed Fig. 12, 
which represented the structure of blister steel as 
removed from the cementation furnace. The cell- 
walls here were carbide of iron, the percentage of 
carbon present in them being 6.7 per cent., as 
compared with 0.9 in the bulk of the metal. Here, 
again, the differences in the rate of contraction 
split the cell-walls, so that bars of untreated blister 
steel would snap if merely dropped on the floor. 





The eutectic, he went on, did not in all cases 


Fie. 





Fig. 14, 


Napoleonic idea of producing great masses of iron 
by burning out the impurities from cast iron by 
means of a blast of air. He was laughed at, as was 
usually the case with pioneers, and by the very men 
who afterwards found themselves so deeply in- 
debted to him. Bessemer said that if molten pig 
iron. were placed in the converter and air blown 
in at a pressure of 251b. per square inch, it 
would remove the carbon, silicon, and manga- 
nese leaving the iron, and it would thus be 
possible to make 10 tons of wrought iron in 20 
minutes. All happened as he said, but the metal 
thus produced was absolutely worthless. It could 
neither be hammered nor rolled. Mushet con- 
ceived the idea that the brittleness was due to 
the presence of oxide of iron dissolved in the mass, 
and were this got rid of, he thought the metal 
might be ductile. He patented, therefore, the 
addition of metallic maganese to the melt, and 
assumed that though FeO was soluble in iron, 
oxide of ——— might not be, but would float 
up into the slag. This presumption turned out 
correct, and alone rendered the Bessemer metal of 
value. A micro-section through a piece of old 
Bessemer metal showing the effect of the 0.2 to 0.1 
per cent. of oxygen dissolved in it as FeO was, he 
said, represented in Fig. 14. The more fluid oxide 
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of iron when the metal solidified was pushed to the 
edges of the crystals and then solidified in situ. If 


afterwards the mass were heated up to redness, 
this joint of oxide between the crystals softened 
and let the whole drop to pieces. . By adding man- 
ganese the latter seized the oxygen and carried it 
into the slag, leaving behind it a sound metal. 








8-INCH-SPINDLE HORIZONTAL BORING, 

MILLING, DRILLING, TAPPING, AND 

STUDDING MACHINE. 

WE illustrate on page 150 a large horizontal spindle 
boring-machine, adapted also for milling, drilling, 
tapping, and studding, which has been supplied to a 
large shipbuilding and general engineering works on 
the Continent, a similar machine also having been 
supplied to an important works in this country. The 
machine is represented in two views, which are repro- 
ductions from oar. Fig. 1 showing the front 
and Fig. 2 the back of the tool. As will be seen, the 
spindle, which is 8 in. in diameter, is arranged for a 
longitudinal traverse, which is 4 ft. 6 in. in extent. 
The spindle is carried in a saddle having a vertical 
movement of 8 ft. 6 in. on the upright. The upright 
slides on a horizontal bed, a total movement of 11 ft. 6in. 
being provided for. The bed is bolted to a massive 
T-grooved base-plate, on which the work is fixed, and 
on which also is secured the adjustable outer support 
for the bar when required. 

The spindle is fed up by means of a steel sleeve, into 
which a reduced portion at the back end of the spindle 
fits ; this sleeve is formed with rack-teeth on its under 
side, which may be seen at the left-hand side in Fig. 1, 
and into which a pinion meshes. This pinion receives 
its motion through a train of wheels, giving in all nine 
different rates of feed, varying from 8 to 110 per inch. 
These wheels can, however, be disconnected by a lever, 
and in place of them a hand-feed arrangement may be 
used, or a hand-motion for running the spindle in and 
out quickly. These are operated, one by a hand-wheel, 
and the other by a cross-handle directly in front of 
the workman on.the platform, and clearly shown in 
Fig. 1; indeed, all levers, handles, switch-gear, &c., 
for working the machine are so placed that the operator 
has full control of the machine without leaving the 
platform. The platform shown can be disconnected 
and removed when the saddle and spindle are required 
to be very near the base-plate. The spindle slides in 
a strong cast-iron sleeve, which rotates in adjustable 

un-metal bearings, a split conical locking-bush being 
fitted to the front end, whereby all shake or wear on 
the spindle in its sleeve can eliminated—an im- 

ortant point, as the machine is required to be used 
for milling operations, when any shaled in the spindle 
would be very objectionable. 

Power both for actuating the spindle and for the 
feeds, &c., is supplied from two motors, carried on the 
upright, as shown in the back view, Fig. 2, the driving 
motor being of 20 horse-power, and the {od -sostbre! 74 
horse-power. The power from the driving motor is trans- 
mitted by spur gearing to a short horizontal shaft, and 
thence by mitre-wheels to a vertical shaft ; on this 
shaft is mounted a spur-gear change which drives a 
horizontal shaft on the saddle by means of a set of 
mitre-gears, giving forward and reverse motions by 
a steel clutch, which can be engaged by means of a 
convenient handle, link, &c., on the saddie. A second 
similarly-placed handle controls the quick-power ele- 
vating motion to the saddle, whilst a third controls 
the horizontal quick-power traverse of the upright 
along the bed. large cross-handle seen in front of 
the saddle serves for traversing the upright or for 
elevating the saddle by hand. From the horizontal 
shaft above-named motion is transmitted to the sleeve 
carrying the spindle by two changes of spur-gearin 
-—one for quick and one for slow speeds. The fina 
driving-wheel for slow speeds is in the form of an 
internal spur-ring secured to the large driving face- 
plate, which latter is furnished with T grooves for the 
attachment of a facing-head, large self-acting boring- 
bar, &c. When changing | from slow to quick s ak 
the pinion which gears into this ring is withdrawn 
into a recess by means of a sleeve having a rack 
formed on it, and actuated by a pinion on a shaft 
fitted with a hand-wheel, as shown, a further motion 
engaging the quick-speed gears. Four changes of 
gear are thus provided for on the saddle, which, with 
a velocity ratio of 3 to 1 in the motor, give a total 
speed range of 90 to 1, with, of course, a large number 
of actual speeds within this range. 

The wide range provided is to enable the machine to 
be used for drilling and tapping comparatively small 
holes in addition to boring large diameters. It will 
be noticed that all the sawed speed - changes for 
the spindle are obtained by gearing carried on the 
saddle. This is an important feature in a machine 
designed for heavy duty, as by this means the torsional 
stresses on the transmission shafting and gears are 
kept at a minimum, the total speed variation in them 
being the same as in the motor—viz :—3 to 1 only, whilst 
the speed range in the spindle is 90 to 1, as stated. 


Variable slow-feed motions for milling, both in the 
vertical and horizontal directions, and reversible by 
lever, are also provided, and are operated by the 
aforementioned handles for actuating the quick power 
traverses, a change-over clutch from quick to slow 
affecting both motions. 

The switch-gear for the motors is carried on a light 
wrought-iron bracket attached to the saddle, so as to be 
within easy reach of the workman on the operating 
platform, as may be seen in Fig. 1. 

Nearly the whole of the gearing is of steel, and 
hardened, and all transmission shafting, the spindle, 
&c., are of steel with a fairly high percentage of 
carbon. 

The makers of the machine are Messrs. Kendall 
and Gent, Limited, Victoria Works, Belle Vue, 
Manchester. 


NOTES FROM THE NORTH. 
Giascow, Wednesday. 

Glasgow Pig-Iron Market.—Last Thursday morning 
a quiet tone prevailed in the pig-iron market, and Cleve- 
land warrants were easier. ihe turnover consisted of 
7500 tons at from 48s. 84d. to 48s. 64d. cash, from 48s. 10d. 
to 48s. 9d. twenty-two days, and from 48s. 11d. to 48s. 94d. 
one month, and closing sellers quoted 48s. 7d. cash, 
48s. 10d. one month, and 49s. 3d. three months. Hema- 
tite was also easier, at 57s. 6d. cash sellers. In the after- 
noon no dealing of any kind was recorded. The market 
was firm, with closing sellers of Cleveland warrants 

uoting 48s. 8d. cash, 48s. 104d. one month, and 49s. 4d. 
pe months. On Friday morning the tone was stronger, 
and Cleveland warrants were done at 48s. 8d. and 
48s. 9d. cash, and at 49s. one month. The business 
amounted to 2500 tons, and at the close there were sellers 
at 48s. 94d. cash, 49s. O}d. one month, and 49s. 6d. three 
months. The improvement continued in the afternoon, 
and 2000 tons of Cleveland warrants changed hands at 
48s. 10d. and 48s. 11d. cash, 48s. 11d. seven days, and 
49s, 2d. one month. There were buyers over at 48s. 11d. 
cash, and sellers at 49s. cash, 49s. 24d. one month, and 
49s. 74d. three months. On Monday morning the market 
was quiet, and only about 2500 tons of Cleveland warrants 
were dealt in at 48s. 9d. four days, 49s. and 48s. 11d. 
eleven days, and 49s. ld. one month. The close was 
easier, and sellers quoted 48s. 9d. cash, 49s. one month, 
and 49s. 54d. three months. In the afternoon the down- 
ward tendency was again prevalent, and the total deal- 
ings only amounted to tons of Cleveland war- 
rants at 48s. 64d. four days, and 49s. 2d. and 49s. 24d. 
three months. Closing sellers quoted 48s. 7d. cash, 
48s. 94d. one month, and 49s. 3d. three months. On 
Tuesday morning the market was a shade easier, and 
a fairly good business was put through. Cleveland 
warrants to the extent of 8000 tons were done at 
from 48s. 54d. to 48s. 64d. cash, 48s, 8d. to 48s. 84d. 
one month, at 48s. 8d. March 9, and from 49s. 2d. to 
49s, 14d. three months. Closing sellers quoted 48s. 64d. 
cash, 48s. 9d. one month, and 49s. 2d. three months. In 
the afternoon the turnover was small, and consisted of 
3000 tons of Cleveland warrants at 48s. 6d and 
48s. 84d. one month. At the close of thé session there 
were sellers over at 48s. 6d. cash, and buyers over 
at 48s. 84d. one month, with sellers for the latter 
position at 48s. 94d., and of three months iron at 
493. 3 When the market opened to-day (Wednes- 
day) quietness prevailed, but the tone was fairly 
steady. The only transaction recorded was one lot of 
Cleveland warrants at 48s, 64d. nine days, and the closing 
quotations were a shade easier at 48s. 6d. cash, 48s. 9d. 
one month, and 49s, 2d. three months sellers. In the 
afternoon the market was very quiet, and the tone was 
unchanged. The business was limited to some 2500 tons 
of Cleveland warrants at 48s. 7d. fourteen days and 
49s. 14d. three months. At the close sellers quoted 48s. 6d. 
cash, 48s. 9d. one month, and 49s. 2d. three months. 
The following are the market quotations for makers’ 
(No. 1) iron :—Clyde, 60s. ; Gartsherrie and Calder, 60s. 6d.: 
arene oe a 68s.; and — 90s: 

shi at Glasgow); Glengarnock (at Ardrossan), 
61s. 6d, Shotts (at Leith), 61s. 6d.; and Carron (at 
Grangemouth), 63s. 

Sulphate of Ammonia.—The inquiry for sulphate of 
ammonia has not been so brisk of ca. and the price is 
easier. © quotation to-day is 11/. 15s. per ton ,for 
prompt business, Glasgow or Leith, and dealing has taken 
pecs at that figure. The amount shipped from Leith 

arbour last week was 145 tons. 


Scotch Steel Trade.—There is little fresh to report in 











| about as scarce as ever. 





connection with the Scotch steel trade, specifications being 
A little local helen has lately 
taken place, but only on a very moderate scale. The 


| export trade continues normal, but a better inquiry is 


reported, and the prospectsin that direction have improved 
slightly. The makers of structural sections are expe- 
riencing some very keen competition, not only from Con- 
tinen roducers, but also from some of the makers 
over the Border. 

Malleable-Iron Trade.—While some of the malleable- 
iron makers in the West of Scotland report no change in 
the state of affairs, there are one or two others who are 
rather better off for work this week. Nevertheless the 
business passing is mostly for small lots for immediate re- 
quirements, and no distance ahead can be seen. The export 
trade is dull. 

Scotch Pig-Iron Trade.—The makers of Scotch pig iron 
are fairly well employed at present, and good deliveries 
are being made of the ordinary brands. he demand for 
export continues satisfactory, and inquiries are well up 
to the average. Makers of hematite ‘ave recently been 


delivering fairly large quantities, but business is just a 
e quieter at the moment. The inquiry for forward 
lots is good. 


Shipbuilding.—Messrs. George Brown and Co., Gree- 
nock, have secured an order to build a steamer 150 ft. in 
length. The vessel, which is for English owners, will 
have its machinery supplied by a Glasgow firm. 


The Demurrage Question.—A firm attitude is being 
maintained by both sides in connection with the new de- 
murrage conditions which the three Scotch railway com- 

ies have intimated their intention of enforcing from 
ebruary 1. The large traders are at one in their resolve 
to resist the new regulations, and unless some satisfactory 
understanding is arrived at within the next few days, a 
serious dislocation of business may take place next week. 
On Monday the iron and steel trades held another meeting, 
when it was unanimously a; to re-affirm their position 
on the subject, and resolved also to sign no documents, and 
go forward as an association. A strong committee was 
appointed to meet the railway directors, and a conference 
took place yesterday (Tuesday). The meeting, which was 
held in private, took place in the arbitration suite of 
rooms in the Central Hotel, Glasgow. It is understood 
that certain concessions to the traders were offered by the 
railway companies, but it is believed that these were not 
regarded as satisfactory, and the conference closed with- 
out any definite settlement. The situation has become 
somewhat keen, and an effort is being made to have a 
joint meeting, on Friday, of the iron and steel trades and 
the coal-masters in the West of Scotland, to endeavour to 
arrange a joint line of action. 





NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 
MIDDLESBROUGH, Wednesday. 

The Cleveland Iron Trade.—Business in pig iron is very 

uiet, but it is somewhat gratifying to know that for 

leveland pig forward quotations are rather more than 
those named for early p X= acm Shipments this month 
are poor, and have not come up to the modest predictions 
that were made. Stocks of pig iron continue to increase. 
The quantity of Cleveland iron in the warrant stores is 
now well over 150,000 tons, and stocks at makers’ yards 
—especially of hematite iron—are now considerable. 
Second hands are now ready enough to sell No. 3 g.m.b. 
Cleveland ig iron at 48s. 74d. for early f.o.b. delivery, 
and some of the makers would not refuse orders at that 
figure. There is very little of No. 1 Cleveland pig avail- 
able for sale, and, in fact, this quality has not ion 80 
scarce for a a or two as it is at present. The price of 
No. 1 is in the neighbourhood of 51s. The lower qualities 
of Cleveland iron are fairly plentiful. No. 4 foundry is 
47s. 74d.; No. 4 forge, 46s. 7H and mottled and white, 
each about 46s. East-Coast hematite pig iron is still idle, 
and nominally quotations are on the basis of 55s. 6d. for 
Nos. 1, 2, and 3. 


Spanish ny yr ore fully maintains its value, 
owing to the very firm stand taken by the mine-owners in 
Spain, all of whom appear to be indifferent just now as 
to whether they make contracts or not. Rubio of 50 per 
cent. quality is quite 16s. ex-ship Tees. 

Coke.—Local consumption of coke is rather less than it 
has been, and prices are easier. Average blast-furnace 
kinds are 15s. 6d. delivered here. Foundry coke is on sale 
at from 17s. to 18s. f.o.b. 


Manufactured Iron and Steel.—The much-predicted im- 
provement in manufactured iron and stock has not yet 
appeared to any extent, although there are said to be 
more inquiries for rails and plates. Producers of railway 
material have been kept busy all through the slackness in 
other branches, and they have good contracts still run- 
ning. Principal market quotations stand :—Common iron 
bars, 7/. ; best bars, 71. 7s. 6d. to 7/. 10s.; best best bars, 
71. 15s. to 8l.; packing iron, 5/. 10s. ; steel bars, 6/. .5s.; 
iron ship-plates, 6/. 7s. 6d.; iron ship-angles, 7/.; steel 
ship-plates, 6/.; steel ship-angles, 5/. 12s. 6a; iron boiler- 
plates, 7/. 7s. 6d.; steel boiler-plates, 7/. ; steel strip, 
61. 7s. 6d. ; steel hoops, 6/. 10s. ; and steel joists, 5/. 15s. 
to 6/.—all less the customary 24 per cent. discount ; whilst 
cast-iron chairs are 3/. 10s. ; light iron rails, 6/. 15s.; cast- 
iron columns, 6/. 10s.; heavy steel rails, 5/. 10s. ; and steel 
pet | sleepers, 6/. 10s.—all net cash at works ; and iron 
‘or steel galvanised corrugated sheets, 24 gauge, in bundles, 
12/.10s. f.0.b.—less the usual 4 per cent. 


Ironworkers’ Wayes Advanced.—The accountants, to the 
Board of Conciliation and Arbitration for the Manufac- 
tured Iron and Steel Trade of the North of England have 
this week certified the average net selling price per ton of 
iron rails, plates, bars, and angles, for the two months 
ending December 31 last, at 6/. 13s. 5.71d., as compared 
with 6/. 12s, 3.68d. for the previous two months ; and, in 
accordance with sliding-scale arrangements, there will be 
| an advance of 3d. per ton on puddling and 24 per cent. on 
|all other forge and mill wages, to take effect from 
| February 1. 











| Presentation To Mr. Perer Samsox.—On Friday last 
| an interesting presentation took 7 at the Board of 
| Trade Offices, 54, Victoria-street, S.W., when Mr. Peter 
Samson, 1.8.0., who is retiring from the position of 
_ Engineer Surveyor-in-Chief to the Board of Trade, which 
| position he has held for the last thirteen years, was pre- 
sented by his colleagues at the Consultative Department 
with a handsome ‘silver bowl, suitably inscribed, as # 
token of their personal respect and esteem. Mr. Samson's 
retirement, after thirty-six years’ work in the Board’s 
service, dated from the 24th inst., and he is succeeded 
by Mr. A. Boyle, late Chief Examiner of Engineers to 
the Board of Trade, 
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NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 

Lord Masham on Trade P: ts.—Lord Masham, 
speaking at the annual meeting of Messrs. Lister and Co., 
of Bradford, this week, said he was sorry the result of 
the past year had not been all that could be desired; but 
he was speaking to business men, who knew better than 
he could tell them the difficulties with which everybody 
had had to contend. Those especially who had followed 
the Board of Trade returns would have been fully pre- 
pared for a less favourable report. Those returns showed 
a shrinkage in the imports and exports during 1908 by the 
large sum of 100,000,000. That shrinkage has been distri- 
buted over all trades. In 1907 records were broken through- 
out the world ; everywhere production was at its maximum, 
speculation was active and values high. When the crisis 
came in September of that year it found production in 
such full swing that it could not be pulled up for some 
time. In that year money was locked up to such an ex- 
tent that the Bank of England rate went up to 7 per 
cent., but in 1908 the reverse had been the case. Orders 
had been difficult to obtain, machinery had been standing, 
production had been curtailed, pee f business generally 
throughout the world had been stagnant. As to the future, 
however, he was glad to say that during the last few 
months: business had greatly improved, though it was 
not by any means yet what they would desire. Still the 
information they had received from various sources led 
them to anticipate a moderate year. 


A Presentation.—Mr. Willoughby Firth has retired 
from active participation in the ma ment of Messrs. 
Thomas Firth and Son, Limited, and on Monday last 
was the recipient of a large and handsome service of old 
Sheffield plate. 


A Trackless-Trolley-Car Deputation.—Councillor Bailey 
and the tramway manager loft Sheffield this week for 
Vienna to inspect the system of trackless tramway-cars in 
operation there. Councillor Bailey was a local delegate 
to next week’s Labour Conference at Portsmouth, but his 
trade society willingly released him, regarding it as a 
compliment that he should be appointed on such an im- 
portant deputation. 


Iron and Steel.—The situation is slowly but steadily 
improving. Confidence is growing, and encouraging 
inquiries are coming to hand in increasing quintities. So 
far, there is no marked increase in activity ; but now that 
stock-taking operations are over, a more hopeful spirit 
prevails. he pig-iron market continues firm, with 
rumours of an advance in Derbyshire brands. There has 
been a fair amount of buying, steel-makers laying in 
stocks in anticipation of an improvement. In finished 
iron there is little movement. The engineering trades 
are somewhat more active, a few substantial orders having 
come in from Belfast and the Clyde. Shipbuilding 
generally, however, is ee. The railway branches 
are better off for work. The steel trade is getting into a 
more healthy condition. The demand for crucible steel 
is better than it has been for many months. America 
continues a good customer for high-speed qualities, and 
especially high-speed twist-drills, for which there is a 
steady demand. Makers of tools report an increase in 
inquiries, and satisfactory orders have been placed for 
rock-drills and excavating tools, both for the home market 
and abroad. So far no definite decision has been arrived 
at in the engineering dispute, but there is every proba- 
bility that the men will accept the 1s. reduction. 


South Yorkshtre Coal Trade.--The wintry weather has 
given a marked impetus to the coal trade of the district, 
and all classes of house fuel are in brisk demand. The 
pits are working five days a week, and the supply is 
rapidly moved as it comes to hand. Prices are very firm, 
and merchants find it by no means easy to obtain supplies, 
the fog having interfered considerably with the traffic. 
The p Rnsatins Fas come however, is chiefly due to the 
frost, and would be seriously affected by a recurrence of 
mild weather. Best house makes 12s. to 12s. 6d. per ton 
at the pits, with secondary samples 1s. 6d¢to 2s. per ton 
lower. Steam coal continues to improve, an average 
—_ for the season being sent to the Humber ports. 
The steam trawlers, however, owing to the boisterous 
weather, have somewhat reduced their requirements. 
There is an increased demand for industrial consumption. 
A brisk business is being done in gas-coal, contracts bei 
fully delivered. There continues, too, a steady sale of 
engine fuel and slacks. 








THE INTERNATIONAL ASSOCIATION FOR TESTING MATE- 
KiALS.—A meeting of the British members ofthe Inter- 
national Testi jation was held at the Council room 
of the Iron and Steel Institute, 28, Victoria-street, on 
tonday afternoon last, the 25th inst., Mr. J. E..Stead 
king the chair and introducing to the members present 
the newly-appointed representative for Great Britain on 
the Council of ‘the Association, Mr. G. C. Lloyd, who 
ucceeds the late Mr. Bennett H. Brough. A list of 
the papers to be read at the forthcoming Congress at 

peakagen was read, and various proposals were put 
orward for increasing the interest of persons resident in 
the United Kingdom in the work of the Association. It 
s pointed out that on the International Committee for 
inforeed Concrete, and on the International Committee 
for the Nomenclature of Iron and Steel, the representa- 
tion of Great Britain was inadequate, and it was pro- 
posed to ask the Council to add to the first-named Com- 
mittee two additional members, to be named by the 
Concrete Institute and by the Institution of Civil Engi- 
heers respectively, and on the latter committee to recom- 


te 


wrasse 


a 


mend the addition of Mr. J. E. Stead and Mr. F. W. 


arbor 








NOTES FROM THE SOUTH-WEST. 


Cardif.—The market for large steam-coal has remained | 


steady ; the best large steam coal has made 14s. to 14s. 6d. 

r ton, while secondary qualities have oe yr between 
3s. and 13s, 9d. per ton. The house- trade has 
shown scarcely any change, although cold weather has 
somewhat improved the 





| LLOYD’S REGISTER AND THE CLYDE 


DISTRICT. 


Ir was a well-won compiiment that was paid to Mr. 
James Mollison, the principal engineer surveyor of Lloyd’s 


Register at G w, when a large company fully rym 
sentative of all the maritime industries entertained him 


demand ; the best ordinary | to dinner at Glasgow on the 23rd inst., on the occasion 


ea have made 14s, 6d. to 16s. 6d. per ton. No. 3) of his retirement, after thirty-five years’ service. Mr. 


hondda large has brought 17s. to 17s. 6d. per ton. 
Foundry coke has made 17s. 6d. to 20s., and furnace 
ditto, 15s. 6d. to 16s. 6d. per ton. As regards iron ore, 
Rubio has been quoted at 15s. 6d. to 16s. per ton, upon a 
basis of 50 per cent. of iron, and including 
freight, insurance, &c., to Cardiff or Newport. 

Dowlais.—There has been a satisfactory out-turn from 
the Bessemer furnaces, and the Goat Mill and the Big 
Mill have also been working full time, so that the produc- 
tion of light steel rails, -plates, &c., has been heavy. 
The output at the collieries has also been rather above 
the average. 


Fiery Mines.—At the last quarterly meeting of the 
South Wales Institute of Engineers the papers for dis- 
cussion included Mr. J. Ashworth’s ‘‘Can Blasting be 
Continued in Safety in a Fiery Mine?” in which the 
author sought to show that the disastrous results of 
underground explosions were chiefly due to a second 
ignition at a distance from the primary blast, produced 
by percussion or atmospheric pressure set up by the 
initial explosion. In this way he explained the » Barco 
tating effects over a wide area of a mine, and in parts 
where gas had not been knuwn to be present. The con- 
clusions of the paper were challenged by Mr. W. N. 
Atkinson, one of His Majesty’s inspectors of mines. In 
the course of the discussion Mr. W. Stewart threw out a 
suggestion for the establishment of a meteorological 
station in each coal-field having fiery mines, to advise of 
Fae yr falls in atmospheric ure, which often 
liberated in => quantities in the best-ventilated 
mines. Mr. T. E. Richards believed that the effects of a 
gas exposion were extended by coal-dust, and that if a 
pit were kept fairly moist these effects would be restricted 
to the place of explosion. 





A New VENTILATING Drvice.—A very simple method 
of ventilating aes factories, and rooms in 
general has been devi y Mr. H. T. Minnitt, of 
6, Cecil-court, Charing Cross-road, W.C. It consists of 
a panel of either glass or sheet-metal, having a large 
number of small hollow bosses stamped in it, each boss 
being perforated by a hole about } in. in diameter. When 
the panel is mounted in a wall or window with the bosses 
outwards, any wind blowing against or along it causes a 
distinct current of air outwards through the holes. Even 
if the wind blows directly upon the panel the current is 
still outwards. Of course, by reversing the panei, the 
ventilation becomes mwards. The device is exceedingly 
cheap and simple, and appears to be effective. 





Tue Howe BrincE Rescug Station, ATHERTON. — After 
exhaustive trials, the Lancashire and Cheshire Coal 
Owners’ Association have adopted the Fleuss-Siebe- 
Gorman rescue apparatus as the standard for use at the 
Howe Bridge ue Station recently opened near 
Atherton. is station is the most important, so far, 
erected in this country, We understand that Messrs. 
Siebe Gorman and Co., Limited, 187, Westminster Bridge- 
road, S.E., are now engaged in manufacturing the neces- 
sary equipment for this station and surrounding collieries. 





EXPERIMENTS WITH ROLLING-MILL PLant.—The subject 
of power for rolling-mills, and the possibility of levelling 
loads, was dealt with in a paper Mr. F. C. Anderson 
read on January 23 before the Tashome Association of 
Engineers. In this paper were detailed experiments 
with a three-high cogging and finishing mill made when 
its conversion from steam to electrical driving was under 
consideration. The mill in question was driven by a 
single-cylinder condensing steam-engine of cylinder dia- 
meter of 48 in. and ‘a stroke of 60 in., and working with 
56° lbs to 60 Ib. steam pressure and a vacuum of 15 in. to 
20 in. The fly-wheel was 25 ft. in diameter, with a rim 
weighing 27 tons. - The billets were about 12 in. by 12 in. 


4 by’4 ft., about 17 cwt. in weight, and in seventeen passes 


were redu to Sts in. ‘by-33 in. © A continuous indi- 
cator was fitted,,and speeds were also taken for the com- 
plete cycles. - It Was found that the indicated horse-power 
was lowést* fer*the* first —viz., 500 indicated horse- 
wer, and “highest for the fourteenth pass, when the 
gure rose to 1000 indicated horse-power. The total horse- 
power required was greatest, however, at the fifth pass, 
and amounted to 1700 horse-power, of which 950 horse- 
power was derived from the fly-wheel. At another stage 
the fly-wheel only supplied about 150 out of the total 
horse-power needed. If the horse-power minutes were 
plot inst reduction of area, a very smooth curve was 
obtained in spite of ‘the large fluctuations above noted. 
Similar information can be obtained with much less 
labour, of course, from electrically-driven mills, one of 
which the author dealt with in his paper. Passing on to the 
consideration of levelling the load in electrically-driven 
three-high mills, the author discussed the use of an inde- 
pendent fly-wheel set independent of the mill, from 
which it would be possible to obtain la horse-power 
for short periods. The fly-wheel is coupled direct to a 
dynamo arranged to operate as such, or as a motor, 
accorling to demand. This machine is fitted with inter- 
poles and a special field winding on the main poles, con- 
nected so that an increase of load causes it to work as a 
dynamo, and a decrease makes it work as a motor. 
machine is connected in parallel with the main generator 


plant. 
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Thomas Bell, the engineering director of Messrs. John 
| Brown and Co., Limited, who presided, was happy in his 
allusions to Mr. Mollison’s work in connection with the 
inauguration of new departures which demanded pioneer 
work, and the creating in Lloyd’s ot office, from the 
earliest years, of a high sta’ of well-balanced reason- 
ableness. Mr. Mollison was mted with an album 
containing the signatures of prerent, and also with a 
purse of sovereigns. In his reply, Mr. Mollison gave remi- 
niscences of his early work. He said that it was in 1838 that 
an application was received by the committee of Lloyd’s for 
an engineer surveyorship, but it was not until 1874 that 
an appointment was made. In the latter year the 
committee appointed three engineer surveyors, one for 
London, one for Liverpool, on one for the Clyde. In 
June, 1874, he commenced his duties in London, and 
three months later he was instructed to proceed to the 
Clyde. In 1876 steam pressures had reached 70 Ib.. 
and in some cases 721b., per square inch, and to get 
higher pressures various kinds of water - tube boilers 
were tried—without much success. However, early in 
1877, Siemens-Martin steel was introduced. The first of 
this material manufactured in Scotland was made by the 
Steel Company at their Newton works for a small boiler 
built at Paisley. He tested specimens on April 16, 1877, 
and a month later a series of tests—tensile, bending, and 
welding— were made for the information of Lloyd’s Com- 
mittee. About this time Messrs. John Elder and Co., 
with the concurrence of the owners, decided to_ use the 
new material for two paddle steamers, the Brighton and 
the Victoria, and a little later it was a to make 
the boilers of the same material. Now, there were 
about fifteen establishments in the neighbourhood of 
Glasgow, and in the year ending with June last 611,000 
tons of ship and boiler steel were tested by Lloyd’s sur- 
veyors at home and abroad. Mr. Mollison proceeded to 
refer to other landmarks of engineering history on the 
Clyde, such as the introduction of triple-expansion en- 
gines, refrigerating machinery, &c. As an engineer he 
was very thankful to have lived in an age when so much 
had been accomplished in the science of shipbuilding and 
engineering, and for the privilege of being associated with 
somany able and distinguished men. Many of those were 
no longer with them, but they left the world richer and 
betior for their having lived. 








Tue NortHampton Poryrecunic Instrtutr.—The 
annual prize distribution and conversazione of the North- 
ampton Polytechnic Institute, St. John-street, Clerken- 
wal. E.C., will be held on Friday and Saturday, Feb- 
ruary 5and 6 next. The Right Hon. the Earl of Hals- 
bury, P.C., Prime Warden of the Sadlers’ Company, has 
kindly consented to distribute the prizes on February 5, 
and after the prize distribution the new buildings which 
have been recently erected in the courtyard, with funds 
pete by the London County Council, will be formally 

eclared open. These buildings, five storeys in height, 
contain on the upper floors fine lecture-rooms and class- 
rooms, on the ground floor staff-rooms and rooms for the 
meetings of societies (e.g., the Engineering Society) con- 
nected with the Institute, and on the basement floor ex- 
tensive additions to the workshops and laboratories of the 
Mechanical Engineering Department. After the above 
ceremonies the whole of the laboratories, worksho) 
drawing-offices, and studios of the Institute, both in the 
main building and in the British Horological Institute 
adjoining (the Technical Optics Department) will be on 
view in working order. The conversazione of members 
and students will be held on the following evening, 
Saturday, February 6, in both buildings. 


Wiretess TeELEGRAPHY AT Sxa.—The practical valve 
of wireless telegraphy at sea has been strikingly illus- 
trated within the t few days in the case of the colli- 
sion on Januar of the ite Star Liner Republic 
and the ss. Florida, off Nantucket. This collision 
occurred in a fog, the Florida striking the Republic 
broadside with. so much dam to the latter vessel 
that she sank before she could towed into shallow 
water. The bows of the Florida crashed into some 
of the passenger's cabins and also partly destroyed 
the Marconi operating-room on board. The instru- 
ments, however, escaped, and though the dynamos and 

neral electrical installation on board had. been ren- 

ered useless by the collision, the accumulators for the 
Marconi system were still in good order. The operator, 
Jack Binns, immediately sent Marconigrams of code 
signals, &., giving the name of the vessel and its position, 
and these me: were picked up by the wireless station 
at Siasconsett, Mass. From this station the information 
was communicated by the wireless system to the s.s. 
Baltic, s.s. Lorraine, s.s. City of Everett, and others, 
and in time the Republic got into direct touch with the 
Baltic. The operator on the Republic continued to 
direct the Baltic and Lorraine to the position of his 
vessel ; but the Lorraine, although receiving and answer- 
ing the messages, failed to find the disabled ship in the 
fog. The Lorraine is stated to have been 120 miles from 
the collision when the message from the Siasconsett 
Station was received on board. As a result of this successful 
working of the wireless telegraph on the Republic some 
)}00 people were safely taken off this ship, the loss of life 
being limited to those killed in the actual collision be- 
tween the two vessels, 
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SECONDARY STRESSES IN LARGE- 
SPAN BRIDGES. 

In a very interesting and able report to the 
Quebec Bridge Commission, Mr, C. C. Schneider, 
the well-known American bridge engineer, has dis- 
cussed the causes of the failure of that structure 
and the best course to be pursued in replacing it. 
His conclusions as to the origin of the disaster are 
in accord with those already published, and in- 
cluded incidentally in his report is a valuable discus- 
sion on the strength of struts, reviewing many 
of the formule hitherto proposed for fixing the work- 
ing loads on columns, and comprising also an investi- 
gation into the stresses which may be developed in 
the bracing of built-up struts. This portion of 
Mr. Schneider’s report should prove very useful, 
but any complete treatment of the strength of a 
built-up column must in future, we think, include 
some reference to the recent researches of Pro- 
fessor Lilly. As regards the replacement of the 
fallen structure,»Mr. Schneider expresses himself 
as opposed to any attempt to work up into a new 
bridge the steel-work already prepared for the old, 
though the existing piers, he states, might well 
be utilised for the new structure, provided the 
foundations proved to be sufficient to carry the 
increased weight necessarily involved. 

In other portions of his report, Mr. Schneider 
enters into more debateable matter, and sets forth 
conclusions, as to which there is much room for 
differences of opinion. He directs attention, for 
instance, to the existence of considerable secondary 
stresses in the lower chords of the fallen structure, 


63 | and remarks that whilst it is unnecessary to calcu- 


late such stresses in the case of ordinary bridges, it 
is important to do so when the members are of 
exceptional size, as in the case of the great bridge 
at Quebec. On this point we are far from finding 
ourselves in agreement with Mr. Schneider. Obvi- 
ously, if secondary stresses are of such importance, 
the proper thing to do is to avoid them so far as 





possible, and construct the compression members of 
all bridges with pin-joints, instead of making them 
continuous past the joints, as is now the universal 
practice. Experience, however, with structures theo- 
retically liable to large secondary stresses has been 
eminently satisfactory, whilst those in which the 
attempt to abolish them has been carried furthest 
have fared worst, under the tear and strain of their 
daily duty. An attempt to take these secondary 
stresses into account in fixing the safe load of a bridge 
appears, therefore, to be both unnecessary and in- 
advisable. Undoubtedly improved methods of com- 
puting the stresses in wee members have had an 
enormous influence for good on bridge design, but it 
seems to us that stress analysis may in practice be 
pushed to extremes not warranted by the present 
state of our knowledge as to the actual nature 
of the resistance of materials. It is safer, there- 
fore, to make use of incomplete calculations, and 
to base the nominal working stresses on what ex- 
perience has shown to be safe in similar conditions, 
rather than to make a more elaborate series of 
computations and to then base factors of safety on 
an imperfect theory of resistance to rupture. For 
example, it is well known that the ordinary mathe- 
matical theory of elasticity indicates that the piercing 
of a hole but 45 in. in diameter through the centre of 
a large rotating disc more than doubles the maximum 
stresses as calculated. No practical engineer will, 
however, believe that the piercing of a minute hole 
like this will actually weaken the disc to anything 
like this extent. To our mind there is little doubt 
that long before the*danger point as fixed by the 
ordinary theory had been reached, plastic flow 
would have set in and entirely changed the distri- 
bution of the stresses. Were the experiment actually 
tried, we should be surprised, therefore, to find that 
such a hole as that in question had any appreciabie 
effect on the actual bursting strength. Quite 
similar considerations apply as to the importance 
or otherwise of secondary stresses in a say If 
it is assumed that the same maximum stresses as 
ordinarily determined are worked to in the case of 
a small and in that of a large bridge, the secondary 
stresses will be of the same order of magnitude in 
both structures, though in actual fact they are likely 
to be considerably less important in the case of the 
larger structure. In the first place the ratio of 
depth to span is commonly greater the larger the 
span, and hence for the same working stresses the 
deflection is relatively less. The secondary stresses 
are more or less proportional to the relative deflec- 
tions, and hence should be substantially less im- 

rtant in the big bridge. Again, the live load 
on a less proportion to the dead load the greater 
the span, and hence variations of stress are also 
materially less than in the smaller structure, so 
that for equal maximum stresses the large bridge is 
in practice the stronger. This latter fact is fre- 
quently recognised by the use of formule in which 
the maximum working stresses are made to depend 
upon the range of the stress. 

Mr. Schneider remarks, in his report, that the 
deeper a bridge member the more important are the 
secondary strains. As a matter of arithmetic this 
statement is undoubtedly true, and did such second- 
ary stresses seriously compromise the safety of a 
bridge, the 12-ft. and 10-ft. tubes used at the Forth 
would represent very bad practice ; but all experi- 
ence shows that, other things being equal, the stiffer 
and more continuous the compression member 
is made the better is the bridge, and not a few 
able engineers would maintain the same doctrine 
in the case of the tension chord also. In the 
case of the Forth Bridge it is well known that 
no account was taken of these secondary stresses, 
and on this point we believe Sir Benjamin 
Baker was perfectly correct in holding un- 
necessary a calculation so extremely tedious in 
practice, if simple in theory. In fact, after the 
secondary stresses are determined by the lengthy 
methods unavoidable, Mr. Schneider suggests that 
these, having been added to the direct stresses, 
the working stress should then be increased 
beyond what is usual when the primary stresses 
alone are taken into account. The process recom- 
mended consists, therefore, in calculating, at a great 
expenditure of time, all the stresses which may arise 
from every possible cause one can think of, and then 
guessing what working stress it will finally be safe 
to allow. In making this guess reliance must be 
placed on some theory or other as to the resistance 
of materials, no one of which is, in our opinion, as 
— sufficiently complete to be wholly trustworthy. 

r. Schneider, indeed, asserts on one page of his 
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report that a single strain beyond the elastic limit 
destroys the usefulness of a material, a conclusion 
which is daily falsified in boiler and shipbuilding 
practice. It is possible that in advancing this 
opinion Mr. Schneider has in view the facts brought 
forward by Mr. Pritchard in his letter published in 
our issue of December 25, The writer there re- 
marked that a bar strained beyond its elastic limit 
took such enormous elongations that the reserve of 
strength beyond this limit is practically unavailable. 
Were absolutely homogeneous materials available, 
and were it possible to proportion our bridges as 


accurately as was the famous ‘‘ one-horse shay, ” this | 


reasoning might be valid, and a structure, if over- 
loaded, would fail, like its prototype, ‘‘ all at once 
and nothing first.” Actually, however, ‘‘the weakest 


part must stand the strain,” and a particular joint | 


or section will therefore give first, and may yield 
considerably without any noticeable effect on the 
deformation of the member or structure as a whole. 

The method of fixing working stresses advocated 
by Mr. Schneider, whilst more elaborate, seems to 
us really less scientific than the procedure in which 
the secondary stresses are entirely neglected ; but 
the nominal working stress is fixed from experience 
gained with actual bridges, in which the secondary 
stresses, though relatively greater than in the large 
lridge, have equally been omitted from detailed 
consideration. Nature is a far more subtle analyst 
than the very best of our computers, and where 
she has declared again and again that a certain 
nominal working stress is safe, one may be quite free 
from anxiety in using that stress, or even a some- 
what higher nominal stress in cases where it is known 
petitively from general reasoning that these nominal 
stresses are nearer the actual ones than they are in 
the smaller structures. 

It is sometimes said that factors of safety are 
merely factors of ignorance, and it may with some 
force be maintained that by determining the secon- 
dary stresses in our bridges this factor of ignorance 
is being substantially reduced. The doubtful point 
in this argument lies, however, in our ignorance as 
to how far such secondary stresses do endanger 
the safety of a structure. Experience, which is, 


after all, the surest guide in these matters, scarcely 
bears out the view that they are really of serious 
import. With riveted structures it can hardly be 


doubted: that there are considerable secondary 
stresses at the joints between the web members 
and the main chords; and, indeed, measurements by 
M. Rabut have proved this to be the case. Yet, 
on the whole, this class of structure is generally 
recognised. as having more endurance than the pin- 
connected type. It may be contended that a stress 
is a stress, and that the material cannot know 
whether this stress arises from primary or secondary 
causes. There is, however, not a little reason for 
supposing that such an assertion underrates, as it 
were, the ‘‘intelligence” of our structural materials, 
and that they do actually distinguish between the 
two. A primary stress in excess of the elastic 
limit is not relieved by the stretching of the metal, 
but a secondary stress is, and the difference 
appears to be important. It is for this reason, in 
our opinion, with our present knowledge, or rather 
ignorance, more scientific to base factors of safety 
on experience of what has been proved safe in prac- 
tice, rather than on theories as to the prime im- 
portance of keeping below the elastic limit of the 
metal, which, though a factor, is only a factor in the 
resistance of materials. Ifthe secondary stresses are 
really of great import, the builders of the Forth 
Bridge were wrong in constructing the tension 
member as a lattice girder, yet we are convinced 
that most experienced mechanical engineers will 
feel the bridge is stronger and better with this 
feature than it would have been with flexible 
tension chords. The explanation, as suggested 
above, may lie in the fact that secondary stresses 
are really, in a sense, supplemental stresses ; and if 
they exceed a certain limit ‘ocally, the material is 
quite capable of relieving itself by taking a slight 
rmanent set, which need not necessarily involve 
arge deformations of the members involved con- 
sidered as a whole. In fact, in our view, material is 
not necessarily ruined by receiving a strain exceeding 
its so-called elastic limit, though it will not stand 
repeated strains in excess of its elastic range. 

y considerations of this character alone does it 
seem possible to account for the fact, universally 
accepted, thata live load tries a structure more than 
a dead one of equal intensity. This opinion is 
commonly embodied in the familiar ‘* fatigue” 
formule, by which the nominal working stress is 


reduced the greater the range through which it 
varies. It is quite true that civil engineers, time 
and again, have measured what they have been 
shaal' to term the increase, due to impact, of 
the dynamic over the static deflection of a bridge. 
| In every case in which this has appeared to be great, 
| in a large girder span, the real thing measured has 
been, we believe, the inertia error of the appa- 
ratus used. A most conclusive research fully estab- 
| lishing this fact was made on the bridges of the 
| Western Railway of France about sixteen years 
|ago by M. Rabut. By using instruments almost 
p atu Hm dead-beat, M. Rabut found that the 
dynamic action of a moving load caused no appre- 
ciable increase in the deflection of a long bridge. 
Cross-girders and longitudinals stand, of course, on 
a different footing ; but in these the increase of the 
deflection was found to be the less the more rigid 
the connections at the ends. We are quite aware 
that experiments made one Se past few years 
in America have indicated substantial dynamic de- 
flections when a train has passed over a bridge, 
and quite probably the pin-jointed trusses usual 
in the States may be less stiff under vibration than 
the riveted structures experimented on by M. 
Rabut. The instruments used here, however, were 
undoubtedly vitiated by large inertia errors. 
Experiments of_a similar kind have been made 
elsewhere, but never, we believe, with instruments 
comparable. Hence it does not seem. possible 
to account for the more trying character of 
a live load on the ‘‘ impact theory,” whilst if this 
is due to ‘‘ fatigue,” the excellent record of riveted 
girders and double intersection trusses is at least 
partially accounted for. It is extremely probable, 
in short, that the metal in the neighbourhood of 
the joints of a riveted truss may be strained locally 
beyond the initial elastic limit when first loaded, 
but the ‘‘ range of stress” is probably no greater 
than in a structure free from these secondary 
stresses. 








EMPLOYERS’ INSURANCE AGAINST 
STRIKES. 

Srrikes and their consequences are fraught with 
more danger to the employers of labour in France 
than is the case in any other country. Since 1906 
more particularly, French strikes have been of a 
revolutionary character ; regular campaigns are 
fought, often under the inspiration of Members of 
Parliament, the very apparent object being to ruin, 
more or less directly, both the employers and their 
enterprises. There is a class of men, among whom 
may be found secretaries of French trade unions, 
whose main occupation is to foment strikes ; they 
know how difficult it is to maintain a large works 
idle for any length of time, owing to the extent of 
the general charges which continue to run in any 
case, and they hope by bringing about a standstill to 
force the employers into accepting the claims of 
labour, thus speculating upon the employers’ desire 
to resume work, so as not to let their capital lie 
unproductive. As a consequence of recent strikes 
in France some works have had to close down, 
because they were unable either to fight or to 
accept the conditions demanded of them by labour ; 
from other employers, however, concessions have 
been extorted which constitute a grave danger to 
the satisfactory progress of the French industry. 

For this reason employers have decided to en- 
deavour to guard themselves against at least some of 
the risks they run owing to strikes. The difficulty 
in this matter was to form an organisation which both 
suited the French temperament and was in con- 
formity with the French legislation. The organisa- 
tion might have taken the shape of a fund sup- 
ported by voluntary contributions from every 
member ; but in this case compensation could not 
have been demanded from the fund as a right, and 
great difficulties would have been encountered in 
finding employers to join an institution which 
would have been enstily to guarantee an indemni- 
fication to its members. ere are in France 
numerous syndicates of employers of labour ; the 
object of these is, however, purely commercial, 
and their activity from the purely business point 
of view might have received a check had the atten- 
tion of the members been diverted to a side organi- 
sation of these same syndicates, formed to counter- 
act strikes. 

The solution to the problem was to be sought in 
the formation of insurance companies, and for such 
& purpose insurance could only be on the basis of 
mutual benefit, for otherwise the premiums would 








have to be based on some tables of probabilities ; 
this would have led to impossible calculations, 
the causes and the frequency of strikes being 
of a _ greatly varying nature, according to the 
time and the class of industry. Many difficulties 
were encountered in arranging the details for the 
working of the mutual benefit insurance com: 
panies, and among these was the fixing of the 
conditions for establishing the right to an in- 
demity for losses incurred. No indemnity could 
be payable when, for example, a strike occurred 
through a fault on the part of an employer, or 
by the free will of the latter; proof had, more- 
over, to be adduced that the employer was 
right when he resisted the claims of his men. 
Further, the question as to whether an indemnity 
was really due or not to the insured employer 
could not be decided by the insurance company 
itself, for such an appreciation by the insurance 
company would render the contract of insurance 
null and void according to French law. Means 
were also taken to prevent mutual benefit insur- 
ance companies formed among works whose re- 
sources were comparatively limited being left 
to themselves, and it was found necessary to 
federalise, so to speak, these primary insurance 
funds, by secondary, superior, or central funds, 
thus forming re-insurance funds. A basis for 
establishing the premiums had also to be found, 
and it was first thought to base them on general 
charges, which, it should be remembered, are not 
always proportional to the number of men em- 
ployed ; on the other hand, the greater the number 
of men the greater are the risks of strikes. The 
wages were next considered for a basis, then a ratio 
taken between general charges, the amount paid in 
wages, and in the number of men. 

Before arriving at a decision in the matter of 
insurance, the question also was examined as to 
whether it would not be desirable to fix a time after 
which no indemnity should be paid an employer 
whose works were at a standstill owing to a strike, 
the fear having been expressed that an employer 
might perhaps not be eager to open his works again 
were he assured of receiving an indemnity for any 
length of time. The question also of variable 
insurance premiums, according to the nature of the 
risks incurred, was also considered, seeing that there 
are industries in which the risks of a strike are more 
immediate than in others, and the consequence of a 
strike, if it occurs, more grave. 

All these points were carefully weighed by a 
Mutual Industrial and Commercial Fund, which 
has been established in the North of France, with 
a view to guarantee its members against the pecu- 
niary consequences of an unjustified strike. The 
only risks that are guaranteed are those resulting 
from conflicts suffered by the insured member; 
certain inspectors, whose names are given in the 
insurance policy, and who act quite indepen- 
dently of the insurance company, have, however, 
to agree to the payment of an indemnity. Strikes 
which do not last more than three days do 
not give the right to an indemnity. There are 
two classes of insured members. Those of one 
class receive an indemnity from the fourth day 
after work has ceased in their establishment by 
reason of a strike; those of the other class from 
the twenty-eighth day only. When the strike 
affects the whole of the output, the indemnity is 
equal to the three-hundredth part of the sum 
insured per day. After a period of ninety days, 
the payment abe indemnity ceases. The Insur- 
ance Fund already referred to also guarantees its 
members against charges and damages they may be 
required to pay by reason of proceedings instituted 
against them by their men. But it gives no 
guarantee against damages suffered owing to any 
violence on the part of strikers, nor takes into 
account the compensations which the members 
may be called upon to pay to clients for the non- 
execution of contracts owing to strikes. 

The above-named association has a provident fund, 
a guarantee fund, and a reserve fund. The pro- 
vident fund consists of the whole of the annual 
premiums, less 10 per cent. for management ex- 
penses. Each member, or group of members, has 
a separate account, to the credit of which are placed 
the two-thirds of the premiums, less the manage- 
ment cost; the indemnities paid out to the member, 
or group of members, being placed on the debit 
side. The Guarantee Fund consists in reality of the 
mutual guarantee which the members give each 
other. e interest on the invested funds, and half 
the excess of the total premiums over the total 
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indemnities paid out, form the reserve fund, the. 


other half of that excess being paid back to the 
provident funds. 

Asan example of the union of sections of em- 
ployers in mutual insurance against strikes, we may 
consider the organisation of the Metallurgical Works’ 
Mutual Insurance Fund. It is as follows :— 

In 1906 the employers’ syndicate of engineering, 
boiler-making, and moulding works took into con- 
sideration the advisability of forming an organisa- 
tion against strike risks. This led to a federation 
which comprises a series of mutual insurance 
primary companies and secondary funds. The first 
group, corresponding to a particular industry, em- 
braces mechanical and electrical works. A distinct 
mutual insurance company was formed covering 
the manufacturers of railway carriages and wagons. 
The ‘‘ Forge” fund was then formed, the largest 
company of all, and which includes both rolling-mills 
and steel works. Then followed that which covers 
structural: works, and afterwards a fund covering 
the foundries. 

The insurance company, which comprises the 
various metallurgical works’ owners of the Ardennes, 
in the North-East of France, is a separate institu- 
tion. Other similar insurance companies were 
formed at various intervals, and simultaneously 
also the ‘‘ Caisse Centrale Métallurgique,” the 
object of which is to insure the primary insurance 
companies, and as a consequence the works’ owners, 
against a possible insufficiency of resurces at the 
disposal of the various primary insurance com- 
panies. 

The primary insurance companies work as follows: 
—Each one is formed of works’ owners whose 
outputs are of a similar nature, this insuring a 
community of interest among all the members. 
Each member has also to form part of a commercial 
syndicate approved by the insurance company 
which he wishes to join, the syndicate on its side 
having to be connected to the Union des Indus- 
tries Métallurgiques et Miniéres, formed in France 
witha view to bring together the works’ owners 
whose line of activity lies in metallurgy and mining. 
Each primary company is constituted for a period 
of thirty years ; this period can be extended, and 
each member enters upon an engagement to form 
part of the insurance company during the whole 
life of the latter ; but each member—and the in- 
surance company has the same facility—can sever 
his connection at the expiration of every period of 
five years by giving six months’ notice. The con- 
tract between each member and the company ceases 
aS any time should the former close his works 
finally. If a works is sold, or the proprietary is 
modified, the insurance company may close the 
contract with the owner of that particular works, 
seeing that the insurance is a private agreement. 

The object of the insurance company is_ to 
guarantee all members against part of the pecuniary 
losses resulting from partial or total cessation of 
work in their establishments following a dispute 
between the management and the personnel, also 
against the proceedings instituted against them 
by the personnel on the occasion of such a dispute. 
The indemnity the insured member receives 
constitutes practically a compensation for the 
general charges which he continues to bear, not- 
withstanding a partial or a total stoppage of his 
works. He has to make known the difticulty in 
which he is by reason of a strike at the earliest 
possible moment,’ and at the latest six days after 
cessation of work, his declaration being made direct 
to the Central Committee, which decides whether 
the dispute does or does not give right to an in- 
demnity. The Central Committee was formed out- 
side of every mutual insurance company, with a 
view to complete impartiality. The committee in 
question is an. offshoot of the ‘‘ Union des In- 
dustries Métallurgiques et Miniéres,” but is a com- 
pletely independent institution. It consists of 
six members, appointed for three years by the 
“Union,” a third of the members being renewable 
every year; its opinions and decisions are valid 
only when given, or arrived at, by four members 
at least. All decisions which would have for their 
effect to exclude from the receipt of an indemnity 
—for example, when it is considered that a strike 
has occurred through the member’s fault—have to 
be arrived at by a majority of two-thirds of the 
members present. 

The duties of this Committee are most important. 
In order that the benefits resulting from the 
insurance be fully allowed, it is necessary that a 
conflict should have been ‘‘ suffered, followed up, 





and concluded in accord with the Committee.” A 
works’ owner does not lose his liberty of action by 
the fact that he is insured ; but if he should take 
decisions, or follow measures which the committee 
disapproves of, he loses his right to an indemnity. 
It is, in fact, a declaration on the part of the Com- 
mittee that there is full agreement between it and 
the insured member, which compels the fund of 
the insurance company to pay an indemnity in the 
conditions and proportion contracted for. No diffi- 
culty is experienced in the matter. The Committee is 
regularly informed by the owner as to the conditions 
in which a strike has occurred, on its causes, and 
the possibility of a settlement ; the Committee gives 
the owner judiciary advice, while endeavouring at 
the same time to protect the general interests of 
industry, and bearing in mind legitimate claims on 
the part of the men and legitimate resistance on the 
part of the employer. The Committee can hand 
over to the employer the certificate enabling the 
latter to receive the indemnity, even should he not 
have complied with all the advice tendered by the 
committee, if the latter considers that while de- 
clining this advice the employer has had regard for 
equity, and for the general welfare of industry. 
Something, therefore, as will be seen, is left to 
appreciation, as is the case in a judgment rendered 
by a Court of Justice. 

The extent to which an employer is covered by 
the insurance company corresponds to the general 
charges on the employer’s works ; the total of such 
charges cannot be enlarged for insurance purposes. 
An evaluation is made at the time of signing the 
policy of insurance. It is not allowed to limit the 
amount covered by insurance to less than 50 per 
cent. of the general charges. The basis on which 
an insurance is taken out can be revised every year. 
The evaluation of the losses caused by a strike is 
arrived at by an expert agent appointed by the in- 
surance company, who acts in conjunction with the 
insured member or the latter’s expert agent ; should 
the two not agree, they select an umpire. 

General charges include the following items :—The 
sum paid for rent of buildings covering shops and 
offices, or, if the insured member is the owner of 
these, an equivalent of their rent, on the basis of 
3 per cent. of their estimated value ; the fixed salaries 
of all persons forming part of the management, the 
technical, commercial, and accounting departments, 
and of all persons paid monthly, and who become 
idle by reason of the strike. The annual contracts 
made for motive power, heating, lighting, water 
supply, telephone charges, publicity, &c., are also 
taken into account, besides the various insurances 
against fire and accidents, the rates and taxes, 
and the like. Annuities on patents in force are 
reckoned in also, and such other expenses, stated by 
the insured member and accepted by the mutual 
insurance company, on condition that all such ex- 
penses continue to be borne by the member, not- 
withstanding the standstill due to the strike. There 
are never taken into account for the purpose such 
sums as interest on capital locked up in the works, 
on debentures, nor the proportion for the sinking 
fund of the plant, and cost of publicity on non- 
annual contracts. The insurance company may 
undertake all rights and appeals, this enabling it to 
institute proceedings, if need be, against all persons 
who have unjustly caused the damage for which it 
bas paid an indemnity. 

The principle upon which the insurance is based 
is mutuality, but responsibility is clearly limited. 
Every insured member, even in the worst circum- 
stances, can only be called upon to the extent of 
3 per cent. on the amount insured by him indivi- 
dually. It was deemed unnecessary to demand at 
once the total of the premium, each member being 
only asked to pay a sufficient amount to cover the 
indemnities likely to be required in the course 
of a year, and the premium paid is in every case 
limited normally to the payment of 14 per cent. 
on the amount insured. is forms the provident 
fund, and the rate of 14 per cent. is that which has 
been paid since the formation of the insurance 
companies. No call has been made to form what 
has been styled ‘‘the guarantee fund.” 

The secondary, or federative fund, whose title is 
‘* Caisse Centrale Métallurgique,” acts as a mutual 
insurance fund towards the separate insurance 
companies. Its organisation is the same as that of 
the latter, with the difference that its members 
are those companies, and not individuals. It 
guarantees the primary insurance companies against 
any insufficiency in their resources should these be 
absorbed entirely by strikes in the course of the 


year ; that is to say, the sums paid in to the extent 
of the maximum premium of 3 per cent. _ 

The operations and risks of the Caisse Centrale 
Métallurgique extend over a wide area, and are 
numerous, seeing that it re-insures insurances which 
cover a large number of different industries. Its 
relations with the primary insurance companies are 
practically the same as those between the latter and 
their members. It is administered by a council 
elected from the administrators of those primary 
companies who have insured a minimum of 20,0001. 
Should the resources available with the Caisse 
Centrale become insufficient to indemnify com- 
pletely all the primary companies insured, a pro- 
portional distribution would take place of the sums 
available. 

The combination works with complete success, 
In April, 1907, the general charges insured by the 
various mutual insurance companies, and re-insured 
therefore by the Caisse Centrale, did not reach a 
total of 3 million francs (120,000/.). At that date 
the organisation was new, and many people did not 
believe it would be attended with good results, 
or were of opinion that the premiums would have 
to be very high to cover all the risks. In the 
middle of 1907 the general charges insured rose to 
154 million francs (620,000/.); at the present time 
the sum insured exceeds 21 million francs(840,000/. ). 
The premium paid for insurance has never exceeded 
1} per cent. 








RE-AFFORESTATION. 

Protests against the thriftless recklessness with 
which the timber resources of the temperate zones 
of the earth are being depleted are far from novel, 
yet frequent reiteration, backed by a rise of 30 to 
50 a cent. in prices during a decade, has failed 
so far to year Po remedial legislation in any of the 
areas controlled by the English-speaking ples. 
Possibly the fact that the inherent desirability of 
anticipating the threatened timber famine is obvious 
to all political parties may account for the indiffer- 
ence exhibited on this head, as the average politician 
is unable to work up much enthusiasm for measures 
which, however beneficent, arouse little opposition. 
Of course, an immense amount has been eff 
in forest conservation by the relatively autocratic 
Governments of India and Burma, but these coun- 
tries supply mainly hard woods, which are less 
generally useful than the timber from the coniferous 
| trees of the temperate climes. The United States 
| Department of Agriculture, in an official report 
issued in 1907, states that ibly in nine years 
from that date the United States will be unable 
to supply its own requirements, and on the most 
favourable estimate this eventuality cannot be 
postponed for more than thirty-three years. As 
matters stand, nearly as much timber is imported 
into the States as is exported from it. Canada, 
for the present, has still large reserves, but these 
are being encroached on much faster than they are 
being restored by replanting. In Sweden, also, 
the volume of timber cut largely exceeds the growth. 

The United Kingdom is a particularly grievous 
sinner in this regard. Our imports of timber were 
valued at over 32 millions sterling in 1907, of which 
nearly nine-tenths represented the value of qualities 
which grow well in our climate. Nine million 
acres laid out in forest would, it is claimed, 
supply permanently the coniferous timber now 
imported.” In the Report on Afforestation just 
issued by the Royal Commission on Coast Erosion, 
it is stated that an area fully equal to the figure 
named is available within the United Kingdom. In 
Scotland alone there are 6,000,000 acres of suitable 
land now bringing in a rent per acre of 1s. a year 
or under. The Commission accordingly recommend 
|that an immediate start should be made in the 
| work of re-afforesting these rough mountain lands, 
|sand dunes, and other barren areas, and, in view of 

the uliar character of the work, advise that it 
Should be carried out by the State, and not by 
private enterprise. Forests take eighty-one years 
|to mature fully. This is a long period in the life 
|of the individual, but a short one in that of the 
State, and hence g continuity of control, practically 
impossible when the undertaking is vested in 
private hands, can be insured. - Further, privately- 
controlled forests have not proved a success here in 
other respects. Private owners allow their com- 
mercial instincts to be overruled too largely by 
considerations of esthetics and sport. Nowhere in 
the world is there a greater profusion of picturesque 
trees than here, but a picturesque tree makes but 
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poor timber. It is at length well recognised here, as 
well as abroad, that in general close planting is 
necessary if trees are to be grown for timber, but 
close planting prevents that spreading of the 
branches which adds so much to the tree con- 
sidered as an object of beauty. Further, the 
undergrowth, so essential for the preservation of 
foxes and game, is very bad for the trees, and 
most private owners will sacrifice the latter to 
the former. In view of the great length of time 
which must elapse before any profit can be 
obtained from a newly-planted forest, this attitude 
of the private owner is not surprising. Assuming 
that 150,000 acres were afforested annually, the 
Commission report that there would be a deficit 
of receipts over expenditure for the first forty 
years, increasing from 90,0001. in the first year 
up to 3,131,250/. in the fortieth. Felling would 
then commence, and yield a small surplus income 
in the forty-first year, but there would be heavy 
deficits in the following years, alternating with 
small surpluses up to the sixtieth year, after which 
the undertaking would be permanently self-sup- 
porting, and subsequently to the eighty-first anni- 
versary of the first planting would yield a steady 
annual income averaging about 17}/. per acre per 
annum. Allowing for interest charges, this return 
would be equivalent to the 3l. 16s. 6d. on the total 
excess of accumulated expenditure over receipts. 
This estimate is based on the assumption that 
suitable land can be acquired for 61. 10s. per acre. 
This is no doubt much in excess of the present 
value of the area proposed for acquisition, but 
when a railway company or public body desires 
to secure land it has generally to pay rates very 
much in excess of the fair market hs 4 The late 
Sir Edward Watkin once instanced a case in which 
land which could have been acquired by a private 
individual for 3001. cost his company 3000/., 
and though the discrepancy here shown is un- 
usually large, it may be taken as certain that 
the State will have to pay for any land it 
acquires a considerable excess over the real market 
value, even though the principles embodied in the 
Small Holdings Act of 1907 be adopted in making 
the valuation. In some of the colonies this diffi- 
culty is largely obviated by the fact that rates are 


levied on the capital value of a ges oop J as fixed 


by the owner, who cannot have one value for sale to 
public or private parties and another for rateable 
purposes, 

In the case of land taken over for afforestation 
this matter of initial cost is of extreme importance, 
since the capitalised value of an original outlay of 
11. is 101. 12s. at the end of eighty years. This 
consideration also points to the necessity of keeping 
down the initial hvu cost. 

The Commission report that the work of afforesta- 
tion can well be exeouted by men selected from 
the ranks of the unemployed, and recommend that 
any additional outlay necessitated by this course 
should be charged to a separate fund, in place of 
remaining a permanent burden on the enterprise. 
One great advantage forestry offers as an outlet for 
such labour is that the work of planting can only 
be executed during the winter months, just at the 
very time that other work is scarce. Evidence was 
also given that it would not materially injure the 
profitable character of the enterprise if the amount 
of work done in different years was varied some- 
what to meet the changing conditions of the labour 
market. Provided the proper proportion of the 
total is done in each successive lustrum, it imports 
little that the amount should be the same in every 
individual‘ year. It will be seen, therefore, that 
from this point of view forestry offers great advan- 
tages over practically all other methods of coping 
with recurrent years of exceptional congestion in 
the labour market. 

As to the efficiency of the labour thus available, 
very different opinions were expressed by the wit- 
nesses examined. Some held that the ‘‘ unem- 
ployed” were quite up to the average standard of 
unskilled labour, but this particular expression of 
opinion was not, perhaps, entirely unbiassed. 
Another who had considerable experience with 
‘** unemployed ” ‘labour said that 50 per cent. were 
satisfactory and could earn a normal wage when 
engaged on piece-work. Sir Bosdin Leech, of Man- 
chester, however, said that the great majority of 
those applying at the labour bureau of that city were 
totally unsuited to the work of forestry; whilst Mr. 
Henzell, who has carried out afforestation work 
for the Leeds Corporation, said that though he 
had had success with selected unemployed labour, 





he intended for the future to procure skilled men. 
Indirectly, at any rate, the forests, once started, 
may tend to diminish the unemployed evil by keep- 
ing labourers and the occupiers of small holdings 
in the country, and thus relieving the congestion in 
the towns. In Germany hardly any ‘‘ permanent ” 
hands are employed for forest labour, the bulk of 
the work being done in the winter by holders 
of 1 to 10 acres, which they cultivate in the summer, 
working in the forests during the winter, where 
skilled hands can earn 4s. to 5s. per day. The total 
number which will ultimately find employment in 
the nine million acres of forest ultimately aimed at 
is estimated at about 90,000, since 100 acres of 
forest will, it is stated, provide employment equiva- 
lent to that of one man for one year. Much of the 
area which would be taken over now employs but 
one man for each 1000 to 2000 acres. 

The Commission lay stress on the fact that 
English woods are not at present devastated by the 
insect pests, which at times cause wholesale de- 
struction on the Continent. It is, however, perhaps 
rather sanguine to hope that this happy immunity 
would continue were our forest areas increased in 
the proportions contemplated ; even now the larch 
disease is pretty prevalent here. Nevertheless, it 
is obvious that some steps must be taken to ensure 
posterity a reasonably good supply of timber, and 
the scheme advocated by the Commission seems to 
offer fair prospects of being commercially success- 
ful. State commercial enterprises are, no doubt, 
generally undesirable, being commonly inefficient 
and expensive, defects which it is often attempted 
to conceal by constituting them legal monopolies, 
free from outside competition, by which their legi- 
timate position as commercial enterprises would be 
revealed. In this instance, however, the ultimate 
benefit to be reaped is too remote to attract private 
capital, and hence the practical necessity for accept- 
ing State ownership and control in spite of its 
inherent defects. 








WORKS ACCIDENT FUNDS. 

AN action has just come before the Dumbarton 
Sheriff's Court which may possibly be somewhat 
perplexing to the average workman, who may 
foolishly imagine that for any alleged breach of the 
settlement of compensation under the Workmen’s 
Compensation Act he has a right of action for 
damages at common law. The action was taken by 
a joiner named Tillery against Messrs. William 
Denny and Brothers, shipbuilders, and the Leven 
Shipyard Accident Fund Society, Dumbarton. 
Damages (500/.) were claimed in respect of the 
defenders’ failure, as alleged, to find the pursuer 
suitable employment following upon an accident he 
sustained, and in accordance with an alleged under- 
taking by them. The workman, in an accident, 
lost three fingers of his left hand, and the Leven 
Shipyard Accident Society, on behalf of Messrs. 
Denny, paid him compensation under their scheme, 
and the settlement was duly certified by the 
Registrar in‘ accordance with Section 2 (9) of 
the Workmen’s Compensation Act. On Novem- 
ber 30, 1906, the workman made his claim 
that he had been partially disabled for life, and 
asking to be dealt with in terms of the rule of the 
society which provides for the payment of a lump 
sum as compensation, the firm agreeing to find the 
injured workman suitable employment in the yard 
ata fair rate of wages, and to continue him in that 
employment as long as his conduct was satisfactory. 
Upon the understanding of this rule, the workman 
accepted a lump sunfof 9H. 13s. 4d. Messrs. 
Denny, in a letter of December 25, 1906, agreed to 
find the pursuer suitable employment, and being 
again fit for work, he went back to the yard and 
worked at the usual rate of wages from November 
12, 1906, till March 21, 1908, when he was dis- 
missed on account of slack trade. In consequence 
of that dismissal the pursuer alleged a breach of 
defenders’ undertaking, without which the settle- 
ment was wholly inadequate, and claimed damages. 
The pursuer looked to Messrs. Denny to find 
him continuous employment, and he also re 
permanent incapacity for his former work, but 
defenders stated that between June and September 
of last year the pursuer was earning his usual 
wages at another yard, and they contended that the 
rule of the Leven Shipyard Accident Society was 
intended only for the benefit of those who were, as 
a result of accident, permanently unable to continue 
at their full rate of wages. The defenders also sub- 





to arbitration, and, if not, they were prepared to 
find employment for pursuer to the extent, in the 
manner, and on the conditions specified in the rule 
of the society. The workman claimed that the 
agreement for suitable employment was an essential 
condition of the settlement, and at common law he 
took this action for damages for breach, which was, 
: course, wrong. The Sheriff gave judgment against 
im. 

The action was wrongly conceived, because there 
was no breach of contract, such as might be sued for 
at common law. The compensation was accepted 
under the Workmen’s Compensation Act, and it was 
the result of a mutual settlement, duly registered, 
which could not be reviewed by the arbitrator, 
and with which no court of law could interfere. In 
the Workmen’s Compensation Act, 1906, Section 2 
(9) it is provided ‘*‘ When the amount of compensa- 
tion under the Act has been ascertained, or any 
weekly payment varied, or any other matter decided 
under this Act, either by a committee or by an arbi- 
trator, or by agreement, a memorandum thereof 
shall be sent, in manner prescribed by the rules of 
court, by the committee or arbitrator, or by any 
party interested, to the registrar of the county court, 
who shall, subject to such rules, on being satis- 
tied as to its genuineness, record such memo- 
randum in‘a special register, without fee, and there- 
upon the memorandum shall for all purposes be en- 
forceable as a county court judgment.” Compensa- 
tion for the workman could not in this case have 
been recoverable at common law, but: probably only 
under the new Workmen’s Compensation Act, 
and as this Act provides for arbitration, no action 
arising out of it lies at common law. The agree- 
ment between the parties, being registered, had the 
force of an arbitrator’s award, and supposing the 
agreed sum of compensation had not been paid to 
the workman, the memorandum would have been 
as effectr=l for the recovery of the money as a 
County Court judgment. As it had been paid, the 
settlement was final, and there was no appeal for 
review to the arbitrator. .The workman in this 
case supposed he had legally bound Messrs. Denny 
to give him suitable employment for life, which is 
absurd. But, it should be remembered, the Work- 
men’s Compensation Act only takes account of cases 
requiring weekly payments for injuries during the 
period of incapacity, so that when a sum is agreed 
as compensation, and it is registered, only the pay- 
ment of that sum is enforceable. Other terms, 
such as the giving of ‘‘suitable employment at fair 
wages,” is not an essential condition of the agree- 
ment. This is vague and indefinite ; and even if it 
were definite, it has no business in an agreement 
for money compensation for injuries. It is mere 
surplusage. Such agreements should be free from 
conditions that are, as in this case, wholly irrelevant 
to a settlement under the Workmen’s Compensation 
Act. 








THE INSTITUTE OF METALS. 

TuE Institute of Metals held its concluding meet- 
ing on Wednesday, January 20, at the Institution 
of Mechanical Engineers, the chair, as_ before, 
being occupied by Sir W. H. White. 


PHOSPHOR- BRONZE. 


The first paper down for discussion was that read 
at the Birmingham meeting by Mr. A. Phillip, the 
Admiralty Chemist, and entitled ‘‘ Notes on Phos- 
phor-Bronze.” Mr. Phillip now added that he con- 
sidered the hardness of this alloy to be due to the 

resence of particles of the compound Cu,P backed 
by amass of softer material, and referred to the 
experiments of Professor Huntingdon and Dr. 
Desch, which had shown that the percentage of the 
compound -present could be detected by metallo- 
graphic methods. 

Professor Huntingdon, who spoke next, said that 
the research in question had been undertaken in the 
hope of finding a simpler method than chemical 
analysis of determining the percentage of phosphorus 
in commercial phosphor copper, and it had been 
found that fully as accurate and reliable determina- 
tions could be made by metallographic methods as 
by the ordinary analytical processes. He under- 
stood that Mr. Phillip had found the same method 
reliable for estimating the percentage of phosphorus 
in phosphor bronze. He was somewhat surprised 
to see the statement in the paper that phosphorus 
in excess of that needed to deoxidise the copper 
conferred on the alloy additional ductility. he 


mitted that the matter in dispute fell to be submitted | great advantage of phosphorus as a deoxidant was 
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that it formed an oxide fluid at low temperatures, 
which was not the case with aluminium and silicon 
used for the same purpose. 

Mr. A. E. roa a, who followed, said his ex- 
perience with phosphor bronze had been disappoint- 
ing. Used for main bearings in an Atlantic liner, he 
had found the alloy to heat, wear badly, and cut the 
journals, which ran all right when white metal was 
finally substituted for the bronze. He had had also 
difficulty in obtaining in finished castings the per- 
centage of phosphorus demanded by the Admiralty, 
in spite of a large excess in the phosphor copper 
added to the melt. Some of the results tabulated 
in Mr. Phillip’s paper were remarkable, and in 
excess of what he had thought possible with phos- 
phor bronzes. Many of the castings, however, 
showed only a trace of phosphorus, and there might 
therefore be other causes for the exceptional strength 
than the addition of phosphorus. 

Mr. Gaywood, of the Phosphor Bronze Company, 
next gave some particulars as to the origin of the 
alloy, and declared that the failures met with in 
the practical use of it came commonly from the 
selection of a wrong alloy for the particular purpose 
in view. The alloy should be made solely of pure 
copper, pure tin, and pure phosphorus, save when 
it was intended for use as bearing metal, in which 
case an aGdition of lead was advantageous. Further, 
phosphor-bronze bearing metals were supplied in 
thirteen different grades, each having its special 
field of application, and this circumstance was often 
ignored. 

Mr. A. Billington, called upon by the Chairman, 
said that phosphor bronze was often condemned 
through being used in a wrong way. In casting, a 
certain critical temperature should not be exceeded. 
In pouring, ‘the gate should be kept full of the 
metal, a suitable casting-head for a 1-in. gate being 
about 5 in. in diameter by 3 in. or 4 in. deep. If 
poured too hot, the alloy would have a crystalline 
structure ; whilst if cast cool, it would show a 
granular fracture. When tensile strength was 
needed the alloy should contain no lead, but the 
addition of the latter improved bearing metals. 

Dr. Law, referring to the suggested possibility 
of determining the percentage of phosphorus in 
bronzes by metallographic methods, said that this 
was impracticable, though the method gave good 
results when applied to phosphor copper, but the 
addition of the tin complicated matters. Pure 
copper would dissolve 8 per cent: of tin, but on the 
addition of phosphorus this tin would be thrown 
out of solution, as well as Cu,P. 

Mr. Bedson, as a user of phosphor bronze, em- 
phasised the importance of care in manufacture, 
which would often double the life of the metal. 

Sir W. H. White, in closing the discussion, said 
that in the early days the Admiralty had to do 
their own experimenting, owing to the prevailing 
ignorance as to the treatment and properties of the 
alloy. 

Mr. Phillips, in reply, said that he had only made 
one test of the metallographic method of esti- 
mating the phosphorus present in phosphor bronze, 
and this had agreed well with analysis. In reply to 
Professor Huntingdon, he said that since the 
Admiralty had insisted on greater percentages of 
phosphorus in their “‘ casting ” alloys they had got 
much better mechanical tests. 


Tue ConstiTuTION oF METALS. 


The, discussion on the paper by Dr. Desch, 
entitled ‘‘ Intermetallic Compounds,” and on Mr. 
Rosenhain’s paper dealing with ‘‘ Metallographic 
Investigations of Alloys,” was next taken. 

Dr. Desch being absent, the President called on 
Mr. Rosenhain, who added to his paper a descrip- 
tion of the additional precautions now taken at the 
National Physical Laboratory to further ensure 


the reliability of their cooling curves. To this end,. 


the crucible was, he said, now inserted inside a 
large steel water jacket, and its contents melted 
there. So soon as the desired temperature was 
attained the burner was removed and all openin 

in the jacket were closed, thus ensuring a prem 
rate of cooling, unaffected by draughts of air. 
Very smiooth curves were thus obtained, which per- 
mitted of full advantage being taken of the great 
sensitiveness of the recording instruments employed. 
Very steady heating curves, he said, were also now 
obtained at the Laboratory, using electric tube 
furnaces in conjunction with a FF uid rheostat. 
The latter had plate electrodes, and the current 
was increased by running in the electrolyte at a 
steady rate. By suitably shaping the plates it was 





possible to make the rate of heating proportional 
to the rate of change of the current. Mr. Currie had 
contended that heating curves were more reliable 
than cooling curves, in which errors might arise 
owing to surfusion. The speaker had, however, 
found that corresponding errors might occur with 
heating curves, and, in fact, it was impossible reason- 
ably to maintain that if a heating curve and a cool- 
ing curve differed, that the latter must be in error. 
rofessor Carpenter, who opened the discussion, 
said that in equi ibrium diagrams, such as ap 
in Dr. Desch’s paper, the horizontal and sloping 
curves were easily and accurately attainable, but 
there was a. difficulty in securing equal’ cer- 
tainty in regard to the vertical lines. He 
thought Dr. Desch had somewhat underrated the 
usefulness of chemical analysis in determining 
these, though the microscope was admittedly more 
generally applicable. As to the practical applica- 
tion of aa diagrams, it should be remembered 
that they referred only to alloys in thermal equi- 
librium, whilst actual alloys, as used in industry, 
were not, but in a meta-stable condition. Im- 
purities, moreover, might have a great influence in 
determining the change from a meta-stable condi- 
tion toa condition of stable thermal equilibrium. 
With respect to Mr. Rosenhain’s paper, he could 
endorse almost the whole of it. e criticism of 
the work done in Professor Tamman’s laboratory 
was very important. The results there obtained 
had been published in a journal not admitting 
discussion, and the methods adopted appeared 
so insensitive that it was not too much to say 
that the great majority of the results obtained 
would have to be confirmed. With respect'to Mr. 
Rosenhain’s statement that he had observed a change 
to lag behind its appropriate temperature in taking 
a heating curve, he asked whether this might not 
have been due to non-uniformity of temperature 
in the mass under observation. Theoretically the 
heating curve was less liable to such errors than 
the cooling curve; but in practice it was much 
easier to regulate cooling than heating, and, with 
care, errors due to surfusion could avoided. 
Mr. Currie rejected cooling curves ; and it was of 
interest, therefore, to compare the results obtained 
by that writer and those obtained by the speaker 
and Mr. Edwards with cooling curves for alloys 
of aluminium and copper having the compositions 
stated below :-— 


. Carpenter 
Currie and Edwards 
(Heating (Cooling 
Curve). Curve). 
Al 60 eae ag = 565 562 
Cu 40 § Solidus... wd as 543 541 
Al 70 }eiauidue woe wal 552 559 
Cu 30 j Solidus... — all O44 542 
Al 80 } agian nee i 590 600 
Cu 20 j Solidus... - 542 542 


It would be admitted that the agreement was most 
satisfactory, and where the difference was greatest 
it was in the wrong direction for the cooling curve 
to be in error through surfusion. It was, in fact, 
impossible to say if the curves were different that 
one was wrong, as was well shown by the high 
nickel steels, of which the inversion points on the 
cooling and heating curves were separated by hun- 
dreds of degrees. 

The next speaker, Dr. Law, expressed the 
opinion that it was unfitting that criticism of 

‘amman’s results should be advanced at so young 
an institution and by so young a man. 

The next speaker, Mr. Hudson, said he thought 
the remarks of Dr. Law were scarcely justified, 
and he was very pleased indeed to see the criticism 
of Professor Tamman’s results, which undoubtedly 
require revision, though all recognised the value of 
much of his work. 

Professor Huntingdon, who followed, said objec- 
tion -was sometimes taken to researches in which 
pure reagents were used, because in practice im- 
purities always existed. This was sheer nonsense, 
as it was necessary to determine first the behaviour 
of uncontaminated metals and to consider after- 
wards the modifications due to the presence of 
impurities. Unquestionably Professor Tamman’s 
work was very valuable and useful, but he fully 

as to the unreliability of the procedure 
followed, and of the instruments used. Still the 
crude results published- were useful as indicating 
the Y mersy: character of the curves, though they 
could not be accepted as final. He fully agreed 
with Professor Carpenter as to the necessity of de 
termining both heating and cooling curves. 





In closing the discussion Sir William ‘White sug-- 


gested that Mr. Rosephain should ignore Dr. Law’s 
remarks, which seemed based on a false idea as to 
the ‘object of the Institution, as “4 to a 7 
degree existed for the very purpose of discussing an 
criticising scientific work. They would be very glad 
to have a reasoned defence of Professor Tamman’s 
methods in reply to Mr. Rosenhain’s reasoned 
attack on them, which was quite in order. 

In reply, Mr. Rosenhain said he did not think 
his observation of a ‘‘ lag” on a heating curve was 
due to unequal distribution of temperature in the 
mass under observation, as in the conditions of the 
experiment the temperature gradient must have 
been extremely flat. 





NOTES. 
SwepisH Iron. 

Tue figures laid before the last meeting of the 
Union of Swedish Ironmasters, and the report read 
on that occasion, were not of a very encouraging 
nature. The extremely difficult conditions under 
which the Swedish iron indus worked during 
1908 were even further incr during the last 
few months of the past year ; in this all the reports 
from the iron works seem to agree. Only in a few 
isolated cases have works been able to maintain 
their normal production, and a reduction in the 
number of hands employed has been necessary in 
numerous cases. At the time of the meeting only 
86 blast-furnaces were being worked, the smallest 
number on record for many years, and in other 
branches, too, a number of works have been tem- 
porarily discontinued, or are only being worked on 
certain days of the week. The export figures, 
too, show a material reduction, the aggregate 
decrease under the iron industry during the 
first ten months of 1908 amounting to 68,100 
tons, as compared with the previous year. The 
further deterioration in the markets recently ex- 
perienced has more especially been felt by the 
ingot works, and is principally caused by reduced 
orders from the home consumers. The Lancashire 
works, which for a considerable period have suffered 
from decreasing orders and low quotations, had 
already at an earlier stage been compelled to reduce 
their output comparatively more than the ingot 
works, and in all probability the year 1909 will 
witness a continued important reduction in the 
production of Lancashire iron, as the price for char- 
coal is out of all proportion to the price for iron. 
The official quotations were reduced 2s. 6d. per ton 
all round. The aggregate exports of different 
kinds of Swedish iron, wire, nails, &c., during the 
first ten months of 1908 amounted to 260,000 tons, 
against 328,100 tons for the same period last year, 
the reduction falling mainly upon iron (29,800 
tons), and pig iron (13,600 tons). The production 
during the first ten months was as under :— 


Tons. 
Pigiron ... A ~ s ” 427,200 
Blooms... - Eo be ps 113,900 
Bessemer ingots ... au - nf 59,700 
Martin es; Di 263, 200 


The production of Martin ingots shows an increase 
of 19,100 tons, as compared with the corresponding 
period of the previous year. 


THe Home Orrice ReeuLations ror ELectrRicity. 


Just about seventeen months ago the Home 
Secretary issued draft regulations for the genera- 
tion and use of electricity in premises coming under 
the Factory and Workshop Act, 1901. The Board 
of Trade, of course, enforces regulations also, but 
these are more particularly concerned with the 
safety of the public, whereas the Home Office regu- 
lations were specially directed to securing the safety 
of employés. In accordance with the terms of the 
Factory Acts, the Home Office regulations were 
issued in provisional form, with the intimation that 
the Department would be prepared to consider 
objections that. manufacturers and others might 
make to them; and would, if necessary, hold an 
inquiry into the matter. The objectors proved to 
be exceedingly numerous, tadeiae seventeen 
institutions, thirteen chambers of commerce, forty- 
one local authorities, together with the t elec- 
tric power and supply companies, railway com- 
panies, manufacturers, and others, making nearly 
two hundred in all. With such a volume of 
opinion against the regulations, it is snot sur- 

rising that an inquiry was felt to be necessary. 

e Home Secretary thereupon ordered one, appoint- 
ing Mr. James Swinburne, F.R.S., as President. 
The evidence was taken last March, and occupied 
ten days. While the inquiry was in progress a 
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joint committee, consisting of representatives of 
the Home Office and the objectors, was formed, and 
this committee “did excellent work in drafting 
regulations calculated to secure adequate safety 
without undue restriction. The draft of this com- 
mittee was naturally binding on no one, but formed 
a much more profitable basis of discussion than the 
original Home Oftice draft. In his report to the 
Home Office, which has now been published, Mr. 
Swinburne gives the original draft, the committee’s 
draft, and his own recommendations in three 
parallel columns, The arguments for and against 
the principal contentious clauses are also clearly 
summarised by him. The objectors to the first 
draft cannot complain that they have not had a 
fair hearing, and may congratulate themselves on 
having very largely obtained the substance of 
their requirements. In the first place, even though 
the joint committee did not differ from the Home 
Office officials as to the pressure at which the regu- 
lations should come in force, Mr. Swinburne 
recommends that it should be raised from 130 volts 
to 250 volts direct current, and from 65 volts to 
125 volts alternating. This is a very substantial 
improvement, as it removes harassing restrictions 
from three-wire circuits with the neutral earthed 
and up to 500 volts across the outers, and also 
frees low-pressure alternating-current lighting cir- 
cuits for metallic lamps from the regulations. One 
of the original draft rules—namely, that ‘‘ every 
switch and circuit-breaker shall be so constructed 
as to be incapable of remaining in partial contact” 
—was absurdly worded, as it forbade the use of 
ordinary isolating switches. The condition now 
only applies to switches ‘‘ intended to be used for 
breaking a circuit,” and thus becomes sensible. 
Another regulation which was strongly resented 
proposed to enforce the provision of a no-voltage 
release on every motor above one-third of a 
horse-power. The idea, of course, was to pre- 
vent the motor automatically re-starting after a 
temporary failure of the current, and thereby 
possibly causing a man to be hurt by the un- 
expected start of his machinery. Continuous- 
current motors always have a no-voltage-release 
switch, which is necessary for their own protection ; 
but alternating-current motors do not need this 
srotection, and no such appliance is ever fitted. 
ndeed, it is doubtful whether a practical one exists. 
Mr. Swinburne points out that the danger of a 
machine re-starting is not confined to electrically- 
driven machines, and where such re-starting is 
dangerous, the ordinary regulations as to dangerous 
machinery meet the case. Hence he very sensibl 

advises the deletion of the proposed rule, which 
could only have caused great expense and produced 
no material advantage. The report contains many 
other important recommendations by Mr. Swin- 
burne, with which we have not space to deal. He 
has re-drafted or modified no less than twenty-five 
of the original thirty-three Home Office regulations 
and removed the inconsistencies and ambiguities 
of which the original draft contained so many. 
As amended, we think very little objection can be 
raised to the regulations, and they might pass into 
law without harm to the industry, which is more 
than could have been said of them as first drafted. 








Tue Royat AGRICULTURAL Society.—It is announced 
that 9675/, 15s, will be offered in prizes at the forthcoming 
show, at Gloucester, of the Royal Agricultural Society. 
Most of this sum will, as usual, be awarded for live-stock 
exhibits, but — amounting to 145/. will be offered for 
satisfactory hop-drying plants and fruit-tree-spraying 
machines. 


Roya InstituTion.—On Tuesday next, February 2, at 
3 o'clock Professor A. A. Macdonell begins a course of 
three lectures at the Royal Institution on ‘‘ The Archi- 
tectural and Sculptural Antiquities of India.” During 
the course the Buddhist, Hindu, and Muham anti- 

uities will be dealt with and illustrated with lantern- 

ides. Mr. William Archer is to give two lectures, 
commencing on February 11, on ‘‘The Revival of the 
Modern Drama,” in which its causes and blems will 
be discussed. On Saturday, February 6, Sir Alexander 
Mackenzie commences a course of three musical lectures, 
the first two of which will be devoted to Mendelssohn, and 
the remaining one to Chamber Music. The lectures will 
be musically illustrated with the kind assistance of the 
Hans Wesseley Quartette. TheFriday Evening Discourse 
on February 5 will be delivered by Professor J. G. 
Frazer, on ‘* The Influence of Superstition on the Growth 
of Institutions,” and on February 12 by Professor H. A. 
Wilson, on ‘The Electrical Properties of Flame.” The 
Discourse on Fel 26 will be delivered by Professor 
H. L. Callendar, on ‘‘ tic Phenomena, ” instead of by 
the Karl of Berkeley, 





THE LATE ENGINEER REAR-ADMIRAL 
JOSEPH A. SMITH. 


ALL naval engineers, and those constructive marine 
poe rang who have association with the Admiralty, 
will join with us in an expression of regret at the 
death of Engineer Rear-Admiral Joseph A. Smith, who, 
after forty years’ service in the Navy, has lived little 
more than two years to enjoy the pleasures of retire- 
ment. In accordance with the age condition, he 
terminated his connection with the Navy on January 2, 
1907, but has never since enjoyed robust health, and 
passed away from cardiac affection, following upon 
anemia, on January 22, at the age of sixty-two years 

He was born on January 2, 1847, at ah rt, 
Hants, and served for a period of five years and five 
months as an Engineer Student at Portsmouth Dock- 
yard. Subsequently he went through a four years’ 
course at the Ravel School of Naval Architecture and 
Marine Engineering at South Kensington. He became 
an assistant engineer in the Navy in 1866, and from 
1869 to 1871 served in the Sparrowhawk and Chanti- 
cleer, on the Pacific Station. Returning home, he was 
promoted to engineer in the same year, and his next 
appointment was in the battleship Devastation, iri the 

editerranean Fleet, from 1873 to 1877. Subsequently 
he served in the Vigilant and Audacious from 1880 to 
1884, and in the Alacrity and Victor Emmanuel from 
1886 to 1890, on the China Station. It was during 
this latter period—in 1887—that he was advanced to 
Staff Engineer. He returned home in 1890, and took 
up service at the Admiralty, being in 1891 appointed 
Fleet Engineer. 

When Sir John Durston decided to introduce the 
water-tube boiler into the Service, Fleet Engineer 
Smith was required to devote much of his time to 
boilers, and from this date onwards he was more or 
less’ identified with the water-tube boiler question. 
He had charge of some of the constructional work. 
In 1898 he became Inspector of Machinery, in 1902 
Chief Inspector of Machinery, and in 1903, under the 
new scheme, Engineer Rear-Admiral. In 1899 he 
went afloat in the Niobe for service with all ships of 
the Channel Squadron fitted with water-tube boilers, 
and continued in this position for several months. 

When Mr. Goschen, the First Lord of the Admiralty, 
decided to appoint a Committee to investigate the 
whole question of water-tube boilers in 1900, it 
was decided that Inspector of Machinery Smith should 
be a member in ie: to render assistance to those 
who were not so intimately associated with naval con- 
ditions, and he was chosen as vice-chairman, Admiral 
Domville being chairman. The result of this Comis- 


sion is now well known, and it will be remembered | pg, 


that the subject of our memoir differed from his col- 
leagues in some of the most important findings in refer- 
ence to the Belleville boiler, believing that with proper 
management this type of boiler would work quite satis- 
factorily. There can be no doubt that the work since 
done by the remaining Belleville boilers in the Fleet 
has justified the stand taken at that time. On the 
disbandment of the Boiler Committee, the Board of 
Admiralty passed a special minute, in which it was 
recorded that ‘‘My Lords are conscious of the im- 

rtant services rendered by Engineer Rear-Admira] 
Smith as Vice-President of the Boiler Committee, and 
he is to be thanked for his services.” 

He was next specially appointed for experimental 
work with oil fuel and north country coals, and in 
this important development in naval work he proved a 
valuable coadjutator with Sir John Durston and En- 

ineer Vice-Admiral Oram ; he continued this work 
or a considerable period. The Board of Admiralty 
again minuted their appreciation of his services, the 
terms of this minute being :—‘‘Their Lordships desire 
to express their recognition of the material improve- 
ments which have been made during the period in 
which arrangements for burning liquid fuel in His 
Majesty’s ships were supervised JF him, and also their 
appreciation of the services rendered by him in con- 
nection therewith.” 


Engineer Rear-Admiral Joseph A. Smith was of a| a 


somewhat retiring disposition, but his unfailing 
courtesy to all with whom he came in contact won 


| him many close friends in the profession, who will 


regret to learn of his death so soon after his retire- 
ment from the service. 








Avtomatic LvusricatoR FOR Wire Ropes. — The 
Harpener-Bergbau A.-G. has started an automatic lubri- 
cator for their colliery haulage ropes, applying devices 
constructed by the Armaturen- und Messhinenfabrik 
Westfalia, and using engine oil. The lubricator is a two- 
part ring-sha: device, running with its frame on two 
rails crossing the shaft and so arranged that the rope 
passes through the parts, which can adjust themsel veswhen 
the rope oscillates. The oil comes through a hose from a 
tank and is discharged under a pressure of 4 or 5 atmo- 
spheres, through fine nozzles, inclined at 45 deg. to the 
rope. Above and below the lubricator are split doubly- 
conical rings which are to turn broken wire ends inward. 
The greasing, which formerly required three men, is now 
done occasionally at the end of a shift; the rope is then 
moved at the rate of about 20 ft. per seeond: 


NOTES FROM THE UNITED STATES. 
PHILADELPHIA, January 20. 


Waiter the volume of business in iron and steel 
| during the past week has been light, the developments 
| have been encouraging. The President of the Penn- 
oven Railroad Company announced on Monday that 
| that company was in the market for 5000 steel freight- 
|cars to replace worn-out cars, The requirements of 
| the leading railway systems have been ascertained as 
| tosteel rails, and it is known that about 3,000,000 tons 
will be ordered during this quarter. The corresponding 
requirements for track material will be placed ah the 
same time. The Pressed-Steel Car Company, near Pitts- 
burg, is now running full time, as is also the Hammond 
Works, at Hammond, Indiana. The other large car- 
building plants are working nearly full time. A 
number of large orders for steel cars have been placed 
without attracting attention in the rs. Anew 
steel wheel has been introduced which will in time 
supplant all other wheels, known as the Slick forged 
wheel. The Carnegie Steel Company having purchased 
the Schoen ssinsel aiedl plant and the Schoen wheel 
at a cost of 2,000,000 dols., is now enlarging its plant, 
and will make the new wheel. The great steel plant at 
Gary, Indiana, has turned out a sample lot of steel rails 
of open-hearth variety, made from billets bought from 
the Illinois Steel Company’s plant. The Gary plant 
will be ready for full operation in March. Another 
Carnegie furnace is to be built at Newcastle, Pa. 
Many furnaces are being repaired and relined. A 
large steel plant is to be built at Pittsburg, consisting 
of an 80-ton open-hearth furnace, one three-high 28-in. 
bar-mill, with soaking-pits, three sheet-mills complete, 
and two stands of cold rolls. The company will manu- 
facture a superior brand of sheet-steel and steel bars. 
Wire products are at present on short supply. Stocks 
have Coen pretty bed yw tor} In other lines there 
is no marked activity, but stocks of most kinds in 
consumers’ hands are low. The general policy is to 
defer ordering until business appears which necessitates 
ordering. he Navy Department announce their 
adoption of a 12-in. gun, 50 calibres in length, for the 
use of the main battery in the proposed 26,000-ton 
battleships, which is 5 calibres longer than the main 
battery guns on the many modern vessels now under 
construction. 





Raitway BRIDGE OVER THE VISTULA.—A new railway 
line is now being built across the River Vistula, near the 
town of Marienwerder. The total length of the bridge is 
1060 metres (3480 ft.) ; the five middle spans measure 130 
metres (326 ft.) each ; the two and three arches on the two 
nks have spans of 78 metres (256 ft.). The pier foun- 
dations are caissons which go down to depths of 15 metres 
(49 ft.). The iron structure will weigh some 
12,000 tons ; the large span girders will be parabolic, and 
the clear width between the girders 11.3 metres (37 ft.). 
The work is carried out under the supervision of the 
Prussian Railway Department, by the firms of Ph. Holg- 
mann and Co. (piers), Harkort, Gutehoffnungshiitte, 
and Kémgts and Laurahiitte. The cost estimate amounts 
to nearly half a million pounds. 


PrrsonaLt.—Mr. A. E. Croager, of Messrs. Croager 
Brothers, of Homerton, N.E., has recently retired from 
that firm, and is opening an office at Norfolk House, 
Laurence Pountney-hill, E.C.—We are informed that 
Messrs. H. Newton Knights and Co., 19, St. Dunstan’s- 
hill, Great Tower-street, E.C., have been appointed sole 

mts for the London district and South of England for 
the Northamptonshire Direct Casting Company, Limited, 
and for Messrs. Thomas Butlin and Co., Limited, 
Wellingborough.—Mr W. Kaye Parry, M.A., Dublin 
University, M. Inst. C.E., F.R.S.I., has been appointed 
External Examiner in Sanitary Engineering in the 
Faculty of Technol in the Victoria University of 
Sendiesen--ianie Wastes Leach, and Co., Limited, 
inform us that they have appointed Mr. W. M. Davidson 
as their branch manager for Scotland at their Glasgow 
office, 50, Wellington-street.— The Hoffman Manufac- 
turing Company, Limited, Chelmsford, Essex,’ have 
opened an office at Central House, New-street, Birming- 
m, with Mr. A. J. Butlin as district manager.— Messrs. 
Rose, Down, and Thompson, Old Foundry, Hull, are 
about to establish a branch office at Shanghai, China, Mr. 
A. E. C. Hindson going out from Hull to make the neces- 
sary arrangements.— Negotiations have been concluded for 
the amal, tion of Messrs. Grimshaw and Baxter and 
Messrs. J. J. Elliott and Sons, Limited, and a private 
limited liability company has been formed to carry on 
the business a these firms under the — of Messrs. 
Grimshaw, Baxter, and J. J. "Elliott, Limited, with 
offices at 29-37, Goswell-road, E.C., and factory, &c., at 
121 and 123, ppocchany quate, E.C.—The exclusive British 
rights of Messrs. Voisin Fréres’ aeroplanes have been 
acquired by the Simms Manufacturing | 
Welbeck Works, Kimberley-road, Kilburn, .—The 
firm of Messrs. Wallach Brothers, Royal London House, 
Finsbury-square, E.C., has been formed into a private 
limited liability company, with Mr. Julius Wallach and 
Mr. L. C. W: h as directors.—Mr. P. Northey has 
joined the firm of Rolls-Royce, Limited, 14 and 15, 
Conduit-street, London, W.—Messrs. James R. Kelly 
and Co., 25, Bridge End, Leeds, have been appointed 
sole Yorkshire agents for Messrs. H. W. Ward and Co., 
Limited, Lienel-street, Birmingham: 


‘ompany, Limited, 
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THE ENGINEERING INDUSTRIES. 


WE have received from the Tariff Commission a report 
(vol. iv.) which deals with The Engineering Industries, 
Including Structural, Electrical, Marine and Shipbuilding, 
Mechanical and General Industrial Engineering, with 
Analysisand Summary of Evidence and Statistical Tables.* 
The volume runs to some hundreds of pages; from the 
first forty of these—giving a brief summary of the results 


of the investigations of the Commission—we make the | 


following extracts :— 





(A) GENERAL STATE OF THE INDUSTRY. 


The outnening industry is more complicated than any 
other industry which has formed the subject of inquiry 
by the Commission. It is, in fact, a vast up of indus- 
tries, which continually extends as the 


new motive forces to processes 
methods. For the detailed examination of the movements 
which are taking place in the industry, the evidence of 
witnesses and the replies to forms of inquiry are especially 
important, because of the —— of the classification 
adopted in the official returns. hole classes of engineer- 
ing products which should be dealt with separately are 
grouped together, and the extent or direction of move- 
ments affecting important branches of the engineering 
trade thus escape statistical observation. It is only a few 
yearssince the exports of ships were included at all in the 
Board of Trade returns ; and even now it is not possible 
to compare effectively the statements of witnesses with 
official figures. 

As will be seen from the detailed figures which follow, 
out of £5} millions of engineering imports in 1907, not 
less than £3 millions’ worth remain unclassified, while 
of the £313 millions of exports there are no details of 
£11 millions’ worth. The most important omissions relate 
to the various classes of industrial machinery, such as 
machine-tools, machinery for milling, printing, paper- 
making, wood-working, sugar, leather, brick-making, and 
cement. Hydraulic and heating, lighting, and ventilat- 
ing machinery is also unclassified, and other important 
engineering products are omitted. us the items o' 
one-half of the electrical importations are unenumerated. 
The statistics of 1908 introduce material changes in the 
classification, and these will permit of a more detailed 
examination of that one year’s trade; but in many of the 
new groups there are no earlier figures with which to 
make comparison, and even in their revised form the 
official returns of 1908 show practically the same amount 
of unclassified engineering products. The only effect of 
the revision is to improve the classification of those goods 
which were previously classified. - 

The general tenour of the evidence is that, despite 
labour and other difficulties, the engineering industry on 
the whole has p during recent years, but not so 
rapidly as the demand has increased for engineering pro- 
ducts, or as rapidly as the engineering industries of other 
countries, particularly the Umited States and Germany. 
The increase which has taken place appears from the evi- 
dence to have been stimulated by the growth of the Navy 
and armaments generally; and especially by the wide- 
spread protection of the home industry secured by the 
exclusion of foreign competition in Admiralty and War 
Office contracts; the development of traffic facilities by 
municipalities and other bodies ; the growing popularity of 
electric lighting and the increasing application of elec- 
trical and other power ; the development of new branches, 
such, for cnuain as the motor-car industry ; changes in 
methods in industries in which machinery is applied, such, 
for example, as the milling industry; and the growth of 
over-sea commerce whi hes had the effect of increasing, 
and at the same time making competition more keen in 
the shipbuilding industry. 

The imports of machinery products in 1907 were 2} times 
those of 1897, which was the first year in which machinery 
and mill-work was separated from iron and steel manu- 
factures in the import returns. Table I. gives a sum- 
mary (in thousands of £) of imports from the principal 
countries ; these figures are given in greater detail in 
other tables in the report. 

It will be seen that the increase has been large, and 
practically continuous. Correcting the import figures, as 
Fi ven Law. so as to a A, | yr nl from which 
the goods were consigned ins' of shi , it appears 
that the German importation into the United Kingdom 
is considerably larger, and the importation from Holland 
and Belgium considerably smaller, than is shown in the 





* London: P. 8S. King and Son, Great Smith-street. 
[Price 3s. 1d., post free. 

| The expenditure included in the Admiralty estimates 
upon shipbuilding, repairs, maintenance, &c., during the 
ten years 1899-1900 to 1908-9, has been £150 millions ; 
upon naval armaments, £30 millions ; upon works, build- 
ings, and repairs at home and a , £15 millions ; 
making a total of £195 millions. In addition, £24 
inillions was spent under the Naval Works Acts (1895- 
1105), The total Admiralty expenditure was therefore 
£219 millions, or at the average rate of £21 millions per 
annum, a small portion of which only could have been 
‘pent abroad. The expenditure by various governments 
on shipping services for the carrying of troops and sup- 
plies, and also of mails, is estimated to amount to another 
<2 millions per annum. Some idea of the expenditure of 
local authorities a be gathered from the fact that in 
the last ten years for which the figures are available it 
amounted to £219 millions, exclusive of the capitalisation 
of the Metropolitan Water Board. The larger part of 
the sum was spent in connection with various municipal 
undertakings, such as tramway, gas and electric lighting 
and power, sewage works, &c! 


ntin ifferent trades | 
become revolutionised by thw application of machinery and | 
Eithorto carried on by older | 


| 


foregoing table. In 1907, for example, the importation 
from Germany was 906, . worth, whereas the actual 
German consignments were of the value of 1,355,0002. On 
the other hand, the imports from Holland were 265,000/., 
and from Belgium 193,000/. larger than the consignments. 


TaBLE I.—United Kingdom. Imports of Fees a | (1,156, 0000. ). 


Miill-Work from Principal Countries (in Thousand £), 


Increase, 1897—1907. 























From 1897}1902) 1907 
Amount. | Per Cent. 

United States . 1620)2984, 3117 | 1497 92 
Germany 303 763 906 603 99 
Belgium - 88] 313 378 | 290 330 
Holland ie 2 ..| 85) 252) 383) 248 290 
France ; 119| 223) 190 71 60 
| Canada = “e --| 30) 62) 105 75 250 
Total from all countries 2371 e701 5312 2941 125 











The United States holds 59 per cent. of the ienpert 
trade of the United Kingdom ; eleven years it held 
68 per cent. On the other hand, Germany, Holland, and 
Belgium together accounted for 20 per cent. in 1897, as 
compared with 30 per cent. in 1907. Canada is the only 
British dominion substantially represented .in this trade ; 
> importations from Canada are chiefly agricultural ma- 
chinery. 

here are insuperable difficulties in making any ade- 
quate analysis of the course of the import trade by 
groups. In the first place the classification in use up to the 
end of 1907 was not adopted until 1901; prior to that year 
sewing- machines only were returned separately from 
machinery. _—- no comparative figures can be carri 
further back than seven years. In the second place, as is 
pointed out above, no less than £3 millions still remain 
unclassified, out of a total of £5} millions in 1907 ; in other 
words, only 43 per cent. of the imports are grouped in 


double the export to any other country. The most im- 
portant itemsare textile machinery and ives. The 
other leading markets on the basis of the 1907. figures 
are Russia (2,230,000/.), Germany (2,366,000/,), France 
(2,065,000/.), Argentina (2,458,000/.), Japan (1,828,000/.), 
Australia (1,358,000/.), Italy (1,795,000/.), and Belgium 


TaBLe III.—United Kingdom. Ez, of Machinery and 
Mill-Work to Principal Countries (in Thousdnd £). 





| Increase (First to 











i | Last Period) 
To | 1898-97. 1902, 1908-07.) ; 

| | Amount, | Per Cent. 
Russia .. ..| 1908 | 2502 | 192% | 21 1 
Germany ..| 1661 1846 2016 | 365 22 
Belgium .. ds 720 816 808 88 12 
- ae 622 «1225 | 755 161 
Argentina ..| 46 | 446 | 1787 | 1811 | 816 
Japan ....| +716 | 572 | 1020 304 42 
India =... ~~ s.| 2088 «| «2485 «= 8806 1833 89 
Australasia ..| 719 | 1435 | 1462 733 102 
France ..  ..| 1205 | 1478 | 1614 409 34 


‘} 

One-third of the engineering pape, which were of the 
total value of £317 millions in 1907, remain unclassified in 
the official returns—that is to say, allowing for about 
700,000. worth of electric machinery which is now sepa- 
rately returned, there remain about £8 millions worth of 
annual exports during 1903-7 of which no details are 
available. The exports in all defined groups have in- 
creased, and the increase is specially marked in locomo- 
tives and sewing-machines. In textile machinery, which 
is the ~— > of the groups, the increase is very small, and 
is probably entirely accounted for by inc prices. 


TAs_eE IV.—United Kingdom. Exports of Machinery 

















. Included in ‘‘ other descriptions.” t Increase since 1897, 


2,941,000/., or 124 per cent. 

It will be seen that the most important classified group 
is non-steam icultural machinery, which accounts for 
about one-third of the classified of 2,258,0001. This 
group has increased by 94 per cent. since 1902. em 
machines acccunt for more than one-fifth of this total, 
and textile machinery one-tenth. The former increased 
by 29 per cent., and the latter by 93 per cent., in the last 
five years. : 

The witnesses and firms whose evidence is contained in 
this volume give many illustrations of the effects of these 
large and growing importations of engineering products. 
The varied character of the importations is fully indicated. 
Over 500 items, many of them comprehensive groups in 
themselves, are contained in the list of competing imports. 
Many specific illustrations of dumping are quoted in later 
sections of this summary, and, speaking generally, it may 
be said on the authority of manufacturers that in most 
cases these imports have “yp British manufactures, 
and that practically all of them could have been made 
with equal advantage in this country under more equitable 
administrative and fiscal conditions. 

Seventy-seven engineering firms state that they do not 
suffer from foreign competition in the home market. 
These are chiefly shipbuilders and marine engineers, 
manufacturers of steam hydraulic machines, large steam- 
engines, textile machines, &c. In most cases they explain 
that they do not manufacture the type of machines in 
which foreign competition exists, or that theirs is a local 
trade, or that they are protected by Government prohibi- 
tion of foreign materials or by patents. __ x 

The increase in the total exports of machinery and mill- 
work en | the last thirty years has been ‘and con- 
tinuous, and in 1907 they were four times as large as in 
the five years ending 1875-9. It will be seen that the 
export figures cover a much longer period than those of 
the imports, and the classification has been more detailed, 
though constant alterations and sub-divisions make it 
impossible to compare for the whole period of eae 4 
years the growths in the groups at present differentiated. 

Taking fifteen years only, the growth of exports to prin- 
cipal countries in five-year periods and in groups (in 


thousand £) has been as in Table III. below. 


India has always been the chief export market for 
British machinery and mill-work. One-sixth (5,364,000/. in 
1907) of the total exports mow goes there, or more than 























sufficient detail to permit of a survey of the progress of Increase (First 
the leading branches. i , | to Last Period), 
Analysing the 2,258,000/. worth of imports in 1907, ie 1803-7, 1898- 1903.7) a Ge 
f | which are classified (and including electrical machinery), 1902. 
we get the following table :— | Seis ee, 
TaBLE II.—United Kingdom. Imports of Machinery _| ped 
and Mill-Work wn Principal Groups (in Thousand £). | Steam engines: 
ecompaneta ma Gemma —— Sa Agricultural od pe 70 692 | 1,013 308 44 
| _ Increase (+) or Locomotive... ..| _ 895) 1,782 | 2,600) 1705 191 
ra AS ) since Others > al 1,487| 1,704 | 2,554 1067 72 
a 7 7 | Other sorts : | 
Pe san ime eater Sewing-machines ..| 886} 1,442]/1,936; 1050 | 119 
| Agricultural machinery si) 843 | 1,082 7 33 
ee SPs ee —. crc Mining machinery 686 613 | 819| 138 19 
Steam Engines— Textile machinery _..| 5,867) 5,777 | 6,017; 150 3 
Locomotive .. ..  * 15.5) 66 - 99 - 64 Others (including elec- 
Agricultural .. | *| 66 os! - 68 a = trical machinery) 3,967, 6,045 558, = 4591 116 
— descriptions .. * 479, 82 > -397 - 88 Total machinery (includ ‘apabs thems ae 
Not Xericultural "., © 307; 770 +373 | + 94 | __ing sewing-machines) .. 15,8001 18,846 !24, 580 9271_|_ 6 
Mining machines -- 2 8% ‘x ot’st =~ teen | The following table shows the importations of machi- 
Textile .. ‘ ..) * 119} 230 4111 +93 |nery and engineering products into Canada, Australia, 
Other descriptions (includ- New Zealand, and British India for 1886, 1896, and 1906. 
ing electrical) .- 2080 3338! 3657 | +319 + 10 |The definitions of machinery and engineering products 
Total .. _ 237114761, 6812 +551 + 12t differ in the various countries at the various dates, but as 


far as oa wroery allow a —— definition has been 

maintained—that is to say, the comparison covers, speak- 

ing generally, the engineering commodities dealt with in 

this report :— 

TABLE V.—Jmports of Machinery and Engineering Pro- 
ducts into Canada, Australia, New Zealand, and British 
India (in Thousand £). 




















1886, 1896, | 1906, 
ome a| ¢ 1 a! 
set F 4 é i 
es e&i a BEE ; 
E25) 9 EP 28/4 2225) 3 
p¥l6°! & O™/5°! & IDMI6 - 
om int a AE AE Dd a 
Canada* 448| 70) 805] 875) 250)4029| 4,279 
Australia ©...) 617, 125) 742/1114) 410/1524/1971/1161) 3,132 
New Zealand ..| 211 60} 261) 259 ek 711) 527) 1,238 
British Indiat .. 1544 17|1562)2844 44 (4304) 308) 4,708 
Total ..  ..|2412' Goo|sor? S787 1427/5216 7326 60s 13,352 


* Years ending June 30. 

+ Years ending March 31. The figures do not include elec- 
trical apparatus, &c., or t ee in 1886 and 1896, and sewing- 
machines are not included in 1886. 

It will be seen that twenty years ago 80 per cent. of the 
imports into these British pire markets came from 
the United Kingdom. The percentage is now 55. The 
importations from other countries, practically all foreign 
countries, have, on the other hand, in from 20 to 
45 per cent. The imports from the United Kingdom 
have trebled in twenty years; those from other countries 
have increased tenfold. 


(B) State or tHe Various Brancues. 

(1) Structural Engineering, including Construction Work, 
Bridge-Building, Water Works, Sewage Works, Refuse- 
Destructors, Sanitary Work, dc. 

The official returns supply information as to a part only 
of this branch of the engineering industry—viz., girders, 
beams, a - = of iron poe | steel. Ta i 
reproduced on the following compiled from the 
Board of Trade returns, deals with imports. 

The importation has, it will be seen, increased by an 
ave of 74 per cent. in ten years. It is only when we 
take the corrected returns issued since 1904 that we see 
the true sources of these imports. The returns on the 
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older basis showed no imports from Germany and large 
importations from Holland and Belgium. It is now 
apparent that nearly the whole of the imports attributed 
to Holland and a large part of those attributed to Belgium 
come from Germany, which is now the chief source of 
these imports. 
TaBLe VI.—United Kingdom. 
Beams, Joists, and Pillars (in Thousand £). 


Imports. Consignments. 


| ey 
1893-97 | 1808-02 | 1903-07 |1904 1905, 1906 1907 














Germany... .. | «. | 4. | 880) 325) 658) 848 
Netherlands . . 101 | 108 | 188 | 18 10) 10) 17 
Belgium 344 | 587 | 573 | 422) 397| 377) 191 
France Say PO eT rey ae 7} | Qi] 14 
United States ee a | @ 2 oOo} 638} 64) C4 
Other countries .. 1 7 5 o 2 oO 0 

Total 477 727 778, | 777) 739) 906 575 


| | 


The exports of structural steel were not separately re- 
corded before 1904. The increase in the last four years is 
145 per cent. The chief markets are India and South 
America, 

TABLE VII.—United Kingdom. Exports of Steel Girders, 
Beams, Joists, and Pillars (in Thousand £). 

















— | 1904. | 1905. | 1906. 1907. 

Japan (including Formosa) Ss l4 28, 48 
Brazil - 7 é 9 7 47 56 
Argentine Republic 3 14 64 | 239) 170 
Other foreign countries .. 73 | 117| 182) 186 
Total to foreign countries .. 104 | 202 | 446) 460 

€ ‘ape and Natal 89 42) 838 24 
British India 156 | 241 321 296 
Australia... e i 19 19 38 54 
Other British Possessions 43 49 96 «+170 
Total to British Possessions | 307] 351| 538 | 544 
Total “410 | 553 | 984 | 1004 





2. ELEcTRICAL. 


Great Britain is spoken of as the ‘“‘home of the 
electrical industry,” and in the early ‘eighties this 
country was regarded as being in the forefront of elec- 
trical development. The dynamo, the arc-lamp, the 
electro-magnet, the Swan lamp, and the induction coil 
originated in this country. 24 rd also to manu- 
facturing and commercial energy the lead in many direc- 
tions was British. But despite this lead the British elec- 
trical industry remained practically stagnant for many 
rouse, largely, it is said, in consequence of obstructive 
egislation respecting electric lighting and traction and 
—— undertakings, while foreign manufacturers, bein 
ree from legislative restrictions, profited by Briti 
initiative and, capital, and aided by their tariff systems, 
built up a solid and pre ive business in their own 
countries as well as in the United Kingdom. Some of 
the legislative) impediments have been removed and 
British manufacturers have taken full advantage of their 
po og ge although the industry has had to be driven 
ahead in the teeth of the keenest foreign competition. 
Some experts have expressed doubts whether, in view 
of the strong position of the foreign industries, British 
manufacturers can now ever effectively compete with 
their foreign rivals; but the more general impression is 
that, given more equitable conditions, considerable pro- 
press may be anticipated. The evidence shows that the 

ighest technical skill is at the command of the British 
electrical industry, British firms have en men of 
the most eminent scientific ability, of various nationalities, 
and the administration is spoken of as “‘ at least equal to 
that provided by our foreign competitors.” And yet the 
condition of the British industry is held to be most un- 
satisfactory in some of its essential features. 

No statistics exist to permit of exact comparative state- 
ments as to the progress of the electrical industries o 
various countries. Sir Francis O penheimer, British 
Consul-General for the Frankfort district, reported in 
1907 that the number employed in the German electrical 
industry increased from 72,500 workpeople in 1904 to 
95,000 in 1906. ‘This figure is presumed to relate solely to 
those employed in electrical manufacturing concerns, and 
does not include employés in chemical works, electric 
tramways, electric lighting, and kindred enterprises. 
According to Mr. E. Garcke, the comparative British 
figure for 1907 would be 45,000, It is estimated that 
300,000 persons are employed in all sections of the elec- 
trical industries of the United Kingdom, and that the 
corresponding figure of employ’és'in Germany would be 
“very much larger.” Sir Francis Oppenheimer adds that 
“the confidence of the country” in the future of the 
German electrical industry is also shown in the Stock 
Exchange quotations for the following electrical concerns 
for which the latest quotations are here given :— 


Last Market Quota- 
Name. Divi- tion, December 14, 
dend. 1908, ex Dividend, 
Per Cent. 
Akkumulatoren Fabrik .. ms 12} 199.25 
Allgemeine Electricitats Gesells- 
chaft .. Je ¢e vie 12 219 
Bergmann’s Electricitats Gesells- 
chaft .. = é 18 265.80 
Berliner Electricitits Werke ll 158 
Brown Boveri fe = a 11 172 
Lahmeyer Electricitits Werke . . 7 117 
Siemens-Schuckert-Werke 5 116 
Siemens and Halske ll 204 


Imports of Steel Girders, | 





TABLE VIII.—Unrrep Kinepom. 


DetaiLeD Imports oF ExLxectricaL Goops AND APPARATUS, OTHER THAN 


MACHINERY AND TELEGRAPH AND TELEPHONE WIRE, IN 1906 AND 1907, AccorRDING TO COUNTRIES OF Con- 


SIGNMENT (IN THOUSAND &£). 





Wires AND CABLES, | 



































































































































| ELECTRICAL | 
INSULATED. | 
Telegraph and Telegraph and | | 
Se iy Telephone | Telep U ated. Total. 
| Rubber snee ty | Cables. Apparatus, } 
nee | Insulated.* br aor 
Rubber* 
} — I— —|—— on ~ 
| 1906. | 1907. 1906. | 1907. | 1906. | 1907. | 1906. | 1907. | 1906. | 1907. | 1906. | 1907. 
mae 5) fake yeh hes es Gerres nye % S 129 | 92 1 1 | 130 93 
Germany = ae | 61 | 8 | 62 115 153 ow | & 280 360 540 668 
Holland 1 e aaee Pon ie 1 ake: eae 14 16 15 22 
Belgium 9 ood? ae tS hee 8 148 108 29 28 195 152 
Italy .. 10 8 or Bat* a oe a asi = -- | 10 8 
France as as re 2 hs 51 61 | 16 16 9 | 102 | 165 79 
United States 5 2 25 | 2 Ps «s us ze a ; @& t @ 62 
Other countries 3 2 4 9 7 11 7 pose a2 | 82 53 64 
Total [7 a | 63 |, 7% 188 234 | 368 258 500 | 596 | 1187 | 1248 
i | | 
* Other than telegraph and telephone cables. 
TABLE IX.—Unirep Kinepom. Deramep Exports or ELEcTricAL GoopDs AND APPARATUS OTHER THAN 
MACHINERY AND TELEGRAPH AND TELEPHONE WIRE, IN 1906 AND 1907 (IN THOUSAND &). 
ELEctTRIiC WIRES AND CABLES, 
INSULATED. 
aE a MEM 4 pats: 24 ATE Telegraph and Telegraph and 
Inculati Tel Telep rated. Total. 
Rubber che ee Cables. Apparatus. 
wie Insulated. * other than 
Rubber.* 
al ee Sareea een ead 
1906. | 1907. | 1906. | 1907. | 1906. | 1907. | 1906. | 1907. | 1906. 1907. | 1906. 1907. 
Russia ge aber: of -e. t-m %. 31 4 . 6 3 | 61 9 
Iceland and Greenland ‘ & | 7 on mes J Es a a | 60 
Germany os = - 5 | a 1 28 a . o% oe ee rs 1 | @B 
Portuguese West Africa .. fe aN # " 395 21 Ee se .. | 896- 21 
China .. 5 sy a 2 10 ws 3 = nl 5 4 18 2 | 33 39 
Japan .. o ‘ 42 52 19 9 =a as os =a 46 23 107 S4 
United States a aE es s a 53 407 ip a was 63 412 
Brazil .. 2 sai = wae oe iis be 75 53 13 23 22 | 18 110 94 
Argentina .. Pa ee ee ae 27 8 62 25 38 40 BA 47 194 131 
Other foreign countries .. 6 | 4 23 41 404 231 63 56 sl | 88 587 461 
Total foreign countries..| 82 116 | 9 86 | 1080 | 740 119 123 | 237 | 214 | 1610 | 1279 
TB ae ES og a nu | 3 "7 HS "eS Ee ll 82 
Cape and Natal... fo 1 4 23 35 353 ae ae 88 51 180 459 
British East Indies. . | 61 | 656 37 53 14t 3t ms |. 86 | 108 201 233 
Australasia .. oe | @ 55 24+ 24t 60 67 122 | 2B 80 93 205 249 
a SRA oe ee ss a | 8 24 = rs 11 7 se | 55 
Other British Possessions.., 16 2 | 2 2 | 8&7 82 14 14 31 25 141 | 168 
.. ae | — ae TTS) See 
Total British Possessions| 119 156 103 143 | 200 561 54 47 296 284 77 | «1191 
Total tw. «| 200 | 272 | 196 | 229 | 1280 1301 172 | 170 533 498 | 2381 2470 
| | | 
! Ps e6.. moe ae veg Te ee as 
* Other than telegraph and telephone cables. t Australia. t Straits Settlements and Dependencies. 


The incandescent lamp industry is comparatively new 
and the demand has grown enormously, but the volume 
of British business has not increased in the same ratio as 
the demand. The consumption in the United Kingdom 
is now probably about 20 million lamps per annum, of 
which about 7 millions are imported. e Colonies prob- 
ably use 4 to 5 millions, out of which Great Britain 
supplies, say, 1 million. The consumption is increasing 
enormously, because once a lamp is installed it has to be 
replaced periodically. Notwithstanding this enormously 
increased demand, it is said that few of the undertakings 
that started making incandescent lamps in England in 
1893 have survived, and these only because they endea- 
voured to produce a superior article, and appealed, not 
quite without success, to the patriotism of En lish con- 
sumers. The advent of the metallic-filament lamp is a 
feature of the highest importance to the industry, and 
under equitable fiscal conditions and by aid of the new 
Patents Act it is hoped to retain this trade for the British 
industry. 

The many changes in the form of the official returns 
relating to the imports of electrical goods make any com- 
parative analysis impossible for a number of years. The 
character of the import trade at the present time is shown 
in Table VIII., given above, of imports according to 
countries of consignment. 

The official returns contain no record of the imports of 
electrical machinery before 1903 and of other electrical 
goods before 1900. In 1907 the total imports of electrical 
machinery amounted to 603,000/., of which Germany, 
Holland, and Belgium provided 359,000/., and the United 
States 186,000/. Since 1903 there has been a decline of 
120,000/. in imports from the United States synchronising 
with the establishment of works in this country by United 
States firms. The imports from other countries have 
increased 168,000/. since 1903, chiefly from Germany. 
More detailed figures are given in the report, 

The separate classification of electrical goods, other 
than ‘ania began in 1900. Since that year the 
returns show considerable fluctuations, due entirely to 
the United States trade. The erection of works in this 
country by United States firms has been accompanied b 
a large decline in imports from that country, which fell 
from 833,000/. in 1900, to 62,0007. in 1907. The imports 
from other countries have increased in the same period from 
a total of 433,000/. to 1,186,000/., or 753,000/., of which 
Germany, Holland, and Belgium account for 563,000/. 

Nearly one-half of the import trade, it will be seen, is 
still unclassified, thus defying analysis, as in so many 
other branches of the engineering Sedesiey. It is obvious, 
however, from the evidence that these unenumerated 
items must include lamps, fittings, and carbons. The 


chief enumerated items for 1907 are telegraph and tele- 


phone cables (chiefly from Germany), 234,000/.; other 
electric wires and cables (also chiefly from Germany), 
160,000/.; telephone and telegraph oe (chiefly from 
Belgium, Sweden, and Germany), 0002. 

For the last five years the export of electrical goods of 
all kinds other than machinery has remained stationary at 
about £24 millions. Prior to 1902 the average exports in- 
creased from just undera million in the period 1886-89 to 
3,501,000/. in 1900-1902. Nearly the whole of this increase 
took place in the last period, and is due almost entirely 
to the development de cable enterprise affecting the ex- 

»0rts to Madeira, Azores, the United States, and Canada. 

he total for this group, telegraph wire and apparatus, 
averaged 2,929,000/. in the years 1900-1902, which is far 
in excess of any previous period. The increase, as com- 
pared with the period 1895-99, is 1,923,000/., of which 
467,0007. consists of increased exports to Portugal and 
Possessions ; 299,000/. to the United States ; 286,000/. to 
Australasia ; and 314,000/. to Canada. 

Details of these exports are given in another table in the 
report, in which are included also figures for 1903 onwards, 
but these are not strictly comparable with the figures for 
earlier years, owing to the changes of classification. The 
item telegraph cables does not appear ee in the 
returns until 1903 ; prior to that date it was included with 
tel ph wires, which are excluded since 1903. ; 

The. present position of-the export trade in electrical 
ew and apparatus (other than machinery) is shown in 

‘able IX. above. No account is taken in this table of 
iron and steel tel ph wire, for which no separate return 
is now issued. The reponderating exports are, it will 
be seen, tel ph and telephone installation work. 

Returns of the exports of electrical machinery do not 
exist for the years prior to 1903. Since then there has 
been a steady and large expansion from 437,000/. in 1905 
to 996,000/. in 1907. The principal markets have been 
India (from 106,0002. to 171,000/.), Australasia (from 
73,0007. to 139,0002.), Japan (from 39,000/. to 129,000/.). 
Further details are given in a supplementary table in the 
report. 

(To be continued.) 








Moror-VEHICLE SratisTics.—According to statistics 
compiled by the Automobile Club, the motor vehicles in 
the United Kingdom on September 30, 1908, numbered 
154,391. Of these, 71,381 were for private use and 12,104 
for trade pu There were 55,026 motor-cycles at 
that date con 5880 motor vehicles classified as public 
conveyances, England and Wales possess, of course, the 
bulk of these motor vehicles, being responsible for 137,345 
out of the total of 154,391, while Scotland and Ireland 
only possess 10,907 and 3139 respectively. 
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Tue *‘ Victor” flame arc-lamp, illustrated above, is 
manufactured by the Electric and Ordnance Acces- 
sories Company, Limited, Aston, Birmingham, and its 
chief characteristic is its extreme simplicity. Each 
feed-control is derived from a magnetic circuit, pro- 
duced by means of a series coil wound on an iron 
casting. The magnetic system operates two patented 
clutches which feed the carbons, these latter being 
sages throughout the greater part of their length 
y brass tubing. The advantage of this construction 
is the absence of all the shunt-coils, dash-pots, and 
complicated striking mechanism which are frequently 
the cause of much trouble. 

Perfect lighting results are obtained by means of 
these clutches, illustrated in detail by Fig. 3. Round 
the lower part of each ‘of the inclined tubes a stron, 
magnetic circuit is formed by means of a special shapec 
iron frame, core, and a coil; each series coil is within 
such a frame, and provides the magnetic field for 
operating the clutch which slides up and down inside 
the core. The body of each clutch consists of a solid 
brass casting, which has a cylindrical hole bored 
through it to take one of the carbons, and is slotted at 
the lower end to allow of the pivoting of a soft-iron 
armature with a grip, shown on the left on the carbon 
in Fig. 3. This armature, which is in form something 
like a cheese-scope, envelops the top part of the clutch 
body nearly half way round. At the top end of the 
clutch is a soft-iron core enveloping the brass body 
for half of its circumference, as pen K on the right of 
Fig. 3. As the clutch is supported in the air-gap 
formed between the end of the series-magnet core and 
the magnet frame, a magnetic force is exerted on the 
cluich armature when the current is switched on. 
This pull causes the grip to hold the carbon firmly, 
while at the same time the whole clutch is drawn 
up, seeking to take a balanced position in the air-gap, 
and by this means the are is struck. The whole 
action, it will be seen, is extremely simple, depending 
as it does on a simple, unfailing magnetic action. 

The manner in which these clutches feed the are is 


I 





“VICTOR” 


Fig.2. 








shown in Fig. 2. To start with, the carbons rest on, 
a steatite striking-bar, and immediately the current is 
switched on, the carbons are raised by the clutches, 
and are held there until the arc burns the carbons 
away to such an extent that it can be no longer main- 
tained. As soon as this happens, the clutches release 
the carbons, which drop on to the striking-bar, 
and touching one another, instantly strike the arc 
again ; this “7 takes place approximately every 
40 minutes. The flaming shape of the arc is obtained 
by means of a magnetic blow-out coil not shown in 
the illustrations. This coil produces a flat flame of 
great brilliancy and steadiness. The course of the cur- 
rent is from the positive terminal (Fig. 1) to one series 
coil, and from that by means of a flexible cable to the 
contact-screw on the clutch (Fig. 3). It then poo 
across the arc, through the second series coil, and 
thence through the blow-out coil and the central resist- 
ance (Fig. 2) to the negative terminal. 

The mean hemispherical candle-power of the lamp 
is high and is approximately 2500 candie-power for a 
six-ampere > the reason for this being the ex- 
tremely high voltage employed across the arc, which 
enables a higher candle-power at a lower amperage to be 
efficiently maintained. The candle-feet curves for this 
lamp, illustrated in Fig. 4, indicate the candle-power 
obtained from a lamp placed at varying heights, and 
should be of some value when planning lighting arrange- 
ments for factories, streets, and other large open places. 
The candle-feet shown by the curve as corresponding 
with any particular height of lamp represent the in- 
tensity of the illumination at the foot of the pens, 
or at any equal radius from the are. The ‘ Victor” 
lamps can be burnt three in series on 220 volts, and, 
under such conditions, have an approximate efficiency of 
0.2 watt per candle-power. The carbons used are 234 in. 
long, and have an average life of from 18 to 20 hours. 
We understand that these lamps are being largely 
adopted for dockyard and railway lighting, and many 
have been supplied for use on theatres, Government 
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CONSTRUCTED BY THE ELECTRIC AND ORDNANCE ACCESSORIES COMPANY, LIMITED, ENGINEERS, BIRMINGHAM. 
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INDUSTRIAL NOTES, 


THE officials of the Labour Department of the Board 
of Trade have lost no time in preparing and issuing a 
general report on employment, wages, disputes, and 
prices in 1908. Last year was phenomenal in some 
respects ; indeed, almost abnormal. In addition to 
the general and far-reaching depression in trade, there 
were strikes of an unusual character in the engineer- 
ing, shipbuilding, and cotton trades. These not only 
affected the special industries concerned, but operated 
adversely upon many branches of trade not Sireotly 
implicated in the disputes. The stagnation in the 
great centres of the shipbuilding and engineerin 
groups on the North-East Coast was deplorable, an 
the disputes affected many other great centres. The 
ae decline in employment began in the second 

alf of 1907, and continued throughout 1908 up to 
November and December, when a slight improvement 
was manifest, caused by the cessation of disputes. 
But even with that slight improvement in the last two 
months of 1908, employment was worse at the end of 
the year than in any year since 1892. The fluctua- 
tions in employment did not severely affect some 
industries ; coal-mining continued good throughout 
the greatest part of the year, though it was not up to 
the evel of 1907, in which year the highest point ever 
recorded was reached in official statistics. In the 
iron-stone mines it was good throughout the year. At 
the pig-iron and the iron and steel works it was mode- 
rate, with improvement in the last three months ; 
there were nineteen more furnaces in blast at the end 
of the year than in July. At the tin-plate works em- 
ployment continued good all the year through. The 
total number of mills in operation was 440—only four 
below the average for 1900. the highest ever recorded. 
Those industries above enumerated were the most im- 
portant not severely depressed in the year, and the im- 
provement at the close of the year at iron and steel 
works rather indicates the end of the depression. 

The great groups of industry which felt the depres- 
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sion most acutely were the engineering and shipbuild- 
ing trades, in which the most obstinate disputes arose 
and for a long time continued. In the cotton trades 
there was a considerable decline from the prosperous 
conditions of 1906 and 1907. In the spinning branch 
short time was extensively worked, and in the weaving 
branch there was considerable slackness ; then came 
the card-room hands’ strike, which made things worse. 
In the woollen and worsted trades employment was 
moderate ; the linen trade was much depressed. In the 
lace trade depression was bad; in the jute trade em- 
ployment was fair. The boot and shoe trades fared 
moderately well. In the building trades employment 
was bad throughout the year, and yet there was, and 
is, a vast amount of building going on in most districts. 
The fact is. machinery ond labour-saving appliances 
are being felt in branches of the building trades. 
In masonry, as well as in joinery, machines are dis- 
placing labour at a rapid rate. The mean propor- 
tions of trade-union members out of work was 7.8 per 
cent. of the total. Only once in ten years did the pro- 
portion exceed 5 per cent., and that was in 1904, when 
it reached 6 per cent. In none of the other years did 
the proportion reach 5 per cent. The increase in the 
mean of the ten preceding years was 4 per cent.; a 
large proportion of this was in the engineering and 
shipbuilding groups of trades, where the average was 
12.6 per cent., and for some weeks the proportion in 
the cotton trades was great. Notwithstanding the 
reductions in wages in the great groups of industries, 
the general level at the close of 1908 was higher than 
at the end of any of the years 1893-1906. The net 
result, however, was a reduction of about 61,897/. 
per week—a rather sad let-down in the cases of 
those affected. In some cases, however, the men will 
get the reductions back as prices increase, as in the case 
of the coal-miners, the iron and steel-workers, and 
others whose rates of wages are regulated by asliding 
scale or by some method of the Conciliation Boards. 
The conditions of trade and unemployment with 
which we had to face this new year of 1909 were not 
such as to inspire us with great anticipation. Yet 
we were assured by the President of the Board of 
Trade and by some other great commercial and trad- 
ing authorities that the prospects were brighter than 
they had been during the past year. We welcome 
gladly such assurances, but the last returns by the 
Labour Department of the Board of Trade do not 
quite justify the anticipation. Coal-mining improved 
at the end of the year, but that was seasonal. The 
weather gave it a spurt, but only in certain districts. 
In iron and other mining and quarrying industries 
trade was still good. In the pig-iron industry there 
were three fewer furnaces in blast than in the pre- 
ceding month, and 19 fewer than a year ago. Em. 
ployment at iron and steel works decreased by 726 
men, and by 8252 as compared with a year ago. In 
the northern counties trade improved ; in all other 
districts it declined. The number of tin-plate works 
open increased by two—one more than a year ago ; but 
the number of mills in operation increased by 12 
and 20 respectively. In the shipbuilding trades the 
proportion of unemployed trade-union members was 
24.7; previous month, 25.2; and a year ago, 14.2 per 
cent. At nearly all the chief centres trade was bad. 
In the engineering trades the proportion of unem- 
ployed union members was 14 per cent.; previous 
month, 13 ; a year ago, 6.3 per cent. Only in London 
and on the South Coast was there even a slight im- 
provement, of 0.1 per cent. and 0.4 per cent. respec- 
tively. There was a decline of employment in the 
textile machine-shops in Lancashire. Me appears, how- 
ever, that there was improvement in the pattern- 
makers’ and ironfounders’ branches in some districts, 
which is an encouraging sign. In the miscellaneous iron, 
steel, and other metal trades the proportion of unem- 
ployed union members was 5 per cent. ; previous month, 
4.8; and a year ago, 2.5 per cent. In no branch was 
there any real activity, and singularly enough those 
relating to the building trades were the worse off. 


The United States of America is at once our greatest 
over-sea customer and our most ardent, if not dan- 
gerous, competitor. Therefore all labour movements 
in that vast and enterprising continent are of interest 
to employers and workers alike in this country. The 
recent Presidential Election|was to a large extent 
fought on ** the labour ticket,” directly or indirectly. 
But no sooner is the election over than President 
Roosevelt is attacked on both sides—by the Labour 
leaders and organised workers and by those who 
urged him to flout the labour programme. The hos- 
tility of the American Federation of Labour in the 
Federationist of this month is open, violent, and de- 
termined, and the Denver Convention recently held 
endorsed the attitude of its leaders. In this number 
is reprinted the argument of Judge Parker ‘in 


connection with the Bucks Stove and Range Com.- | 


pany’s contempt proceedings” on behalf of the de- 
fendants. Judge Parker was for many years Chief 
Justice of the Court of Appeals, the highest court 
in the State of New York, in which position he 
upheld the principles now contended for by Mr. 


Gompers and his colleagues, and therefore they ap- 
pointed him chief counsel in their defence. The 
American Federationist relies upon his argument as 
conclusive of the rights of the ahour leaders in the 
attitude they have taken. 


The report of the Boiler-Makers and Iron-Ship- 
builders is not an encouraging document from the 
workers’ point of view. e total number on the 
funds was 13,072; previous month, 15,101—decrease, 
2029. So far the result is favourable, but 13,072 is a 
very large number to be in receipt of benefits in the 
month, There was an Tena decrease of unem- 
ployed of 1851, but there was a decrease on super- 
annuation from 2017 to 1971, and on the sick-list from 
2219 to 2077. The expenditure for the month was 
10,692/. 1s. 10d.; last month, 12, 122/. 0s. 6d.—decrease, 
1429/. 18s. 8d. So far the result is encouraging. The de- 
pletion of funds hasled to a vote forreducing the benefits, 
the result being a majority in favour of the proposal. 
In superannuation those entitled to lls. per week have 
been reduced to 9s. ; those to 10s. to 8s. 6d. ; those to 
9s. to 8s. ; others below that amount by 6d. per week. 
Other benefits are reduced in proportion. This is self- 
sacrifice in reality. It shows a determination to up- 
hold the union at all costs, even if the benefits are 
reduced. The address of the executive council at this 
juncture is important enough to be quoted, as part of 
the review of events in 1908. It says :—‘‘'To what 
extent that suffering and misery (in 1908) could have 
been obviated we cannot say, but we do know that the 
evils arising from the depression of trade have been 
greatly intensified by the disastrous strikes and lock- 
outs that have taken place during the year, leaving in 
their trail broken homes and broken lives which will 
take years to repair, and probably in many cases will 
never totally recover from their awful experiences of 
last year.” It goes on to argue that such methods 
of industrial warfare are ‘‘ insane and inhuman,” and 
that the spirit of tolerance would prevent warfare and 
strife, if only both sides would meet and discuss griev- 
ances with the view of settling difficulties. The whole 
tone of the executive council’s address is in favour of 
industrial peace. The new general secretary has not 
yet been elected ; the voting takes place this month. 


However men may differ in opinion as to the objects, 
the policy, or the means employed by the Labour 
Party, all must admit that the report and balance- 
sheet submitted to the Ninth Annual Conference, now 
being held at Portsmouth, is a document well worthy 
of its higher aim and professed principles. Its facts 
and figures are clearly stated and well arranged. There 
is not only no attempt to slur over differences, but 
each is brought forward in such a way as to indicate 
its nature and meaning. The worst foes of the 
Labour Party are the aggressive Socialists, whose 
membership, all told, consist of 27,465, from two 
societies—one less than in 1900-1, with only an in- 
crease of 4604 members in nine years, while the 
affiliated trade unions increased from 41 to 172, and 
the members from 353,070 to 1,121,256. It is from 
the latter that the money comes to finance the whole 
party. And yet the two Socialist bodies, with only a 
membership of 27,465, are endeavouring to control the 
whole concern. The proceedings and decisions of the 
Portsmouth Conference are awaited with interest by 
all parties and by the public. 


The report on afforestation has opened up a question 
that has long lain dormant in the public mind, so long 
as to be almost forgotten by politicians of to-day. Now 
the time seems to be ripe for legislative action, both as 
regards the erosion of our coasts, and their protection, 
and by tree-planting. Judiciously carried out, such 
works will give employment to vast numbers of unem- 

loyed. Mere loafers will not like such work, but Shef- 
field has shown that some of her unemployed can do, 
and have done, useful agricultural work in Lincoln- 
shire, and have determined to ‘settle on the land.” 
There is plenty of work needed to be done, profitable 
work, if skill and will are present with those demand- 
ing work. 


The first reliable official returns with respect to old- 
age pensions show that the total pensions granted up 
to January 1 was in England 338,948 ; in Wales, 
| 21,956 ; in Scotland, 74,769 ; in Ireland, 170,365. The 

estimated proportions per population pensionable are 
said to be: England and Wales, 38 per cent. ; Scotland, 
49 ; Ireland, 98. But in Ireland emigration during the 
last 60 years has depleted the country of the younger 
men and women, leaving the old to till the land. Many 
claims were before the Pension Gommittees which they 
could not deal with by the last day in December, so 
that considerable additions will have to be made to the 
figures by the end of the present month. It will 
take some little time to mark the full effect of this 
| financial operation. It is to be hoped that the poor 
| rates will be dealt with, so that local rating will 
| decrease, and the heavy cost be reduced. 





The representatives of the Manchester Engineering 


pas ag. nd Federation and delegates from the thirteen 
trade unions affected by the demand of the employers 
for a reduction in wages of 2s, per week in time rates, 
| and of 5 per cent. in piece-rates, and in one case of 3s. 
| and 5 per cent. in piece rates, met in conference in Man- 
| chester last week, and discussed the situation. The 
| conference lasted five hours—in private. The official 
| report states that the employers offered to reduce the 
| demand to Is. per week and 24 per cent. on piece rates 
| on and from the first pay-day in next month—February. 
| It was proposed to adjourn the conference until May, 
jand then to meet and discuss the situation as {to a 
| further reduction of 1s. per week and 2 per cent, in 
piece rates. If the men refused the offer, the crigiual 
demand was to be enforced. The trade-union dele- 
gates refused to entertain the offer, but at a subsequent 
meeting decided to lay the offer before the members of 
the several societies, and to take a ballot on the ques- 
tion. As the whole of the unions affected were repve- 
sented at the conference and at the subsequent delegate 
meeting, it is scarcely probable that there will be any 
sectional secession, even if the vote is not unanimous, 
or not carried by a large majority. Besides, the con 
cession of the employers of one-half of their original 
demand might induce the men to think twice or thrice 
before embarking upon a strike in the present state of 
trade and of the labour market. 


There is no change of importance in the position of 
the iron and steel trades. In the Midlands market the 
tone was better, and some orders were placed, but it is 
said that consumers prefer to take only small quantities 
in the present state of the market. On the Manchester 
*Change the tone was perhaps a little firmer, but little 
business was done. Buyers and sellers seem to be 
waiting for something to turn up. But the trend of 
prices is upward, no longer downward, so that the 
signs are more favourable all round. 


At a prolonged conference of the representatives of 
the two Textile-Workers’ Unions, under the presi- 
dency of a representative of the Board of Trade, 
certain proposals were agreed to. These are referred 
to the executive of the unions affected. It is antici- 
pated that the threatened strike will be averted. 


The executive of the Miners’ Federation of Great 
Britain have agreed to accept the proposals of the 
Labour Party Yor affiliation. The proposals have to 
be ratified this week-end by the conference now being 
held at Portsmouth. 


In the shipyard agreement recently entered into, 
the Labourers’ and the Enginemen’s and Cranemen’s 
Unions are excluded. This has caused bitter dis- 
appointment among the men excluded. 





THE FILTRATION AND PURIFICATION OF 
WATER FOR PUBLIC SUPPLY.* 

By Joun Don, Associate Member, of Maybole. 
Being an Abstract of a Paper Selected by the Council for 
the First Award of the Water Arbitraiton Prize, 1908. 
(Concluded from page 130.) 
PURIFICATION BY OZONE. 

OzoNE, as is well known, is best prepared by the silent 
discharge of high-tension electricity through perfectly dry 
air. There are many devices for ozonising air, most of 
them being adaptations of the Siemens ozoniser familiar 
to all students of physics. 

The ozoniser at Wiesbaden was designed by Messrs. 
Siemens and Halske, and its construction is shown in 
Fig. 13, page 129 ante. 

he air drawn into the ozoniser is dried by contact 
with a hygroscopic substance, as CaCl,, or preferably 
by refrigeration in a chamber cooled as in the freezing- 
machines. 

Output of Ozone.—The voltage required to operate this 
instrument is about 80,000, and the generator absorbs 
1 horse-power. The amount of ozone produced varies 
from 13.5 to 27 grammes per hour, the rate of production 
depending on the dryness of the air which énters the 
apparatus. This quantity of ozone will purify from 
2200 to 4400 gallons. Nine ozonisers are in operation, 
so that a large volume of water is being constantly dealt 
with. The water supply at Paderborn is also purified by 
ozone, and 12,000 to 16,000 gallons per hour are passed 
through. The ozone is applied to the water as it descends 
through gravel beds, the current of ozonised air being 
forced up from below, as indicated in Fig. 14, e 161. 

The raw water, previously ‘‘ roughly "fitered, is carried 
by the pipe A to the top of the sterilising towers, an‘ 
after issuing from these, it falls by cascades B to the 
service reservoir C. Air is forced into the ozoniser by 
way of the tube D, and leaves with its charge of ozone 
by KE. It is made to enter the towers from below, and 
meets the down-flow of water through the gravel. 


GINNEKIN OzoNE System (Fig. 15, page 161). 
More recently an ozonising installation has been set up 
at Ginnekin, in Holland, for the purpose of purifying tlie 
water drawn from the River Mark. Weraal y this stream 
is discoloured, and the number of germs per cubic centi- 
metre is generally about 6000. Its course lies through 


* Paper read before the Institution of Mechanical 
Engineers, Friday, January 15, 1909. 
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fields which are frequently manured from the yey 
The water from the intake is first passed through filters. 
Lift-pumps raise the filtered water to a tank placed at 
the top of the sterilising tower. This tank has a capacity 
of 45,000 gallons, and ordinarily the pump delivers 4500 
rallons per hour. 

The whole purifying apparatus is housed in the tower. 
Electricity is obtained from a local installation, and the 
100-volt current is transformed to operate at a pressure of 
65,000 volts. 

Ozonisers.—The ozonisers are of the Schneller pattern, 
and do not differ in principle from those already described. 
The outer electrode is hemi-cylindrical in shape, and is 
kept cool by water circulating in a cast-iron jacket. The 
inner electrode is the insulated one, and it is of the same 
form as the outer one, but of less radius. eat 

Sterilisers.—Charged with its load of the purifying gas, 
the air is forced into the sterilisers, where it encounters 


CROSS SECTION OF STERILISING TOWER. 


sieve, air st; ing to pass up, and the fluid to gravitate 
downwards. he water is made to pass through two 
cylinders in succession, and it issues in a limpid stream, 
to all intents and purposes sterilised. For, out of many 
samples tested, one-half showed no growth from 1 cubic 
centimetre after three days, and 20 per cent. no sign of 
life after six days. Of the remaining 80 per cent., the 
most ghey only one or two colonies of harmless 
bacteria, and in no case did the number exceed a dozen. 
— organic matter was diminished by about one- 

alf. 

The cost of working at Ginnekin is about 38s. per 
million gallons. : 

Relative Advantages.—Costly as this process of purifi- 
cation may be, it is probably one which is well worth the 
sacrifice of a little money when it furnishes unexception- 
able drinking water from a source like the River Mark, 








whose waters have been justly described as discoloured, 


Fig.14, 
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water can be accomplished more analy than by slow 
sand filtration (Journal of the Franklin Institute, May, 
1907). Whether that be so or not is a point that still 
awaits more complete proof. If it, indeed, be true, it is 
a “‘consummation greatly to be desired.” 


De Fries System. 


In the de Fries system of ozone purification, which has 
been tested at St. Maur on a large scale, the arrangements 
are somewhat similar to those at Ginnekin. The steri- 
lisers are vertical, inwardly enamelled iron cylinders, 
divided into many sections by celluloid sieves. The 
water and ozonised air enter ther at the base, and 
the outflow is at the top. The plant can treat 6,000,000 

lions per day at a little more than 2/. i million gallons. 
This estimate includes outlay on capital account. This is 
considerably lower than the cost at the German towns 


SKETCH OF OZONE PURIFICATION PLANT. 
(SIEMENS-HALSKE,) 
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Fig.t5. STERILISING TOWER AT GINNEKIN. 
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the descending stream of water. The sterilisers are cylin- 
drical tubes built in short sections, The inner surface is 
enamelled to protect the metal from oxidation. At each 
junction of the sections there is a celluloid sieve, resting 
upon a metallic grid at right angles to the axis of the 
cylinder. 

Ozonised air enters from below and rises with much 
agitation through the down-coming water, and forms a 
cushion under each sieve, so that the tine jets of liquid 
are thoroughly exposed to the action of the ozone. There 
is indeed an-adequate scrubbing of the water at each 
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Fig.16. SKETCH OF OZONISING APPARATUS 
(NOmARD-OMOEE) 
Scale about Ve2nd. 








. Ozoniser. 

a. Raw-water inlet. 

b. Purified-water outlet. 

d, Chamber to catch un- 
absorbed ozone. 

h. Chamber for waste 


gases. 
k. Baffle-plates. 








~ 910.R 
ACTION OF THK APPARATUS. 

As the raw water passes down the pipe a it draws the un- 
absorbed ozone by way of the tube p from the chamber d. 
Freshiy-ozonised air is also drawn into the current from the 
ozoniser through the pipe n. After traversing the vertical 
pipes, the water is caused to pass round a series of baffle- 
plates k, and, finally flowing under the recess at d, it reaches 
the outlet. 


and execrable from a hygienic point of view. The ex- 
perience at many stations with ozone purifiers indicates 
that a fair proportion of the ozone goes to waste. Dif- 
ferent waters, of course, make different demands on the 
purifying agent, and it is recommended that tests be 
| made to determine the minimum quantity of ozone that 
|can with safety be applied. Not only would this be in 
the interests of economy, but it would prevent traces of 
the ozone being carried to the consumer. : 
Howard-Bridge System (Fig. 16).—The Howard-Bridge 
apparatus effects this useful purpose, and considering that 
it takes one centime to produce a gramme of ozone, there 
is good reason to be as sparing as possible with this, the 
most expensive of all purifying agents in ordinary use. 
The Howard. Bridge system has the further advantage 
over installations which use an air-compressor to force the 
ozone into the sterilisers, that it dispenses with that 
portion of the apparatus, and causes the flow of the water 
to suck in the ozone. Ozone, as is well known, acts detri- 
mentally upon lubricants, so that the piston of the com- 
r has to fit very closely in order that oil may be 
Sapeneed with. Suction performs the whole duty of 








applying the ozone to the water in the Howard-Bridge 
sunk, and it is claimed that by it the purification of 


already referred to, where the corresponding outlay to 
cover all expenditure runs to a figure twice as large. 


VosMAkErR OzONISING System (Fig. 17, page 162). 

The Vosmaer is a special device for overcoming some 
difficulties in insulation, and in the establishment of a 
purely silent discharge. Sparking leads to the formation 
of oxides of nitrogen, which would be harmful both to the 
water and to the apparatus. Vosmaer forms his ozoniser 
of a series of parallel tubes, each of which contains as 
electrodes, at opposite sides of the inner circumference, 
two strips of metal, supported upon porcelain insulators. 
These strips of metal aed saw-edges pointing inwards, 
and the air sent through the tubes is subjected to the 
silent discharge from these saw-edges of the strips which 
are maintained at a very high potential difference. A 
diagrammatic view of the system is shown in Fig. 18, and 
a battery of the ozonising tubes in Fig. 19. 

Concentration of the Ozone.—It has been observed that 
satisfactory results have been obtained with widely-differ- 
ing ‘‘ concentrations ” (grammes per cubic metre of air) of 
ozone, and for each installation there should be deter- 
mined the most economical value of the concentration. 
This will be a ‘constant ” of the plant when the data 
are known. For field-filters it is considered best to have 
a large content of ozone per cubic metre—say, 3 grammes, 
This means that the air must be drawn along more slowly, 
or the current increased. More ozone, on the whole, is 
produced if the air-current is rapid, but the concentration 
is lower. That is to say, the same horse-power might 
produce a sum total of, say, 48 grammes of ozone with a 
concentration of 0.8, while with a concentration of 3.5 it 
could only generate 28 grammes in the same time. Ex- 
periment will determine the best conditions of working. 


FERROCHLORE PROCESS OF PURIFICATION. 


When a mixture of chloride of iron and bleaching lime 
is added to water holding carbonic acid or carbonates in 
solution, a precipitation takes place, and at the same time 
a coagulant is formed which carries down the suspended 
matters. Free chlorine acts as a bactericide. After the 
application of these chemicals, the water being led to 
filter-beds is easily freed from suspended material owing 
to the presence of the coagulant. Residual chlorine is 
eliminated in settling-tanks. The amount of chemicals 
added to the raw water is small—viz., of chloride of iron 
8 parts per million, and of chloride of lime 0.5 part. 

Precipitant.—Oxide of iron is the coagulant, and if care 
is exercised in regulating the dose of the chemicals, the 
filtrate will contain no trace of it. Chlorine is not so 
easily got rid of, for it is soluble in water to a very con- 
siderable extent, and its elimination ultimately rests upon 
the formation of chlorides, There is an experimental 
plant on this system at the Paris Water Works capable of 
treating 1000 gallons vd hour. The results are stated to 
be very satisfactory, but the cost is relatively high, being 
about jd. per thousand gallons—that is, over 3/. per 
million. 
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ANDERSON System (Fig. 20, below). 


Of all precipitants the cheapest is iron, suitably brought 
into contact with the water im a metallic state. In the 

resence of air and salts of lime metallic iron rapidly 
sae a proto-salt, which first dissolves in the water, and 
then, becoming oxidised by further aeration, develops the 
coagulant which carries down organic matter and fine silt. 
This is the Anderson process, and the most important 





coagulate the silt and organic matters suspended in the 
water. It is averred that there is a diminution of dis- 
solved organic matter from the moment the water escapes 
from the cylinder. Further, it is held that any colloidal 
alumina in the raw water is coagulated by the salts of 
iron when these pass into the ferric state. On leaving 
the rotators the water undergoes a preliminary treatment 
in precipitating basins and atin compartments, and 
finally reaches a finishing filter, where the residual iron 


cent. of the bacteria are removed from the Seine waters ; 
and though from one to two hundred germs per cubic 
centimetre are still left, they do not seem to be of a harm- 
ful kind, for the district supplied by this installation is 
fairly free from enteric and similar epidemics. : 
Cost.—The cost of the whole purification process, in 
cluding interest on capital, works out at 20s. per million 
gallons. : . 
Retrospective.—The main question at issue would appea: 





Raw water. 
. Pumps. 
. Reservoir for raw water. 
. Rapid filter. 
K Reservoir for filtered water 
Sterilising tower. 
. Air-suction tube. 
- Air-pump. 
. Drying apparatus. 
Q. Ozoniser. 
R. Tube carrying oxonised 


air. 
8S. Reservoir for purified water 


For operating the filter there 
are valves A, B, C, D. 


To clean the filters, A and C 
are opened and filtered water 
flows downwards from the re- 
servoir and traverses the rapid 
filter from left to right, escap- 
ing at T. For filtering A and 
D are opened and B and © 
closed. On opening B= and 
closing C a sample of the fil- 
tered water may be taken. 


Fig.18.DIAGRAMMATIC VIEW OF OZONISING SYSTEM 
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Fig.17, OZoNnisine PLANT. (Vosmacr) 
GENERAL VIEW. 


Fig.19. BATTERY OF OZONISERS 
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Here T represents the transformer, C the high-tension condenser, 
L the high-tension choking-coil, and O the ozoniser. 


REFERENCES TO Fig. 20, 


. Rotating cylinder. 


B! B2. Bearings for hollow 
trunnions, 


C1 C2, Cylinder supports. 
©3, Support of inlet-pipe. 
C4, Support of outlet-pipe. 

D D. Curved beakers. 

E. Inlet-pipe. 

*", Outlet-pipe. 

i. Distributing-pipe. 
. Gear-wheel. 

. Outlet cover. 

. Valve. 

‘. Air-inlet. 

» Air-outlet. 


installation is that of the Com- 
pagnie Générale des Eaux, at Paris. 

Anderson Cylinder: Its Con- 
struction.—A cylinder is made to 
rotate by gearing seen at the right- 
hand side of Fig. 20 and the bear- 
ings are at B!, B?. The inlet and 
outlet pipes are directed along the 
axis, and are connected to the cylin- 
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der by water-tight collar-joints, 
which permit of the cylinder rctat- 
ing. The cylinder itself is built of 
iron plate, and within are many 
laminar projections which serve to 
raise up the fragments of iron, and 
allow them to fall into the water 
from above, so that a quick oxida- 
tion results. The rotation is slow, 
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Fig. 20. ROTATING CYLINDER CONTAINING FRAGMENTS OF IRON PY 7, 
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to be whether the sand filter is to be displaced by me- 


one turn taking from two to three minutes. Air is 
forced into the space above the water by way of a curved 
tube, seen at K, and the direction of the air-current 
follows that of the water. The outlet is at L. 

The flow of the water is so regulated that about 34 
minutes are required to traverse the cylinder, and in that 
time some 3 mes of iron per cubic metre finds its 
way into solution. Small as the quantity is, it serves to 


oxide help vo form a “felting,” which intercepts bacteria 
and sediment. The plan of a plant arvenged on this 
system is shown in Fig. 21. 

The speed of filtration is greater than in British slow 
sand filters, and averages 8 in. per hour. Nevertheless 
the purification effected is superior to that of the average 
sand filter, for the action‘of the iron ‘salts is in many ways 
a valuable supplement to the ordinary process ; 99.8 per 


chanicel substitutes in future water undertakings. The 
latter have many advantages, and are on the whole less 
likely to permit the escape of unsound water. The Puech 
system indicates a simplification of the method of working 
which will ibly be received with increasing favour, 
especially if the experiments being conduc on the 
Continent are brought to a successful issue, 
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The question of mechanical sand washing is attracting 
much attention at present, but taking a broad view of the 
facts which have come to light in connection with the 
true action of the filtering skin, it would seem to be a de- 
batable point whether a thorough cleansing of the sand 
forming the top half-inch of the bed is, after all, so very 
desirable. Clean sand acts as a strainer merely, and has 
no decided power of trapping bacteria until it has become 
coated again with viscous matter, silt, desmids, alge— 
i.e., with the very matters that have been so carefully 
washed away. Noone has as yet attempted to show that 
the fresh coating is in any way more “ refined ” or purer 
than the old one. Is it not possible that there is a happy 
medium in the process of sand-washing, and that in clear- 
ing a filter that has become clogged it may be sufficient 
to break up the growths of alge and wash off part of the 
dirt? If there be reason in this view of the case, the 
problem of sand-washing in open and sand filters would be 
simplified. Raking of the top layer followed by a back 
current of filtered water would do all that is necessary. 
Much time might be saved by sparing a portion of the 
viscous coating of the particles, for the filtering skin 
would be able to re-establish itself more quickly. 

Be it remembered that it is not clean sand, but dirty 
sand that filters in the true sense of the word. Hence 
those who insist upon thoroughly washed sand, and also 
those who put much faith in particular qualities of sand 
from special localities, have probably overlooked the 
essential point. 


WatTER-HARDENING AND WATER-SOFTENING. 


When’ the supply of water is either abnormally hard or 
unusually soft, means have to be adopted to remedy these 


Fig. 24 


973. u. 
A. Inlets from the river E. Roughing basin 
B. Pipes to pumps F, 
C. Pipes to revolving cylinders ins 
D. Receiving tanks, H. Filter-beds 


drawbacks, and there is, as a rule, but little difficulty in 
doing so. For the water engineer the point of interest is 
how to introduce the chemicals.in a ulated, automatic 
way, so that no recurring expenditure beyond the cost of 
the materials may have to be reckoned with. At various 
places there are installations for effecting this object, and 
that at Bradford is worthy of attention. The engineer 
should also be careful that the lime applied for softenin 
is i? oy from the purest quality of chalk that is avail- 
able, free from alumina and its compounds. He must 
also be aware of the proportion of magnesia in solution, if 
it be present, for the carbonate of magnesia reacts more 
slowly than the carbonate of lime, and more readily 
chokes up the filtering screens. 


DiIstTRIBUTION. 

Hardly less important than the purification of the 
water at the water works is the distribution of it to the 
‘onsumers undeteriorated by its journey through the 
inains and service pipes. Its . from the reservoirs 
or filter-beds to the consumers’ taps brings it into contact 
with pipes of iron and lead. Both of these metals may, 
under special circumstances, find their way into the 
current, and may very seriously impair the purity of the 
supply. 

GrowTus In Water Mains. 


Crenothriz.—Among the many lowly forms of life 
whose myriad forms the water engineer seeks either to 
exterminate or to impress into his service, there is one 
which finds a harborage and breeding-ground in his water 
mains to the detriment of the carrying capacity of the 
same, and to the quality of the water contained. This 
is the animalcule known as “ crenothrix,” germs of which 
appear to be widely distributed in soils and streams. It 
cannot multiply without the presence of iron in the 
water, and about 0.3 part per million in solution is suffi- 
cient for its activity. The cell walls of the plant secrete 
or separate iron from the water, and within these minute 
tissues it becomes oxidised. The filaments, continuing to 
grow, form a network of ferruginous material adherent 
to the walls of the pipe. Under favourable circumstances, 
this a reduces the carrying capacity of the main as 
much as 1 per cent, in the year, When, owing to one 








Precipitating and settling 
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cause or another, regurgitation occurs in the mains, 

uantities of the oxide are carried away by “scour,” and 
this gives rise to discoloration of the tap water, and at 
times to offensive odours. The experience of water 
managers in America and elsewhere leads to the conclusion 
that the best method of dealing with crenothrix is to 
remove the dissolved iron, and this can be effected by 
using a suitable coagulant. 


ACTION OF SERVICE WATER UPON LEAD PrpEs. 

Although lead is insoluble in distilled water, pure water 
containing air in solution acts upon the metal, and forms 
on the surface a deposit of Pb(OH),2PbCO,. At the 
same time some part of the lead passes into solution, 
probably in the form of acid carbonate. The presence of 
alkaline carbonates, or of the silicate of lime, arrests the 
solvent action of the water. In that case the insoluble 
hydrocarbonate (whose formula is given above) alone is 
formed. This deposit is adherent to the surface, and 
tends to prevent further action. 

Peaty Water and Soft Water.—Water collected from 
moorlands and mossy unds is usually soft and con- 
taminated with vegetable matter, and in particular with 
humic and ulmic acids. Such water has an increased 
influence upon lead, and is capable of dissolving as much 
as one to two grains per gallon in twelve hours. Service 
waters containing 0.01 to 0.03 grain per gallon have not 
as yet been proved to be detrimental to the health of the 
community. In general the safeguards that have been 
adopted against the- solution of lead have been the re- 
moval of peaty matters by alum or other precipitant, 
and the hardening of the water by the addition of lime. 
At Wakefield, where much difficulty was experienced in 





L. Pipes conveying water from 
filters 


Main to service reservoirs 
M. Reservoirs for filtered water 


counteracting the solvent action of\ the service water, one 
grain of chalk per gallon is introduced into the raw water, 
and two grains of lime to the same volume of the filtrate. 
The result of this is that the water now dissolves minute 
quantities of lead, only 0.03 grain per gallon in twelve 
hours’ time. The lime which is applied to the filtered 
water at Wakefield is placed, after slaking and riddling, 
in a hopper with a perforated bottom, and jets of water 
playing upwards from below wash down the lime to the 
mixing-pan. From that, the water passes on to a series 
of settling-cylinders, entering them from below and over- 
flowing into a receiving trough connected to the service 
reservoir. The chalk which is added before filtration is 
washed out of a hopper in the same way. The cost of 
materials and labour for this particular treatment amounts 
to about 4s. 6d. per million gallons. 

Dr. Houston has experimented with many natural 
waters, and he finds a distinction must be drawn between 
*plumbo-solvency ” and “erosion.” Rain-water erodes, 
but does not pee. Al lead, while moorland waters do both. 
Many natural waters, more especially hard waters, are in 
a condition which is protective against the solution of 


Reserve of Plumbo - Protective Matter.—Faintly - acid 
moorland waters have but trifling erosive power ; but Dr. 
Houston shows that they are often near the condition of 
being able to erode. This is shown very clearly by causing 
such waters to act for a time on bright lead, and then 
renewing the metal » few times. The small reserve of 
plumbo-protective substances which they is thus 
exhausted, and a vigorous action follows. This is a new 
fact in connection with lead contamination, and the de- 
duction to be made is that corporations using waters of 
this class would do well ts ascertain what reserve of pro- 
tective substances they can count upon in the supply. 

Solution of Lead Traced to Voltaic Action.—The occur- 
rence of a case of lead-poisoning at Twyford, Hants, led 
to the unexpected discovery that a water which is nor- 
mally without action upon lead may take up quite a 
dangerous percentage of it if the pipe happens to be con- 
veying a current of electricity. In the case mentioned 
the current was traced to a leak in the electric-lighting 
wire in the house where the patient resided. A current 
of the same voltage was passed through a lead pipe filled 





with the house water for a number of hours, and it was 
proved that lead had passed into solution to the extent of 
0.07 grain per gallon. Ionisation is set agoing by a 
current of sufficiently high voltage, and some part of the 
metal passes into solution. 

Precautions.—It appears, therefore, that electric mains 
should not be pl in the vicinity of the water-pipes, 
and that in any case care should be taken to see that the 
wires are properly insulated. It has always been a common 
practice to “‘earth” wires by joining up to the water- 
pipe, but there is obviously a grave danger in this proce- 
dure, more especially if the current is of high voltage. 

Concluding Remarks.—W ater purification is a practical 
science of recent growth, but it ramifies into so many 
other branches of technology that workers ‘n several 
distinct fields are periodically adding new facts to the 
increasing store of learning in connection therewith. The 
growth has been rapid, in consequence of the activity of 
the tributary sciences. he amateur and the man of 
empirical knowledge have had their day—their successes 
it may be, their blunders it is certain ; but the future is 
for the technical expert. It is too vital an element in the 
health of communities, this question of the purity of the 
water supply, to be put into the hands of those of whom 
the very best that can be said is that they feel their way. 

We in Britain are less advanced than our Continental 
friends in the study of water purification, because the 
lessons brought home by the deadly results of contami- 
nated water have neither been so frequent nor so incisive 
as in countries less abundantly provided with naturally 
pure water. We have been content to conserve our 
established processes and to accept results without seek- 
ing to probe too deeply into the cause of occasional 
failures or recurring divergencies. But Science is on the 
march, and under her silent footsteps all that is vague 
and crude and unreasoned will tend in time to disappear 
With a more accurate knowledge of the intricacies of the 
purification of supply water, we shall be able to attain 
our ends with economy, and, what is still more important 
with certainty. 
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Standardisation and its Relation to the Trade 
of the Country.* 
By Sir Jonn Wotre Barry, K.C.B., LL.D., F.R.S., 
Chairman of the Engineering Standards Committee. 


WHEN invited by your President to give the opening 
lecture in your new building, I.readily acceded to his 
request, for many personal reasons. I have from boyhood 
been closely connected with Scotland, for I was educated 
at one of her public schools, and have, for more years than 
one cares to remember, been associated with many impor- 
tant engineering undertakings in Scotland, and especially 
in this city. The University of Glasgow also conferred on 
me the high honour of a doctor’s degree, and I have taken 
a warm interest in the great development of scientific and 
technical education here. Lastly, may I add that I prize 
the privilege which I possess of friendship with so many 
of the leaders of thought both here and in other parts of 
Scotland. From all points of view, therefore, I felt it to 
be an honour and a pleasure to be asked to do anything 
which might show my appreciation of the many benefits 
which I have gained from my long association with this 


city. 

When considering on what subject I should address you 
to-night, I felt that, in Glasgow, which’ is so largely de- 
voted to the manufacturing or productive side of engi- 
neering, and on a scale perhaps larger than in any other 
known trading centre, it would not be out of place if I 
dealt with a particular branch of engineering in which I 
have taken great interest, and pointed out its importance 
to the commerce of our country in improving ease, eco- 
nomy, and expedition of production, and so enabling 
British industry to meet more efficiently the ever-increas- 
ing competition of our many trade rivals. 

accordingly decided, with the approval of your Presi- 
dent, to say a few words on ‘‘standardisation.” It is, I 
am afraid, a rather barbarous word, but, perha it de- 
scribes by a short cut, and better than any periphrasis, an 
important departure, which is of great interest to us all ; 
for by standardisation, I take it, we mean the study and 
recc gnition of standard forms and qualities, and for this 
evening we shall apply the word to engineering manufac- 
tures. 

There is, of course, nothing new in the idea. We have 
standards in literature and art, so that an author, artist, 
or book, who, or which, has reached an acknowledged 
level is known as a classic, whether the subject be in art, 
science, or letters. Again, in chemistry and medicine we 
know of the standards of various compounds, whether of 
the laboratory or pharmacopeeia, and no one can question 
that enormous benefits have resulted to society from such 
adoption of standards. 

e also have the instance of standard weights and 
measures, and though those of Great Britain may leave 
much to be desired, no commerce or progress can be 
imagined without such systematising of what is meant 
between man and man. 

But up to recent years there had been comparatively 
little effort towards the realisation of engineering stan- 
dards. Since Sir Joseph Whitworth, m 1841, made 
a notable step with his standards of screw-threads, very 
little was done in the same direction for sixty years, 
although the benefits which he conferred are still con- 
spicuous and unquestionable. The want of some syste- 
matic dpaling with the whole subject of engineering 
manufactures was borne in on myself, as it must have 
been on very many, when in the early stages of my pro- 
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fessional career I was personally engaged in designing and 
specifying various skinda of structures and rorewe ta 
and I have felt the necessity all my life of some syste- 
matic treatment of these subjects. 

We had, of course, the lists of sections rolled or forged 


by various manufacturers, but all of them differed in de- | 
advantage to any one, | strated that the results of this want of system were: 
but with serious inconvenience to most people, and cer- | firstly, unnecessary cost of the article due to the cost of 
tainly to the great body of engineers. There was an idea | the rolls and the expenses in constantly changing them 


tails inter se without corresponding 


that it was for the advantage of a particular manufacturer 
that his productions were unlike (even if it were can | 

a shade) to the output of his rivals in trade. I am a 
also that in my own profession it was considered by some 


by special rolls were being made or changed; thirdly, the 


raid | 


of us that it was desirable that the design and specifica- | 


tion of one engineer should be special as to the component 

rts even when the assembly of them in a structure pro- 
seater the same results as the design of another engineer. 
Further, it was felt to be inconvenient and to some extent 
unfair to adopt the sections of one manufacturer in con- 
tract drawings when the sections of another were not 
materially different. 

I may take it as one of the maxims underlying economic 
peters that there should be sympathetic co-operation 

vetween the purchaser and the producer. If the pur- 
chaser is to be able to rely on obtaining thoroughly trust- 
worthy materials at reasonable rates and quickly, the 
manufacturer must have some guarantee that in the pro- 
duction of such materials he will find a ready’ market at 
a fair profit to himself. 

When engineering productions were almost entirely the 
result of manual labour it was not of very great import- 
ance what dimensions were prescribed, as it was as easy 
and economical to forge one particular size of simple 
forging as another ; but with the advent of machinery, 
whether it be in rolling-mills for producing rails and sec- 
tions, or turret-lathes for producing screws, the mainten- 
ance of one particular type or pattern gradually came to be 
of almost paramount importance. More and more capital, 
as years went by, was being invested in machinery and 
plant, and it was increasingly important to them that 
such plant should be worked as continuously as possible 
at its maximum efficiency, and with the least amount of 
departure from the particular sizes or shapes which such 
machines were designed to produce. 

It may, perhaps, appear to some scarcely necessary to 
insist upon standardisation as an aid to economic produc- 
tion, but in view of the vastness of the interests repre- 
sented by this Institution, which embraces those who are 
using and applying materials produced as well as those 
who are producing them, I venture to think that some 
reference to the general principles involved will not be 
out of place. 

The subject is further of special interest to your Insti- 
tution, as I am happy to say that those who have laboured 
towards replacing chaos by order and system are still 
enjoying the benefit of your co-operation, as also that of 
the sister Institution of Shipbuilders on the North-East 
Coast of England. I have not the slightest doubt that 
our joint efforts will, through increased economy in_pro- 
duction, redound to the advantage of your special subject 
of marine engineering. 

That some effort to systematise design and production 
of component parts should be made had been, as I said, 
long in my mind, but it received a t stimulus in 1897 
from some remarks of the late Lord Salisbury to an im- 
portant scientific deputation, which resulted shortly after- 
wards in the establishment of the National Physical 
Laboratory. I knew that some progress in the direction 
of standards had been made in the United States and 
Germany, and the matter had also been dealt with in a 
mper read in 1900 by Mr. H. J. Skelton, who had col- 
fected a large amount of information confirmatory of the 
need of such standards. In 1900 also I received a letter 
from Mr. John Strain, chairman of one of your largest 
steel works in this district, drawing my attention to the 
urgent need of some authoritative standards for rolled 
sections. After obtaining the views of several engineers 
and manufacturers, the matter appeared to me to be ripe 
for full consideration. 

In January of the following year I accordingly, but 
with some trepidation as to the result, moved in the 
Council of the Institution of Civil Engineers a resolution 
that definite action should be taken by them to draft 
standard forms for iron and steel sections. Some dif- 
ference of opinion was evident on the subject in certain 
important quarters, the fear being that it would be a step 
towards the discouragement of individuality of design, 
and that there might be a tendency towards a stereo- 
typing of forms which ought to be varied to meet require- 
ments as they might arise. On the other hand, it was 
pointed out, firstly, that the system proposed was not of a 
nature which could affect the design of the assembled 
parts in a bridge, roof, or ship, in which the individual 
mind would have as full play as ever ; and, secondly, that 
the idea proposed was not the adoption of standard forms 
once for all, but that a cardinal point of the idea was that 
some committee of qualified persons should be instituted, 


who, after dealing with the subject at one particular epoch, | 


should have a continued exisyence in order to discuss, 
and, if approved, adopt as additional standards, forms 
which from time to time were shown to be proper and 
desirable. 

As to the then existing state of things, it was shown 
that, in the case of rolled sections of iron and steel, the 
number of rolls was immensely more than was really 
necessary, and that it was increasing continually without 
any realadvantage. Further, that the number was largely 
due to engineers and their draughtsmen havingeno stan- 
dards to guide them, so that the list was automatically 
growing without any thought or benefit. For example, 
an angle or T iron of fixed external dimensions and weight 
might have, and, in fact, had, in designs from different 
offices, numberless varieties of bevel, and curvature at 


the extremities or re-entering angles. The manufac- 
turers had, of course, to supply the section delineated on 
the drawings, whilst probably any one of the varieties 
would answer its purpose equally well, and certainly a 
section could readily be evolved which to all intents and 
purposes would answer every purpose. It was demon- 


| for different orders; secondly, delay in production while 


impossibility of manufacturers stocking at slack times 
any large quantities of material, because they could not, 
with prudence, store sections which might not be again 
required for years, 

After considerable discussion, a committee was ap- 
pointed by the Council of the Institution of Civil Engi- 
neers to consider the subject, and as it was felt that the 
co-operation of the sister institutions would be of in- 
estimable advantage, an invitation to nominate represen- 
tatives on this investigatory committee was sent to 

The Institution of Mechanical Engineers. 

The Institution of Naval Architects. 

_ The Iron and Steel Institute. 
All these bodies cordially accepted the idea as one 
worthy of earnest consideration, and a joint Committee 
was dens constituted of delegates of the Councils of the 
four Institutions to examine and report on the proposals. 

After full investigation, the Joint Committee reported 
strongly in favour of the project, and the Councils of the 
four Institutions having adopted the report, entrusted the 
carrying out of the work to a strong representative Com- 
mittee, the members of which consisted of delegates both 
of engineers and manufacturers, under the chairmanship 
of } 4 Mansergh (who was then President of the Institu- 
tion of Civil Engineers), to whom I succeeded as Chairman 
on his lamented death in 1905. At a later date it was 
decided: to enlarge the reference of the Committee so as 
to deal with electrical subjects, and the Institution of 
Electrical Engineers was invited to co-operate with the 
other four Institutions, and the Council of that body 
decided to nominate members on what became known as 
the Main Engineering Standards Committee. 

Many of the chief industries in engineering manufac- 
tures are represented by official trade associations ; and 
as in dealing with any particular subject it has always 
been the policy of the Committee to elect representatives 
from all parties, the Committee invited not only institu- 
tions such as your own and other kindred bodies, the 
leading consulting engineers, and the chief manufacturers 
to join them, but also secured the co-operation of the 
trade associations. 

To the Main Committee thus constituted falls the duty 
of guiding and directing the work of standardisation, the 
selection of the subjects to be dealt with, the passing of 
the reports, and last, but not least, the raising of the 
necessary, and not inconsiderable, funds to carry on the 
work. 

It was soon found that there were many subjects other 
than those of iron and steel sections, which in the com- 
mercial interests of the country cried loudly for being 
systematised, and it was therefore decided, with the 
sanction of the five institutions, to extend the scope of the 
Committee’s work so as to include manufactures outside 
those originally contemplated. Thus at the present time 
the Main Committee has not less than thirty-seven sub- 
jects under its guidance and control, and even now the 
number has not been exhausted, though, no doubt, those 
remaining are comparatively few. 

It also became apparent that the engineering industry 
of this country woud) profit considerably in many direc- 
tions if standardisation on a judicious van. & were initiated 
in the nature of the materials as well as in the form of 
the manufactured articles. The many specifications, dif- 
fering often in unimportant and trivial details, were in 
many cases involving much increased cost without corre- 
sponding advantage to the purchaser in the article pro- 
duced. This diversity of specifications was plac'ng our 
manufacturers at a disadvantage when competing with 
foreign firms, and cases were by no means infrequent in 
which purchasers, though insisting rigidly upon specifica- 
tions when contracts were given to firms in this country, 
were willing to accept less rigid conditions when placing 
their contracts abroad. Foreign manufacturers were often 
in a position to put forward as alternatives, specifications 
and tests recognised in their own country, and were so 
enabled to tender at a lower figure than British firms, 
who, not having any acknowledged standards, had to 
work to the divergent views of different purchasers. 

The necessity having thus presented itself, the work of 
standardisation of forms and also of specifications of 
qualities and composition gradually grew, covering, as I 
have said, a very large number of branches of engineering | 
work. 

The history of the movement in this country is thus | 
very largely, if not entirely, contained in the minutes and | 
transactions of the Main Committee, and consequently I 
have found it to be impossible to describe the development 
of standardisation in the different industries of Great 
Britain without recording the genesis and history of the 
Main Standards Committee itself. 








Very early in the proceedings it was found that it would 
be jenpenniile for the Main Committee to deal adequately | 
| with the variety of subjects submitted to it for standardi- | 
| sation, and accordingly it organised, and has continued 
from time to time to create, Departmental or Sectional | 
| Committees, each of which is charged with inquiring and | 
reporting on a specific subject, while further, these Sec- | 
| tional Committees have, when necessary, been authorised | 
| to appoint Sub-Committees for dealing with details and | 
sub-divisions of the subject in question. The proceedings 
|of all these Sectional and Sub-Committees have to be 
| approved by the Main Committee, which thus keeps a 


control on the whole of the work, and no drawings or 
specifications can be issued without its final confirmation 


and imprimatur. 

The Son on page 165 in the form of a genealogical 
tree shows in a concise form the relation of the Sectional 
Committees and Sub-Committees to the Main Com. 
mittee. 

The Sectional Committees which it has been found 
necessary to constitute are the following :— 


Shipbuilding Sections and Mate- Chairman, Mr. Archibald Denny 


In which I succeeded the late 
Sir Benjamin Baker as Chair- 
man 

Chairman, Sir Douglas Fox 


ri 
Bridges and Building Construc- 
tion 


Mr. James C. Inglis 
Mr. H. F. Donaldson 
Mr. W. H. Maw 

Sir William Matthews 
Cast-Iron Pipes Mr.CharlesHawksley 
Electrical Plant Ma Sir William H. Preece 


I think it will be clear from the above that the system 
originally laid down ensures the careful and systematic 
consideration of the various subjects undertaken, by 
persons who are best qualified, both from technical and 
commercial a io to introduce standardisation with- 
out injury to the development or interests of the trade in 
question. 

In other countries a good deal has been done in the way 
of standardisation by various bodies; but in no country 
has the work been so systematically organised as here. 
The existence of one Main Committee to control the sub- 
jects dealt with, while each Sectional Committee is left at 
full liberty to investigate and deal with itsown particular 
branch, enables the Main Committee to co-ordinate and 
unify the work in a way which is not possible if various 
bodies, practically independent of one another, were 
dealing with their own individual branches of engi- 
neering. 

The above will explain how the work has gradually 
grown from the original small committee appointed by 
the Institution of Civil Engineers, and has become an 
ik meen of magnitude and importance, in 
which there are at present 39 committees, with a member 
ship of nearly 300 members. 

1t was from the first recognised that it would be to the 
interest of all if the largest user in the country—namely, 
His Majesty’s Government—were officially represented, 
and in 1902, with the co-operation of Mr. Arthur Balfour, 
then Premier, and Mr. Arnold Forster, then Parlia- 
mentary Seretary to the Admiralty, and Mr. Gerald Bal- 
four, then President of the Board of Trade, the cordial 
assistance of His Majesty’s Government was assured. 
Such assistance was not only in the form of substantial 
financial aid to the Committee, but, further, the Govern- 
ment-undertock to nominate on the various committees 
the engineers who were at the head of Government 
departments. It was also ordered that the Standards 
should be adopted, as far as practicable, in contracts for 
Government orders. 

The following extract was contained in a letter, dated 
1903, from the Board of Trade, when the Government 
informed the Committee of their willingness to accord 
them financial aid :— 

In conveying to the Engineering Standards Committee the deci- 
sion come to by the Treasury as to the grant to be made, the Board of 
Trade desire me to state that they regard the work undertaken by 
the Committee, including as it does the preparation of standard 
specifications for engineering works, and of standard sections of 
rolled iron and steel, together with the standardisation of parts of 
locomotives and electrical appliances, as tending to reduce both 
the cost of production and the time occupied in completion, and 
as being of the highest value to the country at large. 

It may be of interest also to quote an extract from a 
letter received in 1905 from my Lords Commissioners of 
the Admiralty, informing the Committee that— 

The Admiralty are prepared to adopt the “Specification for 
Structural Steel for Boilers” where steel of the tensile strengths 
therein referred to is required, also the ‘‘ Standard Sections,” and, 
in so far as they refer to the specification above mentioned, the 
‘* Standard Forms of Test-Pieces.” 

The letter further states that— 

As regards hull work, the co-operation of the Admiralty may be 
relied upon in the adoption, as far as practicable, of the recom- 
mendations laid down in the various findings of the Committee. 

Thus constituted on a completely representative basis, 
the Committees have been for the last five years un- 
ostentatiously carrying on their work, and drafting stan 
dards in most classes of engineering manufacture. That 
the work has been successful, and that it is recognised as 
beneficial, may be judged fromthe fact that the standards 
in all the numerous branches of trade are now gradually, 
but surely, finding their way into general acceptance an 


Screw Threads and Limit-Gauges 
Pipe-Flanges - - sa 
Portland Cement 


| use throughout the country. 


We are confident—and the short experience of some 
four or five years amply justifies that confidence—that 
the great amplification of the work carried out by the 
Standards Committee will be of the greatest benefit to 
the present and future generation of British engineers 
and manufacturers. 

A very important direction in which the Committee's 
work has been beneficial is that it has afforded an im- 
partial meeting-ground where the different, and some- 
times conflicting, interests of designer, purchaser, and 
producer can be openly and thoroughly discussed. That 
this has been recognised may be evidenced by the words 
of one of our leading manufacturers, who writes as 
follows :— 

In our opinion, one of the chief advantages of the Committee 
has been the bringing together of those representing various 
interests, which have been harmonised, to the advantage of all con- 
cerned, by the adoption of some degree of uniformity in designs 
and specifications. If for’ this reason alone, we think the work of 
the Committee has been very valuable. 
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The Committee’s labours have been also most useful in 
another direction, which, perhaps, was not foreseen so 
clearly in the earlier stages—namely, in showing that 
there are many points in engineering manufactures which 
greatly needed further experimental investigation on 
scientific lines. 

Such investigations are not infrequently of such a 
nature that they cannot be carried out by any one manu- 
facturer ; and, even when such a course is possible, the 
results attained would lack the authority which they 
would possess if they had had the collaboration of a repre- 
sentative committee. 

The special inquiries conducted by the Standards Com- 
mittee under the above category thus appear to fall 
roughly under two heads :— 

1. Those which have been carried out on behalf of the 
Committee in various manufacturing establishments 
throughout the country ; and I should like to take this 
opportunity of placing on record the cordial appreciation 
of the Committee of the aid which has been so willingly 
rendered in this direction by numerous manufacturers. 

2. Those entailing further scientific and physical inves- 
tigations for which manufacturers have not facilities. In 
these the Committee has secured the co-operation in 
many cases of the National Physical Laboratory, which 
has in this way added to the many services which it has 
already rendered to practical engineering, in addition to 
its valuable contributions to research in scientific know- 

edge. 

Much interesting and novel work has thus been carried 
out for the Committee. Among that undertaken by the 
National Physical Laboratory might be mentioned a long 
und interesting series of experiments in order to ascertain 
the effect of temperature on insulating materials, an 
also with regard to the relation existing between the mean 
temperature of any field-coil and the maximum tempera- 
ture at the hottest portion of the same coil. 

A further series of experiments on high-tension dielec- 
trics is to carried out with the primary object of 
deciding the vexed question as to whether it is preferable 
to subject electrical machinery and apparatus to a test of 
very high pressure applied for a short period, or of a lower 
pressure applied for a considerable time. 

In order also to enable the Committee to establish use- 
: ul standards of life and efficiency in carbon-filament glow- 

am 
carried out at the National Physical Laboratory on ordi- 
nary commercial lamps obtained from a number of dif- 


ferent sources, and the results of these measurements | 


have guided the Committee in laying down the limits of 
efficiency embodied in their ultimate specification for 
testing glow-lamps. 

Passing from » matters to the question of limits 
of accuracy in various classes of mechanical work, the 
services of the Laboratory were enlisted to assist the 
Committee in preparing standards of limits for running 
fits. For this purpose preliminary measurements extend- 
ing over a long period were carried out in representative 
works throughout the country, in order that the degrees 
of accuracy found usually practicable in various trades 
might be ascertained by measurement of actual work in 
course of manufacture. These measurements were corre- 
lated at the National Physical Laboratory, and formed the 
hasis upon which the Committee have made their recom- 
mendations in regard to standard accuracy of workman- 
‘hip in several important classes of manufactured articles. 

The Laboratory has also carried out the verification of 
the British standard templates for tramway rails and 
bull-headed and flat-bottomed railway rails, and also the 
verification of the male templates for the British standard 
pipe - flanges. Co-operation between the Engineering 
Standards Committee and the National Physical Labora- 
tory has led to arrangements in regard to gauges which 
will prove to be of lasting value in promoting inter- 
changeability and accuracy of work, for the Committee 
have arranged with the authorities of the Laboratory that 
various sets of standard gauges shall be deposited there, 
to be available from time to time as reference sets for 
checking the working gauges of manufacturers throughout 
the country. Thus far they have deposited at the Labora- 
tory standard gauges for bull-headed railway rails, flat- 
bottomed railway rails, tramway rails, fish-plates, and 
pipe-threads. Similarly, standard gauges for caps of 


, an exhaustive and lengthy series of tests was | 


glow-lamps and for the threads of courking ie of in- 
ternal-combustion engines will shortly be available. The 
system of reference gauges will be undoubtedly extended 
in all directions as time goes on, The existence of a series 
of standard gauges easily available to the public at a 
Government establishment for checking their own shop 
| or reference gauges will be of the most material assistance 
'on all sides in eliminating those little discrepancies 
| between different manufacturers arising from want of 
system, which, though unintentional, are often found to 
give rise to so much annoyance and delay in practical 
work when the fittings ordered from one firm will not fit 
those ordered from another. 
It is impossible within the limits of a short lecture even 

to indicate all the subjects which have been, and are 
being, dealt with, and as to how these are influencing, 
both technically and commercially, the trade of the 
country. I must therefore content myself with calling 
| your attention to a few salient instances. 
| In an institution, such as this which I have the honour 
of addressing, I may perhaps refer in the first instance to 
the shipbuilding industry. The Committee dealing with 
| this question is, as I explained, under the chairmanship 
of Mr. Archibald Denny, one of your own past-presidents 
and partner of your present President. This Committee, 
whi numbers twenty-six members, was one of the 
| earliest appointed, and has amongst its members the 
| official representatives of the Admiralty, Board of Trade, 
| your Institution, the Institution of Naval Architects, the 
| ron and Steel Institute, the North-East Coast Institution 
of Engineers and Shipbuilders, as well as Lloyd’s Register, 
|the British Corporation for the Survey and Registry of 
| Shipping, and the Bureau Veritas. 





d | ey have succeeded in drafting a series of standard 


sections and standard specifications for materials used in 

| marine engineering which are of striking value. It must 
| be gratifying to the chairman and members of that 
| Sectional Committee to realise that the results of their 
labours have been adopted by Lloyd’s and the other 
registry societies, as well as by the Government. That 
| such unification amongst the leading Government depart- 
ments and ship registry societies must be of commercial 
advantage to both steel-manufacturers and shipbuilders 
is beyond question, and it must be evident also to the 
shipbuilders that, if promptness of delivery is to be 
attained, the more closely they adhere to the standard 
| sizes the more the steel-makers will be put into a position 
| to give them prompt delivery. 

Another instance in which the commercial advantage 
of standardisation is equally obvious is that of rolled 
sections for buildings ol bridge-work. As some indica- 
'tion of the progress which has already been made in 
simplifying the manufacture of rolled sections, I may 
mention that a few days ago I went over the works of one 
of the largest steel companies in Scotland, and found that 
they now roll practically the whole of their output to the 
British standard sections and specifications. It may seem 
superfluous to press this point, but, probably through 
want of knowledge of the work of the Committee, cases 
are even now occurring, though it is five years since the 
standard sections for structural work were first published, 
in which much delay and expense have been incurred by 
the non-utilisation of standard sections. 

An interesting example of money wasted by the use of 
non-standard sections came to my notice this year, where 
for a steel structure some 200 tons of a certain odd section 


equivalent standard section. 
—— of new rolls, with a co 
apart from delay, the architect’s chents had to 
ton more for their non-standard section than they would 


uent cost of 200/., and, 


standard section of equal strength. 


907, to March, 1908, the percentage of standard tram- 
rails rolled was 77.3 per cent. of the total output of this 
country, and since that period the percentage has risen to 
80 per cent. When the Committee commenced their 
labours there were over seventy sections of tramway rails 
|in this country. There are now five standard sections, 

ranging in weight from 90 1b. to 110 Ib. per yard, with five 
| corresponding sections for use in curves ; and the fact that 





were insisted on by the architect, instead of allowing an | 
This, of course, entailed the | 


y l/. per | 
have done if the contractor had been allowed to use a_ 


In no instance has the utility of standard sections been | 
rhaps more obvious than in tramway rails. From July, | 


| 80 per cent. of the total tramway rails rolled is of the 
British standard section is an indication that this number 
| of standards is sufficient to meet all ordinary require- 
| ments. 
| The saving in time owing to the less frequent changing 
| of rolls, and the savings effected by not having to leck up 
| considerable sums of money in non-standard rolls, must 
certainly have been very appreciable to the British rollers 
of tramway rails, while at the same time the public bodies 
| and companies ordering the rails are guaranteed that they 
| will have—and that on the cheapest terms—rails of which 
the section and specification have been generally approved, 
as evidenced by their extended use. 
Apart from unnecessary variations of form, the several 
| specifications formerly in general use, necessitating dif- 
ferent proportions in the chemical constituents in the 
steel ibe rolled, and the varied processes demanded in 
its manipulation, were a source of constant trouble and 
led in many cases to an expenditure which was an abso- 
lute waste of money. 

Some idea of the magnitude of the interests involved in 
the steel trade alone of this country may be gained from 
the fact that the production of steel ingots in 1907 reached 
a total of about 6,500,000 tons, the greater part of which 
tonnage was converted into plates, angles, rails, forgings, 
and other finished steel to which the standards have 
reference. 

Turning now from the subject of steel to that of Port- 
land cement, it has been generally admitted, both by engi 
neers and cement-manufacturers, and is proved from the 
number of copies of the standard specification sold, that 
the work of the Committee has been of great utility to 
the cement industry of this country. 

It has had the effect of raising the general average 
quality of the cement, and the user who specifies in his 
contracts that the cement is to pass the tests atte in the 
Standard Specification is thereby protected from having 
inferior foreign cements thrust upon him. 

A leading cement-manufacturer confirms this view in 
the following terms :- 

The result of the introduction of the Standard Specification has 
no doubt been to save a great deal of inconvenience to the indi- 
vidual cement-manufacturer in reducing to a minimum the 
variety of odd specifications, some of them of the most peculiar 
and difficult character, with which he formerly had to deal, and 
from that point of view it is much more plain sailing for him in 
the production of the article which he supplies. 

Speaking for ourselves, we have welcomed the introduction of 
the British Standard Specification which is now being so largely 
adopted by the engineer and the consumer of cement, as in these 
hard times of competition it has equalised up the conditions 
under which the various manufacturers of cement have had to 
quote ; and, in specifying cement to the British Standard Specifica- 
tion, the consumer, in dealing with the tenders that he may 
receive for the supplies of same, knows that all the people tender- 
ing are doing so on even terms, 

The total output of Portland cement in the United 
Kingdom is estimated at 3,000,000 tons per annum, with 
an approximate value of from 3 to 4 millions sterling. 

The electrical industry also is likely to benefit by 
standardisation, for the Committee are endeavouring to 
throw as much light as possible on the intricate subject 
of insulating materials, the weak side, as it were, of all 
electrical machines. Experiments are now in process, the 
results of which should be the means of bringing into line 
the present divergent opinions as to the question of fatigue 
in those insulating materials upon which so much of the 
satisfactory working of electrical machinery depends. 

The question of carbon-filament glow-lamps is of interest 
not only to the electrical engineer, but to the general 
public, in view of the fact that the number of lamps used 
in this country during the year must amount to many 
millions. The quality of the filament is a very important 
factor, and one of the Electrical Sub-Committees, with 
the assistance of the manufacturers, has gone very fully 
into the matter, with the result that there is now a stan- 
dard specification for glow-lamps of this description. 
Electric lamps, however, cannot be dealt with on quite 
the same system as rails, for, owing to the enormous 
number constantly required, each lamp cannot be stamped 
individually by the inspectors as having successfully passed 
the prescribed tests. eans have therefore been devised 
under which a number of sample lamps can be taken as 
fairly :epresenting any large batch of lamps; and I hope 
before long that, with the assistance of the National 
Physical ohesstenm, arrangements will be completed 
by which the British public will be enabled to buy lamps 
which may be relied upon as being up to the standard 
recommended by the Committee. 

Evidence was given on this question before the Com- 
mittee appointed by the Treasury to inquire into the work 
now performed at the National Physical Laboratory, 
which showed the extraordinary divergence now existing 
in candle-power and efficiency of carbon-filament glow- 
lamps, and that these were being openly sold in the 
market much below their marked candle-power, even to 
the extent of 50 per cent. of variation. It is hoped that 
the existence of standard series of tests, combined with 
an acknowledged testing authority, will do much to re- 
move this anomaly, 

No recommendations have yet been issued in connec- 
tion with the new metallic filament lamp now coming so 
largely into use; but should circumstances indicate that 
the matter can be dealt with to the advantage of the 
| consumer, the subject will no doubt receive the attention 
of the Committee. 

I have already referred to the deposition at the Nationa 
Physical Laboratory of standard gauges for lamp-caps. 
By means of these standards of the exact sizes of lamp- 
caps, whether for carbon or metallic filament glow-lamps, 
the Committee hope that interchangeability between 
lamps and fittings will be largely ensured. 

Sectelpenaly meters are also of great interest to the 
ordinary householder, who is often unaware of the extent 
to which an inefficient meter, registering against him, 
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affects his quarterly bill. The supplier of electricity, of 
course, watches the meter, use on the accuracy of the 
instrument depends to a large extent the revenue ; but, 
nevertheless, it is an undoubted fact that the elecric-light 
companies, as well as the consumers, have suffered consider- 
ably in the past from inaccurate meters. 

The Committee’s specification is doing much towards 
raising the standard of manufacture of these instruments, 
and considering the important part they play in social 
life, the Committee, by having brought the maker and 
the user together, have accomplished much for all parties 
concerned. : 

Turning to another subject, though Sir Joseph Whit- 
worth laid the foundation of eg “tox ampere A in screw- 
threads, the Sectional Committee dealing with this subject 
found it necessary to carry the work further, by drawing 
up a series of threads of finer pitches than those of the 
original Whitworth series. In modern machines, in 
which rapid vibrations and shocks have to be resisted, a 
series of threads having a finer pitch had become a neces- 
sity, and the Committee have accordingly drawn up such 
a series, known as the British standard fine th 
screws, which, though of finer pitch, adheres to the original 
form and angle of the Whitworth thread. 

Every engineer has, at one time or another, been in- 
convenienced by want of fit between spanner and nut, 
and with a view of meeting this difficulty, a series of 
tables have been drawn up showing the amount of 
variation allowable in nuts and on the corresponding 
spanners. 

The question of pipe-threads is also an important one, 
not merely in regard to the quantity of pipes and screwed 
joints used in this country, but particularly in relation 
to the large export trade which we have with the 
Colonies and abroad, where British manufacturers have 
constantly to face keen American competition. The 
services which the Committee have been able to render 
to the trade of this country will thus have far-reaching 
effects. They have had the assistance of the official repre- 
sentatives of the tube trade during their deliberations, 
and the recommendations of the Committee are to be defi- 
nitely adopted by the tube trade as their standard from 
July 1, 1909, while from January, the 1st inst., to July the 
manufacturers will be prepared to screw their tubes to 
the British standards when specified. The interval be- 
tween these two dates is required to enable the manufac- 
turers to bring their shop gauges into line with the stan- 
dard reference set which has been acquired by the trade. 

With a view of securing interchangeability, it has been 
arranged in this case also to deposit at the National 
Physical Laboratory a set of standard pipe-thread gauges. 
These gauges have been manufactu of hardened steel 
to a high degree of accuracy, and will serve for purposes 
of reference throughout the country. In order to enable 
manufacturers of pipes and fittings and screwing tackle 
the more easily ts telee their shop gauges into line with 
the deposited standard gauges, the British Tube Associa- 
tion have also provided an accurate set of travelling re- 
ference gauges, which it is proposed to send to the dif- 
ferent works throughout the country as may be desired 
for the purposes of checking the shop and working 
gauges. It is confidently hoped that by this means, in 
addition to interchangeability, a higher standard of accu- 
racy in production will be attained, to the manifest ad- 
vantage of the user. The interests involved are large, as 
it is estimated that the total annual output of iron and 
steel tubes and fittings in this country is approximately 
350,000 tons per annum, with an equivalent monetary 
value of 54 millions sterling. 

It was early recognised that the standardisation of the 
form of structures or of machines and engines opened up 
a question which was different to that of dealing with the 
parts which went to form them, and that therein there 
was more risk of encroaching upon the domain of original 
thought and design. It was thus at first decided that as 
a rule only the material and sections should be dealt 
with, leaving to the engineer the decision as to how the 
standard forms and material should best be applied to 
solve the problems which he might have under considera- 
tion. 

On the whole I think this rule is right, but it has been 
already found that there are exceptions to it ; and in one 
notable instance— namely, in the case of locomotives for 
Indian railways—it has been departed from, as the Com- 
mittee were requested by the Secretary of State for India 
in Council to prepare standard types of engines which 
the exigencies of Indian traffic indicated were desirable. 

Accordingly, with the help of the consulting engineers 
to the Indien Government and the chief locomotive 
builders and others, a carefully-considered report stan- 
dardising five distinct types of engines—two for the 
Indian standard gauge ont three for the metre gauge- 
was issued in November, 1905, Since that date the Com- 
mittee have received a further request from the Indian 
Railway Board through the Secretary of State for three 
additional types of main-line engines and a tank-engine 
for the standard gauge, whics: were published in Feb- 
ruary, 1907. In view of the work thus carried out, and 
as recognising generally the va.ue of the labours of the 
Standards Committee, the Indian Government have con- 
tributed substantial financial support to the expenses of 
the Committee. 

I believe that the Indian Government are satisfied that 
the policy of having standard types of locomotives has 
been advantageous to that country, has simplified the 
operation of railways, and has diminished the working 
costs. 

That standardisation has been of considerable benefit 
to the locomotive manufacturer of this country, as well 
as to the sub-contractors from whom they secure their 
materials, is evidenced by the opinions expressed by one 
of the largest manufacturers of locomotives in this country, 
who writes as follows ;— 





Standardisation has had a very appreciable effect on the cost of 
production. 

We find in practically all cases where standardisation has been 
effectual that, after elimination of the initial cost of drawings and 
patterns, the manufacturing costs have shown a decided reduc- 
tion ; and it is a noticeable fact that, in cases where standardisa- 
tion has been adopted, and departures therefrom subsequently 
made, the labour cost was found to be considerably greater, even 
after deducting the cost of the new drawings and patterns. 

The writer continues as follows on the general question 
of standardising parts :— 

The advantage gained by standardisation of tests of materials in 
the directions of reducing cost and facilitating deliveries of these 
from sub-contractors has also been important. 

Further, with the certainty of an output for their production, 
manufacturers are now enabled to supply at normal prices, and 
more promptly than formerly, sections which were previously 
obtainable only with difficulty, and often after considerable —.- 

The value of the work done by your Committee is very clearly 
brought to our notice in cases where we have to quote or build to 
foreign specifications or to specifications drawn up by engineers 
acting independently ; and we may mention that in such cases 
where an opportunity occurs we refer to the Standard Specifica- 
tions, and endeavour to influence their adoption as facilitating 
epee and consequently allowing not only earlier delivery, 
but a reduced charge. 

Reviewing the whole situation, we have no hesitation in ex- 
pressing the opinion that the work of your Committee has been of 
most valuable service to the country, and to the purchasers of 
our productions. Considering the results already evident, it is 
to be expected that the further development of the system, which 
may be naturally looked for in due course, will be of more pro- 
nounced benefit. 

These remarks may be contrasted with an account of 
what occurred before standardisation in India was intro- 
duced. A director of Indian railways told the Committee 
that his company had specifications for three goods engines 
which, although the engines were identica! in type, power, 
weight, and purpose, differed from each other in almost 
every detail. The same builder had made all three, and 
these differences added 2000/. to the cost of their con- 
struction. 

I am informed that since 1905 nearly 1000 locomotives 
of the British Standard types have been built for India, 
or are at present under construction, representing a value 
of epvenls of 3,000,0007. Evidence is also in my possession 
which shows that a considerable additional number of 
engines would have been built to the standard types but 
for the present insufficiency of the road in some districts 
to carry the more powerful and heavier standard engines. 

The Sevetiey of State for India has requested that the 
Locomotive Committee may continue in “office, so that the 
Indian Government may from time to time be able to 
refer any matters concerning the preparation of addi- 
tional standards for locomotives, with other cognate sub- 
jects, to the Committee, to be dealt with as occasion may 
arise, and to this request the Main Committee have 
acceded. 

It will have been noticed that the case of Indian 
locomotives is not the only instance in which the Stan- 
dards Committee have had to deal with complete machines. 
For example, I have referred to meters, and I may add 
that dynamos and their prime-movers have been brought 
forward as desirable objects for the consideration of the 
Standards Committee with a view to the adoption of 
standard types ; but no decision has as yet been reached. 

Having touched upon the subject of one of the Com- 
mittees remaining in permanent session, it may not be 
out of place to reiterate the necessity of the continuance 
of our —— in order to avoid risk of impeding 

rogress through the stereotyping of design. The Main 

Jommittee have had this aspect of the question promi- 
nently in view from the commencement of the movement, 
and I have already referred to the methods which have 
been decided upon in order to secure that an opportunity 
will be given from time to time for the emeiitaiben of 
each type drawing and specification, so that we may not 
become hidebound, but be ready to deal with all improve- 
ments. 

But I might add that this does not mean that the 
standards will be revised year by year, although an oppor- 
tunity will be afforded for their revision if experience 
shows that revision is desirable. It would be obviously 
detrimental if, after a series of sections and specifica- 
tions had been issued, no tribunal was available for re- 
vising them or adding to them as rolling-mill practice 
indicated or requirements demanded ; or if types of loco- 
motives or any machines were adopted as standards, 
and no opportunity was in future available for adding 
additional types as traffic or future discoveries may 
require. At the same time, it will be, of course, most 
undesirable to interfere with the standards for any insuffi- 
cient reasons. The Main Committee has been fully alive 
to the disadvantages which would be due to injudicious 
or incomplete standardisation; but it will, I think, be 
impossible that harm can result, seeing that the Com- 
mittee charged with the preparation of the standards is 
composed of men representative of engineers, users, and 
manufacterers, all of whom are engaged in their daily 
practice with the subjects in which they are dealing, and 
who of all men are most competent to express an opinion 
when the progress of that particular industry shows that 
the standards may with advantage be revised. 

Such then has been, and is, the work of the Standards 
Committee, and it will be obvious that the cost of the 
preparation of the designs and specifications contained in 
over 40 reports has been, and naturally must be for this 
class of accurate work, somewhat heavy. The total sum 
expended on the Committee's operations up to the end of 
the present financial year in March, 1909, will be approxi- 
mately 25,000/. The Committee have been enabled, by 
liberal grants from the five supporting technical institu- 
tions, from the Government nt, by the sale of their 
| seersageawer and by financial aid granted to them by 
eading railway companies, manufacturers, and trade 
associations throughout the country, as also from indi- 
viduals, to meet the expenses thus far incurred ; but some 





means will have to be devised for the continuance of the 
work on a reduced scale, for work commenced, but not 
completed, and also for dealing with any work which 
from year to year will be entailed in the revision of the 
standards and the preparation of any new standards 
which circumstances may demand. 

I should like to take this public opportunity of paying 
my tribute to the willing aS gratuitous services rendered 
by those gentlemen—some 300 in number—occupying the 
highest itions in their respective professions and 
trades, is valanienily and gratuitously have served, and 
are serving, on the Committees. They attend their 
meetings, for which pu they often have to travel 
long distances, at much inconvenience and at their own 
charges, and devote an immense amount of their valuable 
time, as also the services of their plant and staff, to the 
work. I think that there is nothing more striking in our 
social organisation than the readiness of so many to give 
freely of their best to what they believe to be for the 
good of our country. 

I desire to bear my cordial testimony also to the great 
value of the services of Mr. Leslie Robertson, the secre- 
tary, of Mr. Charles Dresser and Mr. C. Le Maistre, the 
two assistant secretaries; and of the staff, who all have 
very special duties to perform, and I feel that we have 
been remarkably well served. But such words but faintly 
represent what we owe to Mr. Leslie Robertson, who has 
been with the Committee as secretary since the inception 
of the work, and has laboured heart and soul in a great 
undertaking, which was novel and difficult. He combines 
wide technical knowledge with sound business qualities, 
and both are united with admirable courtesy, so that his 
work with all the Committees, Sectional Committees, 
Sub-Committees, and the outside world has been very 
pleasant to them, as I trust it has also been to him. 

The commercial and technical side of engineering are 
inseparably linked together, and whatever the perfection 
of mechanical methods of production in this country may 
be, unless the commercial side of the business is equally 
efficiently organised, there will be no adequate return. 
There were many markets which formerly were exclu- 
sively British, but in which we no longer hold supremacy, 
because by quickness and despatch, rather than through 
superiority of their material or workmanship, Germany 
and America have been able to beat us. Of course, there 
are markets in which we cannot hope to compete success- 
fully on equal terms, by reason of imposts and protective 
duties; but the work which has been effected by the 
Committee should very materially assist as in keeping 
the trade of our Colonial Empire in the hands of British 
manufacturers. If the Colonial Governments will insist 
upon all materials bought by them being to British stan- 
dards, they will know that they are receiving good 
designs and high-class material, in both of which they can 
have entire confidence ; while the manufacturers at home, 
knowing that the colonial orders are to be placed in 
accordance with the uirements of the British stan- 
dards, will be sure of what is expected from them, anc 
be able to give prompt and speedy delivery at moderate 

rices. 

The question is a national one, and cannot be regarded 
in any narrow way. Its financial importance and magni- 
tude are but feebly indicated by the few figures which I 
have merely given as examples, for, in truth, standardisa- 
tion affects the whole engineering trade of the Kingdom 
and Empire. The movement towards standards and an 
intelligent system has already produced the most gratify- 
ing results, and many more will follow. In these effects 
all classes are closely interested, and none more than our 
vast working population, whose well-being, and, I might 
say, very existence, depend on Great Britain being well 
equipped and up-to-date in the acute trade rivalries of 
the world. 








Swiss Macuinery Trape.—The value of imports of 
machinery, mechanical appliances and parts into Switzer- 
land in 1907 amounted to 1,906,400/., an increase of 
410,700/. on the amount for 1906. The exports rose to 
2,972,800/. in 1907, compared with 2,534,000. in 1906. Of 
the imports, 76 per cent., or goods to the value of 
1,454,000/., were from Germany, while only 5.7 per cent. 
were from Great Britain. 





THE Buenos Arres GREAT SouTHERN Rartway.—The 
ratio of the working expenses to the traffic receipts upon the 
Buenos Aires Great Southern Railway was brought down 
last year to 55.69 per cent. , as compared with 57.58 per cent. 
in 1907, showing a reduction of 1.89 per cent. While the 
traffic receipts increased last year 4.43 per cent., working 
expenses were —" 1.01 per cent. higher. Permanent way 
was maintained by the Buenos Aires Great Southern 
Railway last year at considerably less cost. Dry weather 
favoured the company, labour was more abundant, and 
wages were lower, while, owing to the renewal of large 
sections of the line with new and heavier materials, the 
management was enabled to run new engines with a 
oe | increased weight of trains. The expenditure 
made by the company on rolling-stock last year showed a 
considerable decrease, but the comparison was rendered of 
little value by a six months’ strike in the company’s 
worksho ; ae effort was made during the continu- 
ance of the strike to keep repairs up to date, but it has 
since been necessary to work at high pressure. The 
attitude of the men me more friendly in the closing 
months of last year. Improved machinery and a slight 
reorganisation in working have been lately introduced, 
and have resulted in an increase in the output at the 
shops. Locomotive running expenses were fractionally 
lower per train-mile in 1907-8 than in 1906-7, being 0.094/., 
against 0.095/., although the company had to contend 
with dearer coal and the expenses of a special fitting 
staff, which had to be employed in the running sheds 
during the strike, ’ 
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ELECTRIFICATION OF SPIEZ-FRUTIGEN |STANDARDISATION OF FIREBRICKS, &c.. CATALOGUES. 


RAILWAY. 


Tue Berner Alperbahn-Gesellschaft has decided on the 
electrification of their standard gauge line from Spiez- 
Frutigen, and have placed orders for three motor-cars, 
one lozomotive, and the overhead equipment, from the 
Elektrische Bahnen, Zurich, which is the Swiss agency 
for the Machinenfabrik Oerlikon and Siemens-Schuckert- 
werke. The Spiez-Frutigen line will be worked by single- 
phase current of 15 cycles, and a line voltage of 15,000 
volts. Current will be supplied by the Vereinigten 
Kander and Hagneckwerke A.-G., and for this purpose 
two additional generating sets, of 3200 horse-power each, 
will be installed in the power-station at Spiez. Each set 
will consist of a turbine direct coupled to a single-phase 
generator for a pressure of 16,000 volts. Catenary sus- 
pension with bow collectors will be used, the trolley 
wire being approximately 21 ft. above the rails. 

The motor-cars will be double-bogie vehicles, about 65 ft. 
long, and will provide seating accommodation for 64 
passengers, third-class. The maximum gradient on the 
Spiez-Frutigen line is 1.55 per cent., but on the Létsch- 
berg Railway, which forms the continuation of the former 
line, ranges up to 2.7 per cent. The motor-cars will there- 
fore be so designed as to take four single phase motors of 
an aggregate output of 880 horse-power. As long, how- 
ever, as electric operation is confined to the Spiez-Frutigen 
section only two motors will be provided. The weight of 
the fully-equipped motor-car will be 55 tons, and the 
capacity of the motors’is sufficient to haul a train of a 
total weight of 160 tons up a gradient of 2.7 per cent. at a 


speed of 28 miles per hour, ora train weighing 240 tons 


up a gradient of 1.5 per cent. at the same speed. The 
locomotive ordered will have a total motor capacity of 
2000 horse-power, and will be capable of hauling trains of 
310 and 500 tons up the gradients of 2.7 and 1.55 per cent. 
respectively at a speed of 25 miles per hour. 
two bogies of the locomotive is provided with a 1000 horse- 
power single-phase motor, which drives the three axles by 
means of gearing and coupling-rods. 
be the largest single-phase commutator motors yet built. 
The whole weight of the locomotive (approximately 86 
tons) will be utilised for adhesion. The motor-cars and 
locomotive will be equipped with transformers for reduc- 
ing the line voltage of 15,000 volts to the variable voltage 
required for the motors when running at different speeds. 
The maximum speed for the motor-cars and the locomo- 
tive has been fixed at 434 miles per hour. The motor-cars 


are intended for regular service on the Spiez-Frutigen | 


section, while the locomotives are primarily intended for 
experimental purposes in view of the adaptation of elec- 
tric traction on the main line later on. 








Unirep States Patents.—In the year 1907 the United 
States Patent Office received 57,679 applications for 


Each of the | 


These motors will | 


A MOVEMENT has been set on foot by the English Ceramic | 
Society for a conference of representatives of the various | 
technical institutions and societies to consider the ‘‘grad- | 
ing” and standardising, as far as possible, of the refractory | 
materials, such as fire-clay, magnesite, &c., used in the 
construction of furnaces, kilns, ovens, &c. The movement 
started in January, 1908, with the English Ceramic Society. 
Dr. J. W. Mellor communicated with the secretaries of 
the different societies interested, and subsequently a | 
meeting of representatives appointed was held at Stoke- 
|on-Trent on January 4. At this meeting the following 
| officers were elected :—Mr. J. E. Stead, F.R.S., chairman; 
| Mr. J. H. Darby, vice-chairman ; and Dr. J. W. Mellor, 

hon. general secretary, The Villas, Stoke-on-Trent. The | 
| title of this body was provisionally fixed as ‘‘ The Com- | 
| mittee for the Standardisation of hastens Materials.” 

The following subjects were su ted as suitable for pre- 

liminary consideration :—(a) To arrange and classify the 

various refractory materials: clay, siliceous, as silica and | 
gannister ; special, as magnesite, chromite, &c.; () To | 
arrange standard specifications for the raw materials and 
for the manufactured products ; (ce) To consider the possi- 
bility of arranging for uniformity in certain ‘‘stock” or 
“standard” sizes; (d) Standard methods of testing, 
analysis, &c. 

It was agreed that the delegates should consult with 
their respective fellow-members, and, wherever pos- 
sible, procure information bearing on their specific re- 
quirements, together with data as to furnace tempera- 
| tures and conditions of operation. Each section will, at 
first, conduct its own part of the inquiry independently 
| of the others, and prepare a draft of their suggestions to 

be submitted to the next meeting of the General Com- 
| mittee. These suggestions will be embodied in a pro- 
visional report, to be sent back to the sections for ap- 
proval or amendment, and finally published as the general 
|report. It is proposed to revise the report periodically, 
to keep abreast of development. 

The work will be divided into sections, of which the in- 
| dustrial sections will deal with the subject as it affects 
|'the chemical and electrical, glass, metallurgical (this | 

being represented by the Iron and Steel Institute and | 
the Institute of Metals), gas engineering, and pottery | 
industries. The members of the committee representing | 
| the various industries will formulate the demands of their | 
own industry, after inviting opinions on the following | 
lines :—1. Materials at present in use; any general infor- 

mation, as analyses, &c. 2. Conditions of use, nature of | 
| furnace operations, temperature, and whether the tem- | 
| perature 1s continuous or intermittent. 3. Criticism of 

| materials at presentin use. 4. Syggestionsas to improve: | 
ment, both in material and in sizes and patterns available. 
The Ceramic Society Section will consider such subjects 
| as: (1) Definition of Refractoriness ; (2) Grades of materials, 
| based on : (a) Refractoriness; (4) Class of material—alumi- 











| hout ” motors with which they are fitted. 


Tue British Bariquand and Marre Engine Company, 
Limited, 10, Poland-street, Oxford-street, W., have issued 
lately a new catalogue of the B. and M. motors of four 
and six-cylinder types, ranging in sizes from 16 horse- 
power to 60 horse-power. ese engines are marked by 
several distinctive features, which are clearly illustrated 
and described in this list. 


Brooke’s marine motors form the subject of a very well- 
printed pamphlet to hand from Messrs. J. W. Brooke 
and Co., Limited, Lowestoft. In this are illustrated the 
marine motors made by this firm in sizes up to six- 
cylinder 300-horse-power. engines. Several of the well- 
known boats fitted with these engines are also well illus- 
trated in this pamphlet, which is quite artistic in its 
get up. 

A catalogue of motor-boats, launches, and auxiliary 
yachts is to hand from Messrs. Maclaren Brothers, Sand- 
<—y Yard, Dumbarton. This gives illustrations and 
orief particulars of a large number of small motor-driven 
craft, and also of ‘‘ Scout,” ‘‘ Mawdsley,” and ‘ Krom- 
The “ Krom- 
hout” is a paraffin motor, the others are designed for 
using petrol. 


Mr. H. Munzing, 179, Upper Thames-street, E.C., 
sends us a pamphlet of Buckeye pipe die-stocks manufac- 
tured by the Hart Manufacturing Company, Cleveland, 
Ohio, U.S.A. One of the chief features of these is the 
withdrawing of the chasers as they proceed along the 
pipe. Another is the release of the inoms on the com 
pletion of the length of thread, enabling the stock to be 
drawn off instead and run back over the threads. 


The ‘‘ Linley” machine camera and stand forms the 
subject of a pamphlet to hand from the Camera Con- 
struction Company, Durham-grove, Hackney, N.E. This 
camera is constructed especially for process work. Metal- 


| work takes the place of much of the wood entering into 


the construction of other cameras, and adjustments have 
been carefully designed, so that the reliability and accu- 
racy claimed as two of its characteristics in working are 
probably justified. 


Messrs. John H. Wilson and Co., Limited, Dock-road, 
Seacombe, Birkénhead, have recently sent us a catalogue 
containing two folding plates, reproduced from ENGINKER- 
ING, of large cranes built by them for H.M. Dockyard, 
Portsmouth, and for Belfast Harbour. Other illustra- 
tions show views of yard and contractor's cranes, break- 
down and other travelling as well as fixed wharf and 
other cranes. Grabs are also dealt with, and steam 
navvies and excavators, winches, windlasses and wind- 


ing-engines, and electric Goliath cranes. 

The 21-in. Hartness flat_turret-lathe, built by Messrs. 
Dean, Smith, and Grace, Limited, Keighley, is described 
in a pamphlet recently to hand from the makers. This 


patents for inventions, or, including applications for re- | nous, as clay and bauxite; siliceous, as gannister and | 


issues of patents and for patents for designs, 58,762 
applications. Patents issued, together with re-issued 
patents, numbered, for that year, 36,620. The patents 
that expired during that year were 25,322 in number. 
The States of New York, Illinois, and Pennsylvania 
headed the list of new patents granted—New York with 
5281 patents, or 1 to every 1389 inhabitants; Pennsyl- 
vania with 3471, or 1 to every 1815 inhabitants; and 
Illinois with 3470, or 1 to every 1388 inhabitants. In the 
district of Columbia one patent was granted for every 
941 inhabitants, and in Connecticut one for every 987. 
On the other hand, such States as Alabama, Mississippi, 
North Carolina, and South Carolina only show one patent 
for something over 10,000 inhabitants, the last-named 
having been responsible in 1907 for one patent for every 
26,302 inhabitants. The patents granted ta citizens of 
foreign countries numbered 3866, of which 1182 were taken 
out by Germans, 868 by Englishmen, 536 by Canadians, 
334 by citizens of France, &c. 





TuHroucH Norway: or Fo.k-Lirk IN THE LAND OF 
THE Mipnicgut Sun.—A publication bearing this title 
has recently been issued by the Norwegian Tourist Traffic 
\ssociation, and Alb. Cammermeyers Forlag, Chris- 
tiania, which contains a large amount of useful and in- 
teresting information for any one intending visiting the 
northern peninsula. It is profusely illustrated with 
very good reproductions from photographs portraying 
the life of the people in various parts of the country ; 
the description of these being given in English, Nor- 
wegian, German, and French. The letterpress de- 
scribing the various districts is printed in the first 
two of these languages. Accompanying the publica- 
tion are two excellent maps, one of the southern part 
of the country to a scale of 1: 500,000, and the other 
of the northern part to a scale of 1: 1,500,000. The 
descriptive matter is divided into nine sections, the 
headings of which are as follow :—‘‘ Scenery and People,” 
‘‘National Costumes,” ‘‘Sztersdal,” ‘* Telemarken,” 
“The Fjord Districts of the West of Norway,” ‘“‘ The East 
Country People,” ‘‘The People of Trondhjem,” ‘‘The 
Peopleof Norland,” and ‘‘ Winter People ;” andcovers such 
\ range that something of interest should, we think, be 
found in it by a wide circle of ers, particularly in 
these times when so many people seek the country either 
for health or amusement both in summer and winter. The 
winter sports are now attracting a large number of visitors, 
who have found from experience that the climate at that 
time of year is very delightful and bracing, so much so 
that many people prefer it to that of Switzerland, a 
country now very fashionable as a winter resort. In 
addition to this, Norway is becoming of interest to engi- 
neers, owing to the many large water-power stations which 
«re being installed in various parts of the country, and 
which promise to be of great importance. The book is, 
we believe, issued free of charge. 


silica ; special, as magnesite, &c. (3) Examination of raw 
materials : general, as to presence of calcium carbonate, 
coal, pyrites, &c. ; chemical analysis, standard methods ; 
| refractoriness, method of determining ; mechanical analy- 
| sis, methods, &c.; behaviour at various Seaman, | 
| shrinkage, porosity, plasticity. In the Manufacturers’ 
| Section suggestions as to elimination of odd and little- 
|used sizes and shapes will be considered, as well as 
| Standard sizes and shapes, deviation from specified dimen 
sions in special sizes, su: tions as to the grading of 
clays, as proposed by the English Ceramic Society, &c. 











PowrER TRANSMISSION BY MEANS OF CHAINS.—In a 
| well-printed pamphlet of 130 pages, Messrs. Hans Renold, 
Limited, of Manchester, give a very comprehensive 
| Summary of the application of silent and other chains to | 
the driving of os Innumerable photographs of | 
|chain-drives are reproduced, including cases of driving | 
| main and counter-shafting in workshops, automatic ma- | 
| chines, &c. The increase in production, and improvement 
|in the quality of the work turned out by many machines 

when belt-drives have been replaced by chains is un- 
doubted, and Messrs. Renold cite figures in support of | 
this statement. The pamphlet is worth the attention of 
mill- wrights and mechanical designers generally. 











Locomotive CONSTRUCTION AT THE PENNSYLVANIA 
RaILroap Juntata Works.—The Pennsylvania Railroad 
Company has begun work at its Juniata shops on| 
fifteen heavy Consolidation locomotives. The engines | 
are intended for extra heavy service, and will weigh 
108 tons each. The tenders have a carrying capacity of | 
134 tons of coal and 7000 gallons of water. The boilers | 
are to be of the standard lpaire type, 180 in. long 
with a minimum inside diameter of 767 in. The total 
grate area is 55.13 square feet, and the total heatin 
surface is 3839 square feet. The working pressure wil 
be 205 lb. per square inch. The eight-coupled driving- | 
wheels are 62 in. in diameter and the truck-wheels 33 in. | 








Tue Frencu Navy.—The French Minister of Marine, | 
says Le Moniteur de la Flotte, will be able to report in a | 
few days on the situation of the French Navy. It is now 
known, however, that he will ask for funds to the amount 
of 9,200,000/., to cover the immediate needs of the fleet 
now in service. This sum is to be divided into five annual | 
grants, and will be employed in the purchase of ammu- | 
nition, outfit, and spares for the existing fleet, and in im- | 
proving the naval ports, by supplying them with neces- | 
sary installations, floating an ey docks, and other | 
works. This only forms part of the heavy task the 
Minister has undertaken, and when this is settled he will | 
have to decide upon the number and class of new ships to | 
be built, and upon the dates for laying them down. 


| to all 


| fittings for the same. 


| pamphlet is excellently produced, and will be interesting 
having to consider the efficiency of workshop 
machine-tools. Its descriptions are comprehensive and 
the blocks clear, some of them being rendered the more 
interesting by the functions of the various parts being 
given on the pictures themselves. Line blocks are also 
given, showing chuck and bar work in the lathes. 


Several additions to their catalogue reach us from 
Messrs. Johnson and Phillips, Charlton, 8.O., and 14, 
Union-court, E.C. One of these deals with voltage trans- 
formers for metallic filament lamps, giving also instruc- 
tions for using Osram lamps and describing suitable 

Pron ol list gives prices of alter- 
nators, exciters, and regulators. Another list refers to 
arc-lamps, and deals with the firm’s patent shuntless, 
single, enclosed arc-lamps, the ‘‘ Magnet” Juno. flame 
ares, vertical carbon flame-lamps, and magazine flame- 
lamps. Accessories, such as cut-outs, resistances, safety 
coils, &c., are also priced. 








British CapiTaL IN ARGENTINA.—British capital is 
going into Argentina by leaps and bounds. Last year it 
was estimated that British investments had attained an 
aggregate of 243,735,000/.—viz., Government oN 
bonds, 73,383,000/.; railways,. 137,845,000/. ; banks, 
3,580,0002.; other companies, 28,927,000/. In 1905 the 
corresponding totals were as follows :—Government and 


| municipal bonds, 69,620,000/.; railways, 101,785,000/.; 


banks, 2,900,000/.; other companies, 24,905,000/.; total, 
199,210,0007. The whole amount of capital (British and 
domestic) invested in Argentina was estimated last year 
at 393,000,000, 





AvsrriAN SuspMARINES.—Six submarines have heen 
constructed for the Austrian Navy. Of these, two, of the 
Holland type, were built in: the Whitehead Works at 
Fiume, two others were built at Kiel, and the remaining 
two at Pola. The Whitehead Works have also laid down 
a seventh submarine. One of the six submarines was 
submerged to a depth of 73 ft.; she had 25 persons on 
board, and none of these experienced the slightest incon- 
venience. The submersion was effected with ‘water- 
ballast, and it was carried out slowly and with perfect hori- 
zontality. After the experiment had been made the 
submarine rose in to the surface in 90 seconds. The 
two submarines built at Kiel have each a surface dis- 

lacement of 237, and 300 tons when submerged. Each 
Boat is 144 ft. long by 124 ft. beam. Their surface — 
is 12 knots and their submerged speed 8 knots. They 
have a surface radius of action of 1200 miles at 12 knots, 
and of 40 miles at 6 knots when submerged. Prepara- 
tions for a plunge occupy 6 minutes, and the plunge can 
then be made in 30 seconds. Each submarine carries two 


| lance torpedo-tubes. 
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ComptLep By W. LLOYD WISE. 


SELECTED ABSTRACTS OF RECENT PUBLISHED SPECIFI- 
CATIONS UNDER THE ACT OF 1907. 

The number of views given in the Specification Drawings is stated 
in each case ; where none is mentioned, the Specification is not 
illustrated. 

Where inventions are communicated from abroad, the Names, &c., 
of the Communicators are given in italics. 

Copies of Specifications may be obtained at the Patent Office, Sale 
pea 25, Southampton Buildings, Chancery-lane, W.C., at 


‘‘ENGINEERING” ILLUSTRATED PATENT 
RECOR 


the uniform price of 8d. | 

The date of the advertisement of the aeceptance of a Complete | 
Specification is, in each case, given after the abstract, unless the | 
Patent has been sealed, when the date of sealing is given. 

Any person may, at any time within two months from the date of 
the advertisement of the acceptance of a Complete Specification, 
give notice at the Patent Ope of opposition to the grant of a 
Patent on any of the grounds mentioned in the Act. 


ELECTRICAL APPARATUS. 
14,763. Brown, Boveri, and Cie., 
woeisnele Wastinon. 


{2 Figs.| July 11, 1908.—This invention relates to current-col- 
lectors for electrical machines, and consists in the use of discs, 
elastic in the axial direction, mounted on the shafts for supporting 
shrinking rings shrunk on the ends of the collector. By the use 
of such elastic dises the relative expansion between the shaft and 
the collector strips can take place without friction. Referring 
first to Fig. 1, a is the shaft, ) the commutator segments, and ¢ 
the shrinking rings. The rings ¢ are connected directly to discs d, 
which are fixed on the shaft a, and are pressed firmly against a 

















shoulder of the shaft by means of rings e screwed on the shaft. 
That part of the discs between the hub and the rim may be made 
sufficiently thin to allow of the expansion due to heating, so that, 
contrary to what occurs in the known constructions, the relative 
expansion between the shaft and the collector strips takes place | 
without friction. In the arrangement shown in Fig. 2, the discs 
are shown constructed with circular spring rings / inserted between 
_ the hub f andthe rim g. A good cooling effect may be obtained 
by the provision of apertures in the wall of the disc, which aper- 
tures may be made so large, if desired, as to leave only spokes 
remaining. (Sealed January 14, 1909.) 


25,286. S. G. Brown, London, Telegraphy. (3 Figs.) 
November 14, 1907.—This invention relates to telegraphy, and 
is particularly applicable to submarine cable telegraphy, the 
object being to improve the signalling and increase the speed. 
The invention consists in operating the suspended coil of the 
recording instrument in its natural period of movement by means 
of a suitable mechanism adapted together with the coil for being 
tuned in period to the period of the reversals or signals required 
to be recorded. a is a pivoted lever connected with the suspended 
coil b of the syphon recorder. The coil is arranged in a magnetic 
field, the magnet being indicated by the N. and 8. poles thereof. 
The lever a is operated by the first movement of the coil b, which 
is caused to oscillate by the received current from the cable by 
way of the wires b!, b!. This first movement of the coil } releases 
the escape-wheel d by turning the lever a about its pivot, and so 
bringing the one or the other of the pallets, according to the 
direction of movement of the said lever a as the latter is influenced 
by the coil b, into operative relation with the escape-wheel d. 


governor in such a way that any motion of the governor due toa 
change of speed of the engine causes the plug to be rotated through 
a greater or less extent, so that the holes in the plug and the 
holes in the casing are brought more or less into or out of register 


mounted, the tube being of such a length that its forward end is 
within the casing A. A length of quick-match E is placed within 
the hollow member A® and the tube D, the forward erd E! of 
which projects beyond the tube, and is embedded in an inflam. 





with each other, according as the engine increases or diminish 
its speed, thus allowing more or less fuel to pass into the plug. 


Soro in 








The fuel, after entering the plug, passes out through passages 
formed in the upper part of the plug, to the mixing-chamber #, 
where it is mixed with air entering at k, the mixture then passing 
out of the carburettor to the combustion-chamber. The outlet of 
the carburettor is covered with a wire gauze, which splits up the 
mixture into a fine vapour. (Accepted October 28, 1908.) 


GUNS AND EXPLOSIVES. 


1369. A. F. Petch and R. Redpath, Westminster. 
Sighting-Gear. (3 Figs.) January 21, 1908.—The object of 
are automatically corrected for drift of projectile at the same 
time as the required elevation is set on the sight. In this inven- 
tion, the sight is given elevation by means of an endless worm 
gearing into a worm segment. On elevating the sight the segment 
remains stationary while the worm travels round on it, taking the 
sight-carrier with it. On the end of the worm-spindle is a pinion 
which gears into a wheel pivoted to the sight-carrier. The gear- 
ing is preferably soviamell so that the wheel makes less than a 
complete revolution, while the worm makes the revolutions neces- 
sary to give the sight its maximum elevation from zero. Keyed 
to the shaft carrying the wheel is a cam-plate acting on a 
roller carried by a bracket on the sight-carrier. This bracket is 
pivoted to the sight-carrier and held against the cam-plate, which 
may be eitherin the form of a groove or in profile, in the latter 
case the bracket being held against the cam by a strong spring. 
It will be seen that on elevating the sight the cam is partially re- 








volved, and so moves the bracket round its pivot. The sight and 
goniometer are pivotally attached to the bracket, so that inde- 
pendent deflection may be given in the usual way. a is the worm 
segment fitted to a non-recoiling part of the carriage which has 
movement with the gun in elevation. The frame b, pivoted to 
the worm segment, carries in suitable bearings an endless worm d, 
actuated by a hand-wheel e. On top of the frame b is pivoted the 
sight-carrier. At one end of the spindle g of the worm d is a 
toothed wheel h, which gears into a second toothed wheel j, 
en to the frame b. This toothed wheel j has formed on it, or 

eyed to it, a plate having cut in it a cam-groove k. On the sight- 
carrier is a roller which enters the cam-groove. It will be seen 





N 


> 
25.286) 6 


The turning of the lever @ about its pivot has the effect of deflect- 
ing the arm e, which is pivoted at e! and controlled by the spring 
e2, the arm being sunttied with adjustable stops for receiving the 
thrust of the lever a when the latter is turned as described. 
the said first movement of the coil } effects the release of the 
escape-wheel d, which, being operatively connected with driving 
mechanism, rotates and continues to impart, in the case of a 
reversal or a series of reversals, to the lever @ an amplified oscil- 
latory movement, which is transmitted by connections c, ¢ to the 
suspended coil b. The connections of the pivoted lever with the 
suspended coil serve to maintain the lever in a neutral and in- 
operative relation to the escape-wheel ; a locking pawl provided 
on the arme in conjunction or not with the stops thereon effect- 
ing the locking of the escape-wheel d when the suspended coil } 
is in the central or neutral position--that is to say, when the coil 
is not subjected to deflection, but occupies a neutral position, 
equivalent to the zero position of the tongue or pointer, the 
locking paw] acts to lock the escape-wheel d. (Sealed January 14, 
D0. ) 


GAS ENGINES, PRODUCERS, HOLDERS, &c. 


Rollason, Long Eaton. Carburettors. | 
October 15, 1907.—The present invention relates to | 


744. 
(3 Figs.) 
float-feed carburettors, and has for its object to provide an im- 
proved means for varying the feed of fuel according to the speed 


of the engine, The hollow plug @ of the carburettor is provided 
on the one side with a series of holes. These holes can, by rotation 
of the plug, be brought to register, either completely or to a 
greater or less extent, with a second series of corresponding holes 
in the plug-casing d, this second series being in direct communica- 


Thus | 


| that on actuating the hand-wheel e the worm carries the frame 
| and sight round the worm-segment, which remains fixed. At the 
| same time the toothed wheel A actuates the toothed wheel j and 
| so turns the cam-groove, which, acting on the roller, causes the 
| sight-carrier to be deflected round its axis. By cutting the cam- 
| groove to a suitable form the deflection of the sight can be made 
| tocorrect automatically for drift of projectile. (Sealed January 
| 14, 1909.) 


26,909. The Whitehead Torpedo Works (Wey- 
mouth), Limited, and E. Lees, Weymouth. Tor- 
{1 Fig.] December 5, 1907.—This invention relates to 

primers or cartridges for igniting inflammable substances or 
vapours in connection with the heating of compressed air in 
torpedoes, and its chief object is to provide a primer or cartridge 
which, on ignition, produces an effective flame that persists for 
several seconds, instead of only for a fraction of a second, as is 
the case with primers now in common use, owing to the fact that in 











such primers the effective flame is not obtained until practically 
the whole of the composition within the primer has been con- 
sumed. A is the casing of the primer, and is formed of metal 
or other suitable material. This casing is filled with a compact 
mass B of slow-burning composition, and has at its rear end a cap 
or detonator of ordinary construction. Within the casing A a 
hollow member A! is screwed, the rear end A2 of which is in 
proximity to the detonator. The forward portion A® of the hollow 





tion with the cr feed-tank p through the pipe e¢. The plug a 
forms one end of a shaft f, which is actuated by the engine 


member A! is in the form of a sleeve, upon which the tube D is 


this invention is to provide a means whereby sights for howitzers | 


| 


mable c jon E?, which is in contact with the slow-burning 


si 


| charge B. The flash from the detonator is transmitted by the 


quick-match E to the inflammable composition E2, which, in turn, 
ignites the slow-burning charge B, the flame from which issues 
from the open end of the casing A and endures for several seconds. 
Accepted November 4, 1908.) 


HYDRAULIC MACHINERY. 


2602. G. F.Homeyard,Swansea. Hydraulic Valves. 
[5 Figs.) February 5, 1908.—This invention relates to hydraulic 
valves of the spindle type, and the principal pm is to providc 
such a valve which shall be self-closing, balanced, and self-adjust- 
ing. a is a valve-casing in which are formed a passage-way b for 
the flow of pressure water from the source of supply to an hydraulic 
machine and an exhaust passage c. Into the casing a, 80 as to lx 
axially movable therein, are fitted a pair of valve spindles d and e¢, 
the former controlling the pressure-water supply to the machine, 
and the other controlling the exhaust therefrom. The valves ar 
controlled by a lever f set in a fulcrum-toggle g, which latte: 
either acts directly upon the tops of the valve-spindles d and e, o1 
through the medium of levers hinged to the casing. The toggle 
is fulerummed to the ends of two links #, i located one on each side 
of the casing a and connected at their ends toa piston j working 
in a chamber in the valve-casing. The chamber is in communica 
tion with the passage-way b, so that when the pressurc-water is 














eager therein the piston j is always subjected to such pressure, 
mut otherwise a spring, which is placed above the piston j, comes 
into operation and performs the function of the water-pressure 
acting upon the — such function being to ensure the valve 

spindles d and e being kept closed. The working of the valve is as 
follows :—Normally the piston j, either by the pressure of the 
water or of its spring, exerts a pull upon the links t, ¢ and thereby 
on to the toggle g, to press this cn to and keep the valve-spindles 
d and e dowm on their seats. To open the valve to permit the 
passage of the pressure-water therethrough, the operating lever f 
is moved over to raise the toggle from the valve-spindle d, where- 
upon the vaive-spindle d is then forced from its seat by the pres- 
sure of the water. In moving over the operating lever f, the 
toggle g fulcrums on the valve-spindle e, con vice versd if the ex- 
haust-valve spindle e is to be opened. Before either valve-spindl« 

can be opened the other valve-spindle will be closed, thus (in a 
single-acting valve) it is impossible for more than one valve-spindle 
to be open at the same time. (Accepted November 4, 1908.) 


RAILWAYS AND TRAMWAYS. 


11,256. The Consolidated Brake and Engineering 
Company, Limi and E. S. Luard, London. 
Vacuum-Brake Angaretas. (2 Figs.) May 23, 1908.—This 
invention relates to rapid-action valves for use in connection with 
vacuum-brake apparatus, and to that class of valve which acts 
either for the ordinary quick-service application of the brakes or 
for the emergency rapid action, as required. According to the 
invention, the improved valve comprises a casing @ which is in 
communication by an outlet d with the train-pipe of the vacuum- 
brake apparatus, and also with the brake cylinder. The casing a 
is formed with an orifice or opening d normally closed by a valve ¢ 
which is carried by a hollow stem f; the upper end of the latter 
fits, and is adapted to move, within a guide g provided within the 
main casing, and is connected to a diaphragm h closing the upper 
part of the casing a, thereby providing an annular space or 
chamber within the casing beneath the diaphragm. The interior 
of the stem f is in communication with the train-pipe through the 
outlet d, and a spring j, which is preferably coiled around the guide 
g and bears upon the bottom eamet and against a flange upon 
the upper part of the valve-stem f, normally maintains the said 
valve closed. The valve proper or main valve ¢ is itself provided 
with an orifice or opening adapted to be closed by a supplementar) 


valve J, the stem of which extends into a chamber formed in the 
main valve-stem f, its inner end being attached to a diaphragm 1 
which forms the inner end of the said chamber. This supple 
mentary valve is normally closed by means of a spring o arranged 
within the chamber. Both the guide g and the last-mentioned 
chamber are in connection by means of small holes with the 
interior of the main casing. The valve operates as follows—that 
is to say :—Assuming the ordinary quick-service application of the 
brakes is to be made, the proper quantity of air is admitted to the 
train-pipe to destroy the vacuum therein to a sufficient extent to 
open the supplementary valve /, which admits air into the main 
casing, and thence through the outlet therefrom to the brak« 
eytindar, thereby applying the brake. Assuming, however, that 
an emergency application of the brakes is to be made, the 
operator's controlling-valve is opened completely, so as to rapidly 
destroy the vacuum in the train-pipe to such an extent that the 
main Valve eis opened, whereby a larger quantity of air is admitted 
through the larger orifice in the casing to the brake cylinder. It 
will thus be seen that the application of the brakes is either an 
ordinary quick-service application or an emergency application, 
according to the extent to which air is admitted to the train-pipe, 





the action being otherwise automatic. (Accepted November 11, 
1908. ) 
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THE ELASTIC BREAKDOWN OF MATE- 
RIALS SUBMITTED TO COMPOUND 
STRESSES. 

By L. B. Turner, B.A., Cambridge. 


Nore.—In the literature of the subject there is 
a confusing variety in the use of terms to express 
the several kinds of stress and strain. In the follow- 
ing article I have consistently adhered to the use 
of : Tension (positive or negative) to signify normal 
stress; Shear, tangential stress; stretch, normal 
strain ; slide, tangential strain or angular distor- 
tion. 

INTRODUCTION. 

It is common knowledge that the state of stress 
at any point in a homogeneous isotropic material 
may be completely specified by reference to three 
tensions across the org planes of stress (or 
strain) at the point. If the principal tensions at 
the point, in order of algebraic magnitude, be 


Pir P» Px 
and the principal strains produced thereby be 
Cis Cas C3» 
we have the following conditions at the point :— 
Greatest tension = p, ; 
Greatest shear = 4 (p, — ps) ; 


Greatest stretch = ¢, = pln-e (po + ps)]; 


Greatest slide = ¢, —¢s = lr Pas 


where 
E is Young’s modulus ; 
C is the rigidity modulus ; and 
o is Poisson’s ratio. 

It is nearly always convenient to consider any 
state of stress from the point of view of the prin- 
cipal tensions. The principal tensions for several 
stress distributions are given in the table below. 


State of Stress. Principal Tensions. 
Simple tension... jak > er + Bre 
Simple shear oa — see 
General two-dimension distribu- { a. | pry 
tion toe Pp pgp Oo 
General three-dimension distri- 
bution = Pi Peis 


When a material such as steel is submitted to a 
continuously increasing stress, there comes a point 
at which Hooke’s law ceases to describe the stress- 
strain relation. This point is known as the ‘limit 
of linear elasticity” of the material, and will here- 
after in this paper be referred to in brief as the 
‘‘elastic limit.” Its importance is derived from 
two considerations. Firstly, when the elastic limit 
is passed, the relation of stress to strain is compli- 
cated and unknown, so that mathematical treatment 
becomes impossible. And secondly, the ‘‘ fatigue” 
experiments of Wohler and Bauschinger afford fair 
evidence that subjection to repeated oscillations of 
the stress between zero and a value approximately 
equal to the elastic limit, or between plus and minus 
that value, does not damage the material, however 
often the oscillations be repeated ; whereas if the 
stress exceed the elastic limit, a cumulative destruc- 
tive effect is produced.* 

The heosieten of the elastic properties of his 
iron and steel is obtained for the engineer chiefly 
by submitting a sample to a tension test in the test- 
ing-machine. The information thus afforded gives 
him the greatest tension, stretch, &c., undergone 
by the material at the elastic limit. But he does 
not know what it is that determines the elastic 
limit. Is it the greatest tension or shear, stretch 
or slide, or some more complex function of the 
state of stress or strain? This is a problem whose 
very existence is frequently overlooked by those 
who have not made a special study of the subject. 
They do not realise that this is a question of any 
practical import, and are apt to relegate it to the 
domain of pure science. That this is a dangerous 


mistake is at once seen when we look at the ex-| 


test tension, stretch, or shear determines the 
imit, the value of S is given by 
S = R; (1 + ¢) S/E = R/E; 8S = R/2. 
Taking ¢ = 0.3, it follows that the respective values | 
of S are 
R; R/1.3; R/2. 


Thus one theory would make the shaft twice as 
strong as another. 

The large discrepancies which may occur between 
the strengths of a stressed body when calculated by | 
the several theories is also well shown in the case of | 
combined bending and torque—probably the com- | 
monest two-dimensional distribution of stress. The | 
relation between the bending moment and the torque | 
at the elastic limit of the shaft depends on the | 
criterion of breakdown ; and the comparison of the | 
Rankine parabola, the St. Venant ellipse, and the 
Guest circle, exhibited to readers of ENGINEERING 
by Professor C. A. Smith, in the issue for July 10, 
1908, page 27, once again draws attention to the 
fact in a very forcible manner. 

It should be noted that the tension, stretch, and 
slide theories of elastic breakdown coincide in the 
case of a member submitted to a one-dimensional 
distribution of stress, a simple tension. It'is where 
there are two or three principal tensions that the 
divergence arises ; and if a member is to be designed 
to withstand compound stress from information 
afforded by a test in simple tension, the actual 
criterion of breakdown must be known. The aim 
of the present paper is to give some brief ‘account 
and criticism of the work a y done to elucidate 
this problem, and to publish the results of certain 
experiments by the author, carried out with the 


same purpose, 
ForMER INVESTIGATIONS. 


The earliest reference I can find to work done on 
the subject is the account of the experiments on 
steel pianoforte wire in Lord Kelvin’s article on 
‘* Elasticity,” in Edition IX. of the Encyclopedia 
Britannica. As these experiments were made 
specially for the article, it is likely that nothing 
was known prior tothis date. No figures are given, 
but we are told that the ‘limits of torsional elas- 
ticity were diminished by tension.” Kelvin goes 
on to say that ‘‘ doubtless negative tension would 
increase the elastic range,” thus showing that he 
had not conceived of any of the tension, stretch, or 
shear theories of elastic breakdown. 

In the year 1900, Mr. J. J. Guest, then of Mon- 
treal, published a _ ? lengthy paper on ‘‘ The 
Strength of Ductile Materials under Combined 
Stress.”* A large part of this consisted of descrip- 
tion of his rather complicated apparatus, but the 
amount of experimental work, the results of which 
were there published, was very large. Guest hit 
upon the happy notion of obtaining an approxi- 
mately uniform distribution of stress throughout 
the material of his specimens by adopting the form 
of thin tubes. He submitted the specimens to a 
very wide range of two-dimensional distributions of 
stress, obtained by applying to them 





Torque ; 

Torque and tension ; 

Tension ; 

Tension and internal hydrostatic pressure ; 
Torsion and ditto ; 

Internal hydrostatic pressure. 


In no case did he obtain a considerable three-dimen- 
sional stress ; for his tubes being thin, the internal 
pressure was very small, so that the intermediate 
rincipal tension was always very small or zero. 
Fe made a most comprehensive series of tests in 
this way on tubes of steel, brass, and copper. The 
external diameters were throughout 1} in., and 
the thicknesses Jay between 0.025 in. and 0.036 in. 
Guest examined always the yield-point instead of | 
the elastic limit, and explains that he thinks this 





desirable, as the elastic limit is probably only pre- 
mature partial yield, due to heterogeneity and the 


treme case of the design of a shaft from the data | presence of flaws in the material. He supports 
obtained by a test of the material in the testing-| this opinion by pointing out that if a material be 


machine, Suppose the elastic limit occurred in the | 


testing-machine with a longitudinal tension R. This 


was accompanied, of course, by a maximum shear | 


R,2 and a maximum stretch R/E. Now, suppose 
tle torque the shaft will stand is such as to pro- 
duce a shear S in the outer layer. This is 
accompanied by a maximum tension 8 and a maxi- 
mum stretch (1 + ¢)S/E. According, then, as the 





* For a discussion bearing on this subject, see Enet- 
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once strained as a whole up to, or beyond, the 
elastic limit, and the load be then removed, on a 
subsequent testing the elastic limit effect is dimin- 
ished. Also that eccentricity of resultant pull 
in a tension-test would produce a similar pheno- 
menon. With this opinion the present writer was 
at one time inclined to agree, but subsequent ex- 
periments with various steel-tube specimens has 
given him a firmer belief in the existence of the | 
* Philosophical Magazine, 1900, 2, | 











elastic limit in its own right. With to the 
isotropy of his materials, Guest did not anneal 
his specimens, but by producing breakdown with 
combinations of ‘nepal pressure and longitudinal 
pull, so that sometimes the longitudinal tension, 
and sometimes the hoop tension, was the greater, 
he was enabled to say :—‘‘It will appear, at any 
rate, so far as the occurrence of the yield-point 
was concerned, that the materials were practically 
isotropic.” . 

In Guest's paper there are some 120 entries of 
breakdown tests on steel and iron specimens, 
mostly of thin-tube form. They are too numerous 
to be reproduced here ; but a sample of his results 
is given below, certain selected columns only of 
his table being represented :— 


Extract from J, J. Guest's Figures, 


Tube No, VIL. 

Diameter, 1.26 in. 

Thickness, 0.025 in. 

E = 2.88 x 107 lb. /square inch, 

C = 1.08 x 107 Ib./square inch. Therefore ¢ = 0.328, 


Units :—Inch, Pound. 





























Longitu-| Trans- Maxi- | Maxi Maxi- 
_ dinal verse Pm ae mum }| mum mum 
* | Tension. | Shear. * /Tension./Stretch.| Shear. 
1 | 34300 | 0 1800 | 34,300 | 0.00092 | 19,700 
2 | 38,000 | 0O 1650 | 38,000 | 0.00002 | 19,800 
3 ,600 | 17,500 0 30,600 | 0.00118 300 
a 14,600 15,000 1400 38,800 | 0.00150 | 20,000 
5 39,200 0 0 39,200 | 0,00136 | 19,600 
6 0 22,500 0 22,500 | 0.00108 | 22,500 
7 26,800 17,500 0 85,400 | 0.00132 | 22,000 
8 35,000 12,500 0 39,000 | 0.00140 | 21,500 
9 | 84,900 0 1850 34,900 | 0.00006 | 20,400 
10 22,500 0 1900 22,500 | 0.00113 | 20,800 
11 | 25,000 0 | 1900 25,000 | 0.00110 | 20,800 
12 | 80,200 0 1900 30,200 | 0.00104 | 20,800 
13 | 38,500 0 | 1700 —_| 38,500 | 0.00098 | 20,000 
14 | 30,700 0 1425 | 40,700 | 0.00107 | 20,900 
15 | 35,300 | 0 | 1900 | 36,300 | 0.00098 | 20,800 
16 38,100 0 | 0 88,100 | 0.00182 | 19,000 
17 | 87,100 6,250 0 38,800 | 0.00136 | 20,200 
18 36,100 10,000 0 38,700 | 0.00137 | 20,600 
19 31,900 15,000 | 0 37,800 | 0.00138 | 21,900 
20 | 0 22,200 | 0 22,200 | 0.00102 | 22,200 





It will be seen from the above table that the 
yield-point shears were very fairly constant in all 
these tests ; but then, except in the simple torque 
tests, so also were the tensions ; neither are the 
stretches as variable as could be desired if the 
figures are to demonstate the truth of the shear 
theory. As for the rest of Guest’s figures for tubes, 
the shears are not, on the whole, so uniform as in 
the above table; and for the comparatively few 
tests on solid bars the shears are neat tie uniform. 

These variations in the shears at breakdown are 
largely due, I think, to a serious defect in the 
plan of the tests. The same imen is used 
my ee. being overstrained each time, and with 
a different distribution of stress. Now it is known 
that elastic overstrain of a specimen in one direc- 
tion (e.g., @ bar under simple longitudinal pull) 
almost completely destroys’ the elasticity of the 
specimen for the stress in the opposite direction 
(the bar under simple longitudinal push), As Guest 
proceeds in his series of over-stressings, the plane 
over which the shear is a maximum, and in which, 
therefore, according to this hypothesis, the yield 
occurs, is constantly changed in orientation, so that 
every test is to some extent vitiated by the tests 
that have gone before. Some of the figures given 
exhibit this defect much more clearly than those 
reproduced above. The nature of the material is 
obviously much altered by the repeated overstrain, 
so that towards the end of a set of tests, if the 
material is again subjected to a distribution of 
stress similar to a distribution earlier in the series, 
the yield may occur at a very different value of the 
maximum shear. In some of the tests, such dif- 
ferent values of the maximum shear at yield as 


17,900 and 26,000 
14,169 and 18,100 
are tabulated. 

However, it is far from my intention to under- 
rate the value of Guest’s work. I am concerned 
only in demonstrating that the results of his ex- 
periments were far from being as conclusive as one 
would wish, and in discovering, if possible, what 
ought to be the modifications in his scheme, should 
further experiments of the same nature be under- 
taken. Guest’s work is indeed of the greatest 
worth, and holds the honovrable position of being 
the first systematic attempt vo solve the important 
problem of the nature of the elastic breakdown of 
ductile materials. His figures undoubtedly show 
that the shear theory is very much nearer the truth 
than are either the tension or stretch theories ; but 
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they du not demonstrate the accuracy of this shear 
theory in any but a roughly approximate fashion. 

With these results before the scientific world 
since 1900, it is astonishing that so little notice 
should have been accorded them by engineers. 
References to the shear theory of breakdown are 
rarely to be met in any engineering journal.* 
There are some persons, as I pointed out before, 
who do not appreciate the problem of breakdown 
at all; and ion are others who have misappre- 
hended the solution Guest has offered. In the 
discussion of a paper read before the Institution of 
Mechanical Engineers in 1906, one speaker made 
the following remarks :—‘‘The only experiments 
on the subject of compound stress had been made 
by Mr. Guest, which he had summarised in his (the 
speaker’s) book on boilers. ... The deduction 
to be drawn from Mr. Guest’s experiments on mild 
steel was an interesting one, but one which he did 
not intend to carry into practice. It amounted to 
this: A Lancashire boiler which had dished or flat 
ends stayed by gussets, in whose shell there would 
therefore be both circumferential tension and longi- 
tudinal tension, ought, according to Mr. Guest’s 
experiments, to be 20 per cent. stronger than a 
marine boiler whose ends were held by longitudinal 
bolt-stays. This deduction sounded very strange, 
and he only mentioned it to show the importance 
of studying compound stress.” The fact that this 
remark was allowed to pass without correction shows 
how unfamiliar the subject must be. As Professor 
Smith points out in his article before referred to, 
according to Guest’s theory the intermediate longi- 
tudinal tension has no effect in altering the strength 
of the boiler.t 

Of the other work which has been carried out to 
find the conditions of elastic breakdown, only the 
briefest account can here be given. In 1901, 
amongst some experiments on the properties of 
steel when stressed within the elastic range, Dr. 
Coker} made a very few tests of bars submitted to 
torque and bending moment (separately), carried 
as far as the elastic limit. Three comparisons of 
shear at yield or at elastic limit may be made from 
Dr. Coker’s figures. Two of these are closely in 
accordance with the shear theory, but the third is 
very far out. There is some indication, however, 
that a mistake in calculation or observation has 
oceurred, Dr. Coker did not work out his figures 
with a view to testing any theory of breakdown. 

In the year 1906 there appeared two papers by 
Professor Hancock, of Purdue University, Indiana.§ 
In these he gives the results of tests made on solid 
steel rounds and hollow tubes. In most cases he 
superposed an increasing tension on a constant 
torque equal in magnitude (as it is tabulated) to a 
certain fraction of that torque necessary to pro- 
duce breakdown in simple torsion. Unlike Guest, 
he used a fresh specimen for each test. This 
research of Hancock’s, which, with the excéption of 
Guest’s, is the largest hitherto undertaken, would 
b: of much value but for the unfortunate fact that 
the weight carried by its results is greatly lessened 
by certain very doubtful observations of the appa- 
rent inconstancy of the so-called elastic constants 
within the elastic limit, and also by certain incon- 
sistencies in the conclusions drawn from the ex- 
periments about the nature of the elastic limit 
itself. This is not the place for a lengthy criticism 
of Hancock’s results, and only one example of this 
obscurity and inconsistency must be given here. 

The particular point referred to is this : Hancock 
seems to have begun his research with the idea of 
finding some relation existing at the elastic limit 
between P/P, and T/Ty, where P and T are respec- 
tively the longitudinal pull and torque on the speci- 
men, and P, and Ty, are the values at the elastic 
limit in simple pull and simple torque. He there- 
fore plots on a graph the points connecting P/P, 
and f ‘» aS given Sy his experiments, and states 
that ‘‘the variation in the »lastic limit is a linear 
one, and might be represented by a straight line.” 





* This was written before the appearance of the recent 
correspondence on the subject in ENGINEERING. 

+ I cannot but think Professor Smith is mistaken when, 
in the same article, he speaks of the ‘‘ general acceptance ” 
of the shear theory. And is it not somewhat premature 
to dignify it as ‘“‘the law now commonly known as 
*Guest’s law’” ? 

t E. G. Coker—“* Apparatus for Measuring Strain and 
‘ 5 bam Page ;” Transactions of the Royal Society of 

‘ « 

§ E. L. Hancock—*‘ A Preliminary Report on the Effect 
of Combined Stresses, &c. ;” Philosophical Magazine, 
1906, 1. ‘* The Effect of Combined Stresses, &c. ;” Philo- 
sophical Magazine, 1906, 2. 





But elsewhere in the papers Hancock states that 
the conclusion to which his experiments have led 
him is a confirmation of Guest’s own conclusion. 
Now it is easy to show that, according to the shear 
theory, the relation between P/P, and T/T, at the 
elastic limit is 
(P/P,)? + (T/T)? = constant ; 

and this means the curve is not a straight line, but 
the quadrant of a circle. 

For such reasons as these, then, we are not justi- 
fied in adducing with any degree of confidence 
Hancock's results as confirmation of the shear 
theory. 

Last in the list of previous experiments to eluci- 
date the law of elastic breakdown of ductile 
materials is a valuable paper by Mr. W. A. Scoble.* 
As most important cases of compound stress are 
produced by simultaneous bending moment and 
torque, he is induced to adopt this form of loading. 
Like Guest, he thinks the elastic limit is merely 
premature yield, and so adopts the yield-point as 
the state to be examined. The specimens were 
steel bars, not annealed, 36 in long, and turned 
down to }-in. diameter for a length of 30 in. under 
test. The torque was applied at the ends by means 
of an arrangement of weights and pulleys, and the 
bending moment by a pressure applied at the 
middle of the bar. This is inferior to Dr. Coker’s 
arrangement, in which the bending moment was 
uniform along the bar; but it seems to have per- 
mitted the determination of the yield-point fairly 
satisfactorily. The deflections were measured by a 
sliding-scale and vernier, and the twist by mirrors 
clamped to the specimen. The tests fall into 
three groups :— 

1. Torque alone, and bending moment alone. 

2. Constant bending moment and then torque. 

3. Constant torque and then bending moment. 

The results of the experiments are tabulated 
below. In obtaining the maximum stretches, 
Poisson’s ratio was taken as 0.3. 


Units :—Inch, Pound. 
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| Maximum 





Bending Maximum 








Prin- . 
sapiens Moment. aes cipal. paaesann, — Shear. 
' | eee Fer: 
: 2660 0 | 64,600 | 0 64,600 32,300 
(i) 0 2400 | 29,170 |~ 29,170 37,900 | 29,170 





667 2280 | 37,400 |- 21,480 43,850 29,400 

f 1331 2120 | 48,000 |- 16,000 52,800 32,000 

(ii) < | = 2000 1899 | 57,500 |- 9,450 60,300 33,500 
2420 1171 | 62,200 |- 3,000 63,100 32,600 

2000 | 1720 | 56,440 |- 8,440 59,000 32,440 

2558 645 | 62,780 |- 1,280 66,600 32,030 

(iii r 2310 1335 | 60,150 |- 4,650 61,550 32,400 
1454 2033 «(47,900 |- 12,900 51,800 30,400 





The shears in the last column are more uniformly 
equal than in either Guest’s or Hancock’s experi- 
ments. Scoble, however, did not consider them 
satisfactory as a demonstration of the truth of the 
shear theory. He says :—‘‘ After allowing for experi- 
mental error, it is difficult to explain the differences 
in the values.” He then examined both his own 
figures and twenty tests by Guest on Tube VIII. in 
order to see if the introduction of a sort of fric- 
tional force depending on the normal tension over 
the planes of maximum shear would give a law more 
consistently describing the observed phenomena. t 

He tabulated the maximum shear against the ten- 
sion over its plane, but found ‘‘absolutely no con- 
nection between them.” His conclusion is that 
the true reason for the variations in the maximum 
shear is a lack of isotropy. That this is partly so 
is highly probable; but the present writer’s experi- 
ments make it likely that his different specimens 
were not quite similar in their properties. It would, 
perhaps, have been rather more satisfactory if one 
specimen had been used for several tests, being 
annealed after each overstrain. This procedure is 
probably permissible in the case of solid specimens, 


* “The Strength and Behaviour of Ductile Materials 
under Combined Stress ;” Philosophical Magazine, 1906, 2. 

+ I think that in this he was making a mistake. If the 
tension, as well as the shear, has effect in determining 
breakdown, the breakdown would not, in general, 
occur in the plane of maximum shear. ve examined 
analytically the hypothesis that breakdown occurs in a 
plane when [(shear) + & (tension)] across the plane exceeds 
a certain critical value, the quantity k being a constant of 
the material. I find that, at any rate for two-dimensional 
stress, the measure of the truth of the shear theory as 
applied to the cases of simple tension and simple torque 
is the measure of the unimportance of the coefficient k for 
any distribution of stress whatever. Hence if the shear 
theory is sufficiently true in the case of tension and torque, 
we need not trouble about this hypothesis. 





but should not be adopted with thin tubes, as the 
repeated oxidation would cause a perceptible de- 
crease in the effective cross-section. 

(To be continued.) 








THE MYSTERIES OF METALS. 

As the principal subject of discussion in his 
second lecture on ‘‘The Mysteries of Metals,” 
delivered at the Royal Institution, Albemarle- 
street, on Thursday afternoon, the 28th ult., Pro- 
fessor J. O. Arnold took the constitution of steel. 

In opening his lecture, Professor Arnold said 
that, as blood was to life, so was carbon to steel. 
In illustration of the extraordinary changes wrought 
by carbon in the internal structure of steel, he drew 
attention to the micro-sections, Figs. 1 to 12, which 
we reproduce on page 172. Here Fig. 1 repre- 
sented, he said, the structure of almost carbon- 
free iron; in Fig. 2 the iron contained 0.08 per 
cent. of carbon, and this immediately brought into 
the structure the dark etching constituent known as 
pearlite, which was, perhaps, the most important 
mineral -in the world. In Fig. 3 the increase 
of carbon to 0.38 per cent. was accompanied 
by a very large increase in this dark etching 
pearlite, whilst in Fig. 4 the steel contained 
0.59 per cent. of carbon. Up to this point 
the pearlite had, it would be seen, shown dark on 
a light background, but in Fig. 4 it was itself 
the background to light patches of ferrite. All 
these steels were called by the Sheftield School 
‘*unsaturated steels ;” butin Fig. 5, which had, it 
would be seen, a uniform texture, the steel was 
saturated with carbon, the amount present being 
just under 0.9 per cent. Figs. 6 and 7 were, he 
said, supersaturated steel ; too much carbon having 
been added to them for the element to be retained 
in the pearlite, and the surplus came out accord- 
ingly as iron carbide (Fe,C). In all the micro- 
sections thus discussed the steel was in its normal 
condition, having been heated and allowed to cool in 
air. The whole set might be divided into two great 
classes, the first lot being structural steels which 
were essentially free ferrite or pure iron. The re- 
mainder were cutting steels, capable of assuming 
very great hardness when heated and quenched. 
The effect of this process on the two classes of steel 
was shown in Figs. 8, 9,and10. Here Fig. 8 repre- 
sented the typical structure obtained in quenched 
steel containing 0.38 per cent. of carbon. It still 
showed large masses of ferrite, and was conse- 
quently not hard. Fig. 9 represented the struc- 
ture of hardened saturated steel. It was, it would 
be seen, practically homogeneous, and was known 
as hardenite. This transformation of pearlite into 
hardenite thus shown was, Professor Arnold con- 
tinued, of the utmost importance. The change by 
heating and quenching of Fig. 5 into Fig. 9 was 
accompanied by an increase in hardness up to No. 7 
of the mineral scale—that was to say, up to the 
hardness of quartz. In Fig. 10 the background 
was of hardenite, and the remainder was carbide of 
iron. These supersaturated steels became still 
harder than that represented in Fig. 9. 

The effect of annealing was shown in Figs. 11 and 
12. In Fig. 4 the pearlite occurred in ill-formed 
plates, but in Fig. 12 it lay in well - arranged 
systems of parallel crystallised plates, but in both it 
was chemically the same thing, though the mecha- 
nical properties were greatly changed. Thus normal 
pearlite, as represented in Fig. 4, had a tenacity 
of 50 to 55 tons per square inch, but the pearlite in 
Fig. 12 existing as lamin broke at 35 tons. 

The foregoing statements, Professor Arnold con- 
tinued, had reference solely to pure iron and carbon 
steels, which in practice were known only as ‘‘shear 
steel””—the quality used for table cutlery. This 
was the purest steel known to science, and many 
thought that it was still the best. The other con- 
stituents commonly present in both structural and 
cutting steels greatly modified the influence of the 
carbon present. Taking the case of structural steels 
first, the speaker drew attention to figures show- 
ing the micro-structure of an ordinary rail in three 
different planes of section—viz., transverse, longi- 
tudinal, and horizontal. Since the rail was rolled 
from a square ingot, different parts of it, he pro- 
ceeded, received very different amounts of work 
in the rolls, which caused corresponding changes in 
the structure. The carbon content of the rail in ques- 
tion was practically the same as that of the steel 
in Fig. 3, but, as would be seen from the transverse 
section, Fig. 13, page 173, the structure was very 
different, being almost that of a saturated steel, 
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little free ferrite being visible. In fact, it had 
just the appearance of a pure iron-carbon steel 
containing 0.75 to 0.8 per cent. of the last-named 
element. Really, however, only 0.38 per cent. of 
carbon was present, and the 0.1 per cent. of man- 
ganese contained in the rail was responsible for the 
observed effect. The manganese apparently had the 
effect of lowering the saturation point, though this, 
he might state, in passing, was not the true explana- 
tion of its action. In Fig. 14 was shown a trans- 
verse structure through the web of the same rail. 
Here the structure was quite different, the severe 
work put upon the web having caused the ferrite to 
arrange itself, not in cells, but in laminz. Taking 
a longitudinal section through the web, it appeared 
that these laminz made an angle of 45 deg. with the 
axis of the rail, for which he could assign no reason. 
Coming back to the changes of structure due to the 
manganese present, he had already stated that the 
effect was not really due to the element in question 
lowering the saturation point of the iron. Its real 
action was that it retarded se; tion, and if steels 
containing manganese were allowed to cool but very 
very slowly, there was no- great difference to be 
observed between their micro-structure and that of 
pure iron-carbon steels of equal carbon content. 

Professor Arnold next exhibited slides showing 
the micro-structure of the rail which broke at 
St. Neots under the down Scotch express a few 
years ago. Twoof theseslides arereproduced in Figs. 
15 and 16. Here Professor Arnold directed special 
attention to the extremely sharp lines of separa- 
tion (in spite of the high magnification) between 
the ferrite and the pearlite. He also said that in 
this slide there —— in end view a frequent 
constituent of steel, the practical importance of 
which was now only just being realised, though 
it had been known since 1896. The little circles 
visible were, he said, sections through rods of the 
dove grey sulphide of manganese (MnS). This, 
he continued, was the form in which sulphur 
always existed in rails. Fig. 17 represented another 
section of the rail, treated so that these sulphide 
bands were alone visible. The fracture of the rail, 
he proceeded, was due to its having been too long 
in use. It had been down twenty-two years, four- 
teen of which were on the main line, and its original 
crystallisation had been unsatisfactory, rendering it 
liable to ‘‘ fatigue.” Neither railway companies nor 
rail-makers cared, he proceeded, to say much on this 
head of the fatigue of rails, which was, of course, 
most liable to occur at the ends, where the bending 
strains due to the weakness of the joint were most 
severe. 

The annexed Table I. gave, he said, the results of 
experiments made on specimens cut from the ends 
and from the middles of old rails after removal from 
the track. 


TABLE I. 


much braking, very different results were shown. 
In particular the clongation had fallen from its 
proper value of 24 or 25 per cent. down to, in one 
case, 1 per cent., and in the other 3.7 per cent. 
Under the drop-test also the two rails which fur- 
nished the first two sets of specimens stood very 
fair tests, but the third rail broke at the first blow. 
Hence in this case the ductility had been lowered 
to a dangerous extent, leaving the rail liable to go 
at any moment. 

Steel castings constituted, Professor Arnold pro- | 
ceeded, another class of structural steels. eir | 
distinctive feature was that the ductility conferred | 
by forging on wrought steels was in them obtained | 
by annealing. When they first began to come into | 
use twenty years ago there was great trouble from 
occluded gases, rendering the castings full of blow- 
holes. Gases were occluded in all steels ; nitrogen 
in considerable quantities, and hydrogen to a very 
large amount indeed. As a steel casting cooled the | 
hydrogen tried to escape whilst the mass was still 
pasty, producing numerous blow-holes, thereby | 
rendering the casting weak. Such castings were | 
known as ‘‘ blown ” castings, and in bad cases were 
fit only for the scrap-heap. In the battle against 
blow-holes there was, the speaker proceeded, no 
mystery more remarkable than the effect of a mere 
trace of metallic aluminium in getting rid of the 
occluded s. How it did it, he could not say, 
but that the effect was magical was undoubted. In 
illustration of this he stated that on casting two | 
40-lb. steel ingots, one with the addition of spy, | 
of its weight of aluminium, and the other without, | 
the latter, weight for weight, had a volume about | 
8 per cent. greater. 

To illustrate tlie effect of annealing in steel cast- 
ings, Professor Arnold said that in Fig. 18 the lower 
half represented the section as cast ; and here it 








would be seen the pearlite and the ferrite were very 
— differentiated, and were traversed by dark 
lines, branching out in all directions. This repre- | 


sented, he said, some eutectic of steel containing 
S, but perhaps variable in composition. Its pre- 
sence rendered the casting absolutely brittle, and 
quite unfit for use. The structure of the annealed 
meta] was represented in the upper half of the 
figure, where, it would be seen, the sharp boundaries 
between the pearlite and the ferrite had been de- 
stroyed, and the long branching lines of gm 
membrane were gathered up into little balls. | 
This figure showed plainly that the effect of an- 
nealing was not chemical, but solely structural in 
character. The comparative mechanical properties | 
associated with unannealed and the annealed con- 
ditions were given in Table IT. 

In some cases the sulphide membrane refused to 
ball up, defying the effects of annealing, and the 








micro-structure of one such specimen was, he went 
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The composition and age of all was nearly iden- 
tical. The first set of tests were made ona rail 
which had been used for eighteen years under slow 
traffic and no braking. The second set of tests was 
made on a rail down for an equal length of time 
under fast traffic, but again no braking. In both 
these sets of experiments the specimens showed 
excellent Pralins” spee ductility. In the case of 
the third set of experiments, however, cut from a 





rail down nineteen years under high speeds and 





on, represented in Fig. 19, where, as would be seen, 
the metal was still permeated with this dangerous 
membrane. The failure of annealing to effect the 
required change here was probably due to a differ- 
ence in the chemical composition, and such metal, 
not being rendered ductile by annealing, could only 
be consigned to the scrap-heap. 

Another mystery concerning structural steel was | 
brought out by Wohler’s ‘‘ Experimentson Repeated | 
Stress,” published in 1871. In one form of these | 


|oversight the bar was quench 
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TABLE II.—Tenstle and Bending Tests of *‘ Test” Steet 
Castings. 
| | 
|Maxi-| Elon- | Reduc- 
Tr Yield Cold Bend Over 
Condition. | mum tion | tion of 
Point.  Stress|on 2 In.} Area. §-In. Radius. 
tons p'tons p|per cent/per cent, 
sq. in. sq. in. | 
As cast .. . 23.06 | 35.84) 8.5 9.5 | $8 deg. broke 
28.5 /180deg. unbroken 


After annealing 17.25 ex | 21.5 





Chemical compositions identical. 


experiments a bar loaded at one end was kept in 
rotation until it broke under the alternating ten- 
sions and compressions thus developed. O to 
the length of time required for tests on Wohler’s 
system and to the fact that certain data he had 
obtained pointed to the need for further investiga- 
tion, he had, Professor Arnold said, devised another 
method of testing material under alternating stress. 
In this a bar firmly clamped in a suitable clutch was 
bent backwards and forwards at the rate of 650 
alternations per minute until it broke. The stress 
at the most-strained section of the bar was, he said, 
arranged to be just a little in excess of the elastic 
limit of the material. He had found that this test 
often indicated the liability to failure of material, 
which ordinary static tests and Wohler’s test all 
indicated as safe. In illustration he gave the fol- 
lowing table showing the results obtained in the 
ee of this test to specimens cut from a 
plate which had failed, without apparent reason, 
in the boiler of a cruiser. 


Alternations 


Specimen Cold Bending 
before 
umber. Fracture. Test, 
: = All bent double, 
3 872 - without sign of 
4 680 | fracture, 


Tested in the ordinary way the specimens all gave 
satisfactory results, and each would stand bending 
double cold without sign of flaw. In the alternating 
stress machine, however, one failed at 168 repeti- 
tions of the stress, whilst the best carried 872. 

Another mystery not yet explained, Professor 
Arnold said, was the existence of ‘‘ ghosts” in steel, 
and lest he should be thought to trench on the 
special province of the eminent scientist who pre- 
sided over Birmingham University, the speaker om 
tened to add that the ‘‘ ghosts” with which he was 
now concerned were in every case ‘‘ materialised ” 


and dangerous. It is, perhaps, not generally known 


that in the great industries at Sheffield, Man- 
chester, and Newcastle, single ingots weighing 120 
tons each were now being cast. It was in connec- 
tion with these huge masses of steel that these 
‘*ghosts”?. had made their appearance. Under 
the microscope it was found that in addition to the 
ferrite and pearlite present the first stage of one of 
these ‘‘ ghosts ” existed as a tion area high 
in carbon, phosphorus, and sulp ide as globules of 
MnS. When the ingot was hammered down and 
drawn out into a bar, this patch was also drawn 


out. In the micrograph the ‘‘ ghost” was a 
‘* carburised ” one, but in the annealing process 
the carbon was expelled by the dissolved FeS, so 


that the ‘‘ghosts” appeared white. Hence, in a 
turned shaft, the ‘‘ ghost” then took the form of 
long lines rich in carbon, phosphorus, and sul- 
phur, which were harder than the rest of the 
metal, and as these appeared white in the blue 
background of the steel, the turner had called them 
** ghosts.” 

ft would be obvious that the strength of a shaft 
containing these ghosts would differ according to the 
direction in which the stress was applied to it. 
Thus three sets of experiments in which the 
material was tested on the alternating stress 
machine at right angles, and parallel to the 
** ghosts,” gave the following results :— 


Alternations before Fracture. 


Specimen At Right Angles Parallel to 
No. to MnS MnS Rods. 

1 1 193 

2 293 118 

3 303 117 


Coming now to cutting steels, by a fortunate acci- 
dent he secured a specimen, a section through 
which (Fig. 20) showed very clearly the ive 
transformation of pearlite into hardenite : the 
process of heating and quenchi Owing to an 
before it was 
uniformly heated all through,.and when a section 
was prepared after quenching, a small crescent 
alone was found to be completely transformed into 
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THE MYSTERIES OF METALS. 
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Fie. 3.—Iron, 99.44; carbon, 0.38 ; impurities, 0.18. 


Fie. 1.—Pure iron crystallised from Swedish. Not Fie. 2.—Iron, 99.80; carbon, 0.08 ; impurities, 0.12. 
Not hardened. 


hardene‘. Not hardened. 





Fie. 5.—Iron, 98.92 ; carbon, 0.89; impurities, 0,19, Fis, 6.—Iron, 98.51; carbon, 1.20; impurities, 0.29, 


Fig. 4.—Iron, 99.17 ; carbon, 0.59 ; impurities, 0.24. 
Not hardened, Not hardened, 


Not hardened. 


-Iron, 98.92 ; carbon, 0.89 ; impurities, 0.19. 


Fie. 7.—Iron, 98.25 ; carbon, 1.47 ; impurities, 0.28. Fig. 8.—Iron, 99.44 ; carbon, 0.38 ; impurities, 0.18. Fie. 9. 
Hardened, 


Not hardened. Hardened. 








Fie. .10.—Iron, 98.25 ; carbon, 1.47 ; impurities, 0.28, Fig. 11.—Iron, 99,44 ; carbon, 0.38 ; impurities, 0.18. Fie, 12.—Iron, 99.17 ; carbon, 0.59 ; impurities, 0.24, 
en Normal on left ; annealed on right, Annealed. 
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hardenite. Another section was almost wholly un- 
changed pearlite, whilst between these was an area 
showing an intermediate stage of the process. As 
already mentioned, this transformation of pearlite 
into hardenite, either pure or reinforced with 
other metals, such as tungsten, vanadium, chro- 
mium, and nickel, was what enabled the world 
to shape the steel it used. The effect of rein- 
forcing hardenite with 20 per cent. of tungsten 
and 3 to 4 per cent. of chromium was, Professor 
Arnold said, quite marvellous. Pure hardenite 
‘‘let down,” or lost its cutting power, at a tem- 
perature of 400 deg., whilst a tool-steel high in 








the product of the weight of steel removed by its | It was, moreover, certain that if our iron suppl 
rate of removal. The efficiencies thus deduced of | were to fail now, we should in fifty years be back 
two steels quenched from different temperatures | again to the status of primitive man. Still, if he 
were plotted in the annexed diagram, Fig. 21. Here | might speculate a little, he thought that actually 
it would be seen that, quenched at 1300 deg. Cent., | this consummation would be avoided by an alumi- 
an ‘efficiency of 30,000 was attained, whilst that of | nium age, following that of iron and steel, though 
the best ordinary carbon steels did not exceed some |the aluminium would be used in a condition dif- 
500. |ferent from what we now know. He believed, in 
The man in the street, Professor Arnold con- | short, that something would be found which added 
tinued, knew little, and cared less, about metal and | to aluminium in small quantities would make it a 
its mysteries ; but he had seen in the paper the | substitute for iron and steel in most of the appli- 
other day a pessimistic statement attributed to Mr. | cations of these metals. As the metal constituted 
Carnegie, according to which England’s iron supply | 15 per cent. of the earth’s crust, there would be no 








Fie. 14. 





Fig. 17. 





Fic. 19. 


tungsten and chromium would stand a temperature 
up toa red-heat without getting soft ; and it was this 
fact which made possible the feat of building, here, 
\ battleship complete within the short time of one 


ar. 

With respect to the testing of high-speed steels, 
he speaker said that some American, and even 
ritish, practice in this regard appeared cumber- 
ome, His own method was to test the steel to 
lestruction in cutting steel of even texture with 
lentical cuts and traverse. The “efficiency” of 
‘he steel was then estimated by the formula 


e = (t x 8) 8, 


where e was the efficiency number, t the time of 
endurance in minutes, and s the speed of cut in feet 
per minute, so that the efficiency number was really 








Fic. 20. 


was apparently, as Mr. Kipling’s American prisoner 
said of the British Empire, to be about ‘‘ to give out 
next Thursday week at 9 a.m. precisely.” Accord- 
ing to the statement in question, British decadence 
in steel manufacture was now far advanced. But 
this decadence, Professor Arnold continued, existed 
solely in Mr. Carnegie’s imagination, and in many 
branches we still held an undoubted lead. 

He could, moreover, definitely state, as the result 
of specific information, that in less than one year 
from date the efficiency of high-speed steel would be 
more than quadrupled, and this new steel would be 
a British steel. evertheless, though it need not 
trouble the present generation, which would all have 
reached the ‘‘ undiscovered country ” prior to its 
realisation, it was true, geologically speaking, that 
the failure of the world’s iron supply was imminent, 








Fig. 15. 
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danger of an aluminium famine. Even so, how- 
ever, it would be well to conserve some iron, partly 
on account of its magnetic properties, but mainly 
owing to its value for cutting tools, as it- was not 
probable that the important transformation of 
pearlite into hardenite, on which this value depends, 
could be replaced. 





THE ESNEH BARRAGE FOR IRRIGA- 
TION IN EGYPT. 

ANOTHER important stage has been completed in 
the beneficent work done by British engineers for 
the advancement of agriculture in the Nile Valley. 
The official inauguration by the Khedive, on Tues- 
day next, of the barrage across the Nile at Esneh, 
643 miles from the Mediterranean Sea, will confer 
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on the extensive Keneh province the great gain of 
perennial irrigation which has enabled two crops 
instead of one, cotton and sugar cane in the summer 
instead of only the less profitable wheat and barley 
or cereals and vegetables in the winter, to be won 
from thousands of square miles of land in other 
parts of the fertile valley of the Nile. The Esneh 
Barrage differs from the Assouan Dam in its func- 
tion and design ; the former is a complement to the 
latter. But to enable a thorough appreciation of 
the scheme to be formed it is necessary to briefly 
review the complete history of the irrigation 
works of the Nile Valley, with its great stretch 
of 780 miles of waterway, including the 130- 
mile length of Delta. 


GENERAL SCHEME OF IRRIGATION. 


In ancient times the Egyptians themselves made 
provision against the phenomenal dryness of the 
climate by dividing the valley of Lower Egypt by 
high banks into areas of 3000 to 5000 acres, and 
making, throughout each area, deep cuts at right 
angles to the river. At high Nile the water with its 
fertilising mud filled these and overflowed, to leave 
ultimately on the land a deposit sufficiently moist 
and rich to yield a good harvest in due season. 
The Nile at the Delta rises 23 ft. in normal years, 
so that all the cuts were annually filled-; but at low 
Nile the bottoms of these cuts or canals were at 
least 13 ft. above water-level, and thus no irriga- 
tion water could enter them, Even the floods failed 
at times to fill these cuts ; the rise has been as little 
as 14 ft. Early in the last century it was decided 
to form a dam across the Rosetta and Damietta 
branches of the Delta at its apex ; but this was not 
successfully accomplished until after the British 
occupation in 1883, and there are from the up-river 
side three great canals for the Western, Central, 
and Eastern deltas, with masonry head-sluices and 
escape-weirs for serving the Data rovinces. The 
effect, although comparatively local, demonstrated 
the efficacy of such works, and there was a ready 
recognition of the potentialities of perennial irriga- 
tion, as distinct from the supply of water only at 
high Nile. 

The subsequent work of Lord Cromer, Sir Colin 
Scott Moncrieff, the late Sir Benjamin Baker, Sir 
W. E. Garstin, Sir William Willcocks, and Sir John 
Aird will take a prominent place in the story of the 
development of modern Egypt. It embraces the 
construction of ~a great dam at Assouan,* 753 


as compared with 293,000 feddans at the end of 
1906. Recent experience shows that the average 
sale value of good land has gone up from 60 to 70 
Egyptian pounds (£E1= 11. Os. 6}4.) before peren- 
nial irrigation to from £E130 to £E140 per feddan 
now, while the rental value, which was 2} to 3 
Egyptian pounds before perennial irrigation was 
decided upon, is now from £E8 to E11. Taking 
the increase at 5/. per acre we have an appreciated 
annual rental value aggregating over two millions 
sterling. The increase in the value and volume of 
the agricultural products is many million pounds, 
co that the money spent on the great dams and 
barrages is pera og to the nation in very few 
years. The Government revenue has not so greatly 
increased ; the special graduated tax, advisedly 
made small, will eventually attain to 50 piastres 
(10s. 3d.) per feddan irrigated, so that the annual 
value for 404,470 feddans will in the future be 
£E202, 235. 

What wonder that the Soudan seeks to carry out 
similar works, and that Sir William Willcocks has 





Zifta, differing only in details. The map of Esneh 
(Fig. 1) shows that the Nile is at this point 1150 
metres (3773 ft.) wide, but the banks have been 


' reconstructed to make the height coincident with 


the height of the barrage, which has a length of 900 


‘metres (2952 ft.). At high Nile the maximum depth 
‘of water is 14 metres (45 ft. 11 in.), the height 


being 82 metres (269 ft.) above mean level of the 
Mediterranean (the R.L. on all sections). The 
configuration of the land on each side is indicated 
on the cross-section, Fig. 2, page 175, which, with 
the map, shows that on both sides there are distri- 
bution canals for the irrigation water. The borings 
taken at the points shown on this section showed 
that there was under the site a fine stiff sand. 

The elevation and plan of the barrage (Figs. 4 
and 5) show that it isan open weir of 120 bays, each 
5 metres (16 ft. 4.8 in.) wide, with piers 2 metres 
(6 ft. 6.74 in.) thick, except those at every tenth 
opening, which are 4 metres (13 ft. 1.48 in.) thick, 
to form additional abutments. These dimensions 
were adopted in the Assiout, and have been re- 
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miles up the river from the sea. With the increased | attentive ears for his great project of a new dam 


height now being given, this dam will impound of 
the flood water about 2300 million tons of water, to 
be delivered to the lower reaches of the Nile, as 
required during the subsequent period of low Nile, 
and the construction of three open weirs or barrages 
in order to raise the level of the river at flood when 
necessary, but more particularly during low Nile, 
and thus render the adjacent provinces independent 





of the height in the river. These are at Esneh, 110} and preventing vegetation on rich soil. 


south of Khartoum, above the junction of the White 
and Blue Niles. This Khartoum Reservoir would 
irrigate the Lower Nile Valley. Associated with this 
is the proposal to cut a canal, 200 miles long, from the 
junction of the Sobat with the Nile to Bor, in order 
to prevent that waste of water and land at the Sudd, 
where the Nile flows over a swamp of €2,000 square 
miles, evaporating without profitable i ey 
Such a 


miles below Assouan, at Assiout, 235 miles further | scheme is a necessary outcome of the work done on 
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BarRAGES Across THE NILE. 























3 ‘en | 5. | 6. ¢. | & ; 2% 
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from Sea | | | Mean 
Finally Length . : erties niece Floor Head) jy 
Name. gene | Completed. of Top, over | | | Level. Held Up pone 
Miles | = | At Base. Number. | Width. } F 
" | Wall, 
Assouan Dam... ; 753. 1902 1950 m. 7m. 20.2 m. (at 87.5 140 { 2m. wide by 87.5 R.L.. 20m. 98 ns 
| LL, | 7m high (sill of 
Raised .. 753 In progress 1950m., 11 ,, 26.2 m. (at 87.5 40 { 2m. wideby lowest, 27 ,, 98 RL. 
| R.L.) .| 3.5m. high — sluice) | 
Esneh Barrage . 643 1999 882.2 m.| 9.73 m. | 14.42 m. (inter- 120 | 5m. 71 RL. 3m. 82 R.L. 
| mediate piers) | 
Assiout Barrage .. 408 1902 320.2 m.| 7.70m. | 12.80 m. (inter: | lll 5m. 43.25R.L. 2.5m. 52.35 RL. 
t ‘ | | mediate piers) 
Jelta Barrage 147 ~—s 1901 (com- | | 
across (two menced = —{ } 10 m. 15.60 m. { = she \ 9.50R.L. 6m. 18.96 R.L. 
branches) 1843) te . Ct 
| | 
| 386m. | 8m. 13.60 m 50 5m. 3 RL. 4m. 12 R.L. 


Zifa Barrage .. 80 1908 





north, and at Zifta, on one of the arms of the Delta. 
The dimensions of these works are set out in the 
table appended, The construction of the earlier 
works has already been described in ENGINEERING, 
so that for the moment we confine ourselves to the 
Esneh barrage, now completed, and to the heighten- 
ing of the Assouan Dam, now in p' 5 

ut first some estimate may be made of the finan- 
cial results of the work al accomplished. The 
entire area» in the basin vee | of Middle Egypt— 
404,470 feddans (1 feddan = 1.038 acres), is now, 
or will very soon be, under perennial irrigation, 





* See ENGINEERING, vol. lvii., page 521; vol. ‘bein. 
page 318. ' 








the Upper Nile Valley, and must come now that the 
Assouan Reservoir is being increased in capacity 
from 1000 million to 2300 million tons. It would 
multiply manifold the natural wealth of the Soudan, 
which, like Egypt, is well adapted for cotton-grow- 
ing, and in addition would render the Nile navigable 
for several more hundred miles.* 


Tue Desicn or THE EsNEH BaRrRaGe. 

But enough has been said of the worth of the work 
done, and we may now describe in detail the latest 
section of it completed—at Esreh. The barrage 
there is similar in design to that at Assiout and 


* See ENGINEERING, vol. lxxviii., page 476. 





peated also in the Zifta Barrage, but the former 
has only 111 openings, and the latter 50. Two 
regulating-gates, one above the other, although in 
different grooves, are provided for each opening. 
These are each 3 metres (9 ft. 10.1 in.) high. Both 
gates may be lowered on the floor. The up-stream 
gate will act as a weir with a movable crest. The 
sluice-openings can be closed, in the event of 
repairs being necessary, by wooden shuttering 
dropped into grooves formed on the piers. On 
the western side a lock, 80 metres (262 ft. 5.6 in.) 
long and 16 metres (52 ft. 5.9 in.) wide, has been 
constructed, with sufficient depth over the sill to 
pass the largest of Nile boats. The weir openings 
are arched over, and in addition to the rail-tracks 
for the oil-operated . portable winch for raising and 
lowering thesluice-gates; there is a roadway 19ft. 8in. 
wide over the- barrage: which is continued over 
the lock on a swing bridge. 

The sections and plan of the dam, Figs. 12 to 14, 
mage 176, clearly show the system of construction. 
The floor, it will be seen, extends from abutment 
to abutment, and for a length of 30 metres 
(98 ft. 5.12in.) in the line of the stream, with clay 
puddling and stone pitching for a further length up 
and down the river, making the total 85.75 metres 
(281 ft. 4 in.). This not only distributes the load 
over a wide area, but greatly assists to prevent 
water getting under the structure. This preven- 
tion of percolation was further ensured by two 
sheetings of cast-iron piles, 16 ft. 5 in. long, being 
driven into the sand under the floor in two lines 
26.5 metres (86 ft. 11 in.) apart for its full length. 
These piles, as shown in Figs. 15’ and 16, were 
2 ft. 35 in. wide, tongued and grooved, for close 
bonding. Between the tongue and the groove cement 

uting was put in to form a water-tight joint. 

The first layer of the floor, which, of course, was 
constructed in the dry, within earthen cofferdams, 
consists of a 1-metre (39.3-in.) thickness of concrete, 
in the proportion, on the lower half, of 4 of granite 
chips to 1 of Portland cement, and on the upper of 
6 of granite chips to 1 of cement, put in in situ in 
both cases. Over this there was laid a thickness of 
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TRAVELLING-WINCH FOR LIFTING 
CONSTRUCTED BY MESSRS. 
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built-up girders with cross-bracing. 
sluices are fitted to each gate, operated by hand. 
The gates are opened and closed by chains worked 
from crabs on the gates near the heel-post. A 
timber platform and hand-rails are fitted to the 
top of each gate. The quoins and sills are of cast 
iron, machined where necessary. The meeting- 
post, heel-post, and bottom timber on the gates are 
of greenheart. Four culvert sluices are provided 
in connection with the locks, each with a clear 
opening of 6 ft. by 3 ft., and operated by a screw 
gear worked by a removable key and wooden bars. 
The west abutment of the barrage forms one of 
the walls of the lock, and of the eastern abutment 
illustrations are given on Plate XIV., Figs. 6 and 7. 
The top level of the abutments is 11.75 metres 
(38 ft. 6.6 in.) above the top of the floor, and its 
construction is clearly shown in the illustrations. 
It has a width of 4.51 metres (14 ft. 9.2 in.) at the 
bottom, and 1.35 metres (4 ft. 5.1 in.) at the top, 
being stepped at the rear, and vertical on the face. 
The foundation is surrounded by cast-iron sheet- 
piles, in the manner already described, in order to 
prevent percolation of water under the bank. On the 
east side the abutment wall extends up the river for 
about 42 metres (137 ft. 94 in.), and on the west, or 
lock side, about 99 metres (324 ft. 9 in.) from the 
dam, and down the river for about 50 metres (164 ft.) 
and 40 metres (131 ft. 2.8 in.) respectively. The 
river banks, it will be seen, are protected with stone 
pitching beyond the abutments, the down-river 
wall being sloped to form a series of steps, and 
these terminate with a series of curves, as shown 
on the plan, Fig. 7, while at the up-river end the 
abutment wall is finished off square, with the 
pitched slope. 
‘he swing-bridge connecting the western end of 
top of the barrage with the west abutment and 
spanning the lock, opens through 90 deg. in one 
direction, and the width of the platform between the 
centres of the hand-rails is 20 ft. 2in. The bridge is 
designed to support a uniformly distributed load of 
lcwt. per square foot, in addition to its own weight, 
When blocked up at the nose end. The main girders 
are built up of p and sections connected together 
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Two face | by cross-bracing, and by rolled-steel girders carrying 


the roadway. Wrought-steel brackets carry the 
overhanging portion of the roadway. The bridge 
turns upon a live ring of rollers, working between 
a wrought-steel path attached to the underside of 
the main girders and a similar path supported on 
the masonry. The tail of the bridge is provided 
with cast-iron counterweights. The bridge is turned 
by means of bevel and spur-gearing driving a pinion 
engaging with a rack bolted to ro roller-path. 
The blocking-up gear at the nose of the bridge con- 
sists of two toggles operated by suitable gearing. 
A bolt-lock is provided for locking the bridge in 
position before blocking up, the lock being operated 
from near the turning gear. The deck is covered 
with 3-in. timbers, and is provided with a tram- 
track, 2 ft. gauge. 


THE CONSTRUCTION OF THE BARRAGE. 


The contract for the barrage was let, early in 
1906, to Messrs. John Aird and Co., Westminster, 
who have heen so closely identified with irrigation 
work in Egypt, and the manufacturing and fitting 
of all the mechanical appliances, including sluices, 
swing-bridge, lock-gates, &c., were entrusted to 
Messrs. Ransomes and Rapier, Limited, Ipswich. 
The preliminary work was commenced in April of the 
same year, and continued throughout the summer and 
autumn months. This preparation was extensive, 
and involved considerable forethought, as it was 
anticipated that from 6000 to 7000 natives would be 
engaged ; the number actually reached nearly 
10,000. Temporary roads, railways ultimately 
aggregating 24 miles, and barges, tugs, &c., were 
provided for the transport, by river and rail, of 
granite from the Assouan quarries, 110 miles to the 
south, sandstone from Silsilla, 57 miles south, and 
limestone from quarries 15 miles to the north. 
Office bungalows, workers’ huts, hospital and other 
accommodation, had also to be arranged. 

Actual work on the foundations was commenced 
in December, 1906, and the rapid progress made is 
illustrated in the series of illustrations on Plates 
XV.to XVIII. To enable work to be carried out 
in the dry, an earthen cofferdam, or, as it is 
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called in Egypt, a sudd, was built to embrace the 
whole length of the abutment on the west bank, 
and to curve into the river to permit about 
195 metres (639 ft. 9 in.) of the barrage and the 
lock to be completed from the west shore. The 
cofferdam was formed .of a hearting of sandbags 
deposited from barges, and surrounded by earth, 
bags of:sand being also used to reinforce the sudd 
against river scour where necessary,.the speed of the 
current being even at low Nile from 2 to 3 miles per 
hour. When the sudd to enclose this extensive 
area had been advanced a considerable distance 
from the shores, it was decided, owing to difticul- 
ties, to divide the area into two compartments by 
constructing a sudd in line with the river 70 metres 
(229 ft. 8 in.) from the lock. The inner space— 
that nearest the west abutment—was completed and 
pumped out in February, 1907. Fig. 18, on Plate XV., 
shows thisenclosure before pumping was commenced. 
In the distance there can be seen the construction 
of the sudd to form the outer of the two compart- 
ments. The compartment completely pumped out 
is shown in Fig. 19. This view shows the site of 
the lock. Piling operations commenced on the 
27th of February, and the view, Fig. 20, on 
Plate X V., shows the work about this time. The 
pumps may be seen on the right-hand side of the 
view discharging water into wooden troughs carried 
on trestles. Fig. 21, on Plate XV., also affords a 
splendid idea of the hive of activity during excava- 
tion. The work was done mostly by natives, who 
removed the material in baskets, or loaded it on 
to camels. This proved not. only expeditious, but 
economical. In alt 1,200,000 sahie yards of mate- 
rial were excavated to give a level foundation for 
the floor, while 550,000 cubic yards were deposited 
on the sudds, in addition to a million bags of sand. 
While excavation was in progress on the west side 
no difficulty was experienced with leakage or spring 
water, except in the south-west. corner of the lock, 
where . grouting-pipes were left in at intervals 
throughout the whole floor, in order that grout 
cement might be put in to consolidate the work. 
The driving of the piles proceeded almost con- 
temporaneously with the excavation, These piles, 
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the dimensions of which have already been given, 
weighed 193 cwt., and were driven by a 22-cwt. 
monkey. As already explained, these were tongued 
and grooved, and water-tightness further ensured 
by grouting being pumped into the groove. The | 
grouting operations-were carried on at a distance | 
30 ft. to 35 ft. behind the pile-driving, so as to_ 
obviate any possibility of the shock of the monkey | 
interfering with the homogeneous setting of the 
cement. In order to clear out all sand from the 
space prior to grouting, a water-jet of 40 lb. pres- 
sure was forced through a }-in. pipe placed between 
the tongue and ve, and through this the cement | 
was subsequently forced. The pile tops were caulked 
with oakum. Thus absolute water-tightness for a 
distance of 16 ft. below the floor is ensured. Twenty 
inches of each pile was left above the excavation 
level, in order to enable it to be tied into the con- 
crete forming the first layer of the floor ; this was 
done by bolts 3 ft. long. 

Following upon the pile-driving, the work of 
laying the cement in situ in the bottom of the trench 
excavated in the bed of the river was then under- 
taken, and the floor completed for the length en- 
closed by the sudd. Throughout the whole works 
there was used 42,000 cubic yards of concrete, 
80,000 cubic yards of granite rubble, 27,000 cubic 

ards of clay puddling, and 166,000 cubic yards of 
imestone in the pitching. 

While the work was proceeding on the western 
side, corresponding progress was made from the 
eastern bank. A large sandbank extended into 
mid-stream, forming what was practically an island 
during flood, but was uncovered for most of the 
year. It is seen in the distance in Figs. 22 and 23, 
on Plate XVI. There was, therefore, no need to 
build a sudd corresponding to that on the west side. 
The work of excavation through the sandbank was 
commenced at once. The excavation was heavier 
than in the river-bed, and continued until January, 
1907, when pumping became necessary, and con- 
tinued until March 1, when the pile-driving com- 
menced, The work of laying the concrete began on 
March 28, and the masonry work on May 12, the 
whole proceeding at successive points until erection 
of the piers had been completed up to springing 
level within the area on the sects f Here also, 
owing to the compact bed of fine sand under the 
floor, and also to the construction of the floor, no 
difticulty was experienced with springs, but at the 
same time grouting-pipes were fixed at intervals 
throughout the floor for the pumping in of grout 
cement, as the quantity of water which had perco- 
lated during the excavation through the island jus- 
tified this precautionary measure. 

Before the floods of 1907 there was completed 
about 460 metres run (1409 ft. 3 in.) out of 860 metres 
(2721 ft. 6 in.) of the floor of the barrage, and 62 
out of 119 piers in the superstructure were carried 
up to above or near high Nile level, so that work 
could be continued on these during the period of 
flood. At the same time the masonry of the lock and 
west abutment and of the whole of the east abutment 
had been finished. This, it will be recognised, 
was a splendid performance, only possible oensh 
the experience gained in the construction of pre- 
vious barrages. Figs. 22 to 24, on Plate XVI. 
afford a general idea of the various stages in the 
work, Fig. 22, which was taken at the earlier 
stages, shows the work within the inner compart- 
ment close to the west bank, and indicates how the 
boilers and pumps were supported on piled staging. 
The boats shown in mid-river are depositing the 
material to form the outer sudd, while in the dis- 
tance is the sandbank in the river. Fig. 23 is a 
view from the west bank across the site of the bar- 
rage, the lock being shown in the foreground, with 
the sills and quoins for one of the gates, and the 
sheet piling under the barrage floor, standing pro- 
minently up. There is in progress the laying of the 
dressed rubble covering to the floor preparatory to 
the building up of the piers o, the barrage. 

Fig. 24, on Plate X VI., isa view of the west bank 
on the down-river side looking towards the abut- 
ment. This indicates the work done at tke west 
bank by the end of the season. In the in mediate 
foreground there is seen the scar-end of the stone 
pitching, — as ry | to the existing sudd 
as was possible during the low Nile of 1 It 
was necessary to prepare for the flooding of the 
whole site during the high Nile, and make every- 
thing secure, because of the heavy currents. In- 


cluded in this work was the construction of a sheet 
of cast-iron piling, as already described, along the 





At the same 


scar-end of the uncompleted floor. 


time it was necessary to begin the formation of a 
sudd transversely over the completed work, so that 
when operations were resumed after the flood there 
would be enclosed within the new sudd then made 
the edge of the uncompleted work. The old sudd 
had, of course, to be demolished, so that the floor 
could be constructed over the site of it. In Fig. 24 
the work is shown proceeding for the construction 


| of this sudd transversely across the floor to become 


operative after the period of high Nile, and to 
enable the old sudd to be removed and the scar-end 
of the floor construction to be continued across 
the site of the old sudd. 

Figs. 25 and 26, on Plate XVII., show the Nile 

flood passing between the piers which had been 
completed by high Nile of 1907. Fig. 25 illustrates 
the up-river side and the west bank, the lock on 
the west bank being shown in the distance to the 
left of the engraving. It will be noted that the 
piers have been constructed to the level of the 
springing of the arches, and the cast-iron grooves 
for the sluices are shown in place. Fig. 26 is a 
view of the down-stream side of about twenty-five 
of the piers constructed at this date. The grooves 
here seen are for the shuttering, to enable the 
sluice-openings to be closed should repairs become 
necessary. 
During the flood of 1907 there was no excessive 
scouring and no damage done, and work was 
resumed as soon as the flood had fallen to a level 
of about 5.5 metres above the floor. The distance 
between the sudd formed from the west bank at 
the previous period of low Nile and the island 
bank on the east side was’ about 240 metres 
(787 ft. 5 in.), and it was decided to enclose this in 
two successive stages by sudds, but before this was 
undertaken a channel 50 ft. wide was formed 
through the island or sand-bank on the east side to 
divert part of the water at low Nile through the 
sluice-openings completed. Great care had to be 
exercised in making the sudd across the remaining 
bed of the Nile, but this was largely a matter of 
depositing a sufticient number of sandbags to pro- 
tect the toe of the earthen cofferdam wherever this 
was necessary. The second sudd enclosed about 150 
metres (492 ft. 2 in.), from the edge of the island of 
sand, and the work within this enclosed area was 
easily accomplished exactly in the manner already 
described in connection with the earlier operations, 
although pumping had to be continued to a greater 
extent owing to leakage through the sudd as a 
result of the head of water against it. The remain- 
ing section of the barrage to be constructed, embrac- 
ing about 100 metres (328 ft. 1 in.), was included 
by the third sudd, and the work of completing the 
floor was accomplished by May 16, 1908. When the 
greater part of the height of each pier had been 
erected pumping operations were stopped, and the 
water alentd to rise within the cofferdams, so as 
to reduce the head on the sudds. The building 
of the remaining height of the piers and the 
arching was continued, and last month the work 
was completed, as is shown by the three views on 
Plate XVIII., Figs. 27 to 29. Fig. 27 is a view 
from the east bank, looking westwards, and shows 
the up-river side of the barrage. Fig. 28 shows 
the down-river elevation, with the lower entrance 
to the lock; while Fig. 29 is a view from the 
west. bank up-river, showing the upper entrance 
to the lock. 


THE Siuice-GaTEs AND OPERATING MACHINERY. 
The sluice-gates, provided by Messrs. Ransomes 
and Rapier, Limited—two, an upper and lower, 
for each of the 120 openings—span the 5 metres 
(16 ft. 4.8 in.) clear width of opening, and are 
3 metres (9 ft. 10.1 in.) deep, so that when in 
a the two gates in each opening give a total 
eight of 6 metres (19 ft. 8, in.). Each gate is de- 
signed to withstand a head of 3 metres (9 ft. 10.1in.), 
and the upper as well as the lower gate can be 
on to the floor, which is at 71 metres 

above Mediterranean sea-level. Both gates can be 
lifted clear of flood-level, which is 11.50 metres 
(37 ft. 82 in.) above the bottom. The gates are 
built up of steel skin-plates, with horizontal rolled 
steel girders, and stiffened with frame angles. The 
ends are provided with vertical rolled steel girders. 
The lower gates are each provided with four cast- 
iron rollers running on steel pins. The upper 
gates, which are used for regulating purposes, 
and much more frequently worked than the lower 
gates, are provided at each end with a con- 
tinuous ring of free rollers on the principle 
patented by Mr. Wilfrid Stokes. The rollers are 





in a continuous chain, and circulate round a cast- 
iron roller-path bolted to the horizontal girders of 
the gate. The sides of each gate are provided with 
an adjustable bar, so as to facilitate the fitting of 
each gate to the width of the opening as actually 
made. The grooves in which the gates work are of 
cast iron in convenient lengths, bolted together, ani 
are machined, where necessary, to receive the gate- 
rollers, and on the faces against which the adjust- 
able bai3 on the gates work. Through bolts and 
nuts are provided for connecting each pair of grooves 
in a pier. 

Each gate is suspended by three lengths of short - 
link crane-chain, the three lengths being connecte:| 
by special links, so that as the gates are raise 
towards the top, the upper lengths of chain can be 
removed. Over each opening two cross-girders 
formed of steel channels are provided for the pur- 
pose of holding the gates suspended at any height by 
means of keep-bars slipped in between the chain-link 
and resting on the girders. The lifting crabs are 
mounted with all their mechanism on a travelling 
carriage, illustrated in Fig. 30, on-the preceding 

e. There are two crabs of a somewhat novel 
type, the lifting and travelling motions being driven 
by means of a 5-horse-power Hornsby oil-engine, 
instead of by hand, as has hitherto been customary 
for similar installations, thus greatly increasing the 
speed of operation. The lifting chains of the gates 
are hauled by means of steel wire ropes shackled 
on to them, the ropes passing round pulleys tu 
a grooved barrel. The fifting speed is about 3 ft. 
per minute, and the travelling speed about 160 ft. 
per minute. 

The engine is arranged with all the necessary 
cooling tanks, pipes, starting gear, &c., and drives 
the gear through a nest of reversing bevels operated 
by friction clutches, so that when the engine is 
running either lifting or lowering can be performed, 
or the carriage traversed in either direction. The 
driver stands on a side platform, and all the con- 
trolling levers are within his easy reach. Hand gear 
is provided, so that in the case of the engine 
being out of service the crab can be worked at slow 
speed by hand power. The carriage travels upon a 
track formed of 60-lb. flat-bottomed rails fastened 
to timber sleepers. The space between the rails 
is covered with steel cheyuer-plates. The travelling- 
crab, with its operating machinery, is seen on the 
barrage in the views on Plate X VIII. ; the view on 
page 177 was taken in the works at Ipswich. 


CanaL INTAKES. 


At the western end of the barrage there is a 
canal intake with five pairs of gates similar to those 
for the barrage, but with sill at R.L. 76 metres— 
5 metres (16 ft. 4.8 in.) above the floor level at the 
barrage. There is one crab for these five openings, 
and this is operated by hand only. At the eastern 
end there is a canal intake with four pairs of similar 
gates, having one hand-operated crab. The sill in 
this instance is at R.L. 76.50. At this end there 
are also two small intake sluices closing openings 
2 metres wide by. 2.414 metres deep, the sills being 
at R.L. 78.5 metres. 


THE SUPERVISION OF THE WoRK, 

Messrs. John Aird and Co. undertook to finish 
the work within a given period, and it is greatly to 
their credit that their undertaking has been com- 
pleted in about three years from the signing of 
the contract, and eighteen months before the 
expiry of their time. This anticipation of the 
contract date is a consequence of experience 
gained in corresponding work in Egypt, and the 
perfect organisation whereby operations were 
carried out, with due regard to the exigencies im- 
posed by the Nile flood. The only period when 
there was any anxiety as to the realisation of anti- 
cipations was immediately prior to the last high 
Nile, and then great vigilance and the employment 
of the maximum number of workers were necessary 
to complete that part of the work which would 
be submerged by the flood. Such exigencies, how- 
ever, are common to great engineering undertakings, 
and the staff have the full satisfaction which comcs 
from duty done without consideration even of 
physical endurance. 

The work was designed in the department of the 
Minister of Public Works, for which Mr. A. L. 
Webb, C.M.G., is adviser, and much of the credit 
of the success and rapidity of completion is due to 
him. The general control of the works was in the 
hands of Mr. Murdoch Macdonald, Director-General 
of Reservoirs, while the resident engineer, on behalf 
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of the Government of Egypt, was Mr. E. H. Lloyd. | the height of impounded water by 7 metres (23 ft. 


It is only in accordance with the fitness of pene 


11.59 in.), and the capacity of the reservoir from 


that a reference should be made to the invaluable | 1000 million to about 2300 million cubic metres (or 


work done, as consulting engineer, by the late Sir | 


Benjamin Baker, and equally appropriate to men- 
tion that his firm, Messrs. Baker and Hurtzig, 
should have continued their association with these 
important engineering works in Feyet. Messrs. 
Aird and Co. had as their agent Mr. H. H. McClure, 


who shares with the firm the credit for this further | 
| tractors for the construction of the existing dam, 


success in their long list of undertakings. 


tons). The main feature of the design is that the 


new masonry is not initially bonded to the old | 


structure, but is built in such a way as to be sup- 
ported by it, although separate from it, by steel 
rods embedded in the old masonry and projecting 
into the new. 

Messrs. John Aird and Co., who were the con- 


| were entrusted with the additional work in April, 


THe HEIGHTENING OF THE AssouAN Dam. 


As the water that the Esneh Barrage will help to 
utilise during the period of low Nile will be supplied 
from that stored in the Assouan Reservoir, no justi- 
fication is called for in considering in this connection 
the work now in progress for increasing the height 
of the Assouan Dam, and consequently the amount 
of water impounded by it from 1000 million to 2300 
million cubic metres (or tons). When the original 
projects were being discussed for the construction of 
the Assouan Dam, it was proposed that the water 
should beretained at a level of 112 metres(367 ft. 5in. ) 
above the mean level of the Mediterranean. This 
involved a depth, when the reservoir was full, 
which would have submerged the Temples of Phil. 
Archeeologists and Egyptologists entered a strong 
protest against this proceeding, and consideration was 
given to their criticism, although this involved the 
sacrificing of the greater part of the storage capacity 
of the reservoir. The height of the dam was, as a 
consequence, reduced to retain the water at a level 
of only 106 metres R.L. (347 ft. 9 in.) above the 
Mediterranean. The capacity of the dam, therefore 
was reduced from an estimated capacity of 2500 
million cubic metres (or tons), as originally pro- 
posed, to 1000 million cubic metres. This is only 
about one-quarter of the volume of water which it | 
is estimated is required for the whole of the Nile 
Valley. The Egyptian Government was therefore 
faced with the difticult problem of determining 
whether archeology or utility, with its enormous 
financial advantage to Egypt, should predominate. 
In considering the question, Lord Cromer was 
willing to arrange for the removal of the Temple of 
Phile to another site, but the antiquaries did not 
care to accept this alternative. There is further 
the view that although of undoubted archzeological 
interest, the temples are only of relative antiquity, 
and Lord Cromer had no hesitation in saying—to 
quote his own words—that it ‘‘ would not be justi- 
fiable to sacrifice the present and future interests 
of the people of Egypt in order to save the sub- 
mersion of the temples.” 

There remained the difficulties from the engi- 
neering point of view and the difference of opinion 
regarding the method of increasing the height. But 
apart from the question of stresses owing to the 
increased head, which have already been discussed 
in several articles in ENGINEERING*, there was the 
important question as to temperature conditions 
in connection with the building and bonding of the 
additional masonry to the existing structure. Sir 
Benjamin Baker obtained valuable data from the 
Egyptian Government’s engineering staff, relating 
to the varying temperature of the mass of masonry 
constituting the dam, believing that it had an im- 
portant bearing upon the stresses in the work and 
upon the details of any design for raising the dam. 
From these data he arrived at the following general 
conclusions and recommendations :— 


‘1, The masonry aprons constructed during the past 
two years will effectually protect the bed of the river 
against erosion, even when the scoring action of the water 
rushing through the sluices is increased by raising the 
height of the water in the reservoir. 

“2. Now that the — is completed, the level of 
water may be raised 1.50 metres (4 ft. 11 in.) without 
carrying out any works at the dam or locks. 

‘*3. The existing dam and locks may be easily modified 
so as to admit of the level of the water being raised 
7 metres (22 ft. 11.6 in.) without intruducing any element 
of danger whatever, or impairing the present factor of 
sa ety. 

“4. The temperature variations, already referred to, 
rendered the design of the new works a difficult problem, 
‘Ss any new masonry bonded to the existing masonry 


would have been of a different temperature, and of | 7 


doubtful utility in adding to the stability of the dam.” 
On these recommendations a design was evolved 
which met all the theoretical and practical con- 
ditions with a view of increasing the height of the 
dam by 5 metres (16 ft. 4.85 in.), and of increasing 


* See ENGINEERING, vol. Ixxx., pages 35, 134, 171, 751; 


| 1907. 





vol. lxxxiv., page 679; vol. Ixxxv., pages 162 and 692. 


On page 180 we reproduce an elevation 
and sections to illustrate the work now being carried 
out. From the sections, Figs. 32 and 33, it will be 
seen that the existing dam will be thickened from 
the foundations upwards by adding on a strip of 
masonry 5 metres (16 ft. 4.85 in.) thick upon the 
down-river face throughout the entire length of the 
dam—1950 metres (nearly 1} miles), and this addi- 
tional thickness, as well as the original dam, will be 
carried to a height of 5 metres higher than the 
existing dam. The navigation locks, as shown in 
Fig. 34, will be incr in height to an extent 
corresponding with the higher water-level. 

The new wall, it will be seen from the section, 
leaves a space of 15 centimetres (5.90 in.) between 
it and the present structure, and the steel rods sunk 
into both will, while transmitting the weight of the 
new wall, allow for a difference in expansion and 
contraction during the construction and the setting 
of the mortar. When it is considered that the two 
masses of masonry have reached suitable tempera- 
ture conditions, this space will be grouted with 
cement mortar to make a homogeneous mass. 

It is anticipated that the work will-take five years 
from the commencement, so that it will not be 
finished until 1912. The operations were com- 
menced on May 20, 1907, and have progressed most 
satisfactorily. The work is being carried out under 
the supervision of Mr. Macdonald, the Director- 
General of Reservoirs, while Mr. McCorquodale is 
resident engineer. Mr. McClure is acting as the 
agent and manager of the contractors. : 

In addition to the cost of increasing the thick- 
ness and height of the dam, there will be com- 
pensation for property inundated, and grants to 
the archeological societies, bringing the total es- 
timated cost to 14 millions sterling. The return 
for this expenditure will be the gain of the in- 
creased volume of water, which it is anticipated 
will suffice to irrigate nearly one million acres of 
land now lying waste in the northern tracts of the 
Delta ; and, from what we have already said, it is 
obvious that the financial gain to Egypt, not only 
in the enormous increase of the icultural pro- 
duction, but in the employment ot Gham and the 
consequent enhanced national wealth of the country, 
will soon and adequately repay the expenditure. 

Tribute has time and again been paid to the 
splendid work done by the late Sir Benjamin 
Baker, and there is aptness in concluding this 
description of the work so far done, and of the 
immense potentialities of that proposed, in quoting 
from Sir William Garstin’s report, to the effect that 
‘it is satisfactory to know that he (Sir Benjamin) 
was able before his death to visit Assouan and to 
pronounce in the strongest terms possible a 
favourable opinion upon the stability and solidity 
of the great dam. It is equally satisfactory to 
know that Egypt has been able to obtain such a 
valuable result of his genius as his design for the 
raised dam.” Fuller fruits are yet to be reaped, 
and in the early history of modern Egypt the great 
triumphs in engineering and in administration will 
entitle Sir Benjamin Baker and Lord Cromer 
respectively to a permanent place as giants in their 
respective spheres ; they may claim this by reason 
of the enormous wealth which they have made it 
possible for successive generations to win from the 
fertile soil of the great Nile Valley and the Soudan. 








HEAT-FLOW AND TEMPERATURE-DIS- 
TRIBUTION IN GAS-ENGINES. 

At the ordinary meeting of the Institution of Civil 
eam. held on Tuesday, February 2, Mr. James C. 
is, President, in the chair, the paper read was on 
« Hleat-Flow and Temperature-Distribution in the Gas- 
Engine,” by Professor Bertram my te ery M.A., B.Sc., 
M. inst. C.E. The following is an abstract of the paper :— 
In the course of the expansion and exhaust strokes of 
the gas-engine from a quarter to a half of the whole heat 
dovleped in the explosion is discharged into the cylinder- 
walls. This flow of | heat, though its effect on efficiency is 
relatively small, is very important in the practical wenng 
of the motor, because it necessitates the provision o 





special n/a for its removal from the outside of the 
engine as fast as it is generated within, and it also requires 
the existence of a temperature-gradient sufficient to carry 
it from the place where it is generated to the place where 
it is removed. 

In consequence high temperatures must exist in the 
uncooled parts of the engine, and t temperature 
differences between one part and another. These condi- 
tions give rise to dangers from pre-ignition, and also to 
large mechanical stresses in the metal, which, between 
them, account for a large part of the practical difficulties 
encountered in running a gas-engines. 

Given the rate of heat-flow into every portion of the 
cylinder per square foot, it would be ale by a suffi- 
ciently elaborate mathematical analysis to calculate the 
distribution of temperature throughout the metal. Apart 
from the difficulty of the mathematical problem, however, 
the data for its solution are only imperfectly known, and 
a rough calculation of the general mean temperature- 
distribution is all that is ible. Such a calculation is 
made in the paper, and leads to the conclusion that the 
temperature on the inner surface of portions of the engine 
which are efficiently water-cooled, such as the liner, can 
never rise above quite a moderate value. But the tempe- 
rature at the centre of an uncooled piston, 12 in. in 
diameter, may reach 400 deg. Cent. or more. It also 
appears that the temperature at the centre of such a 
piston will vary as the square of the diameter if the thick- 
ness be kept constant, or directly as the diameter if the 
thickness be increased in proportion thereto. 

The paper proceeds to Gontho experiments made upon 
a Crossley gas-engine of 40 brake horse-power, with the 
object of determining the actual temperature-distribution 
and its relation to the conditions of working. The tem- 

ratures were measured by means of thermo-couples 
— into the piston face and into the centres of the 
valves. 

In the first group of tests these temperatures were com- 
pared with the total heat-loss as measured by the rise 
of temperature of the jacket-water. According to theory. 
the excess of the temperature at any point over the 
mean temperature of the jacket-water should be por- 
tional to the total heat-loss, except in so far as the dis- 
tribution of that loss over the metal surface exposed to the 


hot is altered. By varying the strength of mixture, 
keeping other conditions the same, the heat-loss was 
vari tween limits of about 1300 and 2200 B.Th.U. 


r minute, the engine firing practically every time ; and 
it was found that the piston temperature was very closely 
proportional to the heat-loss. In the exhaust-valve 
there was some deviation, the causes of which are dis- 
cussed in the paper. Under normal working conditions 
at full load the temperature at the centre of the piston 
was found to be about 370 deg. Cent. above that of the 
jacket-water ; in the exhaust-valve, 400 deg. Cent. ; and 
in the inlet-valve, 250 deg. Cent. 

From a comparison of the temperatures at different 
points in the piston-face and the temperature at the centre, 
the rate of heat-flow into the face of the piston is deduced, 
and — to omnanat te about —". hth of the total 7 
into the engine. 1s agrees well, pone sees & Oe 
difference of piston temperature, with the results obthined 
by Professor Burstall, who measured” se tely the heat 
given to a water-cooled piston. It is a considerably 
smaller proportion than would be expected, and the reasons 
for this are disc in the paper. It is su ted that 
an important cause is to be found in the fact that the gas 
near to the piston is the last to be ignited in the course of, 
the passage of the flame through the combustion-space, and 
is therefore cooler than the average in accordance with a 
principle established by the author some years ago. 

Of the fall of temperature between the centre of the 
ap and the jacket-water, about one-half—or, say, 

80 deg. Cent.—is between the centre and edge of the 
piston-face. In consequence of this inequality of tem- 
perature there is a considerable hoop tension at the edge 
of the piston-face. The —— of this is onan. yoo 
and it is shown that it probably amounts to several tons 
per square inch. It is pointed out that uncooled pistons 
of large diameter will be likely to fail by a radial crack at 
the edge which, in many c may be followed by seizin 
of the piston on account of the sudden expansion which 
is thus permitted. 

The next group of experiments relates to the effect of 
varying the contiieidien of running upon the metal tem- 
perature. The dependence of heat-flow and temperature 
upon strength of mixture, time of ignition, and d2gree of 
compression are investigated, 

1. Strength of Mixture.—It appears that if the gar- 
charge be increased by 30 per cent., the total heat-loss 
will be inc by 50 per cent., with a corresponding 
increase in the temperatures of the piston and inlet-valve. 

2. Time of Ignition.—Retarding the ignition by 20 deg. 
the gas charge and other circumstances remaining the 
same, reduces the total heat loss by 10 cent. The 
piston and inlet-valve are 20 per cent. cooler, these parts 
receiving a much less share of the heat than before. On 
the other hand, the exhaust-valve receives a greater 
of heat than with normal ignition, and its temperature is 
not materially altered. The thermal efficiency is reduced 
from 344 to 284 per cent. p 

Advancing the ignition by 10 per cent. has but little 
effect upon efficiency. It causes an increase of about 
10 per cent. in the heat-loss. There is a more than pro- 
portional increase in the temperature of the piston and 
inlet-valve. The exhaust-valve is again but little altered. 

3. Degrce of Comprcssion.—Comparative trials were 
made in which the engine was run first in the ordinary 
way, and second with the half-compression cam, which is 
used for starting purposes, kept in action. The result in 
the latter case is that about two-fifths of the charge of 
gas and air is expelled unburnt to exhaust. In fact, the 
oaly thing changed is the density of the charge, all other 
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circumstances remaining practically the same. It was 
found that heat-loss was reduced nearly, but not quite, in 
proportion to density, with a corresponding reduction in 
the temperatures of all parts of the engine. The effect of 
degree of compression upon efficiency and upon the prac- 
tical working of the motor is discussed in the light of 
these observations. 

Another set of experiments consisted of comparative 
trials with the engine running on half-load, so that every 
other cycle was a scavenging cycle, and firing every time, 
the circumstances being otherwise the same. It was found 
that the quantity of heat removed by the air passing 
through the engine in the scavenging strokes was insig- 
nificant in proportion to the whole. | 

Finally a large number of experiments were made on 
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the phenomena of pre-ignition. In order to cause the 
engine to pre-ignite, an iron bolt carrying a thermo- 
couple at its end was introduced into the combustion- 
chamber. The end of this bolt was heated by the explo- 
sions, and it was found that it could be heated in this way 
up to a temperature of about 700 deg. Cent. without 
affecting in any way the ea of the engine, but that 
if the temperature exceeded 730 deg. Cent., ignitions would 
take place from the end of the bolt. The effect of these 
ignitions is to heat the end of the bolt up more rapidly 
than before; they thus teng to propagate themselves, and 
to become more frequent; and if once they start, the 
engine is bound to pull up. It was found that the line 
of division between the conditions under which safe 
and continuous running was possible, and those under 





which the engine was bound to pull up, was very narrow, 
and can be represented by an increase in the gas charge 
of only 1 per cent. This instability is due to the fact 
that the gas near the point of ignition of an explosive 
mixture is heated to a temperature much above the mean 
by the rise of pressure which follows its ignition. Thus 
the fact that ignition takes place through the bolt tends 
of itself to e the bolt hotter, and so to cause earlier 
and more frequent ignitions from the bolt. 








Prrsonat.—The Linolite Company. 25 Victoria-street, 
Westminster, S.W., inform us that they have now moved 
into larger works at Acton, 
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Untin recently the drainage of the Blaydon Main 
Colliery, near Newcastle, was effected by a large 
duplex Worthington pump of the compound con- 
densing type, which was installed some twenty years 
ago. During this time it had worked daily, lifting 1600 
gallons per minute against a head of 300 ft. Owing, 
however, to the extensions to the colliery workings, 
and the consequent increment of water-feeder, it has 
been found necessary to instal additional pumping 
plant, and as the electric power can be obtained locally 
at a remarkably low figure, the Stella Coal Company, 
advised by Messrs. J. Bell, Simpson, and Sons, mining 
engineers, decided to instal an electrically-driven 
Worthington turbine-pump. This pump, as_illus- 
trated in the pho ph, forms a remarkable con- 
trast to the original steam set already mentioned, 
and shows to some extent the radical changes which 
have taken place in the design of pumping machinery 
for mine-drainage. 

The new Worthington pump is of the single-stage 
turbine type, of an orl « new design, it being con- 
structed to give the necessary head without the assist- 
ance of the multiple-diffusion vanes usually employed 
in high-lift centrifugal umps. In all cases where the 
water to be dealt with contains grit, as in colliery 
workings, it is of the grestest importance to have the 
pumping machinery os simple a design as possible, 
so that the maintenance charges will be reduced to a 
minimum. As the illustrations show, the new pump 
is provided with ring-oiled bearings entirely separated 
from the pump stuffing-boxes, so that continuous lubri- 
cation is effected, and the bearings are not in any way 
influenced by grit or foreign matter which might be 
contained in the water leaking from the stuffing-boxes. 
The impeller is of specially hard phosphor-bronze 
carried by a nickel-steel shaft containing a high per- 
centage of nickel. 

The conditions for which the plant was designed 
are 2500 gallons per minute against a total head of 
300 ft. when running at a speed of 1170 revolutions 





, bitumen. In the 


per minute. The pump has now been in actual service 
fifteen hours daily for some time, and on test, recently 
conducted by Dr.- Thornton, of Armstrong College, 
Newcastle-upon-Tyne, gave very satisfactory results. 
We give the figures plotted asa curve in Fig. 4. It 
was rather unfortunate that the speed for which the 
lant was designed could not be obtained owing to the 
requency of the current taken from the mains, and 
consequently the plant had to run at 1188 revolutions 
instead of 1170 revolutions per minute. This increase 
of speed necessitated throttling on the discharge- 
valve, in order to keep to the ey of 2500 gal- 
lons per minute. An artificial head, due to throttling, 
was thus put on the pump, but even under these 
adverse conditions the combined useful efficiency of 
ump and motor was 68.7 per cent., this percentage 
arm based on the useful headonly. As the dischafge- 
valve was opened, the amount of water delivered was 
increased, and the efficiency of the pump improved, 
The performance of the plant as anquaeedl in terms of 
the number of gallons discharged per unit of current 
consumed was best when 2720 gallons per minute were 
delivered ; at this rate 10.9 gallons of water were 
delivered per unit of current, which is 7.2 per cent. 
better than the guarantee. The over-all efficiency of 
the pump and motor was 68.7 per cent. at 2500 gal- 
lons per minute, 72.6 per cent. at 2700 gallons per 
minute, and 73.8 cent. at 2800 gallons per minute. 
Power is supplied by the County of Durham Electric 
Power Distribution Company, a transformer station 
being erected on the colliery surfave;: current is 
brought in at 6000 volts 41 periods, and transformed 
to 600 volts. In this house are fifted-the low-tension 
switches, instruments, &c. The current is taken by 
two cables, three-core double-armoured, each 0.2 square 
inch section, insulated by bitumen. Between . the 
transformer-station and the pit-top, the cables are 
conveyed under the surface of the nd in wood 
troughing, with tiled top, the whole filled in with 
downcast shaft the cables are sup- 
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ported by seven heavy cleats bolted to 18-in. by 6-in. 
timber framing. A short distance from the pit-bottom 
two joint-boxes are fitted, thence the cables run along 
the workings to the pump-house near the bottom of the 
upcast shaft, where they terminate in junction-boxes ; 
from these boxes six vulcanised insulated cables are 
led direct to the three-pole oil-switch ; the current 
then goes through three-pole oil-fuses direct to the 
stator of the-350-horse-power motor. The rotor slip- 
rings are connected by cables to the starting-switch on 
the switchboard ; this starter is mechanically inter- 
locked with the three-pole oil-switch, so that the latter 
cannot be closed until the starter is in its initial 
position with all resistance in, and again the starter 
cannot be used to cut out the resistance until the 
three-pole switch is closed. 

The switchboard also contains a voltmeter, ammeter, 
and leakage-indicator ; the switchboard is of steel, and 
all instruments are enclosed in metal cases, so that 
an earthing wire to the board earths all the apparatus. 
The starting resistance is constructed of Holmes’ patent 


‘cast-iron grids immersed in oil, contained in a gal- 


vanised iron tank. The voltage of the rotor circuit is 
400. The motor, which was made by J. H. Holmes 
and Co., Newcastle-on-Tyne, is of the Holmes-Clayton 
three-phase type, with an output of 360 horse-power, 
and capable of easily giving 400 horse-power for some 
hours. The synchronous speed on 40 periods ig 1200 
revolutions per minute ; but the periodicity is some- 
what higher than this, and the tested speed is actually 
1188 revolutions per minute. The bearings are of the 
ball type. The efficiency is between 93 and 94 per 
cent., and the power factor 0.9. When switched off 
after running light, the motor took about 11 to 12 
minutes to.come to rest. 

The slip-rings are fitted to the motor-shaft outside 
the end-bearings, and are connected to the rotor by a 
method which avoids any chance of an accidental earth. 
This is a very important feature. The rings work in a 
completely enclosed cast-iron box, as will be seen from 
the illustration. 

The pump was made by the Worthington Pim 
Company, Limited, of 153, Queen Vickatacarest 
E.C., at their works at Newark-on-Trent, ; 
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THE HASLER SPEED-RECORDER AND 
INDICATOR. 


On page 184 we illustrate a speed-recorder and 
indicator which is being adopted on several railway 
systems on the Continent, and which is being in- 
troduced into this country by the Hasler Telegraph 
Works, 26, Victoria-street, Westminster, S.W. This 
instrument is worked by a positive movement derived 
from the coupling-rod end, or, of course, from any 
other suitable part, the record being taken on a time 
base, for which clockwork movement, with escape- 
ment, is provided. The apparatus placed in the cab is 
shown in Figs. 1 to 6, of which Fig. 1 shows an out- 
side front view, with the exception of the fact that the 
casing is shown broken away at its lowest point and at 
the roll-holder, to show more conveniently the various 

rts. Figs. 2, 3, and 5 show portions of the speed- 
indicating and recording mechanism ; Figs. 4 and 6 
refer chiefly to the recording part of the instrument. 
The driving apparatus is shown in Figs. 7, 8, and 9. 

In Fig. 1, which shows the front of the instrument, 
the speed-indicating mechanism is on the left, and the 
clockwork movement on the right hand, while the 
paper record is to be seen in the upper portion of the 
instrument. The spindle a of the instrument is driven 
—< the gear shown in Fig. 9, off the coupling- 
rod. The rod is fitted with an extension-piece (Fig. 7), 
which drives an arm fitted to the short horizontal 
shaft a! of the transmission gear shown in Fig. 9. On 
this shaft are two loose bevels, which mesh with the 
larger gear on the vertical shaft b' leading to the 
instrument in the cab. * The transmission gear includes 
two spring clutches which are so arranged that the 


direction of rotation of the vertical shaft }' is always 
the same, whichever way the shaft a' is turned by the 
locomotive travelling either in a forward or backward 
direction. 

The motion thus given to the spindle a of the instru- 
ment is transmitted by gears to a hollow shaft b, which 
is carried by the spindle c, Figs. 2and3. The lower por- 
tion of the hollow shaft or sleeve ) forms a drum, on 
which is cut a fine multiple thread-screw of large pitch, d. 
This screw is therefore revolved at a speed whish bears 
a definite ratio to the speed of the locomotive. En- 
gaging with this screw are three quarter nuts or sectors 
é, €, é, Figs. 2 and 5, each fitting freely on a guide pillar. 
These flare are, in succession, moved towards and 
away on the drum, so that the nuts ¢, e, e are 
successively engaged with and disengaged from the 
screw-thread d. The nuts travel up the drum, of 
course, at a rate dependent upon the speed of the 
locomotive. Partly surrounding the screwed drum is 
a yoke J, which is lifted when the nuts e run up the 
screw, and which falls again when, on being dis- 
engaged, they all drop back, and remain at the bottom 
of their guide-pillars on the drum ceasing to rotate if 
the engine is at a standstill. To this yoke is fitted a 
rack-rod g, with which the teeth of the sector of the 
pointer of the instrument mesh (Fig. 1). 
titted to the instrument, on which the speed may be 
read off (Fig. 1) 

The Nay A is provided by a clockwork movement, 
as already stated. The compound spring is contained 
in the casing 4, and the escapement is shown at k. 
This arrangement, through gear-wheels near the lower 
extremities of the spindles, drives the spindle C at a 
uniform rate, To this spindle is fixed a dise / having 
ow its prriphery small cams, which, during the rota- 
tion of the spindle, force the guide-pillars and sector- 
nutqe away from the drum. The nuts are thus dis- 
engaged at regular intervals. The disc /, moreover, 
has om its underside notches or grooves, into which a 
small pawl at the end of a cr lever m rises, The 
depression of one end of this lever causes the upper 
oni, which is provided with three spring-teeth, to 
engage in @ teothed rack fixed to the yoke / (Fig. 3), 
so that this e is prevented from moving except in 
an upward direction. When, however, one of the 
grooves on the underside of the disc / comes irito 
position, during rotation, opposite the lever m, the 
teeth are disen, from the rack, and the yoke falls 
on to the next highest sector-nut *¢. The pointer is 
thus set at intervals which actually are of one second’s 
length. This completes the indicator gear with the 
exception"of some few details which it is scarcely 
necessary to deal with in this description, since we 
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have described all the essentials of the mechanism. 
The recording mechanism will be described below. 

Tke paper is wound from the spool on the right 
hand of the instrument into a box shown on the left. 
The spool-holder is formed of two parts n and 0, 


easily pulled apart for the purpose of putting on a new | 


aper, the holder being withdrawn for this purpose, 

y removing a lock bolt. The regular feed of the 
paper is provided for by the rollersp and g, of which 
p is driven off the spindle c. The roller p has small 
spikes near its upper and lower ends. These fit into 
corresponding grooves in roller g, and in puncturing 
the paper, not only draw it off the spool and feed it 
at a uniform rate into the spool-box 7, but also give 
the time indications necessary for the diagram. The 
paper, fastened to the drum in the receiving-box, is 
wound in by a spring pawl and ratchet-gear driven by 
an eccentric on the shaft a. This gear is not shown 
in the illustrations except in dotted lines in Fig. 4. 
A similar gear is shown in Fig. 5. In this figure the 
eccentric on the shaft a is shown working the spring 
pawl for keeping the clockwork mechanism wound up. 

The clockwork may be wound up by handle s, 
Fig. 1, which is fitted with a friction clutch to pre- 
vent on When fully wound the compound 
springs contained in the casing A will keep the mecha- 
nism working for about thirty minutes. While the 
engine is running the revolving shaft a drives the 
eccentric shown in Fig. 5, which, by means of the 
pawl ¢, keeps the springs wound up. The pawl, it 
will be seen, consists of a rod and sleeve containin 
a spiral spring, and when the clockwork is woun 
up so that the force excited by the fully-wound gear 
is greater than that required to compress the little 


spring of the pawl, the latter merely remains idle. 

The mechanism for keeping the paper wound up in 

the receiving-box is also fitted with a spring pawl of 

this nature so that it keeps the paper taut, but cannot 

ull the aad through at a greater rate than it is fed 
y 


orward by the spiked roller p. 

The speed is recorded by pricking, the paper being 
punctured by a needle-point fixed to the little head v 
on the rack-bar g already described. This head is 
carried in 1 slot guide in a hinged frame (Figs. 1 
and 4). In Fig. 4 the frame will be seen to be hinged 
on the axis of the roller qg, and kept up against the 

per by a flat spring. Normally the frame is kept 
just clear of the paper. A notched wheel w is pro- 
vided on the spindle c, and a plate corresponding to 
the notches on the hinged frame. When the plate, 
pressed forward by the flat spring, drops into one of 
the notches of the wheel on the spindle c, the needle- 
point pricks a mark in the paper and is then imme- 
diately withdrawn again. The needle is arranged so 
that a slight vertical movement at the. moment of 
pricking does not cause a tear in the record paper. 

A distance record is given by the mechanism shown 
in Fig. 6, and also in Figs. 3 and 4... A worm 2 in 
Fig. 3 at the upper end of the hollow spindle b, which 
is A by the engine, and which therefore records 
the distance travelled, gears with a wheel y. The 
revolving of this wheel causes a hinged arm z carrying 
a needle-poirnt; and visible in Fig. 3, to move outwards 
towards the face of the instrument, and so puncture 
the paper record. The: time is registered at one- 
minute intervals, with an intermediate puncture every 
15 minutes. These points will be secn near the bottom 
edge of the diagram, which we reproduce in Fig. 10, 
aol which is a facsimile of an actual record. 

Above the punctures giving the time record is a 
series of smaller needle marks. These are the distance 
records (4 kilometres). The speed-curves are marked 
out with pricks made every three seconds. The hori- 
zontal lines on the record are ruled for every 10 kilo- 
metres per hour. The lowest represents 0 miles per 
hour, and each line above 10 additional women g 2 hour, 
the ruling and instrument being arranged for any 
maximum up to 100 miles per hour. 

The instrument is often fitted to take a brake-pres- 
sure record. The information preserved in the record 
is thus very complete, and includes the time of work- 
ing of the locomotive, the duration of the journey, the 
duration of stops up to half-an hour in length, and the 
speeds, rate of acceleration, &c. . An audible signal 
taking the form of a bell is fitted, if required, to give 
the driver warning of any predetermined maximum 
speed being exceeded. As mentioned at the beginning 





| 49s. 1d. three months. 





of this article, this type of indicator has been widely 
adopted on the Continent, while it has been definitely 
adopted as the standard speed-indicator on the Swiss 
Federal and the Italian State Railways. We under- 
stand that an instrument is now under trial on the 
London, Brighton, and South-Coast Railway. 








NOTES FROM THE NORTH. 
Giascow, Wednesday. 
Glasgow Pig-Iron Market.—Last Thursday morning 
the Dp ae market was quiet, and only two lots of Cleve- 
land warrants changed hands at 48s. 6d. eight days and 
At tie close quotations were easy 
at 48s. 5d. cash, 48s. 8d. one month, and 49s. 14d. three 
months sellers. In the afternoon the tone of the market 
was fairly steady, but the turnover was again small. 
The dealings consisted of 1000 tons of Cleveland warrants 
at 48s. 74d. one month and 49s, three months, and closing 
sellers quoted 48s, 5d. cash, 48s. 8d. one month, and 49s, 1d. 
three months. On Friday morning quietness again pre- 
vailed, and only one lot of Cleveland warrants was dealt 
in at 48s. 5d. seven days. An easier tone characterised 
the close, when sellers quoted 48s. 44d. cash, 48s. 74d. one 
month, and 49s. 1d. three months. The lifeless state of 
the market was noticeable once more at the afternoon 
session, when one lot of Cleveland warrants changed hands 
at 48s. 8d. one month. The closing quotations were 
firmer, and sellers’ prices were 48s. 54d. cash, 48s. 8d. one 
month, and 49s, 1d. three months. On Monday morning 
a dull tone prevailed, and 2500 tons of Cleveland warrants 
were done at 48s. 4d. and 48s. 34d. four days, and at 
48s. 114d. and 48s. 11d. threemonths. At the close sellers 
uoted 48s. 34d. cash, 48s. 64d. one month, and 48s. 114¢. 
three months. The afternoon market was very quiet, ard 
dealings only amounted to 3000 tons of Cleveland warrants 
at 48s. 5d. and 48s. 6d. one month. Sellers’ closing prices 
were a shade harder at 48s. 4d. cash, 48s. 7d. one month, 
and 49s. three months. On Tuesday morning the tore 
was easier, and only two lots of Cleveland warrants were 
done, one at 48s. 3d. cash and the other at 48s. 104d. three 
months. - At the close the quotations were 48s. 34d. cash, 
48s. 6d. one month, and 48s. 11d. three months sellers. In 
the afternoon the market was just the turn firmer, but no 
dealings of any kind were recorded. Cleveland warrants 
were quoted by sellers at 48s. 4d. cash, 48s. 64d. one 
month, and 49s. three months. When the market 
opened to-day (Wednesday) an improved tone was evident, 
but business was quiet. Cleveland warrants, 1500 tons, 
were dealt in at 48s. 6d. and 48s. 64d. cash and 49s. three 
months, and closing quotations were firm at 48s. 64d. cash, 
48s. 9d. one month, and 49s. 2d. three months seller:. 
At the afternoon session the market opened steady, ud 
3000 tons of Cleveland warrants .were done at 48s. 6d., 
48s. 5d., and 48s, 53d. cash, and at 48s. 8d. one mont}. 
Sellers’ closing quotations were the turn easier at 48s. (d. 
cash, 48s. 84d. one month, and 49s. 14d. three monthr. 
The following are the market quotations for makers’ 
= 1) iron :—Clyde, 60s. ; Gartsherrie and Calder, 60s. 6d. ; 
Artem oS Renajoon, 68s. ; ae "= 90¢. 
i at Glasgow); Glengarnock (at rossan), 
61s. 6d. ; Shotts (at Leith), 61s. 6d.; and Carron (at 
Grangemouth), 63s. 


Sulphate of Ammonia.—The sulphate of ammonia market 
is very quiet and not much business is passing. The price 

uoted to-day is 11/. 12s, 6d. per ton for prompt delivery, 

lasgow or Leith. The amount ship’ last week from 
Leith Harbour was 1852 tons. 


Scotch Steel Trade.—The present state of the Scotch 
steel trade is far from satisfactory, and quite a lot of plant 
is standing. idle. Specifications continue oa scarce. 
With regard to shipbuilding material the outlook is gene- 
rally considered to 4 brighter, as several new shipbuilding 
contracts have lately been reported. The dulness which 
has prevailed in the demand for structural material for 
the t week or two shows signs of passing away. Ir- 
quiries are in the market this week for a fair quantity fcr 
export, mainly for the Colonies, but the prices on offer 
are indeed very low. The steel works of the Glengarnock 
Iron and Steel Company are likely to be reopened at an 
early date. In this connection it is stated that the six 
blast-furnaces at Glengarnock, which have been out for 
over a year, are being rekindled, and the steel works will 

set agoing as soon as the company have sufficient pig 
iron to warrant the restarting of the rolling-mills. 


Malleable-Iron Trade.—No change has taken place in 
the condition of things in the malleable-iron trade of the 
West of Scotland. As reported last week, some of the 
makers are moderately busy, while others are extremely 
quiet. 


Scotch Pig-Iron Trade.—Fairly good business continues 
to be done by the makers of Scotch pig iron, and the ruling 
conditions do not show any signs of change. Good 
deliveries are being made, and some makers state that 
these are in excess of their present output. Inquiries are 
fairly steady, and quite respectable quantities are being 
fixed up. Hematite is only in moderate demand. 

Wages in the Iron Trade.—Mr. John M. MacLeod, 
C.A., Glasgow, has made the following intimation to 
Messrs. James C. Bishop and James Gavin, joint secre- 
taries of the Scottish Manufactured Iron Trade Concilia- 
tion and Arbitration Board :—‘‘In terms of the remit, | 
have examined the employers’ books for November and 
December last, and I certify that the average realised net 
selling price at works brought out is 6/. 0s. 11.78d. per 
ton.” This means no change in the wages of the work- 
men. 

Shipbwilding.—Messrs. Mackie and Thomson, Limited, 
Govan, have secured another order for a steamer for the 
Anchor Foundry and Shipping Company, New Zealand. 














FEB. 5, 1909. ] 


ENGINEERING. 


183 








The same builders have also received an order for a 
steam drifter.—Messrs. Alex. Stephen and Sons, Lint- 
house, have booked orders for two -8000-ton steamers for 
Messrs. Maclay and M‘Intyre, shipowners, Glasgow. 
They are each to steam 104 knots.—Messrs. D. J. 
Dunlop and Co., Port Glasgow, have received an 
order * a small coasting steamer for British owners. 
The shipbuilding returns for the month of January may 
be cons dered very satisfactory, the total tonnage bein 
23,130, as against 1969 tons for the corresponding mont 
of 1908. The output was well up to the average for the 
first month of the year. Of the nine vessels launched last 
month, the Clyde total was seven vessels, of 21,430 tons ; 
the Forth, one vessel, of 1500 tons; and the Dee, one 
vessel, of 200 tons. The principal vessels were the Orient 
liner Osterley, 12,000 tons, built by the London and Glas- 
gow Shipbuilding and Engineering Company, Limited, 
Govan ; and the Dutch liner Hollandia, 7550 tons, built 
by Messrs. Alex. Stephen and Sons, Linthouse. 








NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 

High-Speed Steel Litigation.—The most important item 
ofnews which for some time has reached Sheffield, or at 
all events those manufacturers engaged in the high-speed- 
steel industry, is that the action of the Bethlehem Steel 
Company, of Philadelphia, against a user of high-speed 
steel, has failed. Sheffield manufacturers were deeply 
interested in the matter, inasmuch as a decision in favour 
of the Bethlehem Company would have meant an end to 
the export of high-speed steel to the United States, and a 

rofitable field of enterprise would have been closed. 
British and American manufacturers combined against 
the claim of the Bethlehem Company to hold a oe 
in the hardening of steel at a certain temperature, and, 
fortunately, their efforts have met with success. The de- 
cision also materially affects commercial circles on the 
Continent. 


Sheffield Society of Engincers and Metallurgists.—Mr. 
J. Rossiter Hoyle, M. Inst. C.E., of the firm of Messrs. 
Thomas Firth and Sons, Limited, has been elected presi- 
dent of the Sheffield Society of Engineers and Metallur- 
gists. In his presidential address Mr. Hoyle said Sheffield 
was the cradle of the world’s steel industry. Time was 
when it held undisputed precedence as the centre of pro- 
duction, and although modern developments might have 
wrested from it the leading position in point of output, it 
was, by virtue of its historic renown and the quality and 
versatility of its products, still regarded as the head 
quarters of the British steel trade. So far as this country 
is concerned there was hardly a single type of steel product 
that did not pass through its experimental stage and early 
career in the Sheffield district. A marked feature of the 
Shetfield steel trade was its tendency to specialisation. 
New discoveries, promising to exert a pronounced influ- 
ence on steel manufacture, gravitated naturally to the 
city, and rapidly developed into special branches. In 
fact, the whole history of the district was a record of 
pioneering work, and the metallurgy of steel had been 
transformed into a new science. 


Tron and Steel.--The progress made in the direction of 
greater activity is by no means rapid, but that there is a 
forward movement cannot be denied. More men are 
being put on—a certain sign of improving trade. The 
close of the Government financial year is seeing a better 
demand for general stores. In the East-end projectile- 
manufacturers report a few orders to hand, and in the 
local gun-forging departments prospects look brighter 
than they have done for months. A start has also been 
made with the recent armour orders, which, although of 
no great bulk, help to relieve the prevailing depression. 
The rolling-mills and forges are all on short time. In the 
high-speed and crucible steel departments a fair amount 
of work is doing, but the general engineering branches 
are very short of orders. The stagnation in the ship- 
building trades continues, and until the yards become 
busy no great improvement can be expected in the 
Shettield shops. The only branch of trade which has 
been booming during the past few weeks is that of skate 
manufacture. The few makers who remain in the trade 
have had a record time. 


South Yorkshire Coal Trade.—The demand for house- 
coal continues active. An improved tonnage is being 
sent to London and the South, whilst the local demand is 
fully up to the average. Values continue firm, though 
with no upward contquny. Best Barnsley softs are 
quoted at 12s. to 12s, 6d. per ton, and secondary samples 
at 10s, to 10s. 6d. per ton at the pits. The demand for 
hard coal for shipment is still very small, but for the 
period of the year there is little to complain of. A 
moderate tonnage is being sent to Hull and Grimsby, 
though the Continental trade is very dull. Rates are 
somewhat variable. Local owners are holding out for 
8s. id. per ton at the pits, and do not seem at all anxious 
to contract beyond June, when it is expected the ship- 
ping season will take up most of the available supply. 
At present, however, the output is considerably in excess 
of the demand, and special lots are changing hands as low 
as Ss. per ton. A steady demand continues for gas fuel, 
prices being well maintained. ood slack is in brisk 
demand at stiff rates, but lower qualities «re fairly plen- 
tiful. Coke maintains an improved tone. 





Coat Exports 1x 1908.—The total exports of coal, coke, 
and patent fuel amounted in 1908 to 65,180,649 tons, com- 
pared with 66,063,258 tons in 1907. Of last year’s exports 
# 129,194 tons were steam-coal, 10,541,658 tons gas-coal, 
°,274,792 tons anthracite, and the remainder household 
and other qualities. Coke exports were 1,193,036 tons, 
and briquettes 1,440,438 tons. 


| third with 9040 tons. 


NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 

MIDDLESBROUGH, Wednesday. 
The Cleveland Iron Trade.—A rather better account 
may be given of the pig-iron trade. There appears to be 
a little more disposition to do business, and inquiries are 
on a better scale than they have been since the advent of 
1909. At the same time the production is in excess of 
current demand, as is emphasised by the continued rather 
heavy additions of Cleveland pig to the public warrant 
stores, and the steady ccmmaiatinn of hematite iron at 
makers’ yards. The amount of business actually 6 | 

is not large, but a more cheerful tone prevails. No. 
pte Cleveland pig is now steady at 48s. 74d. for early 
.o.b. delivery, and for forward business up to 49s. is 
named. No. 1 is scarce, and is fully 51s., but the lower 
qualities of Cleveland iron are rather plentiful, and No. 4 
foundry is on sale at 47s. 9d., and No. 4 forge at 47s. Pro- 
ducers of East Coast hematite pig iron are taking a firmer 
stand, owing to increased cost of output, due to Spanish 
ore having me dearer. Makers will not now name 
below 56s. for early delivery of mixed numbers of hematite. 


Manufactured Iron and Steel.—The demand generally 
for manufactured iron and steel is very quiet, but some 
branches are well off for work. Quotations keep stationary, 
the principal market rates standing:—Common iron bars, 
7l.; packing iron, 5/. 10s. ; iron ship-plates, 6/. 7s. 6d.; 
iron ship-angles, 7/.; iron ship-rivets, 7/. 3s. 9d. ; iron 
boiler-plates, 7/. 7s. 6d.; steel bars, 6/. 5s.; steel ship- 
plates, 6/.; steel ship-angles, 5/. 12s, 6d.; steel boiler-plates, 
71. ; steel strip, 61. 7s. 6d. ; steel hoops, 62. 10s. ; and steel 
joists, 5/. 15s. to 6/.—all less 24 per cent. discount; cast-iron 
chairs, 3/. 10s.; cast-iron columns, 6/. 10s. ; light iron 
rails, 6/. 15s.; heavy steel rails, 5/. 10s. ; and steel railway 
sleepers, 6/. 10s.—all net cash at works; and iron or 
steel galvanised corrugated sheets, 12/. 10s. f.o.b.—less 4 
per cent. 


Shipments of Iron and Steel.—Shipments of iron and 
steel during January were disappointing, amounting to 


tons of manufactured iron, and 40,776 tons of steel. 
the pig iron cleared, 64,913 tons were loaded at Middles- 
brough, and 10,516 tons at Skinningrove, the whole of 
the -despatches from the latter-named port going to 
Scotland. Of the pig iron sent from Middlesbrough 
46,170 tons went cao and 18,748 tons coastwise. 
Scotland was, as usual, the largest receiver with 13,275 
tons, Japan coming second with 10,125 tons, and Franc> 
Italy took 6210 tons; America, 
4400 tons ; Sweden, 3065 tons; and Belgium, 3000 tons ; 
whilst Germany, at one time this district’s best customer, 
imported only 1250 tons. Of the manufactured iron 
cleared, 5988 tons went to foreign firms, and 5982 tons to 
coastwise customers ; India, as usual, taking the largest 
quantity—4904 tons. Of the steel shipped, 35,929 tons 
went abroad, and 4847 tons coastwise ; the largest im- 
porter being the Argentine, with 12,851 tons, India 
coming next with 10,494 tons, and West Australia third 
with 4438 tons. 

Cleveland Miners’ Wages.—The Cleveland ironstone 
miners have agreed to submit to.a reduction of 1 per cent. 
in wages, and the rates over the next quarter will thus be 
27 per cent. above the standard. 

Coke.—Coke is plentiful and weak in price. 
blast-furnace kinds are obtainable at 15s. 3d. 
here, and foundry coke is quoted 17s. f.o.b. 


Average 
delivered 








RvuBBeR FOUNDATIONS FOR STKAM-TURBINES.—A 2000- 
kilowatt steam-turbine, recently installed by Messrs. 
Willans and Robinson, Limited, of Rugby, for the Vestry 
of St. Pancras, has been mounted on special rubber foun- 
dations on the Prache system. The turbine set is bolted 
to a special slab of concrete, 2 ft. thick, reinforced with a 
steel grid. This large block rests on a series of circular 
rubber stools standing on the ordinary concrete founda- 
tions. The upper block is not connected with the engine- 
room floor in any way. A trench is provided round the to 
slab to permit of inspection of the rubber blocks. Eac 
rubber stool isa cylinder about 4 in. in diameter and 3 in. in 
height when compressed by the weight of the turbine set. 
Each rubber block is renewable independently of the rest, 
it being possible to withdraw them by further compressin, 
them by tightening up the jacks, in which they are held, 
by means of screws. hese rubber blocks have, however, 
a life of considerable length, and renewal is not frequently 
necessary. The turbine in question is stated to be the 
largest mounted in this way at present. 








Tur Tin-Piate Trape.—Messrs. Sim and Coventry, 
110, Cannon-street, 
plate and black-plate at Swansea at the close of last year 
stood at 176,992 boxes and bundles, compared with 131,636 
for the corresponding date of the previous year. Com- 
menting on the outlook, the report states that the general 
trade is likely to improve, though it would not sur- 
prising to see lower prices in 1 The exports of tin- 
plates and tinned sheets during 1908 amounted to 403,007 
tons, of a value of 5,480,993/. This is, comparatively 
speaking, but little different from the figures for 1907, when 

,328 tons were exported, or plates to the value of 
| 5,917,104/. Of the exports last year 60,602 tons were 
taken by the United States, 46,144 tons by the British 
East Indies, 31,139 tons by Germany, &c. Australasia 
took 18,671 tons, a considerable increase, and Canada 
| 17,808 tons, a material decrease, on the amounts for 1907. 
Of black-plate for tinning, &c., 61,120 tons were exported, 
of a value of 618,899/. principal purchaser was 


Russia, which took 17,776 tons, Germany coming second 
with 9904 tons. 


128,175 tons, 75,429 f iron, 11,970 | 
oF ened Ee ~~ Ap Of been pushed on, and the output has now reached 2700 tons 


E.C., report that the stocks of tin- | 


NOTES FROM THE SOUTH-WEST. 


Cardif.—The steam-coal trade has exhibited rather 
more strength, inquiries for best and second-class qualities 
having been mg gyn The best large has made 
13s. 9d. to 14s. 3d. per ton, while secondary qualities 
have ranged between 12s. 9d. and 13s. 6d. per ton. An 
average business has been passing in house coal ; the best 
ordinary qualities have made 14s. 6d. to 16s. 6d. per ton ; 
No. 3 Rhondda large has a 17s. 3d. to 17s. 9d. per 
ton. Foundry coke has made 17s. 6d. to 20s. per ton, and 
furnace ditto, 15s. 6d. to 16s. 6d. per ton. As Ss 
iron ore, Rubio has been quoted at 15s. 6d. to 16s. per 
ton, upon a basis of 50 per cent. of iron, and 
including freight, insurance, &c., to Cardiff or Newport. 


Dowlais.—The Goat Mill has continued to be engaged 
upon re 4 section steel rails, principally upon foreign 
account ; there have, however, n small consignments 
to meet home orders. Steel sleepers and fish-plates have 
been turned out in large quantities. 


The Swansea _Valley.—The tin-plate mills have been in 
full activity. The yield of pig iron has been about an 
average ; the steel trade has shown no improvement. In 
the coal trade also there has been continued depression. 


Port Talbot.—Messrs. D. Davis and Sons, Limited, of 
Ferndale, have concluded negotiations for the purchase 
of 6000 acres of land in the Duffryn Valley, Port Talbot, 
for the pu of reneenee | colliery operations in that 
area, which has been proved to be rich in minerals. 


Rhymney Iron Company, Limited.—The directors do not 
recommend the payment of a dividend for the past half- 
year, in view of the uncertainties surrounding the coal 
trade. At the Pengam pits considerable trouble has been 
experienced with the electrical-generating plant, as a re- 
sult of which mining had to be suspended during a great 
part of the half-year, owing to the shafts being kept em- 
ployed for winding water; but at the present time the 
| machinery is running, and the directors trust that the 
| recent difficulties have now been finally overcome. The 

development of the steam coal at the Groesfaen Pit has 





r week. The Coal Mines Regulation Act, 1908 (eight 
aod for miners), will come into force, so far as Scuth 
Wales is concerned, July 1. This Act, the directors con- 
sider, must reduce the output and increase the cost of 
working coal. 

American View of Bristol.—Mr. J. Paul Goode has 
been inspecting Bristol Docks on behalf of the Chicago 
Harbour Commission.” Mr. Goode arrives at the conclu- 
sion that Bristol is the gateway for the Thames basin and 
| the great market of London; it also accommodates the 
| export traffic of the rich Birmingham district. In addition 
| it has the great advantage of being on the most direct and 
shortest route to the t American ports. Mr. Goode 
| was impressed with the solidity of the sheds and ware- 
houses of Bristol Docks, and he considers that the Royal 
Edward Dock is large enough to accommodate half-a- 
dozen great liners at once. 











SuBMARINE Boats.—Thé Germania-Werft, of Kiel, has 
recently supplied to the Austro-Hungarian Navy two 
submersible boats, 43.2 metres (142 ft.) long, 3.75 metres 
(12.3 ft.) beam, and 2.25 metres (7.1 ft.) draught, carrying 
| crews of seventeen men. displacement is 237 tons 
| when awash, and 300 tons when submerged. The arma- 

ment consists of two 45-centimetre (17.7 in.) torpedo-tubes 

| and three torpedoes. The speed is.12 and 8 knots, and 
| the propeller-blades are reversible. The power is sup- 
| plied by two Koérting motors, together of 600 horse-power, 
or, when submerged, by two electric motors of 320 horse- 
power, 








Frencu Patents.—The French Minister of Commerce, 
M. Cruppi, has put forward a Bill according to which a 
patentee who has not worked his diseovery or invention 
in: France or her colonies within three years from his 
original application, or who has ceased to work it duri 
three consecutive years, shall lose all the rights conferrec 
upon him by his patent, if he be unable to give 
cause for his inaction. The patentee will also lose his 
rights if he has worked his invention principally outside 
the territory of the Republic; or if, after an interval 
fixed by the Court, he is unable to certify that the product 
| or process is manufactured or worked in France or her 
| colonies on a sufficiently large scale. The French law on 
| patents of July 5, 1844, comprised a clause dealing with 
| the lapsing of patents for non-working, but this clause 
| was not pp mreewene ope. and the judicial authorities 
| had often interpreted it with far too greataleniency. The 
| new measure is to apply to all patents already taken. 
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THE LATE AvuGustT KL6NNE. — at Klénne, 
died at the end of the past year at Unna, West 
after long ae in his sixtieth i, , was a well-known 
ee ineer. e was born in 1849 near Meschede, in 

estphalia, and was, in his twenty-fourth year, appointed 
chief of the and water works of the Dortmund Union. 
| It was at Dortmund that he worked out his multiple- 
retort furnaces with common generator. The Diisseldorf 
Exhibition of 1880 drew general attention to these fur- 
naces, which had meanwhile been installed in many towns, 
and improved t of them were introduced into land 
as Klénne-Hook and Klénne-Hunt furnaces. “In 1886 his 
furnaces were adopted in the United States. In some of 
his many mechanical gas-plant and gas-holder iniprove- 
ments he was associated with Miiller-Breslau and with 
A. Barkhausen. The construction of large gas-works and 
gas-holders induced him to take up the study of high iron 
structures, and he became an expert in bridge-building, as 
financial complications afterwards made him quite a suc- 
cessful brewer, 
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Tue Society or Encinerrs.—The first ordinary meet- 
ing of the Society of Engineers for the present year was 
held on Monday, the 1st inst., at the Royal United 
Service Institution, Whitehall. Mr. J. W. Wilson, the 
President for 1908, first occupied the chair, and pre- 
sented the premiums awarded for papers read during the 
year—viz. :—The President’s Gold Medal to Professor 
kh. H. Smith for his_paper on ‘‘The Design and the 
Waste and Wear of Wheel Teeth ;’ the Bessemer Pre- 
mium of Books to Mr. Herbert Chatley for his paper on 
** Mechanical Flight ;” a Society’s Premium of ks to 
Mr. A. H. Allen for his paper on ‘The Engineering 
Pros and Cons of the etric System ;” a Society’s 
Premium of Books to Mr. H. Conradi for his paper on 
“The History of Mechanical Traction on Tramways and 
Roads ;” and a Society’s Premium of Books to Mr. H. C. 
Duncan Scott for his paper on ‘“‘The Destruction of 
Arch Bridges.” The thanks of the Society were xac- 
corded to Mr. A. J. Metcalfe for his paper on ‘‘ The 
Treatment and Formation of urfaces ;” and 
to Mr. R. W. A. Brewer for his paper on ‘“ The 
Flow of Liquid Fuel through Carburettor Nozzles.” 
Mr. J. W. Wilson then introduced to the meeting the 
President for 1909, Mr. Edward John Silcock, of West- 
minster and Leeds. The President then proceeded to 
deliver his inaugural address. In this address he gave 
a review of some of the more important features of 
municipal enterprise as affecting the engineering pro- 
fession, and drew attention to the vast expenditure by 
local authorities during recent ‘ears on works of water 
supply, sewerage, sewage dis 1, destruction of town 
re , roads, tramways, and the like. With reference to 
water 7 , he pointed out the importance of utilisin 
to the full the available sources of supply, and indicated 
the directions in which steps will in future probably be 
taken to secure this end. Dealing with the design of 
sewerage systems, he emphasised the effect of the increase 
of population and the a rena of rainfall to be taken 
into the sewers upon the sizes of the channels to be pro- 
vided. The recent introduction of bacterial systems of 
sewage purification, and the labours of the Royal Com- 
mission on Sewage Disposal, were touched upon, and the 
evolution of the modern refuse-destructor was traced. 
Finally, the question of road ‘construction and mainten- 
ance in relation to modern motor traffic was discussed, 
andthe comparative advantages ‘of tramways and motor- 
omnibuses for dealing with town traffic. 








(For Description, see Page 182.) 
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AMERICAN Pig-IRon Propuction.—The production of 
pig iron in the United States last year was 15,873,004 
tons, as compared with 25,781,361 tons in 1907, 25,307,191 
tons in 1906, and 22,992,880 tons in 1905. 


Tue ‘“ Vourarre.”—The French ironelad Voltaire has 
just been launched from the Seyne yards of the Forges et 
Chantiers de la Méditerranée. The plans for the ship 
were prepared hy M. Lhomme, Director of Naval Con- 
struction, who has replaced M. Bertin in the technical 
section of the Ministry of Marine. The Voltaire is 
483} ft, long between ae rc by 86 ft. beam. 
She is to be fitted with turbine engines upon the Parsons 
system, which will thus be introduced for the first time 
into a first-class ship of the French Navy. The engines 
of the Voltaire will work up to 22,500 horse-power, and 
her maximum 5 is expected to be 19} knots per hour. 

e engines will be built at the works of the Forges et 
Chantiers de la Méditerranée. The boilers are to be of 
the Belleville ty The Voltaire will carry forty-two 
guns and two submarine lance torpedo-tubes, The cost 
of the ship is estimated at 2,162,329/.—viz., 1,754,000/. for 
hull and engines, and 408,329/.- for a ong and sundries. 
The Voltaire is to be ready for service by April, 1911. 
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Brevcian Biast-Furnaces.—The number of furnaces 
in blast in Belgium at the commencement of January 
was 31, as compared with 37 at the commencement of 
January, 1908. The number of furnaces out of blast at 
the commencement of January was 11, as compared with 
5. The total of 31, representing the number of furnaces 
in blast at the commencement of the new year, was made 
up as follows :—Charleroi group, 11; Liége group, 15; 
Luxembourg, 5. The production of pig in Germany last 
year was 1,206,440 tons, as compared with 1,427,640 tons 
in 1907. The total of 1,206,440 tons was made up as 
follows :—Puddling pig, 127,630 tons ; casting pig, 76,190 
tons ; and steel pig, 1,002,620 tons, 





EV, 


PLATE 


1909. 


v9; 


SNGINEERING, Fesrvuary 


(‘SLI 260q s0n{ oy) 











‘ELV UALV'] V LV SUASOIONY NIHLIM WHOM “TZ “OI 





ry 
~ 


= 





‘ONINNIDAG WHOA NOLLVAVOXY GNV AUG GddWOg AYASOIONY IsSulg AH], “GT “PT 


= nee 























‘LdADd NI 


"L067 ‘AUVOUdAY AILATANOD ‘adag uO WVauddAOH HLAVY Isulg aH, “gt “1A 








(‘gl ebog aes ‘uoudasosagq woz) 
‘NOGNOT “HHLSNINLSAUM “OO GNV CUYIV NHOL ‘SUSSHW 


NOILVOIaddI 


Ad CaLONULSNOO 


YOH ADVAAVA HANSA 





ad Hw 














PLATE XVI. ENGINEERING, Fesrvuary 5, 1909. 





THE ESNEH BARRAGE FOR IRRIGATION IN EGYPT. 
CONSTRUCTED BY MESSRS. JOHN AIRD AND CO., WESTMINSTER, LONDON. 


(For Description, see Page 173.) 
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22. View FRoM THE West BANK, LOOKING AcROoss THE Nite; January 30, 1907. 





Fic. 23. Work on THE FLoors or THE Lock AND BARRAGE. 














IN PREPARATION FOR SECOND Season; Juty 18, 1907. 
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Fig. 25. View or Up-River Sipe or West Prers Durtne Hien Nine, 1907, 














Fic. 26. View or Down-RIver Sipe or Prers Durtnc Hien Nive, 1907. 
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Fic. 28. View rrom West BANK, SHowrna Down-River Facape or FinisHep BarraGe; January 14, 1909. 
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NOTICES OF MEETINGS. 


THe BIRMINGHAM ASSOCIATION OF MECHANICAL ENGINEERS.— 
Saturday, February 6, at 7 p.m., at the Grand Hotel, Colmore- 
row. Paper on “The Niirn Gas-Engine” (illustrated with 
lantern-slides), by Mr. R. Bechtel, 

Tue Surveyors’ Instrrution.—Monday,, February 8, 
A paper will be read on “The Irish Land Bill,” by Mr. G. 
Hewson, Fellow. 

Tue INSTITUTION OF MECHANICAL En@ingers: Grapuates’ Lrc- 
TURE.—Monday, February 8. “‘ Intere'! ility, and Methods 





at 8 p.m., 
M. 


of Securing it, in Screw-Threads,” by Mr. H. F. Donaldson, Member 
= Council. All classes of members are invited to this special 
vecture. 


THE CoLp StoraGe aNd Ick AssoctaTion.—Tuesday, February 9, 
at 7.30 p.m., at the Royal Society of Arts, John-street, Adelphi, 
when a paper will be read on “‘ Some Scientific Problems in the - 
servation of Food by Artificial Refrigeration,” by Mr. C. J. Tabor. 

Tue IxstiTuTION oF CrviL Enoingers.—Tuesday, February 9, at 
8p.m. Paper to be further discussed :—On “‘ Heat-Fiow and Tem- 
perature-Distribution in the Gas-Engine,” by Professor Bertram 

opkinson, M.A., B.Sc., M. Inst. C.E. Students’ visit, Wednesday, 
February 10, to Blackfriars Bridge, to inspect the erection of 
girders. Students’ meeting, Friday, February 12, at8p.m. The 
second Vernon-Harcourt lecture on :—* The and Con- 
struction of Docks,” by Sir Whately Eliot, M. Inst. C.E. Mr. W. 
R. Galbraith, Vice-President Inst. C.E., in the chair. Members 
of all classes of the Institution are invited to attend this lecture. 

__ Tue Farapay Socrety.—Tuesday, February 9, at 8 Bm in the 
library of the Institution of Electrical Engineers, 92, Victoria- 
street, S.W. The following papers will be read :—‘ Applications of 
Electrolytic Chlorine to Sewage Purification and orisation 
by the ‘Oxychlorides’ Process,” by Mr. Samuel Rideal, D.Sc., 
F.LC., F.C.8. “A New Electrical Hardening Furnace,” by Mr. 
E. Sabersky. 

Tue Roya. Socrety or Arts.— Wednesday, February 10, at 8 p.m. 
“Bosnia and Herzegovina,” by Mr. Archibald R. Colquhoun, 
F.R.G.S8., M. Inst. C.E. Colonel Sir Colin Campbell Scott-Moncrieff, 
K.C.S.1L., K.C.M,G., will preside. 

Tue InstiTUTION oF ELecTRICAL ENGINEERS: BIRMINGHAM LOCAL 
Section.—Wednesday, February 10, at 7.30 p.m., in the large 
Lecture Theatre, the University, Edmund-street. A paper will 
read on ‘‘The Kapp-Hopkinson Test on a Single Direct-Ourrent 
Machine,” by Dr. W. Lulofs. 

THE ASSOCIATION OF ENGINEERS-IN-CHARGE.— Wednesday, Febru- 
ary 10, at 8 p.m., at St. Bride’s Institute, Bride-lane, Fleet-street, 
E.C. A paper will be read on ‘‘ Polyphase Motors for Machinery 
wor A lustrated by lantern-slides), by Mr. H. B. Poynder, 

THE INCORPORATED INSTITUTION OF AUTOMOBILE ENGINEERS.— 
Wednesday, February 10, at 8 p.m., at the Institution of Mecha- 
nical Engineers, Storey’s Gate, St. James's , 3.W. A paper 
will be read on “The Effect of Size and Speed upon the Per- 


formance of an Internal - Combustion Engine,” by Professor 
Bertram Hopkinson, M.A., M. Inst. C.E., Cambridge University. 
Tue InstirvTion or ExecrricaL Enoinsers.—Thu y, Feb- 
ruary 11, at 7s. at the Institution of Civil Engineers, ‘‘ Use 
of Large Gas-Engines for Generating Power,” by Mr. L. Andrews 


and Mr. R. Porter. 

Tue PuysicaL Society or Lonpon.—Friday, February 12, at 
8 p.m., at the Imperial College of Science, Imperial Institute- 
road, South Kensington. The annual general meeting of the 
Society and presidential address, 

Tue JuNtoR InstiTUTION OF ENGingERS.—Friday, February 12, at 
7.30 p.m., at the Royal United Service Institution, Whitehall, 
meeting with the Architectural A iation Debating Society. 
Paper on ‘Heat Transmission in Buildings,” by Mr. Kenneth 
Gray, M. San. I., past chairman of the Institution. 

Tue Roya Instirution or Great Britain.—Friday, February 12, 
at 9p.m. Professor Harold Albert Wilson, M.A., D.Sc., F.R.S., 
M.R.L, on “The Electrical Properties of Flame.” Afternoon 
lectures next week, at 3 o'clock. tw February 9 On “The 
Architectural and Sculptural Antiquities of India,” by Professor 





A. A. Macdonell, M.A., Ph.D., F.B.A. (Lecture aor 
February 11. On ‘‘ The Revival of Modern Drama,” by Mr. Wil- 
liam Archer, M.A. (Lecture II.).—Saturday, February 13. On 
(2) “‘ Mendelssohn,” by Sir Alexander C. Mackenzie, Mus. Doc., 


D.C.L., LL.D., M.R.L (With the kind assistance of the Members 
of the Hans Wessely Quartette.) 
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STEAM-BOILER DESIGN. 

Wes print elsewhere in this issue a paper on the 
laws of heat transmission in boilers, recently read 
by Dr. Nicolson before the Junior Institution of 
Engineers. The main theme of the author was his 
emphasis of the relationship between the velocity 
of the hot gases and the rate of heat transmission, 
while incidentally he was very hard upon boiler- 
designers for what he called their ‘‘ stolid indiffer- 
ence” to modern theories. We may refer our 
readers to the paper itself for Dr. Nicolson’s full 
arguments, and the experiments by which he sup- 

rted them. He disclaims any special originality 
for the views put forward, pointing out that Osborne 
Reynolds, over thirty years ago, and Perry and others 
since, have all tried to impress upon engineers the 
fact that the rate of heat transmission depends 
greatly upon the speed of the hot gases. It should 
be mentioned, however, that. the fact seems to have 
been known even before Reynolds called attention 
to it. Thomas Craddock, in 1844, proved, as stated 
in D. K. Clark’s ‘‘ Steam Engine,” that the rate of 
cooling by transmission of heat through metallic 
|surfaces was ‘‘almost wholly dependent upon the 
rate of circulation of the cooling medium,” and it is 





194 | inconceivable that the converse was not regarded as 


true. However, no matter who was the first to 
discover it, it is unchallenged at the present day, 
and the only question is as to how far the fact has 
any practical bearing upon boiler design. 

Dr. Nicolson seems to have made the assumption 


that engineers base the design of boilers upon an 


old formula of Péclet and Rankine, which gives 
the rate of heat transmission as directly propor- 
tional to the square of the temperature ditference 
existing between the two sides of the boiler fiue- 
plates. He then proceeds to argue that as such a 
formula is purely empirical, and only holds good 
within certain limits, therefore modern boiler design 
is founded upon entirely wrong principles. We 
agree neither with the premise nor the conclusion. 
In the first place we know of no evidence that 
boiler-designers either believe in or make use of the 
formula mentioned. In Clark’s book, already re- 
ferred to, it is distinctly stated that ‘‘ the general 
results of experiments on the evaporative action of 
different portions of the heating surface of a steam 
boiler point toa general law the same as that which 
has been acce for the transmission of heat 
from water and steam to water through metallic 
plates—that the quantity of heat transmitted per 
degree difference of temperature is practically uni- 
form for various differences of temperature.” It is 
implied by the context that the rate of circulation 
is constant. This statement is definite enough to 
show that belief in the Péclet-Rankine law is not 
so general as Dr. Nicolson assumes, but the fact of 
the matter is that not one designer in a hundred 
ever bothers himself about any theory of heat 
transmission. There is no reason why he should. 
Boilers are now so thoroughly standardised that 
the provision of heating surface, grate area, flue 
area, and draught have become little more than a 
uestion of following the teachings of experience. 
is may not be scientific in one sense of the word, 
but, like most of the habits of engineers, it is the 
expression of opinions arrived at after years of 
practical experience in the construction and use 
of the things in question. As such, it is entitled 
to every respect. 

The modern boiler has, in a sense, designed itself 
on the principle of the survival of the fittest, 
fitness including many more features than any 
formula can comprise. Moreover, even Dr. Nicolson 
himself has to admit that the formula which he 
assumes boiler-makers to use applies to ordinary 
boiler conditions, and has so ap ‘lied since the days 
of Rankine. Surely, then, it is hardly fair to blame 
designers if they do put trust in it, for any formula 
which has been found applicable to the whole range 
of boiler practice for the last half-century is pretty 
reliable, whatever its theoretical defects. The fact 
remains that, with it or without it, and in spite of 
all their alleged neglect of science, any reputable 
firm of boiler-makers will supply a boiler of which 
the defects, advantages, and performance are 
accurately known beforehand. The most scientific 
man could do no more, and it rests with him to 
prove that he could do better; and this not as 

s one point only, but on the average of all 
those qualities which go to make upa g boiler. 
Engineers are thoroughly alive to the necessity for 
progress, and they deplore as much as Dr. Nicolson 
the ‘‘entire divorce which exists between theory 
and practice in British engineering at the present 
day.” They ascribe it, however, to a different 
cause, 

The really important point which Dr. Nicolson 
raised is not whether the Péclet-Rankine formula 
is right or wrong, for nobody uses it to design 
boilers by, but whether boiler practice might be 
improved by tly increasing the speed of the 
gases. As we have shown, the advantages of rapid 
circulation have been realised for nearly seventy 
years, and engineers. have done their best to keep 
the water in rapid motion and to scour the heating 
surface well with hot Possibly they have not 
gone far enough in either case, but they have done 
practically as much as natural means could effect, and 
not unlikely as much as it is commercially practic- 
able todo. Taking it for granted thatthe heat trans- 
mission per square foot of heating surface increases 
somewhat proportionally to the gas velocity, it 
would appear that by doubling the gas speed we 
might halve the heating surface and get the same 
work from a boiler. is has been proved experi- 
mentally many times on locomotive boilers by plug- 
ging up half the tubes and compelling the whole of 
| the products of combustion to pass through the other 
half. The draught naturally has to be increased 
| for the same rate of combustion, but in spite of the 
| speed at which the pass through the tubes, it 
|has been found that the smoke-box temperature 
remains practically the same. Hence the efficiency 

is not materially reduced, although the tube-heating 
| Surface is doing twice as much evaporation per 
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square foot as before. These facts have been 
known to engineers for over thirty years, and yet 
they have had no appreciable influence on practice, 
in spite of the continual endeavour of the locomo- 
tive designer to get more and more boiler power 
within the limits of space imposed. 

In dealing with his own experiment Dr. Nicolson 
states the facts in a manner which is hardly con- 
ducive to clearness of thought. He quotes the 
general belief that heat can only be effectually 
abstracted if the hot gases remain as long as pos- 
sible in contact with the plate, and claims to have 
proved the exact contrary to be true. He has, of 
course, done nothing of the sort, because the original 
statement is based on fundamental principles, and 
is entirely unaffected by his experiments. The rate 
of heat transmission is the number of heat units 
passed through every square foot of plate per hour, 
and the longer a quantity of hot gas is in contact 
with metal, the more heat it will give up, quite 
independently of its rate of flow. If the reduction 
of the time of contact was advisable, one merely has 
to reduce the flue length of an ordinary boiler, leaving 
its cross-section and the draught as before. This isa 
direct deduction from Dr. Nicolson’s words, and yet 
he would hardly advise acting upon it. We would 
have passed over this point as merely a case of un- 
fortunate phraseology, had it not been that the con- 
fusion of mind is again demonstrated in the suc- 
ceeding sentences, where Dr. Nicolson says that 
‘**the gases were only about one-thirtieth of a second 
in contact with the flue surface, yet they gave up 
heat at a rate which was eight times as great as 
usual.” It must surely be clear that the rate with 
which gas gives up heat is independent of the time 
of contact, so on what grounds can one justify the 
use of the very significant conjunction between the 
sentences / , 

The whole matter may be summed up as fol- 
lows :—To get heat from the gases to the plates a 
brisk gas circulation is necessary, while brisk water 
circulation is required to get the heat from the 
plates to the water. For a given circulation of 
either fluid, the heat transference is proportional 
to the temperature difference, though, it must be 
remembered, that in the case of water the trans- 
mission of heat is a predominant cause of improved 
circulation, hence these two factors act and react on 
each other. In every type of boiler made care is 
taken to get the best water circulation obtainable, 
and artificial means of circulation have even been 
tried, so well is the importance of the question 
realised. Now, as far as the —~ are concerned, 
the great temperature drop allows a large amount 
of heat to be parted with, without the necessity 
for an excessively rapid circulation. To get more 
heat from them through the same surface, their 
turbulence must be increased, and the only prac- 
tical way of doing this is to increase the draught. 
The engineer has to decide whether the game is 
worth the candle, and his decision so far is that, 
generally speaking, it is not. 

Theories of heat transmission through metal walls 
apply to the design of surface condensers exactly as 
they do in the case of boilers, and yet we find a 
similar disregard of them. Although Joule suc- 
ceeded in condensing steam at the rate of 100 Ib. 

er square foot per hour, large condensers are being 
installed to-day based on the condensation of onl 
5 lb. per square foot per hour. The question both 
with boilers and condensers is not so much, how 
sreat a rate of heat transmission can be obtained, 
nut, rather, how great a rate is it advisable to 
adopt. Taking Dr. Nicolson’s own figures as cor- 
rect, he has succeeded in getting heat through his 
flue-plates at the rate of 34,450 B.Th.U. per square 
foot per hour. This, it may be remarked, is only 
about a third of Joule’s rate for a condenser, but it 
is nearly seven times the rate usually adopted in 
boiler practice. Hence to begin with, his boiler 
would require scaling seven tinies as often as an 
ordinary one designed for the same output. More- 
over, unless kept perfectly clean, it is doubtful 
whether anything like the full output could be 
maintained. These are very pertinent considera- 
tions, and ge a long way to justify the proportions 
which Dr. Nicolson thinks are solely due to ignor- 
ance of physical laws. Then, again, there is the 
fan question. Neither closed stokeholds nor closed 
ashpits are practicable for ordinary stationary work, 
and the use of induced-draught fans has been limited 
to special cases. A fan to deal with the products 
of combustion at a temperature of 500 deg. or 
600 deg. Fahr., and to maintain the draughts that 
Dr. Nicolson aspires after, is not a thing to instal 


lightly. The space it will occupy with its founda- 
tions and driving-engine, its first cost, and its ex- 
—_ in power and maintenance, will need a large | 


Dr. Nicolson, towards the end of his paper, holds | 
out an attractive view of ‘‘ boilers having smaller 
areas of heating surface, smaller total volumes, | 
smaller floor areas, lighter weights, and lower | 
first costs than those we ordinarily employ.” | 
But one cannot reduce the water capacity of any | 
type of boiler much below what it is at present, 
nor can one cut the steam space nor water surface 
too fine, so where is any appreciable saving in space 
or weight to be made? We do not suppose Dr. 
Nicolson’s arrangement of a water-drum inside the | 
flue of his Cornish boiler to be anything but an 
experiment simply for the verification of Reynolds’s 
theory, so we will not criticise it. But it would have 
been extremely interesting to have had more results 
of the experiments than the author has given. For 
example, he omits to state the total is my Nae 
the total draught, and other factors equally impor- 
tant. Of the performance of the boiler as a whole 
not a word is said, we are merely given data 
bearing upon the rate of heat transmission through 
a certain part of the flue. How was the water 
circulation maintained in the drum, and did any 
part show signs of overheating? Burning 60 lb. of 
coal per square foot of grate area in a Cornish 
boiler is exceptional, to say the least of it, and to 
do this smokelessly with only fifteen times its 
weight of air is also good work. If the rate of 
combustion had been normal, and comparative 
figures had been furnished, showing the perform- 
ances with equal rates of combustion, with and 
without a high-speed part of the flue, the dis- 
cussion of the results would have been much more 
satisfactory. We do not doubt that Dr. Nicolson 
has recorded full particulars of the tests, and 
hope he will shortly publish them. If he will 
apply the lessons he deduces from his experiments 
to the actual design of a boiler, and thus meet 
engineers on their own ground, he will find them 
anything but indifferent. But we rather fancy that 
the more accurately Dr. Nicolson appraises the 
practical aspects of the question of boiler design 
the more nearly will his views become in accordance 
with those of other people. 








THE ELECTRIFICATION ON THE LON- 
DON, BRIGHTON, AND SOUTH COAST 
RAILWAY. 

At length London is within sight of the electrifi- 

cation of a length of a normal railway. Newcastle, 

Liverpool, and Heysham have had ordinary pas- 

senger lines running electrically for some time, but 

hitherto the only railways in the Metropolis using 
this method of propulsion have been underground, 
or have been extensions of underground lines on the 
surface. Electric driving has been adopted where 
steam was impossible, as in the tubes, and where 
steam was a serious nuisance, as in the Metropolitan 
Railways ; but so far the locomotive has not been 
ousted here from any territory for which it was well 
fitted. Probably it would have continued to hold 
its position on the suburban sections of the Brighton 
system for a long time further had it not been 
for the advent of the electric tramways, which 
have created very severe competition in that dis- 
trict. These, by their cheapness, and by their free- 
dom from time-tables, have created a new situation 
which could only be met by new measures. In the 
nature of things a railway can never quite cope 
with an electric tramway in the matter of con- 
venience. It cannot pick up passengers on the 
curb and deposit them at shop-doors. Neither 
can it be as indifferent to commercial considera- 
tions as can an enterprise which is able offer the 
security of the rates when it wants to borrow 
‘money. But by discarding the steam locomo- 
| tives, and adopting electricity, a railway can excel 
|in speed, which in a wide-spread congeries of 
| boroughs, such as South London, divided from the 
| business centres by a broad river, is a matter of 
immense importance to great numbers of people. 
Experience on Tyneside, and between Liverpool 
and Southport, has shown that speed is an element 
which the public appreciate, and for which they 
will desert other means of conveyance that have 
advantages uliar to themselves. The comfort 
and general convenience of a_well-fitted train 
are so great that most people will take some 
little trouble to avail themselves of them, pro- 





noiler-house saving to offset them. 








vided the journey can be made as quickly as 


by other means, and not at an unreasonably 
greater expense. It was these considerations that 
induced the directors of the Brighton Company to 
consider the question of electrification. Their pas- 
sengers were being deflected on to the tramways in 
large numbers, while at the same time the company 
was committed to an enormous expense for increased 
terminal facilities at Victoria Station. At the other 
terminus, London Bridge, they had a station which 
was incapable of enlargement, and was already 
much overtaxed, so that a new method of working, 


| which did not involve the changing of locomotives, 


with its necessary delay, was evidently very desir- 


| able. 


Fortunately, the Brighton suburban network ex- 
tends much beyond the economic radius of a tram- 
way system, and there is still a very heavy traftic 
which, so far, at any rate, has not been attacked. 
This traftic might be largely augmented if the 
speed of travel could be increased, for there are 
great numbers of people who desire to remove 
their homes to a longer distance from town, and 
are only prevented because they cannot spare the 
time involved in comparatively long and actually 
slow journeys. Electric traction, with its high 
average speeds, would draw back many of the lost 
passengers in the nearer districts, and would also 
create new passengers in the outer zone. Hence 
the directors were both pushed and pulled into 
action, and—like directors—they did as little as 
they could, putting discretion a very long way in 
advance of valour. They decided to experiment on 
what is known as the South London line, an irre- 
gular semi-circular course from Victoria Station, 
Pimlico, through Wandsworth, Clapham, Brixton, 
Peckham, and Bermondsey to London Bridge, 
a distance of nearly nine miles. This is essentially 
an omnibus road. Probably no one ever travelled 
over the entire length at one journey, as the two 
ends are less than three miles apart. Nearly 
every station on the route has tram-lines at its 
door, and in most instances the street cars run by 
a shorter route to more accessible places than the 
railway termini. The situation is one that affords 
electric traction a splendid opportunity of proving 
what it can do in competition with tramways. If 
it can win back a fair amount of traffic here at a 
reasonable outlay for new capital and working 
expenses, there should be few suburban systems 
where it could not do the same, provided, of course, 
that there is sufficient population. As every 
one knows, South London is densely crowded, 
and is largely occupied by working-class people, 
with an outer middle-class zone. To some of these 
twopence on a daily return ticket is of more im- 
portance than the saving of half-an-hour, but there 
are plenty of others to whom the projected 10 
minutes service, at the rate of 25 minutes for the 
nine miles run, will prove a powerful attraction. 
The average journey on such a line is not more than 
four miles, and if these can be traversed in 12 
minutes, as against 35 minutes in a tram-car, the 
advantage is self-evident. 

Another cause that led to the selection of the 
South London line for experiment was that it 
offered exceptional difficulties, as it contains many 
junctions, and is mixed up with the lines of 
other companies. For two or three miles it 
runs alongside of the London, Chatham, and 
Dover lines (Metropolitan Extension) without any 
intervening barrier, and at another part beside 
the South Eastern lines. Over all parts of it steam 
locomotives must continue to run for years, in some 
cases driven by men from the outlying parts of the 
system, with no knowledge of the dangers of electric 
systems and of the precautions to be observed 
in regard to ‘‘ live” rails and wires. If the experi- 
ment prove successful, the directors can go forward 
with the assurance that there is no part of their 
line that will present new difficulties to interfere 
with any extensions of the electric system that 
they may desire to make. 

When the question of the electrification was first 
mooted, Mr. Philip Dawson was consulted as to 
the. methods to be adopted, and after a considera- 
tion of the circumstances he advised the adoption 
of the single-phase high-tension overhead system. 
At that time the system was new, and was in actual 
operation over only a few miles of road. The motor 
had been devised independently in America and in 
Europe, and was not generally welcomed by manu- 
facturers who had standardised the third - rail 
system. In the two and a half years since the 
decision was made the single - phase system has 
attained great advances, and now there are mgny 
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miles of it in operation in America, in Switzer- 
land, in Germany, in Sweden, in England, and 
elsewhere. It is no longer necessary to labour 
its defence, neither is it reasonable to put it 
forward as a rival to the third rail. Each system 
has its advantages and its disadvantages, and 
each has its proper field of action. It is the 
business of the engineer to select the right system 
for the situation he is considering, and we have no 
doubt that Mr. Dawson came to a proper decision 
when he chose the single-phase system for the 
Brighton Company. 
to undertake at the time, but subsequent experience 
in other countries has justified him. 

The overhead single-phase system is modelled on 
the tramway system, but instead of the voltage being 
6090 it is 6700 in this case. Such a pressure cannot, 
of course, be applied to a commutator motor, and 
previous to the invention of the alternate-current 
commutator motor it was not practically possible to 
use single-phase current of any voltage for traction 
purposes. The early alternate-current railways of 
Switzerland and Italy were on the three-phase sys- 
tem, and all the inconveniences of that system 
were accepted for the sake of small overhead con- 
ductors. But with the new single-phase motor 
it became possible to instal a transformer on a 
car, and reduce the high voltage to a point at 
which it is safe to use it with a commutator, or 
about 750 volts. Further, a transformer can take 
the place of the wasteful resistances that are neces- 
sary with the direct-current systems. 
on the secondary circuit reduced voltages can be 
obtained, and applied successively in stages to the 
motors as the speed increases. Great care has, 
of course, to be taken in introducing 6700 volts 
on to a car, in view of the danger attending it. 
In the case of the South London Railway the 
current is conducted from the collecting - bow 
through cables enclosed in special insulators to a 
steel chamber which contains the fuses, the circuit- 
breaker, the tripping-coils, the transformers for the 


measuring instruments, and an auxiliary transformer | 
producing current at 300 volts for the lighting, the | 


pumps, and the controller. The door of this chamber 
is locked by an arm geared to the bow. When the 
bow is raised towards the overhead wire by pneu- 
matic pressure this arm comes in front of the door 
and locks it. The air pressure must be exhausted 
before the door can be opened, causing the bow to 
fall away from the wire, and at the same time 
placing all H.T. gear at earth potential, all the 
metal-work in the car being earthed. From the 
steel chamber the current goes to two main trans- 
formers below the car-floor, and thence to the rails 
which form the return circuit. The secondary 
coil of the transformers has four or five tappings 
connected to contactors, and these are operated 
by the 300-volt current which is supplied to the 
driver’s controller. By making contact with the 
tappings in succession a gradually increased voltage 
can be supplied to the motors. 

The current is collected by bows, and not by 
trolley-wheels, as the latter might jump the wire at 
high spezds. Further, they would involve difficulty 
where the wire fans out to five roads at London 
Bridge and seven at Victoria. To minimise the 
wear on the overhead conductor wire, which is 4 in. 
in diameter, the contact surfaces of the bows are 
made of aluminium, with grooves filled with grease. 
The bow has to have a considerable vertical range, 
as there are several low bridges over the line. It 
is actuated by springs, and these in turn take 
their abutment on the piston of a pneumatic cy- 
linder, giving an easy elastic pressure which does 
not exceed a few pounds. There are two bows at 
each end of the train, one for each direction of 
travel. They are raised by pneumatic pressure. 
The conductor-wire is carried > a double catenary 
suspension, and is supported by dropper wires at 
every 10 ft. from the two steel cables, which have 


a considerable sag, so as to minimise the rise and | 


fall with variation of temperature. The dropper 
wires are so constructed that they give a flexible 
vertical movement combined with lateral rigidity. 
The maximum span of the steel cables is about 
1200 ft., and they are suspended by attachment to 


porcelain insulators. The suspension is from light | 
steel girders carried on uprights, which are of | 


‘nany different constructions, owing to the various 
conditions under which they are situated. It has 
heen in places a matter of much difficulty to find 
space and safe foundations for these uprights, but 
all these difficulties have been successfully over- 
come. 


It was a heavy responsibility | 


By tappings | 


Current is supplied by the London Electric Supply 
Corporation, of Deptford, at a periodicity of 25, 
and is conveyed by duplicate cables at 6700 volts to 
a switch-cabin at (Queen’s-road, Peckham, where are 
the meters. Duplicate cables run to a switch-cabin 
at Denmark Hill, which is connected to the trolley- 
wires. There is no moving machinery in the 
switch-cabins, and no attendance is needed. 

Last Sunday night a run was made over about 
three miles of the line, the train being driven 
|by Mr. Philip Dawson. The train consisted of 
three coaches, the end ones being each fitted with 
four compensated repulsion motors of 120 horse- 
power, designed by Dr. Eichberg. The end coaches 
have each eight compartments, seating sixty-six 
passengers, while the middle coach has nine com- 
partments for fifty-six first-class passengers. These 
numbers can be increased on busy days, as all 
travellers on suburban railways are well aware. 
The carriages have two side-doors to each compart- 
ment, and a side corridor the whole length. This 
corridor is for half its length at one side of the 
| carriage, and for the other half at the other side, 
|so that a passenger on the platform can choose 
| whether he will enter the corridor or enter direct 
| into a compartment. There are no doors between 
|the compartments and the corridor. Hence pas- 
|sengers can easily find their way to unoccupied 
| seats even if they enter a full compartment in the 
| hurry of embarkation. The arrangement is a great 
|improvement on anything yet seen on London 
suburban railways, and particularly so on the 
American type of carriage which has been intro- 
duced on the underground railways. The trains 
are luxuriously and handsomely fitted, and are 
particularly well lighted. 

When regular working commences in the summer 
engineers will watch this experiment with great 
interest. The merits and defects of the third-rail 
continuous-current system are now well known in 
this country, and soon it will be possible to weigh 
— them the merits and defects of the single- 
phase alternate-current high-tension system. Some 
experience has already been gained with the latter 
| at Heysham on the Midland Railway, but under far 
|less onerous conditions. No one would suggest 
| that either system is unattended with difticulties, 
or that both do not increase the responsibilities and 
‘trouble of the permanent-way department. The 
| pessimist can find excellent reasons for standing on 
| the ancient ways, just as our grandfathers did for 
‘opposing locomotives. Third rails are a nuisance, 
‘and high-tension naked wires are a menace, but it 
|is certain our descendants will have to put up with 
both of them. The only doubtful point is the exact 
| circumstances for which each will prove the more 
jadvantageous under British conditions, and much 
light should be thrown on this point by the new 
venture of the Brighton Company. 














COST OF ENGINEERING MATERIALS 
AND LABOUR IN AUSTRIA. 

It has become rather usual to say, and doubtless 
/many believe, that Continental countries are blessed 
| with ideal conditions of cheap labour and materials. 
| This impression has led one to suppose that Conti- 
|nental firms are at a great advantage when com- 
|peting with English manufacturers for orders in 
| Great Britain and her Colonies. How far this im- 
| pression is founded upon supposition or fact should 
be studied for each country separately ; and to 
|enable our readers to form a correct opinion con- 

cerning the state of affairs in Austria, we have 
collected from engineering undertakings in various 
parts of the land a number of authentic figures con- 
| cerning the cost of labour and engineering materials 
in different districts. 

It should be remembered that Austria, like all 
Continental countries, levies a heavy duty upon 
many raw materials and practically all manufactured 
articles. The result of this method of establishing 
home industries is that the home manufacturer is 
able to obtain for his goods a price about equal to 
that of such goods supplied by foreign firms plus 
the import duty. 

As an example of the materials used by engineer- 
ing enterprises, we may take pig iron. Austrian pig 
is continually kept at a price practically equal to that 
at which foreign pig could be delivered at the various | 
engineering works. The present prices for Austrian, | 
German, and English pig f.o.r. works are 79s. 2d., | 
77s. 7d., and 76s. 3d. per ton respectively. The 








prices of other raw materials may be approxi- | 





mately determined when it is known that the duty 
upon pig iron is 12s. 6d. per ton ; that upon iron 
castings (not machined), 41s. 8d.; upon steel cast- 
ings (not machined), 83s. 4d. ; upon rough forgings, 
the same amount; whilst if the steel castings or 
the forgings are machined, the duty is just double 
as much. Further, the duty upon rolled iron 
sections is 58s. 4d. per ton, and that upon sheet 
iron, 50s. 

An iron-foundry forms a part of most Austrian 
engineering works, and it is usual to put the value 
of fluid cast iron—i.e., cast iron as it leaves the 
cupola—at from 108s. to 110s. per ton. This price, 
of course, includes all expenses up to that stage of 
manufacture. Castings can be bought from foun- 
dries at prices varying between 111. 5s. and 151. per 
ton, according to their size and shape ; the founda- 
tion price for cast-iron flanged pipes, with flanges 
turned and bolt-holes drilled, being 9/. per ton, with 
an extra charge varying from 6l. 5s. per ton to 2I. 2s, 
per ton in the case of 1%-in. pipes and 7-in. pipes 
respectively. The foundation price is periodically 
adjusted by the pipe-founders’ cartel to suit the 
state of the metal market. 

Steel castings are quite another matter, and 
cannot be obtained from Austrian steel-founders 
for less than 19/. per ton, whilst if their shape is 
at all complicated or their weight small, the price 
rises to as much as 29/. per ton. 

Home-made forgings of mild steel are made from 
billets costing 10/. per ton; whilst ordinary 
general engineering forgings, rough turned to 
within about } in. of finished size, cost 181. and 
more per ton when bought from the forge. 

For rolled iron shapes the foundation price is 
101. per ton. The prices of plates for boilers, 
bridges, and reservoirs are based upon the follow- 
ing foundation prices :—Boiler shell-plates, 12/. 10s. 
per ton; fire-plates, 141. per ton; and ordinary 
plates, 111. 13s. 6d. per ton. 

The prices, f.o.r. works, of coal and coke vary, 
of course, greatly according to the location of the 
works ; fair average prices, however, being 11s, 8d. 
per ton for boiler-house coal, 16s. 8d. per ton for 
smith-fire coal, 25s. per ton for smith-fire coke, 
and 31s. 8d. per ton for good foundry coke. 

It should be mentioned that the iron and steel 
works have for many years past been linked to- 
gether by a cartel, and that the prices they obtain 
permit of their paying yearly dividends of from 
19 to 40 per cent. upon the value of their shares. 
Two of the best-known companies have paid, durin 
the last five years, an average dividend of 12.9 an 
33 _ cent. respectively. 

he engineering firms, owing to the high price 
of raw materials, and to the keen competition that 
existed before the cartel, formed in December of 
1907, came into force, have not been so fortunate. 
They are only in a position to pay, at the most, 
15 per cent. after an exceptionally good year ; 
whilst the average dividend paid by well-flourishing 
firmsduring the last five yearshas been but 7 per cent. 
One firm of first-class importance has only recently 
restarted paying a dividend after several years of 
financial loss. Were it not that labour is compara- 
tively cheap, the Austrian engineering business 
could never have developed to the extent it has 
done ; but the frequent rises in the price of labour 
which have occurred during recent years have 
severely taxed the ingenuity of employers to find 
means of reducing the cost of production in face of 
the ever-rising cost of wages. 

The workmen’s unions have not, up to the pre- 
sent, succeeded in fixing a minimum rate of pay 
for their members, being still too young and poor 
to accomplish such a task. Recently, however, 
they have fixed the length of the working week and 
the rate of excess payment for overtime. Nine 
and three-quarter* hours now form a working day, 


| . . 
| and 54 hours a normal week ; overtime during the 


day is charged for at 130 per cent. the normal rate, 
whilst night hours, holidays, and Sundays must 


| be remunerated at a rate equal to 1} times the 


normal wage. If a firm, being very busy, is com- 
pelled to run its shops at night, and for this purpose 
engages a second complement of men and foremen, 
the men at night-work, though not working more 
than the normal number of hours per week, must be 
aid at the rate of 130 per cent. normal daytime 
1ourly wage. This requirement of the men has 
caused some important establishments to enlarge 
their shops very considerably in order to avoid 
night-work and the consequent high rate of wages, 








* The shops are now closed on Saturdays at noon, 
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as they preferto make a considerable capital outlay 
rather A ste comply with such a condition. 

The present condition of the labour market per- 
mits of the various manual workers earning the 
following wages :—A pattern-maker, according to 
ability, earns from 4d. to 7d. per hour when doing 
piecework, or receives from 3d. to 5d. per hour 
when paid by the hour. Moulders in an iron- 
foundry earn from 5d. to 8d. per hour at piece- 
work, and are seldom engaged for hourly wages. 
A smith and his striker at piecework average from 
5d. to 8d. and from 4d. to 5.5d. 
tively, whilst 4d. to 5.5d. would be an average 
hourly wage for the former, and 3d. to 4.5d. for 
the latter. Metal-turners, and boring-machine, 
shaping-machine, and planer hands average at 
piecework from 4d. to 7d. per hour, whilst their 
rate of pay per hour would be between 3d. and 5d., 
according to ability. A vice-hand earns from 5d. to 
7d., or from 3.5d. to 5d. per hour, according to 
whether he is working at piece or time-work. A 
fitter is somewhat better paid, and averages from 
6d. to 8d. per hour; he is seldom put on piece- 
work. When erecting a machine on site he receives 
20 to 50 per cent. more wages, according to the 
district in which the site is situated, being paid 
more when temporarily in a town than when he is 
stationed in a village. 

The absolute and relative conditions of the labour 
and metal markets, as illustrated above, are answer- 


able for the fact that in building steam-engines, air- 


compressors, and similar machinery in a_ well- 
equipped shop, the cost of the materials built into 
the machine is practically the same as that of the 
labour done upon the material in the course of 
manufacturing the machine. Boilers cost in wages 
paid about one-half of the cost of the material 
used, while superheaters of the thick-wall steel- 
tube type cost but little more than the buying price 
of the material. 

In a like manner, figures might be given for all 
the different classes of machinery built in a general 
engineering works ; but those already quoted will 
suftice to show that export business was impos- 
sible under such conditions. .For this reason the 
following steps have been taken to~ assist manu- 


facturing engineers to make ig effort to obtain 


foreign orders. In the first place, the Government 
refunds the sum paid as import duty upon raw 
materials, such as pig iron, when it can be satis- 
factorily shown that the material was used in the 
manufacture of machinery actually exported. 
Secondly, the various cartels and some private 
firms quote special prices for materials, articles, 
and fittings used in connection with machinery and 
plant to be delivered beyond the boundaries of 
Austria-Hungary. 

As examples of the second method of supporting 
export business, we would mention that boiler fire- 
plates for export are delivered to engineering firms 
at prices 33.4 per cent. cheaper than those for use 
within the empire. Shell-plates are 35 per cent. 
cheaper, and ordinary (tank) plates 38.8 per cent. 
cheaper under similar conditions. Rolled sections 
can be obtained 41.7 per cent. cheaper for export 
than for home use; and the catalogue prices of 
weldless steel tubes are subject to 14 per cent. more 
discount when the tubes are required for delivery 
abroad. In a similar way, other raw materials, 
articles, and fittings can be obtained at prices con- 
siderably below the sormal home-market rates 
when required for export orders, but still the differ- 
ence is not large enough to enable Austrian engi- 
neering firms to attain for themselves the universal 
attention that the quality of their products would 
otherwise certainly claim for them. 








PRODUCTION OF GUN-COTTON AND 
NITROGLYCERINE. 

Wrrurn the past week Culonel Sir Frederic L. 
Nathan, R.A., of the Royal Gunpowder Factory, 
at Waltham Abbey, has read two papers on 
‘* Improvements in Production and Application of 
Gun-Cotton and Nitroglycerine.” The first was a 
discourse of the just-mentioned title delivered on 
last Friday at the Royal Institution ; the second, 
a paper on ‘‘Gun-Cotton and its Manufacture,” 
brought before the Society of Chemical Industry, 
on last Monday. In both his communications 
Colonel Nathan spoke neither as a chemist, nor as 
an artillerist, but as a manufacturer, and his refer- 
ences to applications, except to cordite, were brief. 
Leaving apart strictly chemical problems which re- 
main controversial, in spite of many researches, he 


accidents became so frequent that Austria, alone of 
r hour respec- | all countries, persevered in manufacturing gun- 


| plosions of 1862 and 1865. 





dealt chiefly with questions which concern the 
chemical engineer. 

The first sample of gun-cotton, Colonel Nathan 
stated, came to this country in 1846, from 
Schénbein, in Basle, accompanying a letter ad- 
dressed to Michael Faraday, in which Schénbein 
asked whether he should offer these new means of 
dgfence and attack to the British Government. 
Schénbein came himself over next year, gun-cotton 
works were started in England and blown up, and 


cotton for propulsive purposes until the Austrian 
Government forbade the manufacture after the ex- 


Meanwhile, however, Sir Frederick Abel had, 
after 1863, improved the Austrian process of Baron 
von Lenk, and though the new Stowmarket factory 
was twice blown up, the gun-cotton industry took a 
new start in this country and abroad. Lenk had 
immersed hanks of long staple-cotton yarn in a 
mixture of one part of nitric acid and three parts 
of sulphuric acid, both concentrated, contained in 
iron pans.. The hanks were stirred in the acid for 
a few minutes, then squeezed and _ transferred, 
still wet, to earthenware pots, in which they re- 
mained for 48 hours. The completely nitrated cotton 
was then put in centrifugal wringing-machines, and 
the hanks were rapidly drowned in water, washed 
for three weeks in running water, boiled for a few 
minutes with alkaline lye, and finally washed again. 

Abel’s chief improvements were the use of cotton- 
waste instead of the long hanks, and the beating- 
engines which broke the tubular fibres of the 
nitrated hanks up into a pulp like paper-pulp, 
and facilitated the removal of the free acids, thus 
increasing the stability considerably. The nitration 
left the cotton cellulose unchanged in appearance ; 
but, in addition to the insoluble nitro-product gun- 
cotton, some soluble nitro-products were formed, 
chiefly from the impurities inside the tubular fibres, 
and these and the free acids had to be removed. The 
beating engines, Sir Frederic Nathan thought, were 
perhaps less important now that boiling of the 
gun-cotton and the displacement process were 
employed. Before speaking of the new displace- 
ment process invented by Messrs. J. M. and W. T. 
Thomson and introduced at Waltham Abbey in 
1905, the lecturer briefly indicated how other 
works proceeded. At Nobel’s Explosives Factory, 
at Ardeer, Scotland, direct dipping, followed by 
centrifugalling, was, he said, followed ; at Dartford 
the nitration was directly effected in the centri- 
fugal apparatus ; some particulars will be found in 
the subjoined table. 

At Waltham Abbey, Sir Frederic continued, they 
started with cleaned cotton-waste from spinning- 
mills, opened up in teasing machines, consisting of 
one lower roller and seven small upper rollers. 
The cellulose had to be very pure; waste from 
weaving-mills would do as a substitute, but it was 
not yet procurable in large bulk at reasonable 
prices. e various fibres tried had, so far, not 
answered. The cotton was dried by hot air on belt 
conveyors, passing in zigzag, and was blended ; the 
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blending was repeated with the gun-cotton, and | 
that helped a great deal to secure the remarkable 
and most essential uniformity of the Waltham 
product. | 
The acids had formerly been mixed by weight ; 
now they started from an approximate mixture, | 
analysed it, and brought it up to exact strength by 
adding the one or other acid. The acids were | 
cooled or heated by being passed through lead coils ; 
the tanks held 250 tons of acid. The nitration was 
effected in shallow earthenware pans, 3} ft. in dia- 
meter, 10 in. deep, covered by aluminium hoods ; 
these. pans were grouped in units of four pans, and | 
were fed by lead pipes. Acid having been run in, | 


w 


20 lb. of cotton were gradually put in and dipped 
with aluminium forks. Perforated earthenware 
plates were then placed on the top to keep the 
cotton under. By means of a rubber hose a film 
of water was spread on the surface of the plates, and 
the hoods could now be removed, as no more fumes 
would escape. The soaking lasted 24 hours; th 
acid was withdrawn from below, while cold wate: 
was admitted from above through the perforations, 
at the same measured rate. The water thus dis- 
placed the acid without much mixing, and the advan- 
tages were: cheap plant and less labour, less waste 
of acid, increased safety and comfort, no acid 
splashing or burning — important points — better 
gun-cotton, andan increased yield. 

Their earthenware pots, the lecturer continued, 
had now lasted 3} years. As regards the boiling of 
the gun-cotton, practice differed ; long boiling, fol- 
lowed by repeated short boilings, was probably best. 
The water was hard at Waltham, a possible advan- 
tage in this connection. Too long boiling was in- 
jurious, and it seemed that with the displacement 
process a zone of warm (40 deg. Cent.) concentrated 
acid passed slowly through the cotton and oxidised 
the impurities in the interior of the fibres. The gun- 
cotton passed into the beaters, which were cast-iron 
rolls, set with steel knives and gradually lowered on to 
the bed-plate. The pulp was run over flannel down 
long shallow troughs, which caught the grit, never 
quite absent, in the felt or in grit-pockets, and finally 
was passed through electro- magnets to remove 
iron particles. -In the ‘poachers, iron tanks, the 
product was then agitated in cold water by wooden 
paddles, and allowed to settle ; the surface scum 
contained impurities. The pulped gun-cotton was 
highly compressed in moulding-machines, whose 
plungers were raised up from below, and became 
sufficiently firm and free of water to be handled. 
For use in mines or torpedoes it was further com- 
pressed, and for cordite-making it was turned into 
slabs of 54 in. by 3 in. 

Major Sir Hilaro Barlow, of Woolwich, mentioned 
during the discussion at the Society of Chemical In- 
dustry, that gun-cotton was pretty safe if wet, and 
as it was difficult to keep the atmosphere moist 
when the slabs were sawn up, large slabs—some 
manufacturers went up to 350 lb.—were incon- 
venient. It was also very difficult to take samples 
from the interior of such slabs, as the cooling water 
- se to the tool would spoil the test ; moreover, 
the waste from large blocks was considerable. Mr. 
John Spiller, an old assistant of Sir Frederick Abel, 
Mr. W. Reid, Mr. Oscar Guttmann,.and the chair- 
man, Dr. Lewkowitch, complimented Colonel 
Nathan on the great improvements he had been 
able to effect, especially as to the safety of the pro- 
cedure. Mr. Guttmann also pointed out that the 
acid quantity in Colonel Nathan’s table might be 
misunderstood ; Abel had really started his nitra- 
tion with 220 Ib. (instead of 13.75 lb.) of acid, in 
which more than 90 per cent. of the nitration had 
been effected in five minutes, the -rest taking over 
an hour. We reproduce this table ; we did not 
note the exact water percentages, which were always 
about 8. 
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Passing to nitroglycerine, Colonel Nathan stated 
that nitroglycerine had been discovered by Ascanio 
Sobrero, of Turin, in 1847, and had been used in the 
frozen condition in the United States before Alfred 
Nobel absorbed it by kieselguhr, as dynamite, in 
1868. Nitroglycerine was an oily liquid, much 
more explosive than gun-cotton and more danger- 
ous, because the temperature, which was kept at 
from 15 deg. to 26 deg. Cent. in the gun-cotton 
nitration, was not so easily controlled. The nitra- 
tion, first effected in small pots standing in ice, was 
afterwards performed in lead tanks which were 
cooled by water circulating through lead coils and 
stirred by air escaping from perforated coils ; 
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the whole mixture of acid and nitroglycerine was 
then drowned in water. Later on the charge had 
been run into a se tor, in which the nitro- 
glycerine, ei the lighter substance, rose in the 
waste acid. Washing with dilute soda, rendered 
difficult by the viscous nature of the product, 
followed, under continuous agitation by compressed 
air; the nitroglycerine was then filtered through 
bags of salt, which absorbed the traces of water in 
it, while the waste acid was kept in the after- 
separators for days, to give the suspended globules 
of nitroglycerine time to separate. 

This system, comprising nitration, separation, 
pre-washing, washing, final washing, and after- 
separation, all carried out in different houses, which 
should be built on a hill so that the nitroglycerine 
could flow by gravity, in order to avoid its being 
carried, was still used in many works. One of its 
objectionable features, the many earthenware cocks, 
in which small particles of nitroglycerine were likely 
to lodge, was first—after a minor accident in 1901— 
abolished at Waltham Abbey, wherever possible. 
Rubber tubes replaced these pipes and cocks ; during 
the washing the delivery end of the tube was secured 
to a pip on the outside of the tank and above 
the level of the liquid; when the nitroglycerine 
was to be discharged, the tube was slipped off 
the pip and the end lowered. But rubber could 
not be used for drawing the acid charge off, 
and the nitrator-separator enabled them to effect 
the separation in the nitrating vessel itself—a 
great advantage. This nitrating cylinder of lead 
had a bottom sloping in one direction and con- 
tained cooling coils and air-pipes, entering by the 
side ; the conical cover was furnished merely with 
inspection windows and a gland for the thermo- 
meter. The fumes escaped through a side pipe, 
into which air was injected. The acid-pipe entered 
at the bottom of the cylinder, and there was also 
another pipe leading to the drowning-tank under- 
neath. The key to this pipe could be manipulated 
from a distance, and when the temperature rose 
too high, the key was opened and compressed air 
and water were turned on automatically, so that 
the whole charge could be drowned in the water 
below in a few seconds. The drowning-tank had 
never been wanted in the seventeen years that 
Colonel Nathan had been at Waltham ; but they 
knew that it would do its duty. When the nitra- 
tion was completed, the nitroglycerine rose to 
the top of the acid, and the acid level was, 
by admitting more acid from the acid tank, raised 
until the nitroglycerine flowed over into the pre- 
wash tank. The nitrator was left full of acid until 
a new charge was dealt with ; thus the vessel was 
not exposed to fumes, and lasted much longer. The 
photographs which Colonel Nathan showed, and the 
demonstrations by means of models, of which Mr. 
W. Rintoul took charge, illustrated the remarkable 
simplification in apparatus ; plant and number of 
men are smaller, and the yield is increased by the 
displacement method. 

Theoretically, 100 parts of glycerine, Colonel 
Nathan said, should give 246.74 parts of nitro- 
glycerine ; they now gained 230 parts, against 210 
formerly. The substitution of Nordhausen sul- 
phuric acid had further improved the yield. The 
acid mixture dissolved some nitroglycerine, and the 
proper proportions had to be observed to minimise 
this solution. Some flocculent matter, not suffi- 
ciently investigated yet, was also formed during the 
nitration. The filtering was carried out, at Waltham 
\bbey, in lead tanks provided with a false bottom 
of perforated lead, on which sponge bags of flannel 
were placed ; the bags were taken out from time 
to time and wrung by hand to remove the moisture 
and flocculent matter. The after-separating tanks 
had ceased to exist at Waltham. 

Sir Frederic Nathan finally spoke of the so-called 
smokeless powders, prepared out of gun-cotton 
and nitroglycerine, distinguishing nitro-cellulose 
powders, initiated by Vieille’s ‘‘ poudre B” of 1886, 
consisting of fibrous gun-cotton turned by solvents 
into a horny substance ; and nitroglycerine 
powders, initiated in 1888 by Alfred Nobel’s bal- 
iistite, consisting of nitroglycerine and a special 
nitro-cellulose soluble in = The British cordite 
originally, in 1890, consisted of 58 parts of nitro- 
glycerine, 37 parts of gun-cotton (insoluble in the 
former), and 5 parts of mineral jelly—a crude 
vaseline (distillation product of petroleum). The 
yun-cotton was gelatinised by dissolving it in 
acetone, and he could demonstrate with the aid of 
seen ee that the recent improvements in 
gun-cotton perfected the homogeneity of the 





cordite. The cordite M.D. of 1901 consisted of 30 

rts of nitroglycerine, 65 parts of gun-cotton, and 
> parts of mineral jelly; it was less erosive than | 
the original cordite. The constants were the 
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There was thus a decrease of heat by 289 deg. 
Cent. and 16.5 per cent., while the volume of gases 
had been increased by 5.5 per cent., and the erosion 
was much reduced. Flamelessness was also desir- 
able, and M.D. was superior in this respect as 
regards rifles and machine-guns, not as regards 
lange guns, unfortunately. 

he mineral jelly, the lecturer said, was an im- 
portant constituent. It had been added because the 
cordite gases as such did not deposit any solid residue, 
so that the rifle-barrels were fouled by the cupro- 
nickel coating of the bullets. In guns that was un- 
essential, but for the sake of uniformityall the cordite 
had been made with mineral jelly, and it had been 
subsequently established that the addition much im- 
proved the stability of the powder, as the jelly 
combined with the decomposition products appear- 
ing during long storage. Abel had tested for gases 
by suspending a strip of moistened filter-paper im- 
pregnated with starch and potassium iodide over 
the test-tube in which the gun-cotton was heated. 
Later Dr. Will, in Berlin, and then Dr. Robert- 
son, in Waltham Abbey, had worked out very 
valuable quantitative temperature-time tests. The 
cordite was placed in a retort consisting of a silvered 
Dewar-jacketed vessel and a horizontal tube, and 
heated in a water-bath to 80 deg. Cent. until brown 
fumes were seen, and the temperature suddenly 
rose by 2 deg. The test was then complete, and 
from the number of hours for which this heating 
had been continued, the number of years, and the 
fraction of a year, for which the cordite might be 
stored at a certain temperature, could reliably be 
deduced with the aid of tables. This ‘“ silvered- 
vessel test” had been confirmed by a considerable 
number of observations on samples of known age 
and history. 








NOTES. 
Tue Berean Stave Rariways., 

Strate ownership in the matter of railways is now 
having a hard time, says the Moniteur Industriel. 
The industrial and commercial development of the 
last few years has largely increased the receipts of 
State railways, but their expenditure has increased 
at a higher rate still, and at the present period, 
when business is more quiet, receipts do not remain 
at their high figure, while expenditure continues on 
an upward grade. The Belgian State Railway is 
particularly hit. In 1904, its balance-sheet showed 
a profit of about 480,000/. ; in the following year, 
notwithstanding a considerable increase in the re- 
ceipts, profits fell to 380,000/.; and in 1906, 
seats there was a higher rise still, profits were 
only 300,0001. In the commencement of 1907 the 
receipts remained as formerly ; business fell, how- 
ever, during the latter part of the year. On the 
other hand, expenditure continued to increase, and 
the balance-sheet shows a loss of 180,0001. The 
results for 1908 will prove worse still, and the 
forecast for the Budget of 1909 gives cause for 
much pessimism. This calculates upon a decrease 
in receipts of 472,0001. and upon a decrease in 
expenditure of 268,0001., equal therefore to a de- 
crease in revenue of 204,000. compared with 1908. 
Part of the decrease in expenditure is arrived 
at by reckoning upon a fall in the cost of fuel— 
and there may be no such favourable occurrence 
from the point of view of the railways. The 
financial charges on the State railways are likely 
to become rapidly heavier; the laying of new 
lines, extensions in rolling-stock and in the instal- 
lations at the stations, all of which have become 
necessary, coupled with the charges on loans made 
for nationalising lines owned by companies, produce 
an annual expenditure much higher than all pos- 
sible excess in receipts. If the State, adds our 
contemporary, had adopted the method of account 
keeping followed by private companies—that is to 
say, if it had been compelled to provide for reserve 





and sinking funds—there probably would never 





have been any profits to show, and the financial 
situation of the railway would have been such that 
the nation, seeing clearly how matters stood, would 
—— emphatically against State ownership. 

e Minister of the Belgian State Railways is 
anxious that this unfavourable situation should 
cease, and is looking for remedies ; it is stated that 
his department is considering an increase in the 
rates for transport. 


Luioyp’s Reeister or British AND FoREIGN 
SHIPPING. 


The vessels on Lloyd’s Shipping Register of the 
United Kingdom numbered, on ) Saree evens 31 last, 
21,172, of an aggregate tonnage of 18,233,410 gross. 
These figures aré made up of 11,632 steam vessels, 
of altogether 16,725,312 tons, and 9540 sailing 
vessels, of a combined tonnage of 1,508,098. The 
addition to the Register last year of steam tonnage 
was, of course, greatly reduced, and amounted to 
no more than 656,253 tons, representing 632 
vessels. This is less than half the amounts added 
in the three previous years. The reduction was 
due almost solely to the small Gutput of new vessels, 
for the steamers bought from abroad and added 
to the Register during the year had an aggregate 
tonnage of 46,546, compared with a total of 28,045 
tons in 1907. The vessels transferred from the 
Colonies, &c., also show reductions, but the quan- 
tities are in any case comparatively small. The 
steamers removed from the Register of the United 
Kingdom numbered 394, of an aggregate ton- 
nage of 444,723. Sailing vessels to the number 
of 267, and of a total of 32,899 tons, were added 
to the Register, this being a larger tonnage than 
for three years back. ‘The tonnage (23,496) 
of the new vessels constructed is mainly respon- 
sible for this, being well above the amounts 
built in the years since 1904. The 375 sailing 
vessels removed from the Register had an aggregate 
of 100,661 tons. Of the 899 vessels added, 558 
ships, with a combined tonnage of 600,837, were 
new steamers built in the United ry Oh and 
10 new steamers built abroad, the latter having an 
aggregate of 2163 tens only. The remainder of the 
new vessels were sailing vessels, 167 in number, all 
built in the United Kingdom. Vessels lost, broken 
up, &c., in 1908, account for a total of 279,911 tons 
removed from the Register, representing 469 vessels. 
Of these, 198 vessels, aggregating 234,643 tons, were 
steamers, and 271 sailing vessels, of an aggregate of 
45,268 tons. The losses of steamers were greatest 
as regards numbers in the month of December, and 
smallest in the month of May, the figures being 
28 and 7 respectively. In tonnage, however, the 
— loss occurred in October, and the least in 

une. As regards the number of sailing vessels lost, 
broken up, &c., January shows the greatest record 
for 1908, and April the smallest ; but though the 
smallest tonnage of sailing vessels removed from the 
Register was also least in April, it was a maximum 
in the month of May. The 541 new vessels, of 
822,168 tons, classed by Lloyd’s Register during 
1908, include 18 steamers, of an aggregate of 87,984 
tons, designed for carrying oil in bulk. Eight 
steamers, of over 10,000 tons each, were classed 
during the year. Of the net tonnage classed during 
the year, the United Kingdom built over 80 per 
cent., Japan coming next with 5.34 per cent. in 
four large steamers, while several other nations 
with larger numbers of new vessels have compara- 
tively small amounts of new tonnage. 








Junior InstiruTION OF EnGingERS.—At the January 
meeting of this Institution, held at the Royal United 
Service Institution, Whitehall, the President, Mr. James 
Swinburne, F.R.S., in the chair, the honorary member's 
lecture of the twenty-eighth session was delivered by Dr. 
John T. Nicolson, M. Inst. C.E., of the Manchester 
University, who took for his theme *‘ The Laws of Heat 
Transmission in Steam Boilers as Deduced from Experi- 
ment.” The lecture, which was really a communication 
of the results of Dr. Nicolson’s important experimental 
work on the subject during the past four years, we com- 
mence to print in extenso in our present issue. In connec- 
tion with the series of Saturday afternoon visits arrar 
by the Institution for the current session, a large num 
of the members recently attended at the City and Guilds 
Technical College, South wi me when the Dean, 
Professor W. E. by, M. Inst. C.E., ho: member of 
the Institution, and the heads of the various departments 
showed them over the extensive laboratories and work- 
shops. All the machinery was specially kept running for 
the benefit of the visitors, and demonstrations were con- 
ducted to illustrate the use of the fine collection of ex- 
perimental and other apparatus with which both the 
mechanical and electrical engineering departments are 
equipped. 
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A NEW STEEL. 


THE suggestion made by Professor Arnold at the 
recent meeting of the Royal Institution of Great 


Britain, which is referred to in another column, has | 


attained actuality sooner than was anticipated. The 
ere stated that, speaking on specific facts within 

is knowledge, he was strongly of opinion that the 
best high-speed steel of to- was destined to be 
superseded, and that he thought it probable a year 
hence there would be on the market a British steel 
with quadruple the cutting power of any now known 
to metallurgy. This ferenn caused intense excitement 
among sheuknetedlaatenets and in Sheffield created a 
feeling little short of consternation. Inquiries among 
the four or five present makers showed that the an- 
nouncement was received with a considerable amount 
of incredulity. On Wednesday, however, the secret 
was out, and it was announced that Messrs. Jonas and 
Colver, of the Continental Steel Works, had discovered 
a new steel, which, in the opinion of experts, fully 
justified the encomiums of the professor. 

Messrs. Jonas and Colver state that the steel, as a 
matter of fact, is already on the market, and that 
samples have been in the hands of travellers of the 
firm since the beginning of the year. Rigorous tests 
have been made, and the steel has undoubtedly more 
than quadruple the efficiency of any existing steel of a 
similar type. 

The history of the research leading up to the dis- 
covery of the new steel has peculiar interest. When 
the litigation with the Bethlehem Company of America 
—which has since ended in a defeat for the makers 
over the water—was entered upon, Messrs. Jonas 
and Colver set themselves to consider how to main- 
tain their position if the judgment of the American 
Courts should shut out high-speed steel made under the 
prevailing conditions. When high-speed steel was 
first produced it was water-hardened, but a subse- 
quent en resulted in water-hardening being 
changed for air-blast hardening. It was through this 
latter feature that Sheffield makers found themselves 
in conflict with the reported American patents. 

Experiments were conducted at the Continental 
Steel Works for a period extending over six months, 
and the result was the production of a new steel which 
was hardened in water, and which showed a remark- 
able increase in hardness over the present existing 
high-speed steel. The firm was thus placed in a 
position independent of the result of the American 
litigation. The new steel can be annealed ; no modern 
high-speed steel, in fact, has any advantage over it in 
the matters of annealing, forging, and over-heating. 
An interesting experiment recently conducted by the 
makers showed that a tool made from the steel could 
be hardened seventeen consecutive times in cold water 
without showing any signs of a crack, 

Interviewed on the subject, Mr. B, W. Winder, 
director and works manager of the company, said that 
the new steel was in no way calculated to call for any 
alteration on the part of machinery. The idea had 
been to produce steel that would last longer at the 
same speed, feeds, &c. In forming cutters, for instance, 
it was only the edge of the tool which the engineer 
really purchased, as when this was worn even the 
fiftieth part of an inch the tool was no good, and re- 
quired s one The wearing quality of the cutter 
was therefore of vital importance. The new steel 
would harden rfectly in water, but could also be 
hardened in oil, paraffin, or even blast. It could be 
used by anyone accustomed to work with high-speed 
steels. As to the cutting power, it was difficult to 
give comparative results, as so much depended on the 
quality of material. On very mild steels it would 
probably do two or three times as much as the pre- 
sent tool steel. Ona hard material very much better 
results were achieved, sometimes as much as six or 
seven times what customers were getting out of ordinary 
pe oom steel. Mr. Winder instanced a tool made 
out of the existing a steel; which, working 
on a very hard material, had to be ground at least five 


times a day. Last week a similar cutter made from | 


the new steel was put on. It worked a day and a half 
with one grinding, and the report that morning was 
that it was going on very well indeed. In such 
machines as turret-lathes, 
steel would prove invaluable, as these were often fitted 
with a dozen tools on one turret, and the breakin 
down of any one of these necessitated the stoppage o 
the whole work until it was rep 


although, of course, he admitted the new steel was 
more expensive than the existing material. 
Professor Arnold, interviewed subsequently, said he 


maintained the views expressed at the Institution, that | 


there was no comparison between the cutting powers 
of the new and the present se steels. He 
was only interested in the matter from a scientific 
point of view, but to a scientific man the pheno- 
mena exhibited by this steel formed an intensely 
interesting field for investigation. It was an 
absolute departure in movelburey to have obtained 
a water-quenched steel with the cutting edge of 


| period, 





e pointed out, the new | 
| Aberdeen ‘ 


; ia 
| Barrow, Maryport, and 

Workington .. <7 
Belfast .. 


As to com- | 
parative cost, Mr. Winder preferred to say nothing, | jiundee. || 
| Hartlepools & Whitby | 
an. ts «s — 
| Leith 





the tool a bright red glow when cutting very hard 
material. This steel, and the experiments leadin 
up to it, had been under his notice for a lengthen 
Of course, it was possible to exaggerate the 
importance of the matter to the steel industry, owin 
to the comparatively small quantity of high-speed stee 
used compared with ordinary carbon steel, but it 
marked a notable advance. The secret, of course, 
could not always be kept, and he believed that three 
years hence every high-speed-steel manufacturer in the 
country would be making this steel. 








NOTES FROM THE UNITED STATES. 

PHILADELPHIA, January 28. 
THE existing quiet in the iron and steel industry is 
the subject of comment in trade circles. Anticipations 
in December looked to a large demand in all mill and 
furnace products this month. It has so far been ex- 
ceptionally quiet. The fact that repairs and exten- 
sions and improvements are in progress at many plants 
leads to the conviction that the steel industry has 
confidence in better times. Some who seek an explana- 
tion for this unusual condition attach much importance 
to pending tariff changes. The conditions in regard to 
finance which have prevailed so long do. not exist now. 
The banks are glutved with money, and responsible 
borrowers can & readily accommodated. A vast 
amount of enterprise seems to be temporarily bottled 
up. Railroad building is still checked. The managers 
seem still determined to make present ae answer as 
long as possible, though almost every system has its plans 
ected for expansions and the construction of side 
ines. Outside of railroad work there are scores, and, 
it might be said, hundreds, of enterprises awaiting. 
Those who argue the present small demand is due 
to anticipated tariff changes strengthen their view by 
inting out that the quiet exists especially in those 
ines where the material wanted is most liable to catch 
a tariff reduction. All the greater interests that may 
be affected have conferred each with its own people 


| and aline of action has been mapped out, and a reduc- 4 
The tariff | British Merchant Shipping and the Trade Returns, and 


tion agreed upon which can be safely borne. 
reformers are not correspondingly organised, and there 
will not be that indivic maileedt opposition to specific 
interests which the greatest success of the agitation 
demands. The new Congress will probably meet in 
March and get down to hard work. Much of the 
preparatory work is already done. 

The tariff beneficiaries are anxious to have the adjust- 
ments made with the least possible popular agitation. 


Whatever the result may be as to percentage of reduc- | 


tion, the industries will on the safe side. The rail 
situation is unchanged. Assurances have been pri- 
vately given within a few days that the bulk of this 
season’s requirements will be placed within 30 ove 
after the tariff adjustment., The question of the 
plans of the Panama Canal will be practically deter- 
mined within 30 days. The Atlantic Coast shipyards 
re os in very little new work, while the Lake 
a 


a 
yards are assured of a good year. 








THE ENGINEERING INDUSTRIES. 
(Concluded from page 158.) 
3. MARINE ENGINEERING AND SHIPBUILDING. 
THERE has been up to 1907 a large and progressive in- 
crease in the amount of shipbuilding in the yards of the 
United Kingdom as recorded by Lloyds.* In 1908 there 
was a fall of 737,000 tons from the 1907 figure. In the 
three-year period 1895-97 the annual tonnage, ema 
warships, launched was 1,129,000; by 1907 the figure hi 
risen to 1,741,000, an increase of 612,000 tons, or 54 per 
cent. By districts the growth has been as given below in 
Table X. 
TABLE. X.— United Kingdom. Tonnage of Vessels 
Launched in the Principal Shipbuilding Districts (in 
Thousand Tons). 





) 


_1895-7 to 1907. 


fe 
<=) 


Increase (+) or 


Decrease 


Increase (+) or 
Decrease 





328} 3 
149) 2 
19 


G os 
Greenock 


104 

17 

15 

| 8 
| | 

120) 130 

18° 10) 

284, 331 

229) 287) : 


Liverpool be 
Middlesbrough 
Stockton 
London .. 
Newcastle 
Sunderland 


Total 


+130) 196 
+119) 87 


+613) 1004 





3 ‘1129/1508 151 |1655/1741 
i | | 
* Lloyd’s “ Annual Summary of Shipbuilding at Home 
and Abroad.” 





53 | dency towards standardisation is welcomed. 


The largest increases shown in 1907, in each case more 
than 100,000 tons, were in the yards of Glasgow, Greenock, 
Newcastle, and Sunderland. The yards of the Barrow, 
Liverpool, and London districts show a decline. There 
was a decline in 1908 of about 42 per cent., as compared 
with 1907.* 

At the present time nearly one-third of the shipbuild- 
ing in the United Kingdom is on foreign and Colonia! 
account. The growth in recent years has been as follows 
(in thousand tons) :— hist 

tor Ci : ‘or Foreign 
For Colonies. Countries 
1892-4 : 


5-7 241 
284 
254 
278 


1895-7 sa 
1898-190)... 
1901-3 
1904-6 

1907 477 

1998 es ée 63 307 

The destinations of these ships are widely distributed, 
the chief foreign countries being Austria - Hungary, 
France, Norway, Germany, and Italy. 

The comparative progress of foreign shipbuilding in- 
dustries is shown in the following table of merchant 
vessels and warships launched in the principal foreign 
shipbuilding countries (in thousand tons) :— 
1895-7. 1905-7. Increase. 

79 82 r 


France .. 2 
321 


Germany o 
United States .. 129 458 329 
United Kingdom 1061 1791 730 
A large trade is done in the export of ships. There are 
no returns for any year before 1899. In that year the 
exports were of the value of 9,197,000/. ; there have since 
been considerable fluctuations, and in 1903 the value was 
4,284,000/. only. In 1907 the figure reached 10,018,000/. 
Taking the nine years, it is seen that we have built £12 
mnillions’ worth of ships for Japan, £9} millions for Ger- 
many, £5 millions for Austria-Hungary, £44 millions for 
Norway, £2} millions for Russia, £44 millions for South 
American countries, and £8? millions for British posses- 
sions, of which the chief were Australia £24 millions, 
India nearly £2 millions, and Canada and New Zealand 
* millions each. 
Table XI. given below shows that a large proportion of 
the increase in shipping and shipbuilding is due to the 
exportation of coal. This table is compiled from the 


3 
130 191 





|shows that the increase in the exportation of coal has 
| been from 22,107,000 tons in 1886 to 63,601,000 tons in 
1907, and the increase has been continuous. In fact, if 
the coal exports be deducted from the total cargo space 
available, the percentage of other cargo tonnage to the 
| total tonn cleared in cargo and ballast’ has declined 


continuously since 1886, from 73 to 61 per cent. 


TaBLE XI.—United Kingdom. Clearance of British and 
Foreign Shipping at Ports (in Thousand Tons). 


l | 
1886. | 1893. | 1906, | 


1997. 





31,805 
29,108 
22,107 


42,985 
37,703 
32,948 

8,896 


28,807 


60,509 
57,84 


| Cleared (cargo and in ballast)... 1 
“4 63,601 


» (cargo) 

Coal exports te as ‘a 

| Coal (in ships tons of 100 cubic, 
feet)* .. 


55,600 


5,989 15,012 ; 17,172 


Balance of cargo tonnage after 

deducting coal a: 3. 39,287 
Percentage of total tonnage' 

“in cargo and in ballast” ..| 73 | 67 65 

| 

* It is assumed that 1 ton of coal occupies about 24 cubic feet. 
It is assumed that allowing for packing the capacity is 27 cubic 
feet per ton. 


23,139 40,673 


61 








4. MECHANICAL ENGINEERING. 


In mechanical engineering the volume of business genc- 
rally is ‘said to have been fairly steady for some years. 
Some branches have become more remunerative, but net 
— generally have fallen in relation to turnover. A 

rm of merchants state that there has been a large in- 
crease in the proportion of foreign to British-made goods 
in use in the Uni Kingdom. Twenty-five years ago 
they bought no goods from abroad ; now at least one-half 
of their purchases is‘ made with forcign countries. 

The official returns throw very little light upon this 
branch of engineering. The only item in this branch 
which is given separately in both the import and export 
| returns is locomotives, the other items are lost in the 
| general term ‘“‘other descriptions.” As regards locomo- 
| tives, the imports are negligible, being in 1907 of the 

value of 5600/. The exports of locomotives have increased 
rapidly from 713,000/. per annum in the five years 1875-!) 
to nearly £34 millions in 1907. The increase to South 
America accounts for more than three-quarters of the 
increase to foreign countries ; the exports to the Argentine 
in 1907 being nearly 1,400,000/. The most important 
British market abroad is India, which, in 1907, took more 
than £1} millions of British locomotives. There are said 
to be fewer locomotive-builders in this country now than 
there were twenty to thirty years ago. Some firms have 
grown larger, but many are almost extinct. The capacit) 
of British works for turning out locomotives is - 1000 
e ten- 
Standards 
have been drawn up for India ; and the hope is expzessed 





to 1500 engines a year, according to the type. 


9 in the evidence that this is the beginning of a larger 
“system of standardisation throughout other countries. 


|“ It would be a great help to the British business with:n 





* At a meeting of leading shipowners at Newcastle, on 

| January 14, 1909, Sir Walter Runciman said there were 

14 to 2 million tons of shipping lying idle, and the drop 

in dividends this year was estimated at from £25 to £30) 

millions. At the same meeting it was stated that British 

| shipowners were short of “‘living freights” by £25) 
| millions. 
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he Empire ; British firms could then supply parts at 
once, and would know exactly what to expect.” 

In regard to the home demand, it is pointed out that 
British railways build nearly the whale of their own 
engines. It is only on rather special occasions that they 
buy from the manufacturer. So long as that policy. is 
pursued by the railway companies there is held to be 
fittle chance of expansion among independent locomotive 
builders. 

With regard to other roljing-stock, attention is directed 
to the fact that railway carriage works have recently been 
started in Russia, there being at Tver about the largest 
carriage works in the world, covering 250 acres of ground. 
There has, however, been a good demand from South 
America, and the Argentine ay teeny particularly. Some 
big contracts in we have been given out to foreign 
countries. Net its in relation to turnover have, on 
the whole, decidedly diminished. There is considerable 
foreign competition in tram-cars. 

here are no British official figures in regard to station- 
ary engines. The evidence indicates considerable and 
successful German and other competition in the British 
market. The German returnsshow an export of ‘‘steam- 
engines (not locomotives)” to the United Kingdom, 
valued at 309,000/. in 1904, and falling to 61,0007. in 1907. 
It was a near trade up to 1904. The United States 
returns show an export to the United Kingdom varying 
from 249,000/. in 1900 to 49,0007. in 1907. 

As regards British exports, there was from 1860 and 
until recently a large and increasing business in portable 
and other engines with Germany; but in recent years, in 
consequence of the imposition of high duties, we have 
been ually driven out of the German market, and 
now the trade is spoken of as a comparatively small one. 
Instances are given showing that whereas an appreciable 
trade was done with Austria-Hungary in the ‘seventies, 
it is now practically extinct. 

There has been a considerable development of foreign 
competition in all branches of gas-engines, many products 
being imported from the United States. There are no 
official figures. 

Practically all the motor-car manufacturers in thiscountry 
have been kept busy by the enormously increasing demand 
for motor-cars, and witnesses do not think anywhere near 
the maximum of this demand has been reached. The 
British output is now estimated to be of the annual value 
of £5 millions, while the imports of complete cars, chassis, 
&c., are of the value of £4 millions. In 1905 the output was 
about £3 millions. The capital in the British industry is 
about equal to the turnover in each year. This measures 
the capital employed not only in new manufacturing firms, 
but represents also the extensions in existing engineering 
firms, such as the Singer Manufacturing Company, 
Humber, Birmingham Small Arms, Daimler, Rover, and 
Napier, all of whom are now actively engaged in the 
motor industry. There is practically no importation of 
small parts in the sense of their being assembled in this 
country and put together by British Proms to form new 
cars, 

The first year in which motor-cars were separately men- 
tioned in the Board of Trade returns was 1904. The im- 
ports in that year were of the value of 2,424,000/. The 
increase has been continuous, and the value in 1907 was 
4,553,000/. The chief sources of supply are France (two- 
thirds of the total), Germany (less than one-sixth), and 
about one-sixth from all other countries. The exports 
have grown in the same period from 321,000/. to 1,325,000/., 
the chief markets being India (243,000/.), Australia 
(192,0002.), New Zealand (123,000/.). The total to all 
British possessions is 769,000/., or 58 per cent. of the 
exports to all countries. The chief foreign market is 
France (232,000/.). In contrast it may be noted that the 
exports of ‘‘ automobiles” from France, as shown in the 
French official returns, increased from 25,000/. in 1897 to 
5,774,000/. in 1907. The largest market is the United 
Kingdom, to which France exported in 1907 to the yalue 
of 2,416,0002., as compared with 80001, in 1897 and 768,000/. 
in 1902,. The French imports in 1907 amounted to 
347,000/., of which 18,000/. worth was British. The 
United States exports, as shown in the United States 
official returns, increased from 198,000/. in 1902 to 
1,146,000/. in 1907, of which the exports to the United 
Kingdom were 140,000/. in 1902 and 319,000/. in 1907. 

Table XII., below, computed by the German Ministry 
of the Interior, indicates the progress of the German 
motor industry. It is seen that the German output of 
motor vehicles and parts increased in value from 
279,0002. in 1901 to 2,509,0002. in 1906. 


Taste XII.—Germany. Progress of Motor-Car Industry. 

















— | 1901, | 1908. | 1906. 

(a) Number of factories By - 12 18 34 

(6) Capital employed (in thousand £) 371 | 802 2,114 
(c) Number of employés ‘e 1589 | 3289 | 10,347 
(d) Value of motor-cycles manufactured (in | 
thousand £) ‘a we af os 2; 114 

(e) Value of motor-vehicles and chassis } 

factured (in th d £) o22 | 521 | 2,116 | 
(f) Value of separate parts, spare gear, | 
ship and air-ship motors, &. ; repairs} 

(in thousand £) .. ne ¥ ie 45] 102 279 

Total (d) (e) and (f) (in thousand £)} 279 | 693 2,509 














The imports of cycles, including motor-cycles, were not 
shewn prior to 1897. Cycles and parts of cycles are shown | 
separately since 1902, and motor-cycles and parts of | 
motor-cycles since 1904. In the six years to which the | 
separate cycle returns relate there has been a marked | 
decline in the importation of cycles, but this decline 
has been more than counterbalanced by the increased 
importation of cycle parts. Complete cycles were for- 








merly imported almost entirely from the United States, 


The total machinery imports into these six foreign 


and the total importation was, in 1902, of the value | countries have, it is seen, increased from £7 millions to 


of 83,0007. ; it was, in 1907, 50007. only. On the other 
hand, the importation of cycle parts, chiefly from Ger- 
many, has increased in the six years from 61,000/. 
to 166,000. The German share was, in 1907, 68,000/. ; 
the United States, 35,0007.; and France, 25,000/. In 


addition, there was, in 1907, an importation of 79,000/. | 


worth of motor-cycles and parts, of which 40,000/. worth 
came from Belgium, and 31,0007. from Germany. ; 

The value of the exports of cycles and parts (not in- 
cluding motor-cycles) averaged 1,278,000/. in the five years 
ending 1896, and was 1,288,000/. in 1907. There was a 
considerable depression in the interval, and it was entirely 
caused by the decline in the foreign demand. Throughout 
the fifteen years the Colonial demand has steadily in- 
creased ; it was 297,000/. per annum during 1892-96, and 
611,000/. in 1907. The heaviest declines have been in the 
case of the United States, from an average of 175,000/. per 
annum to nil; France, 264,000/. to 111,000/.; Belgium, 
125,0007. to 43,0007.; Germany, 83,0007. to 14,000/. ; and 
Russia, 74,000/. to 23,0007. the other hand, in the 
British Empire markets the increases have been :—India, 
26,0007. to 128,000/7. ; New Zealand, 27,0007. to 111,000/. ; 
Cape Colony and Natal, 42,000’. to 99,000/. The demand 
from Canada, on the other hand, has dec from 
42,0007. to nil. The total exports of motor-cycles in 1907 
were of the value of 28,000/., and of parts 25,0007. 

The official British returns of imports of agricultural 
machinery only go back to 1901. In that year the total 
imports were of the value of 369,000/., and grew to 
770,000/, in 1907. The chief source of supply is the 
United States, which sends three-quarters o the total. 
Canada sent in 1907 68,0002. worth. The export figures 
go back to 1882, and show little increase over the whole 
period. The value was in 1907 2,155,000/., as compared 
with 1,803,0002. annually during 1882-84. About 90 per 
cent. of the exports are to foreign countries—Russia, 
Germany, France, Italy, and South America. Austral- 
asia is the most important Colonial market. 

There are also official figures relating to the exports of 
agricultural implements. The increase has been from 
295,000/. per annum in the five years ending 1879 to 
487,000. in 1907. The chief foreign markets are South 
American, and the chief British Empire markets are 
South Africa, India, and Australasia. 

The official figures for the exports of mining machinery 
date back to 1893, and the increase since that year has 
been from 398,000/, per annum during 1893-4 to 875,000/. 
in 1907. The chief markets are within the British Em- 
pire—viz., in 1907 South Africa, 250,000/.; Australasia, 
105,000/.; and India, 69,0007. The most important foreign 
market is Portuguese East Africa, 184,000/. 

The largest market for British textile machinery and 
mill-work is India, According to the Board of Trade 
returns the exports were 1,782,000. in 1907, as compared 
with 857,000/. im 1893-4. The only other British Empire 
market is Canada (64,0007. in 1907). The largest foreign 
market is Germany (749,000/. per annum in 1893-4, and 
960,0007. per annum in 1905-07). Other important foreign 
markets in 1907 were :—France, 865,000/.; Italy, 848,000/. ; 
Holland and Belgium, 768,000/.; United States, 584,000/. 
There is an increasing importation of textile machinery, 
chiefly from the United States and Germany. It was of 
the value of 112,000/. in 1901, and 229,000/. in 1907. 

The total value of sewing machines exported was 
418,000/. per annum in the three years ending 1884, and 
1,831,000/. in 1907, with considerable fluctuations in recent 
years. The chief market is Russia, which takes 40 per 
cent. of the total exports. France takes 208,000/. worth, 
Germany 161,000/., and Italy 102,000/. Of British Empire 
markets India is the most important, taking 62,000/. in 
1907. Imported sewing-machines (486,000/. in 1907) come 
chiefly from the United States (362,000/.). Other tables 
relating to many of the above trades, and giving parti- 
culars of exports and imports in greater detail, are printed 
in another section of the report. This supplementary 
section contains altogether some 45 tables, and it is, of 
course, too voluminous to be reproduced here. 


(C) Comprtinc ForeiGn INDUSTRIES. 


In the supplementary section of the super just re- 
ferred to, there is to be found a series of tables relating 
to the engineering imports and exports of Germany, 
the United States, France, Switzerland, Austria-Hungary, 
and Belgium, compiled in each case from the official 
returns of those countries for the last fifteen to eighteen 
vears. The import and export trade with the United 
Kingdom is separately stated in each case. From them 
has been compiled the following summary, Table XIII., 
showing the imports of machinery into the various 
countries, and though the classifications differ, the totals 
may be regarded as approximately comparable :— 


TaBLe XIII.—Jmports of Machinery into Principal 
Foreign Countries, 1891-1906 (in Thousand £), 





From All Countr‘es. — 
1891 | 1896 | 1901 | 1906 | 1891 |1896 1901/1906 
a RSS Etre, ARE, Meee “ssi Sd te 
Germany*.. ..| 1621 | 1915 | 8,214) 4,689 1000 1220 1096 1292 
United States .. 567) 587 693| 761 456 | 504) 499) 478 
France... 1869+; 2487 | 4,824| 6,486) 768+ /1103 1314 1764 
Switzerland 777 978 872; 1440 89/111 67; 71 
Belgium .. --| 21 866 | 1,723) 2,522, 200 | 264 897 481 
Austria-Hungary 1470 | 1779 , 1,764 3,257| 499 | 491) 441) 6387 
Total .. . 6925 8612 13,090'19,155 3012 |3683 3814 4723 
United Kingdom — | 2371f 3,963 5,127, — |— | — te 

i ' 
* Including motor vehicles. t 1893. $ 1897. 


| one, the share obtained by the United Kingd 





£19 millions, while those from the United Kingdom in- 
creased from £3 millions to £4$ millions; whereas 43 per 
cent. of the total imports of these countries came from the 
United Kingdom in 1891, the United ng percentage 
fell to 25 per cent. in 1906, In other words, while the im- 
port trade of these countries has been a rapidly increasing 
om has been a 
rapidly declining one. Out of the £12} millions of in- 

purchases only £1? millions were from the United 
Kingdom. 

In the same period the total exports of machinery from 
these countries increased from £10} millions to £44 millions, 
of which the exports to the United Kingdom rose from 
£1 million to £4} millions. In 1891 the United King- 
dom’s share of the exports of these countries was 84 per 
cent.; in 1906 it was 94 per cent. Table XIV. gives 
details of exports from these countries :— 

TaBLE XIV.—Exports of Machinery from Principal 
Foreign Countries, 1891-1906 (in Thousand £), 


| ‘To United King- 





To All Countries, 




















dora. 
| 
1891 1893 | 1901 §=1906 1891 1896 1901 1906 
Germany* 8,370 | 5,747 |10,083 18,358 /114 | 193, 717 1302 
United States 3,399 | 4,503 /10,378 16,020 627 |1000 2434 2229 
France... 1,207+ 1,846 | 2,238 3,301 71t 115 124 170 
Switzerland 845 1,202) 1,862 2,512 27 36 144 «#77 
Belgium .._—..| 1,687 | 1,854) 1,650) 2,548 73 | 75 161 462 
Austria-Hungary 366 230 450 1,168 5 9 %7F Ww 
Total. . .| 10,824 14,941 26,611 43,902 917 1428 3587 4250 
United Kingdom | 15,818 17,014 |17,612 |26,772 
' 


* Including motor vehicles, + 1893, 


These tables show that the comparative positions of the 
machinery industries of the United Kingdom and forei, 
countries have been reversed in the last fifteen years. In 
1891 the rpeeeny | exports of the United Kingdom were 
£5 millions more than those of all these competing coun- 
tries ther ; in 1906 they were £17 millions less. The 
comparison is more remarkable if the growth of Germany 
and the United States is contras with that of the 
United Kingdom. The United Kingdom increase has 
been by £11 millions, or 70 per cent., while the German 
increase has been by £15 millions, or nearly 450 per cent., 
and the United States increase by over £124 millions, or 
370 per cent. In considering this relative growth account 
must be taken, on the one hand, of the larger populations 
and more extensive railway systems, &c., of Germany and 
the United States, and, on the other hand, of the fact 
that owing to the larger proportion of the population of 
the United Kingdom which is engaged in manufacturing, 
the consumption of engineering products per head is 
greater than in foreign countries. The home markets in 
these three countries are probably, therefore, about equal 
in extent. 

The totals for 1906 are further analysed in Table XV. 
herewith. 

TABLE X V.—Distribution of E. of Machincry from 

Principal Foreign Countries in 1906 (in Thousand £), 




















unitea | Rest of | Rest au | 
— Kin role British of Other Total. 
|Aingeom. | Pmpire.| Europe. Countries. | 
Germany .. 1027 | «370 | 12,346| 3,718 | 17,456 
United States 2229 3918 3,284 | 6,589 | 16,020 
France .. 169 11 1,753 1,368 | . 3,301 
Switzerland 77 24 2,139 272 | 2,512 
Belgium... 2 45 1,224 812 2,543 
Austria-Hungary 10 3 1,131 24 1,168 
Total... 3974 4371 | 21,877 | 12,778 | 48,000 
United Kingdom _ 7867 8,505 | 26,772 


10,400 
| | | 

It is seen that one-half of the total machinery exports 
of principal foreign countries went in 1906 to other coun- 
tries on the Continent of Europe. Of the remainder, 
40 per cent. was exported tothe British Empire, these ex- 
= being about equally divided between the United 

ingdom and the rest of the Empire. All other coun- 
tries, principally South America, China, and Japan, took 
the remaining 30 per cent. proportions vary 
considerably in the case of each competing country as 
follows :— 

Germany.—To United Kingdom, 6 per cent.; the rest 
of the British Empire, 2 per cent.; other European 
countries, 71 per cent.; all other countries, 21 per cent. 

United States.—To United Kingdom, 14 per cent.; rest 
of British Empire (mostly Canada), 24 per cent.; Kuro- 

n Continent, 20 per cent.; all other countries (chiefly 
outh America), 41 per cent. 

France.—To United Kingdom, 5 cent. ; rest of 
British Empire, practically nil ; other European countries, 
53 per cent.; all other countries, 42 per cent. 
Switzerland.—To other European countries, 85 per cent. 
Belgiwm.—To United cieiom, 18 per cent.; to other 
European countries, 48 per cent.; to all other countries, 
32 per cent. 

Austria-Hungary.—To other European countries, 97 
per cent. 

Thus it would appear that the chief export trade of 
competing —p wy industries is done with European 
countries, and that the greatly increased machinery re- 
quirements of these Euro countries have been chiefly 
met by the rivals of British manufacturers. These Euro- 
pean countries are bound together by a network of 
treaties, and it is since these treaties that the great ex- 
pansion has taken place. 
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THE VALUE OFsRIVERSIDE SITES FOR 
WORKS ON THE CLYDE. 
To THE Epitor or ENGINEERING. 

Sir,—In a recent issue it was stated that Messrs. 
Yarrow had acquired land at Scotstoun for their yard ata 
cost of 50/. per acre. Presuming this was meant be 
50l. per annum for feu duty, the land is still very cheap at 
this compared to a much inferior site acquired here by the 
Government for a torpedo factory at a cost of 27,000/. for 
10 acres of land and 4} acres of foreshore. Capitalising 
Messrs. Yarrow’s purchase at twenty-five years, the cost 
is 1250/. per acre, and the Government’s 1850/. per acre. 
These properties were both formerly agricultural, and 
on the river’s bank, but the Scotstoun property has the 
advantage of railway connection and proximity to 


Glasgow. 

“_ Yours, &c., 

Greenock, February 2, 1909. Ropert Morton. 

{Our correspondent is right ; Messrs. Yarrow pay 50/. 
per acre per annum for their Scotstoun site. The price 
given by the Admiralty for the site of their torpedo 
works at Greenock was, we understand, on areport 
made by the late Sir William R. Copland.—Ep. E.] 








Trapeg, &c.—In connection with the annual shipbuilding 
returns, Messrs. W. Sisson and Co., Limited, of Gloucester, 
desire us to state that their total production of marine 
machinery for sixteen years—1893-1908 inclusive—is about 
7450 indicated horse-power, giving an average annual out- 
put of about 465 indicated horse-power. 


Trarric 1n ConsTANTINOPLE Harsour.—In 1907 the 
total traffic of the port of Constantinople amounted, 
according to the Vienna Wochenschrift Jj.d. affentlichen 
Baudienst, to 15,522 steamers and sailers, for a total of 
15,208,208 tons, as against 15,887 ships and 15,684,547 
tons in 1906, showing, therefore, a decrease of 365 ships 
and 476,339 tons. Coastal traffic in the port in 1907 
amounted to 1237 steamers, for 179,441 tons, as against 
1276 steamers and 147,793 tons in 1906. 


THe MANUFACTURE OF Mera Rippon,—On Friday last, 
January 29, Messrs, Strange and Graham, Limited, of 
7, Staple Inn, London, W.C., exhibited at the Royal 
Institution a very interesting process for [see meer metal 
in the form of ribbon. A water-cooled horizontal brass 
drum of 5 in. diameter, with a fairly well-polished surface, 
was driven bya small motor at about 1600 revolutions per 
minute. Above it was a ladle of molten tin, ——. a 
cast-iron nozzle in the bottom with a hole sj in. in dia- 
meter. The nozzle was immediately over the top of the 
revolving drum, on to which a fine stream of metal ran. 
The metal solidified as it touched the drum and was 
thrown out for a distance of some 10 ft., when it fell to 
the floor in the form of a continuous and practically 
uniform tape 0.25 in. wide by about 0.002 in. thick. The 
appearance was very striking. About 28 lb. of tin tape 
was made per hour by the apparatus shown. Lead, zinc, 
and other metals can be dealt with in the same fashion. 
Lead ribbon so made is used in the manufacture of white 
lead, and, owing to its cast structure, it is more readily 
attacked than mechanically - worked lead. The same 
material is used for caulked joints in water and gas mains. 
Zinc ribbon can be produced at only about 2/. per ton 
more than the ingot metal, and should thus replace the 
zinc turnings largely used in the cyanide-gold process, 
The manufacture of metal ribbon by the method described 
is so delightfully simple and cheap that one feels that 
some good markets should be found for the product. 


Tue Bermonpsry Gas Expiosion.—The inquest held 
by the coroner for the City of London and Southwark, 
Dr. F. J. Waldo, J.P., arising from the gas explosions 
on December 30 last, in Grange-road, Bermondsey, was 
concluded on February 2. The explosion, it will be 
remembered, was of considerable violence, and resulted 
in the death of twochildren. It appears from the evidence 
that the explosion was due to accumulated causes of some 
little interest. In the first place, at the spot at which the 
explosion happened there are two sewers—an old one 
and a new one. Further, there are two gas-pipes under 
the roadway, joined by a cross-connection or “rider.” In 
addition to this there is ar» old water branch pipe, or 
spur, which for some time had been shut off from an 
adjoining building. From examination of the site it 
has been concluded that a leak took place from this 
spur. The spur was sealed with a cap, but had been 
embedded in a shaft connecting with the new sewer. 
On a subsidence occurring at some time to the water 
main, a leak probably was formed at the spur. This 
leak caused the soil under the roadway to be gradually 
carried off, the water finding its way into the old 
sewer. This action resulted in the formation of a cavity 
measuring no less than 6 ft. deep by 15 ft. long and 15 ft. 
wide, nse ee the roadway, and within a few inches of the 
surface. The cross-connecting pipe between the two gas- 
mains was situated just at this point, and its support 
being removed by the washing away of the soil, it sagged 
and fractured. The escaping from it found its way 
into the old sewer and became ignited through one of the 
side entries, employés of the South Metropolitan Gas 
Company being at work close to one such entry when the 
explosion happened. The case is complicated by the 
fact that the London County Council are responsible 
for the sewers at this point, the South Metropolitan Gas 
Company own the gas mains, and the Metropolitan 
Water the water mains. In the jury’s reply to 
questions by the coroner, all these three bodies rong 
it is stated, be held jointly liable, the owners of the sewers 
being responsible for building the disused spur from the 
water main into the brickwork of their sewers. This 
apparently was the starting point of the whole trouble, 


DIAGRAMS OF THREE MONTHS’ FLUCTUATIONS IN PRICES OF METALS. 
(Specially compiled from Official Reports of London Metal and Scotch Pig-Iron Warrant Markets. ) 
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In the.accompanying diagrams each vertical line represents a market day,-and each horizontal line 
represents 1s. in the case of tin plates, hematite, Scotch and Cleveland iron, and 11. in all other cases. 
The price of quicksilver is per bottle, the contents of which vary in weight from 70 lb. to 80 lb. The metal 
prices are perton. Heavy steel rails are to Middlesbrough quotations. Tin plates are per box of I.C. cokes. 





TRAMWAYS OF THE UNITED Kincpom.—<According to 
the Board of Trade Return, just issued, the number of 
miles of tramway open in the year 1907-8, in the United 
Kingdom, was 2464. The number of cars running was 
12,049. The capital invested in the 305 undertakings 
involved was 68,199,918/. In the year 2,625,532,895 pas- 
sengers were carried, or over 170,000,000 more than in 
the previous year. The electricity used amounted to 
431,969,119 units. The gross receipts amounted to 
12,439,625/., the working. expenditure to 7,792,663/., 
and the net receipts, therefore, to 4,646,962/. Of the 
305 undertakings, 177 belong to local authorities. In 
the year 319,676/. were set aside in relief of rates, and 
916,291/. for reduction of tramway debt incurred by local 
authorities. Local authorities own 1620 miles of line, which 
had involved a total capital expenditure of 44,020,3171. 
Companies owned 844 miles of line in systems capitalised 
at 23,279,601/. Of their 1620 miles, municipalities lease 
159 miles to companies, to work. Electric. traction is in 
use on 1923 miles of line in England and Wales, 235 miles 
in Scotland, and 128 miles in Ireland. Steam traction 
was only in use on 23 miles of line in England and Wales, 
on none in Scotland, and 29 miles in Ireland. Cable 
traction was employed on 4 miles in England and Wales, 
and 23 miles in Scotland. Internal-combustion motors 
were used on 4 miles in England and Wales, and horse- 
traction survived on 83 miles in England and Wales, 





4 miles in Scotland, and 7 miles in Ireland. 





A Lieut Prtrot-Moror.—Messrs. J. W. Brooke and 
Co., Limited, of Lowestoft, are now building a type of 
petrol-motor developing 26 brake horse-power, and 
weighing only 200 lb. complete with magneto, &c. It is 
intended specially for hydroplanes, and comes within 
the size limitations of the motor-boat clubs. The motor 
has two cylinders of 4-in. bore by 6}-in. stroke, set. 
desaxe and VY fashion. It has forced water circulation, 
ball-bearings to the crank-shaft, hollow connecting-rods, 
automatic carburettor, and various other refinements. 
The power stated is developed at 1500 revolutions per 
minute. 


Russtan Locomotive Buitpinc.—The number of loco- 
motives built in Russia last year was 634, as compared 
with 759 in 1907, 1010 in 1906, 1409 in 1905, and 1102 in 
1904. Of the locomotives built last year, 235 were pas- 
Senger engines and 399 goods engines. The correspond- 
ing proportions in 1907 wane + asses engines, 297 ; 


goods engines, 462 ; in 1906—passenger engines, 19; — 
engines, 991 ; in 1905—passenger engines, 26; goods en- 


gines, 1383; and in 1904— nger engines, 213; goods 
engines, 889. Of the engines built last year, 476 were 
supplied for the Russian State lines, and 158 for private 
companies. The corresponding proportions in 1907 were : 
For the State, 667 ; for private companies, 92. The orders 
obtained thus far this year comprise only 250 passenger 
engines and 100 goods engines, 
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ARCHED ROOF OF FERRO-CONCRETE; CROYDON BATHS. 
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WE illustrate on this page an arched roof of concrete 
reinforced on the system introduced by the Trussed 
Concrete Steel Company, of 11, Tothill-street, S.W., 
the distinguishing feature of which is that the ‘‘ stir- 
rups” which take the tensional component of the 
shearing forces are solid with the main reinforcing bars. 
The proper distribution of these stirrups is therefore 
assured, and not left to the discretion of the workman, 
who, moreover, in the case of independent stirrups, 
sometimes fails to make certain that the stirrup is well 
home against the main bar. The roof illustrated covers 
the new swimming bath recently constructed by the 
Corporation of Croydon to the designs of the borough 
engineer. It has a of 61 ft. in the clear. 
There are eight pee all 15 in. wide, and 
varying in depth from 2 ft. at the springings up to 
5 ft. at the crown. On the side where the compression 
stresses are the most severe the ribs are reinforced with 
three Kahn bars, whilst six are used on the under surface 
near the haunches, where the heaviest -tensile stresses 
under a wind load are developed. The concrete con- 
sisted of 2} parts of Thames ballast to 14 parts of sand 
and 1 part cement. The ribs, it will be seen, are mono- 
lithic, with their footings, which, as shown, are also 
reinforced with Kahn bars. The lantern also forms a 
unit solid with the main rib, and the same is the case 
with the reinforced-concrete purlins which carry the 
roof-covering. As a consequence a very rigid structure 
has been obtained. The Local Government Board 
have allowed the period for repayment of the loan, 
raised on account of this portion of the work, to be 
spread over a period of twenty years, but they insisted 
on two of the ribs undergoing a satisfactory test by an 
independent expert. This test was carried out by Mr. 
W. G. Kirkaldy on September 25 last, about sixty days 
after the filling of the forms. were applied at 
three nearly equidistant points between the centre and 
the haunches on each side of the arch, and the deflection 





of the crown measured. In the earlier set of observations 
the loads applied on each side were the same, until the 
total load carried by the two principals amounted to 
9 tons 18 ewt., under which the central deflection was 
0.03 in. Further loads amounting to 4 tons 19 cwt. 
were then added to one sidé only, thus subjecting the 
ribs to severe racking strains. ese caused the crown 
to rise again, the total deflection under the heaviest 
loading seed thus 0.02 in. upwards. No permanent 
set was detected on removing the loads. 








INDUSTRIAL NOTES. 

Tue Ninth Annual Conference of the Labour Part. 
was held in the Portesjouth Town Hall on January 27, 
28, and 29, 1909—that is, last week. There was a 
fairly full attendance of delegates on the first day, 
though a few had not arrived. The Countess of War- 
wick was in attendance as a visitor and interested 
onlooker and listener. The first day’s proceedings 
were quiet, one might say almost tame, after the 
rumour of a split in the party. The only indication 
of this was in the speeches of a few of the delegates, 
in which the Labour Members were accused of being 
time-servers to the Liberal Party, an accusation warmly 
repudiated by the leaders of the Labour Party in 
Parliament. After the chairman’s speech, the first 
resolution was in favour of Free Trade as inst 
Tariff Reform. Mr. Henderson, M.P., pro , and 
Mr. Hodge, M.P., seconded it. A proposal was made 
by the delegate of the London Society of Compositors 
to omit from the resolution all reference to Free Trade. 
The Woolwich delegate, who seconded it, declared 
himself to be a thorough Tariff Reformer. Only about 
twenty voted for the amendment, and then the 
resolution was carried without dissent. All the chief 
leaders, and most of the rank and file, adhere to Free 
Trade. The delegates who have visited European 








countries, the United States, Canada, and Australia 
have reported in its favour. A resolution in favour 
of a radical reform of taxation was carried unanimously. 
The proposal was and is to-tax the rich on their incomes, 
so as to provide the money for old- ions and 
unemployment, so that the position of the masses shall 
henley Ge iepeoved. 

The second day’s proceedings at the Portsmouth 
Labour Conference ed off more quietly than had 
been expected. There was, indeed, nothing sensa- 
tional about it. The Member for the Colne Valle 
was to be seen there, but his voice was not ‘ine | 
As was expected, Mr. Bernard Shaw was present and 
intervened in the discussions a few times, but rather 
as a social gentleman than as a Socialist. In the de- 
bate on the proposal to allow the Labour Members 20/. 
extra, because of the autumn session, Mr. Shaw de- 
clared in its favour, for the reason that holidays 
needed more money than work. That is, of course, 
true, for there are railway and other fares, hotel ex- 
penses, and little extras needed. But an extra time 
in London involves railway fares and residential ex- 
penses, for many of the members have duties far away, 
and have to keep up two homes. On both grounds the 
members were entitled to it, and the conference voted 
it unanimously. The sharpest debate occurred upon 
the question of deciding upon local candidatures by 
the executive, and some strong remarks were made as 
to the refusal of the executive to recognise the Labour 
candidate at the Dundee by-election. The executive 
defended their action, as well they might do, for if they 
were compelled to recognise any candidate who dubbed 
himself ‘‘ Labour candidate,” there would soon be an 
end of the Labour Party. The defeated candidate 
tried to get up a tempest in the teapot, but failed. 
The attempt to prevent Labour members from attend- 
ing Free Trade meetings outside the Party also failed ; 
the gag is becoming unpopular with the Labour 
members of both gronpe. e conference again sided 
with the executive. e evening meeting was a great 
success. The malcontents were ier Ghosh, or, if 
present, silent, and the programme sketched out by 
the Labour leaders was enthusiastically endorsed. So 
far the aggressive section failed to carry one adverse 
vote. 

The third and last day’s proceedings at the Labour 
Party’s Conference were scarcely more sensational than 
those of the two a days; as Mr. Bernard 
Shaw declared, ‘‘ the Front Bench had it all their own 
way,” and he whimsically added, ‘I am a Front- 
Bench man myself.” e intimated to the Con- 
ference that he would unfold his proposed programme 
at a subsequent meeting, when he would have it all 
to himself. The only real sensation in connection 
with the Conference was the disappearance of Mr. 
Victor Grayson, the member for the Colne Valley, 
and ‘‘the only Socialist in the House of Commons,” 
who had consented to take a motor drive with some 
unknown admirer,” and was unable to get back in 
time to propound his schemes, or air his opinions. 
The Coudnanen refused to commit itself to any more 
definite programme than the old Socialist formula 
adopted at the Hull Conference, which is regarded 
as ‘‘a pious opinion, an ideal to be reached ulti- 
mately when all war between nations shall cease, and 
when each will be rivals only in seeking to promote 


the welfare of all the peoples.” The attack upon the 
Labour Party in Parliament signally failed ; the 
“Front-Bench men” were at their best in repelling 
all attacks. The Conference re-affirmed its former 


decisions as to secular education, in spite of the pro- 
tests of some Catholic delegates. It also pronounced 
in favour of the abolition of balf-timers, in spite of the 
opposition of some of the textile delegates. The re- 
solution in favour of ‘‘ State maintenance of children” 
was rejected by a large majority. It was resolved to 
call an International Labour Conference in 1910, to 
agree upon a general programme of action. The 
election of the executive resulted in the return of a 
strong part of Moderates. The Conference on the 
whole was well conducted ; prudence was at the helm; 
captain, officers, and crew were well marshalled, and 
the ship sailed quietly into port. 





It is reported that, after a series of departmental 
conferences, the Board of Trade will take over the 
Factory Department from the Home Office, a change 
likely to be approved by employers who are under the 
Factory and Workshops Act, as at present they scarcely 
know in some instances with which department of the 
Government they have in certain cases to deal. It is 
thought that this is a first step towards the creation 
ofa Minister of Commerce. The Labour Party clamour 
for a distinctive Minister of Labour, but a Minister of 
Commerce, Trade, and Labour would be better, each 
with its separate department, but controlled as a whole. 
As things are, the administration of the Factory and 
Workshops Acts, the Mines Regulation Acts, and 
other Acts is under the Home Office ; that of railways 
and the mercantile marine under the Board of Trade. 
The a ment on the face of it is absurd, but when 
it was made there was no other de ent except the 
Home Office to deal with the legislation of fifty, forty, 
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or even thirty years ago, since which date legislation 
es to commerce, trade, and labour has multiplied 
greatly. 


The Associated Iron-Moulders of Scotland entered 
the New Year, 1909, with a further guarantee of 
peaceful relations with their employers regarding 
shop-management and over-time. The matter arose 
out of a dispute with a certain firm in June of last 
year, and the Federation of Employers took the matter 
up. The executive of that body formulated a series of 
p oposals, to take effect. presumably on the acceptance 
thereof by the Iron-Moulders’ Union. The proposals 
were sent to the officials of the union, and the executive 
replied that they could not agree thereto on the terms 
set forth, but would meet the employers in conference 
on the subject. Some correspondence ensued, and con- 
ferences were held, with the final result that terms 
were agreed upon mutually, so as to avoid future dis- 
putes. The cordiality of the correspondence and in 
the conferences ended in the utmost harmony. This 
is another step in the new general policy of trying, 
by conciliation and negotiation, to avert strikes and 
lock-outs, which are alike disastrous to employers 
and a and of harm to the general public. 
The monthly report for January indicates no improve- 
ment in trade, but singularly enough the membership 
increased, so that at the beginning of this year the 
total numbers had reached the highest level ever 
attained ; but the number of unemployed was also 
the highest upon record. In the last eight weeks of 
last year, ending January 2 of this year, the loss in 
cash was 4739/. 4s. 4d., or at the rate of 592/. 8s. 
weekly. The claims of the unemployed were such 
that the benefits were extended by special vote for a 
period of thirteen weeks; then a special levy was 
agreed upon for a further extension of benefit to those 
out of work. 


The advent of the new year is welcomed by the 
Associated Blacksmiths’ Society as indicating hopes of 
better conditions. The review of the past year shows 
that the society had its difficulties, which were chiefly 
due to the almost unprecedented depression in trade 
almost the wide world over. The proportion of 
unemployed at the close of the year was 10.1 per cent., 
but the maximum was reached in July, when it was 
14 per cent., or more than double what it was a year 
ago. The increase was, of course, due to disputes on 
the North-East Coast and elsewhere. But not only 
had the society to pay largely increased benefits to 
unemployed members, but it had to assist largely from 
the benevolent fund distressed members long out of 
employment. One result of the union’s efforts is 
repor with some pleasure in the report. The 
members of the Birkenhead branch had their wages 
reduced under the engineers’ agreement. This the 
executive got restored to them after lengthy negotia- 
tions, without any stoppage of work. Such a success, 
under the then unfavourable conditions of trade, is 
noticeable, especially as it was the result of friendly 
negotiations, mutually agreed upon. The calls _— 
the funds were such during the month that a further 
reduction of the reserve fund had to be resorted to, the 
amount so drawn being 224/. 14s. 7d. 


The Monthly Record of the Amalgamated Society 
of Tool-Makers reports further progress of this the 
youngest, or one of the youngest, of the unions started 
in the engineering trades. At first its operations were 
mainly confined to the Midlands districts, but it has now 
branches in London, Lancashire, Yorkshire, and other 
counties, and in Scotland. The superannuation fund 
has now come into operation, so that the union is nearly 
abreast in its benefits of the Amalgamated Society of 
Engineers. The policy of the General Federation of 
Trades and of the Trades Union Congress has of late 
been in favour of the amalgamation of sectional unions 
of the same or similar branches of trade, but some 
unions resist all efforts at amalgamation. No serious 
effort has yet been made to merge the Tool-Makers 
into a section of the Amalgamated Society of Engineers; 
poteee it is not desirable, for local or special reasons. 

ecords of strikes are few in this number, which 
is satisfactory. Records of peaceful negotiations are 
better still, as they show the progress of conciliation. 
This is surely the way in which we are drifting in 
Britain. Friction is less tense, peaceful efforts are 
more general, and successful negotiations are more 
than ever numerous. 


The report of the National Union of Boot and Shoe 
Operatives, which is brought up to the last week in 
January, states that trade had slightly declined, as 
compared with the month previous, but was better 
than a year ago. The ballot of the branches for 
amending the terms of settlement of 1898, by omitting 
therefrom the words ‘fail within ten days either to 
induce such members to comply with the agreement, 
decision or award,” was rejected by 2392 to 994, so 
that the employers’ suggestion is outvoted. The 





executive express regret that so few members voted on 
a question so important. It is this apathy which 
enables a few a, ives to invite disputes. The 
question of including female labour in the terms of 
settlement has been under discussion for some time, 
and as the parties could not agree, it was referred to 
the umpire, Lord James of Hereford, who has decided 
that female labour should be included. In a trade in 
which female labour is so largely employed this would 
seem to be essential if the terms of settlement are to 
be of any avail. The case from the employers’ point 
of view, and that of the operatives, as sent to Lord 
James, are given in the report; and both are commend- 
able as a Sete statement of the issues between the 

rties, without one word which could cause friction 
in the matter. Disputes are recorded as having 
taken place at Cork, Leeds, Leicester, and some in the 
Bristol districts ; these were being dealt with at the 
date of report. In the case of Bristol, the officials of 
the union inquired into the ws on the spot, and 
then exonerated the employers from the charges made ; 
and they urge that in future all such complaints shall 
be made to the executive, to be dealt with by them 
direct with the employers. The report as a whole 
shows that the work of conciliation is growing in all 
directions. The clickers’ case is the subject of a special 
board, which met twice in last month. 


At the close of last week there were reports of a 
serious outlook in the South Wales coal-field, which 
was described as ‘‘ a somewhat grave situation.” The 
South Wales Miners’ Federation had formulated a 
demand for the insertion of a clause in colliery price- 
lists for special terms for workmen whose working 

laces were found to be under abnormal conditions. 

n Friday in last week the Conciliation Board met 
specially to receive the reply of the coal-owners. That 
reply stated that the Sakae’ Association had 
considered the question, and could ‘‘ not agree to any 
clause which would guarantee to the workmen a fixed 
daily wage for working in places in abnormal] con- 
ditions, nor are they prepared to agree to any variation 
of the existing custom and practices.” The reply goes 
on to say that the management alone must continue to 
make alewaanen for any such work, ‘‘ according to the 
value of the work done.” The only concession offered 
was that in the event of the manager and the workmen 
disagreeing as to terms, the latter might leave without 
notice, instead of a month’s notice being given, as at 
present. The whole body of the miners, it is stated, 
are now declining to sign price-lists which do mot con- 
tain such a clause. At one colliery, where the men 
refused, notices were served on 2500 men terminating 
all contracts, which notices expired at the end of last 
week. The executive of the Miners’ Federation 
advised the men to sign without the clause for the 

resent, as the question was a general one, not to be 
ought sntinenii. It is fea that all the miners 
will tender a month’s notice on March 1, to expire on 
April 1, when 200,000 men might be idle if no agree- 
ment is meanwhile effected. The general wages 
agreement does not expire till the end of the year, but 
it is thought probable that a new agreement will be 
required before July next, when the Kight Hours Act 
comes into force, as the present agreement is based on 
a nine hours’ shift. 

The action with regard to the legality of miners’ 
levies was heard in the Mountain Ash County Court 
on Wednesday in last week. After counsel on both 
sides were heard, his Honour said that he doubted 
whether he could make the declaration asked for ; but 
counsel replied that they relied upon an injunction. 
His Honour then said that he doubted whether he 
could issue an injunction in general terms affecting 
the whole of the South Wales miners. His Honour 
reserved judgment, not reported to be given at the 
time of writing. 

The wages of colliery deputies and mechanics in 
Northumberland were reduced 2d. per day at a meeting 
held in Newcastle at the end of last week. 

The secretary of the South Wales Coalowners’ Asso- 
ciation gave notice of a 5 per cent. reduction in wages, 
but the question will have to come before the Con- 
ciliation pa The unemployed colliers in South 
Wales are so numerous that ¥. was voted to relieve 
their distress last week by the federation. 


There was no indication of improved conditions in 
the iron and steel trades in the Midlands markets nor 
on Manchester ’Change as regards Lancashire, but last 
week the wages of iron and steel workers were advanced 
24 per cent. by the North of England Conciliation 
Board. This hows an upward tendency and more in 
realised selling prices. 





Hypravuic-Powrer Piants in New York. —The 
hydraulic-power plants in the State of New York, which 
State has an area of 47,620 square miles, and a population 
of about ight millions, is stated to be 1730, of a total 
sora of 791,054 horse-power, but now furnishing about 

000 horse-power. 


HEAT TRANSMISSION IN STEAM-BOILERS. 


The Laws of Heat Transmission in Steam-Boilers, as 
Deduced from Experiment.* 


By Joun T. Nicoxson, D.Sc., M. Inst. C.E. (Hon. Mem. 
J. Inst. E.), Professor of Mechanical Engineering in 
the University of Manchester. 


| , Introductory.—In availing himself of the privilege to 
| deliver the annual Honorary Member’s Lecture before 
| the Junior Institution of Engineers, the author con- 
| sidered it would be well to direct attention to the subject 
| of heat transmission in steam-boilers. 

| As one of the most important component parts of a 
| prime moving plant, the steam-boiler deserves all the 
| attention that is now bestowed upon it ; and in the struggle 
to secure the best over-all economy upon which the steam 
and the gas engineer are at present engaged, it almost 
looks as if the efficiency of the steam-generating plant 
would prove the governing factor. When it is smeniered 
that, owing to the inherent superiority of its thermo- 
dynamic cycle, the large gas-engine can turn 30 per cent. 
of the energy it receives in its producer gas into brake 
work, whilst the steam-engine can only obtain 15 per cent. 
out of that presented to it by its steam, we must be pre- 
pared to allow that the improvement of the means by 
which coal-energy is turned into steam-energy becomes 
a question of the most vital importance to the steam 
engineer. 

t is a well-known fact that from 20 to 40 per cent. of 
all the coal burnt under the steam boiler of the present 
day is wasted, and those taking part in the above-men- 
tioned struggle must often have asked themselves the 
question whether the huge aggregate of loss which such a 
percentage implies be absolutely inevitable. The only 
way in which a final answer to such a question can be 
obtained is by a close scrutiny and systematic investiga- 
tion of the physical processes involved ; for, as with a 
machine or instrument invented by man, so also with an 
energy transformation carried out by the operations of 
Nature, it is only by a clear understanding of the mecha- 
nism which is in action that any chance of improvement 
can be hoped for. 

It would therefore appear that an examination of the 
whole of the chemical reactions and thermal movements 
which take place when steam is generated by the com- 
bustion of a fuel in the furnace, and the heat of the pro- 
ducts is transferred to the metal surface of a steam-boiler, 
is one of the necessary preliminaries to an enhanced 
degree of efficiency. 

At the present time the relations between the various 
factors which govern the flow of heat from a gaseous fluid 
into a metal surface with which it is in contact remain 
extremely obscure. 

The formule in general use, which express in a concrete 
manner the views of engineers upon the subject, are of a 
purely empirical character, and without theoretical founda- 
tion. Whilst differing to some extent in form, they agree 
in attributing wholly to greater or smaller differences of 
temperature between fluid and metal the higher or lower 
rates of heat transference which are met with in practice, 
and they entirely ignore any effect which may be pro- 
duced upon that rate by a variation of the speed of ie. 

We accordingly find that our most scientific engineers 
devote their attention to the improvement of the pro- 
cesses of combustion, with a view to securing higher 
furnace temperatures, whilst no one appears to have made 
any attempt in the direction of causing the gases to part 
with more of their heat by accelerating the velocity of 
their movement relatively to the heating surface. 

It is to the study of this latter aspect of the problem 
that the author wishes to direct your attention this 
evening, and whilst, in the short time at his disposal, it 
will not be possible to develop the subject in its entirety, 
since the experimental and other research work to be 
dealt with is the accumulation of several years, he hopes 
that enough may be said to induce steam engineers to 
alter their views upon the question, and mes to start 
investigations along a somewhat different line from that 
now usually followed. 

In the event of the author being able to convince his 
hearers that great improvements in our methods of steam 
generation are brought within sight as the result of the 
experimental data he has to bring forward, he hastens to 
disclaim any great originality of thought in connection 
with what has so far been achieved. 

All the credit must be ascribed to the man who, thirty- 
five years ago, in a quite unassuming and, in fact, quite 
unregarded way, laid down the true principles of heat 
transmission in steam boilers. 

It wasin October, 1874, that Professor Osborne Rey- 
nolds brought before the Literary and Philosophical 
Society of Wondheuter his paper on ‘‘ The Extent and 
Action of the Héating Surface of Steam Boilers.” 

In this paper, starting with the laws, then recently dis- 
covered, of the internal diffusion of fluids, he endeavoured 
to deduce from theoretical considerations the laws for the 
transmission of heat, and then to es these laws by 
experiment. In the latter respect he could, he remarked, 
only offer a few preliminary results, which, however, 
seemed to agree so well with general experience as to 
warrant a further investigation of the subject, to promote 
which was his object in bringing it forward in its then in- 
complete form. 

Any such “further investigation” was, however, not 
forthcoming for nearly a quarter of a century. Up till 
1897 this ‘short, but most suggestive paper,” as Professor 
Perry rightly characterised it, remained wholly in 
oblivion. In that year Mr. (now Dr.) T. E. Stanton took up 
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the question and made a series of experiments to test the 
truth of the views advanced. The results are contained 
in a paper printed in the Transactions of the Royal 
Society, to which further reference will be made below ; 
but it may at once be said that Osborne Reynolds’s law 
that the heat transferred is nearly proportional to the 
speed of flow was abundantly confirmed for those cases 
in which water only is employed. 

In his book on the “‘ Steam-Engine,” published in 1899, 
Professor John Perry devoted a good deal of attention to 
the question. He gave a whole chapter to the investiga- 
tion of the subject—‘‘ How Fluids Give up Heat and 
Momentum ;” and in discussing the efficiency of boilers 
he finally remarked : ‘‘It seems to me that when a good 
scrubbing action is established on both sides of the metal 
there ought be at least ten times, and may be more than 
100 times, as rapid an evaporation per square foot of 
heating surface as has yet been obtained in any boiler.” 
(Pi 591.) 

There is no record that up to the present time any 
British or Continental engineer has paid serious atten- 
tion to these p ant words, or has figured to himself 
the immense possibilities which lie behind Osborne Rey- 
nolds’s statements, should their truth be capusinaaiiiie 
demonstrated. No instance that has come under the 
author’s notice has ever served to show him more clearly 
the entire divorce which exists between theory and prac- 
tice in British engineering at the present day ; the abso- 
lute disregard which the practitioner pays to anything 
merely academic, and the utter failure of all our systems 
of teaching to produce any appreciable result upon actual 
engineering practice. 

n the United States, on the other hand, the fuel-test- 
ing department of the Geological Survey have been struck 
by Perry’s able presentment of Osborne Reynolds’s views, 
and in their recently-issued bulletin, No. 325, of June, 
1907, a deal of attention is given to the subject. A 
series of experiments has been carried out by this depart- 
ment with a small boiler, 8 in. long and 4 in. in diameter, 
having ten tubes ,4; in. bore. Air raised by passage over 
an electrically-heated wire coil to temperatures up to 
1300 deg. Fahr. was drawn by means of an ejector through 
these tubes at high speeds, up to 160 ft. per second. The 
boiler itself qeonted the heat from the air in evaporating 
water ; the steam being conde and weighed. The 
figures obtained appear to the author to be a further 
verification of Osborne Reynolds’s views. 

The author’s attention was first attracted to the subject 
by Dr. Stanton’s paper of 1897, and he attached so much 
importance to the matter that in 1898 he constructed an 
apparatus in the Thermodynamic Laboratory of the 
MeGill University for the purposes of further study. His 
removal to Manchester in 1899 had, however, prevented 
him from making use of this, and his whole time havi 
been for several years taken up with other work, he had 
had no opportunity of returning to the subject till 1905. 

It is the description of the methods and a presentation 
of the results of some portions of the work carried out 
since that time which form the subject of the present 


r. 

> order that the results obtained from the experiments 
may be more readily appreciated, the author will begin 
with a few elementary iifesteations and explanations. 

1. Plate Temperatures in Boiler Flues.—The simplest 
problem in the conduction of heat is that in which the 
opposite sides of a metal plate of indefinitely large area 
are kept at two different constant temperatures Tand t. 
Heat then flows across the plate at a steady rate, and the 
amount, being proportional to the temperature difference 
and inversely as the plate thickness, is known from the 
formula :— 

Q=k T-¢ B.T.U. per hour per square foot, (1) 

€ , 
where T and ¢ are the temperatures (deg. Fahr.) of the 
two surfaces, ¢ is the thickness of the plate in inches, and 
k is the thermal conductivity; being the number of 
thermal units passing per hour across a plate 1 in. thick 
when its sides are kept at a constant difference of tem- 
perature of 1 deg. Fahr. This number has the value 450 
for wrought iron or mild steel, and 324 for cast iron. Thus 
if T were 1500 deg. Fahr. and t = 350 deg. Fahr., and if 
the plate were of mild steel, } in. thick, we should have :- 
Q = 450 po = 1,035,000 B.T. U. per square foot per hour. 

0 

This amount of heat is equivalent to the production of 
about 1000 lb. of steam, from and at 212 deg. Fahr., 
evaporated per hour per square foot of _— surface ; an 
evaporation which is, of course, 200 or times as great 
as any now usual. : 

On the other hand, if, instead of the plate having its 
surfaces at the above temperatures, it were part of a 
boiler flue with gas at 1500 deg. Fahr. moving over one 
side, and water at 350 deg. Fahr. over the other, then we 
know by practical experience that only about 5 Ib. or 6 Ib. 
of steam, from and at 212 deg., would be evaporated, 
instead of 1000 Ib., per square foot per hour. 

According to the formula of Rankine and Péclet, for 
example, usually accepted for such cases, the quantity of 
heat transmitted would 


a —4)2 
g = (T-#F _ (T-0) 


a 200 (2) 


= a = 6620 B.T.U. per square foot per hour. 

If now we apply formula (1) to this result,.we shall find 
that it involves the notable conclusion that the difference 
of temperature of the two plate surfaces can onl} amount 
iv about 7 deg. or 8 deg. Fahr. For in 


Q=k 


0, - 9, 
€ 








we have 
6620 = 450 ® — %, 
0.5 
or 
0, — 0 = nie 0.5 _ 7.4 deg., 
where @, — 6 is now the plate-surface temperature dif- 
ference which is required to transmit 6620 B.T.U. per 
hour per square foot. 


We see then that if @, = ¢ we must have T — 6, = 1500 
— 358 = 1142 deg.; that is to say, we must have a drop of 
1142 deg. between the gas and the warm side of the plate. 

As a matter of fact, we find that the crown of the flue 
behind the fire-bridge in a Lancashire boiler has a mean 
temperature of about 375 deg. Fahr., when the circum- 
stances are as above describell 

The actual condition as to temperature in the two cases 
will, therefore, be somewhat as represented in the annexed 


figure. 

The dotted line exhibits the case first assumed, in which 
the: plate surfaces were taken as being themselves at the 
gas and water temperatures mentioned. The tempera- 
tures are set up as ordinates across the gas space, the 
— and the water ay as abscisse. The thin full 
ine passing through 379 deg. and 371 deg. shows the 
temperatures in the crown poe of an ordinary boiler, 
when hot gas and hot water of 1500 deg. and 350 deg. 
Fahr. respectively are moving at ordinary speeds over the 
two plate surfaces. 

The great drop of temperature between gas and plate 
thus made manifest, and which is well known to many 
engineers as existing in the present-day steam boiler, | 
seems to demand some explanation, and the author will! 
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here venture to present his version of what is really 
occurring, as some contribution to the conflicting views 
which have been held. a 

2. Conduction in Gases.—The temperature drops which 
occur at the two plate surfaces in a steam boiler are 
apparently due to something in the nature of a stationary 
film of gas on the one side, and of water on the other, 
through which the heat finds much greater difficulty in 
passing than it experiences when going through the solid 








late. 
. On the kinetic theory of matter it is supposed that all 
kinds of substances consist of molecules which are in a 
state of vibration, the speed depending upon the square 
root of the absolute temperature. e surface of the 
plate, instead of being comparatively smooth and plane, 


as they appear to the human eye, are ly excessively 
ru ani rous relatively to the size of the molecules 
of which are darting about in its neighbourhood, 


colliding with cach other, and hitting the plate. . 
Large numbers of the molecules are, therefore, being 
constantly trapped in the pores of the surface, and their 


vibrations stilled to some extent by the —_, against 
them of the particles of the plate, which have the much 
more languid molecular oscillation due to their lower 


rature. 

is trapping of gas molecules cannot, however, pro- 
ceed indefinitely ; and, as time goes on, as many particles 
must be leaving a given piece of plate surface as are 
entering it. Those leaving will have, on the average. 
the same slow rate of vibration as the particles of the 
plate have. . : 

If the body of the gas is in motion as a whole relatively 
to the plate, there will in the same way be a layer of gas 
molecules, which have been deprived of their translational 
velocity by this entanglement with the surface particles 
of the plate. Thus, on the very surface, the gas mole- 
cules have the same motion as the plate particles ; but as 
we go outward from the plate surface, they partake more 
and more of the general translational motion of the body 
of the gas, until at some little distance away they have 


tem 





fully attained it. Such a regular ation of speed can 
only be true, however, for a very slow bodily movement of 
the gas, as when it flows along a tube of very fine bore. 
The motion is then said to be laminar. or to take in 
sheets of particles el to the plate surface, those in 
each sheet having the same average , and this = 
ao according to a regular law as we recede from 
the plate. 

Under circumstances of this nature it is clear that the 
process by which communication of any property of the 
molecules in the body of the gas (such as their general 
forward movement ~ 48 ~ to the plate, or their superior 
briskness of agitation due to high temperature) takes place, 
through the intermediate layers into the solid plate, is a 
very slow one, notwithstanding the very high velocity 
with which the gas particles themselves move. 

This matter is best understood by the aid of the kinetic 
theory of gases. Thus, inthe words of Mr. O. E. Meyer 
(‘* Kinetic Theory of Gases” (1899 Ed.), page 152):—** A 
heating of one region in a gas consists, according to our 
theory, in an increase of- the molecular speeds in this 
region. The warmer particles therefore collide with 
greater momentum against the colder ones near them, 
and thereby impart a portion of that greater momentum, 
or, what is the same thing, of their higher temperature to 
their environment.” In this transference of the energy 
of motion consists the conduction of heat. This conduc- 
tion would take place with the speed of the molecules if 
at each collision the striking particle so hit the one struck 
that the latter moved on in the same direction as that in 
which the blow occurred. But this happens only on the 
direct collision of two molecules which were moving in 
the same or opposite directions; they then simply ex- 
change their velocities, and the whole excess of motion 
and heat is transferred from the one particle to the other. 
Mostly, however, the particles collide against each other 
obliquely ; then the particle struck is thrust off in quite a 
different direction, and it follows that it also receives a 
much smaller share of the excess of energy of the other. 
The transference of heat is therefore not only impeded by 
having to follow a zig-zag path hither and thither, instead 
of proceeding in a straight line, but also by only a small 
fraction of any excess of energy being in general im 
at each collision. It is thus intelligible why a sensible 
heating cannot spread with the speed of sound in ‘the 
space occupied by a gas, but only very slowly.” 

This statement should serve to explain the great drop 
of temperature which we find existing between a slowly 
moving gas in an ordinary boiler flue and the surface or 
body of the plate ; and it is further manifest that, in com- 
parison with the obstruction to the passage of the heat 
offered by the film of gas which adheres to the surface, 
that of the body of the plate itself is vanishingly small, 
so that the small drop of temperature which we actually 
find between -its opposite sides is quite intelligible. 
Hence the expectation of getting a better heat transmic- 
sion by the use of copper sree | of steel for boiler-heat- 
ing surfaces, or of thin tubes rather than thick ones in 


them and in surface condensers, is wholly futile and | 


absurd. 

Phenomena of a similar character take place on the 
water side of the plate ; but water icles, moving as 
they do in such relatively close proximity to each other, 
can carry heat much more quickly than gas particles can ; 
so that we do not observe anything like the great differ- 
ence of temperature between plate and fluid on the water 
—as on the gas—side of the plate. 

3. Effect of High Speed upon Conduction.—In tubes and 
flues of ordinary engineering size the fluids, whether gas 
or water, which travel along them hardly ever move in 
concentric sheets all across the bore ; as we mentioned 
above that they may do in pipes of capillary size, or as 
we believe they do in the narrow fissures between a slide- 
valve and steam-chest face in a steam-engine, when steam 
and water leak in such considerable quantities as they are 
pow, known to do with saturated steam as the working 

uid. 

On the contrary, the motion of the in boiler flues is 
always turbulent in the middle of the tube, so that the 
above-described process of conduction through relatively 

uiescent films of gas is liable to be interfered with by 
the intrusion of whirling masses of gas amongst the films 
from without. It thus no doubt happens, even when the 
speed along the flue is lowest, that a gust or eddy of hot 
gas occasionally breaks through the sluggish lamin 
adhering to the plate surface, and gets contact almost 
with the bare plate itself. This is why projections on the 
flue surfaces, such as corrugations or retarders, or the 
placing of water-tubes or other heating surfaces directly 
across the gas currents, greatly improves the ordinary ex- 
cessively slow rate of heat transference in boilers. 

The improvement thus realised is as nothing, however, 
compared with that which can be secured by increasing 
the speed of flow of the gas to ten, twenty; or fifty times 
that which now obtains in the flues and smoke-tubes of 
steam boilers. 

The effect of such an increase seems to be that the ad- 
hering cooled films of gas on the surface of the plate are 


torn off in strips, so to speak, are rolled about and enve- 
| loped in the = the hot gas in the middle of the tube; 
and, instead of having to force the heat through a more 


or less quiescent film by the slow of gas conduc- 
tion, described by Meyer, successive gas films are rapidly 
brought up to the bare plate, are cooled, and then whirled 
back into the main body of the gas, where they expose 
their enormously extended and attenuated surfaces for 


the reception of heat from the surrounding hot molecules. 


In short, we substitute the process of convection for that 
of conduction. 

The physical actions are exactly parallel to those with 
which we are every day familiar in the stirring of liquids, 
as when we wish to season or sweeten them. A man 
would have to wait a long time, ¢.g., for his tea to become 
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m the slow process of diffusion 

bottom of the cup ii of 
wang his teaspoon to mix up the different a and 
so, by causing long sheets of sweetened liquid to be 
enveloped in the unsweetened portions, to enormously 
accelerate the area of surface for inter-molecular action. 

In the opinion of the author, boiler-designers of the 
present day are very much in the position of the man just 
described, who refuses to use hi poon. 

The idea which ordinarily prevails amongst engineers 
at the present time is that the hot must remain for a 
considerable time in contact with the heating surface if it 
is to be effectually cooled and efficiently used. Ideas of 
economy are therefore bound up in their minds with large 
areas of heating surface and slow rates of gas movement. 
| The experiments the author has made prove that all 

this is entirely wrong; and that, on the contrary, the 

more quickly the gases move, or theshorter the time they 
remain in contact with the boiler-plates, the greater is the 
amount of heat transmitted. 

It would seem, indeed, that the act of increasing the 
gas speed relatively to the heating surface is equivalent 
to an almost proportional augmentation of the area of that 
surface. 

The films of hot gas brought up in rapid succession and 
cooled by the plate when the gas is rushing tempestuously 
along at the high speeds here contemplated, being after- 
wards by the same agency caught back into its body, 
offer their extended surfaces for the further cooling of the 
gus; and the effect is tantamount to a virtual increase of 
the area of the cooling surface in a like ratio to the increase 
of velocity. 

All the heat must, of course, in the end into the 
metal through its surface by molecular vibration ; and 
there may come a time, as the gas speed goes on increas- 
ing and the hot films are presented in more and more 
rapid succession to the cold plate, when even the high 
speed of the molecules themselves is no longer able to 
transfer the heat energy into the plate with the same 
rapidity as it is presented by the torrent of hot gas roar- 
ing in full blast through the flues. 

There is no evidence in the present experiments of any 
approach to this condition of affairs. Nor should we 
expect to find any, if the velocity in question be, as it 
seems likely to be, in the neighbourhood of the speed of 
sound in the hot gas—viz., 1400 ft. or 1500 ft. per second. 

If, then, matters really are somewhat as we have sup- 
posed them to be in this explanation, a mere increase of 

speed relatively to the plate, without any addition to 
_ its temperature, should have the effect of increasing the 
time rate of heat transference from to plate. 

4. Actual Example of Effect of Increased Speed.—Re- 

toning now to our diagram (Fig. 1) of temperatures 
lot across the plate, we saw that the quantity of 
eat transmitted per unit area of plate per minute is 
proportional to the gradient of temperature through the 
Jlate itself. Therefore, if it should prove to be true that 
ny, €.g., & 8ix-fold increase of gas velocity we can produce 
a heat transference into the plate six times as t as 
before, then the drop of temperature across the plate 
itself must also be six times what it was. Instead of 
falling from 379 deg. to 371 deg. (as it does when the heat 
passing is 6600 B.T.U. per square foot per hour) it ought 
to fall from 419 deg. to 371 deg. (when that quantity is 
39,600 B.T.U. per hour). 

Thus the six-fold increase of heat transference must 
be accomplished notwithstanding a diminished drop of 
48 deg. between gas and plate. 

As a matter of fact, this ‘‘drop,” or temperature diffe- 
rence between gas and plate, will, unless the velocity of 
the water is also correspondingly increased, be still further 
diminished, because the increased amount of heat trans- 
mitted implies a ter we of temperature on the water 
side as well, in order to get the increased quantity through 
the same thickness of quiescent water film of given con- 
ductivity. tae Ke 

This result is shown by the thick-line temperature-curve 
marked 1500 deg., 488 deg., 440 deg., 350 deg. on the 
diagram, Fig. 1; and we see that the temperature of the 
warm side of the plate has been raised from 379 deg. to 
488 deg., and the temperature difference diminished from 
1121 a. to 1012 deg. by the above-stipulated six-fold 
increase of gas speed, the heat transmission being at the 
same time increased from 


6,600 B.T.U. per hour 
to 
39,600 B.T.U. per hour 

The rate of evaporation of steam corresponding to the 
latter rate of heat transmission is 41 lb. from and at 
212 deg. Fahr. ; and it is to be noted that it is effected 
through a pla‘e with no unusually high gas temperature 
on the one side, or improperly low water or steam tem- 

rature on the other, but just under the conditions of the 
hue of an ordinary Lan ire boiler between the fire- 
bridge and the down-take. 

It need hardly be said that an evaporation of 41 Ib. per 
square foot per hour from the indirect heating surface of 
a boiler is far beyond what most engineers would be 
willing to guarantee ; but that it is no merely academic 
ideal impossible of achievement, the author can give his 
assurance. Evaporation at this rate has been reached and 
su by him through the flue-plate of a Cornish 
boiler, by the simple appliniians described, of increasing 
the speed of flow of the gue in the flue to a degree which, 
although far beyond any Ee tried in steam boilers, is 
well below the extreme of what seems possible. 

The heating surface in question was not exposed to the 
direct radiation of the fire. The result was attained 
behind the fire-bridge, in such a position that it is un- 
likely that there was any actual flame t at all. 

of his hearers will, no doubt, & anxious to know 
i how such a high rate of evaporation (which has 


palatable were he to rely u 
of the melted sugar from t 


per square foot of 
heating surface. 





not, so far, been accomplished in practice except through 
the directly heated plates of the fire-box) could have been 
obtained through an indirect or convective heating sur- 
face. The author therefore proceeds at once to narrate as 
briefly as possible the facts of the case. 

5. ye se with Cornish Boiler.—In an ordinary 
Cornish boiler nape by Messrs. Joseph Adamson and 
Co., Hyde, for the purpose), 6 ft. 6 in. in diameter, 25 ft. 
long, with a furnace-fiue 41 in. diameter, formed, as usual, 
of short lengths jointed with Adamson rings; the first 
6 ft. of the flue from the front end was occupied by an 
ordinary fire-grate of 19 square feet area. The second por- 
tion of the flue—about 8 ft. long—was lined with fire-brick 
to form a combustion-chamber behind the bridge ; and the 
third, or back portion—about 10 ft. long—was nearly filled 
up by placing within it a cylindrical water-vessel e oO} 
boiler-plate, which was 39 in. outside diameter, and had 
its front end closed by a domed end (Fig. 7). 

Thus an annular space, 1 in, wide, 40 in. mean diameter, 
and 10 ft. long, intervened between the outside of the 
water vessel and the inside of the flue, and all the pro- 
ducts of combustion due to the burning of 1200 lb. of coal 
per hour upon the grate were forced to through this 
space. The result was that the s fell from the com. 
bustion-chamber temperature, whatever that was, at the 
inlet, to about 800 deg. Fahr. at the outlet end. About 
15 lb, of air were supplied per pound of coal burnt ; and, 
assuming the gas temperature to have been at about 
2300 deg. Fahr. in the combustion-chamber (where the 
bricks were glowing hot), and that the average specific 
heat between 2300 and 800 of the was 0.25, a very 
simple calculaticn shows that the heat transmitted across 
the plates was, on the average, 34,450 B.T.U. per hour 
per square foot. 

us 
1200 x 16 x 0.25 (2300-800) = 4800 x 1500 
= 7,200,000 B.T.U. per hour (total). 


The area of surface of the flue and water-vessel together 
was 209 square feet. The heat transmitted was therefore 
ees 34,450 B.T.U. per square foot per hour. As 
the average temperatures of the gas and water were about 
1500 deg. and 350 deg. Fahr. respectively, it will be 
admitted that the statement above made has been very 
approximately verified in practice. 

The physical cause of this high rate of heat trans- 


mission, probably unprecedented, upon the indirect heat- | 335.) 


ing surface of a boiler, was without question the unusually 
high speed of flow of the hot gases through the narrow 
space in question. Taking the average density of the 
products at 0.02 lb. per cubic foot, it is easy to show that 


the speed must have been in the neighbourhood of 330 a 


r second. This is eight or ten times as great as the 
ighest speeds occurring in present boiler practice (Com- 

pare Milton, Proceedings of the Institution of Civil En- 
gineers, vol. cxxxvii., page 173). 

Now the heat was transmitted at about eight times the 
rate per hour and per square foot which may be allowed 
as usual in ordinary practice under the conditions stated ; 
and here we have a specific instance for the first time of | 
the law that the rate of heat transference from a gas to a/ 
plate is directly proportional to the speed of flow of the; 


gas. 

It may be remarked, in passing, that this result deals a 
fatal blow to the time-honou formula of Péclet and 
Rankine. It has nothing to say about the s of flow ! 
According to it the heat transmitted should be just about 
the same as before—say, not more than 


=(T—t? _ 1150 _ 9300 B.T.U. per hour 
Q= 0 160 ” 

It may be doubted also whether many steam engineers 
here present would have anticipated this result. Th 
idea generally prevailing is that there must be plenty) 
of heating surface in the boiler, so that the gases may 
stay for as long a time as possible in contact with it, as 
only thus can the heat be effectually abstracted. This 
experiment, however, proves the exact contrary to be 
true. The gases were only about one-thirtieth of a second 
in contact with the flue surface in question—that is, one 
tenth of the time commonly allowed for the same drop of 
temperature. Yet they gave up heat at a rate which 
was eight times as great as usual ! 

6. Plant Efficiency with High-Speed Gas Flow.—Before 
leaving this experiment, in order to offer further proof of 
the truth of the s law of heat transmission it may ‘be 
well to anticipate an obvious objection which will be 
raised to the commercial, as distinguished from the tech- 
nical, peer of working with such high gas speeds— 
viz., that the fan horse-power required to force the gases 
through such a narrow flue at these abnormal speeds is 
very considerable, and may be prohibitive. 

In the present instance, ¢.g., there was a drop of pres- 
sure of over 7 in., measured on the water-gauge, between 
the combustion-chamber at the front end and the gas 
(not smoke) box at the back end of the narrow channel o1 
flue. With the quantity of gases involved this corre- 
sponded to 134 actual or 7 horse-power spent upon 
the electric motor driving the exhausting-fan. Allowing 
4]b. of coal per eee te? hour, we have an 
expenditure of (134 x 4), or 54 Ib. of coal per hour on the 
fan out of a total of 1200 lb. burnt per hour, on the grate. 
This amounts to an — loss of about 44 per cent; 
of the whole power available. 

Thus, even if it be granted that we can reduce the 
heating surface to one-fifth or one-tenth of its present 
amount by increasing the gas speed, the objection may at 
first sight be sustained that the extra first cost and run- 
ning expense of the fan plant more than make up for the 
saving on the cheaper boiler. It is, indeed, a point re- 
quiring careful consideration, whether, if this be the 
only modification which the high-speed principle can in- 


f | and ‘‘ocean greyhounds” can be dis 


troduce into boiler design, there will be any material 
gain in all-round economy by itsadoption. 

At the same time it is certain, in spite of this objection, 
that there still remains a great field of practice in which 
a saving of boiler weight per horse-power developed, and 
a saving of boiler volume, and of floor space per square 
foot of grate required, are factors of very great and con- 
stantly increasing importance. 

Will not the power-station engineer in — cities be 
ready to welcome a scheme which should render possible 
a saving of from 30 to 60 per cent. of the floor s now 
needed for his boiler and economiser plants? e@ nava! 
designer also may be expected to look favourably upon a 
method of working by which possibly from one-third to 
one-half of the weights in the stokeholds of destroyers 
msed with; the 
bunker capacity and radius of action of the former, and 
the carrying capacity of the latter, tegether with the 
possible speed of both, being correspondingly increased. 

7. Other Experimental Work on the Effect of Speed.— 
Turning now to further experimental results the author 
has to bring forward with regard to the law of heat trans- 
mission in steam-boilers, it may be said that the instance 
he has already described—viz., that of the Cornish boiler— 
was one of the last experiments made, and should in strict 
order of narrative have stood nearer the end of the paper. 
He believed, however, that the subject might gain interest 
if presented in this way, and for this reason it was inten- 
tionally misp q 

ference has already been made to the admirable 
experiments of Dr. T. E. Stanton (published in the 
Transactions of the Royal Society, vol. cxcix. (1897), 
pages 67 to 88), which were the first to try effect upon the 
rate of heat transmission of the velocity of flow. They 
were, however, restricted to water, both as the heat-con- 
veying and the heat-receiving fluids, the intermediate 
walls being metal in the form of pipes. 

The results obtained by Stanton proved definitely that 
in the case of water the ‘‘heat transmitted is nearly 
proportional to the velocity”) Stanton, loc. cit., page 80), 
and therefore formed a first verification of the general law 
of heat transmission enunciated by Professor Osborne 
Reynolds in 1874. 

In 1899 Dr. Stanton applied his results to the case of sur- 
face condensers, and a paper on the efficiency and 
design of the same before the Institution of Civil Engi- 
neers. (See their Proceedings, vol. cxxxvi., pages 321 to 


Neither of these papers seemed to have attracted the 
attention it deserved amongst the members of the 
engineering profession, and practice in mechanical 
engineering had remained unaffected by them. The 
author attributed this to the complex nature of the 
formule which Stanton had thought fit to use. In his 
experience he had found that for any scientifically demon- 
strated physical fact to be made use of by engineers it 
must be capable of expression by a comparatively simple 
formula. ‘ 

Whilst Dr. Stanton had thus admirably covered the 
ground for water flowing through metal pipes, no experi- 
ments were available on the law of heat transmission as 
affected by speed when air or gas is the heat-conveying 
fluid, and water or a mixture of steam and water, on the 


‘| other side of a metal wall, acts as the heat-receiver. 


This statement will probably be accepted with a certain 
amount of reserve when it is remembered what an enor- 
mous number of boiler trials have been carried out in 
which these very fluids are the media employed. 

Indeed, this part of the subject has been so much 
worked upon (after a fashion), and is considered to be so 
well understood, that it was questioned in connection 
with the present paper whether anything new could be 
found to be said upon such a well-worn theme. 

What, it will be asked, of all the authorities from Péclet 


©\/ and Rankine to Bryan Donkin and Kennedy ; Longridge 


and Stromeyer ; Isherwood, Gale, and Kent, and many 
others, who have left professional opinion on this subject 
in the same settled state in which they found it, and have 
been quite satisfied to ignore any effect due to the velocity 
of flow which they might have been cognisant of, if 
indeed they believed in the existence of any such effect 
at all? 

Yet, and notwithstanding all the available mass of 
material and all the great ee of authority on the side 
of finality and completeness of knowledge on the subject, 
the statement remains true that up to 1905 no experiments 
had been made specially to test the effect of the speed of 
a gas on heat transmission, and so to put to the proof for 
this fluid the speculations of Osborne Reynolds made in 
1874. 

In nearly all the boiler trials just referred to it will be 
found that the velocities of the gases varied by such small 
amounts above and below the average generally used, 
that any changes in the rate of heat transmission were 
nearly always attributable, and were in fact attributed, tv 
the variation of gas temperature due to the different rates 
of firing on the grate which accompanied the said varying 

8 It has thus happened that because forced 
a ts with their higher gas speeds nearly always 
caused greater rates of combustion and higher gas tem- 

ratures in the furnace, the speciously accurate (T — ¢) 

w has been found quite competent to meet all the 
demands made upon it. Engineers were therefore pot 
called upon to explain divergencies between theory and 
practice in this matter, since none apparently existed. 

In another part of this paper the author has attempted 
more fully to explain how this temperature-difference 
squared law has been able to hold the field so long, not 
withstanding the fact that it is fundamentally wrong in 
principle.and gives hopelessly incorrect results whenever 
applied, beyond certain rather narrow limits, even to the 
very same physical phenomenon for which it was designed. 





(To be continued.) 
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EXHAUST TURBINES. 
The Utilisationof Exhaust Steamin Low-Pressure Turbines.* 
By R. F. Hatiiwett (Member). 


THE recent advance in the construction of steam-engines 
of the turbine type has been followed by a general recogni- 
tion of the advantages offered by this form of engine for 





dealing with steam at low pressures where its volume, 
compared with its availabie energy, is too great 
to be efficiently handled by a reciprocating en-  [ 
gine, and it will be the object of this paper to 
describe some of the more prominent features in 
connection with low-pressure turbine — and 
to emphasise the economies that can be effected 
aspect of the subject, it may be mentioned that 
as long ago as 1837 a patent was taken out by 
Sir James Anderson for a turbine to utilise the , 4 
exhaust steam from a reciprocating engine, to 
which the turbine was to be connected by means 


by their use. : 5 : i 
“Dealing firstly and briefly with the historical 
of a belt; in 1846, also, Sir H. Bessemer took out 





a patent for a somewhat similar apparatus, but Ff 

there seems to no record of such machines Vax 

having been actually constructed. The first 28 
exhaust-steam turbine to be put in practical : esr: 
operation in the British Isles would appear to ae ENGINE ane onecere ana 


Lbs. 1. 


ADIABATIC EXPANSION OF STEAM 
FROM 


165 Les! 











tal dimensions show the volume, while the area enclosed 
by the curve shows the available amount of energy. It 
will be noticed that below a pressure of 15 lb. or 20 Ib. the 
curve rapidly approaches a horizontal direction, and a 
very slight rop in pressure entails a — increase in 
volume. Putting this into figures we find that one pound 
weight of steam at 165 lb. absolute, with a volume of 
2.71 cubic feet, develops an available energy of 252,000 foot- 
pounds in expanding down to 1 Ib. absolute, by which 


| Fug.2. 








I 
ABS. TO 1L8. ABS. 





Fig.3. 


Another method of illustrating the thermodynamic 
advantage of the turbine is by means of the entropy 
diagram, and in Fig. 2 two di ms are shown, one for 
a reciprocating engine expanding from 165 Ib. down to 
10 Ib. absolute, and exhausting into 26-in. vacuum ; and 
the other for a combination of reciprocating engine and 
exhaust-steam turbine, the engine expanding down to 
20 Ib. absolute, and exhausting against a back pressure of 
17 lb. absolute, the turbine continuing the expansion 
from 16 Ib. absolute to 28-in. vacuum. 

The increase in available energy shown by the a 
area in the second case is so very apparent that further 
reasoning is not uired to demonstrate the fact that, 
with a reasonably efficient use of the steam, the turbine 
is better able to extract the energy contained in low- 
pressure steam than is the reciprocating engine. : 

It may be asked how it is that, with a much wider 
practicable range of pressure and temperature, the ordi- 
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have been made by the Hon. C, A. Parsons in 1902; while 
abroad an exhaust-steam turbine plant, designed by Pro- 
fessor Rateau, was installed in the same year at the ruay 
mines, in France. It may indeed be said that the modern 
levelopment of exhaust-steam utilisation is principally 
lue to the work of Professor Rateau, more especially in 
connection with the heat-accumulator which bears his 
name, 

Before going further it will be useful to study the reason 
for the efficiency of turbines compared with reciprocating 
engines when dealing with steam of low pressure, and the 
diagram shown in Fig. 1 will probably su ciently illustrate 
the question. This di m shows the pressure and 
volume of steam initially ry during adiabatic expansion— 
that is to say, the heat given up by reduction in tem - 
ture and condensation is exactly equal to the work done 3 
the vertical dimensions represent pressure, and the horizon- 





* Paper read before the Rugby Engineering Society. 


time about 23 per cent. of the steam would be condensed, 
the volume of the remaining portion being 254 cubic feet. 
If the expansion is only carried down to 16 Ib. absolute, 
the energy given up amounts to about 132,000 foot-pounds 
with 13 per cent. condensation and a volume of 21.15 cubic 
feet, so it is seen that for 91 per cent. increase in energy 
the volume is increased by 1200 per cent. This indicates 
that below atmospheric pressure the limit of useful expan- 
sion in a reciprocating engine is quickly reached, as the 
size of the cylinders requi to deal with such large 
volumes of steam is out of all proportion to the additional 
work to be obtained. The same considerations no longer 
apply, or, at any rate, not to any appreciable extent, when 
we come to turbines, for a reason it is very easy to under- 
stand when we remember that in a reciprocating engine 
a piston speed of 1000 ft. per minute is considered very 
high, the average being not much more than half that 
amount, while in a turbine the steam has a velocity in an 
axial direction of nearly half that number of feet per second. 





nary turbine does not show a very much more marked 
improvement over the performance of reciprocatin 
engines. This may be explained by the fact that wit 
high pressures the turbine is wee by the small 
specific volume and consequent high leakage and rotation 
losses, which increase directly with the pressure; while in 
a reciprocating engine the reduced size of cylinders and 
valves uired with high pressures tends to make the 
corresponding losses practically constant, whatever the 
pressure. 
It will, from the foregoing, be obvious that the most 
economical system, from a purely steam-economy point of 
view, would be a combination of reci ing engines to 
deal with the high-pressure steam, and turbines to receive 
the steam after it has expanded down to a suitable pres- 
sure, and to extract the remaining available energy. In the 


| case of a new installation, the large capital outlay required, 


together with the increased cost of maintenance and stores, 
in addition to the extra space occupied, renders this 
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system generally impracticable, and the putting down of 
turbines alone preferable. 

In the case of existing reciprocating plants, however, 
and plants where reciprocating engines are necessary, 
such as for winding or rolling, quite a different case is 
presented, and, having aoke f of the ideal system 
already to hand, it only remains to add its complement, 
the low-pressure turbine, to obtain, at small additional 
capital cost, a combination that will effect remarkable 
economies, by adding from 30 per cent. to 80 per cent. to 
the capacity of the plant, with the same amount of steam. 

When considering the application of exhaust-steam 
turbines to reciprocating plants, there are, broadly, three 
main classes into which the plants may be divided. 
Firstly, that in which the supply of exhaust steam is 
continuous and practically constant in amount ; secondly, 
where the steam supply, although continuous, is liable to 
vary in quantity ; and thirdly, where it is intermittent. 

In the first case it is generally found that the output 
required from the turbine is also practically constant, and 
all that is required is a the Aer yk to discharge surplus 
steam, and possibly some form of reducing-valve to admit 
high-pressure steam on occasions when the exhaust steam 
may be insufficient. In the second case the matter is not 
quite so.simple, and it is usually necessary to instal a 
turbine of what is called a mixed-pressure type, having 
high-pressure stages, in which the live steam may do work 
and a the turbine running during the periods of 
insufficient supply of exhaust steam, without the wasteful 
loss of energy entailed by the use of a reducing-valve. 
This complication is, however, not required when the work 
consists of the supply of electrical power, and the recipro- 
cating engine and turbine dynamos can be connected in 
parallel, as under these circumstances the supply of steam 
to the whole plant is controlled by the governor of the 
reciprocating engine, no governor, with the exception of 
an emergency or runaway governor, being fitted to the 
turbine. This same simplicity may sometimes be obtained 
in other cases if a balancing motor, driven by current from 
the turbo-dynamo, can be coupled to the engine-driven 
portion of the plant to keep the loads on the engine 
and turbine correctly proportionate; but as this motor, if 
the risk of overloading it is to be avoided, has to be very 
large in proportion to the output of the turbine, the 
capital cost of the plant is considerably increased; and 
unless special care is taken in the design of the motor and 
arrangement of drive to avoid slip, ‘“‘hunting” is very liable 
to occur. 

Coming now to the third case, where the supply of 
exhaust steam is intermittent, such as the exhaust bent 
rolling-mill engines and colliery winding-engines, the 
problem becomes rather more complicated. It is obvious 
that it might be possible to use a mixed-pressure turbine 
and run with high-pressure steam while the exhaust steam 
is not available; but the exhaust steam usually comes with 
such a rush when the engines start, that a large proportion 
of it would escape through the relief-value, and, moreover, 
the sudden fluctuations in speed inseparable from this 
method would be undersirable. 

To get over the difficulty, Professor Rateau designed 
his accumulator to store up the surplus heat supplied when 
the engines are running, and deliver it in the form of steam 
when the engines are stopped. This he accomplished in 
his early form of accumulator by providing a closed vessel, 
through which the exhaust from the engines passed, which 
contamed a large number of heavy cast-iron trays filled 
with water. The exhaust steam circulating among the 
trays condensed, and in doing so gave up its latent heat, 
thus raising the temperature of the cast iron and the water 
in the trays. As long as the supply of exhaust steam was 
in excess of the quantity required by the turbine, the 
pressure and temperature in the vessel would increase up 
to the limit fixed by the relief-valve. When the supply 
of steam stopped, the turbine still drawing out its required 
amount, the pressure and temperature in the steam space 
would gradually fall, causing the water in the trays to 
evaporate by reason of the higher temperature of the water 
and the cast iron. This type is shown in Figs. 3 to 5. 

Professor Rateau also employed another type of 
accumulator, in which the quantity of water was much 
reduced, the heat-storing medium consisting of scrap-rails 
stacked inside a boiler shell, with spaces between the 
rails to permit the steam to circulate. The action of 
this type is exactly the same as that just described, the 
condensed steam settiing on the rails in the form of a 
dew, and being re-evaporated by the heat contained in 
the rails. 

There isa scrap-metal accumulator installed at Hucknall 
Torkard Colliery ; it is 6 ft. in diameter and 24 ft. long, 
and contains 50 tons of old rails, and supplies a 175-brake- 
horse-power Rateau turbine during engine-stops of 40 
seconds, 

As the specific heat of water is about nine times that 
of iron, while the latter has a specific gravity of about 
eight, to store a given amount of heat the volumes of 
water and iron required will be about as eight is to nine ; 
consequently, all forms of iron accumulator are very 
heavy and expensive, and their use has been practically 
given up in favour of those which depend solely on water. 

In this type of accumulator, shown in Figs. 6 and 7, 

teau usually employs a horizontal shell of about 7 ft. or 
8 ft. in diameter ; this is fitted with longitudinal flues of 
oval section, with the major axis vertical or of inverted U- 
shaped section ; these flues are pl with their tops about 
1 ft. below the water-line, the accumulator being about 
two-thirds full of water. The exhaust steam is admitted 
to the flues, and escapes through numerous holes in the 
vertical sides, and, rising to the surface, establishes a 
vigorous circulation upwards, baffle-plates being arranged 
to guide the water Sack again to the bottom of the 
accumulator. By this means practically the whole body 
of water in the accumulator is brought into the path of 
the steam, a condition which is absolutely essential if the 





temperature of the water is to be raised to correspond 
with the pressure, as otherwise the surplus steam would 
not be conde , and would escape through the relief- 
valves. The other fittings on an accumulator consist of 
water-gauge, blow-down cock, scum-trays to remove grease 
floating on the surface of the water, and an automatic 
float arrangement to remove surplus water and keep the 
mean level constant. In the larger accumulators of the 
Rateau type, ranging up to 12 ft. in diameter, a central 
horizontal partition is used, dividing the water into two 
layers, with two sets of steam-flues, the steam-spaces 
above the water being in communication to equalise the 

ressure. This arrangement is adopted to reduce the 
septh of water through which the steam has to be forced, 
as, of course, any pressure caused thereby puts so much 
more sk pressure on the engine without any corres- 
ponding increase at the turbine, this drop in pressure 
constituting a loss of about 3 per cent. for each pound. 
In fixing on the amount of water required to supply a 
certain amount of steam, it is necessary to decide on the 


pressure limits within which it is desired to work ; for! 


N°?l. DIAGRAM TAKEN WITH ACCUMULATOR EMPTY. 
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-- TESTS on «18° STROKE ENGINE BY PROFESS” 
instance, with the common limits of 15 lb. and 18 Ib. per 
square inch absolute, the temperature difference is 
9.3 Fahr., and the mean latent heat of steam at those 
pressures being 961 B.T.U., the amount of water at 
the higher temperature required to produce 1 Ib. of 
steam in dropping to the lower temperature is = that 
is, 103.5 lb. ; as, however, it is impossible to ensure that 
the whole of the water in the accumulator is raised to 
the highest temperature, it is usual to allow about 250 Ib. 
of water for each pound of steam. 

As showing the action of the accumulator, the diagrams 
above are interesting 








iagram No. 1 was taken with the accumulator empty, 
the cogging-mill rolling large ingots, and shows the large 
amount of back pressure that occurs when an intermittent 
supply of steam is exhausted into an ordinary receiver of 
large capacity, although fitted with relief-valves, and gives 
a eo idea of the difficulty of properly governing a 
turbine directly connected to such a supply. 

No. 2 diagram was taken while the accumulator was 
being filled, and shows the effect of the comparatively cold 
water in condensing the steam and reducing back pressure. 

No. 3 diagram was taken when the water was up to 
its proper level and had been raised to boiling point, with 
the turbine running. In this case, although the variations 
in pressure are rather more than in No. 2, they are not 
nearly so much as in No. 1. 

It will be seen that the steam supply was cut off at 
three minutes for rather more than a minute, with a very 
small and gradual drop in pressure, clearly showing the 
regenerative effect of the accumulator. The accumulator 
was designed to give full power for two turbines for 40 
seconds, and in practice one turbine has run for six minutes 


WITH WATER 
WATER 410° 


WITH WATER LEVEL 13" ABOVE TOP ROW OF HOLES 


io the engines were stopped with about three-quarter 
C . 

An interesting example of a primitive accumulator, 
constructed some years before Rateau’s, was brought to the 
author’s notice at a colliery a few monthsago. It consisted 
of an old egg-ended boiler, connected to the exhaust pipe 
froma large pumping engine. The exhaust steam was used 
for supplying an exhaust-steam ejector for boiler-feeding, 
and as the engine made only about two strokes per minute, 
the boiler was put in to form a receiver to keep the injector 

ving between the strokes. It happened that owing to the 

rain being shut the boiler got nearly filled with water, and 
it was then discovered that not only would the injector 
keep on working between the engine strokes, but also for 
some time after the engine had stopped. In this way the 
colliery ple had made an exhaust-steam accumulator 
without knowing it. 

Another form of accumulator which is coming into use 
is that known as the Schwarz accumulator, patented by 
Messrs. Louis Schwarz and Co., of Dortmund. In this 
accumulator the steam is not forced through the water, but 
the necessary amount of water is pumped to the top of the 
accumulator and ex as efficiently as ible to the 
action of the steam. The accumulator consists of a vertical 
shell, having a height of about 1} times its diameter, theaver 
age dimensions being about 20 ft. by 13 ft. ; placed horizont- 
ally are several diaphragms, each with a large number of 
short tubes projecting upwards; water lies on the dis- 
phragms tothe height of the tubes and also fora few feet: t 
the bottom of the accumulator, whence it is continuous!) 
pumped up to the space above the top diaphragm by a sma!! 
centrifugal pump, and overflowing down the interior of the 
successive sets of tubes, a large surface is exposed to the 
heating action of the steam. e steam from the engine:, 
after passing through an oil-separator, is led to the bott« 1 
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chamber of the accumulator and rises through the tubes to 
the top chamber, where is situated the relief-valve and out- 
let pipe. It is stated that the power required to drive the 

ump is a very small percentage of the total power 
dove oped by the exhaust steam. A similar loss occurs 
with a Rateau accumulator through having to force the 
steam through the water ; and on theoretical grounds there 
does not seem much to choose between the two types, and 
time alone can show whether either one has any practical 
advantage over the other. There is no doubt that a little 
healthy competition would be good for both exhaust- 
turbine builders and users, as the selling price of accumu- 
lators is very high at present, compared with their actual 
cost. 

In connection with the above-mentioned loss, due to 
forcing the stream through the water, or to pumping the 
water to the top of the accumulator, an interesting patent 
has been taken out by Mr. Samuelson, the engineer of the 
turbine department of the B.T.H. Co., for a form of 
accumulator which has no such loss inherent in its design. 
This accumulator is simply an application to steam of the 
ordinary gasometer, with the necessary modifications to 
render it suitable for its novel purpose. It consists of a bell 
to contain the steam, with its lower edge water-sealed in an 
annular trough, with escape and admission valves to 
prevent the bell rising too high or falling toolow. It might 





Fig. 12. 


required information, or, at any rate, a close approximation 
can be made from the guarantee figures. 

When dealing with old engines which have not been 
indicated, the only method to adopt is to find the initial 
pressure and the point of cut-off ; this will generally enable 
one to arrive at a figure sufficiently accurate, since the 
leakage past the valves and pistons, and initial condensa- 
tion and subsequent re-evaporation, will probably more 
than make up for the loss by wiredrawing, radiation, &c., 
which is usually large in this type of engine. 

With engines designed to run non-condensing, no diffi- 
culty occurs with the few pounds back-pressure which is 
necessary if the accumulator and steam-piping are to be 
kept at a pressure slightly above that of the atmosphere, 
in order to escape the air-leaks to which the plant would 
otherwise be liable, with consequent poor efficiency in the 
condensing plant. In the case of compound and triple 
engines, however, which have been designed to run con- 
densing, it is sometimes difficult to arrange that the final 
pressure in the low-pressure cylinder is sufficiently high to 
meet the above conditions, and, if it is impossible to set 
the valves to give the desired terminal pressure, it will be 
necessary to reduce the size of the low-pressure cylinder, 
unless other considerations render it preferable to run with 
the low pressure, in which case care will have to be taken 
by providing steam packing at the low-pressure glands, 
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be thought that the condensation of steam in this type of 
accumulator would be too excessive, but experiments that 
have been made indicate that this loss would only amount 
to about 1s per cent. in an accumulator 20 ft. diameter by 
20 ft. high, suitable for supplying steam at a rate of 
20,000 Ib. per hour during engine-stops of 40 seconds. 
The same experiments also show that wood is much the 
best material for constructing such an accumulator. The 
objection to such an accumulator is the large size necessary, 
and the consequent high cost of the excavation or the tank 
to form the water-trough. 

When studying the installation of exhaust-steam tur- 
bines, the first consideration is the amount of exhaust steam 
available, and it should be borne in mind that all the steam 
which goes into the engine does not by any means come out 
as steam ; some of it is bound to be condensed, owing to the 
fact that it expands and does work. Then again, there are 
other causes which lead to condensation and loss, such as 
r Wiation and leak through glands and drains, so that, 
if it is possible, by far the best method of estimating the 
amount of steam available is to measure the indicator dia- 
grams. In the case of a compound or triple engine the low- 
pressure diagram is the one from which to get the amount 
of exhaust steam available; but this plan will generally 
show a smaller quantity of steam than is actually available, 
due to leakage past low-pressure piston and valves. In the 
case of new engines, the builders will be able to give the | 








and by reducing the number of steam-pipe joints toa mini- 
mum, to guard against all possible sources of air-leakage. 

As illustrating the effect on the economy of running 
engines non-condensing instead of condensing, the experi- 
ments conducted by Professor Weighton on the experi- 
mental engine at the Durham College of Science are of 
great interest, and the curve on Fig. 11 shows the results 
obtained, which were given in a paper read by him 
before the Institution of Methanical Secineers in 1902. It 
should be mentioned that in these experiments nothing 
was altered but the vacuum, the cut-off remaining at 
104 in. in each cylinder, and the brake resistance remaining 
constant ; the power was measured by the revolutions, It 
will be seen that the consumption of steam rose from 
174 lb. brake horse-power, with 26 in. vacuum, to 21.8 Ib. 
brake horse-power when non-condensing, an increase 
of 25 per cent., or, in other words, the engine when 
non-condensing would give 80 per cent. of the condensing 
output with the same amount of steam. It is true 
that these results were obtained on a comparatively small 
engine, but it must be remembered that this engine is 
of the best possible design and triple expansion, so that 
with ordinary single cylinder or compound engines the 
increase should not be so much, and even in the case of the 
largest and most economical engines the increase in steam 
consumption when non-condensing will probably not 
exceed 33 per cent. 


| Although this increase may, from some points of view, 
| appear large, it will be apparent, from an example to be 
detailed later on, that it is no obstacle to the economy to 
be obtained by the use of an exhaust-steam turbine. ith 
|regard to condensing plant for exhaust-steam turbines, 
the subject is such a large one that it will not be possible 
| in this paper to more than just mention it ; but it may 
be pointed out that the gain due to high vacua is the same 
with low-pressure turbines as in the case of high-pressure 
turbines ; for whereas the saving of steam between 27 in. 
and 28 in. vacuum is about 7 per cent. in the latter, with 
the former it amounts to about 14 per cent., since they 
uire about double the amount of steam for a given 
output, but that does not necessarily mean that 28 in. or 
higher is correct in all cases; in many places there is for 
the ter part of the time more exhaust steam than is 
required, and it is obviously poor policy to pump large 
quantities of water through the condenser in order to save 
steam that only blows away through the relief valve. 
Then, again, with hot circulating-water, the power ex- 
pended in pumping the large quantity required, and the 
capital cost of cooling-towers, &c., quite wipes out the 
saving due to high vacuum, and, speaking generally, it 
can be assumed that 274 in. is the highest vacuum com- 
mercially desirable with water at 80 deg. 
It is sometimes thought that it is not possible to instal 
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exhaust-turbines in certain cases, owing to the lack of 
water, but as the loss by evaporation in cooling-towers 
and ponds is practically equal to the steam condensed 
the amount of make-up water required can be no more 
than the feed-water used by the non-condensing engines, 
so that it may safely be said that exhaust turbines can be 
installed wherever the conditions permit of a steam- 
engine of any description. 

hile it would be easy, by taking hypothetical cases 
to demonstrate the possible saving due to the use of 
exhaust steam-turbines, it will probably be considered 
more satisfactory if a few cases are described where these 
turbines have been, or are being, put down. 

Dealing now with representative examples of exhaust- 
steam turbine installations, mention must first be made of 
the plant at the Hallside Works of the Steel Company of 
Scotland. This plant, which was put down in 1905, was 
the first in the British Isles to employ the modern t of 
Rateau accumulator, and was installed by Mr. a 
Mitchell, the licensee for Rateau accumulators in this 
country, to whose energy is largely due the growing 
interest in exhaust-steam utilisation. Steam is taken 
from cogging and finishing-mill engines and two or three 
small engines and steam-hammers, and is delivered into 
an accumulator 11 ft. 6 in. by 34 ft., the outlet from the 
accumulator being connected to two 450-kilowatt direct- 
current turbo-generators. In this way 900 kilowatts are 
obtained from steam which was formerly blown away into 
the atmosphere, as, owing to the intermittent character 
of the load, a satisfactory condensing plant would have 
been almost impossible to instal. 

As an example of a mixed-pressure installation, Figs. 12 
to 14 show the exhaust-turbine plant now being supplied 
to the Leven Colliery of the Fife Coal Company by 
the British Thomson-Houston Company through Messrs. 
Selby, Bigge, and Co., consulting engineers. At this 
colliery steam is collected from two winding-engines, a 
fan-engine, and several small pumps, and is delivered 
into a Rateau accumulator, 7 ft.6in. by 30ft. Theamount 
of steam available for the turbine is only 16,000 Ib. per 
hour, sufficient for about 400 kilowatts, and since the 
maximum normal load on the turbine is 750 kilowatts, 
the uisite amount of high-pressure steam to produce 
the edditional load is admitted through groups of nozzles 
as in ordinary Curtis high-pressure turbines. The turbine 
runs at 3000 revolutions per minute, and drives an alter- 
nator delivering current at 3000 volts. The maximum 
continuous output with high-pressure steam is about 900 
kilowatts, and the set has an over-all length of 15 ft. 6 in. 
and a width of 6ft. The condenser is of Messrs. Kérting’s 
ejector type, using water from a la: spray cooling- 
pond, into which the water pumped from the mine is 
delivered. 

Before leaving what may be called the industrial utilise - 
tion of exhaust steam, mention must be made of an inte- 
resting scheme which is being developed in the North of 
England by Messrs. Merz and McLellan for the group of 
power companies for whom they act as consultants, This 
scheme consists of purchasing the exhaust steam from 
iron-works and similar concerns to run low-pressure 





turbines located in small pepwcyine adjacent to the 
works, the current being delivered into the network of 
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mains in the north-east district, and the condensed steam 
being returned to the works. Messrs. Willans and Robin- 
son bse recently installed two 1250-kilowatt low-pressure 
sets at the Newport works of Messrs. Samuelson, and the 
British Thomson-Houston Company have just completed 
a 1500-kilowatt set for the Teesbridge Iron- Works, to be 
supplied with steam from constantly-running blowing- 
engines, no accumulator being n The turbine will 
be connected to a surface-condenser by Messrs. Mirrlees 
Watson, of 7800 square feet cooling surface, and is fitted 
with a motor-operated synchronising gear controlled from 
a sub-station some distance away. This idea seems a 
good one and likely to extend, as it enables works to get 
some benefit from their exhaust steam without spending 
money on electrical plant for which they have no pressing 
need, 

As an example of exhaust-steam utilisation in central 
station work, the plant at the power-station of the Phila- 
delphia Rapid Transit Veen ~ is of interest. This 
station is equipped with four 1500-horse-power and one 
2200-horse-power Corliss engines running non-condensing. 
Early in 1905 an 800-kilowatt Curtis low-pressure turbine 
was installed by the General Electric Company, and a 
second similar set at the beginning of 1906. e turbines 
are of the vertical t running at 1200 revolutions per 
minute, and drive direct-current generators supplying 
current at 575 volts. The exhaust steam from one engine 
when delivering 1150 kilowatts is sufficient to give an out- 
put from one turbine of 750 kilowatts, with a back pres- 
sure on the engine of 1 lb. above the atmosphere. As 
about 86 kilowatts are required to operate the condensing 
plant, the net gain due to the use of the turbine is 664 kilo- 
watts, equal to an increase in output of about 58 per cent. 
with the same amount of steam. As the maximum gain 
from running the engines condensing would not exceed 
25 per cent., it will be seen that the turbine produces a 
gain of at least 26 per cent. over this arrangement. 

It should be noted that the turbines are not fitted with 
a governor, but as the leads from the turbine generators 
are connected to the engine-generator bus-bars, if the 
turbine speeds up or slows down, load is taken off or put 
on the engine generators, thus reducing or increasing the 
amount of steam admitted to the system. 

Coming now to financial results; during the year 1904, 
before the installation of the turbines, the total output of 
the station amounted to 29,700,000 kilowatt hours, the 
cost being 45,300., or 0.366d. per unit; from January, 
1906, to January, 1907, with both turbines running, the 
total output amounted to 35,000,000 kilowatt-hours, the 
cost being 44,700/., or 0.302d. per unit, or, in other words, 
as a result of the installation of the turbines, 19.5 per 
cent. more output was delivered at a reduced cost of 
6001. per annum. With regard to the capital cost, the 
original plant cost about 20/. per kilowatt, and an in- 
crease in capacity on the original lines would have 
entailed a proportionate expenditure, whereas the tur- 
bine plant, including condensers and cooling-towers, 
only cost, approximately, 10/. per kilowatt; so that on 
the basis of the figures just given, the turbines have 
given the company nearly 20 per cent. more power, 
and, in addition, return about 3} per cent. on their 
cost. The foregoing shows the saving that is possible 
in a station equipped with the most economical non- 
condensing engines designed to give the best results 
when exhausting to the atmosphere. The following par- 
ticulars, kindly supplied by Mr. P. J. Mitchell, regarding 
the low-pressure turbine plant he has installed for the 
Edinburgh Corporation, show that an even greater saving 
may be expected where the reciprocating engines are not 
so economical. In this station there are eight Willans 
and Belliss engines, each of 1200 indicated horse-power, 
originally imtended to operate with 25 in. vacuum, but 
always run non-condensing owing to lack of water. To 
deal with the exhaust from four engines, two Rateau tur- 
biner, running at 1250 revolutions per minute, and coupled 
to Brown-Boveri direct-current. generators at 490/550 volts 
have been put down, each capable, when supplied with 
45,600 Ib. of steam per hour—the amount available from 
two engines at full load—of developing 1250 kilowatts. 
The two engines have a total output of 1550 kilowatts, 
consequently the increased output, without deducting the 
ower required for auxiliaries, 1s no less than 80 per cent. 

he steam is admitted to the turbines at atmospheric 

ressure, the condenser pressure being 1.6 Ib. absolute. 

he condensers are of the ‘‘Contraflo” type made by 
Messrs. Richardsons, Westgarth, and Co., and it is in- 
teresting to note that owing to the absence of any water 
it has been necessary to use sewage for circulating pur- 
poses. The boldness of this scheme certainly deserves 
success, but whether the idea will be appreciated at its 
true value is open to question. 

It may be urged that the saving due to applying 
exhaust turbines to non-condensing and inefficient engines 
is easily demonstrated, and while this is to some extent 
true, the fact that a considerable saving may be effected 
by applying exhaust turbines to »ondensing engines of the 
most economical type will be shown by the following 
example :— 

The General Electric Company, of America, have 
recently sold to the Sane inaenal Rapid Transit Com- 
pany, of New York, a 5000-kilowatt low-pressure turbine, 
and a short description of the investigation made by Mr. 
H. G. Stott, chief engineer of the Inter-Borough Com- 
pany, before it was decided to instal an exhaust steam 
plant, will be useful. 

The station in which the turbine is placed was designed 
for a capacity of more than 130,000 horse-power, and at 

resent has eleven 7500-horse-power double horizontal- 
vertical Corliss engines. The engines have 42-in. high- 
re and-86-in. low-pressure cylinders, 60-in. stroke, 

and run at 75 revolutions per minute. They were 


guaranteed to have, at their rated output, a steam con- 
sumption not exceeding 12} lb. per indicated horse-power, 





with? dry ‘steam™at 175 lb. pressureJand 26-in. vacuum, 
this amount including steam supplied to re-heater between 
the cylinders. 

An exhaustive series of tests were taken, covering the 
operation of the engines at various loads, both condensing 
and non-condensing, and it was found that under con- 
densing conditions the most economical load was 4000 
kilowatts, with a water rate of 174 lb. per kilowatt ; the 
— loads are from 5000 kilowatts to a maximum of 
7 kilowatts, with an average water rate of 191b. per 
kilowatt. When running non-condensing the maximum 
load is also 7500 kilowatts, and with a total of 170,000 lb. 
of steam per hour, which is the proportion of the ultimate 
steaming capacity of the plant allocated to one engine, 
the engine will produce 7300 kilowatts, giving a water 
rate of 23.3 lb. per kilowatt ; the most economical load 
proved to be 5750 kilowatts, with a water rate of 22.6 lb. 
per kilowatt. Tests were also taken to prove the quality 
of the steam exhausted from the engine, and showed that 
a deduction of about 74 per cent. should be made from the 
total to give the amount available for the turbine. 

The turbine is of the Curtis vertical type with three 
stages, mounted on a sub-base condenser containing 
20,000 square feet of cooling surface. The generator is of 
the induction type, and will deliver current to the same 
cables as the engine-driven generator without intervening 
switching apparatus. The combination will therefore be 
operated as a single unit, and no governor is required on 
the turbine except the emergency governor. At full load, 
with 15 lb. to 16 Ib. absolute initial pressure and 28}-in. 
vacuum, the water rate of the turbine is 29.7 lb. per kilo- 
watt-hour ; co uently, when the engine is supplied 
with 170,000 lb. of steam per hour with an output of 7300 
kilowatts, the turbine will deliver an additional 5300 kilo- 
watts, making a total of 12,600 kilowatts output from 
170,000 Ib. of steam, which gives a water rate of 13.5 lb. 
per kilowatt-hour. It must be remembered, too, that 
this extraordinarily low consumption is obtained without 
superheat. In addition to the economy effected, the 
maximum output is raised from 7500 to 12,600 kilowatts 
with the available steam—an increase of 68 per cent., this 
increase in capacity having been obtained at a cost of 
less than 6.25/. per kilowatt. 

Assuming that the plant operates continuously, a savin, 
of 1,660,000 Ib. of iabacte per day will be effected, an 
this, with an evaporation of 8 lb. of water, means a saving 
of 93 tons of pam day, sufficient, with the prevailing 
cost of coal in New York, to pay for the whole cost of the 
turbine in little more than one year. Such continuous 


operation of a unit is somewhat unusual, but, in view of | G 


the character of the Inter-Borough Company’s load, is not 
at all improbable. 


In conclusion, the author wishes to express his thanks | g 


to Mr. P. J. Mitchell, the Cleveland Institution of En- 
gineers, and the British Thomson-Houston Company, for 
the loan of illustrations, and also to the latter company for 
permission to make use of data. 








Tue Larcest SreaM-TurRBINE IN SwepEen.—The De 
Laval Steam-Turbine Company, in Stockholm, has re- 
cently supplied the largest steam-turbine, so far installed 
in Sweden, to the Yngeredsfors Power Company’s elec- 
trical central station at Varberg. It is of the De Laval 
multiple type, has a capacity of 3000 horse-power, and is 
direct coupled to a three-phase alternate-current (4400-volt) 
generator. The Turbine Company has supplied the whole 
of the plant, including two boilers, &c. The company 
has several equally large turbines coming forward. 





Concrete Raitway Briper.—A fine example of con- 
crete work was successfully completed with the opening 
for traffic, recently, of a four-track arch bridge at Paines- 
ville, Ohio, U.S.A., on the Lake Shore and Michigan 
Southern Railway. The bridge is 65 ft. wide, and is of 
three arch spans, the centre one being of 160 ft. span, 
with 58 ft. 3 in. rise, and the end arches 70 ft. span. he 
total length of the structure is 382 ft., and it contains 
25,150 cubic yards of concrete. During construction the 
rag work done was 320 cubic yards of concrete every 
ten hours, 





125-GALLON HicH-PrEssuRE TANK FrRE-EXTINGUISHER 
Tests. —In one of the Red-Books, No. 131, recent] 
—— by the British Fire-Prevention Committee, will 

found some tests with a 125-gallon high-pressure tank 
fire-extinguisher of the chemical type. The appliance 
consisted of a vertical cylindrical tank, 24 in. in diameter 
and 6 ft. 6in. high, constructed of 4-in, steel boiler plate, 
and said to be tested toa pressure of 350 lb. persquare inch. 
The vessel is carried on a cast-iron basin, having four bolt- 
holes for securing it to the floor. The tank is provided with 
a conical top, with a large neck fitted with a cast-iron collar, 
with screw-cover and welded handle for manipulation. 
Without fully describing the detailed mechanism of the 
tank, it ma said that a chemical mixture under pres- 
sure is disc from it on to the fire as desired. The 
ap tus is automatic, but can be brought into action 
by hand, if desired, by means of a lever, and it may be 
used for small sprinklers if necessary. The tests showed 
that when — in eonnection with two sprinklers it is 
capable of dealing with small fires in their incipient stages, 
and is available for about 13. minutes, but the amount of 
liquid in the vessel is inadequate entirely to subdue a fire 
in certain cases. When discharging through a nozzle it 
was found that the stream was much broken by gas 
bubbles. It was demonstrated that the average a 
of discharge from the nozzle was 48 ft., the maximum 
being 65 ft., the t pressure being 122 lb. per square 
inch. The machine is known as the “ Auto,” and is of 
American origin. It is intended for use where water 
supply under pressure is not available, as is often the 
case in country houses. 


CATALOGUES. 


A orgcuLak to hand from Messrs. Thomas Smith and 
Sons of Saltley, Limited, Saltley Mills, Birmi 

draws our attention to the large variety of drop-forgings 
and stampings this firm is in the habit of turning out. 

Messrs. Leach, and Co., Limited, Adnil 
Building, illery-lane, E.C., have sent us a price-list 
~ small motors for drills, buffing and polishing machines, 

Cc. 

Messrs. Mavor and Coulson, Limited, 47, King-street, 
Mile End, Glasgow, send us circulars relating to their 
‘‘pick-quick ” coal-cutters and their output, and to elec- 
tric-generating plant. 


The Lilleshall Company, Limited, Oakengates, Shrop- 
shire, have issued lately a pamphlet giving illustrations 
and particulars of large seweras-cnginns recently built by 
them for the Metropolitan Water Board’s station at 
Kempton Park. 


A booklet to hand from Messrs. David Brown and Sons, 
Park Works, Lockwood, Huddersfield, deals with cut gears 
of all kinds. This firm makesa speciality of this work, and 
in this little publication are noticed spurs, bevels, worm- 
gears, double-helical gears, racks, &c. Raw-hide pinions 
are also dealt with. 

Catalogue No. 1109 from Messrs. Henry Pooley and Son, 
Limited, Temple-street, Birmingham, deals with weigh- 
bridges for railway work, carts, cattle, &c. The pamph- 
let describes Messrs. Pooley’s patent quadrant indicator, 
special steelyards, worm-wheel relieving gear, and other 
matters. 

Crosby indicators for steam, or oil-enginés are 
described in two B ny on to hand from the Crosby 
Steam-G: and Valve Company, 147, Queen Victoria- 
street, E.C. These give prices, instructions for working, 
&c., and also deal with speed-counters, Amsler plani- 
meters, and other instruments. 


Messrs. Edward G. Herbert, Limited, Rosamond-street 
East, Manchester, have sent us circulars of the Olsen 
testing machines. These machines are of patterns suit- 
able for tensile, compressive, and transverse testing, for 
torsion, for spring-testing, cement, cloth, paper, &c.; in 
fact, Low patterns cover all the testing work usually 
wanted. 


A well-illustrated catalogue comes to hand from Messrs. 
Vaughan and Son, Limited, Royal Iron Works, West 
orton, Manchester, dealing with overhead-travelling 
cranes. This pamphlet gives illustrations of the firm’s 
well-equipped works, notes on ee and powers for the 

ifferent crane operations, as also on motors, ropes, &c. 
Illustrations are given of multi-motor cranes of large size, 
and also for light loads. Hand-power cranes are also 
dealt with, as are also pulley-blocks, run-ways, &c. 


an machines of some distinctive features, 
constructed under the patents of Mr. H. Liebert, of the 
firm of Messrs. John Holroyd and Co., Limited, Perse- 
verance Works, Milnrow, near Rochdale, are described in 
a pamphlet recently to hand from these makers. Amon 

the special features of these machines may be mentionec 

the fixed milling-cutter on the swivel-head, and the fact 
that the work has a rotary and forward feed past the 
cutter. The work is rigidly supported. The machines 
have a large output, and are made in a number of sizes 
for large and small work. 


The catalogue published by the Gesellschaft fiir Hoch- 
druck-Rohrlettungen, of Berlin, forms a well-illustrated 
and excellently got-up small quarto volume of nearly 250 
pages, which is procurable at the price of 10 marks. The 
book before us, on conduits and pipe systems for steam, 
water, and air, gives a deal more information than 
can be found in an engineer’s pocket-book and in the 
ordinary trade catalogue. The volume explains the 
general features of conduits and pipes and illustrates 
some notable installations the firm, and interesting 
constructive detail. Many of the most recent researches 
on the velocity of steam in pipes, on the specific heat 
of steam, on pressures and water-softening are duly men- 
tioned. Some interesting types of compensators and 
ie joints are om Me ; for example, ball-joints 
held in position by a steam cushion formed by a small 
vertical steam-pipe opening out into a gland of the shape 
of a spherical cap. Attention may also drawn to 
the chapters on valves and steam-meters, on the thermal 
insulation of a. and on suspension and socket 
and spigot-joints. Although compiled with particular 
reference to the regulations in Germany, the volume will 
be found of general value. 








Woop TELEGRAPH Posts.—From the statistics issued by 
the Austrian Post and Telegraph Service, there were at the 
end of 1906 on the seventy lines controlled by that service a 
total number of 1,361,300 wooden telegraph posts, of which 
1,117,580 had been imp ted with copper sulphate ; 
14,790 had been creosoted, and 620 otherwise prepared. 
Of the total number, 228,500 had received no ert 
and among these were 180,800 posts of red ae , 44,200 
pine posts, and 3500 oak and chestnut posts. The im- 
pregnated posts have been found to have a longer life 
in Galicia and in Dalmatia than in Central Austria. The 
average life of telegraph for the whole country 
works out at 11.8 years. e posts of red larch have, as 
a rule, given satisfaction. In Southern Tyrol, however, 
where the ants are very destructive, they last, compara- 
tively, a much shorter time. Notwithstanding this, in 
the places near which red larch is grown, posts of this 
timber can compete with others impregnated with copper 
os Posts of pine wood unimpregnated are the most 
costly, 
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‘‘ENGINEERING” ILLUSTRATED PATENT 
RECORD. 


Comprtep By W. LLOYD WISE. 
SELECTED ABSTRACTS OF RECENT PUBLISHED SPECIFI- 
CATIONS UNDER THE ACT OF 1907. 

The number of views given in the Specification Drawings is stated 
in each case ; where none is mentioned, the Specification is not 

illustrated, 

Where inventions are communicated from abroad, the Names, &c., 
of the Communicators are given in italics. 

Copies of Specifications may be obtained at the Patent O, Sale 
pA 25, Southampton Buildings, Chancery-lane, W.C., at 
the uniform price of 8d. 

The date of the advertisement of the acceptance of a Complete 
Specification is, in each case, given the abstract, unless the 
Patent has been sealed, when the date of sealing is given. 

Any person may, at any time within two months from the date of 
the advertisement of the acceptance of a Complete Specification, 
give notice at the Patent Office of opposition to the grant of a 
Patent on any of the grownds mentioned in the Act. 


ELECTRICAL APPARATUS. 


4608. F. W. Suter, London. Incandescence Lamps. 
[5 Figs.| February 29, 1908.—This invention relates to holders for 
electric lamps of the tubular type, having a terminal at either end, 
and adapted to be arranged in a continuous line in a casing which 
acts as a reflector and a carrier for the wire of the lighting circuit. 
According to this invention, the lamp-holder comprises a lamp- 
socket and supporting members, preferably formed in one with 
the socket, and comprising a distance-piece between the socket 
and casing and gripping members adapted to engage the casing, 
which forms the reflector and carries the conductors. A is a 
casing, preferably of light metal and of FD section. Through this 
casing the conductors B are threaded in the usual way. Upon 
the casing are lamp-holders C readily removable therefrom. Each 
lamp-holder comprises a socket C! and gripping members C? in 
the form of lugs, preferably stamped in one piece with the socket 
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Cl, and having inturned edges which engage with slots in the 
casing A, The metal between the gripping member C2? and the 
socket C! forms a distance-piece between the socket and the casing 
A, and the two distance-pieces in each lamp-holder are connected 
by a screw and nut, which forms a tightening device and prevents 
the gripping members C2 from becoming accidentally disengaged 
from the casing A. Within the socket C! is a block E of insu- 
lating material, kept from rotation, and accommodating within it 
a contact-piece G having a spring plunger. This contact-piece is 
drilled to receive the end of the conductor B, and is furnished 
with a set-screw serving to grip the wire and also to prevent the 
contact-piece from turning in the block E. When a number of 
Jamps are placed end to end, the contact-piece may be provided 
with two spring plungers, as indicated at the left-hand side of 
Fig. 1, so that one lamp-holder may serve as an electrical connec- 
tion for two lamps. (Accepted November 18, 1908.) 


GUNS AND EXPLOSIVES. 
14,310. H. F. ‘ord, U.S.A. Guns. [4 


1 Hartf 
Figs.) July 6, 1908.—The object of this invention is to render 
noiseless the discharge of firearms by preventing the sudden re- 
lease of the powder gases at the muzzle of the firearm. According 
to the present invention, the gases are caused to acquire a rapid 
whirling or rotary movement in a suitable chamber connected with 
the bore of the barrel, and are thereby made to dissipate their 
energy and to lose their high velocity before they are finally re- 
leased into the atmosphere. At the end or muzzle of the barrel is 
secured a casing, circular in cross-section. Within the casing is a 
series of cells or separate chambers, in each of which rotary move- 
ment of the body of the gases following the projectile is estab- 
lished. In the form of the device shown, each of such cells is 
annular, with reference to the axis of the barrel of the firearm 
about which it is disposed, and is spiral or conchoidal in cross-sec- 
tion, the narrow opening of the cell being directed towards the 
breech of the firearm, so that the gases which follow the projectile 
from the muzzle of the firearm, as they expand or diverge, are 
directed, by the guiding surface presented by the cell wall, into 
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the cell and so that the body of gas within the cell has a whirling 
or rotary movement about a substantially circular or annular line 
or axis. The velocity of the rotation will be very great. Under 
the centrifugal action developed by the rapid rotary movement 
the gases are pressed outward against the wall of the cell and the 
velocity of movement of the gases is gradually reduced, the energy 
of the gases being thus dissipated. When the velocity is so far 
reduced as to be exceeded by the expansive force of the gases, the 
rotary movement will cease and the gases will find their way out 
through the entrance into the chamber, in a reverse direction, and 
thence through the axial opening of the cell into the next cell or 
chamber and eventually into the atmosphere. Obviously the cell 
or chamber nearest the muzzle of the firearm will be filled with 
the whirling s at the highest pressure, and successive cells or 
chambers will also receive gases from the central column following 
the projectile, but at a gradually reduced pressure velocity. 
The disturbance of the atmosphere caused by the escape of the 
gases at such a low pressure will not be sufficient to produce an 
audible sound, so that the noise of discharge is absent. (Sealed 
January 21, 1909.) 


LIFTING AND HAULING APPLIANCES. 
24,404. The Sunderland Forge and 

> and W. A 

and Ha A tus. (1 Fig.) November 4, 

1907, - is invention relates to lifting and hauling apparatus, such 

as winches, cranes, capstans, and the like, of "the Kind wherein 
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there is arranged between the driving member and the driven 





arrangement of driving mechanism. 
the steam-engine an 





member an electromagnetic clutch or power-transmitter, com- 

rising an armature connected to the driving member and an 
independent revoluble system of field-magnets connected to the 
driven ber, and adapted to be exci through an adjustable 
resistance switch. A ding to this invention, which is specially 
applicable to electrically-driven or operated apparatus, there is 
arranged between the driving member and the driven member an 
electromagnetic clutch or power-transmitter comprising a short-cir- 
cuited armature mounted on, or driven by, the driving member and 
a separately excited field-magnet or magnets mounted on the driven 
member, the arrangement being such that when the armature is 
rotated, and the magnet or magnets is or are not excited, the 
driven member remains stationary, and when the armature is 
rotated and the magnet or magnets is or are excited, the driven 
member rotates with the armature at a speed depending on the 
load and the strength of the magnet or magnets. Referring to 
the drawing of an electrically-driven winch made in accordance 
with this invention, there is connected to the driving-shaft a of the 
motor an armature 6, and on the inside of adrum or barrel ¢ loosely 
mounted on the shaft d of the armature, so as to be capable of inde- 
pendent rotation, a series of field-magnets e enclosing the short- 
circuited armature b, are arranged and adapted to be excited by 
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a shunt from the main or motor circuit by slip-rings/, 7, brushes g, g, 
and regulating resistance switch. The drum or barrel may con- 
veniently constitute the winding-drum of the winch, or the winding- 
drum may be driven therefrom through the usual gearing. When 
the armature brotates with the driving-shaft a, and the field-magnets 
e are not excited, the drum or barrel ¢ remains stationary ; but on 
the magnets e being excited the drum or barrel ¢ rotates with the 
armature } at a speed depending on the load and on the strength 
of the field-magnets, which may be varied as required by the 
regulating resistance switch. The load may be lowered when 
the motor is running and the armature b rotating by switching off 
the current from the magnets e, or by reducing the current until 
the load overcomes the strength of the magnets e, and causes the 
drum or barrel ¢ to rotate in the opposite direction to the arma- 
ture b. When the armature b is at rest, and the magnets ¢ are not 
excited, and the drum or barrel is running freely, as when lowering 
a load, the descent of the load may be braked or arrested by 
exciting the magnets e. When the armature b is rotating, the 
drum or barrel ¢ may be set to balance or sustain a given load or 
* pull ;” and if the load or “ pull” be assisted by any other means, 
the drum or barrel ¢ will immediately respond and rotate with the 
armature b, and take up the slack in the rope or the like, the given 
load or ‘‘ pull” on the rope or the like being always maintained 


constant, (Sealed January 21, 1909.) 
MOTOR ROAD VEHICLES. 
16,506. T. Clarkson and W. J. M Chelms- 
for Motor Road-Vehicles. [5 Figs.) August 6, 1908,— 


This invention relates to steam-driven motor road-vehicles, its 
object being the construction of a compact and convenient 
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known Clarkson type, are so arranged that they can drive, through 
Cardan shafts, pinions which engage with internally-toothed wing 3 formed homogeneous with the wheel-carrying member 4, 


to this invention, 


differential are of the well- 








rings attached to the road-wheels. The casing of the differential 
gear is driven by Ding ge from a pinion on the crank-shaft, 
and is provided with a pinion engaging with a spur-wheel on a 
countershaft carrying eccentrics which drive the fuel and feed- 
water pumps. This countershaft carries a worm which drives a 
worm-wheel on another shaft, this other shaft driving through 
worm-gearing a cam-operating mechanism which supplies lubri- 
cant to the cylinder. e casing G of the differential gear is pro- 
vided with an external ring and teeth G! which en with and 
are driven by the teeth of a pinion on the crank-shaft of the 
engine. A pinion G2 fixed on the differential casing G gears with 
a spur-wheel K! mounted on a shaft K carried in bearings in the 
casing J. This shaft is provided with eccentrics L, L! which 
drive the feed-water pump L2 and the fuel-pump L4 respectively. 
A worm K®* formed on the shaft K en with a worm-wheel M! 
on a shaft M which extends thro the side wall of a box or 
chamber N attached to the casing J, and is furnished with a 
worm M2. This worm M2 engages with a worm-wheel N! on a 
spindle N2 carrying cams N® adapted to lift arms N4 against the 
action of springs, and allow them to return suddenly, thus forcing 
down the bey of a force-pump and supplying Yabricant from 
the box to the cylinder. Formed with the spindles F are 
sockets F2, wherein are jointed, as at F!, the Cardan shafts E. To 
these sockets brake-drums R are bolted, which are acted upon by 
brake-shoes R!. The differential gear, the brake-drums and 
levers R2, the shafts K and M, and the adjacent mechanism, are 
all mounted in or on the casing J, which is attached to the engine- 
casing or crank-chamber H!,. Thus the whole arrangement is 
very compact and can be readily adapted to an existing chassis 
of the De Dion type which it may be desired to use as a steam- 
driven vehicle. (Sealed January 21, 1909.) 


6729. H.M. Butler, Leeds. Motor Road-Vehicles. 
[4 Figs.] March 26, 1908.—This invention relates to axles for road 
vehicles, The construction of axle to which the present invention 
is particularly applicable comprises a wheel-carrying member, 
consisting, in the present instance, of a barrel 1 formed homo- 
geneous with an inward extension or wing 2 which passes between 
the ends of bed members 3, 4, consisting of girders of channel 
cross-section placed back to back, with their flanges outstanding 
and the webs vertical. Such a wheel-carrying member with its 
inward homogeneous inward extension 2 is fitted at each end of 
the bed composed of the channel section beams, and the said 
beams are secured to the said extensions by means of rivets or 
bolts. According to the present invention, instead of forming 
the wing portion or rvenk extension 2 of the barrel 1 relatively 
thin, it is now made of substantial thickness, so as to support the 
channel-section girders 3, 4 at a relatively considerable distance 
one from the other. The inward extension 2 extends beyond 
the top and bottom edges of the girder members 3, 4 to offer 
support therefor, and also the inward extension extends above 
the top and bottom surfaces of the said girders 3, 4, as indicated 





Fig. 1. 







Fig.2. 


at 5and 6, At the place it is desired toattach the spring, ora 
member by which the spring is carried, a transverse channel 7 is 
planed or otherwise formed out of the upper portion 5 of the 
inward extension 2, until, in fact, that portion of the inward ex- 
tension lying between the girders 3, 4 is exposed, and then upon 
applying the channel girders 3, 4 the upper flanges of the same 
form a surface of considerable width. A flat seat is thus pro- 
vided for supporting the spring, which latter can be secured 
either by a bolt passing through the extension 2, or by a strap or 
straps passing round the channel-section girders and the under- 
side of the extension. At Fig. 3 of the drawings a strap 8 is 
shown {so passing around the structure, and holding within the 
slotted-out portion 7 a member 9, which might be the spring of 
the vehicle, or which might be a support for the spring. When 
once attached in this way, the spring has a very firm connection, 
because of the width between the outer edges of the two girders 
3, 4, and it is prevented from twisting sideways because it is 
enclosed inside the walls formed by cutting the transverse channel 
7 through the ieee top portion of the extension 2. (Sealed 
January 21, 1909. 


6730. H. M. Butler, Leeds. Motor Road-Vehicles. 
(4 Figs.] March 26, 1908.—This invention refers to the construc- 
tion of axles for facilitating the attachment of spring seats, and it 
is particularly suitable with “built-up” metallic axles for the 
wheels of road vehicles, The built-up axle to which the present 
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| invention is applied consists of a bed composed of two metal 


irders 1,2 of channel section, placed back to back, with their 
outstanding and the webs vertical. At each end of these 
girders 1, 2 there extends, in between the backs of the webs, a 
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the wing extending above and below the flanges of the channel | consists of a. wheel n fixed in the framing and operated by the 


section girders 1, 2, and also generally extending laterally so as to | wheel o from any convenient handle ; the 


of the wheel n is 


overlie the-upper and lower surfaces of the girders, as is clearly | formed as a nut to receive the vertical screw p, which carries at 


shown in Fig. 2, and the ends of the girders 1, 2 are secured by 
rivets or bolts to the wing 3. According to the present invention, 
two surfaces are formed upon the extension or wing of the wheel- 
carrying member adjacent to the ends of the girders 1, 2, and in 
the example shown these surfaces are formed on that part of the 


the bottom a transverse pin engaging in a slot in the lever 8, which 
is pivoted at its other end upon the lever, There is further a 

ius rod or strut t fixed to the framing at one end and engaging 
a little loosely with the transverse pin at the other. The opera- 


| tion of the brake is as follows:—When the block a is pressed 


extension of the barrel between the ends of the channel section | 
girders and the said barrel, one such surface on each side of the 
axle; and these surfaces are recessed, as will be clearly seen by | 


to receive the ends of the 


These recesses form seatin f h 
seating 5 consists of a strip 


Fig. 3. 
Eac 


bent seating 5 for the spring. 
of metal bent somewhat to trian 
angle separated as shown, and these separated ends are adapted 
to fit one into each of the opposite seatings provided for them in 
the extension 3 of the vod (Sealed January 21, 1909.) 


PUMPS. 
25,387. W. Weir, Cathcart. Direct-Acting Pumps. 


[13 Figs:] November 15, 1907.—This invention relates to actuat- 
ing valves and valve gear for direct-acting fluid-pressure engines, 
such as are used for driving pumps, in which there is not neces- 
sarily any rotary motion. According to this invention, the 
valves of direct-acting pumps and like machines are actuated by 
means which initially compress a spring by motion imparted from 
the main engine, positively raise one steam and one exhaust 
valve from their seats, and then permit the compressed spring to 
complete the opening. The valves A and A! are the steam-supply 
valves, and the valves B and B! the exhaust-valves, A and B being 
the steam and exhaust valves respectively for the top end of the 
main cylinder, and A! and B! performing the same functions for 
the bottom end of the cylinder. These valves are each provided 
with long stems projecting through long steam-tight sleeves. 
Above the steam-valves A and A! there is provided a steam- 
chamber F, while below the exhaust-valves B and B! there is 
situated an exhaust-chamber G. A H (Fig. 2) is arranged 
from below the steam-valve A! passing diagonally to the os of the 
exhaust-valve B! and further in communication with the bottom 
end of the cylinder by the passage H! in the cylinder-connecting 
branch E. A similar passage is arranged leading from below the 
steam-valve A to the top of the exhaust-valve B, and this 

is in — communication with the top end of the main cylinder. 
A shaft K supported by bearing K!, and — fixed rigidly 
to it two beams parallel to one another L and LI, is arran 
below the valve-stems in such a manner that if a rocking motion 
be imparted to the shaft K, one end of the beams L and L! will 
press respectively upon the ends of the valve-stems of the 
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valves Al and B, while at the same time the other end of the 
beams will rock away from the ends of the valve-stems of the 
valves A and Bl, The beams L and L! are prolonged past the 
stems of the valves A and B!, and are attached by means of a 
joint W to a rod P, on which are fixed the adjustable tappet- 
nuts W! and W2. The rod P passes through a projection or 
crosshead attached to the main [=e or piston-rod, Within 
this projection or crosshead, and threaded on the rod P, is 
situated a spiral spring & On each end of this spring is 
threaded a bush or liner R and R!, the spring being held 
between the rings, and in its place within the crosshead by 
the screwed sleeve 8. With the construction shown the action 
of the valves will be as follows :—During the stroke of the pump, 
the crosshead, in its travel, brings the liner R! in contact with the 
tappet-nut W!, and thereby causes the spring Q to become com- 
pressed. Just before the end of the stroke of the pump, and 
while the spring is in full compression, the projection R* comes 
in contact with the projection R®, and this moves the rod P up- 
ward and causes the Com Land L! torock on the shaft K, thereby 
raising the previously-closed steam and exhaust-valves A and B! 
slightly off their faces and puts them pract:cally in equilibrium, 
thereupon allowing the action of the spring Q to throw the valves 
fully open. At the same time the previously opened pair of 
valves A! and B are allowed to close by the beams L and L! 
receding from the ends of the stems of the valves Band Al. The 
previously opened valves being now closed, and the previously 
closed valves “now open, a reversal of the pump takes place, and 
the pump piston will move in the opposite direction ; and, when it 
approaches the end of its stroke, a similar action will take place 
owing to the liner R coming in contact with the nut W2, (Sealed 
January 14, 1909.) 


RAILWAYS AND TRAMWAYS. 


mon. A. W. Maley, West Bromwich. Track- 
es. [1 Fig.) November 23, 1907.—This invention relates 
to, brakes on tramway vehicles, in which a brake-block is pressed 
against a rail, and it consists in an improved arrangement of 
mechanism by which the weight of the vehicle is applied to such a 
brake, and in means for a the proportion of weight which 
can be so applied. a is the brake-block, which, in the position 
shown, is | fed by its supporting ngs a short distance above 
the rail. The brake-block may normally applied by any 
desired means. The mechanism which is shown is that intended 
for attaining the result above described. c, d is a bell-crank 
lever pivoted upon the vehicle frame or a girder of the under- 
truck, The arm c of this lever bears u a vertical sliding-bar f 
carrying a roller at its lower end, which rests _— the upper sur- 
face of the brake-block a. A is a lever pivo' to the e or 
under-truck, and joined by a link m to the end of the arm d of 
the bell-crank lever. The lower rounded end of the lever A rests 
close against the block a. The adjusting mechanism for the brake 


lar form, with the ends of one | 


against the rail it tends to move to the right relatively to the 
vehicle, which is supposed to be travelling towards the left. In 
so moving it bears against the end of the lever h and turns this 
lever on its pivot. This’ motion, transmitted through the link m, 


results in a turning of the bell-crank lever c, d about its pivot, | 
i It will be readily appre- | 


and thus in the depression of the rod /. 


| ciated that the result of this movement is a tendency to lift the 














vehicle by upward pressure on the bell-crank lever pivot, which 
upward pressure is equal to the downward force exerted on the 
rod f, and, therefore, on the brake-block a. When the block a 
moves to the right, it pushes before it the link s until the end of 
the slot in this link abuts against the transverse pin. After this 
further relative motion is impossible, and in order that* the stress 
may not result in the breakage of the screw p the strut ¢ is pro- 
vided to receive it. Since this strut is fairly long, and the vertical 
movement of the transverse pin is not great, the end of the strut 
can fit the pin fairly closely, so as to take up the stress before 
there is any great strain in th screw p. As will be seen from the 
drawing, if the screw p is moved upward, the transverse pin is 
brought further away from the inner end of the slot, so that a 
greater degree of movement is allowed to the lever h. If the 
screw p is moved downward, this movement is lessened. (Sealed 
January 21, 1909.) 


STEAM ENGINES, BOILERS, EVAPORATORS, &c. 


282. W. Chilton and J. M. Newton, Loughborough, 
and the Brush Electrical 4 
Limited, Lambeth. Turbines. [3 Figs.) January 4, 190s. 
—tThis invention relates to turbines of the kind in which the rotor 
assumes the form of a hollow cylinder or drum, and end-shafts, 
forming the journals, are separately attached thereto. The o. ject 
of the present invention is to provide means for attaching the end- 
shafts to the cylinder or drum so that the joints formed are not 
prejudicially affected by differential expansion of the connected 
parts under the action of high-temperature steam, and perfect 
concentricity of the said parts is maintained. For this purpose 
each end of the rotor is flanged, exteriorly or interiorly, and the 
end-shafts to be attached thereto are each provided with a corre- 
sponding flange, the said flanges being connected together and 
having devices serving normally to register the respective parts 
and maintain concentricity therebetween. The flange a on each 





end-shaft b is formed integral with the shaft, and has a central 
cylindrical recess ¢ in that face which is adjacent to the co-acting 
flanged end d of the rotor drum, thereby constituting one element 
of a registering device, the other member of which is in the form 
of a projecting ring ¢ on the drum end ae ene to fit the 
said recess c. The two flanges a and d are clamped together by 
bolts and nuts, the latter of which are provided with locking 
means, or by studs. In such an arrangement, looseness due to 
thermal strains is avoided, since the drum is subject to tempera- 
tures in excess of the shaft b, and the tendency of the former to 
expand is resisted by the registering recess c and ring e, whereby 
the register is maintained and the bolts or studs subject to no 
shearing stress beyond that due to torque. In some cases, the 
transmission of shearing stress due to torque may also be avoided 
by inserting keys in appropriate recesses in the co-acting faces of 
the flanges a and d, such as is indicated in dotted lines at i. 
(Sealed January 14, 1909.) 


1769. N.S. Bertram, Hove. Steam-Traps. [5 Figs.) 
January 25, 1908.—The object of this invention is to provide a 
steam-trap for use with ‘steam ranges with means whereby the 
escape of water is facilitated and increased safety is afforded. 
According to this invention, the pipe for conducting the water 
from the steam-range is of a flexible character and carries a valve 
adapted to be opened by the pressure of fluid in the pipe against 
the action of an adjustable spring or equivalent pressure which 
effects the clos:ng of the valve. A water-pocket a is employed in 
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connection with the steam-range b, and a pipe c is arranged between 
the pocket and a valve d which, when opened, enables the water 
to escape. The pipe c may be bent to admit of a movement of 
said pipe by compression. Owing to the formation of the pipe it 
will resist compression, and its resiliency will enable it to return 
to the original position when the compressive force is removed. 
The valve proper d is contained in a chamber d@2, and provided 
with a seating d%, The valve is provided with surfaces d4 adapted 
to be operated upon by the re and so overcome the com- 








0 pressu 
bined action of the ogrng @ and the pipe ¢, which normally keeps 


the valve on its seating d°, and which is capable of odjoriment, by 
means of the cover or nut The action is as follows :—The 
water passes from the steam-range b into the water-pocket a, and 
thence through the flexible pipe c to the valve d, and when the 
pressure beneath the acting faces d4 of the valve exceeds that of 
the combined pressure imparted by the spring d® and the pipe c, 
the valve will rise from its seating d* and allow the escape of the 
water through the opening d7, In the event of steam reachiny 
the valve-face, its pressure will have been reduced as a result of 
condensation, and so be unable to lift the valve. The valve is of 
hollow construction, and its internal diameter, together with th« 


| delivery and the bore of the flexible pipe, are proportioned so 


that there conld not be sufficient pressure of steam in the flexible 
pipe to keep the valve open. The arrangement is such that, in 
setting the valve, the pressure of the spring d5 and the pressur: 
imparted by the bend or coil c! in the flexible pipe ¢ are equal to, 
or slightly less than, the pressure per square inch in the steam- 
range. The water will thus rise in the pipe to a point where th: 
hydraulic pressure conveyed to the valve and face will be sufficien: 
to open the valve and allow the water to be discharged. Thi 
discharge will continue until the pressure is reduced. It will be 
seen that the movement imparted to the flexible pipe may serve 
as an indication that the valve is in proper working condition. 
(Accepted November 4, 1908.) 


MISCELLANEOUS. 


3971. J. H. Holmes, Newcastle-on-Tyne. Washer- 
Grips. [4 Figs.) February 21, 1908.—This invention relates to 
means for fixing or securing a member to, in, or on its carrying or 
support:ng body. The invention is described in connection with 
a single-row ball-bearing comprising two ball-races 1, 2 with a 
number of hardened-steel balls 3 disposed between them. The inner 
ball-race 1 and the outer ball-race 2 respectively are secured to the 
shaft 4 and in a bored chamber 5 in a pedestal bearing. The inner 
ball-race 1 is secured to the shaft 4 by the washer 6; this washer 
6 is made of elastic steel of uniform thickness, and fairly thin, and 
is of dished or conical shape. The washer thus presents on one 
side a portion of the surface of a very low external cone, and on 
the other side a corresponding surface of an internal cone. The 
wall of the hole through the washer is bored, turned, ground, or 
otherwise worked upon, so that this face or edge, when the washer 
is inoperative, is cylindrical, and fits closely and is parallel to the 
shaft 4. The washer is attached to a side wall of the ball-race 1 
by screws 7. The washer 6 is placed with its convex side next to 
the ball-race, and the ball-race is secured to the shaft, after its 





longitudinal position has been located, by tightening up uniformly 
the screws 7. This tightening up of the screws7 causes the washer 
to be flattened and to lose its dished or conical shape, and forces 
what was the convex side thereof into close contact with the side 
wall of the ball-race. The flattening of the Washer tends to cause 
the hole therethrough to become coned or tapered, and appre- 
ciably smaller in diameter towards the convex side of the washer, 
thus effecting a frictional grip upon the shaft. The shaft is thus 
tightly gripped, and the ball-race is prevented from being shifted 
upon the shaft by any force that is likely to be brought to bear 
upon itin ordinary use. In fixing the ball-race 2 in the chamber 5 
bored to fit the exterior turned surface of the ball-race, use is 
made of a washer 8, similar to that just described ; but in this 
arrangement, instead of the wall of the hole through the washer 
being trued up as described, the outer periphery is turned, 
ground, or otherwise worked upon, so that this face or edge is 
cylindrical and a close fit in, and parallel to, the surface of the 
hole or chamber, and the washer is placed with its concave side 
next to a side wall of the ball-race, and the holes for the screws 
are drilled near to the hole through the washer, instead of near 
its outer periphery. (Sealed January 14, 1909.) 


23,632. A. E. Kitsell, London. Hose-Couplings. 
(2 Figs.) October 25, 1907.—This invention relates to couplings of 
the Nunan type, in which the pipes are attached to swivelling 
collars that are ground on the unions to render them water-tight, 
and has for its object to render the collars water-tight without 
grinding, and to provide means for taking up any wear, and 
consists in packing the swivelling collar with a —— pack- 
ing. The outer ends of the swivelling collars @ and the adjacent 
retaining collars, or ridges, b on the tails ¢ of the coupling are 
undercut to form an annular seating of dovetail cross-section for 
the reception of a compressible packing-ring. The inner ends of 





a! 


the swivelling collars are each provided with a flange a! formed 
with an annular rib on its face, and the adjacent face of the 
locking-ring e is ved opposite the rib to receive a compressible 
aaa ee, Each locking-ring e, which comprises the usual 
claws e! and inclined flanges e2 having gaps to admit the claws, is 
rotatably held on the union part ¢ by a collar f, which is screwed 
on the end of the union part. Grooves are cut in the ends of the 
collars f to hold packing-rings. The parts are screwed up to the 
requisite tightness, and the retaining-ring sweated to the union. 
A suitable packing for the outer end of the ring may consist of a 
lead or any soft metallic or composition packing. (Sealed Sept- 








ember 17, 1908.) 
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APPARATUS FOR RECORDING THE 
ROLLING AND PITCHING OF SHIPS. 


WuiLe engaged in determining the gravity con- 
stant at sea, Professor O. Hecker, of Potsdam, an 
acknowledged authority in this field, was troubled 
with the difficulty of taking accurate barometric 
readings with the usual rolling even of a steady 
ship. The outcome of his experiments has been a 
very ——- apparatus for registering the rolling 
and pitching of ships, which he describes in a 
recent issue of the Zeitschrift fiir Instrwmenten- 
unde. We reproduce the substance of this article 
and its illustrations by permission of the editors of 
our contemporary. 

When a barometer is inclined to the vertical by 
the angle a, the true reading of the barometer will 
be B = B, cos a, where B, is the apparent reading. 
As long as a is measured in minutes, the difference 





placement—can be secured in various ways, best by 
making the ratio of the periods of rolling T, to 
the natural periods of the pendulum T,, T,/T,, as 
large as possible ; in other words, by making the 
period of the pendulum very small. The yendulum 
should hence be short, but sufficiently 
course, to overcome friction. 

Fig. 1 illustrates the apparatus which Professor 
Hecker designed for this purpose. ere are two 

ndulums, one for registering the rolling, the other 
or the pitching. The pendulums are stout, heav 
discs, pivoted near their circumference. The length 
of the corresponding mathematical pendulum can 
be deduced from the formula :— 


, 
[i 2rrdr+ rir ]f** = jr, 
0 


where r is the radius of the disc. If r= 2 centi- 
metres, the length of the mathematical pendulum 
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between the true and the apparent readings may 
be neglected. But for a = 1 deg. of arc the diffe- 
rence would already amount to 0.16 millimetre 
of mercury, and for a = 2 deg., to 0.46 milli- 
metre. It is, therefore, necessary to measure the 
inclination of the ship, so as to make the necessary 
arometer correction. If a pendulum is suspended 
on board ship in such a way that it can swing 
only transversely, the pendulum will be set into 
oscillation by the rolling of the ship, and its 
motion will be the result both of the change of 
inclination and of the horizontal displacement of 
the point of suspension. The object of Hecker’s 
device, now under notice, is to arrange the pendu- 
] un so as to minimise the horizontal displacement. 
‘he pendulum will then practically indicate the 
momentary inclination of the ship, which has to 
be ascertained. A formula for the amplitude of 
the oscillation which a pendulum describes under 
the influence of the horizontal displacement of its 
point of suspension was communicated by Wiechert 
t pe ye a Seismological Conference 
meeting a’ » in 1902. Applying that 
formula, Professor Hecker Suasiincindies os the 


object stated—the diminution of the horizontal dis- 
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would be 3 centimetres, and its period 0.18 second. 
The style attached to the pendulum has a length 
of 11.4 centimetres, and with these dimensions 
an inclination of the ship by 0.5 deg. would pro- 
duce a motion of the style through 1 millimetre. 
Hecker found that the large ships on which he 
experimented had rolling periods ranging from 
about 10 to 30 seconds; we shall revert to this 
point again, however. According to Wiechert’s 
formula, the just-described apparatus would reduce 
the horizontal displacement of the point of sus- 
pension for the two periods mentioned to 0.0049 
or 0.0005 of its true amount. The effect of that 
horizontal displacement can hence be neglected, 
— the pendulum be suitably suspended. 

e amount of the horizontal displacement is not 
the same for all parts of the ship ; the pendulum 
should be suspended near the longitudinal axis, 
about which the ship is oscillating, where the dis- 
placement is smallest. 

In the actual apparatus the discs are made of 
brass, 40 millimetres in diameter and 16 milli- 
metres in thickness; the styles, of aluminium, 
resemble the styles of barographs. The endless 
paper belt, on which the reco are inscribed, is 


stretched over two cylinders,’one of which is turned 
by clockwork at the rate of 12 millimetres per 
minute. In the improved form of apparatus which 
the optical workshops of R. Fuess, of Steglitz, near 
Berlin, are constructing, the paper is continuous, 
and the motion of the pendulum is damped by a 
liquid. The upper pendulum records the rolling ; 
its axis is parallel to the longitudinal axis of the 
ship. The lower pendulum records the pitching ; 
its axis is at right angles to the longitudinal axis of 
the ship. 

Figs. 2 to 5 are reproductions of records obtained 
on different ships. The various ships differ quite 
as strongly as to their pitching and rolling as could 
be expected. The Sonoma, 6000 register tons, of 
the Oceanic Steamship Company, was on her way 
from Australia to New Zealand when the records of 
Fig. 2 were obtained. The Manchuria (Fig. 3), 15,700 
register tons, of the Pacific Mail, was steaming from 
the Sandwich Islands to Japan. The Prinzess 
Alice (Fig. 4), 11,000 register tons, of the Nord- 
Piatt ag was steaming in the Chinese Sea ; 
and the Tanglin (Fig. 5), 1200 register tons, also 
of the Norddeutsche Lloyd, was cruising in the 
Gulf of Siam. It has already been mentioned that 
a change in the ordinate of 1 millimetre on the 
diagram corresponds to an inclination of the ship 
through half a degree of arc; the time scale is 
marked on the diagrams. The two large steamers, 
the Manchuria and the Prinzess Alice, show, in 
addition to the short-period motions, rolling oscilla- 
tions of more than two minutes. The diagrams are, 
of course, not directly comparable, as winds and 
seas differed. But the simple apparatus gives 
definite information about the pa 5% oscillations, 
which had so far hardly been studied quantitatively, 
and it will be interesting to compare these curves 
with other stability curves taken on board ship. 








THE ELASTIC BREAKDOWN OF MATE- 
RIALS SUBMITTED TO COMPOUND 
STRESS. 

By L. B. Turner, B.A., Cambridge. 
(Concluded from page 170.) 
EXPERIMENTS BY THE AUTHOR,* 


In the review of Guest’s experiments with thin 
tubes it is pointed out that although they are of 
the greatest worth in demonstrating for the first 
time, and in so comprehensive a manner, the supe- 
riority of the shear over the tension and stretch 
theories of breakdown, yet they by no means make 
it clear that the shear theory is itself anything more 
than roughly true, even in the particular case of 
two-dimensional stress. Moreover, in the experi- 
ments one of the principal stresses was always small 
or zero. Hence it was determined :— 

1. To repeat certain of Guest’s ®@xperiments, 
profiting by the lessons to be learned from his paper ; 

2. To continue the investigation into the domain 
of three-dimensional stress; and 

3. To find how far the results obtained for static 
stress may be applied to the more practical case of 
stress whose magnitude is subject to constant 
variation. 

Up to the time of writing results have been ob- 
tained for the first part only of this programme. 
The second and third parts are still in progress. 

As might be expected, the greatest discrepancies 
between the maximum shears at breakdown pro- 
duced by combinations of torque and longitudinal 
pull are to be found, in Guest's and other experi- 
ments, for the limiting cases of simple tension and 
simple shear. Combinations of pull and torque 
have given intermediate values of the shear at 
breakdown. In most of the author’s experiments 
in two-dimensional stress, simple pull and simple 
torque have been adopted for the loading of the 
specimens, and the problem has thus been attacked 
from an extreme position. If the maximum shear 
at breakdown is not a constant, the variation will 
be more apparent in these experiments than in any 
others employing a combination of pull and torque. 

The experiments fall into two groups :— 

(A) Those in which thin tubes were submitted to 
simple pull and simple torque; and 

(B) Those in which an internal hydrostatic pres- 
sure, with more or less additional longitudinal pull, 


* T have - in acknowl ing my indebtedness to 
Mr. C. E. Inglis, of King’s College, Cambridge, for his 


constant inspiration and help; and to Professor B, 
Hopkinson for his kindness in affording every facility 





for the prosecution of the work, 
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was used.’ By far the greater part of the work 
belongs to group (A); only a few confirmatory 
experimenté were made in group (B). 

e material employed throughout the tests was 
weldless steel tube, of external diameter 1 in. and 
thickness 24 B.W.G. (0.022 in.). The specimens 
were each 20 in. long, and were soldered for a 
length of 2 in. at each end into gun-metal blocks, 
by means of which pull, torque, and internal pres- 
sure could be applied. 

The longitudinal pull was applied to the speci- 
men by an ordinary small testing-machine (J. R. 
Buckton, 10,000 lb.) in which the stretch is taken 
up by a hand-wheel with a worm and spur-wheel 
gearing. In order to avoid the production of a 
bending moment owing to accidental eccentricity 
of pull, special knife-edge shackles were used. 
By means of these the pull was transmitted at each 
end of the specimen through two horizontal per- 
pendicular knife-edges resting in Y grooves; pre- 
cautions being taken to ensure that all four knife- 
edges passed through the axis of the specimen. The 
resultant pull on the specimen was thus truly axial, 
and the distribution of tension therefore uniform 
throughout the material. The calibration of the 
testing-machine was tested by comparison with a 
dead-weight load, as follows :— 


Weight of Load as Indicated b 
beeen. * achine. Testing-Machine. 
Lb. Lb. 

152 149 

909 900 


Thus the discrepancy at 900 Ib. is about 1 per 
cent. It is probable that the testing-machine is more 
accurate than the weighing-machine ; its readings 
have been taken as correct. Longitudinal exten- 
sions were measured on an 8-in. length by a Ewing 
extensometer. 

The torque was applied by weights hung on the 
end of a horizontal lever 25 in. long, the specimen 
being supported between centres on a lathe-bed. 
Friction was always less than half of 1 per cent., 
and was not sufficient to be seen in the twist read- 
ings. The twist was measured by two vertical 
lever-arms attached to the specimen on diameters 
8 in. apart. Each carried at its top end a small 
glass plate. on which was ruled a vertical scratch. 
The motion of this scratch was read against a fixed 
scale divided into centimetres, the distance of the 
scale from the axis of the specimen being 51.5 
centimetres. This method of reading the twist is 
sufliciently accurate for the purpose of the experi- 
ments, and could easily be made more so if neces- 
sary. It possesses the advantage of extreme sim- 
plicity. 

The internal hydrostatic pressures for the experi- 
ments in group B were obtained from a hand-pump 
delivering oil up to a pressure of 3 tons per square 
inch. The pump was connected, through a needle- 
valve which could be closed at will, to an intensifier 
consisting of a thick steel cylinder, into which a 
plunger could be forced by means of a screw. The 
intensifier, in turn, was connected to the bottom 
end of the specimen in the testing-machine by a 
long springy solenoid of copper pipe. The intensi- 
fier is designed for pressures up to 8 tons per square 
inch, but is also very convenient for the low pres- 
sures required for the experiments on thin tubes 
Seassthed in this paper. By turning a hand-wheel 
on the screw, the plunger is very gradually forced 
in, and the pressure may be increased or maintained 
constant with the greatest nicety. 

To anneal specimens in a perfectly uniform and 
definite fashion, so that two or more tubes may be 
known to have been similarly treated, an electric 
furnace was constructed. In its final form this 
consisted of the following constituent portions, all 
20 in. long and concentric (see Fig, 1):— 

A. Iron pipe, 1} in. internal diameter, j in. 

thick. 

B. Air-space, about 1 in. thick, 

C. Solenoid wound of iron wire ;'; in. in diameter 

and about 200 in. long. 

D. Earthenware drain-pipe, 4 in. in internal dia- 

meter and § in thick. 

E. Magnesia packing. 

F. Sheet-iron case, 10 in. in diameter. 

G. Asbestos jacket. 

The object of the air-space was to cause heat to 
pass into the specimen by radiation rather than by 
conduction. If the temperature gradient is T, the 
rate of passage of heat is, by conduction, propor- 
tional to T; and, by radiation, proportional to T*. 
Owing to the large resistance-temperature coeffi- 
cient of iron when at temperatures in the neigh- 


bourhood of that used in the furnace, there is a 
strong tendency to local heating. It was found 
that if the heat was mostly conducted from the 
heating coil to the specimen, persistent local heat- 
ing was unavoidable. The radiation device over- 
came this difticulty very satisfactorily. When the 
temperature at the centre of the furnace was 840 
deg. Cent., it was found that the fall at a distance 
of 4 in. from the centre was only about 15 deg. 

The specimens were annealed in the following 
fashion :— 

1. Specimen, surrounded by a steel tube 20 in. 
long and 18 B.W.G., was placed in the already 
heated furnace. 

2. Left in until the temperature rose to 790 deg. 
Cent. (about two or three minutes). 

3. Specimen in its sheath removed from furnace, 
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placed in fire-clay tube, and rolled about on table 
until all glow had died away. 

4, Specimen and sheath removed from fire-clay 
tube and allowed to cool together in the air. 

In this way some twenty specimens could be | 
annealed in the hour, and this with the certainty | 
that they were all treated alike. 

As already stated, the specimens were cut from 
weldless-steel tube, nominally of 1 in. diameter and 
24 B.W.G. It was thought advisable to examine | 
the accuracy of these dimensions, and this was | 
done thus :—Three specimens chosen at random— 
Nos. 4 C, 5 A, 6 B—were cut up, and four samples 
1 in. long taken from each. These pieces were | 
then cleaned ; measured for external diameter with | 
a micrometer gauge ; weighed in air ; weighed in | 
water, air-bubbles being carefully removed. | 

The results are shown in Table I. The external | 
diameters were all correct in every direction to | 
within } of 1 per cent. 


1604 Cc) 











TasLe I.—Units :—Grammes, Inches. 


Thickness 


| 
-*. Specific | .*. 





, Weight in | Weight in 
Portion. Air. | Water. Gravity. (Mean) 
1 9.005 7.905 7.64 0.0235 
aco | 2 8.980 7.820 7.73 =| 0.0280 
3 9.08 
il 4 9.10 | 
1 8.810 7.665 7.70 | 0.0297 
5A | 8.800 7.650 7.66 0.0228 
3 8.62 
4 | 8.67 | | 
1 | 8965 | 7.805 7.72 | 0.0280 
2 9.030 7.855 7.70 | 0.0233 
6B oA: 
3 9.04 Mean 
4 9.05 | 0.0220 





point round a section, the cut portions in some 
cases seemed to show an eccentricity perceptible to 
the naked eye. Since, however, the yield of the 
specimens was very sudden in both the torque and 
the pull tests, the distribution of stress must have 
been fairly uniform. In the case of longitudinal 
pull, at any rate, it is easy to see that eccentricity 
of bore would have very little effect. For if 


e = eccentricity of bore ; 
P= iene pull acting along axis of outside of 
tube ; 

A=area of section of metal ; 

a=radius of tube ; 
then there is superposed on the uniform tension 
P/A a bending moment of magnitude approxi- 
mately Pe. So the greatest difference between 
tensions at any two points in the section is 

oe ot 
to a? Aa 
2 

This divided by the ideal uniform tension is 
4e/a. And e is necessarily very small compared 
with a. 

The results of a number of pairs of tests made on 
the annealed tubing in simple pull and simple 
torque are given in Table IT. The specimens (20 in. 
long) were cut in pairs or in threes from 40 in. or 


TasBie II.—Units—Pounds and Inches. 

















' Pull Torque 1 | Difference 
Speci- (Actual (Weight Maximum | of Shears 
men- Load). on Shear. in Pull and 

Lever). | Torque. 
ti 2295 : 15,800 | ua 
sf B 23.8 17,200 } \ 4- 1200 
\ Cc 23.3 16,800 f J 
.( B on 18.8 13,550) | 
at 1975 i 13,950 J ~ 0 
f A 24.3 17,500 ) \ 
7, C aa 24.7 17,800 f + 12 
lB 2325 = 16,450 
fA | in 27 19,450 | 
8; B | 2225 = 15,750 \ \ + 4250 
C | 2070 f 14,600 f J 
fA} 2275 Par 16,100) | L 195 
101 B | i | 24.2 17,450 J + 1350 
fA} 22% id 16,100 ) ms 
1) B | ¥ | 23.5 16,950 f ee 
ait Rh | 2175 15,400 | 
121 B | | 22.5 16,200 f S00 
‘ A 2525 - 17,850) | - 
13 / i ’ + 700 
( B es 25.75 18,550 f 

A | ; | 93,95 3,75 
4 { . oie 23.25 16,750 
«ff a 2025 | Be 14,300 | 
MLB 21.75 15,700 f + 1d 

16¢t A 2250 15,900 
of A | 2225 pe 15,750 | a 
1 B | 29,25 16,050 J + 300 
ra ee 21 15,100 
iB] 1875 : 13°20 } A Aces 
f Al 2575 os 18,200) | 
=; 44 er 23.2 16,750 | gy 
of A | as 21.75 15,700) | 
1. B| 2075 14,700f | + 1000 
af Al 2275 “a 16,100) | . 
211 B | 31 2z,300f | + 6200 
me Ms 23.3 16,800) | : 
21 B | 2230 ms 15,800 J + me 
at a 2070 é, 14,650 | be 
“1 5 | a 20.72 ees be 
fA *. 21.3 15,350 | 
41 B 2170 e 15,350 f | 7 
ay oe 2375 | wm he 
25{ B i 15,650 J | _ 
‘ 
A i | 25.25 18,200 | - 
26{ B 2670 | a ies 








The table shows that the tubes were very fairly | 60 in. length of tubing. ; t 
uniform as regards mean thickness round any sec- | no difficulty in determining the yield-point. Any 
tion. As for variations in thickness from point to! sensible departure of the stress-strain graph from 


This was not led. 


v 


* Elastic limit at 4200, but no yield-point was reached up to 5700 
+ Thi : 





In these tests there was 
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rectilinearity was very closely followed by almost 
complete yield. The readings were in every case 
plotted on squared paper, the rectilinearity of the 
elastic portion of the graph verified, and the yield- 
point determined. Two typical sets of readings 
and their “ag are shown in Table III. and Fig. 2 
respectively, 

Taste IIT. 





Specimen 134 (Pull). Specimen 15n (Torque). 

















Load. Extension. Load. Twist. 
200 0 2 0.11 
500 0.67 7 0.44 

1000 1.80 12 0.75 

1500 2.92 17 1.09 

2000 4.08 19. 1.20 

2050 4.19 20 1.25 

2100 4.30 20} 1.28 

2150 4.42 21 1.30 

2200 4.56 214 1.35 

2250 4.67 22 2.5 + 

2300 4.78 

2350 4.90 

2400 5 

2450 6,13 

2500 5.26 

2550 7+ 





From the results given in Table II. we may learn 
the following :— 

1. It must not be assumed that specimens cut 
from the same piece of tubing are quite similar 
(58 and 5c, 7a and 7c, 8B and 8c). Hence, if a 
fair examination of the shear theory is to be made, 
a large number of tests is needed, and the mean 
result must be taken. 

2. Nineteen comparisons in simple pull and 
simple torque having been made, it is found that 
the difference between the shears is generally small. 
The mean difference (980 lb. per square inch) cor- 
responds to a discrepancy of about 6 per cent. 

3. Two of the cases stand out as excessively 
anomalous (tests 8 and 21), and should therefore 
be omitted in taking the average. With this 
omission the mean difference on the seventeen tests 
is 485 lb. per square inch, which corresponds to a 
discrepancy of about 3 per cent. 

These results, therefore, afford strong evidence 
of the closeness of the shear theory to the actual 
facts. Before leaving the consideration of this set 
of tests it will be well to note how completely the 
results negate the greatest tension and stretch 
hypotheses. Let 

P = pull at elastic limit ; 
= torque ; ; 
a = radius of specimen. 
Then, according to the 


Tension hypothesis, P = z; 
a 


Stretch hypothesis, P = T (1+); 
a 
T 


Shear hypothesis, P =2~-. 
a 

Now the experiments show that to within 3 per 
cent. P = 2 T/a. Hence to within the same 3 per 


cent. the tension hypothesis is wrong by . . ;, or 

50 v7 cent. ; and the stretch hypothesis is wrong by 

o= +o P : 
F ) or 35 per cent. (taking o = 0.3). 

As will be described hereafter, for the second part 
of the author’s programme—viz., to continue the 
investigation of the elastic limit into the domain of 
three-dimensional stress—large hydrostatic _pres- 
sures will be required. The apparatus to produce 
three hydrostatic pressures being ready at the time 
‘he pull-torque tests on thin tubes were completed, 
it was utilised to make a few tests on thin tubes with 
internal pressure. This was done with no idea of 
obtaining accurate verification of the shear theory of 
'reakdown, as was the case with the simple pull and 
‘orque tests, but in the knowledge that the greater 
the amount and diversity of the body of evidence, 
‘he greater will be the confidence placed in that 
‘\w of breakdown to which it all points. The tests 
were made on unannealed steel tubing of nomi- 
nally the same dimensions and quality as used in 
the former tests. Actually, however, the quality 
proved very different. Instead of the sudden yield 
closely following the elastic limit, a perfectly gradual 
curve was obtained, and the elastic limit was neariy 
twice as high as formerly. It was ascertained 
that this was not due to lack of annealing. In 
the endeavour to obtain material of the former 
quality, three separate batches of tubing were 





the more strange, seeing that the elastic limit is 
so extraordinarily high (some 60,000 lb. per square 
inch in simple tension).* However, although there 
was no yield-point, the elastic limit could be deter- 
mined with fair accuracy from the stress-strain 
diagram, a typical example of which is shown 
in Fig. 3 on the opposite e. 

The results of the testa pon in Table IV., and 
were obtained in the order in which they are given. 
The internal pressure was maintained constant, 
and the longitudinal pull gradually increased until 
the elastic limit was reached. This point was indi- 
cated on the graph, obtained by the use of the 
extensometer. 

TaBLE 1[V.—Units—Pounds and Inches. 




















a Principal Tensions. 
Longi- 
Specimen. — PO MEAL Kw ~ ‘ ; Maximum 

Pull. . Shear. 
Hydro- Longi- | 4 

static. Hoop. | tudinal. | 
20 A f 2900 — 2793 36,300 59,100 30,400 
. i} 4600 0 0 65,000 32,500 
9B {| 3900 0 0 55,200 27,600 
is 1 3300 -1790 36,300 64,800 | 33800 
90 A 3950 0 0 56,000 28,000 
{ 2750 — 2240 45,700 61,800 | 32,000 


| 


These’ figures are too few to be of much value, 
but they certainly show that the presence or ab- 
sence of large hoop tensions makes no t differ- 
ence to the maximum shear at the elastic limit, 
and in so doing condemn the stretch hypothesis. 

For the tests, now in progress, of part 2 of 
the author’s programme, the three-dimensional 
distribution of stress is obtained by a combination 
of longitudinal pull and internal ig applied 
to (comparatively) thick-walled tubes. It may be 
readily shown that the hoop tension and radial 
tension at a point in the material of a thick hollow 
cylinder, due to an internal hydrostatic pressure 
Po are respectively p and q, where 


- a - . 
P= Pris” val ee’ 


a? Te 
a= Mg allt a) 

r being the distance of the point from the axis of 
the cylinder, and a, b the internal and external 
radii respectively. Thus both the hoop and radial 
stresses are greatest at the inside layer of the 
material, and decrease to a least value at the out- 
side. At the inner layer, then, of a hollow cylinder 
submitted to an internal. hydrostatic pressure pp, 
and an extra longitudinal pull P (from testing- 
machine), the principal tensions are :— 








and 


Radial : 
— Po; 
Circumferential (or ‘‘ hoop”) : 
+a, 
Pa” 
Longitudinal : 
a2 P 


Po is at = (22 — a2y 

So that if P is sufficiently small to keep the hoop 
tension greater than the longitudinal tension, the 
greatest shear in the material is 

BR 
B- at 
Thus, by decreasing a or increasing b, the value 
of py) to produce a given shear may be increased 
until, in the limit, j) becomes equal to the shear 
it produces. 

ince with this stressing the distribution is not 
uniform, the elastie limit cannot be determined 
with -the same degree of accuracy as in the thin- 
tube experiments ; but by noting when permanent 
set first appears, or departure from rectilinearity in 
the stress-strain graph, the elastic limit can be 
determined fairly closely. These experiments will 
then provide confirmation, or the reverse, of the 
shear theory for the not unimportant case of three- 
dimensional stress. 

The work already done in determining the 
criterion of breakdown for the case of two-dimen- 
sional stress, first by Mr. Guest,.and last by the 
present writer, may a fairly taken to have demon- 
strated the working truth of the shear theory 
for two-dimensional stress. Part 2 of the author's 
programme will, it-is hoped, show whether these 


Po 








"* Two specimens of this quality had been met in the 
earlier experiments—No. 14 B, and another not tabu- 


examined, but were all of the new kind. This is | lated 








results may be extended to three-dimensional 
distributions. It remains to find out how far the 
results for steady stresses, obtained by static load- 
ing, also apply to the more practical case of un- 
steady stresses, due to varying loads. The signifi- 
cance of the static elastic-limit test is often under- 
rated simply becausé it is understood that the 
really important point to know is how great the 
working stress may be when applied in the varying 
fashion of actual use. That is to say, the great 
and deserved importance now attached to the results 
of Wohler’s and similar later work has sometimes 
caused people to overlook the utility of the 
information more easily obtained by means of a 
static test. It is quite true that an alternating- 
stress test such as Wohler made affords the pri- 
marily important data required by the designer in 
—- the strength of his material, but, un- 
fortunately, such a test is one requiring an enormous 
expenditure of time and labour to make. The value 
of the static test in such a case is the information 
it may yield as to what would happen if the speci- 
men were submitted to repeated alternating stress. 
It is to obtain some definite information of this 
relation between the elastic limit under static stress 
and the Wohler limit that the third part of the 
author’s programme is projected. The machine is 
now under construction to submit specimens of thin 
steel tube separately to (1) alternating longitudinal 
tension, and (2) alternating transverse shear. This 
is brought about in the Following manner :—One 
end of the specimen is held firmly encastered in a 
bracket bolted to a lathe-bed ; while the other end, 
by means of an attachment to the lathe-headstock, 
is in specimen (1) rotated in a circle, thus pro- 
ducing a rotating bending moment; and for specimen 
(2) axially twisted backwards and forwards, thus 
producing an alternating torque. The machine is 
to perform these two operations on two different 
specimens at the same time, and will be set in each 
case to an amplitude corresponding, when the 
material is fresh and elastic, to a definite desired 
load. The machine will then be set going, and the 
number of alternations required to break the speci- 
men with this particular amplitude will be ascer- 
tained. The corresponding load is then to be com- 
pared with the static elastic limit. It seems probable, 
from work already done, that the Wohler limit will 
turn out to be nearly coincident with the static elastic 
limit of an annealed specimen of the material. 
These experiments will show if this is the case ; 
and, at all events, they will, it is hoped, point to 
some useful relation between the Wohler limit and 
the static elastic limit in what Bauschinger called 
the ‘‘natural” state ; so that the simple static test 
may be sufficient to afford that information which 
gives the true criterion of strength of the material 
as loaded’ in actual use, and which can only be 
directly obtained by an alternating-stress test, 








THE SHORT-BASE RANGE - FINDER 
AND ITS PRINCIPLES OF CON- 
STRUCTION.—No. V. 

By H. Dennis Tayior. 
Tue Cooke Mutirary Ranoe-Finper. 


UnikE the naval range-finder, an instrument 
suitable for military use must be as light as possible 
consistently with adequate strength. The latest 
form of the Cooke military range-finder, involving 
all the improvements explained in the previous 
article, is illustrated first in Figs. 19 and 19a, 
page 206, which give respectively a sectional plan 
of the small telescope and box of working parts 
at the left-hand end of the base and the optical 
square 8, in its box at the right-hand end of the base. 

Fig. 20 is a general plan of the exterior. Five 
feet Siena adopted as about the smallest 
that will give sufficiently accurate results ; but as 
the instrument will fold up by a hinge h in the 
middle of its length, it is not too long, when folded, 
for being easily carried in a suitable case. As a 
closed tube of this length sufficiently covered with 
flannel and leather to secure immunity from interior 
air refraction under one-sided heat is very heayy— 
12 lb. or 15 lb. or so—it was resolved to discard 
such tube altogether, and substitute three parallel 
steel tubes of about $ in. in outside diameter, and 
braced together at intervals by aluminium ring- 
stays. en the instrument is in use there is one 
tube on the top, above the centre of the beam 
of light from 8,, and the other two tubes at each 
side below. The instrument is suspended by the 
top rod-just over its centre of gravity in a manner 
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to be explained later; therefore the instrument 
tends to hang level by its own weight. 

Thus the beam of light from 8, to the telescope 
practically passes through the open air, which 
freely circulates between the three parallel rods. 
As long as the side of the end box facing the tele- 
scope at the other end is suitably shaped and 
painted black, this method does not result in any 
appreciable amount of scattered light finding its 
way into the field of view, while, on the other 
hand, about 10 lb. in weight can be saved. 

At the left-hand end the light from the distant 
object enters at the glass window w,, is twice re- 
flected off the optical square S,, whose mirrors have 
their upper edges on a level with the centre of the 
objective O, thence through the swinging prism 
SP into the lower half of the objective O, which 
refracts them to a focus upon the edge of the 
separating prism at D. The light entering the 
right-hand end of the instrument enters through 
an open aperture in the box (see Fig. 19a), is twice 
reflected off the optical square S,, passes out through 
the second opening and along between the three 





the upper and lower half of the field, in which case 
coincidence is effected by either simply bringing 
one image into both horizontal and vertical coinci- 
dence with the other, or by getting one image 
directly below the other, the line joining them 
being exactly parallel to one of the guide-lines, or 
oe to the halving line. 

he change from split images to overlapping 
images is made by simply sliding the metal screen 
behind the eye-piece on one side, when the whole 
of the double image of the objective, as shown in 
Fig. 23, is allowed to enter the pupil of the eye 
through the apertures b, and b,. The eye-piece is 
arranged to give the most generally useful magnify- 
ing power of 25 diameters. 

The swinging prism S P is rotated about its ver- 
tical axis by means of a worm-sector s, into which 
gears the tangent-screw t, formed on the 
end of a steel rod c, which, at its other 
end, carries the range-drum R fixed on it. 
A spiral groove is cut on this drum in 
order to work to and fro the reading-ring f 
with its reading-mark, when the drum is 





which can be clamped as friction-tight as is desired 
into a A at fixed to the tripod head. 
The fine adjustment in altitude is effected as 
follows :—The upper tube carrying the sleeve n 
stands sufficiently high above the top of the lid of 
the box B, to allow a rod inserted in this tube to 
come over the lid, and terminate in a knurled 
head q just over the telescope. 

Fig. 21 shows a longitudinal section of the sleeve 
n viding on the steel tube v, and the hollow rod x 
from the knurled head g. This is carried through a 
bearing-sleeve b, and prevented from longitudina 
movement by the fixed screw Se projecting into a 
groove, while the end terminates in the screw 1 
screwing into the cylindrical block Z, which travels 
to and fro when « is turned, but is prevented from 
rotating within v, as it carries a pin k projecting 
from it through a straight slot in the tube r, 
and engaging in a spiral slot of very long 
pitch cut into the sleeve n—that is, its in- 
clination to the axis of the sleeve is small. 

The sleeve n is embraced tightly enough in 
the clasp fixed to the stand to form a friction- 


wW; Fig. 19a. 
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parallel rods, into a glass window w,, in the right 
end of the box B, ; it then passes through the zero 
a? Z p, which is fixed to the lid of the box, and 
1as its bottom edge on a level with the top edge 
of the mirrors of the optical square 8,, and thence 
into the upper half of the objective O, to a focus 
upon the separating prism D, where the image is 
formed. 

‘$This image is erected by being twice totally 
reflected from the two back plane surfaces of the 
erecting prism 7, which meet in an angle of 90 deg. 
in the horizontal hypotenuse line. 

The halving prism D, shown in vertical section in 
Fig. 22, causes a double overlapping image of the 
objective to be formed at a (see Fig. 19), behind 
the eye-lens, as shown enlarged in Fig. 23. The 
outside half of each image, as shown shaded, is cut 
off by the jaws k, and ¢, of a thin metal screen, 
allowing the light passing through the two over- 
lapping semicircles only to pass into the eye. 
This secures that in the lower half of the tield the 
pencils of light from the lower half of the objec- 
tive (and left-hand end of the instrument) only 
shall be employed, while at the other side of the 
halving line and in the upper half of the field only 
the pencils of light from the upper half of the 
objective (and right-hand end of the instrument) 
shall be employed. Thus if the eye is placed 
closely behind the metal jaws, it then sees the 
split-image field, just as before described for the 
naval instrument. This split-image method has the 
advantage when the seeing is more er less misty, 
and especially when the object viewed presents 
any approximately vertical outlines. But, as often 
as not, ranges have to be taken where there is 
nothing to sight on but boulders or small bushes, 
or even inconspicuous spots or stains on a hill side. 
Then if the air is fairly clear, the overlapping 
images have the advantage. By overlapping images 
is meant a field in which the images from both ends 
of the base line are simultaneously visible, both in 
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rotated. The scale of ranges is engraved upon the 
cylindrical surface between the grooves, and the 
pitch of the tangent-screw is such that about six 
and a half complete turns of the drum will suffice 
for all the ranges from infinity down to the shortest 
range. The end g is knurled, so that when the 
right hand grasps the telescope-tube at the left 
hand of the box the thumb is at liberty to operate 
the range-drum or else the other smaller knurled 
wheel at h, which is mounted on an independent 
but concentric bearing, and fixed to a steel tube k 
which terminates at its right-hand end in a fine 
screw 1 and a cone m immediately behind it. The 
screw / screws into the wall of the box, so that 
when h is rotated by the thumb the knurled head, 
the tube k, and cone m and screw | all advance 
together through a small distance. A lever fixed 
to the optical square S, terminates in a hard-steel 
point resting by spring pressure upon the top of 
the cone m, so that the advance of the latter causes 
the said lever to rise and rotate the optical square 
8, very slightly about a horizontal axis pointing 
towards the distant object, the two pivots on which 
it rocks being at p, and p,. In this way any ver- 
tical separation of the images—or halving error, as 
it is called—when the split images are in use, due 
to sagging of the rods, &c., can be immediately 
corrected. 
The instrument is fixed to its portable tri 
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stand by means of a sleeve n (Figs. 20 and 21), 
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tight bearing for rough adjustment in altitude, but 
the fine adjustment, which is often very important, 
is effected by turning the knurled head qg, which 
causes Z to traverse, and by so doing causes the 
tube v, and consequently the instrument, to twist 
round within the sleeve ». One turn of g should 
twist the instrument through about 1 deg. of 
altitude. The spiral spring p has one end fixed to 
the fixed collar c, and the other to the sleeve n, 
and, being in a state of torsion, it takes up any 
backlash caused by wear of the parts. 

The stand is so arranged that the instrument can 
be turned up in a vertical position for observation 
of range from a horizontal hill line, which is, 
especially in a very bad light, often the only thing 
capable of being observed. 

n conclusion, the writer would observe that certain 
atmospheric disturbances, exterior to the instru- 
ment, which interfere with exact observations are 
more violent on land than at sea. In the latter case 
there is nothing but a uniform expanse of water on 
which the heating power of the sun is naturally 
equal all over, while on land every rock, bush, or 
patch of bare ground, or of grass, is heated in the 
sun to different degrees, and therefore sends up 
into the air waving columns of warm air, which are 
heated in different degrees above the general atmo- 
spheric temperature. As the rays from distant 
objects have necessarily to pass through these 
columns of warmer and ascending air, it must, of 
course, be expected that they will be variously re- 
fracted, and pursue a slightly zigzag course on the 
way to the instrument ; and as the air-path of the ray 
entering one end of the instrument is necessarily 
different from the air-path pursued by the ray enter- 
ing the other end of the instrument, it may be ex- 
pected that a separation of images may show itself 
where there should be no separation, or vice versd. 
This is actually the case, but luckily these aberra- 
tions are in nearly all cases momentary, so that 
they take the form of horizontal oscillations of one 
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image with respect to the other. Ona clear summer 
day, with a very hot sun, it is quite common to see 
one image flicker with respect to the other through 
a horizontal displacement of five to ten seconds 
each way. In spite of this, however, a little watch- 
ing will enable the observer so to adjust his images 
together that the left-hand deviations from coin- 
cidence on the whole average out the same as the 
right-hand deviations, the resulting mean position 
giving the range accurately enough for practical 
purposes—that is, to within two seconds of are, 
especially if a mean of three independent readings 
is taken. 

On such hot days it is always remarkable how 
the steadiness of definition improves as soon as the 
sun gets within two hours of setting, by far the 
tinest definition being obtainable between some time 
before and after sunset. Mid-day observations in 
summer are always the most satisfactory when the 
sky is quite overcast. In order to avoid the tremu- 
lous air refraction as much as possible, it is always 
advisable to use the range-finder on the highest 
ground that is available. A simple device for 
shading each box carrying the optical squares from 
direct sunshine is provided. Of course, the triple- 
rod connection which replaces the older tube does 
not require shading. 








THE BERGEN -CHRISTIANIA 
RAILWAY. 

Tue establishment of a direct connection between 
Bergen and Eastern Norway has been under con- 
sideration for a long time, even before the advent 
of railways. In the year 1811 it was proposed to 
construct a road from Numedale across the Har- 
dangervidda, but the plan was dropped and 
nothing was done towards connecting the west and 
the east until the scheme of a railway was mooted 
in the year 1870. Two engineers then inspected 
part of the intervening mountains, and pronounced 
it as their opinion that the project was feasible. 
In the year 1875 the Storthing voted the necessary 
funds for the commencement of work on a railway 
from Bergen to Vossevangen, which line, in accord- 
ance with the views prevalent at the time, was 
narrow-gauge (1 metre) ; this line, now a section 
of the Bergen-Christiania railway, was opened 
for traffic in the summer of 1883. 

Surveys and other preparatory work for an ex- 
tension of this line further east were continued, 
but they required a long time, and it was not until 
th e year 1894 that the Storthing granted a vote for 
suiding a railway from Vossevangen vid Flaams- 
dalen to Taugevandet, one of the highest points 
between Aurland and Hallingdale. This left the 
(uestion of the continuation of the railway in the 
eastern direction, whether by way of Hallingdale 
or Numedale, an open question. A decision was 
not arrived at until 1898, when the first supplies 
were voted for a railway from Tapani to 
Gulsvik at Kréderen and on to Roa. This meant 
that the Bergen railway was to be connected with 
the north railway and to the older railways of the 
eastern districts, all of which railways have normal 





geuge (1.435 metres), in consequence of which the 
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first instalment of the Bergen-Christiania railway 
(the Voss railway, referred to above) was altered 
from narrow to ordinary gauge during the years 
1898-1904. 

On October 9, 1907, the rails from east and west 
met at Usteoset, and it was then possible for a 
locomotive to proceed over the mountains down 
into the eastland valley. There was thus accom- 
plished an engineering feat. of exceptional import- 
ance, but the difficulties have not yet been entirely 
overcome, snow having given great trouble during 
part of the summer. Besides, the line is not 
complete yet, inasmuch as the section from Gulsvik 
to Hénefoss and on to the Roa station on the Chris- 
tiania-Gjévik line, a distance of some 55 miles, 
is still in course of construction. At present the 
connection eastward from Gulsvik to Christiania is 
brought about by means of a steamer from Gulsvik 
to Kréderen, and from there by a narrow-gauge 
railway vid Vikesund and Drammen to Christiania. 

The entire mileage of the Bergen-Christiania 
Railway, when completed, will be about 308 miles. 
Of this the eastern section (the works have been 
divided into an eastern and a western section, 
in a way independently of each other) accounts 
for about 130 miles, from Roa to Usteoset. 
Amongst the many important works on this section 
may be mentioned 41 tunnels, representing an 
aggregate length of about 25,000 ft. ; the longest 
of these tunnels, the Haversting Tunnel, is about 
7700 ft. long. There are 14 large bridges, of which 
the largest three are stone bridges, one with a 
span of 150 ft., one with a 60-ft. span, and one, 
566 ft. long, with eight spans of 70 ft. Of the iron 
bridges, one has a span of 180 ft., one a span of 
150 ft., four with spans about 80 ft., &. The 
earthwork has in many cases been extensive ; at 
Hénefoss, for instance, is a cutting in clay which 
has necessitated the removal of some 250,000 cubic 
metres of soil. Snow screens have been erected for 
long distances, especially on the mountain heights 
between Mjélfjeld and Gjeilo, a distance of some 
60 miles. 

Amongst the many tunnels on the western 
section, the one through the Hyringen mountain 
is 4440 ft. long. Beyond Vossevangen the railway 
begins to ascend in earnest, and passes through a 
country which is the wildest any European railway 
traverses. The technical difficulties in constructing 
a railway at this height, and under this latitude, 
(60 to 61 deg.), are difficult to realise, and Nor- 
wegian engineers have again shown themselves 
equal to a most difficult task. The country in! 
this part is one of the world’s most thinly- 
populated mountain plateaus ; the winter lasts 
eight to nine months and sometimes longer. The 
downpour is tremendous, and the storms prevalent 
there terrific. The highest point on the Bergen- 
Christiania line is 4340 ft., which, considering 
the latitude, would correspond with a height of 
quite one third more in the Alpine regions, where, 
however, no ordinary railway reaches this height. 
The railway at the Albula Pass attains 6080 ft. ; 
the Wolfgang (narrow-gauge), 5440 ft. ; the Brenner, 
4570 ft. ; the Arlberg Tunnel, 4570 ft. ; the 
Mont Cenis Tunnel, 4310 ft. ; and the Gothard 





and the Simplon Tunnels are both lower. The 
longest tana on the Bergen-Christiania Railway 
is close to Opset ; it passes through the Urhovde 
Mountain, and is 17,660 ft long ; the highest point 
is at Fagerbotn (4340 ft.). When the line is com- 
pleted, the distance between Bergen and Christiania 
can be covered in some 13 to 14 hours. 

We hope in a future issue to deal more fully 
with this most interesting piece of modern railway 
construction. 
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Facts, Figures, and Formule for Irrigation Engineers, 
being a Series of Notes on Miscellaneous Subjects con- 
nected with Irrigation. Compiled by Ropert Burton 
Buckiry, C.S.1., Chief Engineer, Indian Irrigation 
Department (Retired). London: E. and F. N. Spon. 
1908. [Price 10s. 6d.] 
Ir is desirable on many grounds that the results of 
practical experience gained in construction and 
engineering works generally should be put on per- 
manent record in a form easily accessible for future 
reference. Mathematical analysis or personal in- 
tuition are alike unable to supply the place of 
actual practice. For such reasons we welcome Mr. 
Buckley’s book, which, though it may not contain 
anything original, presents a quantity of informa- 
tion whose practical value has been tested and sifted 
in the course of an active life spent on Indian irri- 
gation works. Its intention is to enable others to 
start from a more advanced position than did the 
author himself; though, of course, in the pro- 
gressive state of our knowledge, it would not be 
prudent to cling too slavishly to the ancient rules 
of the service, in the face of more recent or more 
effective information. By way of illustration, one 
might refer to a matter to which the author has 
devoted very considerable pains and attention— 
the application of Ganguillet and Kutter’s formula 
in calculating the flow of water through, and 
the determination of the dimensions of, canals. 
In India this formula has been widely, if not uni- 
versally, adopted, yet it is very doubtful if the 
simpler expressions due to MM. Darcy and Bazin 
are not equally trustworthy and more convenient 
in use. Following Professor Unwin, the author 
admits that the coefficients in Kutter’s formula 
have been adopted to fit certain experiments on 
the Mississippi, where the hydraulic mean depth is 
large and the slope is small. Leaving out of the 
question that the gaugings were made by the 
method of double floats—a proceeding which is not 
altogether above suspicion—it is not unreasonable 
to suppose that in indefinitely large channels the 
influence of the roughness of the stream bed would 
tend continually to diminish, so that, in Mr. 


Buckley’s notation, J ~v would tend to a value 


common to all classes of channels. But the more 
complicated the formula the greater the advantage 
it has in disposing of several arbitrary constants, 
while accommodation between theory and practice 





is promoted by a judicious selection of the ‘‘ coeffi- 
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cient of roughness.” Tables showing the results 
of comparison between the formule suggested by 
various authorities would have been valuable. 

As a work on irrigation, and all that irrigation 
involves, Mr. Buckley treats precipitation in all 
the forms it assumes in the cycle, from evaporation 
till, after serving many purposes, it disappears 
again as vapour. 
its measurement and effective distribution over large 
areas, its waste by absorption and evaporation, 
its storage, its removal by canals, involving prob- 
lems concerning the capacity, the structure, and 
arrangement of these watercourses, are all given 
here, frequently accompanied by shrewd and per- 
tinent observations. Evaporation is dealt with less 
satisfactorily than some other topics, but it is a 
subject of. peculiar difficulty. Accurate statistics 
are wanting, and the plan on which they should be 
collected is still debated. The ratio between 
annual precipitation and evaporation is a matter of 
prime importance, economically and meteorologi- 
cally ; but this depends upon so many variables 
that it is difficult to interpret the results correctly. 
For a given air temperature, the rate of evapora- 
tion from a water surface will vary with the area 
of the surface exposed, and with the depth of the 
water, in addition to the varying humidity of the 
surrounding air, which is generally regarded as the 
main factor. Moreover, the rate of evaporation 
from moist substances will be modified by . the 
nature of the substance and with the amount of 
moisture it contains. Formule obtained from ex- 
periments are very discordant, and probably the 
explanation lies in the uncertainty of the wind 
velocities, anemometers generally being erected at 
some distance from the experimental tank. In the 
experiments referred to by Mr. Buckley there is 
no mention of the exact wind velocity, though the 
various authorities quoted allude to the influence 
of this factor. : 

Into the problem of storage of water, involving, as 
it does, the construction of dams and similar works, 
the strength and suitability of the materials em- 
ployed necessarily enter, and these conditions give 
the author opportunity for discussing the strength 
and adhesion of mortars and concrete, bricks and 
stones, and the pressure on masonry and founda- 
tion. Here there is evidence of care and good 
selection, though there may not be scope for 
original treatment. The forces operative on 
masonry dams is a subject that is now exercising 
both mathematicians and practical engineers, with 
the inevitable result that theoretical investigation 
and practical requirements are not in complete 
harmony. But Mr. Buckley’s figures include those 
of the most recent discussions, A reference is 
made to that inaugurated by Professor Karl 
Pearson, based on experiments made with jelly 
dams. It will be sufficient to refer to the observa- 
tions that have appeared in our columns to indicate 
the opposing views that are held by competent 
authorities. In any case the author's remarks on 
temperature effects are pertinent, and one may 
endorse the opinion, attributed to Professor Pear- 
son, ‘‘that if existing dams are stable, we must 
attribute, in the first place, much more to experi- 
ence in the choice of existing contours than to any 
validity in the customary theoretical test; and, 
secondly, to the use of extremely large factors of 
safety.” 

In many of the admirably arranged tables dealing 
with statistics, the economist will be as interested 
as the engineer. Thus, in discussing the ‘‘ duty of 
water,” or the relation between the volume of water 
used and the area of crop maintained, much infor- 
mation is given of the cost of works and the result- 
ing outturn of crops. One sees at a glance what 
has been the capital cost per acre of irrigable land, 
and the expenses of irrigation and distribution on 
Indian canals, in comparison with those of Egypt 
and other countries. Similarly, with regard to 
tanks and reservoirs, we get a’ better idea of what 
has been accomplished in the way of remunerative 
works. The statistics collected give ample informa- 
tion as to the total outturn of such crops as wheat, 
cotton, jute, sugar-cane, but they do not enable us 
to see very clearly what has been the economical 
result of irrigation. Rice is treated rather more 
fully. Details of the weight grown on experimental 
plots show that the increased value due to irriga- 
tion varied from 10 Rs. an acre from the Orissa 
Canals to 23 Rs. from the Eden Canal. This last 
very favourable figure was due to the high price of 
straw in the Hooghly district. The charges made 
for water vary from 1 rupee an acre for rice crops, 


ata and formule connected with, 





in parts of Bengal, to 20 rupees an acre for sugar- 
cane crop in Bombay. _ The average value of the 
crop raised to the average rate of irrigation revenue 
is about 8:1, but varies considerably in different 
parts of India. . 


An Elementary Manual of Radiotelegraphy and Radio- 


telephony for Students and Operators. By J. A. | 
D.Se., F.R.S., Pender Professor of | 


Fiemine, M.A., 
Electrical Engineering in the University of London, 
Professor of Electrical Engineering in University 

College, London, &c. London: Longmans, Green, 

and Co. [Price 7s. 6d. net. ] 

Two years have passed since Professor Fleming 
published his treatise on ‘‘ The Principles of 
Electric Wave Telegraphy ”—a work in which the 
subject was treated ” mathematical analysis of an 
advanced kind. To students capable of appreciat- 
ing such analysis, that work will appeal by its 
thoroughness and comprehensiveness, but there are 
many persons interested in the subject of radio- 
telegraphy whose training does not fit them for 
the study of such a volume, and for these Pro- 
fessor Fleming has now produced the present 
volume, dealing with the same pe on more 
elementary lines. We feel sure it will appeal toa 
large circle of readers. For any theoretical dis- 
cussion of radiotelegraphy a certain amount of 
mathematical analysis, involving some use of the 
differential calculus, is essential ; but in this work 
that is reduced to really small compass, and the 
author has endeavoured to teach the electrical 
principles by mechanical and other analogies where- 
ever these are applicable, and by physical concep- 
tions instead of mathematical formule. The result 
is a most interesting and instructive volume, giving 
an excellent account both of theory and practice as 
these stand to-day. 

We do not propose, in this review, to discuss the 
subject-matter of the volume in detail, but will 
rather confine ourselves to a brief outline of the 
author’s method of treatment. Radiotelegraphy is 
based upon the creation of electrical oscillations in 
a certain type of circuit, and the author therefore 
makes it his first duty to make the reader under- 
stand the different qualities of an electric circuit— 
resistance, capacity, inductance, &c.—and the effect 
upon the values of these qualities when high fre- 
quencies are used. One of the best features of the 
volume appears to us to be the care taken, and 
skill shown, by the author in explaining the part 
played by each element in the circuit, the nature of 
the oscillations produced, and the reasons for the 
selection of the particular kind of oscillation used 
in transmitting electric waves to distant stations. 
Naturally, this instruction is not completed in a 
single chapter ; it is given gradually and progres- 
sively in a well-planned series of chapters, which 
cover the whole theory of the subject, and at the 
same time keep constantly in view the practical 
result to be aimed at. 

When the reader has understood this instruction 
he should be able to follow intelligently all the 
details of a practical installation for radiotelegraphy, 
and Professor Fleming is a most competent guide 
for such a tour of inspection. In these pages he 
gives a good account of the most modern equip- 
ment of transmitting and receiving stations, both 
for long and for short distances, illustrating his 
discussion by views of apparatus and of exteriors and 
interiors of stations, and devoting a special chapter 
to the measurements which have to be made by 
operators and the apparatus used for such measure- 
ments. The concluding chapter of the volume 
deals with radiotelephony—a subject which has 
now reached an advanced stage of development and 
in which further important progress may, with 
every confidence, be expected. 

Quite recently Professor Fleming has given lec- 
tures on -the subject of this work to post-graduate 
students, and for them the volume will have a 
special interest ; but to all present or intending 
students of the subject, whether they have high 
mathematical training or are familiar only with the 
more elementary facts and principles of electrical 
science, we confidently commend the work as one 
which will be most helpful to them. It is well 
printed, and the illustrations are excellently pro- 
duced. We have only detected a few minor errors 
which have escaped the notice of the proof-reader. 
On page 114, line 4, ‘‘ distress” should be ‘‘ stress ;” 
on page 130, line 25, ‘dielectric, outside which” 
should be dielectric outside, which ;” and on 
page 152, ‘‘of” at the end of line 24 is repeated 
again at the beginning of line 25. 
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ELECTRIC WELDING. 
(Concluded from page 138.) 

WE have already referred to ‘‘spot-welding ” as 
an extremely useful substitute for riveting in many 
classes of work. We believe, when this is better 
known, it will find very extended application, for 
the work is cheap, quick, and thoroughly reliable. 
Instead of drilling or punching holes, and inserting 
rivets to make a joint between sheet metal, the 
pieces are merely placed together in the required 
position and nipped by the jaws of the welder at 
the point where the rivet would be required. The 
two or more thicknesses of metal are then fused 
together at that point by the passage of a heavy 
current, and the job, which only takes a moment, is 
finished. One would think that it would be very 
easy to split apart such a connection, but it is, in 
fact, astonishingly difficult, as some of our later 
illustrations will make evident. 

A small spot-welding machine, designed by the 
British Insulated and Helsby Cables, Limited, is 
illustrated in Figs. 35 to 40, on Plates XIX. 
and XX. It is primarily adapted for thin sheet- 
metal ware, and is capable of a very wide range of 
work. The body of the machine contains the weld- 
ing transformer, the single secondary turn of which 
is C shaped. Down the front of the Gis fixed a 
slotted copper table, at any point of which the 
fixed terminal of the machine may be bolted. The 
upper jaw of the © terminates in a massive hinge, 
sheet which the movable terminal rocks in a ver- 
tical plane. The terminal itself is a long hollow 
water-cooled copper bar, cramped in an arm which 
can be swivelled on its base. Thus the two ter- 
minals can be brought tegether at about any position 
in front of the machine, and the swivelling of the 
upper one enables awkward work to be dealt with, 
such as welding a handle to the cup, as shown in 
Fig. 35. The fixed terminal is also water-cooled, 
and incidentally involves a very pretty piece of 
coring, as the channel is made so as to ensure a 
definite water circulation to the root of the weld- 
ing tip (see Fig. 40). Flexible pipes, of course, 
lead the water to and from the terminals. 

By depressing the pedal, the vertical rod at the 
back of the machine is caused to rise and force the 
upper terminal downwards on to the work. The 
rod is fitted with rollers at cach end which work 
against pads on the pedal-lever and welding-head 
lever, and thus neutralise the circular motion of 
the lever ends. The upper pad has a‘layer of in- 
sulation between it and the welding-lever, as the 
latter is alive, rege at only the extremely low 
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throughout, but consists of two parts separated by 
a stiff spring. The latter is strong enough to 
transmit the pressure of the pedal required to 
depress the upper terminal and nip the work. 
The upper end of the rod can then go no further, 
and the continued action of the pedal commences 
to telescope the rod against the pressure of the 
spring until the switch, which is attached to the 
lower part of the rod, is closed. It will be obvious 
that the switch cannot be closed until the work is 
tightly nipped between the terminals, and the work 
cannot be released until the switch is open. This 
prevents any spluttering at the terminals, and 
relieves the workman from the necessity of thinking 
at all about his switch. The contact-pieces of the 
litter, it may be added, are of carbon, and are 
spring-supported, so that they make good electrical 
contact, and are not liable to be broken. F 
Originally to meet the needs of a London firm, 
who manufacture great quantities of platinum- 
tipped screws for electrical contact-breakers, &c., 
the British Insulated Company have placed on the 
market the small electric welding-machine illus- 
trated in Fig. 41, Plate XX. Its primary function 
is to weld the platinum tips to steel screws, but it 
may be adapted to welding or heating articles of 
moderate thickness and size, or spot-welding on 
small flat work. The welding of platinum tips to 
screws may scem a small matter, but the saving 
thereby effected is considerable. Apart from the 
speed and convenience of the process, the work is 
far better than soldering, and the platinum is 
usable down to its last particle. The operation of 
the machine when welding platinum tips is as 
follows :—The tips are placed in the vertical brass 
tube atthe front of the machine, where they rest one 
above the other, and loosely fitting the tube. The 
tips are fed to the welding-point by means of a hand- 
lever, the course of which is limited by set-screws, 
and which operates a sliding-fork to and fro. The 
set-serews are so adjusted that at one end of the 
stroke the fork is clear of the feeding-tube, so as 
to let one tip drop, while at the other end of the 
stroke this tip is left on the fixed electrode cen- 
trally with the hole in the copper bit of the sliding 
electrode. The screws are put into this hole, and 
are held in position by a spring clip. During the 
time that the machine is in use the hand-switch 
remains closed, and the switching on and off of the 
current is automatically done by the action of press- 
ing and releasing the pedal, which presses the 
screws against the tips and welds them together. 
The arrangement of the pedal and switch is similar 
to that of the machine previously described. 
Having now dealt with typical machines for per- 
forming practically all the varied classes of work to 
which the Thomson process of electric welding has 
yet been commercially applied, we will conclude 
these articles by giving a few examples of the 
excellence of the work performed. As regards 
pure butt-welding, whether of wires, rods, or other 
sections, little need be said. The work is, gene- 
rally speaking, of a strength fully equal to that of 
the original metal. Copper rods and wires have 
been joined up by butt-welding for years in wire- 
mills, and stand the strain of drawing down after- 
wards without signs of weakness. Hard-drawn 
brass rod and iron rod, after welding, can be bent 
at the weld and twisted as desired without fracture, 
and specimens, when tested in tension, do not break 
at the weld more frequently than elsewhere. With 
the effectiveness of lap-welding we have already 
dealt. The appearance of the specimens shown in 
Fig. 16, Plate [X., ante is conclusive evidence of 
the soundness of the work, and we need not add to 
what we said in our description of them. 
The examples of spot-welds, tested to destruction, 
‘lustrated in Figs.'42 to 44, Plate XX., speak for 
themselves. ' Fig. 42 represents two mild-stee) clips 
ectrically spot-welded, and tested by Lloyd’s Prov- 
ing House. ~The upper one consisted of two pieces 
i inild-steel bar, 2 in. by ; in., fastened together 
‘y 2 single butt-strap of the same section. Four 
)»t-welds formed the connection between each piece 
and the butt-strap. The specimen failed, as the 
illustration shows, clear of the welded joint, and at a 
tension of 11.025 tons, or 29.01 torfs per square inch. 
The second clip was of the same material and section 
as the first, but had a butt-strap welded on each 
side. As before, there were four spot-welds on each 
‘ide of the joint. This clip also failed clear of the 
joint, under a pull of 11.787 tons, or 31.01 tons per 
square inch on the original section. In both cases 
the official report of the tests states that the weld 
did not appear to have been disturbed. 





Figs. 43 and 44 are particularly striking. In the 
first case three pieces of mild steel 1} in. wide, 
#: in. thick, and 2 in. long were placed together 
side by side and fastened by a single spot-weld at 
the middle. Attempts were then made to burst 
the pieces apart by driving a set chisel into the 
joints at oneend. The illustration shows the result, 
and the punishment of the metal indicates the force 
applied. The two side-pieces were eventually bent 
backwards through nearly 120 degrees, the metal 
being torn away round the welded spot and leaving 
the beginnings of round holes in the side-pieces. 
It should be stated that the specimen was oe held 
at the edges during the test, so that it owed none 
of its resistance to the vice-jaws. The appearance 
of the fracture round the weld shows the metal not 
to have been burnt by the welding, and the chisel- 
owe reached the edge of the spot on both sides 

fore fracture started. 

The pieces of iron shown in Fig. 44 formed part 
of a specimen originally composed of three tits 
of flat iron 1} in. wide by } in. thick by 3 in. long, 
fixed together by two spot-welds. As in the former 
case, a set chisel was driven in the joints at one end 
until the pieces were separated. e diameter of 
the welded areas, as measured after fracture, is 
jin. in each case. The two side-pieces had to be 
given a short bend outwards of about 45 deg., and 
the first spot cut right into before fracture. The 
side view of what was originally the middle piece 
shows the lumps corresponding to the welds, and 
proves that these welds do not merely ‘‘ come un- 
stuck,” as one might at first imagine them likely to. 
The breakage extends in one case through the 
outside skin of the side-piece, and in another it 
must be exceedingly near to it, but owing to the 
grain of the metal the type of fracture illustrated 
in Fig. 43 cannot be expected: Nevertheless it 
is sufficiently remarkable, and in no case does 
there appear the least trace of a flaw or un- 
welded portion of the ‘‘ spot.” We have before 
us many specimens of spot-welds made in thin 
material and subsequently destroyed. Unfortu- 
nately, no photographic reproduction of them 
would show their characteristics, but we may say 
that in every case the metal has torn away 
round the weld, leaving the spot standing as a 
sort of rivet on one piece. In fact, they appear 
as good as they could possibly be, and it is very 
questionable whether a riveted joint would stand 
nearly as much abuse. Moreover, there are no 
rivet-heads sticking up above the surface’ of the 
metal. There is practically no external sign of a 
3pot-weld in thin metal, but when thick material is 
welded together there is a slight circular depression 
on each side, the prints of the welder terminals on 
the softened metal. 

On Plate XXI. we reproduce a number of micro- 
photographs by the chemist of the British Insu- 
lated and Helsby Cables, Limited, which show 
how perfect is the union between similar or 
even different materials welded by the machines 
we have already described. Figs. 45 to 48 are 
all sections through welds formed between. diffe- 
rent metals. In the first three illustrations the 
metals are brass and copper respectively, the 
copper being on the right-hand side in all cases. 
The difficulty with making micro-photographs of 
this nature lies in the impossibility of etching the 
metals equally in most cases. If etching is con- 
tinued until both are attacked, local galvanic action 
takes place at their junction, and causes a black 
line to appear at this point. This is very evident 
in Fig. 47. In the two previous illustrations the 
structure of the brass is well brought out, the 
copper not being etched. The magnification in the 
first case is 160 diameters, and in the second 250 
diameters. 

Fig. 48 shows a section of a weld between gun- 
metal and iron, under a magnification of 160 
diameters. The interesting point about it is the 
existence of a deep fissure’in the iron, into which 
a river of molten brass has penetrated. This 
appears more clearly in the original than is pos- 
stile in the reproduction, and examination of the 
specimen itself shows the brass as a thin yellow 
line penetrating the iron. That such a penetration 


can take place is ample evidence of the fluidity of | 


the brass and the effectiveness of the upsetting 
action of the machine at the moment of welding. 
A section through a T weld of two pieces of 


copper is reproduced in Fig. 49, the enlargement | 


being 160 diameters. It brings out the structures 
well, and shows the interloc ing of the crystals. 


There is absolutely no faulty place at the weld. | 


Fig. 50 shows a weld in bronze, magnified to 50 
diameters. Here again the union is so perfect that 
the original line of separation of the metals is 
indistinguishable. In Fig. 51 the section through 
a rim-weld is reproduced, enlarged to 30 diameters 
only, to show the grain of the iron of which the 
rim was made. The three lowermost illustrations 
—namely, Figs. 52 to 54—are all micro-photographs 
of mild steel ; Fig. 52 is a section taken through a 
weld, and Fig. 53 a section of another portion of 
the same material, both magnified to 50 diameters. 
They are therefore strictly comparable, and without 
previous knowledge a person would probably make 
a mistake in pointing out the welded section. The 
last illustration, Fig. 54, shows a weld in mild steel 
magnified to 80 diameters, and here again it is 
impossible to see any indication of the union. 

he British Insulated and Helsby Cables, Li- 
mited, make several types of machines other than 
those we have illustrated and described, but we 
have dealt with a sufficient number to show how 
thoroughly the process of electric welding has been 
worked out at Prescot. Those who have studied 
the designs of the machines illustrated will appre- 
ciate the ingenuity and excellence of their mecha- 
nical details. Every type has been built with a 
view to its special class and range of work, and the 
designer deserves great credit for the originality 
shown in facing the various problems. ere is 
undoubtedly a great future for electric welding in its 
various applications. The speed, cheapness, and 
consistent goodness of the work done by electric 
welding-machines is hardly yet recognised by the 
general engineer, nor is the wideness of the appli- 
cation of the principle adequately appreciated. The 
machines, bei ractically automatic in action, 
require no skilled attention, and do work which, 
without them, would be impossible of performance 
by even the most highly-trained craftsman. Elec- 
tric power for their operation is almost everywhere 
available, but even if a special generator has to be 
put down the cost is trivial as compared with the 
saving the machines will effect in places where there 
is occupation for them. . 








THE PACIFIC STEAM NAVIGATION . COM- 

PANY’S TWIN - SCREW STEAMER 

** ORCOMA.” 

THERE is published on page 210 deck plans of the new 
Pacific Steam Navigation Company's mail and passen- 
ger steamer Orcoma, and these will be studied with 
interest, as this vessel represents a type which is very 
largely utilised in the merchant service of ‘practically 
every country. She has extensive passenger accommo- 
dation, accommodating in all 1150 passengers, and at 
the same time has a satisfactory revenue-earning capa- 
city in respect of cargo, the holds taking over 7000 tons 
of paying cargo. She is built for high economy, and on 
an extended sea trial attained a speed of 134 knots, 
with the engines developing 10,000 indicated horse- 
power under the most economical conditions. 

The Orcoma was built and engined by Messrs. 
William Beardmore and Co., Limited, at their Naval 
Construction Works at Dalmuir, and in designing her 
for the trade between Live l and the River Plate 
and the West Coast of South America there was com- 
bined the long experience of the professional officers 
of the Pacific Company and of Messrs. W. Beardmore 
and Co, The deck plans indicate that, without limiting 
the cubical capacity of the separate cabins, the most has 
been made of the area allowed for the accommodation 
of ee te The state-rooms have been designed 
on the Bibby tandem system, to give every room a port- 
hole for ventilation from the vessel’s side, and all of the 
berths are placed fore and aft. This is particularly 
well shown in the arrangement of the cabins on the 
| deck (Fig. 4). There are berths for 250 first-class passen- 

gers on what are known as the D and C decks, corre- 
se to the upper and promenade deck ; 200 second- 
e passengers are accommodated, mostly on the K, or 
| main, deck, while forward on the same level there is 
room for 100 intermediate passengers. On the F, or 
lower, deck there is accommodation for 600 steerage 
passengers. It goes without saying that the fittings 
of the cabins are in accordance with modern practice, 
as the Pacific Steam Navigation Company has, from its 
inception, been noted for its*enterprise. 

The first-class dining-saloon, which is situated for- 
ward on the main deck (Fig. 5), occupies the full width, 
and 60 ft. of the length of the ship. It will be noted 
that only small tables are used, the maximum number 
of passengers at any table being eleven. A pleasing 
feature is the horseshoe-sha tables, with tip-up 
chairs, for five or six passengers, along both sides of the 
saloon, so that small companies can have a large amount 
of seclusion. The room is decorated in the Adams style, 
the woodwork is of a pale golden colour, relieved with 
enrichment in French ormulu gold. Wrought-metal 
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grilles, of delicate shaded gilt, take the place of curtains 
at the port windows. There is a large}light and air- 
well, which extends considerably above the promenade- 
deck. On the upper deck there is arranged a cosy 
ladies’ boudoir. On the promenade-deck (Fig. 3) 
there is the now inevitable lounge, or social hall, 
which is in the Louis Seize period, with white 
panelling and green upholstering. The furniture is 
of satinwood, and the open hearth is fitted with an 
electric fire simulating burning logs. The first-class 
smoking-room is on the upper promenade-deck, and is 
treated in the baronial style of the Jacobean period, 
with a fine semblance of the low-ceiling ingle-nooks of 
the eighteenth century for groups and card parties. 
There is a domed roof with ribs and dormer windows, 
which eliminates the cold effect of a top light. In the 
old-fashioned windows there are coats of arms of all 
the South American and old Spanish States, and the 
gold. and leather walls, with representations of the 
galleons of by-gone days, add to the generally antique 
effect. Abaft of the smoke-room is a large caté lounge, 
which is sheltered from the wind and weather by 
side and top screens, but is open at the after end. 
_ The accommodation for the second-class passengers 
includes a large dining-saloon, also the full width of 
the main deck (Fig. 5). A double stair leads from this 
to the second-class smoking-room, which is on the 
promenade-deck. On the upper deck there is the 
ladies’ saloon for the second class. The provision for 
the intermediate and third-class passengers has been 
ated with great liberality. 
Che electric installation of the vessel is of an elabo- 
character, and provides current for lighting ex- 
ling to the remotest corners of the ship, for ovens 
read-kneading machines, glass and plate-washers, 
tires, laundry, ventilating -fans, &c., and for a 
‘ssenger-lift connecting the public rooms with the 
sleeping accommodation and promenade-deck. 
_ On Plate XXII. there is given a view of the vessel on 
er trial trip, and a photograph of the machinery as it 
stood in the erectin -shop in Dalmuir Works; but as 
we propose to publish drawings of the machinery in a 
subsequent issue, we shall defer a description, content- 
‘ng ourselves now by giving here a table of dimensions : 


Length over all... : 5 
ae th et a 
Depth... a yaa . 40 ft. 6in. 
Number of first-class passengers 250 





Number of second-class passengers... 200 
Number of third-class passengers ... 100 


Number of steerage mgers.. 600 
Cargo capacity of holds 7,000 tons 
Gross tonnage ... 11,538 ,,: 


Indicated horse-power of quadruple- 


expansion machinery 10,000 
Speed on sea trial os re .. 174 knots 
Diameter of high-pressure cylinder... 26 in. 
Diameter of first intermediate-pres- 

sure cylinder ... ee m “a 374 ,, 
Diameter of second intermediate- 

pressure cylinder 534 ,, 


Diameter of low-pressure cylinder ... oe ve 
Piston stroke i ae 
Cooling surface in condenser 
Number of boilers:—Three double- 
ended and three single-ended. 
Working steam pressure a 210 Ib. 
Total heating surface ... 25,000 sq. ft. 
The hull and the machinery were constructed under 
the supervision of Mr. James Thomson, consulting 
engineer for the company, and Captain Lawrenson ; 
the resident inspectors for the machinery being Mr. 
H. Ballantine, superintending engineer, and Mr. 
T. A. Graham, inspecting engineer. 


(To be continued.) 
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THE FLEMING CYMOMETER. 

WE illustrate on this page a very compact form of 
his direct-reading cymometer, which has recently been 
brought out by Professor J. A. Fleming, D.Se., of 
University College, London. It was exhibited in the 
British Science Section of the Franco-British Exhibition, 
and awarded a diploma for a grand prize. The instru- 
ment is intended for measuring the length of the electric 
waves used in wireless telegraphy, and does not differ 
in principle from Professor Fleming’s previous machine 
as made by the Marconi Wireless Telegra h Company, 
Limited, of Watergate House, York - buildings, 
Adelphi, London. As is well known, the natural 
oscillating period of an electric circuit is given by the 


formula 
é a J/eL 
5,000,000" 


where C is the capacity of the circuit in microfarads 
and -L its inductance in centimetres: Hence, if the 





CYMOMETER. 





product of the capacity and inductance of twodiffe- 
rent circuits are the same, the two circuits will be 
in ‘‘resonance,” and any oscillatory current in the 
one will excite similar oscillations in the other. The 
cymometer consists, therefore, essentially of an in- 
ductance and a capacity, both of which are continu- 
ously variable at will. 

In using the original form of the instrument certain 
parts of it projected far beyond the limits of the case in 
which it was enclosed when not in use, ana it is this which 
constitutes the essential difference between the old and 
the new form, the latter being essentially self-contained. 
In order to render more visible the essential details of its 
construction, the cymometer in our engraving is shown 
removed from its case, but with the cover in position, 
since in this cover is fixed the rectangular coil of 
wire, which in conjunction with the variable capa- 
city and resistance, forms the inductive circuit. The 
variable inductance consists of a coil of wire 
wound on the cylinder shown to the right, whilst 
the capacity consists of the telescopic tubes, shown 
on the left. By turning the winch,*the ¢apacity is 
varied by telescoping the tubes aforesaid into each 
other, whilst simultaneously the inductance is also 
changed by the motion of the sliding contacts shown. 
By means of the handle on the left the half nuts on 
the adjusting-screw can be opened; the capacity 
and the inductance can also be varied independently, 
enabling the instrument to cover a very great range of 
wave-lengths. In using the instrument the coil in the 
cover is arranged adjacent and parallel to the circuit, 
or antenna, the period of the oscillation in which is to 
be measured. A neon tube, intercalated in the cymo- 
meter circuit, serves to indicate when resonance be- 
tween the two circuits has been established by then 
breaking into a brilliant glow. Provided there is no 
large mutual inductance between the two circuits, the 
wave-length of the disturbance sent out by the primary 
circuit is then read direct off the scales with which the 
instrument is provided. 





CHRISTIANIA EXHIBITION, 1914.—The eoapeanteny work 
in connection with this Exhibition is beans pa ahead 
with considerable energy, and the undertaking is being 
supported with lively interest. It does not appear to be 
settled yet whether it is to be’ an essentially national 
Norwegian exhibition, or whether it is to have a wider 


scope. 
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INTERCHANGEABILITY AND METHODS OF 
SECURING IT IN SCREW-THREADS.* 
By Mr. H. F. DonaLpson, Member of Council. 


** INTERCHANGEABILITY,”’ or, as Webster’s Dictionary has 
it, ‘‘the power of mutual substitution,” is not too difficult 
of attainment where the particular parts to be so substi- 
tuted the one for the other are simple in shape and of a 
single dimension, but where the pieces are of complicated 
design, or have several dimensions mutually dependent 
one upon the other, the difficulties of securing inter- 
changeability are enormously increased. The latter are 
the conditions attaching to such things as screw-threads, 
and it is the realisation of those difficulties which has 
induced me to accept the task involved in the preparation 
of this lecture. 

I shall endeavour, in the course of what I have to say, 
to indicate, not only the difficulties, but also, so far as 
possible, to draw attention to recommendations by which 
those difficulties may be overcome, and to do this I shall 
draw considerably upon the investigations made, and the 
work dome, Wy the Sectional Committee of the Engineer- 
ing Standards Committee, both individually and collec- 
tively, which was entrusted with the investigation as 
regards screw-threads, over which I had the honour to 
preside. 

Ata very early stage in the proceedings of that Com- 
mittee the su; tion was put forward that the most 
economical and probably also most practicable method of 
securing interchangeability in screw-threads would be the 
adoption of a system of limit-gauges to check each dimen- 
sion of each element of the screw-thread. This sugges- 
tion was accep’ by the Committee, provided it could 
be shown to be practicable, and with this in view it was 
considered that it would be desirable to make investiga- 
tions on the subject. The moment a conclusion, even of 
such a tentative nature, was arrived at, it became evident 
that there was essential need of formulating limits for 
plain cylindrical surfaces, and to recommend the use of a 
per of limit-gauges, if on inquiry it could be found 
that nothing had already been generally adopted which 
could be utilised by the Committee. 

Investigations as to present workshop practice were, 
therefore, embarked upon, and as this appeared a neces- 
sary preliminary to the Committee, it appears to me 
also necessary that as a preliminary to my real subject 
I should offer some remarks on the subject of limits and 
ee 

When I began to serve my time in the shops, I re- 
member that ‘“‘a fine ,y in.” was about the closest 
measurement to which any workman, or, for the matter 
of that, his superiors, referred to, but none the less, even 
with such a coarse nominal dimension, and the use of a 
pair of ordinary Cpe cen magnificent work was produced, 
owing to the skill of the individual workman and the pre- 
cision of their sense of touch. Neither the workman, 
nor in many cases his superiors, had any real knowledge 
of the degree of accuracy to which the work was being 
done, but the fact remains that work of the highest 
quality was made and fitted together, having fits at least 
us close as those secured to-day by more systematic and, 
as we believe, improved and certainly cheaper methods. 
The great difference which existed between then and now 
is that, though the work then was of the highest 
quality as regards each machine put together, the 
degree of accuracy ruling in each part was quite un- 
known, and the parts of one such machine were 
not interchangeable, or capable of mutual substitution 
in another machine, which was nominally of the same 
dimensions in all particulars. In other words, the 
machines were made and “‘ fitted” then with great care 
and with a large amount of expensive hand-work, where 
to-day, at least in the more progressive shops, machines 
are “assembled” from parts made to a known degree 
of accuracy, and witha minimum of expensive hand- 
fitting, and with the added advantage that the parts of 
machines so made are interchangeable one with another 
if the work is done on a proper system of limits or limit- 


uges. 
Since my early days, workshop practice has been 
voor one | improved, both as_ regards employers and 
employed, and so faras one direction of thie improve- 
ment is concerned, it has been due to the more common 
use of more precise methods of measurement ; for instance, 
the use in the shops of micrometers measuring in yq4gq in. 
instead of the less refined calipers (this in itself a con- 
siderable step in advance), has increased, I might even 
say created, the knowledge of the differences usually 
— for different qualities of fit, and this in turn has 
led the more pt ee minds to consider whether, 
having obtained this knowledge, they could not. put it to 
uses which should have practical economic effect on the 
cost of their productions. It has led to drawings in many 
establishments being shown in decimals of an inch in 
preference to the usual fractional parts which in the past 
were general, and it has led to the adoption of systems of 
limit-gauges for plain cylindrical surfaces, and also to a 
certain amount of standardisation in the work of a par- 
ticular shop or firm as rds their own productions. 
The Committee desired not only to obtain data capable 
of use in dealing with their main subject—that of screw- 
threads—but they also desired to make recommendations 
which would assist manufacturers all over the kingdom in 
the attainment of interch bility, so that parts made 
at one end of the country might be interchangeable with 
similar parts made at the other end of the country. 
_Inquiries were made from time to time from prac- 
tically all the leading firms in the country, and the Com- 
mittee had reluctantly to come to the conclusion that 


* Lecture delivered at the graduates’ meeting of the 
Institution of Mechanical Engineers on Monday, Feb- 
ruary 8, 190), 





many firms did not interest themselves at all in the sub- | for the individual pieces, but also for the assembling of 
ject, which was almost a terra incognita to many of them, | the pieces together ; for instance, a shaft or a journal for 


at any rate as the advan 


to be secured to | running fit. 


The hmite for the former—that is, for the 


themselves by the use of some of the improved methods of | individual piece—have been styled ‘‘ tolerance,” which the 


working suggested by the questions put to them. 
There were, on the other 


nd, a number of firms who | scribed in order to tolerate unavoidable im 


Committee has defined as a difference in dimension pre- 
rfections in 


displayed the keenest interest in the possibilities of the | workmanship, and it should be noted that the quality of 


improvement suggested, even though zt had up to then | the work to 
t 


taken no actual steps in the direction of their attainment. 
There were again a number of firms who had already 
taken steps in the direction suggested, and who had 
adopted systems of limits, or even a system of limit- 
gauges applicable to their own individual requirements, 
b 


| 


done may permit of variation in tolerance 
with the view of securing cheapness of production, but 
the limits to which tolerance may go must be restricted, 
as it ceases to be tolerable if the difference is permitted to 
be too great. 

The name given to the difference in dimension existing 


ut there was no real agreement either as to the latitude | between a shaft and a journal has been styled “ allow. 
allowable in the limits or to the methods by which the | ance,” of which the definition is, a difference in dimen- 
results should be obtained. The ground already covered | sion prescribed in order to allow for various qualities 
by firms of this sort was, however, of immense value | of fit. 


and assistance to the deliberations of the Committee, 
but. practical] 


It will thus be clear that tolerance will have to be ac- 


the Committee had to start from the | cepted both for the shaft and the hole, and will be greater 


inning, and set themselves the task of endeavouring to | or less in accordance with the quality of the work aimed 
lay down a series of standard limits for running fits, con- at, and the cost which may be accepted commercially ; 
fining themselves to this class of work only, but covering | and that the allowance is a thing apart, the magnitude of 


would meet a 


three qualities of work which it was ho 
They 


general requirements, at any rate for the present. 


which will follow the requirements of the case—e.g., the 
amount of freedom between shaft and hole necessary to 


were the more ready to restrict their labours in this way, | afford admission of lubrication, or for such like purposes. 
because the main object of taking up the subject at all| To give an example, supposing the nominal dimension 


was primarily for their own ultimate use in connection | aimed at is 1 in., and 


that the nature of the work for 


with screw-threads, and time was not available to extend | which it is required is such that a tolerance of 0.001 in. is 


the scope of exhaustive inquiries to other natures of fits, 
which are so hedged abicne with a large number of diffi- 
culties peculiar to themselves. The Committee having 
arrived at conclusions, and e recommendations as to 
the nature of the limits permissible for the three qualities 





of work (for which see Report No. 27), have obtained a 
fairly substantial basis for dealing with the subjects of 
limits and limit-gauges which would be permissible in 
screw-threads 


When one speaks of standards onplyn to such work as | P® 
thin 


I have been mentioning, you will, with me 
that association of ideas between the word “standard” 
and the name of Whitworth cannot be passed by without 
a few words. It is impossible to overstate the value, not 
only to this country, but to the world at large, of the 
work of Sir Joseph Whitworth. By his means standard 
length pieces, or machines of great precision for measur- 
ing and comparing them, were brought into practical use 
and within the reach of any one desiring to improve the 
quality of his work. He not only put these, but he put 
also upon the market plug and ring gauges nominally of 
true dimension, and I believe he also actually produced 
the equivalent of limit-gauges, though he did not press 
this method of working upon the public view, perhaps 
because the general noe be ny of engineering at that time 
were not sufficiently advanced. and did not seem to 
uire it. 

Sir Joseph Whitworth also standardised screw-threads 
to the t advantage of the world at large; but as to 
this I shall have a few remarks to make later on when I 
am more directly dealing with my true subject. 

I have said that Sir Joseph Whitworth’s gauges were 
primarily gau intended to be of true dimension, such 
that oak could be copied from them, and I have a 
mentioned the fact that he produced an equivalent to limit- 
gauges, and it may be desirable that I should say a word 
in explanation of what limit-gauges really are. Shortly 
it is a system by which true dimension of pieces made 
shall assuredly fall between the dimensions of two gauges, 
which are commonly called “‘ go” and ** not go” gauges. 
Two gauges for each dimension are required, and are made 
so that one is larger by a defined amount than the de- 
sired dimension of the piece of work, and the other 
smaller also by a defined amount. Each dimension, 
therefore, working on the li uit-gauge system requires two 
gauges. It is to benoted nat limits are notonly required 





permissible, the larger ring-gauge for shafts should, 
according to the Committee’s recommendations for first- 

uality work, be made not exceeding 1 in., and the smaller 
should not be less than 0.9990 in. The larger gauge for 
holes should be not more 1.002 in., or smaller than 
1.001 in. 

In this example it will be seen that the shaft and hole 
have a tolerance permitted of 0.001 in. on each, and that 
the corresponding allowance is also 0.001 in. between 
them. It therefore follows that with a bolt up to the 
high and a hole down to the low limit the total difference 
between them is the bare allowance 0.001 in., while with 
a bolt to low limit and a hole to the high the total differ- 
ence is 0.003 in. 

In practice the total difference would _ be less than this 
maximum, use when working to limit-gauges the aim 
is generally to produce the piece as near to the mean 
between high and low, and therefore the general run of 
work should have a difference of only about 0.002 in. 

It appears necessary that I should say that the Com- 
mittee’s recommendations are based upon what has been 
styled the ‘‘shaft basis;” that is to say, taking the shaft 
as the ruling element compared with the hole. 

I think that I am not going beyond what I ought to 
say on an occasion of this sort when I mention that there 
is a strong body of opinion in favour of the hole being 
the governing factor. Those holding this opinign base 
their contention upon the fact that they are already 
using this basis, and that among their reasons for adopting 
it was the fact that it is easier to make adjustments on a 
shaft than it is on the hole, owing to the expense attaching 
to reamers and details of that'sort. 

I mention this subject because it is possible that when 
the time comes to revise the Report No. 27 the Committee 
may think it desirable to modify the recommendations, 
and to make the necessary alterations in the body of the 


a, te 

sing what I have said as a preface leading up to the 
means by which the limits permissible upon a screw-thread 
may be gauged, I will now ask you to turn your attention 
to the interchangeability of screw-threads themsélves. 

There is an old proverb that ‘‘ familiarity breeds con- 
tempt ;” to paraphrase this, we might say that familiarity 
leads to our neglecting details in those things with which 
we are constantly brought into contact, and it may be on 
this account that there is in many places a want of 
realisation of all that a screw-th means, and of the 
difficulties which arisé in securing something approaching 
rfection of thread, which is almost essential to true 
interchangeability. * 

A poems | has been described as an inclined plane 
wound spirally round a cylinder, and the angle of the 
inclined plane thus gives the pitch of the resulting thread. 
This is a simple, and, at the same time, true, but not a 
comprehensive statement, for it does not cover all the 
elements which go to make up a thread, nor does it 
clearly bring out all the difficulties attaching to accurate 
work of this nature. 

For the better understanding of my subsequent _re- 
marks, it is perhaps weli that I should give some deti- 
nitions of the elements of a screw-thread, again using the 
work of the sectional committee to which Fieve already 
referred, for the purposes of these definitions. 

Figs. 1 and 2, annexed, show that the pitch is the 
distance measured along a line parallel to the axis of 
a screw between the point where it cuts any thread of 
the screw and the point at which it next meets the 
corresponding part of the same thread. The reciprocal 
of the pitch measures the number of turns per inch or 
millimetre, as the case may be. ; 

The core diameter may be described as twice the mini- 
mum radius of a screw measured at right angles to the 


Iso | axis, while the full diameter is twice the maximum radius 


of a screw measured at right angles to the axis. It will 
be noted from the diagram that the core diameter of the 
male thread is measured between the roots of the thread, 
but that the core diameter of the female thread, being 
approximately the same dimension, is measured between 
the crests of the thread. ( . 

The effective diameter of a screw having a single thread 
is the length of a line drawn through the axis and at right 
angles to it, measured between the points where the line 
cuts tlie slopes of the thread. The crest is the prominent 

art of the thread, whether of the male screw or of the 
emale screw. The root is the bottom of the groove of 
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the thread, whether of the male screw or of the female | mate breaking strain, the greater advantage does the 
screw. The slope of thread is that part of the thread Whitworth form mp oe | over the Sellers. 
ms pi 


which connects the crests and roots. The angle of the 

thread is that between the slopes, measured in the axial 
lane. 

" The Committee, from whose report I have taken these 

particulars, was, and still is, occupied in efforts to secure 

creater interchangeability in the manufacture of screwed 


work between ‘the productions of different shops, and to | of the Whitworth form of thread which has 


obtain a sound and satisfactory basis to secure this for com- 
mercial work, whether it be of avowedly great accuracy, 
or whether of a rougher or more commercial nature. 
Naturally, one of the first considerations which had to be 
decided upon had regard to the form of the thread which 
the Committee should adopt and recommend. Much 
investigation was made into what had been done in other 


countries in this connection, and the transactions of the 


| 


re from the results of 
dropping the weight 12 in. The Whitworth generally 
appears to maintain its advantage in strength, though not 
to so marked a degree as with the shorter drop. Hence I 
think it will be admitted that the Committee have 
followed the proper course in recommending the retention 
e the test 
of so many years’ efficient work. So much for the moment 
for form of thread. 

When Sir Joseph Whitworth formulated his standard 
screw-threads, he did so to meet thé requirements of his 
day, and, as I think our experience proves, has done so to 
meet the requirements of the present day up to a certain 

int. Recent practice, however, indicates that for the 

igher quality of material which is now used in machine- 


Fig. 4 shows the 


various societies in the United States, Germany, Switzer- | construction, and the greater stresses which are brought 


land, and France were investi 


ted, and a considerable | to bear upo 


nm this improved material, the coarseness of 


amount of evidence was taken from those in this country | the Whitworth thread leaves something to be desired for 


SHOCK TESTS OF SCREW~ THREADS. 


Fig.3. 400.88. 31N. DROP. 


Fig.4. 400.85. 12 in. (ROP 
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who favoured a change to something in the nature of the 
metric thread or Sellers thread, with its 60 deg. angle and 
V or truncated shape, as the case may be. 

In making these investigations all that Sir Joseph 
Whitworth had done in the past came in for its fair share 
of examination, and it is satisfactory to note that the con- 
clusion arrived at was that the Whitworth thread was 
practically universal in this country (except in a few 
isolated trades which had been largely imported from 
countries using the metric system), and, moreover, that 
it is in very large use both in the United States and on 
the Continent, in spite of the preference of the partisan 
for the 60 deg. angle. One * the main reasons which 
has been advanced in favour of the 60 deg. angle has been 
that the generation of the thread by the manufacture of a 
correctly formed cutting tool is easier than with the 
55 deg. angle of the Whitworth thread, and that either 
the sharp point (which, by the way, is naturally rounded 
and is never actually sharp) or the truncated crest and 
root are also easier of manufacture and of correct 
gauging. 

In this connection it is to be remembered that if a 
pointed cutting tool is accurately formed to a 60 deg. 
angle, it does not, when it is used to cut a thread on a 
blank of correct seg actually produce a thread which 
will measure 60 deg. in the thread if measured parallel 
along the axis of the bolt or nut, as the case may be. 
lherefore, though it is claimed to be easier to construct a 
pointed tool of 60 deg. angle than a 55 deg. angle, it is 
not any easier to cut a 60 deg. thread than a 55 deg. 
thread. Mr. Taylor’s method of generation, hereafter 
referred to, shows that it is not, in Feet, materially easier 
to generate a 60 deg. angle than any other. 

Strength is a very important feature of screwed work, 
and many experiments have been made with regard to it. 
(here appears little doubt from them that the form 
adopted, after close investigation, by the late Sir Joseph 
Whitworth is, in fact, the strongest of its sort, for 
M Robert Matthews, of the Openshaw Works of 
Sir W. G. Armstrong, Whitworth, and Co., brought 

fore the Committee a series of experiments carried out 
Jus firm testing the relative strength of Whitworth 

Sellers forms of th These tests were shock 

s, and were, to the Committee’s mind, conclusive, 
in all cases the Whitworth thread sustained a 
number of blows before fracture than the Sellers 

t ‘. Time does not admit of my going at great 

neti into the details of these experiments, but the 
evicence seems worth recording. Shortly, the experi- 
ments carried out were by dropping a 400-lb, weight 
thr ugh a distance of 3 in. abd through a distance of 

12 in., and then recording the number of drops required 

fore fracture took mage and to make the tests as 

pe as possible, each set was made from a 

singe Dar, 

_, Pig. 3 shows diagrams prepared from the results of the 

-in. drops, the base-line showing the number of blows 

«.ven before fracture occurred. It is interesting to note 

‘iat the strength of the Sellers threads more nearly ap- 

» ‘caches, though it does not reach, the Whitworth form 

when mild steel only is concerned ; the higher the ulti- 





some classes of work, and there has been for some time a 
widespread feeling that finer pitches would give better 
work in a great many cases. A considerable amount of 
attention was, therefore, directed to proposals for a series 
having finer threads in order to meet the want just men- 
tioned, and such a series was in due course recommended 
for adoption. 

All this was really anterior to starting the consideration 
of the subject, which was, in fact, originally referred to 
the Committee—viz., a means of securing interchange- 
ability ; so that, for instance, nuts bought from one firm 
might be expected to fit with certainty bolts bought from 


another, 
(To be continued. ) 








INTERNATIONAL EXHIBITION OF NEW INVENTIONS AT 
Sr. Pererssurc.—An exhibition of new inventions is 
to be held in St. Petersburg, under the auspices of the 
Grand Duke Alexis gy in May next. We 
understand that Messrs. Williams and Geils, Old Shades 
Wharf, Upper Thames-street, E.C., have been ——— 
agents for this country, and particulars and application 
forms may be obtained from them. A number of awards 
taking the form of medals, diplomas, &c., will be made 
for what are considered the best exhibits. 





Tue UNIVERSAL Evectricat Drrectory (J. A. BERLY’s), 
1909. London: Messrs. H. Alabaster, Gatehouse, and 
Co., 4, Ludgate-hill, E.C. [Price 14s. post free in United 
Kingdom.}—This publication is a directory of all in- 
dustries connected directly or indirectly with electricity 
or magnetism, and consists of four sections relating respec- 
tively to the British Isles, the Colonies, the Continent, 
and the United States. The first section contains some 
13,334 names; the second, 5318; the third, 7952; and 
the fourth, 5290; making a total of nearly 32,000. In 
each section the names are thy in two lists, one alpha- 
betical and the other classified. In addition a geogra- 
phical list is provided for the British section. Thé book 
is thumb indexed, facilitating quick reference to any 
sectional list. 





Corrrr.—The totul arrivals of copper into England and 
France for the month of January amounted to 20,808 tons 
fine. This is less by nearl tons than the amount 
imported in ey 1908, but ter than the imports 
in January, 1907, by over tons. The decrease in 
imports this last Januar. , com with the correspond- 
ing month of 1908, is due wholly to decreased imports 
into France. In fact, the imports into England were 
greater in the most recent period, ay being 13,313 
tons in January, 1909, and 12,749 tons in January, 1908. 
The corresponding French imports were 7495 tons in 1909 
and 10,838 tons in 1908. The deliveries for the month 
were 21,5C0 tons fine in France and England. The total 
stocks at the beginning of this month were 45,535 tons, 
which, with that afloat, made up a total visible supply of 
52,935 tons, less by about 2000 tons than the amount a 
fortnight ago, and less than the amount at the correspond- 


_ ing date last year by about 3000 tons. 





“THE PROBLEM OF FLIGHT.” 

To THE Eprror or ENGINEERING. 

Sir,—Some weeks ago you courteously granted me 
the opportunity of publishing several letters on the above 
subject, which I trust were not written in vain. Perha 
you will be further indulgent in kindly i:eerting the 
followi notes :— 

It will be recalled by readers that I contested with Sir 
Hiram Maxim, Horatio Phillips, and others on the ques- 
tion of helicopteral machines versus aeroplanes, pointing 
out the superiority of the former, and controverting 'he 
illusive opinion held by the vast majority cf aeronautical 
students that the ascensional-screw type cannot be pro- 

led, although assent vertically is comparatively easy. 

ow during a visit to the Patent Office recently, I was 
attracted by the application for a patent filed by Mr 
Horatio Phillips, with a design of twin-screws spinning 
in inverse directions, and with diameters of unequal 
width, the action being, of course, intended for sus- 

msory purposes, Propulsion forward was proposed 
vy “‘altering the centre of gravity.” Will you kindly 
publish the fact that precisely this design and system was 
| successfully accomplished thirty years “go at ease by a 
| well-known veteran scientist, M. P. L. Sénécal, of Chel- 
sea, who, though approaching seventy years, is still alive 
and keen as ever on the science of aviation. Moreover, 
| his son recently constructed and experimented with a 
| similar model successfully, whilst personally I can claim 

priority to Mr, H. Phillips in the same design and prin- 

| ciple- hence my letters in ENGINEERING, which, Sir, you 
|so kindly published. I claim to be the first Englishman 
| to have theoretically discovered this advanced and far- 
| reaching law, subsequently verifying it by experiment. 
| Indeed, I have a 2-ft. model at the present moment which 
| demonstrates it. I do not for one instant suggest that 
Mr. Phillips was not working independently ; on the con- 
trary, I merely demonstrate the truth of the old adage 
that there is “‘ nothing new under the sun.” 

I would strongly advise Mr. Horatio Phillips toabandon 
the singular machine of venetian-blind construction re- 
cently published in these columns, and design more prac- 
tical and advanced machines. I should also like to testify 
to my appreciation of the zealous and hardworking efforts 
of the Aeronautical Society in securing the trial-grounds 
at Dagenham, and more particularly of the efforts of 
Colonel Fullerton, R.E., the keen honorary secretary. 
Major B. Baden-Powell’s untiring efforts to enhance the 
work of the society need no comment. Moreover, the 
splendid achievement of Mr. G. L. O. Davidson, who 
succeeded in lifting a weight of 6 tons with the expendi- 
ture of only 80 horse-power, with his twin-screws 27 ft. in 
diameter, does not seem to be appreciated in the aero- 
nautic world, yet furnishes a practical demonstration that 
British aeronautical engineers are equal to foreign. 

Perhaps, Sir, although my experiments were not com- 
pleted for lack of a motor, it may be jnteresting to note 
that four years ago I exhibited at Wembley Park an ad- 
vanced helicopter with four ascensional screws 10 ft. 6 in, 
in diameter each, the machine being a full-sized model. 

I am, Sir, yours sincerely, 
Evear E. Winson, 

67, Sutherland-street, Pimlico, February 8, 1909. 








To THe Eprror or ENGINEERING. 

Srr,—Adverting to my previous letter on the subject of 
ap saageee and having particular regard to the question 

f the most efficient form, it would appear to me that 
certain points may be established which bear importantly 
on the question. The truly helical propeller (of elliptic, 
bat’s-wing, or fan-shaped blade) is unsatisfactory for 
aerial propulsion in the following respects :— 

1. The great distance of the centre of pressure on the 
blade from the axis of rotation causes the torque corre-' 
sponding to a given thrust to be correspondingly large. 

. 2. The coarseness of the pitch angle near the boss 
causes the reaction to act in a direction producing more 
torque than thrust—+¢.c., churning occurs. 

3. The taper of the blade towards the boss renders the 
area there almost ineffective. (This ‘effect is, of course, 
balanced against the preceding in marine propellers. ) 

In order, therefore, to arrange the area to produce a 
given thrust with minimum power, it would seem desir- 
able to increase the width of the blade near the boss, 

iving it, however, such a pitch angle that the thrust is 
Sivected more axially than it is on a helical propeller. 
The blade must, however, be stopped at such a distance 
from the bors as will ensure the absence of interference 
from the air leaving or approaching the other blades. 

It would also seem desirable to form the blades of pro- 
pellers intended for helicopters with a constant pitch 
angle—say, from 5 deg. to fo deg., with blades tapering 
|outwards, as above described. In this manner t 





would be obtained a maximum lift for a minimum torque,’ 


Yours faithfully, 
Hersert CHATLEY, 
Professor of Civil Engineering. 
Imperial Railways of North China Engineermg and 
ining College, Tang Shan, January 22, 1909. 








Coat In NorrincgHaMsHire.—There is ovary, prospect 
‘of more collieries bemg opened out in the Retford district 
in the near future. In the neighbourhood of Worksop and 
Mansfield coal-mining has made great progress of late 
years; borings are now being made at Kelham, near 

| Newark, and a large acreage of land is being acquired at 

Rampton, near Retford, for the purpose of dealing with 

| further coal seams. The land which is being treated for 

in the Rampton district covers an area of about 5000 acres. 

Although it is uncertain, at present, what coal will be 

‘attacked, experts are strongly of opinion that it will he a 

: continuation of the Barnsley seam. 
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ELECTRIC POWER INSTALLATION AT KHARTOUM. 
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KHARTOUM, now the capital of the Anglo-Egyptian 
Sudan, is naturally a town possessing great interest 
for Englishmen, for it has been the scene of some of 
the most heroic deeds of their countrymen which have 
taken place during the present generation. If for no 
other reason, its long and brave defence against the 
Mahdi by the late General Gordon would ensure that 
we did not forget it. Things move fast in these days, 
and it is sometimes not easy to realise that a little 
more than ten years this town, at the junction of 
the White and the Blue Nile, 1340 miles south of Cairo, 
was given over to bloodshed and savagery at the 
hands of the Dervishes, until their power was finally 
broken in 1898, by the Anglo-Egyptian Army under 
Lord Kitchener. Civilisation has made such rapid 
strides since then, and life and property have been 
rendered so secure, that the place has become quite 
modern in its appointments. It is now a favourite 
resort of tourists, and has grown vastly in import- 
ance as a trade centre. It also many fine 
buildings, among which may be mentioned the Gordon 
College and the palace of the Governor. 

The town was founded by Mohammed Aly in 1823, 
but was for along time little more than a collection of 
mud huts, small advance being made, owing to the un- 
settled state of the country. It received an impetus, 
however, when, through the assistance of the late Sir 
Samuel Baker, the Sudan was conquered by the 
Khedive. It is, however, still fresh within the memory 
of most of us how, in 1881, an insurrection headed by a 
fanatic sheikh, known as the “ Mahdi,” broke out 
against the Khedive’s authority, which compelled the 
Government then in power in this country to send an 
Egyptian army under an Englishman to suppress it. 
The failure ot this expedition is well known, for it 
arrived just too late to save General Gordon, the gallant 
defender of Khartoum, who was murdered early in 1885, 
after which the country was abandoned, and again lapsed 
into wild disorder. After the success of Lord Kitchener 
at Omdurman, however, the aspect of things rapidly 
changed, and a new era dawned on the afflicted pro- 
vince, of which Khartoum, the capital, soon showed 
unmistakable si The town now has a population 
of over 50,000 inhabitants, has become modernised, and 
there have been added to it many of those“adjuncts to 
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civilisation which we have 
grown to regard as almost 
necessities. 

One of these is a large 
modern electric power 
lant which has recently 

n erected at theelectric- 

light station, and which has 
been carried out by Messrs. 
W. H. Allen, Son, and Co., 
Limited, of Queen’s Engi- 
neering Works, Bedford, 
to the specification of Cap- 
tain Kennedy, R.E., of the 
Sudan Government. Illus- 
trations of this plant will 
be found on this and the 
pene pages. It consists 
of boilers, superheaters, 
economiser, engines and 
alternators, condensing 
plant, high and low-tension 
switchboards, and _pipe- 
work. A plan showin 
the general arrangement o 
the plant may be seen in 
Figs. 1 and 2, annexed. 
while sections through the 
building are given in Figs. 
3 and 4, page 215. Figs. 5 
F and 6 are elevations of the 
boilers and feed-pumps. 

The boilers are of the 
‘‘economic type,” and 
have been constructed by 
Messrs. Davey, Paxman, 
and Co., of Colchester. 
Each boiler evaporates 
6000 Ib. of water per 
hour, at a pressure of 
165 Ib. per square inch, 
the steam being super- 
heated to 150 deg. Fahr. 
The superheater is placed 
in the combustion chamber 
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ELECTRIC POWER INSTALLATION AT KHARTOUM. 
CONSTRUCTED BY MESSRS. W. H. ALLEN, SON, AND CO., LIMITED, ENGINEERS, BEDFORD. 
(For Description, see opposite Page.) 
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at the back end of the boiler, as shown in Fig. 1. The 
superheater has a sufficient area of heating surface to 
enable it to impart to the full output of the boiler 150 
deg. Fahr. of superheat when the boiler is working at 
the above-mentioned pressure. 

The economiser is of Messrs. E. Green and Sons 
manufacture. It is arranged in twelve sections of 
eight tubes, making ninety-six in all. Each of the 
tubes in the economiser is fitted with a triple scraper, 
and these scrapers are driven by an electric motor. 
The position of the economiser may be seen in Figs. 1 
and 3. 

There are two engines and generators. The engines 
are of Messrs. W. i. Allen, Son, and Co.’s high-speed 
two-crank two-cylinder vertical enclosed compound 
type, having cylinders 12 in. and 21 in. in diameter, 
with a 9-in. stroke, and are direct coupled to three- 
yhase alternators with direct-coupled exciters ; the 
latter are shunt-wound multipolar direct-current ma- 
chines, and have an output of 25 kilowatts. Each set 
gives an output of 200 kilowatts at 3000 volts when 
running at full load, with a power factor of 0.85, the 
speed being 428 revolutions per minute. Each engine 


and generator is capable of giving an overload of 15 | 


per cent. when running under these conditions. 

The alternators are of the three-phase iron-cored 
type by Messrs. Crompton, with revolving field, and 
stationary armature. They are mesh-wound, and 
when running as three-phase machines at normal 
speed they develop their output at a pressure of 3000 
volts between any of the phases. Two transformers 
have also been provided of the enclosed ventilated 
core type, and each is capable of giving an output of 
25 kilowatts. The primary winding of these is suit- 
able for a working pressure of 3000 volts between the 
phases, while the secondary winding is designed. to 
give a pressure of 230 volts. A metallic earthed 
screen has been supplied between the primary and 
the secondary winding. ; 

To deal with the exhaust steam from the engines and 
generators, two Allen ‘‘Conqueror” surface-condensin; 
plants, shown in plan in Fig. 2, have been supplied. Each 
condenser has a tube surface of 700 square feet, and deals 
with 6000 lb. of steam per hour when supplied with cireu- 
lating water at a temperature of 85 deg. Fahr. ; it is 
capable of dealing continuously with 15 per cent. over- 
load. The condensing plant will produce a vacuum 
within 3 in, of the barometric pressure. The condenser 
shell is circular in form, as may be seen in the perspec- 
tive view, Fig. 7, page 218, The end covers are removable 
without breaking any pipe-joint, and are fitted with 
hand-holes for the purposes of inspection and cleaning. 
The tube-plates are of the best rolled brass, 1 in. thick, 
and are thoroughly well tinned. The tubes are of solid 
drawn brass, tinned, ? in. in external diameter, and 
0.048 in. thick. They are fixed in the tube-plates by 
means of screwed brassferrules and ta of ven at bot 
ends, The ferrules are provided with lips to prevent 
their slipping out of place. A baffle-plate is provided 
in one water-head, and is so arranged that the water 
passes first through the lower rows of the tubes, and 
thence through the upper half of the condenser, dis- 
charging through the outlet at the top of the condenser. 
Diaphragms are also provided to ensure an efficient 
distribution of the steam. 

The air-pumps are of the two-throw Allen-Edwards 
design, having barrels 10 in. in diameter by 7 in. stroke, 
each driven through gearing by a three-phase 220-volt 
motor, the latter running at a speed of 575 revolutions 
per minute. The speed of the air-pumps themselves is 
135 revolutions per minute. The circulating-pump is of 
the high-lift ‘‘Conqueror” turbine character, and de- 
livers 665 gallons of water per minute against a head of 
40 ft., inclusive of pipe Friction, when running at a 
speed of 500 revolutions per minute, and each pump is 
driven direct by a high-speed Allen engine developing 
13 brake horse-power, having cylinders 6 in. and 8 in. 
in diameter by 3 in. stroke. A hot-well pump has also 
been provided, which is connected to the discharge from 


and controls the station, motors, and lighting. This 


| board is su plied from two three-phase transformers 
| mounted behind the high-tension switchboard. and it 
leonsists of three white-marble nels carried in a 
| wrought-iron frame. The board carries two main 
| triple-pole fuses for receiving the current from the two 
| transformers, and eight triple-pole fuses and eight 
| ammeters for the circuits. 
| The engines and dynamos were tested at Messrs. 
| W. H. Allen, Son, and Co.’s works, and the following 
steam consumptions were obtained :— 

Pounds of Water 


per Kilowatt. 

Full load, condensing __... aia 22.7 

‘ non-condensing 26.9 
Three-quarter load, condensing ie 23.6 

- - non-condensing ... 29 
Half-load, condensing... ae 26.3 

a non-condensing a 33.9 
Steam pressure Wt .- 160 Tb. 
Superheat ... ... 130 deg. Fahr. 
Vacuum ms 22 in. 





| With regard to the governing, the variation in 
steady speed between full and no lvad was less than 
| 2 per cent. 

| The cireulating-pumps in connection with the con- 
| densing plant were tested under the specified condi- 


| tions, and the efficiency was found to be 73 per cent. 








PrRsonAL.—Mr. B. Wilford, manager of the Newcastle 
branch of Messrs. Gent and Co., Limited, Leicester, has 
been transferred to their Leicester works, Mr. A. E. Eats 
replacing him at Newcastle.—The firms of Messrs. Swin- 
burne, Cooper, and Baillie, and Messrs. O’Gorman and 
Cozens-Hardy, have amalgamated, the combined firm 
being entitled Messrs. Swinburne, O’Gorman, and Baillie, 
with offices at 82, Victoria-street, Westminster, S.W. 
Mr. W. R. Cooper has severed his connection with the 
firm, but will continue to practise as a consulting engineer, 
with offices also at 82, Victoria street, S.W.—We under- 
stand that Mr. F. W. Lanchester has become consulting 
engineer and technical adviser to the Daimler Motor 
Company (1904), Limited. This appointment does not 
involve the severance of Mr. Lanchester’s connection with 
the Lanchester Motor Company, Limited.—With refer- 
ence to a recent notice in these columns, we are asked to 
point out that it is Mr. Alf. EK. Croager who has 
opened an office at Norfolk House, Laurence Pountney- 
hil, E.C., in distinction to his brother, who has similar 
initials.—The Glacier Anti-Friction Metal Company, 
Limited, 1124, Queen Victoria-street, E.C., inform us 
that they have recently erected and started new works 
near Willesden Junction for the manufacture of Babbit 
metal, white alloys, &c. 





Tue Panama Canat.—The Panama Canal problem has 
formed the study of many prominent men, some of whom 
have been connected with former work at the Isthmus, 
or with work of a nature akin to that uired for the 
construction of the canal, while others again have based 
their investigations largely upon an intimate knowledge 
of the general physical conditions obtaining in this tract 
of country. The latest contribution to the discussion 
comes in the form of a paper read recently by Mr. H. G. 
Granger, of Cartagena, Columbia, before the American 
Institute of Mining Engineers. This paper is divided 
into three sections, of which the first deals with the 
objections to a lock canal. In this part of his contribution 
Mr. Granger is assisted by an intimate knowledge of the 
Central American regions. He draws attention, as others 
have done, to the liability to damage from earthquakes 
of the great works, some of them under large head of 
water, proposed in the present scheme, and _ especially 
to the risk of earth dams and of the large locks. He 
further points to the oo certainty that, sooner 
or later, accidents will happen with vessels passing 
through the locks, such accidents having occurred in prac- 
tically all lock canals built up to date. Fogs, tropical 
gales, the uncertainty of foundations, &c., all come 
m for a share of Mr. Granger's attention. In the second 
pe of his paper the author suggests that, in view of the 
act that the original estimates, on which the sea-level 





the air-pump, and is driven off the air-pump crank-shaft. 
This pump delivers its water against a head of 30 ft. | 

There is a complete system of pipe-work together | 
with the necessary steam-traps, fire and hydrant- | 
pipes, &c. This portion of the contract also includes 
two feed-pumps. These pumps are capable of work- 
ing with either cold water or with water having a 
temperature of 210 deg. Fahr. The water before being 
delivered into the boilers is softened by a detartariser, 
which may be seen in Fig. 4. This is capable of 
heating the water to a temperature of 212 deg. Fahr., 
and of softening 660 gallons of water per hour. 

The switchboards are two in number, by Messrs. 
Ferranti, one being a high-tension, and the other a 
low-tension, board. The high-tension switchboard for 
controlling the alternators and the distributing system 
is of the flat-board type, and is mounted on a platform 
6 ft. above the engine-room level. The board at pre- 


sent consists of eleven panels of white marble carried 
on a wrought-iron frame, of which five are generator- | 
ec five feeder-panels, and one a main-output | 
panel. 

The low-tension switchboard is mounted beneath | 
the platform carrying the high-tension switchboard, | 


apne was rejected have been proved quite erroneous 
y recent results, a reconsideration of the whole scheme 
is now desirable. The rejection of the sea-level project 
was emg upon the fact that the amount of exca- 
vation required by it was so great that, at the estimated 
maximum possible rate of working, from fifteen to twenty 
years would be needed to complete this type of canal. At 





present, however, the excavation work is proceeding at a 
rate about three times as fast as that then considered to 
ve the maximum amount possible. In the third part of 
his paper Mr. Granger does not carry the same weight 
as certain other critics have done. Mr. Bunau-Varilla’s 
criticism is based on practical knowledge of the work at 
Panama, and of modern methods of wet and dry excava- | 
tion. Mr. Lindon W. Bates also has framed his proposals 

on practical experience with machines and systems in 

common use elsewhere. The author of the present paper, | 
however, pro the use of equipment that has never 
reached the practical stage, although developed from 
methods now in vogue. mong other machines he = i | 


ts the use of a rock-splitter for work in the dry, m 

ed from the present Lobnitz system. Several engineers 

have lent their names to the support of Mr. Granger's 

pro’ ls, but it must be admitted that the latter portion | 

of the paper is not altogether convincing, on account of 

the —- of execution being novel and altogether | 
untried. . 





NOTES FROM THE NORTH. 
Giascow, Wednesday. 
Glasgow Pig-Iron Markect.—Last Thursday morning 
the pig-iron market was flat, and business was quiet. The 
dealings amounted to one lot of Cleveland warrants at 
48s. Ba cash, and closing sellers quoted 48s. 54d. cash, 
48s. 8d. one month, and 49s. 14d. three months. There 
were sellers of hematite at 56s. 9d. cash and 57s. 14d. one 
month. In the afternoon the market was easier in tone, 
and 2500 tons of Cleveland warrants changed hands at 
48s. 44d. five days and 49s. three months. At the close 
of the session the quotations were 14d. down at 48s. 4d. 
cash, 48s. 64d. one month, and 4%s. three months sellers. 
Hematite was unchanged at 56s. 9d. cash sellers. On 
Friday morning the market was dull, and 3500 tons of 
Cleveland warrants were done at 48s. 3d. and 48s. 24d. five 
days, 48s. 3d. seven days, and at 48s. 54d. and 48s. 5d. one 
month. Closing sellers quoted 48s. 3d. cash, 48s. 54d. one 
month, and 48s. 104d. three months. Weakness again 
prevailed in the afternoon and Cleveland warrants were 
put through at 48s. 5d. and 48s. 44d. one month, and at 
48s. 9d. three months. The turnover amounted to 3000 
tons, and the closing prices were 48s. 24d. cash, 48s. 5d. 
one month, and 48s. 94d. three months sellers. Hematite 
was quoted easier at 56s. 74d. cash sellers. On Monday 
morning the weakness was intensified, and Cleveland war- 
rants changed handsat 47s. 11 7 cash, with sellers over at 
48s. four days, and at 48s. 7d. three months. The deal- 
ings amounted to about 3500 tons, and closing sellers 
uoted 47s. 114d. cash, 48s. 24d. one month, and 48s. 74d. 
three months. In the afternoon the tone of the market 
was a shade better, and 1500 tons of Cleveland warrants 
were done at 48s. 04d. four days, and 48s. 44d. one month. 
The closing quotations were 48s. 14d. cash, 48s. 44d. one 
month, and 48s. 9d. three months sellers. On Tuesday 
morning the market was fairly steady, and there was a 
turnover of 3500 tons of Cleveland warrants at 48s. 1d. 
cash and 48s. 9d. three months. At the close sellers 
uoted 48s. 1d. cash, 48s. 4d. one month, and 48s. $d. 
three months. In the afternoon the market was dead 
idle, and no dealings of any kind were recorded. Sellers 
of Cleveland warrants quoted 48s. ld. cash, 48s. 4d. 
one month, and 48s. 9d. three months. When the 
market opened to-day (Wednesday) the tone was firmer, 
and about 2500 tons of Cleveland warrants were done 
at from 48s, 2d. to 48s. 24d. cash and 48s. 4$d. one 
month. Closing sellers quoted 48s. 2d. cash, 48s. 5d. one 
month, and 48s. 104d. three months. At the afternoon 
session the strength was maintained, but business was 
quiet. The turnover consisted of one lot—500 tons—of 
Cleveland warrants at 48s. 44d. one month, and the 
closing quotations were 48s. 24d. cash, 48s. 54d. one 
month, and 48s. 104d. three months. The following are 
the market quotations for makers’ (No. 1) iron:—Clyde, 
59s. 6d.; Gartsherrie and Calder, 60s. ; Summerlee, 60s. 6d. ; 
Langloan, 68s.; and Coltness, 89s. 6d. (all shipped at 
piesow) Gle: ock (at Ardrossan), 61s.; Shotts (at 
Leith), 61s.; and Carron (at Grangemouth), 63s. 
Sulphate of Ammonia.—Sulphate of ammonia must 
again be reported very quiet, and the price is a little 
easier. The quotation to-day is 11/. 10s. per ton for 
rompt business, Glasgow or Leith. The shipments 
rom Teith Harbour last week amounted to 182 tons. 


Scotch Steel Trade.—There is no change to report in 
connection with the Scotch steel trade, and quietness all 
round still prevails. “Producers are finding specifications 
very scarce, and not only is this the case for heavy mate- 
rial, but the demand for structural ‘sections is also easier. 
The inquiry for export is only of alimited nature. Official 
prices are unchanged. 


Malleable-Iron Trade.—The conditions recently prevail- 
ing in the malleable-iron trade of the West of Scotland 
are unaltered. The hand-to-mouth character of orders 
still continues, and it is with difficulty that a number of 
the works are being kept going. 


Scotch Pig-Iron Trade.--The Scotch pig-iron trade is, 
if anything, a shade easier this week, due in large mea- 
sure to the new demurrage conditions of the Scotch rail- 
way companies. Deliveries of iron are, in most cases, 
only being taken in such quantities as will cover more 
immediate requirements, thus obviating the possibility 
of charges for the detention of wagons. The demand 
from consumers in the South is satisfactory, and export 
business is also fairly steady. Inquiries for hematite 
are moderately good. 


Shipbuilding.—Messrs. William Hamilton and Co., 
Port Glasgow, have contracted to build a steamer tor 
Continental owners. It is stated that the dimensions 
will be :—Length, 390 ft.; breadth, 52 ft.; and depth, 
28 ft. 








Tue InstiruTion oF ExecrricaL ENGINEERS. — Mr. 
P. F. Rowell, the assistant secretary to the Institution of 
Electrical Engineers, has been appointed to the position 


| of secretary, vacant by the resignation of Mr. George C. 


Lloyd, who has become the secretary to the Iron and 
Steel Institute. 





Sei.’s Directory OF REGISTERED TELEGRAPHIC Al’ 
DRESSES. -—Making its twenty-fourth annual appearance, 
the Directory of ‘Registered Telegraphic Addresses has 


| been recently issued by Mr. Henry Sell, 166, Fleet-street, 


E.C., and may be obtained at the price of 21s. net. The 
directory is corrected down to January 1, 1909, and con- 
tains the names and addresses of about 70,000 firms in the 
British Isles, and 30,000 in the Colonies and foreign 
countries. “The directory is so arranged that it may be 
partly used as a code, by employing reference numbers 
and pages of the book. ~ 
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NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 
Another Improved Steel.—Messrs. Samuel Osborn, of 
the Clyde Steel Works, have put on the market an im- 
prov high-speed steel, styled the ‘‘extra double mushet,” 
i 


which they claim to be fully up to the quality of that 
pan referred to by Professor Arnold. It has, they 
state, in competition on the Continent, turned up nine 
locomotive hard-steel tyres without a grind, where pre- 
viously only one and three-quarter tyres had been done 
by the ordinary high-speed steels, They state that this 
was first placed on the market in October, and was the 
first of the improved steels, but they have been ——s 
the results of trials in large Continental and Englis 

shops before giving publicity to their discovery. The new 
steel will be invaluable for expensive tools, which are 
required to keep their original form, such as milling- 
cutters, reamers, and form tools. It is essentially a steel 
of longer life rather than greater capacity. 


Engineers’ Wages.—A conference was held on Friday 
last between representatives of the Sheffield and District 
Engineering Trades Employers’ Association and of the 
various unions in the district affected by the proposed 
reduction in wages. The question of the reduction of 1s. 
per week in time rates and 24 per cent. in piece rates in 
the various trades was under consideration, and finally it 
was decided to follow the course laid down by the terms 
of settlement, and to refer the case to a central conference 
to be held in the near future between the executives of 
the Engineering Employers’ Federation and the various 
trade unions concerned. 


The Trade Outlook.—Mr. A. J. Hobson, President of 
the Sheffield Chamber of Commerce, in an address on 
Tuesday, dealt in some detail with the prospects of trade. 
** Those of us,” he said, “‘ who are in manufacturing busi- 
nesses hope for better things, and most of us are about 
willing to buy our raw materials and our fuel forward, 
and that means that we have some idea that things have 
got to the bottom, and may begin to improve again. The 
feeling is general that this is the case, and so general a 
feeling does a deal to promote a better state of 
trade.” Mr. Hobson went on to say he had some reason 
to know the state of things in America, and he could 
report that trade was better there now than it was during 
any part of last year. This did not mean'it was anything 
like good, but it was gradually expanding, and getting 
hack again to the state existing before the collapse of a 
year ago last November. From that point of view there 
was every prospect of better trade in Sheffield. 


Tron and Steel.—A continued upward movement is 
noticeable in the iron and steel trades of the district. 
From all sources come reports of increasing inquiries, 
many of which have already materialised. In one of the 
biz East End firms heavy orders for shell have come to 
hand from a foreign Government, and these are of such 
weight that the firm in question, who have already large 
shell shops, are commencing to lay down new plant to 
cope with the demand. The same firm have also re- 
ceived very satisfactory indents from South Africa 
for machinery in connection with the gold-producing 
industry. 
bright prospect before them so far as immediate work 
is concerned, the weight of armour on the present 
Government programme being extremely light. Business 
in railway material has somewhat ta) off recently, 
and the depression in shipbuilding continues. High-s; 
steel, however, continues to do a profitable business, not- 
withstanding a hesitation on the part of consumers to 
commit themselves, in view of the rumoured great im- 
provements in quality recently discovered. Both from 
the Continent and America good orders have come to 
hand for twist-drills, milling-cutters, and similar tools. 
In the iron market there has been somewhat of a lull 
during the present week. 


South Yorkshire Coal Trade.—There continues a good 
market for house coal, and the demand has, if anything, 
increased since last week. Pits are working from four to 
five days a week. Orders from the Metropolis and the 
South are somewhat quiet, but a brisk business is doing 
with Lancashire, the East Coast, and locally. Prices are 
fairly steady. In hard coal there is not ‘so much doing. 
Shipping circles are very quiet, and rates are by no means 
strong. ere is a fair inquiry, however, for future 
supphes. The industrial demand is All kinds of 
coking fuel meet a ready sale. Best engine fuel is quoted 
at ds. 3d. to 5s. 6d. per ton. Slacks are plentiful. 








_“*La Tecuniqur Moperne.”—In the first number of La 
Technique Moderne, a new periodical published by MM. 
Dunod et Pinat, 49, Quai des Grands-Augustins, Paris, 
there is, under the heading of ‘‘ Aviation,” an interesting 
article by Lieutenant-Colonel G. Espitallier on the aero- 
planesthat have attracted so much attentionin France dur- 
ing the last year. After a short general discussion of the 
principles on which the aeroplanes depend, the biplane is 
(iscussed, with a special description of the Wright machine, 
and the Voisin machine in the forms in which Mr. Farman 
has recently been using it. In concluding, the writer is of 
opinion that more depends at present on the development 
of the motor than on new departures in the construction 
of the aeroplanes themselves. In the French machines 
the motors have been’ so cut down in weight that they 
have been rendered unreliable. Other articles of some 
interest in this new monthly (for which the yearly sub- 
scription is 15 francs in France and 18 francs abroad) deal 
with the new British Institute of Metals, the use of 
denatured alcohol, &c.; while short illustrated extracts 
of important articles in other publications are also given. 
In the list of names vad pe pore forming the Editorial 
Ovummittee appear several of much prominence. 


e a houses have not a, 
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peed | 42, Cannon-street, E.C. This small book may be obtained 


NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. | 
MIDDLESBROUGH, Wednesday. | 
The Cleveland Iron gs atts is very — a 
ness ng in pig iron, buyers being very backwar< 
int What small rem. to are recorded are con- 
fined to odd lots for early delivery. At the same time 
several sanguine traders profess to regard prospects for 
the future as better than they have been, but it is really 
very difficult to find any real indication of early im- 
see pyres The unfavourable Board of Trade returns have 
ad a somewhat depressing influence upon this market. 
Stocks of pig iron continue to increase both in the warrant 
stores jes at makers’ yards, notwithstanding that the 
make is below what it was at the beginning of the year. 
Some little grounds for congratulation, however, may be 
derived from the fact that iron is not being sent into the 
public stores on so large a scale as it was a little while 
ago. Shipments are only moderate, and inland deliveries 
are by no means as as could be wished. No. 3 g.m.b. | 
Cleveland pig iron is 48s, 44d. f.o.b., whilst No. 1, which | 
is scarce, is 51s. ; No. 4 foundry, 47s. 3d.; and No. 4 forge, 
46s. 3d. Nos. 1, 2,and 3 East Coast hematite pig stand at 
56s., but the figure is a nominal one. There are buyers at 
55s., but makers justly declare that present cost of pro- 
duction precludes the acceptance of such a price. Coke 
supply is plentiful, and the requirements for local use are 
rather below what they have n, with the result that 
quotations are weak. Medium blast-furnace coke is 
offered for sale at 15s. 3d. delivered at Tees-side works. 


Manufactured Iron and Steel.— Somewhat better ac- 
counts are given of one or two branches of the iron and 
steel industries, but there is much room for improvement 
in many departments. Producers of railway material are 
fairly well off for work, and sheet-manufacturers are very 
busily employed. Prices are still stationary, the = 
cipal market quotations standing :—Common iron bars, 
7l.; iron ship-p tes, 6l. 7s. 6d.; iron ship-angles, 7/.; iron 
ship-rivets, 7/. 3s. 9d.; packing iron, 5/, 10s.; steel bars, 
61. 5s.; steel ship-plates, 6/.; steel my py 5l. 12s. 6d. ; 
steel strip, 6/. 7s. 6d.; steel hoops, 6/. 10s.; and steel joists, 
51. 15s. to 6/.—all less Shyer coe j cast-iron chairs, 3/. 10s. ; 
cast-iron columns, 6/. 10s.; light iron rails, 67. 15s.; heav 
steel rails, 5/. 5s. ; and steel railway sleepers, 6/. toe. all 
net cash at works; and iron or stee vanised corrugated | 
sheets, 24 gauge, in bundles, 12/. 10s. f.0.b.—less 4 per cent. 


nish Ore.—The very firm attitude of the mine-owners 

in Spain is the cause of traders in Spanish ore here being | 
compelled to ask higher rates than consumers are prepa: 

to pay, with the result that there is no business pare: 
With the price of Rubio ore of 50 per cent. quality 12s. 6d. 
at Bilbao, dealers here are justified in putting the price 
at 16s. 6d. ex-ship Tees. The freight Bilbao-Middles- 
brough is 3s. 9d. 














SuBMARINE TELEGRAPHY.—Two lectures on ‘‘ Submarine | 
re in its Relation to Warfare ” are to be delivered 
on Wednesday and Thursday next, the 17th and 18th, by 
Mr. Charles Bright, at the Royal Naval War College, 
Portsmouth. 





Tue ‘‘IronMoNGER” Metat- Market YEAR - Book, | 
1909.—For the third year a metal-market year-book has 
been published by our contemporary, the Jronmonger, 


for 2s. 6d. net, and contains information relating to 
copper, tin, lead, spelter, pig iron, steel, galvanised 
sheets, tin-plates, &c. In addition to 1908 prices, it gives 
particulars of supplies, world’s production, imports and 
exports, stocks, &c. It consists of some eighty-four Pages 
of tabulated statistics which cover the chief figures of the 
several markets in 1908, 





MANGANESE StreEt Ratis.—Various statements have 
been published lately with regard to the use of manganese 
steel rails in the United States. Some of the rails in use 
have been cast, but others are rolled. The Manganese 
Steel Rail Company, of Hilburn, N.J., is putting on the 
market rolled rails containing from 9.50 to 16.25 per cent. 
manganese, having a life of from twenty to eighty times 
that of an ordinary Bessemer rail. The manganese rails 
ordinarily turned out by this firm are of the following com- 
position :—Manganese, 11.50 to 12 per cent. ; carbon, 1 per 
cent. ; silicon, 0.3 per cent. ; phosphorus, 0.065 per cent. ; 
sulphur, 0.03 per cent.; while it hassuccessfully produced 
rails Figgas | 9.50 to 16.25 per cent. Mn, 0.12 to 1.35 per 





cent. C, and 0.1 to 1 per cent. Si, with same phosphorus and 
sulphur as above. The Railroad Age Gazette recently 
published illustrations of such rails, rolled by the Passaic 
Steel Company, which had been put to very severe 
tests. One 29-ft. 85-Ib. A.S.C.E. standard section rail had 
been twisted four complete times without sign of failure. | 
Another piece had been bent to a 4-ft. radius. Another | 
length had been bent and reversed and straightened under 
a 2000-lb. tup falling 24 ft., and was then turned on its 
side and tested. Other lengths, on 3-ft. supports, were 
tested by a 2000-lb. tup falling 4 ft., 6 ft., 8 ft., 10 ft., | 
12 ft., and 14 ft., without flaw developing. Short lengths 
were tested by having the head bent over till it touched | 
the base, under a steam-hammer. Tests to destruction of | 
a 5-ft. length on 3-ft. 6-in. supports, witha ball weighing 


deflection of 8 in. With the tup falling 20 ft., the second | 
blow resulted in a deflection of 13in., the third blow, from | 
a height of 25 ft., gave a deflection of 16 in., and the 
fourth, from a height of 30 ft., gave a deflection of 22 in., 
the rail fracturing half through the web. At the fifth 
blow, from a height of 40 ft., the rail broke completely. 
The rails can be punched and sawn, but cannot well 

| machined or drilled. 








4375 lb., gave for the first blow and a height of 15 ft., a| - 


NOTES FROM THE SOUTH-WEST. 


Cardiff.—The steam-coal trade has shown considerable 
buoyancy. _The extreme price for large has been 14s, 3d. 
r ton, but secondary descriptions have ranged between 
2s, 6d, and 13s, 6d. per ton. The house-coal trade has 
maintained about an average activity ; the best ordin 
ualities have made 14s. 6d. to 16s. 6d. ton; No. 
hondda has brought 17s. 6d. to 17s. 9d. ton. 
Foundry coke has been quoted at 17s. 6d. to » and 
furnace ditto at 15s. 6d. to 16s. 6d. ton. As regards 
iron ore, Rubio has made 15s. 9d. to 16s. 34. per ton, u 
a basis of 50 per cent. of iron, and charges, including 
freight, insurance, &c., to Cardiff or Newport. 

Great Western Railway.—During the past half-year ten 
new locomotives have been built and seventy-four locomo- 
tives. have been supplied with new boilers at the cost of 
revenue. The te expenditure on capital account 
for working stock to the close of last year was 14,668, 629/., 
of which 44,360. was paid out in the past half-year. 
Good progress has been made with the new lines which 
the company has in course of construction—viz., the 
Ahendon and Aynlo, the Avonmouth and Filton, the 
Camerton and Limpley Stoke, and the Swansea District. 

he widening of the line and other works in and near 
Birmingham are ing satisfactorily, and the works 
north of Snowhill station are sufficiently advanced to 
admit of a contract being let for the reconstruction of the 
station buildings. 


_ Western Wagon and P 'y Company.—The twenty- 
ninth annual meeting of this company was held at Bristol 
on Monday. Sir G. White, who presited, ued the net 
revenue of the year amounted to 16,878/. amount of 
advances, investments, and other securities, was 232,937/. 
The balance outstanding on 2238 pu hire wagons 
was 56,321/., or 25. 3s. 3d. per — In 1907 there 
were 108 fewer wagons financed, although the then total 
was 58,702/. The er capital sum this year was due 
to repayments which had come in. The company’s 1002 
wagons let on simple hire were standing at 20, , against 
1074 at 22,7587. ; 1000/, was now appropriated again. in 
writing the wagons down, bringing the value at which 
the improved stock stood at 19%. per wagon. The re- 
serve fund amounted to 80,000/., or 57 per cent, of the 
paid-up capital. The directors’ report was adopted, and 
a dividend was declared at the rate of 10 per cent. per 
annum. 


Swansea.—Land cn the Burrows, Swansea, and close to 
the new King’s Dock, has found a tenant, and great deve- 
lopments are expected, Messrs. Baldwin and Co., Limited, 
having arran to take 50 acres. Messrs. Baldwin are 
considering ns embracing blast-furnaces, steel works, 
tin-plate works, &c. 


Bristol eon Company.—The directors of the Bristol 
and South Wales Railway Wagon Company, Limited, 
state that, after carrying 1693/. to the contingent fund, 
the revenue account shows a disposable balance of 16,168/. 
Out of this an interim dividend of 5 } mi cent., amounting 
to 7500/., has been paid, and the directors now recom- 
mend a further dividend of 5 per cent., making 10 per 
cent. for the past year, leaving 1168/. to be carried for- 
ward. The contingency fund now stands at 47,000/. 


Sale of a Colliery.—Mr. Cope, Mr. H. Lewis, and Mr. 
W. Cope have sold their interests in the Albion Steam 
Coal Company, Limited, to Messrs. L. Gueret, Limited, 
in conjunction with other gentlemen. The Albion Com- 
pany has a capital of 440,000/., half in 6 per cent. 
cumulative preference shares, and the remainder in 
ordinary shares. The company has been successful, 
and the present capital aggregate is the result of the 
ordinary shares being split in 1901. The colliery is 
situated at Cilfynydd. e area of the takings is about 
1200 acres, held on a 53 years’ lease from 1891. The sink- 
ing of a new pit was completed in 1906; and 37,184/. of 
the cost, amounting to over 52,000/., already been 
written off out of profits. 








Tue ATLANTIC Recorp.—The following is the official 
log of the Mauretania’s recent record passage from New 
York to Liverpool :— 











| Dis-  Lati- | Longi- 
Date, 1900, tance-| tude. | ~ 4 Winds, &c. 
Wednesday, Feb. 3 12.5 = og Com- 
pany’s pier. 
99 » & 3.43 p.m. Ambrose 
tship abeam. 
Thursday, » 4 491 |40.26 N, |63.08 W. .E. to N.W. 
Friday, » 5 605 (40.54 ,, |40.52,, N.W. to 8.W. 
Saturday, » 6 694 '45,06 ,, |37.59,, 8.W. to N.W. 
Sunday, > 7| 667 |48.58 ,, \25.20,, N.N.W. to 8. E. 
Monday, » § G82 (61.16 ,, |10.38,, 8.E. 
95 |To Daunt’s Rock Monday, February 8. 
From Ambrose ———, __ Lightship ‘Arrived Daunt’s Rock 


Lightship to 
Daunt'’s Rock | 
Lightship .- 2084 | 
To Liverpool Bar 
Lightship, Feb- | 
ruary 9 .. ..| 232} 


3106 


htahip, 5.10 p.m. 
Length of paoeage 


passage 
| 4 = 20 hours, 
minutes. 





The Times reports that coming up the St. George's 
Channel to Liverpool, a speed of 27.4 knots was registered, 
which ae gro to the best of her runs, with the tide, on 
her official trials. - It is- probable that no stall portion 
of the credit for the new record is due to the new pro- 
pellers, many naval architects being of opinion that her 
set would have been more efficient with a age a 
which was under 12 per cent. on the full-power t 
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ELECTRIC POWER INSTALLATION AT KHARTOUM; CONDENSER AND PUMPS. 
CONSTRUCTED BY MESSRS. W. H. ALLEN, SON, AND CO., LIMITED, ENGINEERS, BEDFORD. 
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REVISED RAIL SPECIFICATIONS ; PENN- 
SYLVANIA RAILROAD SYSTEM. 


WE have, at one time and another, noticed in these 
columns the chief features of the situation in the 
United States which has arisen in connection with 
the manufacture and purchase of rails. As is well 
known, the manufacturers were inclined to over-ride 
the demands of many of the railway companies in the 
market for rails, and it was not until the latter sought 
the moral assistance of railway associations and engi- 
neering societies that a solution was reached. Acting 
independently the roads could not enforce their speci 
fications, with some notable exceptions. Of these 
exceptions the Pennsylvania Railroad was the most 
prominent. Being so large a purchaser, this company, 
acting for and by itself, can do what others find 208- 
sible only by association. It practically stood aloof 
from the recent controversy over the quality of rails 
manufactured, and finally issued a specification of its 
own. This specification, reproduced, in ENGINEERING 
at the time,” has now been revised, and orders for 
135,000 tons of rails for 1909 delivery have recently 
been placed. 

The chief alterations are to be found in the clauses 
relating to chemical composition nd to tests and in- 
spection. The clauses having reference to process of 
manufacture remain unaltered. In the new specitica- 
tion the analysis for Bessemer rails is unchanged, but 
for open-hearth rails two classes are now given instead 
of one. These we give in the next column. 

The analysis of Class A is identical with that in the 
originel specification. 

_ With regard to the clauses relating to tests, the 
particulars specified for conducting the drop tests 
remain the same. In the new specification several 
alterations have been made with regard to their number 
and results. As these are somewhat intricate, it may 


* See ENGINEERING, vol. lxxxv,, page 628. 





(For Description, see Page 214.) 
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Open-Hearth Steel Rails, Pennsylvania Railroad System. 


Lower Desired Upper 
Limit. Composition. Limit. 
Class A :— per cent. per cent. per cent. 
Carbon. . * ; 0.70 0.75 0.80 
Silicon .. F z 0.06 0.12 0.20 
Manganese : - 0.80 
Phosphorus : | 0.08 
Class B: 
Carbon. . 0.62 0.70 0.75 
Silicon . 0.05 0.12 | 0.20 
Manganese - | 0.80 
Phosphorus 0.04 


be as well to reproduce exactly the new wording, which 
is as fotlows : 

**Clause 14. . 
destruction. 

**(a) If a test-piece breaks without showing physical 
defects, two more pieces from the same heat shall 
be tested, and if neither of these pieces fails, all rails 
of the heat will be accepted as No. 1 or No. 2 classi- 
fication, according as the deflection is less or more, 
respectively, than the prescribed limit. Separate 
records shall be kept of these tests. 

“If either of the second test-pieces fails, all the rails 
from the heat will be rejected. 

**(b) If, however, the test-piece broken under 
test ‘‘a” shows physical defect, the top rail from 
each ingot of that heat shall be rejected; and 

**(c) A second test shall then be made of a test-piece 
selected by the inspector from the top end of any 
second rail of the same heat. If this second test- 
piece breaks, the remainder of the rails of the heat 
shall also be rejected. If this second piece does not 
break, the remainder of the rails of the heat will be 
accepted as either No. 1 or No. 2 classification, accord- 
ing as the deflection is less or more, respectively, than 
the prescribed limit. 

**(d) If the test-pieces (test ‘‘a”) do not break, but 


Test-pieces shall be tested to 











when nicked and tested to destruction show pipe, the 
top rail from each ingot will be accepted as ‘‘ Special” 
rails, either as No. 1 or No. 2, and a separate record 
made of the test. The remainder of the rails of the 
heat will be accepted as either No. 1 or No. 2 classi- 
fication, according as the deflection is less or more than 
the prescribed limit.”: 

In the former specification Clause 14 (a) made no 
provision for additional test-pieces, and called for the 
absolute rejection of all rails from the heat if the 
test-piece broke without showing physical defect. In 
Clause 14 (c) the words ‘‘from the top end of any 
second rail of the same heat” are new to the specifi- 
cation ; while (d) is slightly changed to suit the new 
wording of (a). Subsequent clauses have been some- 
what altered ; for instance, Clause 16, which provided 
for the rejection of rails ‘‘ having physical defects that 
impair their strength,” now deals with surface imper- 
fections and the conditions under which rails having 
such faults will be accepted. Clause 21, relating to 
analysis, differentiates now between Bessemer and 
open-hearth rails. For Bessemer steel the carbon 
determination of each heat and two complete analyses 
for each day's work are to be furnished. ‘‘ For open- 
hearth steel the makers shall furnish the inspectors 
with the complete chemical analyses for each melt.” 

From the above it will be seen that the new specifi- 
cation is rather more lenient, both as regards chemical 
analysis and also physical characteristics, &c., no 
‘* Special” rails being accepted under the old condi- 
tions. 





Tue St. LAWRENCE.—Within a few months the south 
shore of the St. Lawrence will be connected with the Mon- 
treal side by electric railway across the Victoria Bridge. 
Hitherto the only means of communication between the 
north and south shores, in the summer, has been by train 
across the Victoria Bridge, and by ferry a mile lower down 
the river. In the winter an ice route has taken the place 
of the ferry. More frequent communication will now be 
established by means of the Southern Counties Railway, 
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ELECTRIC SPOT-WELDING MACHINE. 
CONSTRUCTED BY THE BRITISH INSULATED AND HELSBY CABLES, LIMITED, ENGINEERS, PRESCOT, LANCASHIRE. 


(For Description, see Page 208.) 
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Fic. 41. 


ELECTRIC SPOT-WELDING. 


THE BRITISH INSULATED AND HELSBY CABLES, LIMITED, ENGINEERS, PRESCOT, LANCASHIRE. 


Fics. 39 anp 40. Execrric Seot-WeLpinc Macuine. 





Exvectric WELpING-MacHINE FOR PLATINUM TIPs. 


( For Description, 


see Page 208.) Oo CCC 











Fic. 42. Sprot-Wetpep Mitp-STeet C.iips 
TesteD TO DESTRUCTION. 





























Fic. 44. Spot-WeLps AFTER DEsTRUCTION. 
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87¢.2 
Fic. 45. Brass-Coprer WELD. Fic. 46. Brass-Copper WELD. Fic. 47. Brass-Coprer WELD, Fic, 48. Gunmetat-[Ron 
Maanirtep 160 DIAMETERS. Maeniriep 250 DIAMETERS. Deerty Ercuep. MAaAGniriep WELD, SHOWING PENE- 
100 DIAMETERS. TRATION OF Gun-MeraL 





Fic. 49, 





Fic. 52. 









MICRO-PHOTOGRAPHS OF ELECTRIC WELDS. 













THE BRITISH INSULATED AND HELSBY CABLES, LIMITED, ENGINEERS, PRESCOT, LANCASHIRE. 


(For Description, see Page 208.) 





InTO IRON. MAGNIFIED 
160 DIAMETERS. 





Copprer-CoprpeR WELD. MAGNIFIED Fic. 50. Bronze-BronzE WeLp. MAGNIFIED Fic. 51. ITIron-Inon Rim Weip. Maenyiriep 
160 DIAMETERS, 50 DIAMETERS. 30 DIAMETERS. 





Mitp Steet Wetp Macniriep Fie. 53. Mitp Street Section or UNWELDED Fic. 54. Mitp Steen Wetp. Macniriep 
50 DIAMETERS. Mertat, Maeniriep 50 DIAMETERS. 80 DIAMETERS. 
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CONSTRUCTED BY 


WILLIAM BEARDMORE AND CO., LTD., AT 


THE PACIFIC STEAM NAVIGATION COMPANY’S MAIL AND 


PASSENGER T--S.S. “ORCOMA.” 


THEIR NAVAL CONSTRUCTION WORKS, DALMUIR, N.B. 


(For Description, see Page 209.) 




















Fic. 7. Tue ‘*Orcoma” on STEAM TRIALS. 
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(To face Page 209.) 
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NOTICES OF MEETINGS. 





Tae PrysicaL Society or Lonpox.—Friday, February 12, at 
8 oh m., at the Imperial College of Science, Imperial Institute- 
road, South Kensington. Annual general meeting and presidential 


THE ASSOCIATION OF ENGINEERS-IN-CHARGE.—Satu’ 


y, Mey ed 
13, at St. Bride’s Institute, ae Fleet-street., A dis- 


cussion evening, eae .m., when Mr. ; ke 
pores on ‘‘ Feed Water and Its ke a "will be further con- 

—Friday, Feb y 19, by the courtesy of Principal 8. G. 
Rawson, D.S8c., a visit to the Battersea Polytechnic will take place 


at 7.30 = 

THe NortH oF ENGLAND INSTITUTE OF MINING AND MECHANICAL 
ENGINEERS.—Saturday, Febru at 2 p=. in the Wood 
Memorial Hall, Newcastle-u Sy The tolla jowin ig papers will be 
open for discussion :—“* Re pairing Leaky rm by Mr. U; 
Bagnoli (Trans. Inst. M.E., en xXxxvi., page 213). ‘‘ The ‘ Bo! 
Box-Controller and Box-Switch, ” by Mr. J. G. Thompson (Trans. 
Inst. M.E., vol. xxxvi., page 2i7). “Note on the Effect of an 
Igneous Dy ke on a Natal Coal-Seam,” by Mr. G. H. Stanley (Trans. 
Inst. M.E., vol. xxxvi., page 226) “Note on a Deposit of Sulphur 
in a Colliery ny — 9 "oy Me, G. H. Stanley (Trans, Inst. M.E., 
vol. xxxvi. , J ade following La at will be read or taken 
as read :— emoir oe Henry Lawrence,” by Mr. John H. Merivale. 
“Coal-Mining on the Kirghese Steppe, in the Akmolinsk District 
“° South-Western Siberia,” by Mr. Edward Watson. The best 

a safety-lamp igniting apparatus will be exhibited and 
descri 
Tue Royat Society or Arts.—Monday, Fe y 15, at 8 p.m. 
“*Modern Methods of "artificial umination,” 
by Leon Gaster, A.M.I.E.E. (Lecture I.)}—Wednesday, February 17, 
ai 8 p-m. “The Commercial Relations of France and Great 
Britain,” by M. Yves Guyot. Sir Robert Giffen, K.C.B., F.R.S., 
LL.D., will preside. 

Tue INsTrruTe oF MARINE Enetneers.— Monday, February 15, at 
8p.m. Paper on “ Details of Specification for a Cargo Steamer,” 
by Mr. W. J. Vesey Lang, Member. 

THE INSTITUTION OF ELECTRICAL ENGINEERS : MANCHESTER SECTION. 
—Tuesday, February y 16, at 7.30 p.m., at the University on 
if a r will be read on “ 

Large Gas- _—_ for Generating Power,” by Messrs. aq ph. Be 
and R. Porte 

THE iueeweenes or Crvit Eneineers.—Tuesday, February 16, at 
8 p.m. Paper to be read :—‘*The Design of Marine Steam- 
Turbines,” by Mr. Stanley John Reed, Assoc. M.Inst.C.E. Students’ 
visit, Wednesday, February 17, to the East Greenwich Gas Works 
of the South Metropolitan Gas ‘Company. Lectures to Students :— 
Friday, February 12, at 8 p.m. Second lecture on “ The —— 
and Construction of Docks,” by Sir Whately Eliot, M. Inst. C. 
Mr. W. R. Galbraith, Vice-President Inst. C.E., in the chair. 
Fridays, February 19 and 26, at 8 p.m. :—Lectures on “‘Standard- 
isation in Engineering Practice,” by Dr, W. C. Unwin, F.R.S., Vice- 
President Inst. C.E. Members of all classes of the Institution are 
invited to attend these lectures. 

LiverPooL ENGingerING Socrety,—Wednesday, February 17, at 
8 p.m., at the Royal Institution, Colquitt-street, when a paper will 
be read on “The Presence of “Air in Condensers,” by Mr. D. B. 
Morrison, M.I. Mech. E., M.1.E.E., M.L. and 8, Inst. 

RovAL METEOROLOGICAL Soctery.— Wednesday, February 17, at 
7.30 p.m., at the Institution of Civil Engineers. Papers to be 
read :—1. ‘‘ Report on the Phenological Observations for 1908,” by 
Edward Mawley, F.R.H.S. 2. “‘The Cold Spell at the End of 
December, 1908,” by William Marriott, F.R. Met. Soc. 

Tar InstiruTion OF Mining anpD MetraLiurey.—Thursday, Feb- 
ruary 18, at 8 p.m., at the Rooms of the Geological siety, 
Burlington House, Piccadilly, W. The discussion on the following 
papers, which were submitted at the January meeting, will be con- 
tinued :—“A Theory of Volcanic Action and Ore Deposits, Their 
Nature and Cause,” by Mr. Hiram W. Hixon. “ An Instance of 
Secondary Im Ven, Lake Super by Mr. H. H. Knox, Member. ‘‘ The 
Silver Islet V: ke Superior,” by Mr. Walter McDermott, Past- 
President. And, if time permits, the following paper will also be 
discussed :—“‘ ‘ Shrink Stoping in Western Australia,” by 
Mr. F. Percy Rolfe, Student. 

Tue Royal IvstiruTion OF GREAT Brirain.—Friday, Fe’ 19, 
at 9 p.m. **Recent Advances in Means of Saving Life in Coal- 
Mines,” by Sir Henry Cunynghame, K.C.B., M.A., te R.1. ay 2 
noon lectures next week, at 3 o’clock.— 

“The Architectural and Scul my a uities of India, by Pro 

fessor A. A. Macdonell, M. B.A. dastere I i 
Thursday, February 18. On “ ‘Problene of Geographical Distribu- 
tion in Mexico,” by Mr. Hans Gadow, Ph.D., M.A., F.R.8. 
(Lecture IL.) Saturday, February 20. On (3) “ Chamber. Music,” 
by Sir Alexander C. Mackenzie, Mus. Doc., D.C.L., LL.D., M.R.L 
With the kind assistance of the Members of the Hans Weasely 

tte.) 

Tae LnstiruTION OF MECHANICAL ENoIneERS.—Friday, on | 
19, at 8 p.m., in the Institution House, Storey’s Gate, St. James 
Park, the sixty -second annual general meeting will be held. The 
annual rt of the Council will be presented to the meeting. 
The results of the ballot for the omen election of the President, 
Vice-Presid bers of Council will be announced at this 
meeting. Award of the Water Arbitration Prize to Mr. John Don, 
A.M.I. Mech. E. The prizes awarded by the Council for the best 
papers read by graduates during the session 1907-1908 will be pre- 
sented to Mr. C. W. Davson and Mr, A. MacKinnon. Paper to be 
further discussed :—‘“‘ The Filtration and Purification of Water for 
Public Supply,” by Mr. John Don, Associate Member, of Maybole. 

Tue JUNIOR INSTITUTION OF Exatnuens, — Saturday, February 20, 
at 3 p.m. Visit to Messrs. J. and E. Hall’s refrigerating machinery 
and automobile works at Dartford. 
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ARBITRATION IN. “RAILWAY AND 
ENGINEERING LABOUR DISPUTES. 


Tue settlement, through the medium of arbitra- 
tion, of several points of difference between the 
London and North-Western Railway Company and 
their employés is subject for eneral satisfaction ; 
but it must not be too pee fa assumed that we 
have thereby discovered the panacea for all labour 
disputes. It is true that both ies bound them- 
selves to accept the award of the arbitrator whom | s 
they mutually selected, and that no change can be 





























made upon wages and hours of labour until January 1, 
a. It is even probable that the award may form 

recedent to be followed in connection with the 
ot er railways ; indeed, one might have anticipated 
the choice of the same "arbiter, since he had gained 
experience. But Mr. R. Bell, M.P., the general 
secretary of the Amalgamated Society of Rail- 
way Servants, in expressing disappointment with 
the award, looked hopefully: to other arbiters 
refusing to accept the lead of the Right Hon. Sir 
Edward Fry, G.C.B., the distinguished jurist 
responsible for this settlement. More significant 
still was Mr. Bell’s counsel to the union members 
to get themselves well armoured, ‘‘ for on January 1 
of 1913 they should plank down their demands and 
say that they were ready to go on.” The general 
points of the award, and its effect on the accept- 
ance of the principle of arbitration in other indus- 
tries, must be considered in the light of this 
attitude of discontent, even although we may be 
satisfied with the ‘prospect. of four years on 
such an important line as the den and North- 
Western Railway. 

The first point of significance is that arbitration 
was adopted as a last resort. The conciliation scheme 
evolved by Mr. Lloyd George, when President of 
the Board of Trade, Tinstituted for each railway a 
conciliation board, representative of the company 
and their employés, to consider wages and hours 
and other regulations . employment. This was 
deemed desirable, proba because the Amalga- 
mated Society of ipeiwey, ants did not embrace 
anything like so large a proportion of the employés 
as is the case, for instance, in the shipbuilding and 
engineering industries. The Society per se not, 
therefore, the same claim to represent the men. 
The Federation of Employers and the several 
unions, acting together or separately, amply meet 
the case in shipbuilding and engineering. It is well 
to consider this difference at the moment, as the 
idea of arbitration on wages questions in the latter 
industries is mooted. The Conciliation Boards of 
the London and North-Western Railway having 
been appointed, conferences were held to consider 
the claims of the workers. These embraced prac- 
tically all the items in the now well-known f All- 
Grades National Programme,” including a 2s. per 
week all-round advance in wages, a reduction in 
hours, &c., which the London and North-Western 
Company ‘showed would increase their working 
expenses by at least 750, 0001., equal to nearl 
2 per cent. on the company’s ordinary capital. It 
was not possible to come to terms by conciliation, 
and under Mr. Lloyd George’s schemes a single 
arbiter was appointed by agreement between the 
two parties. 

The railway people were fortunate in the choice 
of their arbitrator, because Sir Edward Fry is not 
only a distinguished jurist, with experience as an 
arbiter, but of universally acknowledged integrity 
and independence of character, without political 
leanings. His award is essentially concerned with 
details ; there was no general levelling up or down. 
Wages have been increased in a few cases, to some 
workers higher rates for overtime are granted, and 
some men when working for a lengthened period at 
a higher grade of work than that for which they are 
employed are to be paid extra. These and other 
concessions to the men make up in annual expendi- 
ture 70,0901. per annum, or about 10 per cent, of 
the estimated cost of the demands made. There 
is the important matter, too, that the wages and 
hours now fixed are not to be alterable until 
1913. But more important still are the claims > 
allowed :—That an immediate advance of 2s. 
week be given to all es ; that eight hours con- 
stitute the standard day for drivers, firemen, signal- 
men, passenger guards, and brakesmen ; that a 
full week’s wages be guaranteed ; that overtime 
should be calculated for each day separately ; that 
Sunday duty be paid for at a minimum of rate and 
a half; that the ‘‘ bonus,” “classification,” and 
‘* trip” systems be abolished ; and that promotion 
be according to seniority. On this last claim, Sir 
Edward Fry very properly refused to give any 
opinion. 

The men are disappointed with the award ; and 
it is open to inquire whether the result will conduce 
to similar agreement to accept arbitration in the 
future ? Herein lies the crux of the trouble, and 
the true significance of the railway award for other 
industries. Circumstances favoured Government 
eel in this case owing to the grave effect of a 

eof the railways. The conditions, too, were 
idexh istic. There was not an all-embracing workers’ 
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union, so that a decision to strike must have left a 
large proportion of workers, who were not unionists, 
to carry on the railway traffic, Much of the labour 
is unskilled, and vacancies caused by strikers could 
be filled, especially during the current depression 
in trade. Tho ‘wicleuts are widely scattered, and 
have only in large cities the advantage of mutual 
encouragement. Organised resistance was thus 
more difficult of realisation than in other industries. 
The principle of conciliation was accepted in asso- 
ciation with arbitration, on the understanding that 
the arbitrator was to be mutually agreed upon, and 
that the award was to be accepted on both sides. 
Had the men been more war united, would this 
agreement have been made, or wouldit have been pos- 
sible to have enforced the award? It is a significant 
commentary on this point that Mr. Bell is utilising 
the present occasion for inculcating the benefits of 
unity, and of preparing for a fight as soon as the 
enforced truce ends in 1913. 

What would be the position in arbitration pro- 
ceedings in an industry where the workers as well 
as employers were completely united and thoroughly 
organised ? We have a suggestion in the refusal of 
the workers on the North-East Coast to accept a 
decision arrived at with the assistance of their own 
executive council, and recommended by them. The 
question of evolving a method of overcoming such a 
difficulty must be faced at once, because stoppages 
of work to enforce claims, just or otherwise, is an 
expedient almost universally condemned. In both 
the shipbuilding and engineering industries most 
pecedles wsest agreements have been come to re- 
garding such questions as works control and hours 
of labour, which affect more or less directly and 
similarly all districts or establishments. Neither 
agreement, unfortunately, affects wage questions. 
One trade union, by a remarkable change in its rules, 
gave each local district the right to vote for accept- 
ance or otherwise of a wage agreement affecting such 
district come to by the central executive council of the 
union. It was such a vote in favour of rejection 
which caused the lamentable and long-continued 
strike last year on the North-East Coast. The 
problem now to be faced is as to how such an inci- 
dent is to be prevented. 

A difficulty is that a wage dispute may be very 
limited in its incidence or effect, and it might not 
be justifiable to elevate it into a question affecting 
the whole of the kingdom in the event of failure to 
arrive atan agreement. In the event of such failure, 
would arbitration be more effective than con- 
ciliation ? ~The case of the railway workers cannot 
be regarded as supporting arbitration, because the 
conditions were less conducive to success in resist- 
ance to employers than usually obtains in the case 
of a thoroughly organised union. The relative 
strength of parties influences even the choice of 
arbitrator. In engineering and ae too, 
intricate technical questions fall to be considered, 
and an arbiter with experience might be suspected 
of being interested. Anyone without experience 
might fail to carry confidence. The modern ten- 
dency for a member of the Government to nominate 
an arbitrator will in some cases involve mistrust 
owing to party =, predilections, especially as 
the association between party politics and industry 
is, unfortunately, becoming greater and graver. A 
local dispute in the shipbuilding and engineering 
trade would be too trivial for such an eminent man 
as Sir Edward Fry to investigate. If arbitration is 
to be accepted in engineering and shipbuilding dis- 
putes as a last resort, after all other attempts at 
settlement have failed, an essential condition is that 
it should be voluntary, and that the arbitrator should 
be chosen by both parties, without outside inter- 


ference or pressure. The better course would be | 


for a list of available arbitrators to be selected as 
part of an agreement to be operative when disputes 
take place, rather than that this provision should be 
left until the contingency arises, when it is difficult 
to make calm reflection ov the situation. The 
arbitrator should have intimate experience of the 
industrial conditions, and provision should be made 
for the acceptance of his award. In the case of the 
pattern-makers on the North-East Coast arrange- 
ments are made for arbitration by three gentlemen 
mutually approved, or, failing such approval, by two 
referees selected by the respective parties, with a | 
third gentleman chosen by the two. Such an 
arrangement would not interfere with the selection 
of a list of available arbitrators. 

But there are _— disadvantages to any system 
of arbitration. There is always the possibility of 


recalcitrance against an arbitrator's decision by the | 





party whose views have not been accepted. This 
would be particularly the case with men in a dis- 
trict when the central executive had chosen the 
arbitrator. It is so easy, with human nature as it 
is, to attribute bias- or motive, and so difficult to 
combat suggestion of it without definite statements. 
Again, as long as a scheme for arbitration exists at 
the end of the way to conciliation, effort would be 


directed during conciliatory negotiations towards | 
the preparation of a case for the arbitrator. As 
it has so frequently happened that the arbitrator, | 


in his award, merely halves the difference, there 
would be a continuous game of bluff on both sides. 
This could only conduce to abortiveness in such 
negotiations. The prolongation of pourparlers and 
conferences is in itself an evil, as the minds of 
parties are disturbed, if not ready to misinterpret 
words and actions which would be accepted as 
harmless under normal conditions. There is also 
the probability of efforts being diverted from ordi- 
nary work to excitable discussions which are alien 
to the maintenance of industrial peace. 
Conciliatory conferences, even when they fail, 
have distinct advantages. It is good at all times 
for men of divers opinions and trends of thought to 
“reason together.” Employers and employed are 
partners in manufactures. Both are essential to 
the prosperity of the nation by the production of 
wealth. Any stoppage of work or reduction in effi- 


ciency in processes affects both, mentally and finan- | 


cially. It is, therefore, their common interest to 
maintain amity and satisfactory economic arrange- 
ments. There is nothing which promotes these 
desiderata so effectively as conferences. In the 
works attention to the operation in progress tends to 
limit the outlook on industrial life ; in conference 
broader issues must be investigated, and by 
the combined ‘effort to bring together divergent 
views there is possible a better understanding of 
common interests and mutual responsibilities. These 
responsibilities are far-reaching, for a strike or 
stoppage of work affects not only the men at such a 
conference, and those they directly represent, but 
a whole community, if not a whole nation. 

This is the underlying principle of the agreement 
reached in the shipbuilding and engineering trades 
as regards all possible causes of differences, except- 
ing only wages. The first consideration is that 
there shall be no stoppage of work. Strikes are 
suicidal, and will be especially so in the present 
dispute in the engineering industry at Birmingham, 
where 6000 men may leave work next week against 
a reduction in wage which is being accepted in other 
districts owing to depression in trade. The agree- 
ment in the two trades provides that in all disputes 
a local conference be held, and failing agreement, the 
question passes to higher boards, all representative 
of both interests, until every employer and every 
trade unionist in shipbuilding or in engineering, as 
the case may be, is involved. Thus is the responsi- 
bility multiplied, and we hope from this in future a 
readier recognition of the importance of concession. 

We are somewhat sceptical about arbitration 
being more likely to bring peace in wage disputes 
than this latter conference. Arbitration awards are 
difficult to enforce by any means consistent with the 
freedom of the subject, which is regarded as a 
divine right ; but where the executive council, as 
the parties to the last conciliatory tribunal, agrees 
to a decision, there is already effective means of 
enforcing it. But the new rule giving local dis- 
tricts a subsequent right to vote for acceptance or 
otherwise must first be abrogated. It is inimical 
to the right of the majority to rule, which is the 
fundamental principle of all society. 
the rule last year on the North- 
itself, justification for its abolition. 


t Coast is, of 
Only by this 


means would there be obviated the serious situa- | 


tion of the Federation of Employers being com- 
pelled to adopt a general lock-out in the event of 
a local district refusing to accept the decision of 
the highest appeal court of conciliation. 

A general strike or a general lock-out because 
of a local wage dispute would be reprehensible. 
This is the principal difficulty in enforcing the terms 
of existing agreements for hours of labour and 
other terms of employment. When all attempts at 
amicable settlement have failed, all works are in- 
volved ina stoppage. But the present agreement 
might be adopted with modification to suit wage 
difficulties, similar to that referred to and adopted 
by iron-founders in Lancashire and described in our 
‘* Industrial Notes ” on page 226. 


the most feasible course would be to at once remit 


The abuse of | 


In the event of | 
a local conference failing to arrive at an agreement, | 


the matter to the judgment of three employers and 
three workers in other districts, and if they did not 
settle the question at issue, they might have power 
to invite the co-operation of an outsider. This 
would be expeditious. The men would continue at 
work. The decision would then be enforced locally 
by the union or federation. 











BREECH-BLOCKS. 

Tue accidents which have recently happened in 
| the French Navy, and to which we have referred in 
| former issues (see ENGINEERING, vol. Ixxxvi., pages 
| 44 and 579), have not only given rise to criticisms 
|of a purely theoretical and technical nature, but 
also to polemics of quite a different character. 
|Among the latter may be mentioned French 
| polemics, which are mostly political, and are con- 
| ducted by Members of at reer or journalists 
| of the Opposition, whose bias it is to discover, or to 
jassert, that everything French is in a very bad 
| way indeed, ey stop short, however, at all 
demonstration, and are not able to put forward any 
exact arguments in defence of their statements. 
Other polemics which are raised may be said to be 
of German origin, and these are mostly of a com- 
mercial order. German writers seize every oppor- 
tunity for putting before the world at large the 
real, or the supposed, imperfections of goods which 
are not of German manufacture ; they generalise 
| without the least hesitation and compunction, even 
| when such goods are adopted and found eminently 
| satisfactory by many nations outside Germany. 
_ This explains, for example, the constant recurrence 
‘in the German military journals of articles deal- 
| ing with a very old subject—to wit, the very great 
|safety, and the innumerable qualities, of the 
‘German wedge breech-block system, advantages 
| which, it is said, are not possessed by the screw 
| breech-block system adopted in this country, in 
| France, in the United States, and elsewhere. 

All the criticisms to which we refer, and which 
|are written in a minor key, start from a false 
standpoint; we called attention to this in a 
former article (see page 52 ante). They deal with 
\@ highly improved type of modern wedge breech- 
| bloc compared with a screw breech-block of an 
jancient pattern. The comparisons thus put for- 
ward appear striking to some persons who take 
/them up without further consideration, and their 
|statements, made on the strength of such com- 
| parisons, are then used to strengthen the case of 
| the wedge. An instance of this was recently afforded 
by the retired Admiral Bienaimé, of the French 
Navy, nowa member of the Opposition in Parlia- 
ment, who, commenting upon the ‘‘ Latouche- 
Tréville” accident at a sitting in the French Cham- 
ber, asked why the wedge breech-block was not 
adopted in the French Navy. His remarks have 
been given great publicity in all military reviews, 
especially in those published in German. 

Seeing that the breech-block question ‘‘ is always 
with us,” we thought it would interest our readers 
to have a few data relating to this question set down 
in a straightforward way. We base these upon the 
testimony of a French expert, Major Ferrus, of 
the French Artillery, to whose articles in the Revue 
d'Artillerie we have already referred (see Enai- 
NEERING, vol, lxxxv., pages 6 and 207). 

If we take first the ancient pattern of wedge 
breech-block, we find that, owing to its transverse 
motion, it could not work with a plastic gas-check ; 
a metallic gas-check, a kind of Broadwell ring, had 
to be used. But, by reason of its transverse 
motion, the wedge breech-block did not act sym- 
' metrically on. the ring, and after a certain number 
lof rounds the ring became ineffective as a gas- 
check. With much care and precaution this dis- 
advantage could be allowed to continue ; it could 

never be set aside completely in the older practice. 

The disadvantage in question has disappeared 
'from the modern type of wedge breech-block, 
owing to the general use of the metallic cartridge- 
case for all calibre guns, from the field-gun to naval 
guns of 11 in. and 12in. That the metallic cart- 
ridge-case be specially advantageous or otherwise 
for the latter—naval—guns is a question upon 
which many artillerists are divided. This point, 
however, need not be considered here, neither is it 
necessary to enter into detail upon the mechanical 
parts for working both types of breech-blocks. The 
fact nevertheless remains that the modern wedge 
breech-block has found at last a gas-checking 
device which gives satisfaction, owing to which the 
safe working of the breech-block is, we may say, 
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effected naturally, for, by reason of the transversal | primer is of no importance; it is quite as-easy to 
motion, the striker can only arrive opposite the make it, say, } in. as 2 in. 


primer when the breech is completely closed, as 


The modern screw breech-block for guns firing 


will be seen clearly from the diagram, Fig. 1, here- | bag cartridges is connected with an apparatus 


with. The wedge breech-block is comparatively 
simple to manufacture ; this fact is, however, of 
small moment to the military man who has to use 
it. But what is of greater importance to him is 
the other fact that it has severai disadvantages. 
It requires that the cartridge be placed by hand 
quite close to its final position for firing, otherwise 
it is sure to be cut or damaged by the block during 
its transverse motion, while the wedge weighs about 
double the screw breech-block for an equal calibre ; 
a wedge breech-block for a 12-in. gun weighs approxi- 


mately 30 ewt. Although the working of the wedge | 


be apparently light and casy, it becomes fatiguing 
when rapid firing takes place. We know of experi- 
ments carried out with field guns fitted with the 
most improved type of wedge breech-block, during 
which the gunner was absolutely exhausted after a 
few minutes’ firing. In short, the modern type of 
wedge breech-block may have advantages, bat it 
certainly has its disadvantages also. 

If now we take the pat pattern of screw 
breech-block, we find that this was not charac- 
terised by any single type of gas-checking device, 
for it gave quite as good results, from the point of 
view of obturation, either with the metallic or 
with the plastic gas-checks, or with the cartridge- 
case. This older pattern was designed and manu- 
factured without any reference to rapidity of firing, 
and with a view tothe use of quick-burning powders. 
It has of late come into prominence owing to the 
fact that it has been used, such as it was, with 
quick-firing guns, or with guns firing slow-burning 
powders, and exposed under these conditions to 
back-flash, the necessary alterations corresponding 
with the variation in the duty not having been 
introduced. 

This older pattern, whatever may have been the 
form in which the powder-charge was served, is 
illustrated in the diagram, Fig. 2. The breech- 
block and the bore of the gun are concentric, and 
the striking-piece is in the centre of the block. 
The firing mechanism was so arranged as to prevent 
its acting upon the striking-piece so long as the 
breech was not completely closed. It is, neverthe- 
less, perfectly evident that should the point of the 
striking-piece, through any cause, project outside 
the front surface of the breech-block, and _ be- 
come fixed in that forward position, it will strike 
the primer when the breech-block is driven 
home, and the round will be fired before it has 
been possible to give the rotary action for 
finally closing the breech. <A glance on Fig. 2 is 
sufficient to show that herein lies the source of 
grave accidents, and it is astonishing that this pos- 
sibility of causing premature firing so long escaped 
all gun-manufacturers, whatever be their nationality, 
and not only at the time when guns fitted with the 
screw breech-block for using both ordinary -cart- 
ridges and metallic cases were first put in service, 
but also long after. 

No screw breech-block of the older pattern was 
provided with a device for preventing back-flash 
when firing powder charges in bags ; but so long as 
no quick-firing is attempted with guns fitted with 
this breech-block, there is no very great harm to be 
feared from the flare-back, provided no powder 
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charges are deposited near the gun with a view to | 


facilitate quick-firing. 

From the above it will be seen how easy it is to 
establish—as is constantly done —a comparison 
which is advantageous to the modern wedge Seeseh- 
block as against the older pattern of screw breech- 
block. Conclusions derived from such a compari- 
son have no practical value whatever. 

We illustrate in the di m, Fig. 3, the modern 
pattern of screw breech-block for guns firing with 
ordinary cartridges or cartridge -cases. In this 
pattern the breech-block and the bore of the gun 
are eccentric in the vertical direction, and the strik- 
ing-piece is not in the centre of the breech-block. 


The effect is—as will be seen on reference to Fig. 3 | 


—that when the breech-block is driven forward 
for closing the breech, the point of the striking- 
piece, even should it project out, can have no action 
on the primer. As in the case of the wedge, the 
striking-piece arrives opposite the 
when the breech is completely closed, this being 
when the rotary action is completed. The modern 
screw is therefore absolutely as safe as the modern 
wedge breech - block in this respect. The extent 
of eveentricity of the striking-piece in regard to the 


wrimer only | 








which, when the round is fired and as soon as the 
opening-out action of the breech commences, de- 
livers through the bore of the gun a cold-air current 


maintained sufficiently long and at a sufficiently | it rather looks as if 
high pressure to drive out at the muzzle all inflam- | made. 











associated, do not pay, but are kept going by 
the Government for more or less philanthropic 
reasons. With regard to the Harz, we are not 
in a position to say anything definite ; as, however, 
the main object of the new dressing plant at 
Clausthal was to effect economy, and as it has 
had the direct result of dispensing with 200 hands, 
if large profits were not being 
If the 200 hands have not been taken on 


mable gases and all residues which might have | at other mining work in the district, it is evident 


remained in the powder-chamber. There is there- 


fore no risk whatever in regard to the premature | 


igniting of a fresh charge. 
as great a degree of safety in working the gun as is 
obtained with the wedge breech-block and cartridge- 
cases, and it ensures further the great advantage, 
in the case of heavy-calibre naval ordnance in 
turrets, of doing away with the escape of gases 
inside the turrets from the empty cartridge-cases as 
these are ejected ; such an escape of noxious gases 
inside turrets, proceeding from Il-in. or 12-in. 
cases, is far from being a desideratum, 


x 















- 


oN 


All the improvements embodied in the modern 
screw breech-block form the subject of numerous 
patents. It is not within the scope of this article 
to establish a comparison in regard to such patents ; 
they deal with devices which have found applica- 
tion. The best of these devices achieve the objects 
for which they were designed, and thus characterise 
the modern pattern of screw breech-block, and this 
can more than stand a comparison with the modern 
wedge. It is much lighter than the latter ; it is 
worked at least as rapidly ; it facilitates the intro- 
duction of the charges, because it does not make it 
incumbent upon the gunner to push the charge by 
hand quite close to its final position for firing ; and 
it is perfectly safe in every respect. Its safety is 
the more marked the larger the calibre of the gun, 
and this is an important point to be noted, owing 
to the present development of naval ordnance. 








MINING IN THE HARZ. 

Tue recent installation, on the most modern 
lines, of a new central ore-dressing plant at Claus- 
thal is evidence that the authorities have faith in 
the future of an old mining district which has 
experienced vicissitudes owing to the discovery of 
richer and more easily-worked ore deposits in 
various parts of the world. It is now quite a long 
time since the failure of private enterprise under 
the altered conditions caused the Government to 
take over the mining, in order to prevent the 
depopulation of the district, an action which has 
its parallels, and in most cases with satisfactory 
results, all over Europe, with the notable exception 
of Great Britain. All the mines in the Harz now 
belong to the Communion Harz Verwaltung, the 
profits going as to four - sevenths to Hanover 
(Prussia), and as to three-sevenths to Brunswick. 
Exactly what these profits amount to is not made 
public; but as the main object of the mining is to 
afford a source of living to a large population, the 
position of the venture is quite distinct from 
what prevails in England, for instance. It is 


The arrangement gives | 





| that the philanthropy of the undertaking has its 


enforced limits. 

Metal mining in the Harz commenced in 968 under 
Otho I., and has continued almost without a break. 
References to it are found in Agricola’s ‘‘ De re 
Metallica ” (1555), and, in fact, in all old treatises 
on mining. Very much of the machinery adopted in 
the various mining districts of the world had its 
origin in the Harz, though a reversal of this is now 
evident in the adoption in the Harz of mining plant 
and procedure which are the outcome of modern work 
in far distant regions. For the historian of mining 
procedure, a visit to the Harz is highly instructive, 
we might almost say indispensable, as, taking 
only the three centres of Goslar, Clausthal, and St. 
Andreasberg, the ancient and the modern in many 
departments of metal-mining appear in-striking con- 
trast. More particularly is this the case as regards 
shaft-equipment and ore-raising. At Clausthal the 
principal mines are now fitted with winding-gear 
worked by steam-engines, the miner no longer 
having to face the laborious ladder-work of old 
days. AtGoslar the Rammelsberg, which is worked 
by adits and shafts from the levels, shows little 
alteration, as is only to be expected under the 
circumstances. For procedure which is almost 
obsolete elsewhere, the best example is at St. 
Andreasberg, where, at the old Samson mine, the 
deepest in the Harz, 2840 ft., the ore is raised by 
water-power. The diameter of the wooden water- 
wheel is 44 ft., and it is fed by a race from the 
large reservoir known as the Oder Teich, some four 
miles off. Here also is to be seen at work the man- 
engine, the original of those which were introduced 
into the Cornish mines in the year 1842. The 
miners go to and from their work entirely by the 
man-engine, which is our equivalent of the local 
term ‘‘ Fahrkunst.” There is no cage in the shaft, 
the ore coming up in an elongated iron kibble. As 
far as we are aware, winding by water-power at 

resent only survives in England at the Weardale 
ead-mines, and in only one mine, the Sedling, at 
Wearhead, is there no other means of winding 
available. In this case there is a cage used by the 
miners, but the depth, 420 ft., is, of course, much 
less than that of the Samson mine. The shaft. at 
St. Andreasberg is not vertical throughout, but, 
after a time, follows the inclination of the lode, it 
being a point in favour of the man-engine that it 
can * used in inclined shafts. All the buildings 
about the mine are. of wood, and, as in Sweden, 
the headstock and shaft are entirely enclosed as a 
protection against snow, and there is little in the 
outward appearance to suggest the presence of a 
deep shaft. 

The neighbourhood of St. Andreasberg is noted 
for the large number of minerals occurring in 
the lodes, but at the present time only argenti- 
ferous galena and antimonial and arsenical silver 
ores are being specially mined for. As the only 
available returns lump together the output of 
the various mines, it is not possible to give 
figures for the yield of lead and silver for 
this mine alone. The ore is practically free 
from the iron pyrites and copper pyrites which 
are so intimately associated with the lead ore 
from the Rammelsberg at Goslar, and its dress- 
ing presents, therefore, no difficulties. There is 
much less about the dressing-mill to interest the 
antiquarian than is the case with the mine, the mill 
having been reconstructed in 1901. Itis situated on 
a considerably lower level than the top of the shaft, 
and at no point is the use of elevators necessitated. 
The ore having been tipped from the kibble into a 
tram, goes to crushers on the same level, whence it 
goes down a shoot to a tram-line below, this lead- 
ing, by an overhead rail, to the top floor of the 
mill, a red-tiled structure, the lower half of brick, 
and the upper of wood. The ore is hand-picked, 
and, after being crushed in rolls, passes through 
sizing-trommels to a number of three-compartment 
wooden jigs, the slimes going to a series of convex 
wooden buddles. Tables are not employed for 


common knowledge that the Saxon mines, with | slime-dressing ; and although some of the buddles 


which the Freiberg School of Mines is su closely | have cement surfaces, it appears that their supe- 
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riority over the old-fashioned wood surfaces is con- 
sidered by no means established. 

Power is supplied to the mill by a turbine, which 
receives the water-wheel tail-race at a considerably 
lower level. Proceeding on its way from the turbine- 
house, the water has another considerable fall into 
the valley, where it drives water-wheels at two or 
three wood-working factories, going thence a mile- 
and-a-half down the valley to the smelting-mill near 
the railway station. Here the lead is smelted, and 
its associated silver recovered by the Parkes process 
with metallic zinc. The Pattinson process is not 
used in these works, though it would appear more 
adapted to the low-grade local ore. The utilisation 
of the Parkes process, however, is rendered possible 
by the admixture of rich foreign silver ore which is 
bought in order to keep the smelter going. This 
— of smelter procedure may, perhaps, be use- 
fully elaborated. A striking feature of the Harz 
mining district is the number of smelting works in 
proportion to the output of ores ; but it should be 
explained that, in contradistinction to what obtains 
at the large silver and lead smelter at Przibram, in 
Bohemia, and in other localities which might be 
mentioned—the Harz smelting works at Oker, 
Altenau, Lautenthal, Langelsheim, &c.—are kept 
going largely by the smelting of Customs ore from 
Australia and other countries. 

In, the German Empire in 1906 gold and silver 
ores were produced to the value of 60,3001., while 
the total value of the output of the precious metals 
was 1,620,956/. for silver, and gold 581,7581., alto- 
gether 2,202,7141. The 60,3001. mentioned above 
is the value of the 8309 tons of gold and silver ore 
yielded by Germany, and the statistics credit 
Saxony with 8066 tons of this, and Prussia with 
only 239 tons.. This indicates that the Harz mines 
are now insignificant producers of ores of the pre- 
cious metals. With regard to silver and gold, it is 
a difficult matter to distinguish ores which are 
correctly so designated, and ores, such as galena 
and certain copper ores, which contain the precious 
metals. As far as the German statistics are con- 
cerned, we are left in ignorance of the amount of 
silver extracted from the galena of particular 
districts. Out of the total output of silver, how- 
ever, from Germany, which approximates to 400 
tons, about 39 metric tons comes from the Harz, 
compared with 54 tons twenty years ago ; and of 
this amount about 25 tons is the product of. local 
ores. A larger producer of silver is the great 
Mansfeld Copper-Mining Company, which operates 
just outside the Harz area, the silver production 
of which amounts to about 100 metric tons per 
annum, being the main factor whereby this low- 
grade copper deposit is worked so successfully. This 
is mentioned as an instance where an important 
source of silver does not appear in statistics of 
silver ores. It will be seen then that statistics 
relative to the production of silver in any parti- 
cular country have to be read with care, if, indeed, 
they are not altogether beyond the understanding 
of those not responsible for their compilation. 

Turning to the base metals, the most important 
is lead, the output of ore being about 40,000 tons. 
The copper and zinc production is unimportant, 
and the same may be said of cobalt, bismuth, man- 
ganese, &c.. Arsenic is produced in some quantity, 
also oil of vitriol and pal of copper. In fact, 
the metallurgists of the Harz let nothing go to 
waste that can profitably be recovered. Oker itself, 
with its agglomeration of smelting works, vitriol 
chambers, .not to speak of guano-phosphate and 
other factories, forms, with its smoky, acid atmos- 
phere, a startling change to the tourist who emerges 
on it from the sylvan beauties of the famous Oker 
Thal, one of the many attractive spots in this 
curious medley of watering place, climatic health 
resort, metal mine, and smelter. Iron ore is 
smelted in the Harz, though the red and brown 
hematite deposits which supply the furnaces come 
from bordering districts outside the Harz proper. 
The Harz has long been noted for the enterprise 
shown in connection with the storage and utilisa- 
tion of the rainfall. Reservoirs abound, amount- 
-ing in all to 604 acres, the water being used as a 
source of power as well as in ore-washing opera- 
tions. The conduits, or braben, are, as a rule, 
covered over with thin tree trunks, and in many 
places are found at the side of the high road. The 
most important drainage adit is the st August, 
which unwaters the Clausthal mines at a depth of 
1200 ft. With its branches it has a total length of 


14 miles andin places ore is conveyed by boat. 
Clausthal has, of course, long been noted for its 





Berg Akademie, or School of Mines, which, in the 
t, has attracted students from far and near, 
th on account of the local facilities afforded for 

attaining a knowledge of mining and metallurgical 
practice, and also by reason of the fame of the 
professors associated with it. Probably, though 
it only amounts to surmise on our part, the 
foundation of well-equipped university mining 
schools in so many parts of the world will have 
its effect upon such old-established centres of 
learning as Clausthal and Freiberg, as regards the 
attendance of foreign students. This is apart 
from any decrease in the importance of mining, a 
factor which, in conjunction with the language 
question, has had such an adverse effect upon the 
attendance at the Schemnitz (Selmeczbanya) School 
of Mines in Hungary. We have no intention at 
the conclusion of this brief and discursive account 
of the Harz to enter on the question as to whether 
metal-mining is best taught at.the university or in 
the precincts of the mine, though we must confess 
to a bias in favour of the latter course. By the 
way, it may not be superfluous to mention that, in 
contradistinction to what obtains at the Austrian 
Government mines, foreigners are not now allowed 
access to German mines unless they have gone 
through the formalities of getting an introduction 
through their country’s ambassador in Berlin. This 
applies more particularly to the mines, as there is 
no difficulty in obtaining permission on the spot to 
view the metallurgical works, or, at any rate, some 
of them. 





SEWAGE PURIFICATION BY THE 
“ OXYCHLORIDES” PROCESS. 

Last Tuesday Dr. S. Rideal, F.I.C., read a paper 
on the ‘‘ Application of Electrolytic Chlorine to 
Sewage Purification and Deodorisation by the 
‘ Oxychlorides ’ Process,” before the Faraday 
Society. Dr. Rideal said, in introducing his sub- 
ject, that his communication was primarily intended 
for the sanitary engineer, and scarcely for the electro- 
chemist ; and from this point of view the paper 
certainly was very instructive. The first section of 
his paper was headed ‘‘ Apparatus,”’ however, and 
it must be acknowledged that the audience were 
fully justified in asking for a little more information 
on the apparatus and yield. As Mr. Thomson, reply- 
ing to these criticisms, on behalf of the Oxychlorides 
Company, stated that the information they had 
given would be sufficient for electro-chemists, whom 
he assumed he was addressing in the Faraday 
Society, to make their calculations, we will sum- 
marise this part, reproducing all the figures concern- 
we ay yield. 

e first Atkins electrolyser of the Oxychlorides 
Company, Dr. Rideal stated in his paper, was 
a semicircular wooden trough lined with graphite 
on a metallic base, which formed the anode ; in this 
trough there revolved the cathode, a wooden cylin- 
der covered with lead, attached toa copper ring with 
a rubbing contact-block. In a later form the 
cathode was of larger size, and the cross-section was 
circular, except as to 4 in. at the top, which were 
left open for the escape of the gases. ‘‘ Both 
machines occupy the same floor space, and have 
respectively an electric surface of 30 and 57.5 square 
feet.” The graphite was highest grade Acheson 
make, especially treated by the company. A small 
machine of this type had already been in constant 
use for four years without repairs. This electrolyser 
consumed too much salt, however, when used for 
bleaching, and loss occurred on circulating the 
solutions from electrolyser to bleaching vessels. 
They had therefore introduced diaphragms, ‘‘ and 
with a current of 1500 amperes at 4.6 or 5 volts 
(according to the density of the salt solutions) the 
current efficiency in available chlorine at the end of 
continuous daily runs of eight and ten hours was 
68 per cent.; the daily salt consumption was 90 lb. 
It is, of course, essential that the salt solution be 

urified.” The percentage of chlorate formed had 
peen reduced from 12 to 3—that is to say, the 
chlorate in the anode chamber did not ultimately 
exceed the equivalent of 3 per cent. of the current 
efficiency in available chlorine, and at Guildford 
Dr. Rideal had found over 8 per cent. of available 
chlorine, and no chlorate. The degree of concentra- 
tion in available chlorine was purely a matter of 
circulation, and up to 15 per cent. of available 
chlorine called for no special care. Dr. Rideal 
added afterwards a few words on the oxychlorides 
formed during the electrolysis without indicating in 
how far the ‘‘Oxychlorides” process differed from 





ordinary electrolysis of alkalichlorides. The printed 
paper contained the above notes on the cell, but he 
did not refer to these. 

The paper was long, and in presenting it Dr. 
Rideal confined himself to sewage purification and 
deodorisation. The rationale of sewage purifica- 
tion, he said, was the breaking down of complex 
organic compounds with the aid of different orga- 
nisms, hice Gamal in at different stages, from 
albumen into ammonia, nitrites, and nitrates. 
The first breaking down was accompanied by the 
evolution of offensive gases, chiefly sulphuretted 
hydrogen, mercaptanes, and other sulphur com- 
pounds, which were noticed in the septic tanks, 
or more still, at the sprinklers. Free chlorine 
would destroy these smells and also pathogenic 
organisms. It did not directly decompose sul- 

huretted hydrogen H.S into hydrochloric acid 

Cl and S, but formed hydrazines, which seemed 
to have disinfectant qualities. The first experi- 
ments on sewage treatment by chlorine had 
been made with bleach (chloride of lime). About 
fifteen years ago Hermite had introduced elec- 
trolytic hypochlorite or chlorine lye, but he 
had added it to the crude sewage, in which the 
paper, &c., would absorb chlorine ; in a modified 
form that process was successfully being applied at 
Poplar by Dr. Alexander. When, in 1904, the late 
Professor Kanthack, Professor Robinson, and Dr. 
Rideal had tried the electrozone process at Maiden- 
head, Dr. Rideal had pointed out that the treat- 
ment could not commercially be applied to crude 
sewage. Phelps and Carpenter in val acy 
and pase a Pratt, and Kimberley in Ohio, 
had used bleach, as locally more available, with 

ood results. There was a difference of opinion 

etween the American scientists and himself as to 
the method of estimating the efficiency of the 
steriliser. The Americans compared the ratio of 
the amount of hypochlorite used by the organic 
matter in the cold with the amount of permanganate 
with five minutes’ boiling, while Dr. Rideal com- 
pared the amount of chlorine required for produc- 
ing sterility, irrespective of the organic matter 
present, with the amount destroyed by the perman- 
ganate in the cold. The organic matter of different 
sewages in different stages of purification would 
evidently be amenable to oxidising agents in a 
varying extent; but as it was in all cases a time 
reaction, the essential point was not so much the 
total quantity of chlorine absorbed, as whether 
there was sufficient available chlorine present to 
cause sterilisation for a length of time. The 
chlorine would attack the sulphuretted hydrogen, 
urea, nitrites, &c., and would hence be less efti- 
cient comparatively in strong than in weak sewage. 

Dr. Rideal then gave details of satisfactory 
experiments which he and Mr. Fieldhouse had 
conducted at Guildford and elsewhere on the deo- 
dorisation of septic tank effluents, and he described 
the Guildford method of determining the five 
minutes’ oxygen figure, which indicated the oxygen 
consumed by a sewage in five minutes in parts per 
100,000. An oxygen figure of 2 would, on this test, 
correspond to 25 per cent. of 2—i.¢., 0.5 part of 
chlorine per 100,000. Using oxychloride at 0.2 per 
cent. of available chlorine, therefore, 2.5 gallons of 
oxychloride would be required for 1000 gallons of 
septic effluent, or 5 gallons of a 0.1 per cent. oxy- 
chloride solution. The Local Government Board 
had acknowledged the successful stamping-out of an 
aerial nuisance by the oxychloride treatment, but 
had doubted whether the subsequent bacteriological 

urification might not be impaired by the chlorine. 

is point had received further careful investigation 
in the years 1906 and 1907 under the superintendence 
of the Royal Commission on Sewage, who, in their 
Report of 1908, came to the following conclusions : 
—({1) That 35 or 50 per cent. treatment (i.¢., 36 or 50 
per cent. of the oxygen figure, representing up to 2 
parts of chlorine in 100,000) did away with the offen- 
sive smell ; and (2) did not interfere with the 
filter efficiency ; in fact, it rather added to it by 
keeping down the grey growth on the top of the 
filter. (3) That a much larger quantity of oxy- 
chloride (up to 8 and even 20 parts of available 
chlorine) might, indeed, safely be added. 

With re to (3), Dr. Rideal explained that Dr. 
Reid, of Staffordshire, in particular, advocated 
fine - grain filters to ensure a good nitrification , 
but a grey growth, due to oxidising organisms, 
formed on the top of such filters and clogged the 
surface. The Report had made the somewhat sur- 

rising assertion that.the offensive character of the 
Dorking septic tank liquor could be destroyed by 
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the addition to it of three grains‘of lime per gallon— 
though lime alone was generally thought to increase 
the nuisance. Dr. Rideal added that he considered 
the following conclusions established :—Sewage from 
hospitals orinfirmaries might be freed from dangerous 
organisms by the use of oxychloride before passing 
on to the sprinkler or contact-beds, or before enter- 
ing into ordinary sewage systems, without inter- 
fering in any way with the usual methods of purifi- 
cation ; and that beds clogged up with growths, 
internally or on the surface, could be washed and 
restored by applying occasional doses of oxy- 
chlorides, thus preventing or delaying sludging up 
and the nuisance caused by excessive quantities of 
solids passing away. At Hamburg, Dr. Dunbar 
was treating the sewage from the emigrants’ stations 
with bleach. As regards the pathogenic value, the 
Rideal - Walker coefficient indicated how much 
stronger a disinfectant was than carbolic acid ; the 
chlorine coefficient was 220. The lecturer was 
satisfied when the treatment reduced the bacillus 
coli to one per cubic centimetre, and spoke then of 
sterilisation. He knewthat some bacteriologists were 
much more exacting, but that figure was not reached 
by any filter without “a, ger sterilisation. 

The question whether the oxychloride treatment 
might safely be applied during the maturing of a 
filter, and the advantages of fine and coarse-grain 
filters had further been investigated by him during 
the last two years in parallel tests with treated and 
untreated liquors and with filters, vertically divided 
into coarse-grain and fine-grain halves, and hori- 
zontally subdivided by galvanised-iron channels at 
2 ft., 3 ft., and 4 ft. from the surface ; the depth 
of the filters was 6 ft. The many tables and dia- 
grams of the results demonstrated that the fine 
filter was, on the whole, more efficient, so far as the 
five minutes’ oxygen and the nitration tests were 
concerned, than the coarse filter, and that the oxy- 
chloride treatment made the fine filter applicable 
in cases where it would otherwise incline to clog- 
ging. Pipes, sprinklers, and siphons, blocked by 
growths, could be cleared by the oxychloride, with- 
out disconnecting the system. It was also noticed 
that the 4-ft. depth gave nearly the same purifica- 
tion as the full 6-ft. depth ; but this did not hold 
for the winter months, nor for times of special 
impurity, so that a general reduction of the filter 
depths could not be recommended. Extended 
experiments had also been made on the influence 
of a gradual addition of the chlorine. When 10 
parts of chlorine were added per 100,000, more 
than twice the amount was absorbed than when 
5 parts were added. Oxychloride being a clear 
liquid, Mr. Fieldhouse had been able to design an 
automatic supply valve, which was also recording. 
This valve had been found useful at Guildford for 
adding any determined amount in proportion to the 
volume treated. 

The chlorine sterilisation of sewage is regarded 
with a certain amount of distrust over here, though 
it has been gaining ground in America and on the 
Continent. Objection, the discussion by Mr. 
Shenton, Mr. A. J. Martin, Mr. Fieldhouse, and 
others showed, is raised partly on general grounds 
and partly with regard tothe storm-water. During 
storms the sewers may be flushed with six times 
and more the amount of the dry-weather water. 
The sewage will be diluted, of course, but at the 
same time it will contain all the street refuse, 
which may be most objectionable. The serious 
point is that if the sterilisation should temporarily 
fail, say, during a night storm, a river may 
hecome polluted with dangerous germs which would 
multiply in it. The general charge is that the 
sterilisation does not remove the organic com- 
pounds which may become a culture medium for 
hacteria. Both objections may be, and have to a 
crtain extent, been met; the gradual addition of 
ilorine and suitable valves for varying the quantity 
‘ oxychloride should help us over some difficulties. 
‘ must not be overlooked that sterilisation and 

odorisation would enable us to place sewage works 
carer town, at a considerable saving in conveyance 

int, and that power might be spared probably on 
— sewage farms sufficient to drive a few elec- 
trolysers, 








NOTES. 
SwepisH Iron Ore. 

CONSIDERABLE sums have during the last few 
years been expended in the equipment of Swedish 
‘nines as regards plant for the rational handling of 
iron ore, its briquetting, &e., and this branch of 





the mining industry has already assumed important 
dimensions and is likely to expand further. The 
fact that an arrangement has been arrived at 
between the State and the Gringesberg-Oxelésund 
Traftic Company, whereby the amount of ore to be 
broken at the extensive mines of this large concern 
has been settled for a series of , has naturally 
tended to bring about a more consistent: plan in the 
working of the company’s mines. The new order 
of things has also hel to bring about steadier 
conditions of sale, so that Swedish export ore has 
not been subject to as heavy falls in price as have 
other kinds of ore. Another factor which has 
helped to bring about this result must be looked 
for in the very early sale of last year’s production. 
The total quantity of iron ore exported during 
the year amounted to 3,654,186 tons, of which 
the bulk, or about 86 per cent., came from the 
Griingesberg - Oxelésund Company. Briquetting 
works, after the Gréndal system, have been erected 
at several of the old mines, and a number of blast- 
furnaces have began. to use briquettes, which has 
been of special value to them during 1908, as the 
prices for charcoal have ranged exceptionally high 
during the year, so that any saving under this 
head is of importance. The export of briquettes 
is also assuming larger dimensions. The breaking 
of ore at the larger deposits worked for the home 
market has been on a comparatively large scale, 
but as the consumption of ore for pig iron has been 
limited, condone stocks of ore are at present 
found at the mines, the disposal of which seems 
to give some trouble, with the result that prices 
have somewhat given way, a remark which also 
applies to briquettes, now that larger quantities 
have been made available. 

Tue INFLUENCE OF SIZE ON THE EFFICIENCY OF 

INTERNAL-CoMBUSTION ENGINES. 


In a paper read on Wednesday last before the Insti- 
tution of Automobile Engineers, Professor Bertram 
Hopkinson described some.-experimental results 
which lead to the conclusion that the efficiency of 
an internal-combustion motor is nearly independent 
of its size. The engines tested were a 40 horse-power 
Crossley gas-engine, having a cylirider 114 in. in 
diameter and 21 in. stroke; a Siddeley four-cylinder 
petrol-engine, developing 34 brake horse-power at 
1000 revolutions, and over 40 at 1600; and a four- 
cylinder Daimler engine, giving 16 horse-power 
at 1000 revolutions per minute. The Siddeley 
engine had cylinders 4.62 in. in diameter by 5.08 in. 
stroke, and its compression ratio was 4.18, as com- 

with 6.37 for the gas-engine. Naturally, the 

tter, owing to its higher compression, showed a 
higher absolute thermodynamic efficiency, turning 
into work from 37 per cent. to 32 per cent. 
of the total heat supplied to it, whilst the corre- 
sponding figure for the petrol-engines was about 
24 to 26 percent. When, however, in place of the 
absolute thermodynamic efficiency, the efficiencies 
measured relatively to the air-cycle were computed, 
the large engine showed to much less relative advan- 
tage. Professor Hopkinson finds that as the richness 
of the gas mixture was increased the thermal effici- 
ency of this engine fell, and when the same number 
of heat units were developed per cubic foot of the 
cylinder contents in both types of engines, the gas- 
engine had a relative efficiency equal to 62 per cent. 
of the air-cycle, whilst the corresponding figure for 
the Siddeley engine was 60 per cent., and for the 
Daimler 61 per cent. The justness of this correc- 
tion is, perhaps, open to criticism, since the petrol- 
engines were, on the comparison thus made, being 
worked at their maximum efficiency ; and it might 
not unfairly be claimed that a better criterion of 
the effects of size could be gained by taking as the 
basis of the comparison the efficiency of the gas- 
engine also at its best. In some preliminary experi- 
ments with the Siddeley motor the loss by engine 
friction was found to be about 4.5 horse-power. At 
a speed of 530 revolutions per minute the Siddeley 
engine drew in a charge, reckoned at atmospheric 
temperature and pressure, equivalent to 83 per cent. 
of its piston displacement, a fi which fell to 
69 per cent. at 930 revolutions. e corresponding 
figure for the gas-engine ranged from 82} up to 
87 per cent. 


Tue CommerciaL Future oF CHINA. 

The future of China is a subject of great im- 
portance to the commerce and industry of this 
country. Its resources and its wants are so im- 
mense that both as regards supply and demand its 
potentialities are very great, and those who seize 





upon them, in the right way, will obtain the 
greatest reward. Although trade is growing there 
and is creating new interests and new sources 
of wealth, it is a trade that China could dis- 
pense with; her vast population, covering such 
a large tract of the earth’s surface, being quite 
able to provide their own supplies and ensure their 
own surplus. Foreign enterprise has.awakened the 
East, and the huge and bulky population of India, 
China, and Japan, after totaling themselves, 
will face the fact with open eyes and strike out for 
themselves, when circumstances demand it. Japan 
has already done so, and, as Sir Robert Hart 
has told us, Japanese competition -will be felt 
more and more; for not only is Japan becom- 
ing more and more the manufacturing country 
of the Far East, but her proximity to China, and 
the ability of her people to run about and do things 
as Asiatics—in a way Europeans cannot attempt— 
will give her local advantage, which she will natu- 
rally use to the fullest. But although competition 
in China is becoming keener every day, it is satis- 
factory to know that the British merchant still holds 
his own so far, the British share in tonhage in mer- 
chandise and in payment of duties amounting to 
about 50 per cent. in round numbers. Not only are 
the Europeans and Americans in the field in increas- 
ing numbers, but the Chinese themselves now do 
much the foreigner used to do, and to. some extent 
are doing a direct trade which formerly pease 
through various agencies. Besides, the manufacture 
of goods formerly supplied from Europe has been 
introduced, and the Indian and Japanese mills also 
find customers in Chinese markets ; still, through 
it all, the volume of trade grows, and it is openin 
for new ventures, rather than displacement of old 
business, that are to be seen and ex But all 
the same, merchants must be on their guard, and 
go out for what they want to buy or sell, rather than 
wait for customers and producers to come to them, 
The conditions in China are rapidly changing. 
Education of the Western kind is welcome, rail. 
ways are increasing their mileage, the telegraph is 
at work, steamers on the coast and in the inner 
waters are increasing in numbers, newspapers are 
being established at all important points, post- 
offices are transmitting mail -matter all over the 
country, Peking can now be reached over Siberia in 
sixteen days from London, and — oftices, both 
domestic and international, are being handled in a 
most up-to-date fashion, and Western merchants 
and manufacturers must be prepared to meet the 
new conditions. 


TESTING THE ANTISEPTIC VALUE OF DISINFECTANTS. 


A paper on ‘‘ A Physico-Chemical Method for 
Comparing the Antiseptic Values of Disinfectants,” 
recently read before the Society of Chemical In- 
dustry in London, by Dr. 8. B. Schryver and Dr. 
R. Lessing, is in so far of interest for sanitar 
engineers, as the experiments were made wit 
sewage, and as the simple method can easily be 
applied by engineers who can manage a resistance- 
box anda telephone. The methods of Koch and 
of Krénig and Paul are chiefly intended for the 
physiologist, and here in England engineers and 
chemists generally prefer the method of Rideal and 
Walker. The latter add definite small amounts of 
broth-culture of the same species and age to a con- 
stant volume of a disinfectant solution, and conduct 
a series of trials at various concentrations, and a 

Niel series of trials with phenol as standard dis- 
infectant. The objections to the method are that 
the tests are pat out in the absence of organic 
matter other than the small amount present in the 
culture and in the disinfectant, and that if other 
organic matter be added, there may be chemical reac- 
tion, apart from disinfection, while the actual condi- 
tions under which the disinfectant is to act will not be 
realised. Schryver and Lessing experiment directly 
on the respective substance. The rate of chemical 
change produced in a sub-culture by bacterial infec- 
tion may be regarded as a measure of the vigour of 
the growth. Thisgrowth may be retarded or impeded 
by introducing disinfectants, and the principle of 
the method depends essentially upon the measure- 
ment of the inhibition produced when peso | 
quantities of an antiseptic are added to the inf 
medium. The medium is either gelatin-peptone or 
sodium caseinogenate—i.e., caseinogen dissolved in 
sodium hydrate ; and in the experiments, which were 
conducted at University College, the authors infected 
the medium with somes As the bacteria develop 
the gelatin is gradually broken down into albu- 
moses, peptoses, amino acids, and, finally, into 
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ammonia and fatty acids. All these substances 
have a higher electric conductivity than the original 
solution, and the comparison resolves itself into a 
conductivity test. Conductivity tests for following 
up reactions are not novel, of course, and Swedish 

ysiologists in particular have made use of them. 
ithe apparatus, and this particular application, are 
new, however. The. resistance of the liquid is 
determined by the telephone method, and as a good 
many determinations may have to be made, very 
simple apparatus are required. The electrodes 
are two pieces of platinum foil coated with plati- 
num black, 10 millimetres square, and fixed 10 
millimetres apart, in the lower bent ends of two 
fine glass tubes. Those tubes are filled with mer- 
cury, and the two electrodes are above, held to- 
gether by a collar of glass and rubber. To con- 
duct a test this pair of electrodes is lowered into 
the respective test-tube. A 100- ohm resistance 
box will suffice ; phenol serves as the standard dis- 
infectant. The tests have brought out, among 
other points, that if a sub-culture be made at an 
early period of incubation, the rate of change will 
be slow ; if the sub-culture be made during a period 
of rapid growth, the change is rapid and practically 
independent of the amount of inoculating fluid 
used in preparing the sub-culture. Beside phenol, 
mercuric chloride, formaldehyde, and three pro- 
prietary disinfectants have been examined as to 


their disinfectant value. 
. 





Tuk RUHRTALSPERRENVEREIN.—The name ‘“ Ruhrtal- 
sperrenverein ” means ‘‘ The Association for the Creation 
of Artificial Basins in the Ruhr.” The association has 
been in existence for ten years, during which period it 
has constructed nine basins. The chief work on which it 
started last year is the Méhne-Talsperre, or Méhne Dam, 
the dam now building across the valley of the Méhne, which 
joins the Ruhr in the district of the towns of Soest and 
Arnsberg. This Méhne basin will be nearly three times as 
large as the Urft Dam basin, which we described in the 
latter half of 1907, and which was, then, the greatest 
artificial lake of Europe, next to the Vyrnwy Reservoir of 
Liverpool. The dam will have a foal of 682 metres and 
a height of 40 metres (about 2075 ft. and 130 ft. respec- 
tively), and the lake will cover an area of 1016 hectares 
(2500 acres). The construction is estimated to cost a sum 
of 1,000,0002. 


Nava GuNNERY IN 1908.—The Admiralty have issued 
the result of the heavy gunlayers’ tests and the usual 
tabular statement showing the general improvement in 
marksmanship since the year 1899, from which we take 
the figures for the last four years, as these exhibit the 
continuous p and development which have taken 
place, although in each year the test is made more 
severe : 





<une 1905. 1906. 1907. 1908, 





Number of ships that fired .. ..| 100; 89 

Number of guns... os as 4 1096 1073 1365 | 1277 
Number of hits .. h* { oe _ pag pd 4826 
Number of misses ‘J, Le - ~— pe 4183 
Excess of hits over misses ond mi = 5005 —y 643 


Excess of misses over hits { 19)e " Nil | Nil 4 


‘4 sl. | isda | am 
Percentage of hits toj1906 ,, 56.58 | 71.12 79.13 
rounds fired 1907 _,, me .. 42.70) 53,57 


Hits per gun per minute :— | 
| 5 : 
ei. cad ion, ... [eae | S00 | Oe Oe 





hee 0.40 0.56 
. 1906, 1.40 | 2.84 3.25 
OO, ae eS | + | 802] S20 
£m 1906, é - 1848 
Price eS oF eS oe ak ake .. | 1.68] 261 
P j1906 i, 4.14 5.68 | 5.93 
6-in, Q.F. and B.L. “1907.” z iz 3.32 | 3.98 
3 . 1906, 3.73 4.96 5.73 
4.7-in, and 4-in. QF... { 1907 ° os “e 238 | 3.39 
Number of ships from which no returns | 
were receiv a - é --| Nil) Nil 3 | 8 








The table shows, on comparing the number of guns 
fired and the number of rounds with hits made, that 
whereas in 1907 1365 guns fired 9538 rounds and made 
4073 hits, in 1908 1277 guns fired 9009 rounds and made 
4826 hits. From these figures it is manifest that, while 
in 1907 there was an excess of 1392 misses over hits, 
in 1908 the excess of hits over misses was 643, or a gain 
of more than 2000 in the agurcente. The result of 
the test of the gun-layers with light quick-firing guns 

prefixed to it an abstract of the firing for four 
years, from which it is seen that the percentage of hits 
to rounds fired was, in 1905, 21.63; in 1906, 34.53; in 
1907, 42.08; and last year, 47.28 ; thus showing very satis- 
factory progress indeed. The rate of accurate firing has 
also improved. Perhaps the most notable of the returns 
bearing on the gunnery efficiency of the Fleet is that 
which gives the results of the battle practice of torpedo- 
boat destroyers. A tabular statement shows that whereas 
121 vessels fired 5778 rounds in 1907 and made 2069 hits, 
139 vessels fired 6972 rounds in 1908 and made 4066 hits. 
The percentage of hits to rounds was thus raised from 


35.81 in 1907 to 58.32in 1908. The guns used in this prac- 
tice are 12-pounders and 6-pounders, and with both pieces 
the rate of accurate rapid firing has been nearly doubled. 
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THE NEW NAVAL ESTABLISHMENT 
AT ROSYTH. 


Tue Admiralty have let the contract for the exten- 
sive dock works in connection with the new naval 
establishment at Rosyth, and Messrs. Easton Gibb 
and Son, Limited, Great George-street, Westminster, 
will at once proceed with the undertaking, for the 
completion of which the Admiralty have specified 
seven years for the main works, and four and a half 
years for those in connection with torpedo and sub- 
marine craft. A bonus is to be paid for anticipation 
of this date. 

The firm originated in Scotland about eighty years 
ago, and carried out a considerable part of the creat 

orth of Scotland, Callander and Oban, and other 
Railways ; and in the ‘thirties they constructed the 
Glasgow Bridge over the Clyde. Some years ago the 


at an angle to suit vessels steaming to and from the 
North Sea. In order to facilitate the guidance of 
ships into the entrance lock, and thence to the basin, 
there will be a pier 800 ft. long in line with the channel. 
The emergency channel is a feature which corresponds 
with the arrangement at the new basin at Keyhion ; 
it is 110 ft. wide, and will be used by vessels entering 
and leaving when the entrance-lock is occupied as a 
graving-dock. 

This entrance-lock is an important part of the works. 
It will have a length of 850 ft., a width at the entrance 
of 110 ft., and the depth of water over the sill at low 
water of ordinary spring tides will be 36 ft. 

In addition to this lock there will be a graving- 
dock projecting from the north wall of the basin. 
The length will be 750 ft., but provision will be 
made so that it may be easily and cheaply lengthened 
to 1000 ft.; the width will be 100 ft. at the entrance, 
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firm removed their head-quarters to London, and have 
|done some important work in England, the present 
| head of the firm, Mr. Easton Gibb, being the son of 
| the late Mr, Alexander Gibb, who was consulting 
engineer to the Great Northern of Scotland Railway 
Company. Amongst their later work is the Kew 
Bridge, docks at Cardiff, and railway works at New- 
castle, while they have at present in hand extensions 
to Newport Docks. 

The works at Rosyth, so far as authorised, will cost 
in all about 34 millions sterling, and will include a large 
| basin, entrance-lock which may be used as a graving- 
| dock, an emergency entrance and exit in addition to 
the main channel, a dry dock, boat-slip, basin for sub- 
marine-boats, and workshops for repairs to the Fleet. 
The map which accompanies this article shows the 
| location of this new naval establishment on the Firth 
| of Forth, and the general plan of the dock works and 
oe The total area covered is 1184 acres of land 

with 285 acres of foreshore, and the site has a frontage 
to the Firth of over two miles. There is a naturally- 
protected anchorage, known as St. Margaret’s Hope, 
and the dock works are situated to the cast of 
this anchorage. The main channel is to be dredged to 
a depth of 36 ft. at low-water of spring tides, and at 
the bottom will be 1050 ft. in width. 





and the depth of water on the sill 36 ft. An in- 
termediate caisson will be arranged for, so that the 
inner rt of the dock may be used for a vessel 
280 ft. long, and the outer part for a ship 450 ft. long. 
The main basin is approximately square, the width 
from north to south tee 1620 ft., and from east to 
west 1500 ft., giving a total area of 524 acres. From 
the western wall there will project a pier 600 ft. long, 
which, while adding to the berthing accommodation, 
is primarily panes Be to assist in the canting of 
ships. The depth of water arranged for within the 
basin is 38 ft. 8 in., and the total length of the 
berthage is 7100 ft. The south wall is to be extended 
towards the main channel by a river wall over 2700 ft. 
long, with 36 ft. of water alongside. This is to be 
utilised for coaling purposes, and accommodation will 
be provided for storage of fuel. 

To the east of the main basin there is the torpedo 
and submarine dépét, the main feature here being the 
camber, 500 ft. by 470 ft., with a depth at low-water 
of ordinary spring tides of 15 ft., for the accommoda- 
tion of 12 fis avn. ines and 6 destroyers. Alongside 
there will be a boat-slip 260 ft. long and 130 ft. wide, 
about ‘one-half of which is to be covered with light 
roofing. Further’ facilities for repairing these small 





t will be cut’ 


craft will be afforded by a floating dock 250 ft. long. 
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The submarine dépét, boat - slip, pumping - station, 
and electric power-house, are to completed in 
44 years. 

The monolith system is to be adopted in coments 
the dock-walls, borings having shown that this meth 
would be preferable. The plans arranged provide for 
concrete monoliths, about 43 ft. square, which will be 
built up and sunk to the boulder clay by the usual 
procedure of first fitting a steel shoe and building over 
it conerete walls within shuttering.. There will be 
four square compartments on the plan to facilitate the 
sinking. 

On the landward side of the basin there are to be 
extensive repairing-shops, including a large boiler- 
shop and smithy, with electric light and power-station, 
and the usual accessories—extensive stores, surgery, 
crane, latrines, and the other necessary equipments 
of a naval base will be added as shown in the 
plans. Already there is railway communication with 
the Forth Bridge line, and much of the preliminary | 
work has already been constructed, so that it is | 
probable that active work will be in progress at an | 
early date. 

In addition to the usual equipment, such as bollards, 
&c., the contract includes a considerable amount of | 
dredging. 

Although the scheme as now approved is complete | 
in itself, care has been taken so to arrange it that it 
can at any future time be extended without interfering 
with anything which is done now. Besides an addi- 
tional basin, a number of docks of the largest size can 
be readily constructed,;in addition to all the shore | 
requirements for a first-class naval port. 














WinyireG INDUSTRIAL ExurtsiTIon, 1909.— With refer- 
ence to our recent announcement in connection with the 
forthcoming Industrial Exhibition at Winnipeg, we are | 
officially informed that it has been decided to arrange for | 
an additional class for steam-engines of over 75 and limited 
to, 120 horse-power. Indications point to the fact that | 
this competition, which is to be held from July 10 to 17, | 
will be one of the most important held in North America | 
in connection with the agricultural industry, and it is to | 
be hoped that British manfacturers will take all possible 
steps to make a good showing at it. 





Tue IsHERWoop System oF Framinc Surips.—The 
first general cargo vessel to be built under Lloyd’s rules | 
with the Isherwood system. of longitudinal framing was | 
launched on Thursday, the 4th inst., by Messrs. William | 
Hamilton and Co., Limited, Port Glasgow. The vessel | 
is owned by Messrs. Charles C. Dunn and Co,, Liver- 
pool, and is intended for trading between New York and 
the West Coast ports of South America. The ship. | 
named Craster Hall, is 392 ft. 6 in. long, 50 ft. broad, | 
and 29 ft. deep to upper deck, with a dead-weight capacity | 
of 7300 tons. She is built with wide-s oat transverse | 
girders in conjunction with longitudinal frames, beams, 
&c. The transverse strength of the new type is equiva- 
lent to that of the ordinary type of vessel, while it is 
claimed the strength in a longitudinal direction (that in 
which the ordinary type first shows signs of weakness) is 
increased by about 20 per cent. The vessel will be fitted 
with machinery .y Messrs. David Rowan and Co., of 
Glasgow, consisting of triple-expansion engines having 
cylinders 254 in./ 42 in., and 70 im. in diameter, with a 
48-in. stroke, and three single-ended marine boilers 
14 ft. 6 in. in diameter by 11 ft. 6 in. long, to work at 
pressure of 180 Ib. per square inch. 





Giover-Lyon FrictionaL Repuction GEar.—Owi 
to the noise made by the blades of the small Mebapedl 
electric fan, in passing through the air, being often con- 
sidered objectionable, la: slow-running fans have to be 
used for indoor ventilation. The electric motor which 
drives the slow-running fan is, however, a much larger and 
more expensive article than the small high-s; motor. If 
a small high-speed motor is used to drive a slow-s fan, 





some form of speed-reducing gear must be introduced be- 
tween the motor and the fan, and a very simple —- 
for doing this has recently been put upon the market by 
the Glover-Lyon Ventilation Company, Limited, Caxton 
House, Westminster, S.W. In this apparatus the end of 
the motor spindle which carries the fan enters a boss, | 


having two or more arms according to the size of the fan | 
used. This boss, with its arms, is secured to the spindle | 
by « set-serew, and revolves with it. The outside of the | 
ho. is turned, and over it fits a sleeve which carries the fan- | 
, the sleeve and blades being free to revolve round | 
oss. At the ends of the arms there are friction- | 
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THE NIPPON YUSEN KAISHA. 

THE peas depression in the shipping industry 
was reflected in the speech of the chairman of the 
Nippon Yusen Kaisha at the half-yearly meeting, 
which was held in Tokyo at the end of last year. 


general, which was placed in a very deplorable situa- 
tion, and much anxiety had been entertained about 
the result of their business for the term just ended. 
It was gratifying, therefore, that they were able to de- 
clare a dividend of 12 per cent. The accounts for the 
term were announced as follows :— 





Yen. 
Gross income ... 1a 13,194,610 
Gross disbursement ... 10,084, 207 
Reserve fund .. ; 1,707,546 
Sinking fund ... he ies 21,94 
Net profit sa ha +f aa 1,380,909 
The distribution is as follows :— 
Net profit ha ae ods 1,380,909 
Brought from previous accounts ... 310,552 
Total 1,691,461 
To reserves... a he ne 69,045 
Remuneration to directors and 
auditors is << ou aa 71,358 
Dividend to shareholders (10 per 
cent. per annum; 2.50 yen per 
share en = oie ie 1,100,000 
Special dividend (2 per cent. per 
annum ; 0.50 yen per share) 220,000 
Carried to next account 231,057 


Mr. Kondo thought these results very satisfactory, 
considering the fact that in England there were more 


| than 300 vessels at present reported to be lying idle, 


being unable to get any cargo, while a great steamshi 
company in Germany was unable to declare any divi- 
dend for the half-year. The Nippon Yusen Kaisha 
had been able to net a comparatively good profit, 
in spite of the fact that the gross earning was less 
than in the previous half-year, but it had only been 
done by retrenchment and the strictest economy. 
Several branches which were not paying had been 
closed, the arrangements of the liners had been ad- 
justed, and the number of employés and clerks had 

en considerably reduced. The economical depression 
and Presidential election in America had a serious 
effect on the shipping business, not only of Japan, 
but the world over. fn China the slump of silver, the 
boycott in the South, and the recent Court affliction in 
Peking, have greatly affected the trade with Japan, 
and consequently caused a reduction in the shipping 
business. Again, the restriction of Japanese emigra- 
tion to Canada and the United States had added to 
the stagnancy. 

During the half-year the company conveyed 1,380,000 
odd tons of goods and 160,000 odd passengers with a 
fleet consisting of seventy-six company vessels (266,000 
tons), nine commissioned ships (35,000 tons), and a few 
chartered ships, the total mileage run _ reachin 
1,670,000 nautical miles. The domestic coast line had 
a very stagnant business, owing to the continued inac- 
tivity of trade, and in consequence four liners had to dis- 
continuerunning during the term, being unable toobtain 
cargo. The cargoes to and from Tientsin showed a 
remarkable decrease, while Shanghai liners, too, 
carried only a small cargo, though not so bad as those 
to Tientsin. The s transportation of the Korean 
and Vladivostock liners showed a remarkable decrease 
compared with the corresponding period of last year. 

With the European line, though the export from 
Japan showed no significant difference from last year, 
that from Shanghai and Hong Kong was considerably 
lessened. In the Straits Settlements and Colombo the 
liners took in a considerable quantity of goods for 
Europe every voyage, but the income was rather 
unremunerative on account of the low freightage. 
Since the early — of August the cargo on the line to 
England had decreased very greatly, some of the 
liners being scarcely able to find enough cargo to fill 
half of their holds. Cargo on the American line was 
very scarce, many of the liners earrying only 400 or 
500 tons of » on their home voyage. On the 
Australian line the outward voyage had good business, 


lines showed a remarkable decrease in the number of 
third-class passengers from Japan. The European 
line; however, continued to enjoy a very favourable 
business in this respect, so that, on the whole, the con- 
veyance business on the lines indicated an increase of 


Mr. | 50 per cent. in the number of passengers. 
Kondo remarked that the financial depression since | ” ee 
last year had greatly affected the shipping business in | 








WORKMEN'S ‘COMPENSATION. 

| AN important and entirely novel point has been 
heard before the City of London Court in the case of 
Pimms, Limited, v. Pearson. The applicants in this 
case had been ordered to pay the respondent, a work- 
| girl employed by them at a relief-stamping machine, 
compensation at the rate of half her weekly wages for 
injuries whereby she lost the top of one finger and the 
part of another. When her injuries were healed, her 
employers offered to give her the same job at her old 
wages—12s. a week; but although she was declared 
to quite fit enough for the work, she declined, on 
the ground that she was too nervous to run the risk of 
such work at the machine again. The very thought of 
the work made her sick. The employers sought to have 
the weekly payments stopped. he point for the 
—— was whether the girl’s nervous dread of the 
work at the machine constituted ‘‘ physical unfitness,” 
jand he decided that the weekly payments should be 
reduced to one penny a week, and ordered the re- 
| spondent to pay the costs of the application. 

Justice may have been done in this case, but the 
decision cannot be said to be entirely satisfactory as a 
rule applicable to all cases. The nervousness and 
morbid dread of machinery is the direct result of 
the accident, and therefore the girl-is no longer as 
physically fit, even assuming the cutting of her 
fingers is not a permanent disablement. In the case 
of a man who would be less sensitive, the timidity, 
perhaps, ought not to be regarded as a permanent un- 
fitness. But even in the case of men there are cases 
where the compensation by weekly payment for a few 
weeks would be no sufficient compensation for the loss 
of an eye and the shock to the nervous system, and 
the workman might be justified in declining to return 
to the dangerous work that had cost him the loss of 
one eye, and might on a future occasion render him 
totally blind. For a stronger decision than Judge 
Rentoul’s we must wait for this point coming before 
the Court of Appeal. There is nothing in the Act 
which definitely settles the point, and probably each 
case must be settled on its merits. It would, of course, 
be absurd and unjust if a workman were allowed to go 
on indefinitely taking half-pay because he was nervous 
about returning to the same work. The principle laid 
down in those cases where workmen have refused to 
undergo an operation will apply to cases of refusal to 
return to work, The point for the Court will be, is the 
nervousness reasonable or is it not ? 





AvusTRIAN SuBMARINES.—We are informed that the 
two submarine-boats U 3 and U 4, built at Kiel for the 
Austrian Navy, and referred to in our paragraph on 

167 ante, have, when submerged, a ius of action 
of 60 miles at 6 knots, and not 40 miles only, as we stated, 





RecENT DEVELOPMENTS IN MacuiNnE-STokine.—On the’ 

evening of February 1 an interesting and s tive lec- 
ture was delivered by Mr. A. W. Bennis, M.I. Mech. E., 
before the Bradford Engineering Society at Bradford on 
“Recent Developments in Machine-Stoking.” After a 
description of the best-known types of mechanical stokers 
by various makers, Mr. Bennis detailed some of the latest 
improvements, and p ed to impress upon his hearers 
the fact that, if machine firing is to produce the most effec- 
tive results, suitable environment must be ensured. ‘‘Badly- 
lighted boiler-houses, open stokeholes with the wind and 
rain allowed free play in front of and around the boiler- 
post, do justice neither to man nor machine.” Leaky 
oiler-flues and walls as a source of loss, and leak 

through chain-holes of economisers, were particularly 
noted. It was pointed out that a chain-hole in a Green 
Economiser is 12 in. in diameter minus the chain. Each 
link with its two @ in. strands leaves an openirig about 
1.965 square inch in area at each chain-hole. A neat little 
appliance for preventing this, which is in operation at the 
Leeds Electricity Station, was mentioned. It was stated 





hls composed of morganite, which, by means of adjust- | nese goods, but the return voyage was the reverse, as 


that this appliance has given an average rise of tem - 
ture in the feed-water of over 15 deg. Fahr. while at 


| Messrs. Priestman and Co.’s mill, Bradford, the rise of 


owing to the active condition of direct export of Japa-_ temperature is 10 deg. Fahr. 


Where this appliance is 








alic springs, are made to es on an enlarged part of the | 
sl that carries the fan-blades. When the motor | 
r 's, the pressure on the self-lubricating friction- | 


bi can be regulated so exactly that any ratio between 


the » N olutions of the fan and the revolutions of the motor | 
spindle can be maintained. The mo ite gives a con- | 
stint coefficient of friction, and it is claimed that the gear | 


! | run for long periods without adjustment, and with an | 
‘lust constant ratio between the speeds of the fan and | 
motor, Any standard form of alternating or direct-current | 
motor may be used. The wear of the friction-blocks is | 
exce dingly small, and after several months of constant use 
‘ie ‘aces of the blocks appear merely to be polished. 
vise, there is a loss in using the small motor, but it is 
“luted that this is quite compensated for by the smaller 
cay al expenditure and the very great convenience of 
ng able to use any standard type of motor. | 


the chain pn through a cross-sha; slot, long 
the result of the economic stringency at home. The bey oe ke tae an = po noes Me then “ 
Kong, the intermediate | hotween the cross links. r. Bennis put in a plea for 


cargo to and from Hong 

rt of the line, showed almost unprecedented | jofty and well-lighted boiler-houses, and he further 
inactivity, as the result of the boycott against Japanese argued that plenty of room should be left for the necessary 
vessels. On the Bombay line the export from Japan | cleaning out between the accessories of the boiler-house. 
showed continued stagnancy, while that from Hong | He has several good words to say for the employment of 
Kong and Singapore was somewhat increased. Though | small elevators and coal-handling Pat worked in con- 
cotton, which is the most important item of the cargo | junction with machine-stokers, and definitely stated his 


on the line, on its back voyage was greatly decreased, | conviction that one of the most striking developments in 


- ; boiler-house practice during the last two or three years is 
the line carried a large quantity of cotton yarns from : as y' 
Bumtny to Hong Kong and Shanghai, ar tat on te | int ivod, by the reomnition, of the needs of small 
whole, the ine carted a much cargo ein ay average | means ‘of small slovetors in conjunction with well 

‘ ’ stokers. e ure was illus a large 
on the coast line and the Asiatic lines were | number of well-designed and ensshully-grodueed lantern- 


rather scarce, while the Australian and American | slides. 
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INDUSTRIAL NOTES, 

Tue Thirty-Eighth Quarterly Report of the General 
Federation of Trade Unions, just published, enables 
us to compute the cost of the prolo disputes in 
1908 in so far as ‘‘ Federation benefit” is concerned. 
The total number of disputes reported in the last 

uarter was 151 ; in the whole year, 897. The expen- 
diture for the last quarter of 1908 was 70,386/. Os. 9d. ; 
for the whole year, 137,152/. 6s, 4d. The aggregate 
for the previous period since the Federation was insti- 
tuted in 1899 only amounted to 35,548/. 9s. 2d.; so 
that the aggregate of the eight previous years was 
exceeded by 101,603/. 17s. 2d. in the past year alone. 
A large proportion of the total was expended in two 
disastrous disputes—that on the North-East Coast by 
the Engineers, — 34,000/., and the Lancashire 
cotton dispute, 64, In both cases most of that 
expenditure could have been avoided. The money was 
literally thrown away, for the men had in the end to 
submit to the employers’ terms, though these were 
somewhat ‘modified. . During the last quarter the 
management committee gave considerable attention 
to the question of unemployment, in conjunction with 
the Parliamentary Committee of the Trades Union 
Congress and the Labour Party, and they all 
upon the question of State employment in cases where 
men are out of work. The form their agreement will 
take, and what its outcome will be, are not indicated, 
but these bodies give their support to the Unemployed 
Workmen’s Bill to be introduced this Session. 

Reference is made to the decision of the Court of 
Appeal in the case of Osborne v. the Amalgamated 
Society of Railway Servants, now a’ led against in 
the Bi of Lords. It adds: ‘*There can be no 
going back for the Labour Party. Its record justifies 
its existence, and if the judges are justified in declar- 
ing that the law prohibits present methods, either the 
law or the methods must be altered.” There is no 
railing at the decision of the Court of Appeal, or at 
the parties concerned. The report gives the full text 
of ‘the Shipping Trades Agreement,” and a most 
important document it is. It appears to cover the 
whole of the questions that may have led to disputes 
and stoppage. of work in the past. There is, perhaps, 
no other such complete labour agreement in existence, 
between employers and employed. 

The balance-sheet shows that the Federation had a 
balance of 130,091/. 15s. 9d. at the close of the 
September quarter. The income last quarter amounted 
to 8327/. 198. 5d. An over-draft on the Co-Operative 
Wholesale Bank is added, to correspond with the 
expenditure side and cheques not presented. The 
total expenditure for benefits and other expenses— 
management, rent, &c.—was 71,268/. 4s. 10d. The 
invested funds at the close of the quarter amounted to 
93,844/. 15s.; and bank balance, current account, 
cheques and cash in hands of officials, 254/. 3s. 2d. 
In all forty societies received Federation benefit ; of 
these, the card-room hands, &c., the cause of the 
Lancashire strike, got 47,594/. 5s. 10d.; the cotton- 
spinners, 14,266/. 13s. 4d.; and the weavers, 2686/. 
9s. 7d. Hope is expressed that there will be fewer 
disputes in 1909. 


On the evening of Saturday, the day after the closing 
of the Labour Party’s Conference at Portsmouth, Mr. 
G. Bernard Shaw disclosed his programme for the uni- 
fication of the Labour Party, and all its sections and 
contingents.. The items, he mainly explained, were 
only two—one was for the municipalisation of bread, 
the other for the nationalisation of land ; as an Irish 
landlord, he was wise enough to suggest that the land- 
owners bought out should have 20 per cent. extra 
value for pe yd sale. It was not to be expec 
that Mr. G. B. Shaw would produce a serious pro- 
gramme. He is a humorist al jester, and a popular 
playwright, but his place ‘in the Socialist movement is 
undefinable, except as the jester of the Party. In 
speaking of the municipalisation of bread, he said that 
probably the people on the first day would carry off 
more than they needed, and throw the surplus away. 
In reply to questions, he said he did not see why the 
surplus should not be given to pigs, as the people 
would eat it — in pork and bacon—nothing 
would be lost. Humour and jokes are all very well, 
in their way, but when men ask for bread, they do not 
want stories and jokes. The nation has become more 
or less serious about unemployinent, distress, and the 
ery of oy hr prem It is possible, nay, even probable, 
that the last is got up by agitators for political or their 
own purposes ; but it is far better to realise the truth 
and seek to apply a remedy, or- remedies, than to jest 
about the subject. A hunger war is more terrible and 
cruel than even a war of annexation, cruel as that is. 





in, as previously, the Associated Iron-Moulders 
of tland are first in the field with their annual 
report. It speaks well for the officials and council that 
the finances are kept in such form that their balance- 
sheet can be published early in each new year. The 
past year was a trying one, with depression in trade 
and disputes in the engineering and shipbuilding indus- | 





tries. The society is but a small.one in comparison with 
the Engineers, Boiler-Makers, and Iron Ship-Builders, 
and other amalgamated unions. The total member- 
ship was at date 8296, of whom 7876 were seniors, 
covering twenty-three districts, all the most important 
in Scotland, besides the central, in Glasgow, which has 
the largest membership of all. The net income of the 
society in 1908, down to date of report—January 2, 
1909—amounted to 26,118/. lls. 6d., carrying forward 
a balance in hand of 60,314/. 13s. 3d. There was a 
decline in the net income of 3125/. 6s. 7d. in the year, 
while the expenditure went up amazingly. The 
‘*idle, holiday, and suspension benefit” alone cost 
38,682/. 16s. 10d., an excess over the previous year of 
29,244/. 16s. 3d. A large proportion of this was the 
result of disputes which affected the Clyde and other 
shipbuilding centres; the remainder was due to 
depression in trade. Superannuation benefit cost 
11,3597. Os. 10d.—increase, 997/. 4s. 10d. This in- 
crease, it is complained, is growing, but a large number 
of the claimants will also get old-age pensions. Acci- 
dent and funeral benefit cost 3162/. lls. ld. The 
expenditure on management included 1613/. 11s. for 
salaries, delegations, &c. ; 1922/. 9s. 4d. for rents, 
printing, stationery, postage, &c. ; and 239/. 11s. 6d. 
miscellaneous. ‘The aggregate expenditure was 
56,980/. Os. 6d. The record gives the totals for each 
year from 1842 to 1908 inclusive. In sixteen of those 
years the cost of unemployment exceeded 10,000/. ; in 
one—1861—it reached nearly 20,000/. ; but last year 
beat all records. In the last two, years superannua- 
tion benefit exceeded all records. 


The Ironworkers’ Journal for the current month 
begins with a general review of the iron and steel 
trades from the operatives’ point of view, but it is as 
purely cammenesil tb tone as it would be in an ordi- 
nary trade journal. The reason is not far to seek. 
The workers in these industries are free from strikes 
and lock-outs. Wages are determined by a scale based 
on prices, and any local dispute as to conditions of work 
or employment is dealt with by the Conciliation and 
Arbitration Board. In general the facts disclosed 
show that pig-iron declined 93 per cent. in prices ; 
manufactured iron, 74 per cent.; steel plates, 10 per 
cent. in the year. These figures relate to wage reduc- 
tions on prices. On the other hand, it is stated that 
raw materials used in these industries were well main- 
tained in price. All the trades enumerated suffered 
through depression in shipbuilding, and marine engi- 
neering especially. In some districts the works were 
closed, at least for a time. It is noted with approval 
that Sir Christopher Furness, M.P., is now building a 
number of ships under his co-partnership scheme. At 
the last meeting of the Conciliation Board, prior to the 
annual meeting, there were no dispute cases ; the busi- 
ness done was mostly in preparation for the annual 
meeting of the Board. The outlook at date of the 
report was not deemed very favourable for 1909 ; but 
there were indications of ter activity in some dis- 
tricts. The year is, indeed, too young for any reliable 
forecast, and the weather has not been at all favour- 
able for outdoor work. Still, a turn of the tide is per- 
ceptible, and some of the authorities in the financial 
and — world anticipate a revival, even if it does 
not touch the level of 1907. +3 





Another great step has been taken towards concilia- 
tion in labour disputes by the successful conclusion of 
the labours of employers and employed inthe iron- 
founders and iron-mouldeys’ trade. The prelimina 
labours ended after a series of conferences last wee 
at the Midland Hotel, Manchester, where the chair- 
man, the President of the Manchester Employers, was 


ted | chosen, and the vice-chairman, Mr. A. Henderson, 


M.P., for the employés. The present Board covers 
the whole of Lancashire and a portion of Cheshire ; 
about 150 firms are affiliated, employing from 6000 to 
7000 men. The employers’ organisations represented 
at the Board include the Manchester Employers’ Asso- 
ciation, the Manchester Iron-Founders’ Association, 
and the ae Associations of Bolton, Oldham, 
Blackburn, Burnley, Preston, Wigan, Rochdale, and 
St. Helens. All the trade union branches in the dis- 
tricts are also represented. All questions in dispute 
are to be first referred to a Standing Committee of 
fourteen, seven from each side. If the Committee are 
unable to agree, a reference is to be made to the full 
Board. Failing Bane the question may, by 
common consent, referred to three gentlemen 
mutually approved by the Board, whose decision is to 
be binding and concinsive. If no solution is made, 
each side may appoint a representative, and these 
two may appoint a-third ; in all cases the majority is 
to decide. The most important thing is that there 


shall be no stoppage of work during or pending a 
dispute. The progress being made in favour of > eg 


ciliation is widespread. 





The action in the Pontypridd County Court by a 
collier against the South Wales Miners’ Federation, 
of which the plaintiff was a member, was decided in 
favour of the plaintiff.--He claimed 5s. 6d., which, 





under protest, he paid as the Parliamen levy ; the 
Court awarded him 3s. 6d. and costs under Scale C. 
The judge also granted an injunction to restrain the 
Federation from making any such levy upon the plain- 
tiff in future. This case, therefore, has reference to 
the plaintiff only, and does not. involve any other 
cilettiben: Nevertheless, any other member might 
claim the repayment of the said levies under. the 
same —— Counsel for the -plaintiff tried. to 
obtain a declaration of the Court to the effect that 
the levy .was illegal, but the judge refused <to make 
such declaration, or to grant a —— injunction 
against the Federation asa body. Still, the decision 
upholds the view of the High Court in the case of 
Osborne v. the Amalgamated Society of Railway 
Servants recently given, that a compulsory levy for 
Parliamentary representation is illegal. But the judge 
said that voluntary levies might be paid if the members 
thought fit todo so. The decision in this case will be 
finally governed by the result of the appeal to the 
House of Lords by the Amalgamated Society of Rail- 
way Servants. 





The case of Furner v. the London Society of Com- 
itors, which came before Mr.. Justice Joyce, in 

ndon, on Friday last, was a motion by a member 
of the society to restrain the application of the funds 
in the interests of Parliamentary representation or 
for political purposes, in a way held to be illegal by 
the Court of Appeal in the case of Osborne v. the 
Amalgamated Society of Railway Servants. It was 
contended by counsel, on behalf of the defendant 
society, that the levy was voluntary, not compulsory. 
Counsel for the plaintiff quoted the rules to show that 
it was compulsory. It was also contended that pay- 
ments to the London Trades Council were also for 
political purposes. Items in the society’s reports and 
accounts were referred to as credited to the ‘‘Parliamen- 
tary levy,” and in the expenditure from the ‘‘ Parlia- 
mentary fund,” the latter being the member’s salary of 
75l. per quarter. The Judge, after hearing argu- 
ments on both sides, gran an interlocutory order 
practically in the terms of the injunction granted in 
the case of Osborne v. the Amalgamated Society of 
Railway Servants. The question of costs was ordered 
to stand over until the trial of the action. 

An injunction was also granted by Mr. Justice 
Parker, on the same day, restraining the executive 
committee of the National Society of Operative 
Painters’ Association. from excluding the plaintiff, a 
member of the executive, from its meetings; it was 
alleged he was not allowed to examine the — 
accounts. The Judge held that the action taken by 
the majority of the executive was wiltra vires, and 
therefore the plaintiff was entitled to the injunction 
asked for. As ards examination of the accounts, 
the Judge was of the opinion that the right of inspection 
was not a personal one, but one that might be exer- 
cised by a competent person representing the members. 
Both actions were, he said, well founded, and the in- 
junctions were granted. 





The dispute in the Sheffield engineering trades was 
again discussed at a conference held on Friday in last 
week between the representatives of the employers and 
of the trade unions affected. The terms were a re- 
duction of 1s. per week in time rates and 2} per cent. 
in piece rates. After discussion, it was decided to 
follow the course laid down in the terms of settlement, 
and refer the case to a central conference between the 
executive of the Engineering Employers’ Federation 
and of the trade unions concerned. 





There was no material change in the iron and steel 
trades noticeable in the markets on Change at the 
close of last week. Dulness and inactivity were 
general. And yet there are well-founded reports of 
large orders being ge: in the engineering and 
shipbuilding firms, but the result has not reached 
those engaged in the manufacture of iron and steel 
for constructive purposes. One Sheffield firm is said 
to be so overwhelmed with work in the production 
of war material that all its full capacity is unequal 
to the demand, and it is proposed to lay down new 
plant to cope with it. 





The first outcome of Mr. Lloyd George’s scheme 
of conciliation, in connection with the railways of the 
United Kingdom and their employés, has been made 
public in the award of Sir Edward It concerns 
the London and North-Western Railway Company, 
and its 39,000 to 40,000 employés. The men have 
reason to rejoice, and it is said that the company 
accepts the award ‘“‘ without dismay.” The import- 
ance of this, the first award under the new scheme, is 


very great. 


Mr. J. R. Macdonald, M.P., the secretary of the 
Labour Party, states that the Government proposes 
to deal with the easy) angen question by way of 
out-of-work insurance, and he expresses the belief that 
the measure will be such as at least to provide for out- 
of-work pay. 








—_—" 
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MOISTURE-TESTING APPARATUS FOR GRAIN-MILLS. 
CONSTRUCTED BY MESSRS. T. ROBINSON AND SON, LTD., ENGINEERS, ROCHDALE. 





Tue correct percentage of moisture in wheat, flour, 
bran, and offals is a factor of extreme importance to 
the practical miller, and great care has to be taken 
in making regular tests so as to maintain the full and 
uniform percentage of moisture in the various pro- 
ducts from the milling plant. It does not pay to mill 
wheat in too damp or too dry a condition. The appa- 
ratus illustrated on this page is capable of testing 
simultaneously all the samples, up to ten in number, 
in a moderate-sized mill, and from this point of view 
it marks an important improvement upon earlier 
appliances, which are only capable of treating one 
sample at a time, and require the constant attention 
of the miller whilst the tests are being carried out. 
No chemicals are required, the principal feature being 
that the samples, after being accurately weighed 
in trays, are placed within a cylinder, and the 
moisture they contain is evaporated while the cy- 
linder is in vacuo; the reduction in weight on ex- 
traction after 24 to 3 hours’ evaporation shows the 
percentage of moisture of the grain in its original 
state. 

The trays or dishes used will contain 20 grammes of 
wheat, and these trays are placed within the cylinder, 
the end of which is then closed and secured air-tight 
hy means of the clamps; the air-tap on the cylinder 
is next closed, a rubber ring being inserted to make 
an air-tight joint. A chamber around the cylinder 
forming a jacket is filled with equal quantities of 
glycerine and water, the temperature of which is 
raised to, and maintained at, the boiling point by the 
heat of the Bunsen burner, which simplifies exact re- 
gulation, A thermometer and condenser are secured 


to the top of the apparatus, as shown. The tubes 
from the condenser connect to a water-tap, so that a 
Stream of water is always flowing through the con- 


denser, The object of this condenser is to prevent the 
escape of glycerine as steam. If any steam escapes 
from the condenser, the gas-tap for the Bunsen burner 
is turned a trifle lower. The small tube which is fixed 
at one end of the boiler—that to the right of the 
engraving—is coupled up to a water-jet pump for 
e\hausting the air from the cylinder to maintain a 
vacuum. A safety non-return valve is inte to 
prevent any water rushing back into the boiler, should 
the action of the pump suddenly cease. 

'o make certain that there is continuous air-tight- 
ness, the air-tap is opened for a few seconds to ascer- 
tain if any air rushes in when the pump is working. 

ve samples of wheat are kept within the apparatus 
for about 2} to 3 hours, and then taken out, cooled, and 
carefully weighed. From the loss in weight the per- 
centage of moisture in the original sample is calculated. 
The apparatus is consteucted’ lay Messrs. T. Robinson 
aud Son, Limited, Rochdale. 
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YEAR-BOOKS AND ANNUALS. 

The Practical Engineer's Pocket-Book and Diary, 
1909. London: The Technical Publishing Company, 
Limited, 55 and 56, Chancery-lane, W.C. [Price 1s. 
net, cloth; 1s. 6d. net, leather.}—This well-known 
little pocket-book reaches, this year, its twenty-first 
anniversary, and has celebrated it in the commendable 
manner of adding considerably to its contents. The 
new matter includes the Board of Trade rules for the 
manufacture and testing of materials for boilers ; 
notes on vacuum in condensers ; dimensions on stan- 
dard bends, ties, and pipe-flanges ; notes on chain- 
driving, limit - gauge work, ball-bearings, belt-con- 
veyors, &c. The number of now reaches to 655, 
and the advertisements do not take too prominent a 
place in the book. A squared paper diary is bound in 
at the end of the book, giving a page for each week. 





The Motorist’s Diary and Year-Book for 1909. 
London: Charles Knight and Co., Limited, Tooley- 
street, S.E. [Price 2s. net.}—Besides containing a 
week-to-a-page mony ont a detailed weekly expense 
schedule, this little book, of some 375 pages, gives in 
compact form all information likely to be required 
during tours at home or abroad, in the garage, at 
club competitions, meetings and races. ere is a 
thoroughly good section on legal matters relating to 
motorists, contributed by the solicitors to the Auto- 
mobile Association. A list of all the principal towns 
and villages in Great Britain, with distances from 
London, garages, &c., is given, and scores of other 
matters of use and interest to motorists. The book is 
very handy in size, and is altogether to be recom- 
mended. it does not profess to deal with mechanical 
questions, but touches aeronautics, giving a very com- 
plete list of the flights made during the recent year. 





Year-Books.—The ‘‘ Science Year-Book ” for 1909, 
published by Messrs. King, Sell, and Olding, Limited, 
27, Chancery-lane, E.C., has now attained its fifth year 
of issue. tt contains a great ‘amount of information 
principally relating to astronomy. This includes 
soe ephemeris, tables of rising and setting of the 
sun and planets, tables for determining latitude, the 

ths of the planets, eclipses, meteor showers, con- 

gurations of Jupiter's satellites, mean astronomical 
refraction, magnetic variation, and a great many other 
tables and diagrams related to similar subjects. There 
are also chapters relating to chemical and physical 
quantities, specific weights, metrology, lists of scientific 
societies, &c. In addition there is a diary with a page 
for each day, and at the head of the page notes con- 
cerning planets and constellations. The volume is most 





useful to all interested in astronomy and meteorology. 
The price is 5s. 





Diaries.—From Messrs. Bullivant and Co., Limited, 
of Millwall, London, E., we have received a diary and 
a blotting-pad bound up together. The diary contains, 
in addition to the usual es, particulars of Messrs. 
Bullivant’s wire-ropes.—Messrs. J. P. Hill, Ordnance 
Works, Bernard-Road Park, Sheffield, have sent us a 
convenient pocket-diary with the usual insurance 
coupon.—Messrs. Gibbons Bros., Limited, have sent 
us a diary and blotting-pad bound together.—We 
have received from the Electrical Power Storage Com- 
pany, Limited, a combined diary and blotting-pad of 
the very convenient pattern which this firm have 
adopted for some years past. The diary, which is 
interleaved with blotting-paper, includes an ample 
number of pages for notes and memoranda, and pre- 
faced by descriptions of the numerous types of accu- 
mulators and their accessories which are made by the 
Electric Power Storage Company. The information 
given concerning the various patterns of cells is very 
complete and well arranged.—A small vest-pocket- 
book of their usual pattern comes to hand from Messrs, 
Hayward-Tyler anat Co., Limited, 99, Queen Victoria- 
street, E.C.—A ket-diary is to hand from Messrs. 
Pilchers, Limited, Morgan’s-lane, Tooley-street, 8.E., 
giving a space for each day, cash-account leaves, &c. 

Almanacks, Calendars, &c.—As usual, we have re- 
ceived from Messrs. Henry Simon, Limited, of Man- 
chester, their calendar and date-book, with a page for 
every day in the year. Each page carries a motto, or 
a sentence, full of meaning, culled from an author of 
repute, and generally one of ethical import. We notice 
among the authors quoted, in addition to those ac- 
counted as classics, Stopford Brooke, St. Jerome, 
Whittier, George Eliot, President Roosevelt, Herbert 
Spencer, Ruskin, Haykar the Sage, G. H. Wells, 

uxley, and Martineau.—Others have come to hand 
from Messrs. Merryweather and Sons, Limited, London; 
Messrs. J. Halden and Co., Limited, 8, Great Chapel- 
street, Victoria-street, 8.W.; from Messrs. E. Arnold 
Pochin and Brothers, Trafford Park, Manchester ; the 
City of Dublin Steam Packet Company, 15, Eden 
Quay, Dublin; Messrs. Robert Park and Co., Limited, 
91, Clerkenwell-road, E.C.; and Messrs. Spencer and 
Co., Limited, Melksham, Wilts.—Our contemporary 
Concrete and Constructional Engineering, Dewar House, 
Haymarket, S.W., has sent us a calendar for 1909, 
bearing on the card a list of twenty-seven ‘‘don’ts ” 
on the use of concrete. 








THE PHYSICAL SOCIETY OF LONDON. 
AT a meeting held on January 22, Dr. C. Chree, F.R.5., 
President, in the chair, a paper cn the “‘ Effective Resis- 
tance and Inductance of a Concentric Main, and Methods 
of Computing the Ber and Bei and Allied Functions,” was 
read by Dr. Alexander Russell. The author gives the 
solution of the problem in terms of Kelvin’s ber and bei 
functions, and of two analogous functions, which he calls 
ker and kei functions. The formule given previously b 
Maxwell, Rayleigh, Heaviside, Kelvin, and Sir Jongh 
Thomson are shown to be particular cases of his solution. 
Simple formule for calculating the functions used are 
obtained, and are employed to correct errors in the tables 
iven by Kelvin and also by Mascart and Joubert. The 
Eliowing simple formula for the effective resistance R, 
per centimetre length, of the inner conductor of a con- 
centric main for high-frequency currents is obtained :— 


R = (pm/27a) (0.7071 + 1/2 m a + 0.265/m?a? — 0.35/m*a*), 


where p is the volume resistivity of the conductor, a its 
radius, m? = 8 24 f/p, wu the permeability of the conductor, 
and f the frequency of the alternating current. This 
formula may be used in wireless telegraphy for calculating 
the resistance of a conductor when other conductors 
carrying high-frequency currents are not too close. For 
values of ma greater than 6 the maximum inaccuracy of 
the formula is less than 1 in 10,000. In obtaining the 
solution, exact formule are obtained for the density of the 
current at all points on the inner and outer conductors. 

The case of a concentric main with a hollow inner con- 
ductor is also considered. The method of obtaining the 
complete solution is explained, and approximate formule 
suitable for power-transmission cables are given, and 
numerical examples worked out. The approximate for- 
mula for the effective resistance at low frequencies, the 
proof of which is very laborious, has been previously 
obtained by Oliver Heaviside, and the author’s solution is 
an independent verification of its accuracy. For high 
frequencies the formule become much simpler, and for 
very high frequencies the ordinary well-known formule 
are obtained. The formule given enable us to find the 
impedance of a concentric main, taking into account the 
variation of the current-density over the cross-section of 
both conductors and the distributed capacity. 

Mr. W. Duddell congratulated the author, and remarked 
that the results obtamed in the paper would be most 
useful. It was, he said, customary in dealing with high- 
frequency currents to use several parallel insulated wires, 
instead of a single wire, in order to increase the surface ~ 
and obtain greater conductivity. He asked the author to 
what extent it was advisable to do this. He also asked 
how far it was valuable to silver-plate copper’ wires for 
Sy currents. : 

r. A. Campbell observed, with regard to Dr. Russall’g 
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warning that inductance standards might be greatly 
dependent on frequency, that well-designed single-layer 
wave-meter coils of highly-stranded wire (e.g., 7/36*) did 
not show, according to his experiments, a variation of more 
than 1 or 2 in 1000 in their self-inductance for frequencies 
from 0 up to 1,000,000 periods per second, the actual 
eT being from 10 to 200 microhenries. 
Jr. 


ance will alter from 3.7726 centimetres per unit length to 
practically zero as the frequency is increased. 

Dr. Eccles rightly lays stress on the importance of 
keeping the surface of the wires used in wireless tele- 
graphy in good condition, and careful lacquering would 
be very beneficial. Mr. Cohen’s data about the telephone 
cables used in long-distance transmission are most in- 


W. H. Eccles remarked that in ae gc nga A work | teresting. A piece of metal adjacent to the wire would 


the resistance of a conductor depend 
the surface. If a cop i 
altered. Uniform results could be obtained by lacquering 


the wires. He congratulated the author upon the mathe- | in the neighbouring meta 


matical results obtained. 
Mr. B. 8S. Cohen said that a knowledge of the varia- 


on the nature of | in many cases modify the skin effect, but it would be 
wire tarnished, its resistance | difficult to deduce any general rule, as the main current | 
is affected in different Mn by the induced eddy currents | 


according to the relative posi- 
tions and magnitudes of the metal and wire. Mr. Pater- 
son’s question was rather hard to answer. In the hollow 


tions with a awed of effective resistance and inductance | tube the current density was a maximum at the outer sur- 
mn 


of copper co! 
connection with telephonic transmission, and it was to be 
hoped that Dr. Russell would extend his valuable investi- 
gations to conductors lying side by side. The heaviest 
gauge of conductors met with in general telephonic prac- 
tice is 2.85 millimetres in diameter in the case of cables, 
and these conductors are separated by about 2.5 milli- 
metres of combined paper and air dielectric and twisted 
together with a lay of about 15 centimetres. 

In the case of overhead open wires, the largest con- 
ductor in general use is 4 millimetres in diameter, although 
ina number of cases a 5.69-millimetre conductor has been 
used. The mean axial distance apart of these conductors 
is about 35 centimetres, as they are rotated in sets of four 
in a 1-ft. square. 

Applying Lord Rayleigh’s formula for effective resist- 
ance mn these cases we get, for a frequency of 1500 periods, 
an increase of 1 per cent. in effective resistance over steady 
current resistance in the case of the 2.85-millimetre cable 
wire. A frequency of 1500 periods can quite safely be 
taken as the maximum frequency which is of any import- 
ance in speech articulation. The increase with the 
5.69-millimetre open wire at this same frequency is 12 per 
cent., and with the 4-millimetre wire it is 3.55 per cent. 
In a table given in a well-known pocket-book, a 5.69 milli- 
metre conductor is stated to increase 15 per cent. in 
effective resistance at 1500 periods, and he noticed that 
this figure had been adopted by one writer on telephonic 
matters. Mr. G. M. B. Shepherd some time ago worked 
out the decrease in inductance with frequency for wires 
lying side by side by both Heaviside’s and Rayleigh’s 
formule. The patos, | percentage variations between 
0 and 1500 periods were found for 5.69-millimetre wire :— 
L 0.37 per cent. decrease ; r 0.22 per cent. increase. This 
is very small, and is due to the fact that most of the in- 
ductance is due to the field between wire and wire. On 
the other hand, increase of resistance in this wire at 1500 
periods means an increase in attenuation of 12 per 
cent. 

In the case of 5.69-millimetre conductors, 33 centimetres 
apart, the inductance, as calculated by Maxwell’s formula, 
amounts to 3.2 millihenries, which would reduce the 
attenuation constant to one-fifth of its value at 1500 
periods. It is very desirable, therefore, to know the 
order of decrease of inductance with frequency. 

Lastly, I should like to ask Dr. Russell whether he 
thinks that the presence of the adjacent conductors in a 
telephone cable or open-wire route is likely to modify the 
skin effect to any decided extent. 

Mr. Paterson expressed his interest in the paper, and 
asked if the formula given for the effective resistance of 
the core of a concentric main would be of the same form 
if the outer layer were removed. He also asked if the 
skin effect in the outer shell would be altered if the shell 
were cut parallel to its length and laid flat. 

Professor C. H. Lees pointed out that a change of sign 
in one of the early equations would lead to the use of the 
Bessel J function instead of the I function. ‘ 

Dr. Drysdale congratulated the author, and wished to 
make a suggestion from the point of view of facilitating 
the use of these and other calculations. Electrical mea- 
surements frequently necessitated the employment of 
higher functions, and this involved either troublesome 
calculations or the compilation of bulky tables. He had 
therefore been led to try whether graphical methods could 
not be employed. The plotting of a function f (z) 
grephienty could only give values to a low degree of 
accuracy, but if some simple empirical fomula y = ¢ (x) 
were found, which approximated to the required function, 
it was possible to express the true value f(x) in the form 
r(x), or @(x) +a, where r or a might be termed a 
‘correcting factor” or term which only varied between 
comparatively narrow limits. By employing a curve in 
which log r or a was plotted against x, it was fre- 
quently possible to obtain values of a function from a 
single curve correct to 1 in 10,000 or closer, and which 
greatly assisted interpolation. He had found this of great 
service in dealing with elliptic integrals and solid angles, 
and thought that it might perhaps also be applied to 
the ber and bei functions. 

The author, in reply to Mr. Duddell, stated that in his 
opinion stranding and insulating the) strands of the wires 
used in wireless telegraphy would not diminish the skin 
effect, if the strands were parallel to the axis of the wire. 
It would probably increase it. Shlver-plating the wires 
would be beneficial. The distribution of the high-frequency 
current on the surface of the wires can sometimes be found 
by remembering that the distribution is such that no 
magnetic induction is produced ‘in the metal. The cor- 
responding electrostatic problems are consequently of great 
help. Mr. Campbell's experimental results were interesting 
as they show that it is possible to make coils of low time 
constant, so that frequencies even as high as a million 
have little effect on their inductance. ese coils, how- 


ever, are of little use for many experimental purposes. 
With ordinary laboratory coils a frequency of 10,000 will 
alter their inductance 2 or 3 per cent. If we have two 


parallel cylindrical wires practically touching, the induct- 





uctors was of considerable importance in | face. When = open and laid out flat, the current 


density would be a maximum at the ed In both cases, 
the uneven distribution of the current leads to an increase 
in the apparent resistance. But which would be the 
greater he could only determine by calculation. In reply 
to Professor Lees, he stated that he had first given the 
Kelvin functions in terms of Bessel’s J function, but he 
had changed it to the I function, as this made a + instead 
of a — in the fundamental definition. Dr. Drysdale’s 
methods of calculation would be convenient in the case 
of the elliptic functions, but it would not be so easy to 
apply them to periodic functions of continuously increas- 
ing amplitude. 

A paper entitled ‘‘ Note on the Luminous Efficiency g a 
Black Body” was read by Dr. C. V. Drysdale. he 
importance of efficient methods of light production 
renders it of interest to ascertain the possibilities of a 
black body as a light-radiator at various temperatures, 
and the writer has attempted to obtain these from the 
radiation formula of Wien. The energy radiated between 
~ two wave-lengths is written down, and the total 
radiation calculated. This, in conjunction with Kurl- 
baum’s determination of the radiation constant, and 
Lummer and Pringsheim’s results give rise to the formule 
given in the paper. A table and curves calculated from 
these formule have been worked out by Mr. A. F. Burgess, 
B.Sc., and show the relation of the total and luminous 
radiation and luminous efficiency for various temperatures. 
The comparison of the luminous energy so calculated with 
the intensity of light radiation found by Professor Féry 
leads to a mechanical equivalent of light of about 0.075 
watt per candle, which isa fairly probable figure. The 
results show the enormous extent to which the luminous 
efficiency is dependent upon the temperature and how 
extremely low it is at ordinary temperatures. At 1500deg. 
Cent. the efficiency is only of the order of 1 per cent., or 
less, while at 2000 deg. Cent. it is about 3 per cent. The 
highest efficiency is obtained at a temperature of about 
6500 deg. Cent., and is then only between 40 and 50 per 
cent. is strongly points to the necessity for working 
in the direction of selective radiation or luminescence. 

The Secretary asked the author if he could state exactly 
what he meant by the term “‘ luminous efficiency.” The 
ratio of luminosity to energy radiated was different in 
different parts of the spectrum. 

Dr. Russell thought that the physiological effect on the 
eye ought to be considered. the paper had been 
entitled ‘‘The Radiation Efficiency, for Rays contained 
within the Limits of the Visible Spectrum, of a Black 
Body,” it would perhaps have been described better. The 
sensibility of the eye to light rays varied not only with 
the wave-length, but also with the intensity of the rays 
and the time during which they had been acting on the 
retina. If we only consider the objective stimulus of the 
luminosity, the author’s implied definition might be, he 
thought, accepted. But if we consider, as we ought, that 
the subjective sensation produced in the normal eye has 
to be taken into account when judging luminous efficiency, 
another definition is required, and the problem becomes 
far more complicated. 

The author, in reply, said that the term ‘ luminous 
efficiency” was not very generally understood. There 
were three modes of defining it, of which two were due to 
Professor Nichols, of Cornell University, who distinguished 
between ‘total efficiency” and “ radiant efficiency.” 
The former of these quantities was the ratio of the 
luminous energy radiated between the spectral limits to 
the total energy consumption of the source of light, and 
the latter the ratioof the luminous energy as above to the 
total radiation from the source. As had just been pointed 
out, however, neither of these definitions took any cogni- 
sance of the very different luminosities of the various 
ome colours, and this had been realised by Dr. C. 

tuilleaume, who had proposed to correct the luminous 
radiation by multiplying each ordinate of the radiation 
curve by a factor depending on the luminosity at that 
ordinate, which was unity at the point of maximum 
effectiveness (0.54). The author had proposed (Pro- 
ceedings of the Royal Society, 1908) the term ‘‘ reduced ” 
total or radiant efficiency, for the efficiency expressed on 
this basis, and this was evidently the most rational one. 
The term ‘radiant luminous efficiency ” was, however, 
recognised and had been correctly enxployed in the paper. 

A paper on ‘* The Use of the Potentiometer on Alternate- 
Current Circutts” was read by Dr. C. V. Drysdale. The 
great difficulty in alternate-current measurement lies in 
the shortness of the range of the instruments available, 
and there is, therefore, a great need for some instrument 
which, like the direct potentiometer, should be capable 
of measuring P.D’s. and currents of any range with accu- 
racy. Two methods of attempting to apply the potentio- 
meter principle to alternate-current measurements seem 

sssible: (a) the balancing of the alternate-current 

D. against a continuous P.D. with the assistance of 
some suitable balancing device, or (6) the balancing of 
two alternate-current P.D’s. against one another. Sug- 
gestions or attempts at potentiometers on the first prin- 
ciple have been made, but seem unlikely to be successful, 


owing to the insensitiveness of square-law instruments 
at low voltages. The second method presents difficulties 
in that the two P.D’s. to be compared must be identical! 
in magnitude, phase, and frequency, and approximately 
so in wave form. e author’s recent experiments with a 
phase-shifting transformer have led him, however, to 
attempt to use it with a potentiometer, and the measure- 
ments are then made in the same manner as with an 





ordinary direct-current potentiometer, except that a 
vibration galvanometer or telephone is substituted for an 
| ordinary galvanometer. By interposing an ammeter on 
| the dynamometer principle in the main circuit of a 
| potentiometer, and deriving the current from the secondary 
of a phase-shifting transformer, it is possible to check the 
instrument with direct current against the standard cell in 
| the ordinary way, and then to reproduce the same current 
| in the potentiometer circuit, and to bring it into coin- 
| cidence of phase with the P.D. to be measured. 
| Experiments have been made with this device by 
| Mr. A. C. Jolley and the author, first as to the accuracy 
of current-measurement using an ordinary low-resistance: 
standard, and have been found to give very good agree- 
ment with a Kelvin balance. Other tests have been made 
to obtain the vector difference of potential across a resist- 
ance-coil and a choking-coil connected in series, and the 
triangle of voltages so formed was found to be very nearly 
deal. The tests so far made seem to indicate that an 
alternate-current P.D. of 0.1 volt can be measured to an 
accuracy of 0.2 per cent. or closer. 

The author has also designed a universal potentiometer 
on this principle which serves both for direct and alter- 
nate-current measurements, and for testing P.D., current, 
phase, power, inductance, capacity, &c. 

Mr. A. Campbell remarked that the first method sug- 

ted by the author had already been described by Mr. 
J. Swinburne (Physical Society, December, 1893). It was 
also used with success at the Reichsanstalt in an improved 
form by Dr. Drewall (Zettschr. fiir Instrwmentenkunde, 
April, 1903). Dr. Drysdale’s phase-turning method was 
interesting, and would give good results in many cases. 
The vibration galvanometer, owetnk was so very much 
more sensitive for its own frequency than for others that 
it would not be likely to give any indication of errors due 
to other harmonics unless they were very pronounced. 
Hence the method must be used with great caution. 

Mr. W. Duddell expressed his interest in the paper, 
and asked if the limit of accuracy depended on the sen- 
sitiveness of the galvanometer, and if this was limited by 
the back electromotive force of the instrument. He 
pointed out that the harmonics could be investigated by 
tunin up the galvanometer to be in unison with them. 
The device by which the phase was changed without 
changing the current was very useful. 

Mr. Rayner pointed out that the accuracy attainable 
depended on the sensitiveness of the Weston voltmeter 
employed. A vital point in the instrument was the 
phase-shifter with the sinusoidal windings. By using 
two galvanometers the fundamental and a harmonic could 
both be measured. 

Mr. Paterson, referring to the use of low resistances, 
said that errors might be introduced on account of their 
self-inductance. He thought that the discrepancies be- 
tween the results given by the author's instrument and a 
Kelvin balance might be due to this rather than to in- 
accuracies of the balance. 

The author, in reply, said that he regretted that time 
had not permitted his making further investigations into 

»revious work in this direction, but he had alluded tu 

r. Swinburne’s suggestions, and had claimed no credit 
for the electrostatic device. Mr. Campbell’s criticisms 
mainly dealt with wave-form errors. Of course, where iron 
cores at considerable saturation were employed, the distor- 
tion of wave-shape would be canmpinelin but with the 
single exception of power measurement, which should then 
be made witha wattmeter, he knew of no object in such cases 
for accurate P.D. or current measurements. For ordinary 
standardisation of P.D. and current, this difficulty did 
not present itself, as there was no difficulty whatever in 
obtaining a sufficiently closely sinusoidal wave-form, and 
the wave-forms of the measured and balancing P.D’s. 
were usually similar, being derived from the same source. 
The use of a second vibration galvanometer tuned to the 
third harmonic would be excellent if it was desired to 
measure them, but he believed that it would rarely be 
necessary, and there should be no difficulty in making 
measurements to an accuracy of 0.1 per cent. with the 
ordinary alternators and resistances. For inductance 
and capacity measurements there was, of course, a posi- 
tive advantage in an instrument which disregarded the 
harmonics. In reply to Mr. Duddell, there was no 
doubt that the vibration galvanometer did give a back 
E.M.F., as was shown by a telephone connected to 
its terminals when the coil was set in motion, and 
this would probably increase the damping ; but he did 
not know the amount of the influence on the sensitive- 
ness. .He was glad the importance of the sinusoidal 
winding of the phase-shifting transformer was appreciated, 
and hoped that it would be found effective in preserving 
perfect equality of the potentiometer current as the phase 
was varied. It was true that slots or tunnels were em- 
ployed in the stator core, but they were of considerable 
number, and the rotor and stator pitches were incom- 
mensurable. As to accuracy, it was true that this was 
limited by the dynamometer instrument, but this was 
fairly sensitive, as it was always used at its best 
range, and it was to be doubted whether it was possible 
under any ordinary circumstances to make alternate- 
current measurements to within an accuracy of a few 
parts in 10,000, owing to variations in the alternator 
speed or electromotive force. Finally, he was certain that 
no ordinary low-resistance standards would give any 
appreciable inductive errors. To produce an error in 
magnitude of 0.1 per cent. would require a phase dix- 
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placement of about 2.7 deg., which was only slightly 
exceeded by helical iron wire resistances at 50 periods, 
and the straight-strip resistances of the Reichsanstalt 
form were almost the perfection of non-inductive resist- 
ances. In any case inductance would not affect the 
closing of the vector triangle. 








HEAT TRANSMISSION IN STEAM-BOILERS. 


The Laws of Heat Transmission in Steam-Boilers, as 
Deduced from Experiment.* 


By Joun T. Nicoxson, D.Sc., M. Inst. C.E. (Hon. Mem. 
J. Inst. E.), Professor of Mechanical Engineering in 
the University of Manchester. 

(Concluded from page 196.) 

8. The Author’s Experiments on Heat Transmission 
from Warm Compressed Air to Water, both Flowing at 
High Speeds in Concentric Pipes.—The first opportunity 
for making experiments on the laws of heat transference 
from a gas toa liquid across a metal wall under high-speed 
conditions was afforded by an apparatus constructed at 
the works of Messrs. Joseph Adamson and Co., in the 
early part of 1905. 

The ap tus was designed for an entirely different 
purpose, but part of it consisted of an arrangement for 
cooling compressed air by means of cold water. The 
general arrangement is reproduced in Fig. 2, page 229, 
and inspection will show that the air was cooled by passing 
down an annular space between two concentric pipes, up 
the inner of which the cold water was made to flow. 

The air was taken from the receiver of a large two- 
stage air-compressor in use for the supply of the works. 


begs to acknowledge his indebtedness to him. The present 
; vena differs considerably from Perry’s, however, in 
that :— 

(2) The surface conductivity coefficients (h; and hg) 
have been kept separate, in order to find their individual 
values for each fiuid. 

(») Expressions for the wall aeeeniane have been 
found, and their use adds materially to a clear under- 
, ge of the effects produced with different speeds of 

iow. 

(c) The ratio of the areas of the heating and cooling 
surfaces has been taken account of. In small-pipe ex- 
periments this may be a 30 per cent. effect. 

The symbols used and their meanings are as follow :— 


w, = pounds of gas passing per second, 

p, = density of gas at any given point in the 

, channel (pounds per cubic foot). 

u, = speed of gas over heating surface at any given 

point in the channel (feet per second). 

a, = area of gas channel (square feet) supposed 
uniform. 

= diameter of heat receiving surface of gas 
channel. 

w)/a, = p, 4% = mass-flow of gas per unit area of chan- 

nel _— per square foot per second). 
c 


d 


k, = specific heat of the gas. 
wy = pounds of water passing per second. : 
Po = density of water(pounds per cubic foot) (varies 


from 59 to 62.4). 
U, = speed of water over cooling surface at any 
given point in the channel (feet per second). 
dg = area of water channel (square feet). 
d, = diameter of cooling surface of water channel. 





TABLE I.—RESULTS OF EXPERIMENTS WITH APPARATUS AT THE WORKS 






























































centric pipe, within which cold water is flowing upwards. 
No sensible amount of heat was transferred to the inner 
surface of the outer (or air-containing) pipe; for the 
average temperature of that pipe was but little above 
that of the surrounding atmosphere. 

Referring to Fig. 3, we shall consider the heat transfers 
to and from ‘an elementary strip of pipe of length dz, 
situated x feet from the end where the warm air enters 
(and the warmed water leaves). 


hen 
x = o the temperatures are T, 6, ¢,. 
z=2 - = T 6t. 
a= ” ” Ty 4, ty. 


The density and speed of the air (p; and wu) vary all 
the way down the air-channel, but their product p, 1 
does not, being equal to w,/a, the mass-flow per square 
foot of channel area in pounds per second. 

Those of the water, on the other hand (pg and wg), are 
yr uniform in the inner pipe, and w/a, the mass- 

low per unit area is proportional to the s simply. 

Then at | the heat transferred in the steady state 

e 


through the elementary strip, may be expressed as 
follows :— 
dg="%™"(T-@)nd,de . . (1) 
B 
= (@-t)wdgdz . . (2) 
nema ..« «'<: 
=- ke Wg dt ‘ . . . (4) 


From (1) and (2) 


OF MESSRS. J. ADAMSON AND CO. 


Air channel = annular. @;=0.0029 sq. ft. Heating surface =1.6886 square feet. 



























































Water channel = circular, ay = 0.000766 square foot. ; Diameter of outside of inside pipe = 0.516 in. 
a bore gin. Cooling surface = 1.225 square feet. ie Diamster of inside of outside = = 0,898 in. } Length = 12.5 ft. 
¥ We | Heat Transferred T -86 — | 
2 Air Temperatures. Water Temperatures. ‘ R per Square Foot 1 ; | 
Se | od per Hour. . c 
if | eee [os Be ange at | 39a | an | Leelee’ 
E'S | Experiment. | ’ * a Te-t “| w/a . - Average Tempera: | P 
eS | Entering Leaving ' Drop | Leaving | Entering | Rise 1 Air- Water- ture Difference. 
4 | T). 2 ;Ti— 2. t. to. t-te side, side. 
. | 2 3. 4 | 6 6. 2. eta | ae a et 14. 15. a | @ | & 19. | 20 
= cembsn . S) Ese = = en Pan steh TE totes! EE EERE BR, ae Bes 
1905 | deg. F. deg. F. | deg. F.| deg. F. deg. F. | deg. F. | deg. F. | deg. F. | 
(1) | March 20../ 138 72 61 65:6 | 585 7.1 8.593 | 1.6004 | a | oe | v6 6,730 | 9,000 31.8 | 2.60 | R-* | A bad 
al aee: es : —— 
(2) | March 24..! 109 oo | 40 | 645 62.2 23 | 73 | Less | ht | Ofoe | 1867 | 1,666 | 2,068 | 19.75 | 0.96 | ones) Se SS 
mee es | a ee |-— — Seca veieiees 
(3); April4 ..) 135 70 | 8 64.9 60 - 40-|--s200 | 10400 | 01275) O40 | 1.91 | 4,800 | 5,770 | 20.73 | 1.84 | eum | ae la 
Sera aah * es 945 s | j jemeaa ? | 4) a “ 
(5) | April 7 137 75 62 68.5 59.4 9.1 | esi6 | “14858 = | 0245 | 0.907 | 618 7,980 | 10,610 | s81 | Bat | eum | aie | tae 
od | -- ~~ 
(6) | June27 .. 154 | 8 | | 89 79.9 | 9.1 | 6.595 oe | S| See | 504 | 10,000 | 13,870 | 9075 | B42 | ous | ti | ae 
() | June27 ..) 163 | 965 | 664 | 93.8 so 6]: «18.8 | 4.820 1.4348 | (ORE | Oe | 4.85 | 10,480 | 14,000 32.4 5.17 | oi. fae | SS 
7 ’ | | i | 
Its pressure at entry to the cooling pipe was about 60 Ib. Wy/dg = Po Ug = mass-flow of water per unit area of T-@0_Bmwd_, (5) 
by the gauge. Its temperature was from 100 deg. Fahr. channel (pounds per square foot per second). o-: Baw d 
to 160 deg. Fahr., and it was probably saturated with ky = specific heat of water (= 1). : apt 
moisture at that pressure and those temperatures. Its | 7, 7’& T, = temperature of gas (deg.,Fahr.) at points in sales 
pressure dropped 10]b. or 201b. whilst passing through shown in Fig. 2. where 1 
the annular pipe, and its temperature at the exit end | 6), 0, & 0. = temperature of metal wall between gas and n= B,/B,; R= Pete. and ¢ = “2, 
varied from 70 deg. Fahr. to 90 deg. Fahr. Any water water, as shown in Fig. 3. _ ; py Uj d, 
thrown down in the collecting vessel at the bottom could | 4, ¢t, & tg = temperature of water at points as shown in | Hence ' 
be drawn off through a - and measured. The dryness Fig. 3. ’ eu Ave g Git (6) 
of the air leaving the collecting vessel was observed by Q or q = heat transmitted (B.Th.U.) per hour or per i¢+r i¢vr , . 
wet and dry-bulb thermometers. These were placed in a second. 
wooden box (with glass front), through which a small| Hy, orh, = heat transferred per square foot of heating T-§@n 7-8 . P . (7) 
y ween of the air was allowed to flow, and esca surface E hour, or per second, per deg. l¢+r 
through a hole in the top of the box. The amount of the Fahr. difference of temperature of gas | and 
main air supply flowing through the annular pipe could and surface. rye ee (T - t) (8) 
be regal ,, hot only by varying the entry pressure, but} H,or hy = heat transferred per square foot of cooling l+r % : , 
also by altering the size of the orifice in the measuring surface per hour, or per second, per deg. F 1) and (3 d substituting for T- 6 f - 
vessel (marked p4) where the air flowed out into the Fahr. difference of temperature of surface rom (1) and (3), and substituting for T —@ from (7) 
a ni , e and water. r i aT (9) 
‘The whole apparatus was erected in the hottest part o : : t : Bhd - ; ™ vat: ? , 
tho worke-poweratation, close to- a feed-water purifier ; Then for high values of the mass-flow (say, w ee greater 2 Ay (1 + r) a 
Pas pit ; - than 5 lb. per second per square foot of gas-channel sec- F (3) and (4) denot 
vl as the temperature of the surrounding air was usually tion) we shall, for simplici rom (3) an enoting 
seed - “ plicity, take the law of heat trans- 
over 90 deg. Fahr., the amount of radiation from the out- | arence to be :— ky _ T:-T: pK 1 
sie of the annular air-pipe was so small as to be almost ; yg Ger by . ‘ (10) 
nesligible. Hy = ¢ p; %, or hy = p, %/B, 1 a b. 2 it 
‘he cold water was taken from a large overhead feed- | and these experiments have shown that =i+ = : 2 11 
tonk at a temperature of from 60 deg. to 80 deg. Fahr., a : 7. > hot K ahi K (11) 
according to the time of the year. - It was discha‘ into ¢ = 3, or B, = 1200. and 
* loeasuring tank fitted with a stilling bay and water- For water— . _K-1 , Ke, -T,;] _K-1 T Kt. -T, i 
eauge glass. The weight ing was known from. the Hy = €2 py Uy Or hg = Pz Ua/ Ba, T-¢ =X "“Kiy 17 -¥ [ K~1 (12) 
size f the circular orifice in the bottom of the | and Stanton’s experiments have given the values of the 
tank and from the head of water over it read upon the | constants. These are here taken, for simplicity, equal to| Substituting in (9) the value of T-¢ from (12); and 


gloss tube. The rate was frequently calibrated by catch- 
ing the flow for a measured interval of time and actually 
weighing it. 

_:\ considerable number of experiments were made with 
this apparatus during the months March to June, 1905. 
‘ selection from the results obtained, which may be taken 
4. typical of the whole, is given in Table I., above. 

'. Problem of Steady Flow of Heat in the Case of Counter- 
flo Motion of Air and Water in Two Concentric Pipes.— 
This problem has been worked out by Perry (see his 

Steam-Engine ” (1899 Ed., Section 378), and the author 

Lecture delivered before the Junior Institution of 
Engineers, January 14, 1909. 











the round numbers :— 
Ct. = 6, or B, = 600. 
Thus ¢, or 3600/B, = heat transferred per degree differ- 
ence of temperature per square foot of heating surface per 
hour per unit of gas-flow (pounds per second per square 
foot), and c, or 3600/B, = heat transferred per degree 
difference of temperature per square foot of cooling sur- 
face per hour per unit of water mass-flow (pounds per 
second per square foot). 

In the problem now before us (in connection with the 
experiments at Messrs. Adamson’s works, described 
above), compressed air flows down an annular pipe, and 
transfers its heat to the outer surface of an inner con- 





denoting the known quantities 
Kt,-T,_ Kt-Ts ; ‘ 
es ee oldie 
oath eis hs atalino 
Bk, (1 +r) m K-1 T-b 
This can now be integrated, since b does not depend 
upon the variable T, and we get :— 
K 3 1 a td a l T, b 
BAKLl+r m Be T.-b. 
Similarly for the water side we get :— 


we get 


(13) 
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B-21¢ 8 t-—b foot of surface per hour from air to pipe, although the| Thus for 
B,k 1l+r m log, rie - a avenge temperature difference was only 303 deg. Fahr. wow bo 8 oi Shae 
Now the left-hand sides of the two equations (13) and "lees. oe hows a heat transmission equivalent to the . ia " 
(14) can be shown to be equal, and therefore evaporation of over 10 Ib. of water from and at 212 deg. R=10 > =s@5u, °= 287 am 
T,-b t, —b - square foot per hour, although the gas is only 30 deg. ec Ol Py Uy 
log, ne oa log, — % ahr. hotter than the plate. : R=1 e. . =e 
3 fa The average evaporation per square foot of the heating - c 2p) wy ald ae | 
From this it follows that surface of an ordinary boiler is 4 lb. or 5 lb., and seldom 11 1 
T,-6 _ 4-6 _T,-4 (15) exceeds 8 lb., although the mean difference of tempera- R= 2c oon c=15 9,4 


T,-b &-b T,-% 
The value of By is known from Stanton’s experiments. 
Then the value of B, can be found by using either equa- 
tion (13) or (14), substituting therein the value 


Ti —4 from equation (15). 
If we elect to use (13), then writing 
¢ _ B,Re/B, __ B, Re . (16) 


1+r 1+B,Re/B, B, + B, Re 
therein, we finally obtain :— 
K -1 l/m 1 ‘ 
Kh og Th ~ Rt - (17) 
‘T,-% 
{and c, = 3600/B,, in the formula Q = c, p; wm (T — 4) is 
found. | 


B, = 





ture is there 700 deg. or 800 deg. Fahr. 
10. The Law of Heat Transmission at Very High Gas 
Speeds and Low Temperatures.—The result of these ex- 
riments may be concisely expressed by the following 
ormulea— 
(A) For heat transfer from air to pipe :— 
Q, = Hi (T-0) =3p,u,(T-0) . 2 - 
Where 
Q = B.T.U. transmitted per hour per square foot of 
area of pipe surface on the air side. 
average air temperature ~~ Fahr. 
average pipe temperature deg. Fahr. 
pi average easier of air (pounds per cubic foot). 
u average speed of air (feet per second). 
H 3p, uw coefficient of heat transference per deg. 
rahe. difference. 


(B) For heat transfer from pipe to water :— 


0 


Huu 





Qe = Hy (0-t) = 6 pau, (0-t), . « IL) 


Fig. 2. APPARATUS FOR TRANSMISSION OF HEAT EXPERIMENT 
MARCH TO JUNE, 1/905. t, 
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If we use equation (14) to calculate B,, we get, in the 
same way :— 


_K-1 U/mg _ B 
Se Ty - t 


and (17) and (18) are identical expressions. 

he values of B, and ¢, given in the last column of 
Table I have been determined by the use of this expres- 
sion (18). 

Throughout the evaluations the constant has been 
taken equal to 600, This is about the mean value of this 
coefficient for heat-flow from a pipe to water as deter- 
mined by Dr. Stanton. As a matter of fact, a variation 
of 10 per cent. above or below this value of By makes but 
a secondary difference in the determination of B,. 

This is because the temperature of the intermediate 
metal would be only slightly affected by the alteration. 

The most direct way in which the dependence of the 
heat-flow upon the rate of mass-flow over the surface on 
the air side can be made manifest is by plotting the values 
of H, (column 18, Table I.)—the heat transmitted in 
these experiments (expressed in-B.Th.U. per hour per 
square foot of heating surface per degree Fahrenheit 
of average temperature difference between the air and 
i pipe surface) upon the rate of mass-flow of the air as 


a base. 

We thus obtain the spots on Fig. 3, to which the dotted 
line has been drawn as a linear approximation. 

The highest rate of heat transference per square foot per 
hour per degree difference of air and wall temperature 
was given in these experiments by No. 6, Table I. (or 
7% 4), and the lowest by No. 2. The former gave 326 
B.Th. U, per square foot per hour per degree Fahrenheit 
of, difference, and the latter 78.4 (column 18). As 
the densities were about 0.31 lb, per cubic foot in both 
cases (the pressure being about 50 lb. by the gauge), the 
mean s of the air must have been about 355 ft. 
and 82 ft. per second respectively. 

This simple result shows how closely the rate of heat- 
flow is proportional to the velocity of the air, when the 
density does not change. 

By reference to column 14, where the total heat trans- 
ferred per square foot of surface per hour is given, we 
see that 10,000 B. Th. U. were being transferred per square 
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We see, therefore, that for most of the cases which 
occur in practice it will be safe to take asa rough ap- 


proximation 
Q=2.75p,m(T-¢) . . (IIL) 


for the heat-flow in B.Th.U. per square foot per hour 
across a metal tube, when air at a moderate temperature is 
flowing in a narrow channel (in this } in.) on one side, and 
cold water is acting as the heat-receiving fluid on the 
other side; the speed of the latter being not less than 
1 ft. per second. 

If the air be flowing in a wider channel (as, ¢.g., in a 
2-in. boiler-tube), the value of the numerical constant 
(2.75) is reduced, and the values are known from the full 
lines in Fig. 4—depending upon the mean air temperature. 

This expression gives values slightly lower than those 
actually obtained in the above experiments made upon 
Messrs. Joseph Adamson and Co.’s apparatus, and will 
therefore err on the safe side for similar cases. 
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Where 
Q: 


B.T.U. transmitted per 
hour per square foot of 
area of pipe surface on 
the water side. 

¢ = average water temperature 

deg. Fahr. 

@ = average pipe temperature 

. Fahr. 

density of water (62.4 Ib. per cubic foot). 

speed of water (feet per second). 

6 po Uy coefficient of heat transference per deg. 
Fahr. difference. 

We may eliminate the wall temperature from these ex- 
pressions and obtain a formula for the heat-flow in terms 
a the gas and water temperatures themselves, as fol- 
ows :— 

We have 

Q = Hi (T-6) = Hy (@-¢) if the steady state has 
been reached and the areas on opposite sides 
of the plate (or pipe) are equal. 


2 
me 
i] il | 


2 


Hence @ 
ad 4 
and 
0-1=2 
yr 1 
1 T-t=Q( ae iz) 


= MM (p_y=c(t- 
Q gs H, t)=e(T-?). 


Where c is a coefficient of heat transmission having the 





value 
e= Ni He _ 3am = 6 mr, 
H, + Hy 3p, + 6 pottg 
Now let 
Pove_ R, 
Ai 4 
Then 


1_3+6E. 1 





—$_——" = —__ = nt? | a. 
c 3x6R pw 6R P, % 








11. Effect of Temperature of the Moving Fluids upon the 
Rate of Heat Transmission.—In the experiments just dis- 
cussed, the variation of temperature of either the air or 
the water was not sufficient to enable any conclusions to 
be drawn as to any temperature effect there might be in 
the coefficient heat transmission. f 

It is known, however, from the kinetic theory of gases, 
that the rate of heat transfer from hotter to colder por- 
tions of the gas depends on the speed of vibration and the 
inean free path of the molecules, and hence upon the abso- 
lute temperature. ery 

Another series of experiments was therefore instituted 
with an apparatus constructed at the Manchester Muni- 
cipal School of Technology for the purpose of studying 
this point (Fig. 5, page 232). The air was heated by 
being — through a spiral coil placed in a gas-furnace 
before being supplied to the heat-transmission apparatus. 
This consisted, as before, of twe concentric pipes about 
12 ft. long and of various:(liameters of bore. hree dis- 
tinct series of trials were made with this plant. In the 
first, superheated steam passed along the inner, and cold 
compressed air al the outer, pipe. In the second, 
water was substituted for air in the outer (annular) pipe. 
In the third series, pre-heated compressed air was used in 
the inner, and cold water in the outer, pipe; and the 
weight of air used was doubly measured, first by using 
the air-compressor as a meter, and second, by the applica- 
tion of the laws of the flow of air through a sharp- 
circular orifice from a vessel in which its temperature and 
pressure were observed. This vessel was substituted, 
in the third series, for the small surface condenser which 
had been employed for catching and weighing the super- 
heated steam in the other two. : ; 

A large number of experiments were made with this 


| apparatus during the session 1906-7, principally in the 


course of the ordinary laboratory class-work. The greater 














FEB, 12, 1909. ] 


ENGINEERING. 








proportion of the results of this work were, however, 
worthless for ~ scientific purpose ; but a few experi- 
ments made by the members of the staff themselves were 
found to give figures —_— which reliance could be placed. 

The time and space here available will not permit the 
author to go into the elaborate analysis he has been able 
to make of these experiments ; and, in what follows, he 
will restrict himself to a discussion of the results of certain 
boiler trials which are either already available or have 
been made by himself. 

A further research has since been carried out by Mr. 
H. P. Jordan, M.Sc. (Tech.), lately Schuster Scholar of 
the University of Manchester, with a third apparatus 
constructed at the Manchester School of Technol "y. 
The report upon these experiments was presented to the 
University in June, 1908 ; but until after publication the 
results are not available. 

It may, however, be stated that, so far as all these lines 
of investigation and research overlap, they are in very 
good agreement ; and the general formula found for the 
rate of heat transmission, including allowances for both 
temperature and s 
to all the results, whilst all afford satisfactory verifications 
of Osborne Reynolds’s t law. 

12. Temperature ect Deduced from Geoffroy and 
Henry's Boiler Trials.—Amongst the vast number of 
experiments which have been carried out upon boilers 
there are only two or three series really available for the 
full study of the question of heat transmission from the 
hot gases to the water. 

As a general rule, however carefully and accurately 
such experiments may have been made, nothing can be 
inferred from them regarding the relative amounts of 
evaporation due to the direct and indirect heating sur- 
faces respectively. 

Now the phenomena involved in these two cases follow 
quite different laws, and it is just as useless, for the pur- 
poses of a research upon heat transmission, to consider the 
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fire-box as part of the tube surface as it would obviously 
be absurd to do the reverse. be 
The constants in the expression of the law of radiation 
of Stefan and Boltzmann for boiler furnaces are now 
available, however, and along with the true law of heat 
transference to the indirect heating surface, now proposed, 
it is believed that a rational theory of the steam boiler 
can be formulated, which will not only explain many of the 
anomalies in trials already le, but point out a number 
of directions in which to work for improvement. ’ 
The two best series of experiments supplying sufficient 
data for the present pu' appear to be those of Messrs. 
Petiet and Geoffroy C1860 to 1864) and of Messrs. Henry 
and Marié (1885 to 1890). : 
They were made with locomotive boilers, and their 
results may be consulted in D. K. Clark’s ‘“ Steam- 
ingine,” vol. i., pages 84 to 89, and in “Annales des 
Mines,” Ser. 9, vol. vi. (1894), pages 119 to 234 respectively. 
M. Geoffroy divided the barrel of his boiler into five 
compartments, and measured the evaporation from each 
Separately. M, Henry preferred to use seyen different 
leny*hs of tube fitted in succession to the same fire-box, and 
he observed only the total evaporation from .each boiler. 
Both series of experiments appear to have been very care- 
fully conducted, and although Geoffroy, on the one hand, 


did not observe his smoke-box temperatures or record his 
Steam pressure or feed temperature ; whilst Henry, on the 
other, instead of maintaining his rate of combustion con- 


Stait for any one series of trials with different tube-lengths, 
unfortunately maintained a constant draught pressure 
throughout such a series, and so altered his fire tem 
ture with every change of tube-length ; still by supplying 
from one the data found lacking in the other it has 

found possible to obtain from the records of these two 
engineers results not only highly consistent among them- 


, applies with moderate accuracy | 433) 








selves but also agreeing remarkably well with Osborne 
Reynolds's law. 

e may, for example, proceed as follows :—From the 
observed evaporations of Geoffroy, and the known weight 
of products of combustion ing through his tubes, it is 
obviously easy to deduce the curves of gas temperature 
along the tubes quite without reference to any law of heat- 
flow from gas to water. 

We may then find the mean temperature of the gas in 
each section, and, knowing the water temperature and 
the measured evaporation in each section, we can calcu- 
late the heat transmitted ~ square foot per hour per 
degree difference of gas and tube temperature. By ob- 
serving how this rate of heat transmission depends upon 
the different gas temperatures in, and gas speeds through, 
the tubes the nature of the iaw may be inferred for con- 
ditions within the range of the experiments. 

In order to explain more clearly the method adopted, 
the author will select one series of Geoffroy’s experiments, 
of which the particulars obtained from the trials were 
as follows (vide also Perry, ‘‘Steam-Engine,” pages 430 to 
































TABLE A. 

ss iz |e tion, Pounds | Total E & 8 
&S = | Evaporation, Pounds | To Vapo-) oc ; 
“ed | 55 per Hour from | ration from 28 eee 
$2,/*5 . | peg ie 
r) | j Bow 
als se . } | 

S| 2 Fire- Sec. 'Sec. | Sec. |Sec. | ; I se 
an *| £4 | Box. |1-2.| 2-8.| 3-4.| 4.5,/Tubes Boller) Reis 

Ib. | 
“0.79 | 476.2) 1806 | 964) 445) 240) 147; 1796 | 1806 | 7.56 626 
1.57 | 743 | 2356 (1368) 735) 387) 264 2754 | 2356 | 6.88 680 
2.36 | 923.7| 2983 |1969|1025| 645) 425| 4064 | 2933 | 7.58 732 
3.15 (1025 | 3291 1778} 920} 579) 422) 3699 | 32917) 6.82 | 771 
3.94 | 978.8) 2981 seseiraa8 774 502) 5003 2981 | 816 | 840 
! 
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Taser D. 
ht in *! 
Draught im”) (CT +T) | 82+ TD) | 8CTQ+TO | CTH TS) 
Water. } — Cave. — Oave. — Oave. — Oave. 
0.79 1068 656 456 341 
1.57 1230 781 548 404 
2.36 1502 966 671 415 
3.15 1359 912 671 502 
3.94 1791 1149 8il 588 








We must now obtain the quantity of heat actually 
transmitted per hour through the whole heating surface 
of each section. 

The steam pressure and feed temperature are not 
certain, but the total heat of evaporation per pound of 
water has been taken at 1149 B.T. U. throughout, as given 
by Professor Perry. 


TasLe E.—Heat Transmitted Through Each Section. 
1000s of B.T.U. per Hour. 











Draught in 

Inches of 1-2, 2-3. 3-4. 4-5. 

Water. | 
0.79 1108 512 276 169 
1.57 1573 845 445 304 
2.36 2265 1190 742 430 
3.15 2046 1058 666 485 
3.94 2873 1413 890 578 


Dividing these results by the heating surface in each 
section (184 square feet each) we obtain Table F. 

In order now to find the heat transmitted per square 
foot per hour per degree (F ahr.) difference of gas and tube 
temperature (average for each section) we must divide the 
quantities in Table F by the numbers belonging to the 
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& ~Mass-Flow Lbs. per sq. ft. of Tube Section per second. 


From these data the temperatures of the gases at each | TABLE F.—Heat Transmitted in Each Section per Square 


division are easily found to have been as follow :— 

















TABLE B. 
| | 
Draught in 
Inches of | T) Te. Ty. Ty Ts. 

Water. | | 
0.79 1710 1127 862 720 | 626 
1.57 1897 1294 971 SO4 680 
2.36 2257 1518 1140 903 732 
3.15 2050 1434 | 1121 926 770 
3.94 | 2640 1740 1306 1033 | = (840 

' 


The smoke-box temperatures were not recorded by 
Geoffroy. They have, however, been inferred from pre- 
cisely parallel trials by Henry, whose chimney tempera- 
tures are known; and these are the values marked T, 
(Tables A and B). 

The mean gas temperatures along each section are next 
tabulated, thus :— 








TABLE C. 
| | 
Draught in 
Inches of | 4 (T; + Tg). 4 (Tz + Ts). | 4 (Ts + Ty). | 4 (Ts + To). 
Water. | 
0.79 | 1419 | 996 791 673 
1.57 | 15606 | 1182 | 887 742 
2.36 | 1987 | 1329 | 1022 818 
3.15 1742 =| «1278 | Ss 1024 848 
3.94 2190 | 1620 | 169 936 








We next subtract from the mean gas temperature 


nm | along each tube section the temperature of the tube, and 


so obtain the mean temperature difference between gas 


and wall for each section, (See Table D.) 





Foot of Inside Tube Surface. 











Draught In | 
Inches of | 1-2. 2-3. 3-4, 4-5. 
Water. 
0.79 6,030 2780 1500 | 920 
1.57 8,560 4595 2420 1650 
2.36 | 12,300 6400 4030 2660) 
3.15 | 11,100 5750 3620 2640 
3.94 15,600 7680 4840 =| 38150 








same experiments and section respectively in Table D. 


We thus obtain :— 
TasLe G.—Heat Transmitted per Toes Foot Hour 
» 


per Deg. Fahr. Mean Difference of Gas and Tube Tem- 
perature in Each Section. 


wee 








| j 
Draught in | | | | Mass-Flow, Pounds 
Inches of | 1-2. 2-3, | 3-4. | 4-5. | per Square Foot 
Water. } per Second. 
1. Lu. & a| 6 6. 
0.79 | 6.64 | 442 | 329 /| 27 0.75 
1.57 6.69 | 5.88 | 4.42 | 4.08 | 1.0 
2.36 |} &2 | 662 | 601) 56 | 1.2 
3.15 &8 | 63 | 5.4 | 5,26 | 1.3 
3.94 | 8.7 6.69 5.97 | 5.36 1.25 


j 





It is now proposed to plot these quantities on a base of 
the mass-flow of the gas (exp! in pounds per second 
per square foot of tube section). ; 

The mass-flow is the same for all the sections in any one 
experiment, but differs for each trial, because the draught, 
the total coal burht per hour, and the air supplied per 
pound of coal differed in each case. 

To obtain the five different mass-flow values, all we 
have to do is to multiply the total coal burnt per hour 
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(wide Table A) by one plus the number of pounds of air 
supplied per pound of coal, and divide by the total sec- 
tional area through all the tubes. 

The rade f was' not recorded by Geoffroy, but it 
was determined from chimney-gas. analysis by Henr 
under precisely similar conditions. The formula whic 
best fits the results of Henry’s experiments for the weight 
of combustion products per pound of coal is :— 

A+i1= > + 10, 
where 


F is the number of pounds of coal burnt per hour 
per square foot of grate, 
and 
A is the number of pounds of air supplied per 
pound of coal. 

In this way the values of p; wu; = wi/a given in the 
sixth column of Table G have been obtained. : 

By plotting columns 2, 3, 4, and 5 of that table on the 
corresponding values of column 6 as a base we obtain 
the diagram shown in Fig. 6. 

In another part of the paper it has been explained how 
the rate of conduction (both within the body of the tur- 
bulent gas and in the film momentarily in contact with 
the metal wall) depend upon the mean of the and 
wall temperatures, The values of this mean (ealled the 
** film-temperature ”) for each section have been reckoned 


thus :~- 
_ 1fFTi+tT, | 
- et + 6 ig 
Pre 9 [ 9 t 
so that by adding to each of the values of Table C the 





those results from Geoffroy’s trials which have a common 
film temperature, give a satisfactory approach to linearity. 
The fact that they show an increasing steepness as the 
film temperatures get higher proves that a high film tem- 

rature not only promotes a more rapid heat exchange 
in the “contact film,” but also in the “ mixing film.” 

The formula representing the heat-flow per square foot 
per hour per degree difference of temperature as depend- 
ing upon both film temperature and mass-flow should 

i be o form H, = 2. +K ( ) 
accordingly be of the 1 200 Si¢ 
where f (%) is some function of the ‘‘ mixing-film” tem- 

rature to be determined. The results here recorded 

orm only a portion of Geoffroy’s work ; but the author 

has applied the same process of analysis not only to the 
whole of Geoffroy’s and to Henry and Marié’s trials, but 
also to a number of others. 

He findsas the general result that »/, $/40 is the form of 
function of the film temperature which best fits all the 
experimental data so far investigated ; although accord- 
ing to the kinetic theory of guses the internal conduc- 
tivity of a gas increases rather faster than as the square 
root of its absolute temperature. 

He also finds that the coefficient K in the above ex- 


pression should be of the form 1 + a ; where m, is the 


1 
hydraulic mean depth of the pipe or flue along which the 
gas is flowing. According to this, the smaller the pipe 
the more active is the mixing or eddying process and the 
greater the rate of heat transmission at any given con- 
stant speed. 

The general formula for the heat transference from a 





of 60 Ib. square foot per hour ; and (b) that the brick- 
work of the’ combustion-chamber was seen to be glowing 
hot when the fire was drawn at the end of the trials; he 
thinks it will be agreed that the above value for T, is not 
an over-estimate. 

The temperature (T,) of sie Ppoducte issuing from the 
annular channel was observed .by a Callendar electric 
resistance pyrometer, and was found to be in one case 
832 deg. Fahr. 

The temperature of the water and steam (¢) on the other 
side of the metal was that. corres nies to a steam pres- 
sure of 78 lb. absolute—viz., 310 Ten. Fahr. 

The total coal burnt per hour was over 1200 Ib., and 
about 15 1b. of air was itted per pound of coal. The 
space between drum and flue left for the gases was (allow- 
ing for obstructions, such as plate-strips and_rivet-heads) 
about 7 in., and the length, was 124 in. The sectional 
area available for the gas was, therefore, 0.764 square foot, 
and as 54 lb. of products passed through per second, the 
rate of mass-flow was 5.333/0.764 = 7 lb. per square foot 
per second. 

A simple and approximate treatment of this case is the 
following :— 

Using the same symbols as already given (see page 230), 
we have for the quantity of heat transmitted per square 
foot per second through an elementary length d x of the 
flue surface the four values :— 


dq="™ (T-0)r(D+d)dr  . (I) 
1 


= °2¥2(9_t)r(D +d) dz >» @ 
By 


Fig.5. APPARATUS FOR TRANSMISSION OF HEAT EXPERIMENT 
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estimated wall temperature and dividing the sum by two, 
we obtain the following table :— 








Tasir H. 
Draught in 
Inches of die. 23. das $34 
Water. 
0.79 } 885 667 563 502, 
1.57 931 742 613 540 
2.36 | 1136 S46 692 581 
3.15 | 1062 822 689 597 
894 | 1204 46 764 642 


These numbers have been marked beside the spots in 
Fig. 6, to which they correspond, and lines of constant 
film temperature have been drawn for the values ¢ = 
1000, 900, 800, 700, 600, and 500, roughly in agreement 
with these numbers. These lines are assumed linear 
where extrapolated, and they have been drawn backwards 
to cut the zero line of mass-flow on this assumption. 

Now experiments by Dulong and Petit and by Péclet 
have shown that the heat given off by a metal surface to 


** still ” air is proportional to the difference of their tem- | }, 


eratures when this is small ; bat that this rate of heat- 

ons per degree difference increases with the mean tem- 
perature of both. This mean temperature is what is here 
called the ‘‘ contact film temperature” at the metal sur- 
face in still air. 

The lines of constant film temperature drawn as above 
described upon Fig. 4 should not, therefore, through 
zero when the value of the mass-flow is equal to nothing, 
because heat still flows from the hot-metal wall into the 

(or vice versd) even when the latter is perfectly still ; 
mut each such line should cut the line of zero mass-flow 
at a higher point the greater the value of the film tem- 
perature. 

Lines drawn in this way from points on the zero line of 


mass-flow or velocity given by a formula e. (agreeing 
with Dulong and Petit’s results for still air), and through 





gas flowing along a flue is accordingly 


ret Tre, “ 3 
o=[ 6, + pva(t ta jam fara. av 


wher» 


area of flue in squate Ynches. 
¢ perimeter of flue in inches. 
m, = 4@,/ce, hydraulic mean depth of fine or pipe. 


13. The Author's a omgpene” utth a Cornish Boiter.— 
Limits of 5 forbid the author from analysing more 
than one other heat transmission experiment out of the 
number at his disposal; and in contrast with those of 
Geoffroy just discussed, in which the rates of transmis- 
sion have the ordinary low Values of present-day boilers, 
@ proposes to take a result where the heat movement 
has been ene accelerated, not only by high velocity of 
travel of the in the flue (as in the ~pipe experi- 
ments of Ta ag be also by such a high gas tempera- 
— as is usual in the combustion-chamber of an ordinary 

r. 

He refers to the experiments already cited with the 
furnace flue of a Cornish boiler, in which the back end 
was blocked up by a water (or steam and water) vessel. 
Fig. 7, on the next page, shows the arrangement diagram- 


matically. 

The hot gases from the brick - lined conibustion- 
chamber between the fire-bridge and the water-drum 
entered the annular channel at .a fen, tga (T)), 
which the author was, unfortunately, unable to mneasure. 
He estimates, however, that it could not ha¥e been lowér 
than 2300 deg. Fahr., having to the (a) that 
combustion was proceeding on grate at the high rate 


ay 


Q = B.T.U. transferred per hour per square foot of 
flue surface. 

T= o- rature of gas flowing along the flue, deg. 

?. 

6 = temperature of metal wall of flue, deg. Fahr. 

@ = 4(T+6)= mean film temperature, deg. Fahr. 

p= ity of gas, pounds per cubic foot. 

uu, = speed of in feet per second. 

w, = pounds of gas fldwing per second. 


cecceaaccccccccccccceaaaaaaaadda 












= -h Ww, aT . . . ° (3) 
= —~Ldw,(L = latent heat at 
310 deg. Fahr.)  . > & 
From (1) and (2) 
T, i _ B; po Us =» ; : (5) 
6-t Bg py Uy 
o-—! T+ _" tandT-0=_" (T-2) 6 
l+r L +: l+¢r 
From (1) and (3), and substituting for T — @ from (6) 
_* Atm *(D+d)dx_dT (7) 
l+r B, ky 4 = —t ; 


But p, uw = w)/a, and a, = 4 w (D? — d?) therefore 


wr (D +d) 4 2 . tea as - . 
. r = == > c= widt 
= _d) ~a = tw ere width of gas flue) (8) 


Therefore 
. ca 2dr aie d 7 : (9) 
(l+r)Bk z T-¢ 
Integrating and remembering that when x = o T = T, 
r 22 T, -t , 
= =} U ; . (10) 
GQt7Ba 2) TW ' 


Denoting the mass-flow ratio “®% by R, and assuming 
w/a 
By has the valiig for the water side which was obtained by 
Stanton—viz., B, = 600—we have 
a a Bee 
l+r 600 + B, R 
Substituting in (10) we get 
R z T, -¢ 
Beko _y i> . 
(600 + B, R)R * 4 - ee TT 
is Gives the ie of T for any value of «if the value 
is known. , when ¢ = l, T = Ts, the 
jown ten) ore t. 


e ein therefore ite the value of B, from (11) 
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when x = J, and T = Ts, from resulting formula :— 





B, = — As — _- “ aa 
ky loge T. =a 
In the present instance pg was equal to 60, and uw, was 
1 ft. per second, therefore R = eq =; = 8.6; also 
1% 
ts 284; and with k, = 0.24 we have 
Vi 
, T, - ¢ _ 2300 - 310_ 34, 
T,;-t¢ 82-310 ° ™ 
-*. log, 3.81 = 1.3376 
and Bi = 816 . ° . . (18) 
— 3600 3600 
(= B, = S16 = 4.32 - (14) 


In this determination we have, for simplicity, neglected | 
the temperature correction in the heat transference 
formula (4) in accordance with the assumption of equation 
(1), page 229; so that we have 

Q Cy Py MH (Tave - Oave ) 

4.32 x 7 (Aave ) 

or Q = 30.24 B.T.U. transferred per square foot per hour 
per degree Fahrenheit difference of gas and metal tem- 
peratures, We may plot this on the diagram of results 
already given (Fig. 4, page 231), opposite w,/a, = 7; and 
we see that it takes an approximately correct position 
relatively to the other results. It is somewhat above the 
line corresponding to the cool-air experiments, as it ought 
to be, on account of its much higher mean film tempera- 
ture, and notwithstanding the much smaller hydraulic 
mean depth in the former case. 

The heat actually transmitted by the 1200 x 16 = 
19,200 Ib. of gas whic through the narrow flue per 
hour, as already worked out on page 196 ante, was 
34,450 B.T.U. per square foot of flue surface per hour. 

From this we can at once obtain the average difference 
of temperature between gas and flue ; for 

= _Q_ — 34,450 _ 1140 deg. Fa 

Aave = Tae — Oave 0.94 ~ 3004 g. Fahr. 
The average metal temperature (Aave) was 370 deg. ; there- 
fore the average gas temperature must have been 1510 deg. 
Fahr. (Tave). Hence 

¢ = Tave + Dave a 


9 a 
- 


1510 370 _ 940, 

We may now compare the value of ¢, obtained from the 
actual experiment—viz., 4.32—with that which for- 
mula IV. would give. We have 


Q a = ah m= 2 + v¢ (1+ 5) Jam 
¢ + Ve (1 + 1 ) 
200 p, % 40 my 


40, /9403,3 
200 x 7 40 
= 0.673 + 0.765 x 3.3 
0.673 + 2.52 
= 3.193. 


Comparing this with the value 4.32 actually obtained, 
it may be admitted that the agreement is as close as could 
be expected, considering that the combustion-chamber 
temperature could not be measured, but was estimated 
— determinations under similar conditions in other 
sO1lers, 

14. Tests of the New Formula for Heat Transference 
under the Various Circwmstances occurring in Practice.— 
The author feels some satisfaction in having thus been 
able to show that the new formula gives very approxi- 
a correct results under even the most diverse con- 
ditions. 

It may be well to collect here for comparison a few 
typical results. 

Case I.—Flow of heat from an exhaust steam-pipe 
with outer surface at 210 deg. Fahr. into “still” air at 
60 deg. Fahr. 


T 


a | 


Il 


Here 
py =9, o@= aot 60 =135; T-0é0=—150 deg. 
. Q= oa (T - 0) = 0.675 x 150 = 101 B.T.U. per 


square foot per hour. 


Thomas Box (‘‘ Heat,” page 166) gives 121.5 B.T.U. per 
Square foot per hour for this case. 

If the actual speed wu, of the air over the pipe, due to 
the convection currents, could be allowed for, a still closer 
agreement could be got. 

lhe radiation effect is not here in question, as this 
depends on the temperature of the enclosure. 

_ Case II.—Lancashire boiler flue, 36 in. in diameter. 
Coal burnt on a grate 20 “e feet area, 400 lb. per hour. 
Air, 241b. per pound of coal. Temperature of gases leaving 
fire, 2200 deg. Fahr.; temperature of at drop-flue, 
~ deg.; steam temperature, 350 deg. Fahr. 

1en 


a on 900 _ 1550, ¢ = 1 + 350 _ 950. 


Mass-flow through flue is “! = 0.4 (for w, = 400 x 2% 
a, 3609 

36 = 9in., 1 + 1 

4 ™ 


and a, = 7 square feet). 
= Lill, 


Also m, = 








Therefore | 


95 hima 
Q = [9 4 0/950 x 1.11 x 0.4] (1550 - 350) 
20040 

(4.75 + 0.77 x 1.11 x 0.4) 1200 

(4.75 + 0,342) x 1200 

5.092 x 1200 = 6100 B.T.U. per square foot 
per hour. 
The figure 5,092 B.T.U. per square foot per hour per 

degree, average difference of temperature between gases 

and water, compares very well with the figures deduced 

from practice by Mr. Michael Longridge (Manchester | 

Association of Engineers, 1890), who gives for such a case 

4.9 to5.5in Table IT. of his paper. (See also ENGINEERING, | 

vol. xlix., page 494.) 
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Case IV.—High-speed high-temperature experiment 
with narrow channel in Cornish boiler, made by the 
author. 

This has been already discussed (page 232), and the 
values were found to be in fair agreement. 

Case V.—High-speed low-temperature flow of com- 
pressed air and water in concentric pipes. This is the 
case discussed in section 10, page 230. 


In this case @ = 100 and’1 + Es = 12 
Mey 


Therefore . 
ee oe +VO(14 1 ) 
200 p, U, 40 m, 
ay pe + 1 x 12 
2 py Uy 4 
tiene +e 
2 py 
When 
Pp; u, = 100, c, = 3.05, 
and when — ; 


Pp, U, = 25, ec, = 3.02. 


The value actually obtained was 3. j 
15. Apology for Users of the Temperature-Difference- 
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Squared Formula.—The formula recommended by Ran- 
kine and very generally used in heat-transmission calcu- 
lations for steam boilers is :— 


2. - 
wx Yr es 
Where 
= heat transmitted per square foot per hour(B.T. U.) 
} Fahr.). 


= average gas temperature (deg. 
¢ = water or steam temperature (deg. Fahr.). 


We may write it 
Q = H(T-2#)= F-S¢r eT 
Where 
H = heat transmitted per square foot per hour per 
degree difference of temperature. 
The new formula reads :— 
={{ 2? we + tye) T-#) @ 
(S$ ? 40 m,] % : 8) 
so that in it, 


7 
H = f+ S&(1+ >) sm sence 


20040 m,) a 
Here 
@ =4(T+?%). 
m, = é hydraulic mean depth of flue. 


w, = pounds of a products passing through flue 
per second, 
a, = sectional area of flue, square feet. 


We may calculate the values of H in each of the expres- 
sions (2) and (4), and tabulate them for comparison. 


—¢)2 
Old Formula ("sae ) Applied to Lancashire Boilers ;— 


t = 350 deg. 
T= 2050° 1550° 1050° 550° 
T-t= 1700 1200 700 200 
H='-*. 85 6 85 | 1 
200 | 





New Formula Applied to Lancashire Boilers :— 
d 4 _ 10”, 1 4 1 


m, = = = = Li = 0.02, «, = 2h, 
ee 4 my “Pt Piet 


Therefore (1 + 1 Jar u, = 0.55. 
m 


my 
t = 350°. 
by 2050° 1550" | = 1050° 650" 
¢ =—(T + 4) 1200° 950° | = 700° 450° 
# ana (V¢ ) ome incendie Vinal . 
6 (0.875) 4.75 (0,78) 3.5 (0.673) | 2.25 (0.64: 
a0 % ( ) 4.75 ¢ 78) (0.673) (0.645) 
{x 1 
vo (: + jor % §=0.48 0.48 0.87 0.30 
40 my) | | 








Hy 6.48 6.18 | 3.87 





As the ordinary values of the mean gas temperature in 
Lancashire boiler flues range from 1100 deg. to 1300 deg., 
it will be seen that the old formula gives correct results 
over that range. 

It is in error in excess for higher, and in error in defect 
for lower, values of the mean gas temperature than these. 


Old Formula ra Applied to Locomotive Boilers ; 


Moderate Draught :— 


t = 350 deg. 
T= 2050° 150° 1050" | 550" 
T-t= j 1700° 120° 700° =| 200° 
i £ eee 10.63 7.5 437 | 125 
160 


| 
| J 


New Formula Applied to Locomotive Boilers ; Modcrate 
Draught :— 


1.75 1 














= 4“ = =0.44;1+ 1 =33; p, = 
2 9 ee vr 33 m, dats 
0.02 ; uw = 50 ft. per second. 
Therefore 
pt = 1, and (2 +4 ) py = 33. 
my 
t = 350 deg. 
T= 2050° | 1560° wee” =| 550° 
@=4}(T +) 1200° | 960° 700° 450° 
2 1 alo | om as Ye 9 oF 545 
fan ( wt ) 6 (0.875) 4.75 (0.78)| 3.5 (0.678) | 2.25 (0.545) 
Vo 1+ 1 Ww) , | “ | 
s ( =) * 29 | 287 2 | 18 
H | so | 7 |- ov 4.06 


Thus by a suitable, but "ar eparag change of the 
constant a in the formula ‘ — we have again obtained 


a 
agreement between old and new, over the usual range of 
gas temperatures which occurs—say, from 1300 deg. to 
1100 deg. Fahr. 
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Old Formula (F = tP Applied to Locomotive Boiler with 
High Draught :— 





120 | 


t = 350 deg. 
T= | 2050° 1550° | 1050' 550° 
T-t= | 1700° 1200° | 700° 200° 
Wat 14.2 10 | 5.9 1.7 
! 


New Formula Applicd to Locomotive Boiler with High 
Draught :— 
1 











1+ — =3.3, as before, p, = 0.02, wu, = 150 ft. per sec. 
m 
Therefore 
Ay = 3; (1 i ~) Pi % = 10, say. 
m, 
mereeeeeneme . 
T= 2050 | 1550° | 1050° 550° 
= a 1200° 950° vit iM 450° 
> are be = 
Jana (ve ) 6 (0.875) | 4.75 (0.78) 8.5 (0.673)| 2.26 (0.545) 


a) 

















1\ w | 
=? (i+ =) 8.75 | 78 | 678 5.45 
| 
| 


H) ; 14.75 12.55 10,23 7.70 


_ Here we see that, even with a further arbitrary reduc- 
tion of the constant a to 120 (as recommended by Pro- 
fessor R. H. Smith), we are only able to obtain accurate 
results with the old formula for such high values of the 
average gas temperature as to be almost beyond the range 
of actual practice. For the usually occurring values of 
this temperature (say from 1500 deg. to 1300 deg. Fahr.) 
the old formula gives rates of heat transmission much in 
defect of the correct amounts, 

Whilst the agreempnt of the old formula with the new 
and more correct one, with experiments, and with prac- 
tical age se has thus been established for cases up to 
the higher limit of speed for the gases in present-day 
boilers using natural draught, it may well be inquired 
how it happens that in boilers with forced draughts up 
to 6 in., 8 in., or even 12 in. of water, which for some 
years were commonly used in the Royal Navy, and are 
still to be found in locomotives, in which, therefore, the 
gas speeds rise to 100 ft. or 200 ft. per second ; the inade- 
yng and incorrectness of the old formula, taking, as it 
does, no account of the effect of this increased speed, has 
not been discovered. 

Take, for example, a hypothetical case in which the 
average gas temperature in the tubes is 1200 deg. Fahr., 
but the speed has been increased to 200 ft. per second. If 
the density be 0.02 lb. per cubic foot, the value of p, u; 
will then be 200 x 0.02 = 4 Ib. per square foot per second. 
Then, with ¢ = 400 deg. Fahr., we shall have :— 

(a) According to the old formula :— 


_ eee : 
Q=[Fm 7 1.58 ] (T t) 


~ Gees + 1.58) 800 = 5.58 x 800 
= 6592 B.T.U. per square foot per hour. 
(L) According to the new formula :— 
_[ ¢ ¢ 1 
~ Sgt a a 
Q a0 ve( = ) a m ]or t) 
[4 + 0.706 x 3.3 x 4] 800 
13.3 x 800. 
10,640 B.T.U. per square foot per hour. 


iu 


In words: In the case of a boiler working with a 
forced draught of sufficient intensity to produce a speed 
of 200 ft. per second of the gases through the tubes, the 
heat transmitted from gas to water takes place, according 
to the old formula, at the rate of 6592 BLU. per square 
foot of heating surface per hour—at precisely the same 
rate, in fact, as if the gases were only moving at 30 ft. 
per second. 

According to the new formula the heat transmission is 
nearly doubled when the gas speed is thus increased, for 
by it a rate of heat transmission of 10,640 B.T.U per square 
foot of heating surface per aour is afforded. 

It needs no elaborate calculation to inform the steam 
engineer as to which answer is the more correct one. 
It will readily be admitted that by means of such a high 
forced draught as is here in question the rate of evapora- 
tion per square foot of heating surface would be quite 
easily doubled, and that therefore any estimate of this 
rate based upon calculations with the old formula is hope- 
lessly in error. 

One condition arises, however, concomitantly with the 
use of forced draught in steam boilers, as this has usually 
been applied, which has, accidentally as it were, helped to 
sustain the validity of the old formula, if not for such 
high values of the draught as we have just specified, at any 
rate for any ordinary rate such as is now used, up to, say, 
3 or 4 in. of water-gauge between uptake so ash-pit. 
It is this circumstance which has so far availed to save 
the users of the old formula from the utter intellectual 
confusion which should have overtaken them. 

The author refers to the rise of temperature of the pro- 
ducts of combustion leaving the fire, and consequently 
also the rise of their mean temperature as they pass 
through the flues, which accompanies an increased rate of 
firing on the grate. 

That a better draught invariably results in burning 
more coal per square foot of grate on any given boiler is 


with forced draught have been almost invariably (though, 
from the point of view of economy, wrongly) so designed 
as toburn more coal per square foot of grate than boilers 
using only natural p sar 9 It therefore followed that 
the almost necessary accompaniment of a forced draught 
was a high mean temperature of the gases. aa 
Thus the quasi-accidental circumstance that, ordinarily, 
an increased draught is accompanied not only by a higher 
gas speed, but also hy a greater rate of combustion on the 
grate, enabled users of the old formula to account for the 
resulting enhanced rate of evaporation per unit area of 
heating surface, on the ground that it was due to the 
higher mean temperature of the gas passing over that 
surface ; whereas, as a matter of experimental fact, it 
was due almust entirely to the higher gas speed, and only 
in a quite secondary degree to the higher temperature. 
For this reason, and aided by the exercise of taste in the 
choice of the value of the constant a, the old formula was 
capable, rather by good luck than by intelligent guid- 
ance, of representing the results of most boiler trials, 
made under the various rates of steaming ordinarily used, 
with as great a degree of = nega as could be 
desired for any purpose of the designer or practitioner. 
The author deems he has now made it clear why the 
formula (T—?)?/a for the rate of heat transmission in 
steam boilers has been able to hold its ground for two or 
three generations of engineers, in spite of the fact that it 
is essentially erroneous in its nature, is not founded upon 
correct physical theory, and is only eo with pro- 
priety within a certain limited field of practical condi- 
tions. In the words of Rankine, ‘ it was found to agree 
well with experiment.” . . . “‘ Its simplicity made it very 
convenient, and it was near enough to the truth for its 


purpose, 

The new formula, on the other hand, being a true law of 
Nature, holds not only for the ordinary conditions of boiler 
practice, but also under such extreme circumstances as 
those exemplified in the experiments above described, 
where, although the temperature difference was only 
20 deg. or 30 deg. Fahr., the flow-speed was 400 ft. or 
500 ft. per second. 

Under such conditions the old formula, which takes 
no account of ey and makes heat transfer dependent 
on the square of the temperature difference only, is found 
to break down completely and to give results bearing no 
relation whatever to the facts of the case. Other ex- 
amples of the failure of the old formula may also be 
obtained from ordinary boiler trials. 

Thus, take those made by Geoffroy (vide Perry, ‘‘Steam- 
Engine,” page 431), with his locomotive boiler in which 
half the tubes were stopped up. Under such circum- 
stances the draught was sometimes double that employed 
when all the tubes were open, and yet the rate of firing 
was no greater in the former than in the latter case. But 
if the rate of firing was the same, the fire temperature 
was the same, and the mean temperature difference 
between gas and boiler water would be the same for both 
trials. 

According to the old formula, therefore, the rate of 
heat transmission per unit of heating surface should be 
the same for both ; and, since with half the tubes stopped 
up the boiler had only half the heating surface, it results 
that there should then have been just half as much total 
evaporation produced as when the tubes were all 
open, 

"he examination of the table of results shows at once, 
however, that for those trials of the two series in which 
the weight of coal burnt per hour was the same (the 
draught being, of course, much greater for ay. than 
for unstopped tubes), the total evaporation was about the 
same (being rather greater on the stopped-tube trials), and 
the rate of evaporation per square foot of heating surface 
was therefore doubled. 

Now this is just what the new formula would lead one 
toexpect. The area through the tubes being halved, the 
speed of the gases was doubled if the same weight 

r hour in each case. The heat-flow per unit area of 

eating surface should therefore have been doubled, 
provided the mean temperature difference between gas 
and water was the same in both cases. 

Professor Perry drew attention to this fact (see his 
“Steam Engine,” pages 431—433, 1899) ; but his remarks 
have had no apparent effect upon the stolid indifference 
of the boiler-designer. 

16. The Import upon Boiler Practice of the Results Ob- 
tained.—In what precedes, the author has brought for- 
ward some of the experimental evidence in his possession 
to prove the truth of the law of heat-flow enunciated by 
Osborne Reynolds in 1874, when gas and water are the 
heat-conveying and receiving mediums respectively. 

In what is now briefly to follow, he will endeavour to 
point out in what way the new experimental facts may be 
expected to influence practice in steam-generation. 

In the first place, since the amount of heat that can be 
transmitted for a given temperature-difference is almost 
directly proportional to the speed of the gases, a reduc- 
tion of area of the heating surface in steam-boilers—to 
one-half, one-quarter, or even one-tenth of what is now 
usual—can be made without the chimney temperatures 
being raised or the efficiency lowered to any material 
extent. Or, otherwise, if the surface be kept the same, 
but the cross-sectional area through the flues be reduced, 
in order to obtain the necessary high speed, a very 
much lower chimney temperature and correspondingly 
higher efficiency can be secured than is now available. 

_ Accordingly, draughts of 10 in. or 20 in. of water-gauge, 
induced by fans, should always be employed for really 
economical working. 


In the case of boilers of usual construction, in which 
the gases pass through flues or tubes, and leave the boiler 
ata point where the temperature on the other side of the 


draught-suetion which can be employed, and this from 
one or other of two causes :— 

(a) Whilst the fire need not be forced, even when these 
high draughts are used, to a greater extent than that now 
usual, the high speed of entry of the glowing gas at the 
furnace end of the tubes will cause leakage, and some 
other construction for such purposes than that now gene- 
rally employed must be sought for. 

(6) The fall in temperature of the chimney gases due to 
the small flue-section and accompanying high speed will, 
as intimated above, certainly provide an additional amount 
of evaporation which can drawn upon to cover the 
extra power required for the fans ; but the margin between 
present chimney temperatures and the lowest which are 
possible in ordinary designs of boiler under the above 
conditions is not very great, when the steam tempera- 
tures are from 350 deg. to 400 deg. Fahr. A limit will, 
therefore, soon be reached beyond which it will not pay 
to The author, after a careful investigation of costs 
and running expenses, has good reason to believe that 
this limit of draught-pressure is, even for the ordinary 
type of boiler, much higher than that now in common 


use. 

In the second place, since the author’s experiments have 
shown that, with a counter-current flow of gas and water, 
it is possible to lower the gas temperature (at such high 
speeds as he used) to within 20 deg. Fahr. of that of the 
entering feed, we have here the evidence that chimney 
temperatures of 100 deg. to 150 deg. Fahr. can be reached 
and maintained, provided only high gasand water speeds 
are resorted to, and the boiler is designed on the economiser 
principle, with strict attention to counter-current methods 
of flow. 

Now such a low chimney temperature as this corre- 
sponds to a boiler efficiency of over 95 per cent.! The 
margin of additional evaporation available for the supply 
of the fan power is accordingly so much greater than is 
required, that not only can higher economies be obtained 
on this system than have hitherto been thought possible, 
but they can be effected with boilers having smaller areas 
of heating surface, smaller total volumes, smaller floor 
areas, lighter weights, and lower first costs than those we 
ordinarily employ. 

Finally, since the enhanced evaporative efficiency of 
the heating surface due to high speed, and its corre- 
pa may oA reduced area, renders it possible economically 
to line that part of the surface nearest to the furnace wit 
refractory material, and so to secure a non-water-cooled 
or reverberatory chamber in which the combustion pro- 
cesses may be perfectly completed, any special need for 
skilful firing is dispensed -~-¥ and, by providing plenty 
of air and an ample mixing space behind the bridge, 
excellent results, and an entire psa of smoke, may be 
obtained without special care. 

Such brick-lined combustion-chambers cannot now be 
afforded next the furnace in ordinary boilers; for the 
heating surface at this point is almost all that the boiler 
has of even moderately good evaporative power, and it 
cannot be sacrificed, as convective heating surface, to be 
lined with a protective coating for the purposes of a 
combustion-chamber. 

Nor is this all. Any lack of high furnace temperature 
accompanying such air excess can so easily be made up 
for by the additional gas s that nearly the whole 
heat value of the coal can still be passed into the water, 
even when the flue are relatively cool, without any 
undue extension of the heating surface being found neces- 
sary. We see also that the extra quantities of air just 
mentioned may be admitted to the furnace without 
encountering the evil results which usually follow such a 
course. For, as practically all the heat is extracted from 
the gaseous products before they reach the chimney when 
this high-speed counter-current method of working is 
oduwtel it matters but little to what extent they are 
diluted. : 

Thus the proposed new method of working, using both 
high-speed and counter-current gas and water flow, appears 
to be capable of introducing several features of radical 
improvement into the present practice of steam-boiler 
construction and working. 

he author ventures to believe that some such features 
must shortly be incorporated in boiler design if the steam- 
engine is to retain the pre-eminence it has so long enjoyed 
in the economical production of power. 


, 








ELecTrotytic CoppErR-SMELTING IN Russta.—The im- 
mense strides which this method, of late years, has made, 
more especially in the United States, have induced other 
countries to adopt it, and in Russia one or two concerns 
have been started for this purpose. The one in Moscow 
enjoys a favourable anual position and is able to draw 
its supply of copper ore from the Ural, the Caucasus, and 
Siberia at reasonable rates of carriage, and there is every 
reason to believe that Russia’s copper industry is destined 
to become an important one. Another process, a wet 

rocess, patented by M. Leschinsky, is beg used at the 
Medien! works at Boleslaw. The main features of the 
process are not by any means new, but the inventor in 
question has made several improvements. The ore, which 
contains 45, 28, and 15 per cent copper, is freed from the 
rock and sent through a sieve with meshes 1 millimetre 
a , afterwards being roasted and formed into briquettes, 
which is a feature of this process. The copper m the 
briquettes is «| ~ in_the shape of sulphate and 
partly as ai e Leschinsky process has answered 
so well at Boleslaw that works on the same principle 
have also been erected at the River Nid ; this method 
has the additional advantage of involving only compara- 
tively small expenditure for plant ; works for producing a 
ton of copper during the twenty-four hours only cost 
25007. to ., and the profitableness of the process 1s 





heating surface is that corresponding to the steam pres- 





axiomatic. It is also true, however, that boilers for use 


sure, a limit will soon be reached as to the amount of 


independent of the larger capacity of the works, 
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‘‘ENGINEERING” ILLUSTRATED PATENT 'e are. 
RECORD. 


CompiLep By W. LLOYD WISE. 


the holders of the lamp mechanism, and any other débris from 


The improved device which constitutes the present 
invention is illustrated in the drawing, and may be considered as 
having two parts, which, however, may be combined in one inte- 
gral structure, one of which is within, or partly within, the lamp- 
globe, and consists of a flaring funnel or hopper a for collecting 


BELECTED ABSTRACTS OF RECENT PUBLISHED SPECIFI- | the ejected stumps or other detritus and leading them into the 


CATIONS UNDER THE ACT OF 1907. 


mber of views given in the Specification Drawings is stated 
“San 3 where none is mentioned, the Specification is not 


illustrated, ’ : 

Where inventions are communicated from abroad, the Names, &c., 
of the Communicators are given in italics. 

Copies of Specifications may be obtained at the Patent Office, Sale 
Branch, 25, Southampton Buildings, Chancery-lane, W.C., at 
the uniform price of 8d. 

The date of the advertisement of the acceptance of a Complete 
Specification is, in each ease, given after the abstract, wnless the 
Patent has been sealed, when the date of sealing is given. 


Any person may, at any time within two months from the date of 
j lete Specification, | 





the advertisement of the ptance of a Comp 
of opposition to the grant of a 


give notice at the Patent O, : 
. mentioned in the Act. 


Patent on any of the grow 


ELECTRICAL APPARATUS. 


23,450. E. Schattner and R. Am : 
ter. Prepeymens Electricity Meters. (1 Fiy.) 
March 17, 1908.—This invention has for its object to provide an 


improved construction of device in prepayment meters of the | 


electrolytic type for automatically notifying a consumer when 
a quantity of current equivalent to a coin or coins inserted into 
t 1eter has been consumed. The invention consists in provid- 
ing an auxiliary electrode, by means of which the meter circuit 
s maintained closed through a light-dimming resistance or other 
suitable device after the main electrode has been uncovered by 
the electrolyte. @ indicates the electrolytic cell, b, b! are the 
electrodes, and ¢, ¢ represent lamps supplied through the meter 
from the generator d. One or both electrodes may be normally 
out of contact with the electrolyte, and any suitable coin-con- 
trolled means may be provided whereby the electrolyte may be 
displaced into contact with, or may be caused to immerse, the 
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(23,450°) doz 


electrodes so as to. close the lamp circuit. The electrode b! is 
somewhat shorter in length than the electrode }, and an addi- 
tional or auxiliary electrode b2 is provided, which is connected in 
parallel with 6! through a resistance ¢. The operation of the 
<levice is as follows :—When a coin is inserted into the meter, the 
level of the electrolyte is raised into contact with all the electrodes, 
and the resistance e is short-circuited. As the electrolyte is de- 
composed by the passage of the current between the main elec- 
trodes b and 61, the latter is gradually uncovered. When the 
latter electrode is entirely uncovered, the circuit is maintained 
through the auxiliary electrode v2 and resistance ,e, thereby 
dimming the lamps ¢ in the circuit supplied by thé generator 
d. Unless another coin be inserted into the meter to raise the 
level of the electrolyte, decomposition will proceed until the 
circuit is eventually broken by the electrolyte leaving the elec- 
trode 2 altogether. (Sealed January 28, 1909.) 


8101. Siemens Brothers and Co., Limited, West- 
minster, and C. M. Toplis, Stafford. Commutators. 
{3 Figs.) April 11, 1908.—In Specification No. 7255, of 1906, is 
<lescribed a method of cooling the commutator of a dynamo-electric 
machine by causing air to pass through longitudinal passages in 
the commutator-bars. Dust collects in these passages and must 
be periodically removed in order that the air-way may not become 
obstructed. When the passage extends from one end face of the bar 
to the other, trouble arises, owing to the fact that the dust, which 
is removed by pushing a brush, or cotton-waste attached to a rod, 
through the passage, is swept into the armature and is liable to be 
accompanied by metallic particles. This trouble is avoided by the 
present invention, in that the passage in the bar terminates at a 
point short of the rear end face of the bar, and the air-way is com- 
pleted by a radial passage in the bar at or near the termination of 
the longitudinal passage. The fan for drawing the air through the 








passages may consist of blades mounted on the front end face of 
‘ie armature, or of a casing of the armature, or it may consist of 
lades fixed to the commutator bars. ¢ is a field magnet, a the 
armature, w the armature-shaft, and J one of the commutator bars. 
‘ngs 8 hold the bars to the shaft in known manner. The arma- 
ure winding and tions v are protected by a ring r, and to 
is is fixed a plate p, the enclosure being completed by a cap k 
‘xtending from this plate to the part that carries the magnets t. 
"he longitudinal passage through the bar I terminates at a short 
listance from the rear end of the bar, and the radial m com- 
letes the air-way indicated by the arrows. To the plate p are 
ixed blades f, and to the cap k is screwed a shield ¢ which extends 
“lose to one of the rings s. There is thus constructed a fan con- 
stituted by the blades f revolving in the casing formed by the 
plate p on the one hand and the shield ¢ on the other, and the air 
s drawn through the commutator bars by the action of this fan. 
(Accepted November 25, 1908.) 
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5029. Johnson 
son, Old Chariton. woo — iii 


March 5, 1908.—This invention relates to a device which is 


iberton, West- | 
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other part b, which is the container proper, and is external to, or 


such as copper or other suitable material. The flaring funnel or 
| hopper portion is | adosganay A made of transparent or translucent 
material, such as glass or the like, in order to reduce the loss of 
| light which would otherwise occur. (Accepted November 25, 1908.) 


GUNS AND EXPLOSIVES. 


10,947, E. Schneider, Le 
paratus. [5 Figs.) : 

| relates to ramming apparatus for ordnance. According to this 
invention, a rod p is guided in the walls of the loading-tray Jf, and 

| is provided with a series of hinged tappets b, c, d, and a resilient 
| buffer, with which a series of driving projections uv on an end- 
less chain g are adapted to engage, thus moving the rod p forward 


| 
| 
| 
| 














until contact between a projection « and the resilient buffer 
ceases. The rod is then returned by springs controlling the same, 
when the cycle is again repeated by another projection on the 
endless chain engaging with the buffer. By means of this recip- 
rocating movement of the rod, the tappets b, c, d displace first the 
projectile s and then each of the requisite number of power-charges 
v, w, x, and in this manner run the whole into the correct position 
in the gun for firing. (Sealed January 28, 1909.) 


G. T. Buckham, West- 
r. gs.) Febrnary 11, 1908,—This 
invention relates to ordnance of the kind in which the gun is 
apted to recoil in a cradle having a buffer cylinder for checking 
the recoil and returning the gun to battery, and in which means 
are provided for enabling the gun to be quickly disconnected from 
the piston-rod of the buffer and removed from the cradle when it 
is desired to separate those parts for the purpose of forming them 
into convenient loads for conveyance over difficult country by 
draught animals, as is done in the case of mountain Liemer Accord- 
ing to the present invention, there is employed, in combination with 
a handle or similar device for connecting the gun to the buffer 
iston-rod, a pivoted safety-catch so in relation to the 
reech that unless the handle be in the proper position for securing 
the piston-rod to the gun, the latter cannot be fired—that is to say, 
the breech cannot be closed, or, if closed, cannot be opened to 
introduce the charge. B is the piston-rod of the buffer cylinder. 
A2 is a bracket, to which the piston-rod is attached by means of 
the handle B!, whose boss } is formed with ‘interrupted screw- 
threads to engage with corresponding threads on the piston-rod. 
By imparting angular movement to the said handle in one direc- 
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tion until it assumes the position z the handle becomes locked to 
the piston-rod and allows the breech to be either opened or closed. 
By imparting angular movement to the handle in the opposite 
direction until it assumes the position y the handle becomes 
unlocked from the piston-rod, and when in this position pre- 
vents the breech from being opened, or, in the event of it 
being open, prevents it from being closed. The bracket A2 
has a bearing a, in which is moun an axis-pin lying length- 
wise with respect to the axis of the gun and provided at the 
rear end with an arm a2, and at the forward end with an 
arm @*, The arm a lies in a position to engage with a 
recessin the swinging carrier A*, and the other arm a? lies in a 
ition to be acted upon by a projection b! on the boss b of the 

le B!, When the breech is closed, and the handle is in the 
position y, the stop b! lies out of contact with the arm a2, thus 
permitting the arm a® to en with the recess in the oyinging 
carrier under the influence of a spring acting on the arm a2. e 
swinging carrier A® is thus prevented from being swung outward 
to open the breech. On the other hand, if the swinging carrier 


mainly external to, the lamp-globe c, and preferably separately | 
| detachable therefrom, and which would eoanity be made of metal, | 


Creusot, France. Ram-| 
May 29, 1908.—This invention 


to close the breech. When, however, the handle B is turned into 
the position x, the projection b! comes against and actuates the 
arm @* against the resistance of the spring, thus causing the axis- 
pin to turn in a direction to shift the free end of the arm a out of 
engagement with the recess in the swinging carrier. The carrier 
is then free to be swung into the open or the closed position, as 
required. The interior of the boss } of the handle has a segmental 
slot formed therein for the reception of a radial pin on the piston- 
rod B, the slot serving to limit the angular movements of the 
handle, and ensure that it shall occupy the proper position, for 
performing its locking and unlocking functions when it is shifted 
1000) extremity of its angular movements. (Sealed January 28, 


MACHINE AND OTHER TOOLS, SHAFTING, &c. 


1574. C. Taylor and G. 3B. Tagter, Birmingham. 
Chucks. [5 Figs.) January 23, 1908.—This invention relates to 


a machine (usually built in the form of a lathe) of the kind in 
which the live spindle is axially hollow for the purpose of feeding 
therethrough, to a gripping chuck at the nose end of the spindle, 
a rod or bar length which is periodically fed through the said 
spindle as work is machined A cut from the bar at the chuck 
end. The ——— invention comprises improved means for com- 
pensating for variations in the size of the rod or bar, and is dis- 
tinguished by the fact that the cone or inclinings h are so provided 
that it, or they, or parts provided in connection therewith, is, or 
are, from the effect of the action of the chuck gripping the rod or 
bar, automatically forced to grip the hollow welndie 80 as to main- 

tain the cone or inclinings in any active position it,for they, may 

be placed in. The usual hollow sleeve a, operating between the 
| levers ¢ and the chuck-collet d, is used, it being in the ordinary 

way made slidable and rotatable within the hollow live spindle ¢ of 
| the head. The spindle ¢ has front and back bearings at f and g 
| within the frame of the head, and is otherwise, except as herein- 
| after provided with reference to the cone A, arranged and fitted 
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| as ordinarily, the chuck-collet d, which is the usual elastic 


one, working within a shell d? screwed on to the nose end 
of the spindle e, The cone A is moved to slide it upon 
the back end of the hollow spindle e by an ordinary and 
well-known operating mechanism 7, a part ® of which engages 
a groove ring x carrying the cone. The feature of the 
cone A is that when the levers ¢ are upon the coning the part 
or parts carrying the last-named are forced to close in radially, and 
grip the hollow spindle e, from the effect of the action of the 
collet d gripping the rod or bar ; so that the action of gripping the 
bar is utilised to press the cone on to the spindle e with sufficient 
friction to prevent the cone accidentally moving back from any 
position it has been placed into under the levers c. As shown, the 
cone is provided upon two radially-moving jaws or pieces h5, which 
are carried within radial ways h4 of the groove-ring 2, so that they 
slide upon the spindle e with the said ring, and have only a limited 
radial movement in their ways h4, the pieces being placed within 
their ways from the bore of the ring 2 The levers e¢ can be so 
fulcrummed relative to the pieces h®, and so provided, that their 
action upon the pieces h* is such as to tend to hold the pieces 
underneath their ends, and also to relatively multiply the grip of 
the pieces upon the spindle e from the grip of the work by the 
collet. (Accepted November 25, 1908.) 


PRINTING AND ALLIED MACHINERY. 
9194. W. A. Bayne, Otiey. Prin - Machines. 


[5 Figs.) April 28, 1908.—The present invention has reference to 
printing-machines provided with reciprocating tables, which 
tables are moved endwise to and fro by means of parallel racks 
fixed thereon, and a pinion engaging alternately with the said 
racks. In such machines it has been proposed to employ a pair of 
notched discs, each of which engages with a bowl carried by a 
link jointed to the table, and so as to come into opera- 
tion at the turn of the table to reverse the movement of the latter 
at the ends of its stroke, while the pinion is being transferred from 
one rack to the other. According to this invention, the bowls 
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above-mentioned are fitted with levers which, instead of being 
pivoted directly on to the reciprocating table, are pivoted at the 
middle of their length to other levers pivoted to the table, the 
ends of the bowl levers ite tie bowls being connected to 
slides working in guides in the table. The effect of employing 
levers thus jointed together and to the table is to produce a 
regular progressive decrease and increase of the rate of advance 
and return which is very satisfactory in the working of the 
machine. The table a is fitted at both ends with the arrangement 








primarily designed for use with magazine flame-lamps to catch and 
retain the unconsumed carbon stumps as they are ejected from 


be in its open position, the free end of the arm a* will project into a 
position to prevent the carrier from being swung inward far enough 








of levers shown, of which fis a lever pivoted to the table; g is 
another lever pivoted at the middle of its length to f, and having 
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at one end a bowl / to engage with the notches in one of the 

constantly rotating notched dises which drive the reciprocating 

table at the beginning and end of its stroke, while the driving 

pinion is changing from one rack to the other, and at the other 

end a slide i moving in the guide j on the table. At the end of 

each traverse of the table the bow] A engages a notch in one of 

the constantly rotating notched discs, which by its rotation takes 

up the task, through the medium of the links f and g, of moving 

the table as the driving pinion is being changed from one of the | 
racks to the other. The lever f is provided with a segmental 

guide k on the table, which co-operates with the guide J Lefore- | 
mentioned to steady the rocking motion of the levers f and g. 

(Accepted November 25, 1908.) 


PUMPS. 


} 
2944. J. Keith and G. Keith, London. Air-Com- 

pressors. [3 Figs.) February 10, 1908.—This invention relates 
to rotary air-compressors of the kind in which a rotating drum 
carrying blades works eccentrically in a fixed cylindrical casing, and 
it has for its primary object to provide an improved arrangement, 
for holding in the blades against the action of centrifugal force ° | 
a further object is to provide suitable means for guiding the 
blades during the rotation of the drum. The compressor comprises | 
the following elements common to apparatus of this type :—A 
slotted drum B, blades C, an outer cylindrical casing D, and, if 
desired, rings A for holding out the blades, the said rings bearing 
against pins or rollers c!, or on sliding blocks fitted to the blades, 
which pins, rollers, or blocks also serve an additional purpose, 


ee 


~- 


a connecting-rod or the like break, the extremities of the slotway 
are provided with leaden buffers. In order to reduce the surfaces 
exposed to friction between the hand-lever and its pivot, the 
aperture, which is formed in the hand-lever for the reception of 
the pivot spindle, is formed with a knife-edged bearing-surface. 
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| 
} 
| 
The upper portion of the hand-lever } is pivoted upon the lower | 
portion 2 by means of a lug formed on the lower extremity of the | 
former, and which lug is inserted in a recess formed in the upper | 
extremity of the latter, and secured by a pivot, pin, or rivet. 
(Accepted November 25, 1908.) 


STEAM ENGINES, BOILERS, EVAPORATORS, &c. 


3.st6. J.S. Lord, Whitefield, and P. Barlow, Prest- | 
wich. Steam-Traps. (2 Figs.) June 12, 1908.—This inven- | 
tion relates to that type of steam-trap in which the discharge- | 
valve is operated by the expansion and contraction of a tube and | 
the action of a system of toggle-like levers. a@ is the condensed. | 
water discharge and b the expansion tube, one end of which is | 

















C 








«a 


According to the invention, the compressor is further provided 
with a stiff balancing-ring, or rings, A!, which works, or work, on the 
outer side of the said mentioned pins, rollers, or blocks, by means of 
which ring or rings A! the centrifugal force — to the opposite | 
blades C is more or less balanced, and the ends of the blades pre- | 
vented from bearing on the inner face of the cylinder D. The 
extra distance is made up by sliding packing-pieces I, which may 
be loose or fitted with .~e to press them outwards. A central 
circular web is, or may be, provided on the drum B to tie the seg- 
ments together, the slots in which the blades C slide tending to 
open or close after machining. In this case a recess is formed in 
the blades to stride over the said web, and the slots are relieved 
below the web so as to permit of their being machined straight 
across. (Accepted November 25, 1908.) 


RAILWAYS AND TRAMWAYS. 
ce, C hilly. Points or Switches. 


4239. C. Lawren aerp 
(4 Figs.| February 25, 1908,—This invention relates to connecting- 
rods of the blades of railway switches, and consists in a connecting- 
rod for switch-blades, which, whilst it is arranged beneath the 
level of the rails, is of stronger construction than a built-up con- 
necting-rod. On the upper side of the connecting-rod a pair of 
upstanding arms d, d is provided, which arms have horizontal 
extremities adapted to be secured respectively to the webs of the 
switch-blades b, b. The method of securing the switch-blades to 
the horizontal extremities of the upstanding arms of the connect- 


d Figt. d #2 




















water requires drawing off, and the other with the discharge- 


ends of the levers i and h each having a knife-edge engaging in a 
V recess in the outside of the flanges. The inner end of the 
lever 4 is connected with the lever ¢, and the connection is 
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adapted to slide in a slot in the lever 7. The free end of the 
lever ¢ carries a nut adapted to swivel between two centres 
horizontally adjustable, and the nut carries a vertically adjust- 


more or less quickly, according to the pressure of steam in the 
pipe. The trap operates as follows :—The steam entering the tube b 
causes it to expand, and also the flanges to move slightly further 
apart. This movement of the flanges f, f causes the free end of 
the lever i to drop and close the discharge-valve d, and thereby 
prevent the escape of steam. As soon as condensation of steam 
takes place, the tube } cools and contracts. The flanges f, f there- 
fore tend to move back to their original position, and the free end 
of the lever 7 is raised. The pressure of the water on the dis- 
charge-valve opens the valve and allows the condensed steam to 
escape. (Sealed January 28, 1909.) 

1501. G. R. Sis 
{4 Figs.] January 22, 1908.—This invention relates to steam- 
generators of the smoke-tube type. The generator conveniently 
consists of three drums—viz., a steam and water drum A, fitted 


furnaces. A dry-back combustion chamber E, together with 
branches F, serve to connect the upper and lower drums, and 
furnish a passage for the gases of combustion passing from the 
lower drums to the upper drum. The combustion-chamber and 
branches are lined with fire-brick, and are fixed to the drums G 
and H by bolting. They can therefore be readily detached from 
the drums when desired. The branches F can also be removed 





ing-rod is the same as that employed for ordinary connecting-rods, 
and consists in forming such extremities as hollow sockets, a bolt 


e being passed through a hole formed in the web of the blade b | 
into such a socket, and there secured by a split-pin or cotter f | 


passed transversely through the sides of the socket and the bolt. 
Alternatively, the extremities of the arms of the connecting-rod 
may each be secured to its respective switch-blade by passing 
through a hole formed in the latter and secured by a split-pin or 


nut, a collar being provided on the arm to limit the degree of its | 


insertion in the hole in the blade. (Accepted November 25, 1908.) 
C. Lawrence, . Points or Switches. 


4240. Caerphilly 
{5 Figs.) February 25, 1908,—This invention relates to mechanism 
for operating railway points or switches, and its object is to pro- 
vide an apparatus which cannot easily be displaced by a force 
applied to the switch itself, or to any of the intermediat bers 
which connect the latter with the hand-Jlever which operates the 
switch, and incidentally to provide a construction having a 
minimum number of moving parts. The hand-lever b is pivoted 
in a bracket @ and is formed.in two portions capable of relative 
movement, limited by the ahutment of the extremities of crescent- 





shaped arms 6% formed on the upper portion of the hand-lever | 


against the sides of the lower portion J® thereof. The upper 
portion is also provided with a weight b4, The lower extremity 
of the hand-lever beyond the pivot is of diamond-shaped profile 
in the plane of its angular movement, and this diamond-shaped 
extremity is inserted in an eye or slotway formed in one arm of a 
bell-crank d pivoted on a vertical axis on the bracket a. The 
other arm of the bell-crank is connected to the switch-points. 
The angular movement of the bell-crank d, and, consequently, 


also of the hand-lever 6, is limited by contact with the extremities | 


of a slotway formed in one of the cheeks of the bracket a. To 
deaden shocks and lessen the risk of breakage, which would arise 
owing to the falling of the weighted end of the hand-lever should 


separately by reason of the joints at J, J, which are also bolted. 














Water connections between the drums A and C are formed by 
removable pipes M, N, the up-comers M being arranged to deliver 
the water over the smoke-tubes, thus ensuring the maximum 
efficiency of this heating surface. The down-comers N are prefer- 
| ably provided with extensions in the upper drum, in order to 
prevent the deposit which settles in the upper drums from being 
| carried down into the lower drum. This arrangement of pipes M, N 
| provides a very efficient circulation of the water between the 
upper and lower drums, and the deposit occurs mainly in the 
upper drum, the shell of which is not exposed to the action of the 
| fire. Any drum is removable on detaching the pipes M, N and 
unbolting the joints G, H, so that any section may be easily re- 
| placed by another section in case of failure, thus avoiding delay 





coupled up with the steam-pipe c, from which the condensed | 


valve d. To each end of the pipe bis secured a flange f, the lower | 
| ends of which are tied together by means of a rod g, so as to allow | 
| the tube b to expand to a predetermined extent. The upper ends | 
| of the flanges receive a toggle-like system of levers h, i, the lower 


able screw q, whereby the discharge-valve d can be made to act | 


London. Steam-Generators. 


with smoke-fubes, and two water-drums C, fitted with circular | 


when the generators are used in steamships and the like. (Sealed 


January 28, 1909.) 
MISCELLANEOUS. 


E. Alley, Polmadie. Sluice - Valves. 
(2 Figa.| June 18, 1908.—This invention relates to sluice-valves 
in which the fiuid passage is controlled by a laterally-sliding valve, 
and of the type in which the valve consists of a pair of discs 
forced apart against opposed seats, and has for its object to pro- 
vide improved means for forcing the valves upon their seats 
when fully home, and for preventing the tendency for this form 
of valve to jam. The valve discs A, B are moved upon the faces 
of the through-way they control by a block C. The valve discs 
have upon their backs the usual pair of wedge-faces D, E, and 
in addition a further pair of wedge-faces D!, El. The wedge- 
faces D, E are comparatively acute, and with them there engage 
wedges G formed upon the sides of the block C, and which 
act in the direction of closing the valve. It will be seen that 
as the valve discs A, B “a? their closed position their bottom 
edges engage stops J, K, whereupon the wedges G force the 
discs apart and on to their seats with considerable pressure. A 


| second pair of wedges L facing in the opposite direction—that 




















Ay) fl 


is, the direction of opening—engage the wedge-faces D!, E!, and 
| these are of much less acute angle, their purpose being to hold 
| the valve discs with gentle pressure against their seats as thi 
| valve is being opened. In order to further this action and to 
| perform a function which may be expressed as driving the discs 
| ahead of the operating block during closing of the valve, and so 

preventing locking of the discs against their seats before the valve 
nas closed owing to the acute wedges G being brought into actio: 
by any small resistance offered to the sliding of the discs, there 
is provided a third pair of wedge-faces M, N upon the backs of 
the discs, and with these there engage obtuse wedges P forme: 
upon a block R held loosely between the dises, and between whic! 
and the block C there is a spring in compression, and so tendiny 
at all times not only to move the discs downwards relatively t 
the block C—that is, move them, during closing, ahead of tha: 
block—but also to urge them outwards with gentle pressur: 
against their seats. That the block R carries wedges is in orde: 
that the pressure exerted by the spring may be normal to th: 
centres of the discs. (Accepted November 18, 1908.) 


5789. Stock, Sons, and Taylors, Limited, and H. L. 
Screw-Down Valves. [5 Fiys.| 

March 16, 1908.—This invention is principally applicable to screw 

| down valves for use in connection with hot-water and steam 
| heating apparatus, in which provision has to be made for admitting 
to different parts of the installation relatively different quantities 
of hot water or steam. According to the arrangement shown, an 
internal spindle-stop, whereby the valve-lift may be regulated, is 
pee by fitting the screw-down valve stem a in a stuffing-box 
which is screwed intothe body ¢ of the valve, and is thus capable 
of an independent rise-and-fall adjustment, whereby the distance 
| between the lower end b! of the stuffing-box b and the fixed seating 
d of the valve may be adjusted as required and the range of move 

| ment of the valve-disc at the inner end of the stem limited accord- 
ingly. In other words, the inner end of the stuffing-box, by extend 
yng into the valve-chamber, serves as the internal stop against which 





| 
| 
| 


| the valve-dise e is made to impinge on being raised by the screwing 
up of the stem, and determines the range of lift and the maximum 
| area of the fluid passage or way which can be opened by the valve 
The adjustment of the valve to provide for a desired maximun 
| opening or passage can thus be effected by merely screwing the 
| stuffing-box into or out of the body soas to fix the distance betweet 
| its inner end and the seating of the valve as desired; whilst t 
| provide for the locking of the adjustable part and prevent an) 
| subsequent alteration of the flow capacity of the fitting, th 
serewed head may carry a lock-nut f, which is adapted to !* 
tightened up against a fixed part of the valve after the regulat 
has been effected. A set-pin acting against the adjustable stuf" 
box may be used instead of, or in addition to, a lock-nut. Instca! 
of the stuffing-box having a screw-adjusting action, it may hx > 
arranged that the adjustment of its lower end relative to tx 
valve-seat may be effected by a sliding or telescopic action ; sui 
able provision being made in such a case for frictionally or po- 
tively locking the same and maintaining a tight joint. (Sea! 
January 28, 1909.) 








Prussian Rattways.—According to the Schweizerische 
Bauzeitung, the Prussian Minister of Public Works has 
given orders to carriage and wagon builders for the supply 
of 1135 passenger carriages and 309 luggage and 8655 goods 
wagons. Engineering works have received orders for the 
supply of 570 locomotives. The carriage and wagon 
orders amount to 2,200,000/., and those for locomotives to 
1,925, 0007. 
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COMBUSTION AND HEAT ABSORPTION | 


IN LOCOMOTIVE BOILERS.—No. I. 
By Lawrorp H. Fry. 

Tue tests of locomotives carried ‘out by the Penn- 
sylvania Railroad Company on their testing plant 
at the St. Louis Exhibition, owing to their extensive 
and elaborate nature, form undoubtedly the most 
valuable series of locomotive tests ever made, and 


the report of the-committee in charge of them—a 
bulky volume ef some seven hun pages, sum- 
marised in ENGINEERING, vol. lxxxi., es ; 


a vast amount of material, from 
which almost any phase of locomotive operation 
may be studied. In addition to the conclusions 
arrived at by the committee, much information is 
obtainable with regard to boiler performance ; and 
particularly as regards the processes of combustion 
and heat transference in the locomotive boiler, the 
Pennsylvania tests enable quantitative analyses to be 
made, for which hitherto there has never been suffi- 
cient data available. - The relation between the 
amount of coal fired and the amount of water evapor- 
ated in a given boiler has often been determined, and 
the processes by which the heat stored iu the coal is 
liberated and: transferred to the water in the 
boiler are well understood qualitatively ; but until 
now it has not been —" to study quanti- 
tatively the sequence of events. The process may 
be summarised, for any given rate of firing, in the 
following words :—Owing to the necessarily high 
duty demanded of a locomotive boiler, combustion of 
the fuel can never be complete, and the complete- 
ness of combustion, or the ratio of the heat pro- 
duced in the fire-box to the total heat in the coal 
fired, is determined by the rates of firing and of 
the air supply, and by the relation between the 
quality of the fuel and the design of the fire-box. 
Of the heat actually produced in the fire-box, a 
art is transmitted by direct radiation to the fire- 
on heating surface, while the remainder serves to 
raise the temperature of the products of com- 
bustion, and, being carried by them over the 
whole heating surface, is in part absorbed by this 
surface, and in part carried out into the smoke- 
box, and there lost to the boiler as regards steam 
production. The heat taken up by. the heating 
surface by radiation and convection is transmitted 
to the water, and is for the most part employed in 
the useful production of steam, there being only a 
small wastage by leakage and by external radiation 
and convection. 

In March, 1908, the writer of the present article 
read before the Institution of Mechanical Engi- 
neers a paper on combustion in locomotive fire- 
boxes, based on the Pennsylvania Railroad Com- 
pany’s series of tests. The investigations begun 
in that paper may be carried a good deal further, 
so as to include an examination of the processes 
by which the heat is produced and utilised, and 
a consideration of the way in which these pro- 
cesses vary for different boilers and for, different 
rates of firing. The investigation covers six series 
of tests, made on five Caen four series having 
been carried out at St. Louis, and two, subsequently, 
at Altoona. The two latter series were made on 
one boiler, the only difference being that the grate 
area, which was 55.5 square feet for series a, was 
blocked down to 29.8 square feet for series +. e 
fuel used was not the same for all tests, the coal 
used at St. Louis being a high quality semi-bitu- 
minous, while that employed for the tests at Altoona 
was a good gas-coal. 

Approximate calorific values and analyses for 
these coals were as follow :— 


404, &c.—affords 


Place of tests... . _ St. Louis Altoona 
Class of coal used ... Semi-bituminous  Gas-coal 
Approximate heating 

value ... ts . 14,900 B.Th.U. 14,500 B.Th. U. 
Analysis :— Per cent. Per cent. 

Fixed carbon ats 75.8 57.2 

Volatile combustible 16.3 35.0 

hee * os 7.0 6.7 

Moisture 0.9 11 

100.0 100.0 


The actual tests were described in detail in the 
vaper read before the Institution of Mechanical En- 
gineers, and published in their ings. It was 
also re-printed in full in ENervgeRine, vol. lxxxv., 
pages 454, 494, &c., so that it is not necessary to 
give other particulars here than the main dimen- 
sions of the boilers; these are shown in Table I. for 
convenience of reference. 

The data required for the present investigation 
and obtained from the tests are :— 





(a) Rate of firing. (6) Rate of air-supply to the 
‘fire as determined by the flue-gas analysis. 
'(c) Amount and quality of steam produced. 
(d) Temperature of fire-box. (¢) Temperatures 
of smoke-box. 

The first and most important step in making use 
of the results of the tests is to consider one 
quantity—in the present case the rate of firing— 
as an independent variable, and to plot the 
observed 
ordinates, over the values of 
variable as abscissee. Curves may 





















































ues of all the other quantities as | — 
this independent | the total 

then be drawn | 

in to pass as nearly as possible through the points | the remainder, 


TABLE I.—Dimensions OF THE BOILERS. 


per read before the Institution of Mechanical 
ineers, a simpler and rather more correct 
method of calculating the heat balances having 
since been arrived at. All the heat quantities in 
the balances are measured above 32 deg. Fahr., 
and the “boiler efficiency” is found by determin-. 
ing the heat involved in the transformation of the 
feed-water of the temperature of supply into steam 
of the pressure and quality observed, and then 
this amount of heat as a percentage of 
eat in the coal fired. 
Of the coal fired, part escapes unburnt, and of' 
part is burnt to CO, and part to co. 


| 
| | 























! 
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- , Fire-Box TUBES. |. Hratine SURFACE. | a 

) } =f ‘. * 2 

; & | 

z LF S& .| Length |Width| | Dia. Length | Fire- | tubes = 
ef iss mag! at at Area of |voiume.| No meter| Thick- |between| Box, | ‘pire.’ | Total. Grate | Ea 
¥e 3% SBE] arate Grate.| orete +) No | Out. | mess Tube. | Fire: 4 | RE 

Zz e. ects. | le. | = 

all al | * vapil omaha | eatin 
St. Louis Ib. per) ft. in. |ft. in. sq. ft. cub. ft. | in in. ft. in. | sq. ft. | sq. ft. | sq. ft. 
sq. in. 
100 1499} 205; 8 10|5 6 49.21 222.38 | 373 | 2 | 0.185 | 18 166.40 | 2815.86 | 2482.26) 50.44 | No 
200 734, 200}10 0/8 4% 33.76 218 338 | 2 } 0120/14 1 218.92 | 2322.30 | 2641.22 | 75.27 | Yes 
600 535} 220; 9 O|5 6) 48.36 282.25 | 273 | 2.25 | 0.125 | 18 220.30 | 2681.75 | 2002.05 | 60.01 | No 
800 3000} 220; 8 1/6 4) 49.90 220.30 | 390) 2 0.125 | 15 114 151.69 | 2848.36 | 3000.05 60.12 | Yes 
| | | 
Altoona xz | | § 55.5(a) | | | 
ae L | m5) 9 3/6 0} {asi} esi | 215) 2 | a.185 | 15 0 | 157 . | men | S819 4.7 | No 
| 








its supporting tubes in series 200 and 800. 
the exposed surface of the fire-brick arch tubes. 
interior surface with hich the hot gases come in contact. 
















































































Column 7,—The volume of the fire-box is the total cubic contents of the 
Column 12.—The fire-box heating 


TABLE II.—Hear Batancrs, &c. 


fire-box less the volume of the fire-brick arch and 
surface in series 200 and 800 includes 
Column 13.—The tube heating surface is measured on the 
Nore.—Fire-boxes are ail of steel. 
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Bs -F 22 \s See | See -s |8k%S 3 . 
A & See | &e 3 Ss | 3s % ; 
g | uh lave |g bldg ar ee 
= be | Ras 3 mos | mse |e Se Bam 8 e£S5| Sa8 = Eg ae 34 
~ ¥ 
~ £8 |sue EE | see . see Pape | FA mi oe E 5 Fy 
; zo | ES  } 5 & z ' au Bods in 5 25: 3 = | ayee 
é 3 3 sha | se $$ \-6.8 gi . Se cr in 
cA —s | tea | 282 | Seo | SEE | Ess | 45 <q $s Se | see | eck 
8 Se | Bae | OD | Sg2| Sas | Saes | SEL3 | eS <= Bs | & 33 ge 
3 g ey Se. > a ne 4 | $< E - 
i | a8 | Boe | Bem | 28s | 288 | 2556 | Ses rege| aud | £8 | 22 | G58 | pete 
os we per cent per se wad cent|per cent] per cent. | ~ tb ib | . ib deg. | deg Cm | per cent. 
1001t | 20 0.8 119 | 01 | an | m2 | 218 343 | 19.8 | 1400 | 2870 1.69 44 
1002t | 40 os2 | 125 | 17.6 | 368 | 63.7 | 874 623 | 35 1610. | 2600 1.62 42.6 
yoost | 60 | 541 | 208 | 157 | 279 | 55.8 | 491 634 | 47.8 | 1790 | 2730 1.58 39.1 
1004¢ | 80 | 860 | 24.82 | 145 | 248 | 49.6 582 712 | 60.1 | 1960 | 2830 1.45 34.5 
1005 | 90 10.30 | 25.3 | 15 235 | 47 | 620 745 | 66.2 | 2040 | 2980 144 | 883 
2001 | 30 | O2 63 | 179 | 360 | 72 | 38 530 | 28 1960 | 2350 1.26 23.8 
gos | 50 | O8 | 164 | 162 | 320 | 629 | 498 722 | 41.8 | 1960 | 2600 1.28 25.1 
oo0s* | 70 | 05 | 26 | 147 | 287 | 573 | 620 860 | 52.7 | 2050 | 2590 1.26 yt 
coe | 90 | O6 | SL4 | 184 | 260 | 52 | 728 957 | 61.7 | 2120 | 2680 1.26 24.8 
2005* | 110 06 | #7 | 127 | 288 47.6 | 810 1045 | 69.6. | 2170 | 2740 1.25 23.7 
2006* | 130 06 | 414 | 118 | 220 | 44 885 1105 | 76.2 | 2210 | 2810 1.27 24.2 
2007* | 140 06 | 487 | 14 | 211 | 422 911 1130 | 788 | 2230 | 2820 1.27 23.4 
6001t 20 0.04 | 255 | 17.4 | 381 76.2 237 | 351 | 195 | 1660 | 2470 1.58 41.5 
6002+ 30 a1 | gs | 166 | 355 | 71 330 | 478 | 27.3 | 1660 | 2510 1.51 38.5 
6003+ 50 os | 185 | 155 | 813 | 626 485 672 | 40.8 | 1830 | 2620] 1.43 35 
6004+ 70 0.7 | 24 | 141 | 280 | 56 610 798 | 51.5 | 1960 | 2720 1.39 81.2 
6005¢ | 90 1 $2.8 | 129 | 259 | 507 709 76 | 60.56 | 2060 | 2810 1.37 30.9 
6006 | 110 14 | 384 | 117 | 281 | 462 790 gig | 67.5 | 2120 | 2870 1.35 30 
6007+ | 120 17 | 407 | 1.2 | 221 42.2 | 827 940 | 71.1 | 2150 | 2920 1.36 30.8 
soo1* | 30 02 | 56 | 165 | 370 | 74 | 346 475 | 283 | 1920 | 2580 1.34 20.4 
go02* | 50 03 | 137 | 162 | 333 | 66.5 516 686 | 43.2 | 2070 | 2680 1.29 26.8 
8003* 7 «| «088 | 208 | 156 | 802 | 603 | 655 s43 | 55,5 | 2175 | 2770 1.28 24.7 
soe | 90 4 O4 | 27.2 | 146 | 276 | 55.1 770 950 | 65.5 | 2255 | 2360 1.27 24.6 
goos* | 10 | O04 | 825 | 136 | 255 | 51 | 9870 1030° | 743 | 2810 | 2960 1.28 25.4 
goose | 1390 | O4 | 363 | 184 | 296 |) 47.2 950 1180° | 826 | 2340 | 3080 1.29 26.8 
a—% | % | O4 | 85 | 2S | 38 66.5 368 600 | 32.6. | 1670 | 2390 1.48 35.5 
a— & | a7 | 7 183 | 3 61 436 735 | 44.9 | 1970 | 2500 1.31 27.9 
«— 72 12 | 23 | 178 | 28 56.4 621 854 | 55.5 | 2170 | 2680 129 | (284 
— 90 17 | 25 | 167 | 26 52.5 725 965 | 66.1 | 2310 | 2770 1.20 20.1 
y— 67.2 | 04 | 86 | 195 | 34 68.1 691 1015 | 61.5 | 1760 | 2560 146 | (87.4 
y—3o | 101 07 | 17 17.7 | 8&1 61.5 | 915 1255 | 83.8 2730 1.34 29.9 
134 L1 | 22 | 17 2.8 56 1140 | 1445 | 108.2 | 2240 2840 1,27 25.3 
y—5 | 168 17 | 0 | 162 | 26 51.5 isi0 | 1600 121 2410 | 2940 1.22 21.9 
| 
* Fire-boxes fitted with brick arches. + Fire-boxes not fitted with brick arches. 
@ Altoona tests made with gas-coal and no fire-brick arch. 
thus obtained. By doing this, and then by taking, Heat Balance. 
for various rates of firing throughout the range of Cr. p Dr. 
the tests, the values of the other quantities from | 7...) heating value ‘er cont, by & ene cent. 
the curves obtained in this way, it is possible to| “of g vere 100.0 ce | Unt 1D 
arrive at general laws governing the relation of the Loss by coal escap- 4 
various quantities to one another. If, on the other ingunburnt ... P 
hand, the observed values for the individual tests Loss by heat in 
be compared, the ievequiarition of observation, &c., burnt smoke-box B, 
are sufficient to entirely obscure the laws sought. ge 3 hia ts 
From the values of the various quantities given radiation cl oe 
by these curves, heat balances of the form shown in Boiler efficiency ... F 
the next column can be calculated for rates of firing =r —— 
distributed through the range of each series of tests. 100.0 100.0 
The various =—- have been worked out for | Now let P be the percentage escaping unburnt and 
the tests, and their values are given in columns|g. the percentage burnt, so that ge = 100 - P.., 
3 to 7 of Table II. These values differ slightly | and let the heat actually uced be ge per cent. 
from those shown graphically and discussed in the of the heat in the coal fired, From the analysis of 
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the flue we can determine the amount of 
heat lost by the formation of CO. If this loss be 
called C, per cent. of the heat in the coal burned, 
C, per cent. of the heat actually produced, and C, 
per cent. of the heat of the coal fired, then 
C; Je = Coge = 100 C,, and 
oP eS 

Again, from the weight of the gases produced pe 
pound of coal burned, and from the smoke-box 
temperature, we can find the amount of heat carried 
off in the products of combustion, Let this heat 
be B, per cent: of the heat in the coal burned, B, 
per cent. of the heat actually produced, and r 
cent, of the total heat in the coal fired. en 
B, g- = B,g, = 100 B,.. Hence 

100 °s 
i100 - CG, B, . . (ii.) 
Of the heat actually produced, B, per cent. is 
carried off in the burnt , and the remainder, 
100 — B,, is taken up by the heating surface. 
The heat thus taken up is the heat utilised in 
evaporation plus the heat lost by external radiation 
—that is (R+F) per cent. of the total heat of the 
= fired. Hence (100 — B,)g, = (R + F) 100, 
an 


BR, = 


ia im B® +F).  . (iii) 
These equations give the means of determining the 
complete heat balance, the quantities C,, B,, R 
and F being ascertained from the observations. If 
a number of heat balances are to be calculated, it 
is convenient to arrange the work in columns 
headed as follows, as the calculations can then be 
carried out very simply by means of a slide-rule :— 





uires a certain quantity of air, and the air being 
furnished by the exhaust action of the steam. 

With a light fire the exhaust can draw through 
the grate air in excess of that actually required 
for the combustion which produces. the steam ; 
but as the rate of firing and the depth of the 
fire are increased, the resistance to the passage 
of the air is increased, and consequently the weight 
of air moved by each pound of exhaust steam is 
decreased until finally a point is reached at which 
the exhaust supplies just enought air to support the 
combustion, and no more. his point marks the 
maximum power of the boiler. e relation be- 
tween the steam production and the quantity of air 
necessarily involved may be made clearer by taking 
a numerical example. The coal used in the St. 
Louis tests required 11.17 lb. of air for. the com- 

lete combustion of 1 lb. of coal, all the carbon 
ona burned to CO,, while if the carbon were all 
burnt to CO, 6.26 tb. of air would be sufficient. 
The test figures show that for the maximum rates 
of combustion, we shall approximate to the average 
conditions by assuming a loss of heat of 2 per 
cent. by the formation of CO; this means that 
about 4 per cent. of the carbon in the coal will 
be burned to CO, and under these conditions each 

und of coal burned will, in round numbers, com- 

ine with the oxygen of 11 Ib. of air. In order to 
carry out the combustion completely in the fire-box 
it will, of course, be necessary to pass over the coal 
air in excess of that which finally enters into com- 
bination with the coal; but for the present our 
calculation will be confined to the irreducible 
minimum of air of which the oxygen must combine 
with the coal to liberate the heat of the coal. Under 
the conditions assumed above, 11 lb. of air combined 
with 1 lb. of coal, and since the heating value of 
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The 2 may given in columns 3 to 7 of Table IT. are 
the values of the various items of the heat balance 
for different rates of firing through the complete 
range of each series of tests. For convenience in 
reference, each rate of firing for which a heat 
balance is calulated is given the reference number 
of the original tests. From an examination of the 
values of these items it will be seen that the 
results in all the series of tests follow the same 
gonapal lines. At the lowest rates of firing the 

iler efficiency is about 75 per cent. in the St. 
Louis tests and about 67 per cent. in the Altoona 
tests; and as the output of the boiler is increased 
by increasing the rate of firing, the boiler efficiency 
falls to about 45 per cent. in the St. Louis and about 
51 per cent. in the Altoona tests. This decrease in 
boiler efficiency is seen to be mainly due to the 
increase in the values of P, Table II., column 4— 
that is, to losses from unburnt coal, with a slight 
increase in the values of Cy, column 3, losses by the 
formation of CO; that is to say, the lowering of 
the boiler efficiency with an increase in the output 
is mainly due to the increased difficulty of securing 
perfect combustion. 

The method by which the air is supplied to the 
fire is an important factor in determining the 
efficiency of the combustion. As the output of 
the boiler is increased, the rate at which the air 
is supplied per square foot of grate is increased, 
and, therefore, the tendency of the draught to carry 
off unconsumed coal increases; but at the same 
time the amount of air supplied per pound of 
coal fired is decreased, so that the chance of 
completely burning the coal left on the grate 
is reduced. In a locomotive boiler the air for 
the fire is provided by the draught caused by the 
exhaust of the steam produced. Columns 8 and 9 
of Table II. show respectively the amount of water 
evaporated and the weight of air passed through 
the fire, both quantities being measured in the 
weights per hour and per square foot of grate. The 
same quantities are shown plotted in Fig. 1, the 
curves being drawn to illustrate the relation between 
the weight of steam exhausted and the weight of 
air moved by the induced draught. This relation 
is important, as it determines the maximum power 
at which a locomotive boiler can be worked. The 
steam produced and the air supplied to the fire in 
a locomotive boiler are interdependent quantities, 
the steam being produced by the combustion, which 





the coal is 14,900 B.Th.U., and a 2 per cent. loss 
by the formation of CO has been assumed, the heat 
“C4 per pound of coal will be about 14,600 

-Th.U. Now it is shown in the paper already 
referred to, and the point will be again reverted to 
later, that of the heat produced, very nearly 78 per 
cent. is, under all conditions, taken up by the 
heating surface of the boiler, so that for each pound 
of coal burned the boiler will receive 0.78 x 14,600, 
or, say, 11,400 B.Th.U. Allowing 5 per cent. 
of the boiler efficiency for external radiation, we 
find the equivalent evaporation per pound of 
coal burned to be__11,400_ = 11.25 of water from 

1.05 x 966 

and at 212deg. That is to say, for the evaporation of 
11.25 lb. of water, 11 lb. of air must enter into com- 
bination with the coal, or 0.98 lb. of air per pound of 
water evaporated. In Fig. 1 a diagonal has been 


FV, 





drawn marking this ratio of air to steam. As has 
been pointed out, this air would be insufficient to 
carry out the complete combustion in practice, a 
certain amount of excess air being absolutely neces- 
sary. A comparison of the curves in Fig. 1 with the 
diagonal which marks the irreducible minimum of 
air shows the amount of excess air required in each 





of the fire-boxes. As the curves are all concave 


towards the axis of abscisse, the excess air is re- 
duced as the rate of steam production is increased, 
and the ends of the curves, as shown in Fig. |, 
mark the points at which the power of the boiler 
is limited by the air supply being reduced to the 
minimum at which combustion can be maintained, 
In Table III. are shown the ratios of air to steam 
at the maximum boiler capacities, and in the last 
column is given the percentage of air which is 
actually needed in excess of the theoretical mini- 
mum required for combination with the coal. 
It will be seen that this percentage of excess 
air varies from 16 to 26. In the case of Test 1005 
the coal-had a calorific value of only 14,100, instead 
of 14,900 B.Th.U., as in the other St. Louis tests, 
and consequently the theoretical minimum amount 
of air per pound of water evaporated is 1.03 lb., 
instead of 0.98 lb., as found above for the other 
tests. 


TaBLe III.—Relation between Air Supply and Steam 
Production at the Maximum Power of the Boilers. 








| | 
Were Eva- | . | 
porated from | ir per Excess Air 
Test (and at 212deg. Square Foot ee above the 
No. Bt Square of Grate Water, | Theoretical 
oot of Grate | per Hour. r Minimum. 
per Hour. 
Ib. | Ib. Ib. per cent. 
1005 620 745 | 41.20 16 
2007 911 | 1130 | 1.24 | 26 
6007 827 940 1.14 | 16 
8006 950 1090 1.15 | 17 
a-5 691 1015 | AZ oe 
7-5 1310 1600 1,22 _ 








The amount of air required for the combustion 
of each pound of coal is dependent on and deter- 
mines the fire-box temperature and the rate of 
combustion, a controlling factor in the relations 
being the design of the fire-box in which the com- 
bustion takes place. To study these somewhat coms 
plicated relations, the figures in columns 9, 10, 
and 11 of Table II. have been caleulated, and the 
curves in Fig..2 have been plotted; these show for 
each boiler tested the relation between the rate at 
which the air is supplied and the amount of coal 
actually burned, and the temperature obtained in 
the fire-box. The fire-box temperatures were 
measured by an electric ne placed at the 
centre uf the fire-box, and below the firebrick arch 
where there was one. In: comparing the curves in 
Fig. 2, it should be remembered that the four 
numbered ‘series of tests were made with the same 
semi-bituminous coal, while for series a and y a gas- 
coal was used, and these two latter series were made 
on the same boiler, the grate area being reduced 
48 per cent. for series y. The curves for the tests 
with ‘the semi-bituminous coal fall of themselves 
into two groups, one consisting of series 800 and 
200, and the other of series 100 and 600. Appa- 
rently this difference is due to the fact that boilers 
200 and 800 had firebrick arches, while 100 and 600 
were not so provided. 

The curves for the fire-box temperatures for the 
boilers with brick arches show a gradual linear 
increase as the rate of evaporation is increased, 
while without a brick arch in the fire-box the tem- 
perature is lower at the low powers, and with 
increasing duty increases more rapidly than in the 
boilers with arches. 

The curves for the rates of combustion show a 
similar tendency to rise more rapidly for the 
boilers without brick arches. Probably the ex- 
planation is that it is necessary to carry a heavier 
fire to bring the boilers without firebrick up to their 
maximum capacity. With a given rate of air 
supply and the same thickness of fire, the fire-box 
temperature would be lower without a brick arch 
than with one; as a consequence the rate of com- 
bustion would be lower, and in order to obtain 
the same rate of combustion a heavier fire must 
be carried in the box without fire-brick, so as to 
bring the air into contact witha larger amount of 
coal. This heavier fixe offers more resistance to 
the draught, and consequently the same weight of 
steam in the exhaust moves a less weight of air 
through the fire, as can be seen by a comparison of 
the curves for 600 and 800 in Fig. 1. At the same 
time the heavier fire tends to cause the formation 
of a larger quantity of CO, and a consequent loss 
of efficiency of combustion. An examination of 
column 3 of Table II. will show that series 600 and 
100 (without fire-brick arches) have higher losses by 
CO than the other two series. In series 100 the 
ashpan air-inlet was too small. In forcing the 
boiler to a high rate of combustion with this rc- 














FEB. 19, 1909.] 


ENGINEERING. 


239 








stricted air-supply an abnormally large loss by the 
formation of CO resulted. .. 

The tendency of the fire-brick arch is to increase 
the boiler efficiency, and to increase the evapora- 
tive power of the boiler. This tendency is well 
marked in the various curves shown in Fig. 2, but 
the magnitude of the effect is not great, and it may 
easily be’ obscured. by other conditions, so that a 
simple examination of the total boiler efficiency does 
not show any clearly-marked advantage for the 
boilers with brick arches, 

Proceeding further, an investigation can be made 
of the influence of the fire-box design on the tem- 
perature of the fire, and hence on the other pro- 
cesses of combustion. This is a question, however, 
in which there are so many variables that it is 
difficult to lay down any hard-and-fast laws; but 
the tests under consideration at least throw an 
interesting light on some general principles. 





The fire-box temperature is determined by the 


Hour 


Coal Burned per Sq.Ft. of 





8 


Heat taken up un Firebex per Sg Ft of Heat": 


(esic) ' per Square Foot 
0 at oe hye is produced by combustion, by 
the weight and specific heat of the gas ing 
through the fire, and by the rate at which bent is 
taken up by the fire-box heating surface. Column 12 
of Table IL. shows what may be called the ‘‘theo- 
retical fire-box temperature ;” that is, the tempe- 
rature which would be obtained if all of the heat 
produced by combustion were employed in raising 
the temperature of the products of combustion, 


without the cooling influence of the fire-box walls. 
Column 13 gives the result of dividing the ‘‘theo- 
retical” by the actual fire-box temperature. It 
will be seen that where the boxes are provided 
with fire-brick the ratio remains practically the 
Saie, irrespective of the power developed by the 


boiler; in series 200, for instance, the theoretical 
is about 1.27 times, and in series 800 about 1.28 
mes the actual temperature throughout the whole 
range of tests. On the other hand, when there is 
no brick arch the theoretical temperature is a 
greater percentage of the actual at the low powers 
than at the high; and we have in Series 600 the theo- 
retical temperature varying from 1.58 times to 1.36 
tines the actual, as the rate of combustion changes 
from a minimum to a maximum; while for series 
100 the ratio varies in the same sense from 1.69 
to 1.44; and for series a and y, firing with gas- 
coal and no fire-brick arch, the range is from 1.46 


ta 1.20, 












This cooling effect of the fire-box walls is partly ; 


due to the direct radiation of the heat from the 
fire, and partly to convection of the gases. As 
the actual temperature was measured at the centre 
of the fire-box, it is probable that, in the produc- 
tion of the difference between the theoretical and 
the actual temperatures, the convection effect is 
small as compared with the direct radiation from 
the fire. In any case the loss of temperature is 
dependent on the extent of the fire-box heating 
surface, and on the rate at which the heat can be 
taken away from the back of the heating surface 
by the surrounding water. 

In column 14 of Table II. the heat absorbed in 
the fire-box is given as a percentage of the total 
heat produced, and in Fig. 3 is plotted the heat 
absorbed in relation to that produced by combus- 
tion per square foot of fire-box heating surface. 
The ordinates in these curves—that is, the rates at 
which the heat is absorbed by the fire-box—are 
found by determining the amount per hour by 
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Heating per Hour 
which the heat given to the boiler (heat of evapora- 
tion and external radiation) exceeds the heat given 
up by the products of combustion in falling from 
the temperature of the fire-box to that of the smoke- 
box. is excess is the heat given up before the 
fire-box temperature is reached. e lines for 
series 200 and 800 (the two. fire-boxes with brick 
arches) run close together, and show that through- 
out the range of the tests very nearly 25 per cent. 
of the heat produced is taken up directly by the 
fire-box heating surface. The line for series 600 
is practically parallel to the two foregoing, but lies 
higher and does not pass through the origin. The 
figures in column 14 of Table IT. show that in the 
fire-boxes without brick arches an increase in the 
amount of heat produced does not produce a pro- 

rtionate increase in the heat absor' With an 
increase in the rate of heat production there is a 
decrease in the percentage of heat absorbed in the 
fire-box. It will be noticed in Fig. 3 that in series 
a and with the higher powers in series 100, the rate 
of heat absorption increases very slowly compared 
with the rate of heat production. 

Very probably the circulation of the water in 
these two boilers is not sufficiently good to enable 
the rate of heat absorption to keep with the 
rate at which the heat is produced. The same 
effect is shown by the rapid rise of the fire-box 
temperature curves for series 100 and a in rie. 2. 
Table IV. herewith shows the rates at which heat 


is absorbed in the various fire-boxes when the 
boilers are worked at their maximum capacities. 








TaBLe IV.—Mazximum Rates of Heat Absorption in 
Fire- 8. 
| l 
| 2 | 3. | 4. | 5. 6. 7. 
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1005 90 | 233 ooo | Y hl 3 
115, 11 4 12. 
2007} 140 | 5.46 | 61,900| 54 | 30 12.1 
6007} 120 | 399 | 76,000! 79 | 39 13.8 
8006} 130 | 230 | 188,000) 188° | 34 15.9 
a-5| 885 | 243 | 76,600| 80 | 20 17.8 
y-5| 168 | 4.53 | 81,000) 84 2% | 169 














In estimating the surface of the fire-box exposed 
to the fire in order to calculate the ratios given in 
column 3, a reduction is made for the surface 
covered by a fire 18 in. deep, and to the heating 
surface as ordinarily calculated is added the area 
which the tube-ends take out of the tube-sheet, 
since to the radiation from the fire the tube-walls 
i to close the holes in the tube-sheet. 

he boilers of series 100 and 800 ‘having the 
least fire-box heating surface in relation to the grate 
area are able to show the highest rates of heat pro- 
duction and, consequently, the highest rates of heat 
absorption per square foot of fire-box surface. In 
the case of the fire-box in series 800 the maximum 
rate of heat absorption is 133,000 B.Th.U., which 
is sufficient for the evaporation of 138 lb. of water 
from and at 212 deg. per square foot per hour. In 
a second article the rate of heat absorbed from the 
gases in their passage through tubes will be studied, 
and it will then be shown that for test 8006 the heat 
taken up per square foot per hour is 0.0133 (T—?t?. 
B.Th.U., where T is the temperature of the gases, 
and ¢ the temperature of the water in the boiler. 
On this basis the rate of absorption in the fire-box | 
would be 0.0133 (2345 — 390? =51,000 B.Th.U. per 
square foot per hour. The rate as found above is 
2.6 times this figure, so that apparently the radiant 
heat from the fire passes through the fire-box walls 
more readily than does the convected heat. Captain 
Riall Sankey recently suggested, in discussing a 
paper by Mr. Wingfield before the Civil and Mecha. 
nical Engineers’ Society, that some of the heat 
radiated from the fire may find the plates completely 
‘*transparent,” or, in other words, that some of the 
heat: may be radiated from the fire in such a way as 

pass as readily through a metal plate as soe 
light through glass. Another explanation may be 
that the stay-bolts and roof-stays act in a manner 
similar to the wings in a Serve tube, and assist 
in transferring the heat to the water. If columns 5 
and 7 in Table IV. be compared, it will be seen 
that the rate of evaporation at the fire-box is 
from four to ten times the mean rate of evapora- 
tion for the whole heating surface, while column 6 
shows that from 30 to 40 per cent. of the total 
evaporation is accounted for by the fire-box heat- 
ing surface. The desirability of providing a free 
circulation of the water about the fire-box in a loco- 
motive boiler is thus emphasised. These deductions 
fully corroborate the conclusions arrived at in pre- 
vious practical work, on which the proportions of 
locomotive boilers have been decided, and which 
were in some cases incapable of actual demonstra- 
tion owing to lack of the necessary data. 








EXTENSION OF MALTA NAVAL 
DOCKYARD AND HARBOUR. 
(Concluded from page 106.) 

Hypravutic Pumpinc-ENGINEs AND ACCUMULATORS. 

Tue hydraulic pumping engines and accumulators 
for working the penstock engines, capstans, dock- 
caisson engines, and other hydraulic machinery were 
supplied by Sir W. G. Armstrong, Whitworth, 
and Co., Limited, Mevetiogs pani and are 
illustrated on Plate XXIII., Figs. 55 to 60. The 
plant. includes two pumping-engines and two 
accumulators. Each engine is of the horizontal 
compound type, and can be worked either with a 
condenser or exhausting into the atmosphere. The 





machinery is within the pumping-station, shown in 
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Figs. 21 to 24, on page 72 ante, and the general 
arrangement is, as already stated, illustrated in 
Figs. 55 to 60, on Plate XXIII. 

Each engine delivers about 285 gallons of water 
per minute at a pressure of 750 lb. per square inch 
when running at 60 revolutions per minute, equi- 
valent to about 150 actual horse-power. The high- | 
sressure cylinder of each engine is 18 in., and the | 
Ce pressure 35 in., in diameter, with a stroke of 
24 in. The high-pressure cylinder is fitted with 
variable-expansion gear. Both cylinders are steam- 
jacketed and lagged with sheet steel. The cylinders 
are separate castings, and, together with the pumps 
and other working parts, are carried on a cast-iron | 
bed-plate. The stuffing-boxes are arranged to take 





| pressure cylinder to facilitate the starting of the 


links from the cross-head, which works between 
guides carried on timber framing. The glands and 
neck-rings are of gun-metal. The accumulators are 
fitted with momentum valves and safety cut-off 
gear, and with gear acting on a throttle-valve on the 
main steam supply pipe for automatically regulating 
the speed of the engines. A valve is also fitted on 
each engine for admitting live steam to the low- 


engine from a state of rest ; this valve is actuated 
automatically by the rise and fall of the accumu- 
lator. 

Throughout the works a subway 6 ft. square has 
been constructed to carry salt-water and fresh- 
water supply mains, hydraulic pressure-pipes, com- 





jib pulley being 65 ft. and 60 ft. respectively. The 
bent girder forming the jib in each crane is strongly 
constructed of steel plates and angles, all firm), 
riveted together and stiffened and braced through 
out. The foot of the girder is centred by a large 
turned steel pin, and it revolves on a ring of stee] 
anti-friction rollers. The centre part of the girde: 
at the quay-level is fitted with a turned belt, and 
surrounded by a ring of turned steel rollers. The 
foundation casting is of massive proportions, bored 
out to form the roller-path, and securely bolted to 
the foundation. The well, in which the lower par: 
of the crane is carried, is lined with cast-iron 
segments, and made water-tight. Each crane is 
fitted with two independent sets of lifting-gear, one 
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Fie. 61, 50-Ton Stream Farrparrn’Crane ; Messrs. Cowans, SHELDON, AND Co., Lowitep, CARLISLE, 


metallic packing. The connecting-rods are of 
forged steel and are fitted with adjustable gun- 
metal brasses at both ends. The crank-shafts are 
of forged steel, and revolve in two bearings with 
adjustable. gun-metal brasses. A fly-wheel, 9 ft. in 
diameter, is keyed to eaci shaft. 

The pumps are double acting, the pump pistons 
being 6 in. in diameter and the pump rods 4} in. in 
diameter. The latter are connected directly to the 
piston-rods of the steam-cylinders by means of 
couplings. The pump-rods and buckets and the 
pump-valves and seats are of gun-metal. A speed- 
governor is fitted to each engine, and the barring 
gear for turning the engine is operated by hand. 

Gun-metal steam stop-valves are fitted on each 
engine ; the steam and exhaust pipes are both of 
copper. Drain-cocks with copper drain-pipes are 
also fitted. 

Each accumulator is of the fixed cylinder type, 
with steel weight-case, suspended by wrought-iron 


pressed-air mains, and electric cables. Compressed 
air is used for driving pneumatic tools in the factory 
and for repairs to ships in the docks and for 
pumping sewage, &c. Salt water is used for flush- 
ing the latrines owing to fresh water being very 
scarce in the island. 


CRANES AND CAPSTANS. 


The equipment includes an exceptionally large 
number of bollards, a 50-ton and a 20-ton steam 
crane of the Fairbairn type, a steam travelling 
crane capable of lifting 20 tons, and eleven 16-ton 
hydraulic capstans conveniently placed for warping 
the ships in and out of the poe 

The two Fairbairn cranes have been constructed 
by Messrs. Cowans, Sheldon and Co., Limited, of 
Carlisle, and of the larger an engraving is published 
in Fig. 61, on the present page. This 50-ton crane 
lifts its full load at 60 ft. radius, and the 20-ton crane 
at 53 ft. radius; the height from quay-level to 





for heavy and the other for light loads, both 
being driven by separate pairs of reversing engines. 
The slewing-gear is fixed to the front of the girder, 
and is actuated by an independent pair of engines, 
For each crane there is a vertical cross-tube boiler, 
of ample size, to supply steam for continuous opera- 
tion. Each crane is fitted with access ladders, and 
all other minor details necessary to render the 
machine complete. Both cranes were tested with 
an overload of 50 per cent. after erection, and have 
since worked satisfactorily. 

The 20-ton steam travelling crane, capable of 
lifting loads up to 20 tons at 35 ft. maximum radius, 
is illustrated on page 241, Fig. 62. The crane is 

rovided with steam-driven lifting, slewing, travel- 
line, and derricking motions, and is arranged to 
travel on rails laid at 15-ft. centres. The whole 
of the framework, including the jib, revolving frame 
and carriage frame, has been constructed of rolled 
steel plates and sections. The superstructure 1s 
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attached to the revolving girders. Steam is sup- 
plied by a vertical cross-tube boiler 4 ft. in diameter 
by 8 ft. 6 in. high. Stability is maintained both 
for the working Tou and the 30-ton test load by 


centred by a heavy forged-steel centre-pin, and 
revolves about this pin on a continuous ring of 
turned-steel rollers. The carriage is mounted on 
bogies to enable the crane to travel on curves. 

































e------—--- 25! 0° Height of Lift above Rail Level -----.-.----5----: 
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Fic. 62. 20-Ton Stream Travettinc Crane at Matta Dockxyarp ; Construcrep By Messrs. 
Cowans, SHELDON, AND Co., Limitrep, CARLISLE. 
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Fic, 63. 16-Ton Hypravuic Capstans ; Messrs. Cowans, SHELDON, AND Co., Limited, CARLISLE. 


_ The various motions are driven by a pair of ,means of 20 tons of ballast situated beneath the 
uorizontal reversing engines, having cylinders of 8-in. ‘boiler. The superstructure is enclosed in an iron 
vore by 14-in, stroke. The lifting and derricking house, as shown. 

gear is carried in a self-contained steel frame | The 16-ton hydraulic capstans are illustrated by 





Fig. 63, annexed. Each capstan is driven by an 
hydraulic reversing engine, having cylinders 4} in, 
bore by 12 in. stroke, and is capable of exerting a 
| pull of 16 tons at the rate of 30 ft. per minute on 
the slow gear, or 4 tons at 120 ft. per minute on the 
| quick gear. The cylinders, rams, valves and work- 
|ing parts of the engines are entirely of brass, and 
|are mounted on a cast-iron bed-plate bolted direct 
| to the foundation. 

The drum is of cast iron, fitted with phosphor- 
bronze whelps, and is carried on a heavy forged 
steel centre-pillar, which is fixed in the self- 
contained foundation casting. The power is 
transmitted from the engines to the drums through 
spur and bevel gearing, a change of speed being 
provided to suit the specified loads. The whole of 
the engines and gearing are fixed in a masonry pit, 
which is covered with steel checquered plates, and 
so arranged that the capstan can be worked from 
the ground-level by means of extended levers. 

In addition to the cranes and power capstans, a 
number of hand-power, fixed, and stationary cranes 
of different types and powers, also hand capstans, 
fairleads, turntables, &c., have been constructed 
and supplied: by Messrs. Cowans, Sheldon, and Co., 
Limited, of Carlisle. 

The mechanical engineering part of the work 
was carried out under the supervision of the 
Director of Dockyards, Mr. J. B. Marshall, C.B., 
and the members of his staff. 


CoveRED WaterR-Suprty Reservoir. 


In addition to the dock-work, there has been 
constructed a covered reservoir, having a capacity 
of 10 million gallons, the depth of water in the 
reservoir being 36 ft., also spacious stores for the 
fuel for the ships of the Mediterranean Fleet, and 
extensive wharf-walls of concrete for berthing ships, 
the depth of water alongside being 32 ft. 

The area for the reservoir was excavated in the 
Malta rock and is covered over with reinforced 
concrete arching. This was an undertaking of 
considerable importance. The roof is Seutanel on 
the barrel vault system, the spans in all cases being 
30 ft. These are constructed of concrete, rein- 
forced by expanded metal from the intrados at the 
haunches to the extrados at the crown. 

Preparatory to the construction of the reservoir 
an arch, built according to the plans prepared, 
was tested to destruction, and the factor of safety 
was found to be highly satisfactory. The piers 
are of masonry, 5 ft. square at the base, reduced to 
4 ft. at the springers of the arch. The vaults are 
of concrete, the thickness at the crown being 4 in., 
and at the springers 14 in. The piers are braced 
in the longitudinal line by arches at a level below 
the springers, so that the haunches of the barrel 
vaults rest upon them. These lines of longitudinal 
arches are also of 30-ft. span, and have an area of 
4 ft. by 2 ft. 6 in. The conerete of the arch is 
covered with earth, in order to ensure a low tem- 
perature within the reservoir irrespective of the 
outside temperature. 

During the period occupied by the preparation 
of the site and the demolition of the bastion referred 
to in our previous article, Mr. T. C. Hunter, M. Inst. 
C.E., now at the Admiralty, was Superintending 
Civil Engineer at Malta. 

In conclusion we may express our thanks to the 
Admiralty and to Col. Sir Edward Raban, K.C.B., 
Director of. Works, for permission to illustrate the 
works, and to Mr. F. W: Kite, M. Inst. C.E., 
Assistant Director of Works, and to Mr. H. Cart- 
wright Reid, M. Inst. C.E., Superintendent Civil 
Engineer at Chatham, who were so closely iden- 
tified with the undertaking, for their assistance in 
the preparation of our article. 
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[First Notice. } 


In this, the second volume of his very valuable and 
highly original treatise, on aerial flight, Mr. Lan- 
chester deals mainly with the conditions essential 
to the maintenance of the equilibrium of a flying- 
machine, or ‘‘ aerodrome,” as Mr. Lanchester calls 
it, during its flight. In his first volume he estab- 
lished the nature and magnitude of the forces 
sustaining the weight of the machine, and of the 
resistances necessarily overcome in its propulsion, 
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the investigation being devoted as it were to the 
statics of the subject. In the new volume he 
deals with the motion of the flying-machine under 
the action of these forces, and arrives at most inte- 
resting and highly important results. 

Mr. Lanchester’s theory is founded primarily on 
the behaviour of a very simple and ingenious form 
of aeroplane devised by him. It consists simply 
of a strip of mica 2 in. wide and about 8 in. long. 
-In the centre of one of the long edges is fixed a 
dead shot, which is secured by simply splitting it 
-half-way through and squeezing together the sides 
of the cut over the mica. The weight of the 
shot. should be about equal to the weight of the 
mica, so that the centre of gravity of the combina- 
tion is half-way between the centre of gravity of 
thé mica sheet and that of the shot, If ‘such a 
‘* ballasted.” aeroplane is launched in still air, with 
the, weighted edge leading, it flies well and steadily, 
automatically maintaining its balance. Mr. Lan- 
chester explains the steady flight of these bal- 
lasted a by the following considerations. In 
perfectly steady flight the face of the plane makes an 
angle 8 with the direction of the motion (see Fig. 1, 
which. represents a cross-section through the aero- 
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plane). The air the plane meets in its flight strikes 
the plane at this angle 8 and develops a — 
which balances the weight. For steady flight the 
‘*contre of pressure ” must coincide with the centre 
of gravity of the weighted plane, otherwise there will 
be a couple developed between the weight and the 
pressure. When this condition is fulfilled the 
angle which the surface of the plane makes with its 
direction of motion is its ‘‘ natural” angle. Sup- 
pose, however, that from some accidental cause this 
angle is momentarily altered. Experiment shows 
that if a body of air in motion strikes a plane 
surface, the smaller, the angle between the plane 
and the direction of the air-current, the nearer 
does the centre of pressure lie to the leading edge 
of the plane. Hence if, in the case of the bal- 
lasted aeroplane, the angle 8 becomes smaller 
than its natural value, the centre of pressure shifts 
towards the leading edge, and a couple is then 
déveloped between the weight acting downwards 
and the-pressure on the plane, which tends to 
make the angle § larger again. Similarly, should 
the **natural angle” be increased, the centre of 
pressure shifts towards the back of the plane, again 
developing a couple in the direction proper to 
restore the angle 8 to its natural value. 
{f such a ballasted aerovlane be launched with a 
icular velocity, and at a particular flight angle, 
it moves along a perfectly straight line inclined to 
the horizontal, the ‘natural gliding angle” 
inherent to the plane. Its velocity remains uniform 
throughout the flight, and this velocity Mr. Lan- 
chester calls the ‘‘ natural” velocity of the plane. 
Generally, however, it is. impossible to hit off 
exactly the appropriate velocity and angle at the 
moment of launching, and in that case the plane 
descends along an undulating path, lyin: generally 
alternately above and below the ‘‘ ssagaral path. 
In a very simple and ingenious way Mr. Lan- 
chester finds a mathematical eqmation for these dif- 
ferent flight-paths, or ‘‘ phugoids,” as he calls them. 


|the aeroplane is fitted with pro 





Unfortunately, there are some errors of transcrip- 
tion in the mathematical work as printed in his 
volume, and it may therefore be of service if we 
explain here his theory in detail. 

Consider then an aeroplane moving along the 
undulating path represented in Fig. 2. At the 


(10248) 
Fic 


po B let its velocity be denoted by V, and let H 
its depth below the datum line. It is convenient 
to take this datum line at such a level that 
V?=29H. 

Mr. Lanchester assumes, in the first instance, that 
lling machinery 
which at every instant just balances the resist- 


ances experienced to motion along the tangent to 


the curve. If, therefore; the plane descends, 
none of the work due to this change of level is ex- 


| pended in overcoming the resistance to motion 


along its line of flight, but goes wholly to increase 


| the velocity. Conversely, ary increase or diminu- 


tion in the velocity of the plane is accompanied by 
a change of level, or, to use an hydraulic rear ‘A 
the’plane moves, in the conditions assumed by Mr. 
Lanchester, so that the sum of its ‘* pressure 
head ” and its ‘‘ velocity head” remains constant. 
A reduction in velocity is exactly compensated for 
by an increase in the height above ground-level, 
and vice versd, so that the velocity of motion is a 
maximum at the lowest points of the undulations, 
and a minimum at the crests. Since the change 
in velocity is exactly compensated for by a corre- 
sponding change in level, it follows that if the 
datum line X Y be drawn so that the ordinate 
dropped from it to the curve gives the velocity 
head at one point, an ordinate dropped at any 
other point will also give the velocity head there. 
Hence, if H represents the depth below this datum 
at any point whatever, the velocity there is given by 
the relation V= V2 H. 

Consider then the aeroplane in motion at the 
point B. Omitting the frictional resistances, which 
are assumed to be compensated for by the driving 

wer in the manner explained above, the remain- 
ing forces acting on the aeroplane are three—viz.: 
(1) its weight, which acts vertically downwards ; 
(2)a centrifugal force due to the fact that at the point 
B the ro 1s moving in a curved path ; this force 
acts, of course, along the normal to the curve; and 
(3) the pressure E, say, of the air on the plane. This 
pressure E acts normally to the plane, and hence 
makes an angle= 90-8 with the direction of flight 
at anymoment. The force E may be resolved into 
two components: one parallel to the centrifugal 
force acting on the plane, and the other along the 
tangent. to the curve. Mr. Lanchester adds this 
latter cOmponent to the frictional resistances, and 
assumes, as already stated, that the sum of the two 
is exactly balanced at every moment by the thrust 
of the propeller. If the tangent at B be drawn as 
indicated in Fig. 2, all the remaining forces on the 

lane may be resolved along this tangent and along 

C the normal to the curve. 

The forces acting outwards along thisnormal—i.e., 
from C to B—are the centrifugal force, which may be 
called f, and the component along this normal of the 
weight of the plane, which is W cos 6, where 6 de- 
notes the inclination of the tangent to the horizon. 

Acting inwards from B to C there is the com- 
ponent of the wind pressure on the plane, which 
may be called F. 8 


ince no motion takes place 


along the normal to the curve, we must have a 
balance between the forces acting outwards and that 
acting inwards. Whence 

F =f + Wcos@. 


NowF, being the component of the wind pressure, 


cos e-4,+ ra 


= 8 


| varies as the square of the velocity with which the 
plane is moving, or 
F =a V2 
where a denotes some coefficient and V the velocity 
of the motion. 
But 
V2 = 29H. 
Hence 
F=2agH 
When a body moves in a curved path the centri- 
fugal force is given by the relation 


Ww 
= 2, 
f ou 


where W is the weight of the bédy, the angular 
velocity in radians, and r the radius of curvature in 
feet. 

The angular velocity is, of- course, equal to 


Qe , where d 6 denctes the change of the angle @ in 


the short interval d 


t. 
Hence 4 


«f " ) 
wh Sow fase 
$=" (ai) ”. 
but rd 6 = — dL, where d Lis the arc, or small 
element of the flight-path, subtending the siiiall 
angled 6. The minus sign is necessary here;' because, 
as will be seen on looking at the jigure, 6 diminishes 
as L'increases. Py 

Hence’ — 7 : 
di 5 
dt 


rae — - 
dt 
Substituting we get 
; fa-W a0 ab 
° : g dt’ at 
But is the linear velocity of the planc— 
dL _ 
dt 


a 2 


that is, iw 


Whence 
_W dé 
> ae” 


f= 

which as 

dé@_a@ aL 

dt dL‘ at 
may ke written in the form 

fa + oer we 
g aL 
Hence, finally, the equation 

F=f + Weos@, 
reduces to 


gegH = - W. 29 v2 4 Woosd; 


g aL’ 
or since V? = 24 H. we get 
QagH = -2W.2! H+ Weos8 
dL 
Now 
a6_d0 aH 
d H’ dL 
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‘ Fic. 2 ——_ 0 Hence at one moment—that is to say, when the| The whole field of practical telegraphy is thus 
But obviously from Fig. 2, > ae ee a2roplane is *‘ cresting "—the driving power will be reviewed in the pages of this volume. e author 
Whence (1) may be written in excess of these resistances, so that the velocity of | appears to have taken pains to make his descrip- 
_ ce a , the plane will be accelerated beyond its proper tions clear and simple, and the general result is 
2agH = -2W.H.sin@ —,. + W cos. value, whilst, on the other hand, when the machine | the production of an instructive guide to those 


dH 
Putting n W = ag, and dividing the above ex- 


pression by W, the equation reduces to 
2nH =-2Hsin 6 at cos 0, 

which, remembering that d cos @ = —sin @ d 6, may 
be written 

dcos@ _,_ c0s@ | (2) 

dH 2H 
The solution of this differential equation is 
osé=gnH+ © (3) 
JH 


where C is a constant, the value of which differs for 
every different flight-path. The above is Mr. Lan- 
chester’s phugoid equation, and includes every 
possible flight-path from steady straight-line motion 
to the “‘ tumbler ” curves shown in Fig. 3, which we 
reproduce from the volume under review by per- 
mission of the publishers. Unfortunately, in the 
treatise the signs in equation (2) have been re- 
versed by errors in copying, but the author’s final 
result is correct. : 

Fig. 3 has been plotted from the above equation. 
The line 1 corresponds to steady uniform flight in 
a straight line. In this case the constant C has 
its maximum value, and H is equal to H, , H, being 
the head corresponding to the ‘‘ natural ” velocity 
V,, of the aeroplane. When the plane moves along 
this straight-line path, there is no centrifugal force 
.—hence, in these conditions, the upward force on 
the plane must exactly balance the weight, or 

F =W. 
But F, as already stated, is = 2 agH, whilst 
ag was made equal to W n. 
.. F=2Wa H. 

When the aeroplane moves in a straight-line 
path, its velocity is the natural oa 4 V,.. Hence 
in the above expression H = H,,, the ‘‘ natural” 
head, which is constant for any particular plane, no 
matter what the path described. 

Substituting we get 

F= W =2agHn=2n2W Ha. 
Whence n, the constant in the phugoid equation, 
1 


1s 


2 H,,’ 
and equation (3) reduces to the form 
H Cc 
cos 0 = 3H, + Vi (4) 


When the flight-path is a straight horizontal: line, 
the coefticient C = 3 H!,, which is the greatest. pos- 
sible value of C, y 

Another limiting case occurs when.€ = 0, in 
which case the flight-path is the semicircle, curve 
No. 9, Fig. 3. If C, is negative ‘‘ tumbler ” curves 
such as those marked 8 and 9 are obtained. Mr. 
Lanchester arrives at the interesting result that the 
periodic time of all the paths between the straight 
line and the semicircle is almost absolutely con- 
stant. 

A practical a must obviously not follow 


curves of the tumbler type, but its ible undu- 
lations above its mean level should be as sinall as 
possible. The question then arises whether the 
factors left out of consideration in deducing the 
equation to the flight-path will tend to increase or 
diminish the amplitude of a small undulation. In 


the former case the flight is unstable, for the flying- 
machine will upset. If, on the other hand, an 
undulation accidentally started tends to diminish, 
the flight is stable. Mr. Lanchester concludes 
that the frictional resistances left out of considera- 
tion in the gr meres tend to cause the 
«plitude of the vibration to diminish, whilst the 
tact, also neglected, that the aeroplane has a 
nessurable moment of inertia about its transverse 
axis has the ee | effect. Whether any par- 
ticular aeroplane fly steadily or not depends 
upon whether or no the forces tending to diminish 
‘he amplitude of the oscillations are stronger than 
those which have the opposite effect. 

Mr. Lanchester demonstrates that the resistances, 
‘o Torward motion, have a damping-out effect by 
pointing out that in actual practice, if a flying-ma- 
chine traces an undulating path, the resistances which 
it experiences to forward motion will be variable, 
depending as they do on the square of the velocity. 





is ‘‘ troughing ” the resistances will be in excess of engaged or interested in this subject. 


the power, and the speed will fall below its proper | 
’ Referring to the curves shown in Fig. 3, it | 
will be seen that an increase in the amplitude of an | Engineers’ and Machinists’ Hand-Book : A Complete Guide 


value. 


undulation means that the aeroplane moves more 
slowly when ‘‘cresting” and more quickly when 
**troughing.” Thus in curve No. 2 the velocity 
head, as measured by the distance below the datum 
line, is greater at the crest than the velocity head 
at the crest of curve No. 3, and the converse is the 
case at the trough. Hence for curve No. 2 to 
change into curve No. 3 when cresting, it is neces- 
sary that the velocity of the aeroplane shall decrease. 
Such a decrease is, however, prevented by the fact 
that the propelling forces during the operation of 
cresting are in excess of the resistances, and any 
decrease in the speed of the plane will augment this 
excess of power over resistance. Similarly, for 
curve No. 2 to pass into curve No. 3 when troughing 
the speed must increase, but as the propelling forces 
are in defect when the aeroplane is troughing, this 
increase of speed cannot occur. Hence Mr. Lan- 
chester concludes that the resistances to the onward 
motion of a flying-machine tend to damp out its 
oscillations. : 

As to the effect of the moment of inertia, it will be 
noted that in the ideal case to which the phugoid 
equation strictly applies, the axis of the aerodrome 
is always dagretbl be the flight-path. The smallest 
deviation of its axis from this tangency causes a 
pressure on one side or the other of its tail plane, 
producing thus a torque, which, if the moment of 
inertia transverse to the line of motion is zero, as 
assumed, instantly rectifies the error. In actual 
practice this is, of course, impossible, since time is 
needed for the correcting forces to overcome the 
inertia of the machine. us when the aerodrome 
is at a point of inflection (and moving upwards), 
it has for the moment no angular velocity, but 
there is a torque acting on it tending to turn it 
into the true flight-path. Owing to its inertia it 
lags behind this torque, and as a consequence 
points higher than it should, and will constantly 
rise higher than it ought. At the moment of 
cresting it is moving tangentially to the flight- 
path, but has acquired a considerable angular 
velocity. As a consequence, on the downward 
sweep towards the point of inflection in the flight- 

th, the machine points too steeply downwards. 
fn both cases it will be obvious that the tendency 
is to increase the amplitude of the oscillation, and 
similar reasoning, applied to the trough of the curve, 
shows that this also tends to be deepened by the 
inertia of the plane. 

The remainder of Mr. Lanchester’s book. we 
must leave to be dealt with in a second notice. 





Telegraphic Systems and Other Notes. By ARTHUR 
Crorcu. mdon: Charles Griffin and Co., Limited. 
[Price 5s. net.] 


TELEGRAPHY as practised commercially to-day is a 
highly technical subject, and probably even among 
those engaged in it there are many who are not 
acquainted with the details of the construction of 
some of the apparatus used. The purpose of this 
little volume is to give a concise ee of the 
main systems now in use in practical telegraphy, 
and we believe it should be useful and instructive 
to all who desire to understand the principles and 
the technique of this science. The author very 
properly assumes that his. reader is acquainted 
with the elementary electrical principles on which 
telegraphy is based, and with the simple forms of 
apparatus—such as keys and galvanometers—-which 
are universally employed ; and he devotes his atten- 
tion to the more complex instruments and mecha- 
nisms which are to-day to be found in telegraph 
stations. After a discussion of primary and 
secondary batteries, and of ‘‘ universal battery 
working,” he describes in succession the duplex, 
diplex and quadruplex, automatic, and multiplex 
taleguephay systems, explaining the action and con- 
struction of the instruments used, and illustrating 
their operation by means of schematic marty 
Chapters are then devoted respectively to the 
Hughes, the Baudot, and the Murray type-printing 
systems ; and these are followed by a detailed dis- 
cussion of test and battery-boxes, circuit concen- 
tration and repeaters. e volume closes with 
chapters on submarine and wireless telegraphy. 
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NICOLSON’S UNIVERSAL MACHINE-TOOL DYNAMOMETER. 
CONSTRUCTED BY MESSRS. JOSEPH ADAMSON AND CO., ENGINEERS, HYDE, CHESHIRE. 


2.) 


In these days, when the very general use of high- 
speed steel for cutting tools has made necessary a great 
inerease in the size and strength of lathes, planers, and 
similar machines, it has not always been an easy matter 
to decide to what extent such strength should be added. 
It was, of course, known that the pressures on the 
point of the tool were enormously increased with the 
advent of high-speed steel, but what the actual increase 
amounted to was not known. The great importance, 
therefore, of some ready means of determining the 
pressures in question was clearly manifest ; for it is 
self-evident that before a machine-tool, or any other 
kind of.apparatus which has to turn out mechanical 
work, can designed on rational scientific lines the 
—— and the direction of such forces must be 
fairly well known. — In a lathe, or similar machine, the 
forces that uire particular attention are, of course, 
thse due to the size and shape of the cut, and to the 
yo of cutting, as well as to the form and angles 

the tool-point. When these different data are 


known, the remainder of the work of —— presents 
no particular, difficulties. The speed of cutting and 
the angles of the tool-point can, of course, be easily 





B 


fesec 


ascertained. The pressures on the point of the tool 
are, however, not so readily found, and it is on these 
that, it may be said, eve ing depends 

With the object of determining these pressures, the 
apparatus which we illustrate on this and the opposite 
pages has been fy by Professor J. T. Nicolson, 
and constructed by Méssrs. Joseph Adamson and Co., of 
Hyde, Cheshire, for use in the Moscow Imperial Tech- 
nical Institute. It is in reality a universal machine-tool 
EEE for, in recording one pressure on the point 
of a tool, it does so not only in a downward, but in a 
side and backward direction. The magnitude of the 
forees in all three directions having been determined, 
the amount and the direction of the resultant are 
known. The first apparatus of the kind was constructed 
in 1903, but it has since then undergone many improve- 
ments. The apparatus which we illustrate has been 
made to fit the tool-slide of any lathe from 8-in. to 12-in. 
centres, and it can also be placed on the tool-head of a 
planing-machine of moderate size. Larger machine- 
tools can also be fitted with apparatus of a similar type, 
suitable for _ requirements under special arrange- 
ments. In addition to recording the forces we have 





mentioned, the] saueeeins may also, with a simple 


modification, be used for measuring the turning moment 
and feeding force acting upon twist-drills. 

Coming now to a more detailed description of the 
dynamometer, Figs. 1, 2, and 3 show the apparatus 
fitted ‘on a 12-in. centre lathe, the views respectively 
being a vertical section, an end elevation, and a plan. 
In Fig. 4 a view is given of the instrument fitted on 
an 8-in. lathe, Fig. 5 shows it fixed to the cross-slide 
of a planing-machine, while in Figs. 6 and 7 its adapta- 
tion for testing a twist-drill is demonstrated. In the 
last two of these the work is rotated on a face-plate 
in a lathe of suitable size. 

Referring to Fig. 1, it will be seen that the tool 
to be tested is supported in the holder A, but if the 
tool is made from steel of about 1 in. square section, 
and not less than 10 in. long, it may itself be placed 
in the apparatus. By means of set-screws, the tool 
or holder is kept firmly fixed in the floating bridge- 
piece B, the space between the back end of the tool 
and the sliding-piece C being filled in with one or 
more cast-iron blocks provided. The sliding-piece C 
is pushed forward by means of the lengthening screw 
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Fig.5. 


S, until all the slack is taken up, and is then held by 
the set-screw ¢. 

At the back end the bridge-piece is doubly pivoted 
by means of the pointed screws Q Q, R R, shown in 
Figs. | and 3, the screws Q Q bearing against the 
gimbal-piece P (see Fig. 3), which surrounds the bridge- 
piece. The two pointed screws R, R pass through the 
gimbal, and enter the pop centres on -the bridge-piece, 
as shown in Fig, 1. They thus form a vertical axis, 
about which the bridge-piece and the tool itself can 
turn freely about a horizontal axis parallel. to that of 
the work, and formed by the points of the screws 
{, ‘), which pass through the sliding - blocks W, 
fitting in slots in the frame O, Fig. 4. The foundation 
of the whole apparatus is formed by this frame, which 
Is firmly bolted to the tool-slide by means of the ordi- 
nary screws and plate. 

__ When an experiment; is’in progress the bridge-piece 
1S'‘pressed down by the vertical’ force on the tool due 
to the cut acting on the point of the tool. This force 
produces a pressure under the diaphragm of the hy- 
(lraulic support D,. Now if the distance from the screws 
, © to the tool-point, and also the distance from these 
Screvs to the axis of the hydraulic support be known, 
the ‘1ce acting vertically on the tool can be inferred 
frov the previous calibration of the hydraulic sup- 
port. "he connection between the bridge-piece B and 
the support D, is made by the pointed stud S,, so that 
the ratio between the distances from the screws Q, Q 
‘ the tool-point and to the axis of the hydraulic sup- 
port vcmains invariable, even should there be slight 
mo of the bridge-piece, caused by the minute 
deli us of the various diaphragms. 

ing now to the sideway force due to the traverse 
. ‘ the tool when taking a cut, this tends generally 
° push the tool towards the loose headstock. A dia- 
oat u support D,, Figs. 2 and 3, is therefore pro- 
+)... /r measuring this. The tool then moves about 

e vertical axis R, R, Fig. 1, and the sideway pres- 
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ressure, just described, by means of the respective 
everages. Lateral oscillations of the tool are avoided 
by putting an initial pressure on the side diaphragm 
D, by means of a compressed spring contained in the 
box U, the amount of which pressure, of course, being 
known before the experiment begins, by means of the 
auge P,, Fig. 2. During the experiment the initial 
foad on the spring remains practically unchanged, be- 
cause the alteration in the length of the spring due to 
the deflection of the diaphragm support D, is so ‘small 
as not to affect the result. The initial pressure on the 
spring being deducted from the total pressure indi- 
cated by the gauge P, during the experiment, the 
working force on the tool is found. 4 
In order to measure the backward or surfacing foree 
acting on the tool when cutting, a dia 3s 
Figs. 1, 3, and 4, is provided, the force from the tee) 
being transmitted through cast-iron blocks and’ fhe 
sliding-piece C to the stud 8,, after which it is calcu- 
lated as before. Before taking a cut, especially when 
this is a deep one, an initial pressure must also be put 
on the back diaphragm D, by the stud 8,, which causes 
the blocks W (Fig. 4) to press against the front of their 
slots, and, as the cut proceeds, the surfacing force first 
relieves the pressure of the blocks against the front of the 
slots, after which it is fully indicated upon the gauge 
P;. In this case no deduction for initial pressure is 
required. An initial-pressure screw §',, Fig. 1, is also 
provided in connection with the measurement of the 
vertical force on the tool, for preventing undue vibra- 
tion of the tool, caused by the deflection of the dia- 
phragm D, ; but this screw is only made use of when 
deep cuts are taken, or with gapped work. The 
method of finding the pressure on the tool of the 
planing-machine, shown in Fig. 5, is similar to that 
described for lathes. < 
When it is required to ascertain the forces acting 
on a drill, the latter is inserted in the arm G, shown in 
Figs. 6 and 7: The drill fits inside the casing OO, 


Succ is calculated in a similar way to the downward | which is pivoted in a gimbal-piece by means of the 
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screws R, R ; these are pivoted about screws Q, Q, as 
before explained (see Fig. 3). By means of the set- 
screw X the drill is raised until its axis coincides with 
that of the lathe. During the experiment, when the 
drill has entered the hole, this screw may be released. 
The feed pressure or backward thrust is taken by the 
diaphragm support D,, and is measured directly. The 
twisting force acting on the drill when cutting being 
in a clockwise direction, of course tends to raise the 
arm G, Fig. 6, round its pivoted axis Q, Q, and so pro- 
duces a pressure on the cutee support D,, Figs. 6 
and 7. This diaphragm support is similar to that used 
for the lathe, and illustrated in Fig. 4, except that 
it is inverted and bolted to the pillars L, L of the 
casting O, O, Fig. 7. In the case of the drill the float- 
ing bridge-piece B is removed. The actual twisting 
moment is readily found from the length of the arm G 
between the screws R, R and the centre line of the 
diaphragm support D,, and the pressure indicated by 
the gauge P,. 

The whole apparatus is very simple and compact, 
and with careful usage ought to prove useful in deter- 
mining-the forces which are to be reckoned with when 
designing machine-tools. 








New Lock 4? THE ANTweRP Harsour.—The two new 
harbour basins, which were opened in the year 1907, and 
to which access has hitherto been by the somewhat round- 
about way vid the Kattendijk , were on December 2 
last placed in more direct communication with the 
Schelde through the so-called Royer’s Lock, which leads 
into the Lefebore Dock, and which was that day opened 
to shipping. The new lock is both larger and better 

uipped in every way than the two old locks, through 
which the harbour authorities would allow no vessels of 
more than 21 ft. depth to ; ships with a greater 
draught were compelled to discharge part of their cargo 
into lighters in the river, a process entailing both 
expense and considerable loss of time, and causing much 
ea = —, The ve Pig will admit of 
vessels with a draught of up to t. going ‘straight to 
their a place™ in the dock. There are three 
gates, which are worked by electricity ; of the two lock 
chambers, the one is 243 ft., the other 337 ft. long; when 
vessels of a greater length have to be dealt with, the 
intermediate gate - te opened, giving an available 

t 
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NOTES FROM THE NORTH. 
Gtascow, Wednesday. 
Glasgow Pig-Iron Market.—Last Thursday mornin 
the pig-iron market was rather firmer, and 3000 tons o 
Cleveland warrants were put through at 48s. 24d. and 
48s. 34d. cash, 48s. 54d. oak 48s, 6d. one month. At the 
close sellers quoted 48s. . cash, 48s. 64d. one month. 
and 49s. three months. ere were sellers of hematite 
at 57s. 74d. three months, but buyers only offered 57s. 3d. 
three months. In the afternoon the tone remained steady, 
and about 3500 tons of Cleveland warrants were done 
at 48s, 34d. cash, 48s. 4d. eight days, 48s. 6d. twenty-two 
days, 48s. 64d. one month, and 49s. three months. Clos- 
ing quotations were 48s. 4d. cash, 48s. 64d. one month, 
and 49s, three months sellers. Hematite was offered at 
57s. cash sellers, but no dealing took place. On Friday 
morning the market was weak in tone, and the turnover 
was only 1000 tons of Cleveland warrants at 48s. 14d. 
cash, and 48s. 44d. one month. Sellers’ closing quotations 
were 48s. 2d. cash, 48s. 5d. one month, and 48s. 104d. three 
months. At the afternoon session there was little chan 
in the position, and the market continued quiet. The 
dealings consisted of 3000 tons of Cleveland warrants at 
48s. 14d. and 48s. 2d. cash, 48s. 44d. one month, and 
48s. 10d. three months, with closing sellers at 48s. 2d. 
cash, 48s. 5d. one month, and 48s. 10d. three months. 
On Monday morning the tone was steady, and some 
2500 tons of Cleveland warrants changed hands at 48s. 1d. 
cash, 48s. 14d. four days, and 48s. 4d. one month. 
At the close sellers’ quotations were 48s. 14d. 
48s. 44d. one month, a 48s. 10d. three months. 
tite was firmer at 57s. 14d. cash sellers. In the afternoon 
the market was rather stronger, but no business of any 
kind was transacted. Sellers of Cleveland warrants 
quoted 48s. 24d. cash, 48s. 5d. one month, and 48s. 11d. 
ya months, and hematite was easier at 57s. cash sellers. 
On Tuesday morning the strength was not maintained, 
and the dealings totalled only 2000 tons of Cleveland 
warrants at 48s. 2d. thirteen days and 48s. 84d. three 
months. Closing sellers quoted 48s. 1d. cash, 48s. 4d. one 
month, and 48s. 9d. three months. Hematite was offered 
down to 56s, 9d. cash sellers. There was very little life 
in the market in the afternoon, and onl 


closing prices were steady at 48s. 1d. cash, 48s. 34d. one 
month, and 48s. 9d. three months sellers. Cash hematite 
was unchanged at 56s. 9d. sellers. When the market 
opened to-day (Wednesday) the tone was fairly good, and 
the turnover consisted of 1000 tons of Cleveland warrants 
at 485. 1d. cash and 48s, 34d. one month. The closing 
quotation for cash iron was steady at 48s. 1d., but the 
forward quotations were firmer at 48s. 4d. one month and 
48s. 10d. three months sellers. Hematite was 3d. lower 
at 56s. 6d. cash sellers. In the afternoon the market was 
dead idle, and no dealing of any kind took place. 
land warrants were practically unchanged at 48s. 1d. 
cash, 48s. 34d. one month, and 48s, 9d. three months 
sellers. Hematite was quoted steady at 56s. 6d. cash sellers. 
The following are the market quotations for makers’ 
(No. 1) iron: — Clyde, 59s. ; Calder and Gartsherrie, 
59s. 6d.; Summerlee, 60s. ; Langloan, 68s.; and Coltness, 
89s. (all shipped at Glasgow); Glengarnock (at Ardros- 
san), 60s.; Shotts (at Leith), 60s.; and Carron (at Grange- 
mouth), 63s. 


Sulphate of Ammonia.—The sulphate of ammonia 
market is quietly steady, and the price is nominally un- 
changed at 11/. 10s. per ton for prompt business, G1 Ww 
or Leith. The amount shipped from Leith Harbour last 
week was 2304 tons. 


Scotch Steel Trade.—The Scotch steel trade is, perhaps, 
a trifle improved this week, although not to any very ap- 
preciable extent. Specifications for plates and angles for 
the shipbuilding industry are a little more numerous, but 
# quietness still exists for general sections. With a slight 
increase in the number of inquiries over the past week the 
outlook is certainly rather better, but competition for 
export orders is very keen. Producers of structural sec- 
tions report a better inquiry for abroad, both India and 
Canada being in the market for considerable quantities of 
material, No change has been made in the official list of 
prices, 

Malleable-Iron Trade.—There has been rather more 
doing in one or two of the malleable-iron works in the 
West of Scotland during the past few days, while others 
are as quiet as ever. Orders + small lots for immediate 
requirements are the rule, and no distance ahead can be 
seen by the makers. 


Scotch Pig-Iron Trade.—Little change can be reported 
in connection with the state of the Scotch pig-iron trade. 
The demand for ordinary brands on local account is very 
limited, although fair deliveries are being made to buyers 
in the south. Good inquiries have recently been réceived 
from buyers abroad, and the booking is considered satis- 


factory, but some little difficulty over the shipping has | be 
ema- 


cropped up through the new railway conditions. 
tite iron 1s moderately active on forward account, but 
prices are a shade easier. 


Shipbuilding Order for Leith. 
ration of Trinity House have accepted the tender of 
Messrs. Ramage and Ferguson, Limited, Leith. to build 
a steel twin-screw vessel for their service. The dimen- 
sions of the new steamer are 170 ft. by 30ft. beam, an 


thie machinery, to be made by the same firm, consists of | 


two sets of triple-expansion engines suitable for propelli 
the vessel at a pen 11 knots. stlagtaniep 








Cowrs.— Messrs. J. 8. White and Co., of Cowes, are to 
build two of the new destroyers ordered. Messrs. ite 
have built several torpedo-boats for the Admiralty, and 
they have turned out three of the latest type of destroyers. 


one lot of Cleve- | 
land warrants changed hands at 48s. 34d. one month. The | 


Cleve- | 


The Honourable Cor- | 


NOTES FROM SOUTH YORKSHIRE. 
: SHEFFIELD, Wednesday. 

The French Tariff.—The Shetfield Chamber of Com- 
merce have been making vigorous efforts with a view to 
combating the pro’ French tariff on steel 
Their President, Mr. A. J. Hobson, speaking at the 
annual meeting of the Chamber, said he thought there 
was something of an object-lesson in the action that was 
being taken in France, use it was not a question of 
ream. Bae = the basis of taxation—they did not do that by 
keeping imports out, because they got no duties where 
there were no imports. It was not protection. It 
amounted to prohibition; and he thought it was in- 
tended to amount to ery mene for not only were 
duties made very heavy, but ingenious arrangements had 
been put into the tariffs to raise the question of the 
technical constituents of the steel and the tensile strength 
of the wire sent in, which would necessitate their chemist 
and their testing-machine accompanying their goods to 
the border where they went in. He could not help 
pero that the changes of that kind had been sug- 
gested by steel manufacturers in France, who desired to 
wall up the French steel trade into a water-tight com- 
partment. 


Unemployment.—The Lord Mayor of Sheffield in an 


absorption of the unemployed can only be extremely 
gradual, and no great diminution in their numbers can 


~ | expected at the present. 


Tron and Steel.—There continues a hopeful feeling in 
the iron and steel trades of the district, though so far 
there is no marked evidence of increased business. The 
consumption of raw material has not been greater, but 
consumers are buying more freely, and are more anxious 
to book forward than they have been for some months. 
Ironmasters, however, still complain that, notwithstand- 
ing their efforts to keep the output down, considerable 
quantities of pig are going into stock. Bar-iron makers, 
too, are not satisfied with the weight of orders, which are 
chiefly of a hand-to-mouth character. There is no change 
| in prices. The heavy-steel branches continue depressed. 
|The rolling-mills and forges compete strongly for the 
| little business there is doing. High-speed steel, though 
|hit hard by the reported discoveries of improved quali- 
| ties, is selling well, and there is an increased export to 
| America. In tungsten, however, there has been little 
| doing, recent reports having practically stopped the sale 
| of this alloy for the time being. There is a distinct im- 
| provement in the demand for tools on export account, but 
| the home market is quiet. 


| South Yorkshire Coal.—The demand for house fuel con- 
| tinues to improve, though merchants are by no means 
rushed for orders. The pits generally, owing largely to 
the cold weather, are jalinn four to five days a week. 
| For some weeks past the London market for best quali- 
| ties has been weak, and the South generally is taking less 
| than was anticipated. A certain amount of soft coal is 
| being sent from this district to both West Yorkshire and 
| Lancashire at cutting prices. In steam-coal, taking into 
account the large output, the demand is good. Manu- 
facturers’ requirements are brisk, but the ports are limit- 
ing their requirements severely. Competition is keen, 
and South Yorkshire hards are quoted as low as 10s. 7d. 
to 10s. 9d. f.o.b. at Hull. Engine-coal is moving freely, 
and slacks are selling well at existing rates. 











Mono.ituic Brick work.—The system of strengthening 
ordinary brickwork by embedding a layer of wire netting 
in the joints, introduced by Messrs. Richard Johnson, 
Clapham, and Morris, Limited, of Lever-street, Man- 
chester, is now finding applications in the construction of 
cheap cottages. From experiments made with this 
system of construction it appears that a wall of brick on 
edge thus built is very much stronger than a 9-in. ordinary 
wall, and hence it is proposed to construct cheap buildings 
with hollow walls, the outer being « half-brick thick and 
the inner 3 in. thick. This, it is claimed, is both drier 
and stronger than even a 14-in. wall, and, where the 
building regulations will permit of its use, will enable 
thoroughly good houses to be built at a low cost. As 
illustrating the strength realised, a 44-in. wall 5 ft. long 
by 3 ft. wide, reinforced as described, was laid on its side 
and ‘su at each end. The clear span under these 
conditions was 4 ft. 3 in. It was then loaded in the 
neighbourhood of the centre of the span, and supported 
without failure a weight of 3200 lb. thus applied. 


shipping and storing grain the percen 
the grain should accurately be known. moisture can 
determined in the oven, which takes several days. In 
1907, Brown and Duvel, of the United States Bureau of 
Plant Industry, worked out a test which required only half 
an hour, but could only be carried out in a laboratory ; 
they boiled the grain in eil and determined the amount of 
the liberated water. Now Lyman J. Briggs, of the same 
bureau, proposes an electric resistance test. Grain, un- 
less very wet, has a very high resistance, which is strongly 





q | influenced by moisture ; 13, 14, and 15 per cent. of mois- 


ture correspond to resistances of 50,7, and 1. With rising 
|temperature the resistance decreases rapidly, being 
eighteen times greater at 4 deg. Cent. than at 24 deg. 

mt. The direct deflection vanometer test, made at 
75 deg. Fahr. with a battery of 10 volts and two brass-rod 
electrodes, standing in a g' jar which is charged with 
the grain, is said to require only 3 minutes and to be re- 
liable within 3 per cent. So far wheat grain only has 
been studied. 


appeal this week for funds to relieve the distress due to | 
the present abnormal amount of unemployment, states | 


that although an improvement of trade is hoped for, the | fact, would doubtless take less, but buyers are very hard 





| M.I.C.E., 
TestiIncG THE MoisturRE PERCENTAGE IN GRAIN.—For 
of moisture in | 


NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 
MIDDLESBROUGH, Wednesday. 

The Cleveland Iron Trade.—Shipments of pig iron 
this month fall short of anticipation. So far they average 
2734 tons = working day, as compared with a daily 
average of 2626 tons to the same date last month, and 
5427 tons for the corresponding part of February last 
year. As is usual at this season of the year, there are 
inquiries on Continental account, but so far they do not 
appear to have resulted in business of any moment. The 
stock of Cleveland iron in the warrant stores continues to 
be added to daily, and is rapidly approaching 170,000 tons. 
No. 3 g.m.b. Cleveland pig is 48s. 3d. f.o.b., whilst No. 1, 
which 1s scarce, is 50s. 9d. to 51s. ; but the lower qualities 
are plentiful, with the result that No. 4 foundry is 47s. 3d.; 
No. 4 forge, 46s. 3d.; and mottled and white, each 45s. 9d. 
Most unsatisfactory accounts are given of the East Coast 
hematite pig-iron trade. Cost of output is increasing, 
whilst the selling price of iron is declining. Under these 
circumstances makers are unable to sell at a profit at 
current rates, and a lot of iron is being stored at pro- 
ducers’ yards, where there have been lying for some time 
considerable parcels bought by merchants who have not 
found it convenient to take y ee of their purchases. 
Makers put the price of Nos. 1, 2, and 3 hematite at 56s., but 
second hands are quite prepared to sell at 55s. 6d., and, in 


to find. Some sanguine traders look for improvement in 


be | Values of hematite before long, owing to there being 


rather more doing in steel, but the present situation does 
not give much grounds to expect improvement in prices 
to any extent in the near future. 


Manufactured Iron and Stecl. —The manufactured iron 
trade is quiet, but more favourable accounts are given of the 
steel industry. Producers of railway material are busily 
employed, and they report continued good inquiries. It 
is understood that Messrs. Dorman, Long, and Co. have 
secured a very substantial bridgebuilding order for India. 
Sheet-makers are very actively employed and are booking 
new orders notwithstanding keen foreign competition. 
Principal quotations stand :—Common iron bars, 71. ; 
steel bars, 6/. 5s.; packing iron, 5/. 10s.; iron ship-plates, 
6l. 7s. 6d.; steel ship-plates, 6/.; iron ship-angles, 7/.; 
steel ship-angles, 5/. 12s. 6d.; iron ship-rivets, 7/. 3s. 9d. ; 
iron boiler - plates, 7/. 7s. 6d. ; steel boiler-plates, 7/. ; 
steel strip, 6. 7s. 6d. ; steel hoops, 6/. 10s. ; steel joists, 
5. 15s. to 6/. ; cast-iron railway chairs, 3/. 10s. ; light iron 
rails, 6l. 15s. ; heavy steel rails, 5/. 5s. ; and steel railway 
sleepers, 6/. 10s.—all less 24 per cent. discount, except 
railway material, which is net cash at works; whilst iron 
or steel galvanised corrugated sheets, 24 gauge, in bundles, 
stand at 12/. 10s. to 12/. 12s. 6d. f.o.b.—less 4 per cent. 


Spanish Ore.—Spanish ore fully maintains its value, 
though there is little or no business doing in it. Thecon- 
tinued very firm attitude of the mine-owners in Spain 
compels dealers here to keep prices above what consumers 
are prepared to pay. Rubio, of 50 per cent. quality, is 
16s. 6d. ex-ship tees. Freights, Bilbao- Middlesbrough, 
stand at 3s. 9d. 








Russia’s. Export oF IRON AND MANGANESE ORE AND 
PiatTixna.—Although Russia is rich in minerals, the 
export of ore is insignificant, owing, amongst other 
reasons, to the unfavourable location of the deposits as 
far as shipment goes. The exports during the first half 
of 1908 were as under :— 

Tons. 
348,412 
195,830 

18 


Iron ore os 
Manganese ore 
Platina .. . 


Both as regards iron and manganese ore the figures for 


the first six months of 1908 were below those for the 
corresponding period of the previous year, although the 
exports of iron ore showed a material increase as com- 
pared with those of the first half of 1906. 


PxRsoNAL.—Messrs. Gillespie and Beales, Amberley 
House, Norfolk-street, Strand, W.C., have oan 
Mr. James Turnbull, 3, New-street, Birmingham, «+ 
their representative in that district.—Mr. R. M. Duncan 
has been appointed ma: r of the London office (Thanet 
House, 231-2, Strand, W. CG) of Messrs. A. and P. Stevens, 
of 179, St. James’s-road, Glasgow.—Mr. F. E. Andrews 
has been elected chairman of the board of directors of the 
reconstructed company of Messrs. Bruce Peebles and Co.. 
Limited, East Pilton, Edinburgh, and Mr. Lee Murray, 

appointed general manager.—Messrs. Mawds- 
ley’s, Limited, | Zone Works, Dursley, Gloucester, have ap- 
pointed as their representatives in Scotland, Messrs. Pater 
son and Service, Bath-street, Glasgow, and the Robin 
son and Hands Electrical Company, Limited, 54, Barwick- 
street, Birmingham, as their representatives for the Bir 
mingham district.— We understand that Messrs. Hawksley. 
Wild, and Co., Limited, Saville-street East, Sheffield, 
have taken up the manufacture of the ‘‘ Suckling” water- 
tube boiler.—Messrs. Mountain and Gibson, of Bury, 
Lancs, have recently completed negotiations for acquiring 
the works and business of Messrs. Thornewill and Wa: 
ham, Limited, Burton-on-Trent, and a new company 1s 
in process of formation to take over the combined busi 
ness.—We understand that the Pulsometer Engineering 
Company, 61, Queen Victoria-street, E.C., have acquired 
the iness, including goodwill, designs, records, anc 
patterns of Messrs. Easton and Anderson, Westminster. 
—Messrs. Frank Jordan and Co., 34, Fenchurch-street, 
E.C., have been appointed representatives for the London 
district by Messrs. André Citroén and Co., 19, Queen 


Victoria-street, E.C. 
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NOTES FROM THE SOUTH-WEST. 


Cardif.—The market for large steam coal has been 
quiet, and there has been little improvement as regards 
the volume of new business arran for. The best large 
steam coal has been quoted at 13s. 6d. to 14s. per ton, 
while secondary qualities have ranged from 12s. 6d. to 
13s. 3d. per ton. Recent quotations for Monmouthshire 
large steam coal have been barely maintained ; the best 
po a qualities have made 14s. 6d. to 16s. 6d. per 
ton; while No. 3 Rhondda large has brought 17s. 6d. to 
18s. per ton. Foundry coke has made 17s. 6d. to 20s. 6d. 
per ton, and furnace ditto, 15s. 6d. to 16s. 6d. per ton. 
‘As regards iron ore, Rubio has been quoted at 15s. 6d. to 
16s. per ton, upon a | ‘ , 
charges, including freight, insurance, &c., to Cardiff or 
Newport. 

The Welsh. Railway Combine.—Mr. A. Beasley, general 
manager of the Taff Vale Railway, states that if Parlia- 
ment sanctions the whole scheme, and the Taff Vale, 
Cardiff, and Rhymney Companies are amalgamated, 
“the aggregate number of votes held by the holders of 
preference and ordinary capital, which have all the same 
voting power, will be 85,763, of which Lord Bute and his 
trustees will have 8619 votes, or 10.05 per cent. If the 
Cardiff and Taff Vale alone amalgamate, the a te 
number of votes in that case will be 65,488, of which 8619 
will be held by Lord Bute’s representatives, or 13.16 per 
cent. 

The Swansea Valley.— 
bituminous coal trade, an : be 
working only four days a week ; the anthracite collieries 
have, however, been regularly employed. The spelter 
factories and tin-plate works of the district have been 
well employed. 

Newport Docks.—The half-yearly meeting of the Alex- 
andra (Newport and South Wales) Docks and Railway 
Company was held on a Lord Tredegar in the chair. 
In moving the adoption of the report and accounts, Lord 
Tredegar said they were highly satisfactory. The 
increase of revenue for the half-year was 8858/., and the 
net receipts were 10,019/. more than in the corresponding 
period of last year. The net balances were sufficient to 
pay the A and B stocks their full dividends, and 4 per 
cent. also on the preferred ordinary stock. The capital 
expenditure on works in progress and unproductive during 
the period under review amounted to 417,275/. There 
were large works going on, for which the expenditure 
during the half-year would be 102,304/. With regard to 
the hydraulic power-station, there had been such an in- 
creased demand that the directors had had to order an 
additional pumping-engine of 33 per cent. ter capa- 
city than the three sets already installed. @ provision 
of additional sidings on the Monmouthshire bank had in- 
volved the laying of nearly seven miles of railway. The 
South Dock extension, which was commenced in 1905, 
had now been completed, and the company had 48 acres 
of additional water area. The construction of the new 
lock gates was going on satisfactorily. 


Welsh Coal Exports.—The exports of coal from the 
Bristol Channel ports to the principal foreign consuming 
countries in January were :—France, 436,950 tons, as 
compared with 501,757 tons in January, 1908; Italy, 
149,800 tons, as compared with 324,151' tons; Egypt, 
107,877 tons, as compared with 117,710 tons; Brazil, 
82,926 tons, as compared with 92,735 tons ; and Argen- 
tina, 224,760 tons, as compared with 220,142 tons. 


Daymeion has prevailed in the 


Ful on the Great Western Railway.—The cost of the 
coal and coke consumed in the locomotive department of 
the Great Western Railway in the second half of last year 
was 384,736/., as compared with 389,400/. in the corre- 
sponding period of 1907. The company did not effect 
accordingly much saving in the past six months in the 
matter of combustible. The distance run by trains was 
reduced in the second half of 1908 to 26,399,035 miles, as 
compared with 26,518,329 miles in‘ the second half of 1907. 
Some Great Western trains are worked by electric trac- 
tion, and the cost of electric current in the past half-year 
was 9300/., as compared with 94097. 








Locomotive Stay-Bouts or Spring STeEL.—As is well 
known, the stay-bolts used in American practice in loco- 
motive boilers are made of iron: Of late the failures of 
these fire-box stays has given increased trouble, the break- 
ages in the boxes of the large boilers now common being 
very numerous indeed. The proposal is now made, by. 
Mr. H. V. Wille, of the Baldwin Locomotive Works, to 
use spring steel as stay-bolt material instead of iron. The 
iron bolt permits the use of a fibre stress of only 12,000 Ib. 
per square inch, while spring steel, oil-tempered, will 
stand safely 100,000 Tb. per square inch fibre stress. 
I'he higher elastic limit of the latter material enables the 
stay-holt diameter to be reduced in the stem from the 
| in. or J in, of the iron to g in. or {& in. for spring steel. 
We take the following comparative figures from a paper 
presented by Mr. Wille to the American Society of 


Mechanical ‘Engineers :— 
Actual at Number of 
Type of Bolt. Breaking “— of Vibrations 
2 Stress. Before Failure. 

l-in. iron .. 82,500 Ib. 20 oz. \ 
WIM, yy vs .. 24,500 ,, Ba 5,200 
l-in, ends, ¥,-in. 
stem spring steel 32,000 ,, 10 ,, 500,000 


The vibration test was made on specimens 6 in. long, with 
one end fixed and the other revolved through a circle of 
radius sin. The spring-steel specimens were vibrated 
“1,000 times without failure, while some of them con- 
tinued 7 to 1,000,000, while the iron specimens all 
troke at from 5000 to 6000 vibrations. 


of 50 per cent. of iron, and | 





some of the pits have been | my, 





MISCELLANEA. 


on coefficients as derived from electric conductivity 
eterminations. The method is important in two respects. 


THE eleventh annual dinner of the Central Technical | Firstly, it is easy to determine those temperature co- 
College Old Students’ Association will take place to- | efficients, but very difficult to conduct absolute determi- 
morrow, Saturday, February 20, at 7.30 p.m., at the | nations of the emission power ; and, secondly, the tem- 


Trocadero, Dr. Bovey, Rector of the Imperial College, 
will be one of the chief guests. 


It is understood that work will shortly be commenced 
on another bridge which is to span the Ni ra Gorge, to 
provide accommodation exclusively for electric railway 
service. The site selected is about 300 ft. below the present 
steel arch bridge over which the International railway 
works. On the completion of the new bridge, which it is 
estimated will cost 1 million dollars, the existing arch 
bridge will be exclusively reserved for road and foot traffic. 


The satisfaction given in America by the new system 
of making passengers pay their fares on entering the 
street cars is reflected in figures relating to the introduc- 
tion of cars built for this service on several city systems. 
Although this idea has only been introduced about a year, 
fourteen different cities will shortly have in service alto- 
gether some 2500 of these cars. About 400 such cars are 
im use in Chicago, 155 in New York, 150 in Buffalo, and 
150 in Newark,’ N.J. For short the cumbrous title of 
a ty at pa ” car is now designated by the letters 


The traffic of the port of Marseilles in 1907 was as 
follows :—Entered inwards, 8154 ships, measuring 8,444,903 
tons, with 4,638,511 tons of goods; outwards, 8176 shi 
measuring 8,432,375 tons, with 2,492,227 tons of 
ese figures, compared with those for 1906, show an 
increase of 127 ships, an increase of tonnage by 946,339 
tons, and of s by 384,798 tons. The traffic at the 
— of Marseilles, compared with that at the port of Genoa 
‘or 1907, shows :— 


Ships. Measuring. Goods. 

tons ~ tons 
Marse lles « 16,330 16,877,278 7,130,738 
Genoa « 12,647 13,549,618 6,054, 105 


The German technical journals have published lately 
the method of classifying locomotives which has been 
recommended for adoption on the German railways. The 
number of coupled wheels is to be indicated by letters 
thus, A, B, C, &c. Two driving-wheels are mark ; 
four driving-wheels B, and so forth. The other wheels 
are indicated by figures, and all indications are given 
from left to right. For example, E shows that an engine 
is one with ten coupled-wheels; D2, that it has eight 
ae tg wheels in front and four carrying wheels at the 
back; 1C, that it has a pony truck in front of six 
coupled wheels, and so forth. Articulated or duplex 
engines are designated by using the sign +, thusC + C 
indicates a Mallet. t pe of engime with two sets of six 
driving-wheels, and C 1 + 1C a similar engine, but with 
four carrying wheels between the sets of coupled wheels. 
As is well known, the custom on the Continent is to 
count the axles and not the wheels. 


Some drilling tests are recorded, in a recent number of 
the American Engineer and Ratlroad Journal, as havi 
been made on a radial drill built by the American Tool 
Works Company, Cincinnati, Ohio, U.S.A. The machine 
is a 48-in. radial drill, having 4 ft. 104 in. clearance 
between spindle and base, and 3 ft. 4} in. traverse of the 
head on the radial arm. The spindle has 24 changes of 
speed, all available without stopping the machine. In 
steel, 4.27 in. per minute were drilled with a ;-in. drill, 
the machine requiring 4.2 horse-power. With a = drill 
10.8 horse-power were recorded, a feed of 3.75 in. per 
minute being attained. The figures for 1,5-in. and 1,-in. 
drills were almost the same, the feed per minute being 
4.51 in., taking about 9 horse-power. With a 14}-in. 
drill, 2 in. per minute feed and 7.8 horse-power were 
needed. In cast iron 16.3 in. per minute were drilled 
with a 4-in. drill, taking 5.75 horse-power. With a 1,;-in. 
drill 14.4 in. were drilled per minute, requiring 15.3 
horse-power. With a 14}-in. drill 7.1 in. were drilled per 
minute with 16.8 horse-power. 


There are in France 35,000 automobiles, and of this 
number 38 per cent., says Le Génie Civil, fornis the pro- 
portion of “‘ utility” cars, such as doctors’, engineers’, 
travellers’ automobiles ; motor-cars for hire, moter-omni- 
buses, delivery-cars, and vans. Many-~ Freich: manu- 
facturers entertained great hopes inthe rapid :develop- 
ment of the latter type of cars, but have found dit that 
this development has proceeded with most remarkable 
slowness. A client who will not hesitate to spend 
1000/. for the purchase of a pleasure-car will refuse abso- 
lutely to buy a motor-van if this costs him in working and 
maintenance a few halfpence more per day than his horse- 
van. Upon further consideration, it will be allowed the 
man is right in thus acting, for in one case he diverts a 
sum from acquired profit, and in the other he has to deal 
with the source from which his wealth is derived. The 
manufacture of motor vehicles for business purposes de- 
velops slowly, adds our contemporary, because it inaugu- 
rates a far-reaching social transformation, the course of 
which may take fifty years—a very pessimistic outlook. 


A few years ago Professors H. Rubens and E. Hagen, of 
Berlin, gave the following formula for the emission power z 
of suabtle or long waves—t.c., ultra-red waves: z=100- 
R=k V x\, where z is the emission power, that of the 
black body at the same temperature being taken as 100, R 
the reflective power, x the electric conductivity, \ 
the wave length in », and & a constant deduced from 
Maxwell’s theory: k = 2 V10"%/c = 36.5, ¢ being the 
velocity of light 3.10 centimetres per second. This 
formula was found to hold within certain limits for 
platinum. It has now been tested for several other 


metals and alloys, and the temperature coefficients 
of the emission power have been compared with the tem- 


erature coefficients promise to yield valuable information. 
‘or we know from optical experiments that the temperature 


| coefficients are quite insignificant within the range of the 


visible spectrum ; but they ought to be large for long waves 
in the case of pure metals, and small for alloys. The new 
experiments, of which the results ar2 summari in the 
Physikalische Zeitschrift of last December, concern plati- 
num, silver, nickel, and the alloys brass, constantan, 
silver-platinum, and nickel-steel. The rays applied were 
the “‘rest” rays—the rays remaining after several re- 
flections—of , lle (four reflections) of mean wave- 
length 26 4, and of quartz (three reflections) of mean 
wave length 8.8 u. metals were heated up to 300 
and 5 eg. Cent. in an electric furnace in an atmo- 
sphere of nitrogen. The agreement with theory was 
found satisfactory ; platinum again behaved exceptionally 
at higher temperatures. The charecteriatic temperatures 
of nickel, at which the magnetic and electric properties 
change, were also marked by these determinations of the 
emission power. 








Lieut Raitways Act, 1896.—The Board of Trade have 
recently confirmed the under-mentioned Orders, made by 
the Light pane Commoners :—(1) Bere Alston and 
Calstock Light Railway (Extension and Amendment) 

ler, 1909, authorising the construction of a light rail- 
way in the County of Cornwall, from Kelby Bray to 
North Hill (being an extension of the light railway autho- 
rised by the Bere m and Calstock Light Railway 
Orders, 1900 to 1906), and for ose porgnes. (2) Shrop- 
shire and Montgomeryshire Light Railway Order, 1909, 
authorising the reconstruction and working as a light 
railway of certain parts of the railways and works of the 
Shropshire Railways Company, in the counties of Shrop- 
shire and Montgomeryshire. 





Our Rats Aproap.—The exports of rails from the 
United Kingdom in January were 37,247 tons, as com- 
with 28,009 tons in January, 1908, and 30,225 tons 
in January, 1907. The new year has thus commenced 
favourably ; this was accounted for by a certain revival 
in the demand for British’rails in Argentina, which 
imported 12,155 tons in January, as compared with 7975 
tons and 9463 tons, as well-as by an improvement in 
Indian business. On the other hand, there has been less 
doing of late in rails for Australia and New Zealand, 
and the exports to Canada have been quite unimportant. 
The value of the rails_ex in January was 222,170/., 
as compared with 181,307/. in January, 1908, and 178,238/. 
in January, 1907. The greatest disappointment of all in 
connection with the export rail trade +a been the collapse 
of the South African demand ; as, however, South African 
politics now present a more settled appearance, there 
may be some improvement later on. 





* Kurncertt” Tape-Jomnting MateriaAL.—It is now 
some years since the sheet-jointing material,’ manufac- 
tured by Messrs. Richard Klinger and Co., 66, Fen- 
church-street, E.C., first made its appearance. Since 
then it has become very well known for its high quality, 
as also for its suitability for all kinds of joints, both 
steam and hydraulic. For man-holes, mud-holes, &c., it 
has been much used. Objections have, however, been 
sometimes raised against 1t when employed in this way 
on account of the labour involved in a to the joint. 
In order to overcome this difficulty the material is now 
manufactured in the form of tape for making manhole 
joints, and is supplied in continuous lengths of 100 metres, 
and in the following stock widths—namely, 6 millimetres, 
8 millimetres, and 10 millimetres. We are informed that 
the material has been thoroughly tested, and gives 
remarkably long and satisfactory service. The way in 
which the tape 1s used is to wind it round the part of the 
man-hole cover that has to form the joint, in a sufficient 
number of layers to form the joint. hen wound in this 
way the tape, of course, stands on its edge, and these 
edges form the jointing surface. The material made in 
this special form appears to be specially suitable for rough 
and uneven surfaces, as it adjusts itself readily to any 
inequalities, and very little time is required for making a 
joint. 


Laxton’s BuILper’s Price-Boox.—The ninety-second 
edition of this book has just appeared, and well main- 
tains the reputation of its ecessors, a fact in itself 
sufficient to recommend it. Since the appearance of 
the 1908 edition slackness in trade has had the effect of 
bringing down the price of materials, and the prices 
ot in the book have therefore been carefully revised. 

n the present edition will be found an extract of the 
London County Council (General Powers) Act, 1908, as to 
certain sections in the 1894 Act relating to the cubical 
extent of buildings, which will interest anyone requiring 
larger floor areas for special trades. Rules ete the 
London County Council with regard to electric lighting 
and the protection of buildings from fire are also given, 
as well as drainage laws made under the Metropolitan 
Management and Building Acts Amendment Act, 1878, 
which, with the London County Council (General Powers) 
Act, 1890, the Public Health (London) Act,. 1891, the 
oe ae — ~~ are poe a oe. The new 
scale of charges for water supply, for buildi 
issued by the Metropolitan Water eeed 2 wadior the 
Act of 1907, are included under the section ‘‘ Plumber. ’ 
The book is printed and published by Kelly’s Directories, 
Limited, 182 to 184, High Holborn, W.C., and is sold by 
Messrs. Simpkin, § 1, Hamilton, Kent, and Co., 








Limited, Stationers’ Hall-court ; price 4s. 
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HYDRAULIC SHEARING-MACHINE. 


CONSTRUCTED BY MESSRS. FIELDING 


AND PLATT, 


LIMITED, ENGINEERS, 


GLOUCESTER. 














WE illustrate above a new hydraulic plate-shearing 
machine, of which Messrs. Fielding and Platt, Limited, 
of Gloucester, have recently built two for a foreign 
arsenal. The machines are designed to shear steel 
plates 30 millimetres (1.2 in.) thick by 2 metres 
(6 ft. 6f in.) wide at one stroke. The machine can 
therefore crop off plates of this width at any length, 
as the frame is wide enough to allow a plate to be 

ssed through at the full width. It can also split up 
ong plates, as it has a clear gap of 1 metre from the 
face of the shear-blade. 

The machine is built practically wholly of steel. 
The shear-slide is operated by three hydraulic cy- 
linders and rams placed at the back of the main slide 
in the manner shown in the sectional view. The three 
rams are connected to the main slide by a lever 
arrangement, the three levers being formed. in one 
steel casting, so as to ensure perfect parallelism of 
action upon the shear-slide. 

The pressure exerted can be varied to suit the thick- 
ness of plates to be dealt with, the valves being 
arranged so that either one, two, or three of the cy- 
linders can be brought into action. On the front of 
the slide-cover are fixed a pair of hydraulic cylinders, 
the rams of which are used for gripping the plate 
whilst being sheared. 








Larine Coat-Dust tn CoLtiuerties.—The Zeche Rhein- 
reussen, near Homberg, has introduced special nozzles 
or keeping the coal-dust damp in the galleries. The 
nozzles are attached by exchangeable fittings to the supply- 
pi and having sprayed on the coal for two hours, are 
shifted to another position. So far, we read in Gliick Auf, 
800 nozzles have m applied, so that every spot is 
moistened once in two or three days. At the working 
face the nozzles are attached in such a way that the 
spray falls upon the surface of the wall, not on the 
Jumps brought down, 











(JT ue Incorroratep InstiTuTION OF AUTOMOBILE EnGI- 
NEERS.—The sixth ordinary general meeting of the 
Incorporated Institution of Automobile Engineers will 
be held on March 10, at 8.15 p.m., at the Institution of 
Mechanical Engineers, Storey’s Gate, St. James’s Park, 
S.W., when papers will be read by Mr. G. H. Baillie, on 
‘“*Carburetting apesinncntn,” Mr. H. Ballantyne, F.1.C., 
F.C.8., on ‘*The Chemistry of Petrol,” and Mr. B. 
Blount, F.LC., F.C.S., on “Specifying the Quality of 
Petrol.” The meeting will be preceded at 8 p.m. by the 
annual general meeting of the Institution, when the result 
of the ot for councillors for 1909 will be announced. 
Cards of invitation to the meeting and particulars of 
membership may be obtained on application to the secre- 
tary, 1, Albemarle-street, Piccadilly, W. 








Tue Haster Locomotive Sprep-RecorpeR AND IN- 
DICATOR : ERRATA.—We regret that in the description, on 
page 182 of our issue of the 5th inst., of the Hasler loco- 
motive s -recorder and indicator, some errors were 
made when dealing with the actual diagram produced by 
the instrument. Although the units were given correctly 
on the diagram, Fig. 10, on e 182, reproduced from a 
strip taken on a run between rne and Bienne, in the 
description some of them referred to an earlier standard 
instrument. In the actual instrument dealt with in the 
article, the time intervals are marked every 14 minutes, 
and the distance record is pricked every } kilometre. 
The horizontal lines on the diagram are scaled to kilo- 
metres per hour, and in the record shown register from 
0 40 80 kilometres per hour. We may add that the paper 
‘feed is’ 4 millimetres per minute. The instrument de- 
scribed was one of the type in use abroad, but it is, of 
course, adaptable to British measurements. 


Horse-Power Computrers.—Messes. Charles Griffin 
and Co., Limited, of Exeter-street, Strand, are issuing 
two forms of circular slide-rule, designed by Mr. H. A. 
Golding, A.M.I.M.E., for the purpose of rapidly esti- 
mating the horse-power of steam and petrol-engines. The 
computer for petrol-engines ig very simple in form, and 
consists of one circular slide-rule moving over a fixed one. 
It is based on the R.A.C. rule, by which the horse-powe 
of a petrol-engine is estimated by the formula H.-P. = 
0.4 D®, where D is the diameter in inches. The instru- 
ment is graduated both in inches and millimetres. The 
computer for steam-engine practice is necessarily more 
complicated, and consists of one fixed and four moving 
rules, which can be adjusted for any combination of con- 
ditions. It is graduated for boiler pressures up to 200 Ib. 

r square inch, strokes from 6 in. = to 10 ft., and’cylin- 
ad diameters up to 120in. By suitably setting the slides, 
such problems as the determination of the cylinder dia- 
meters of a compound engine to develop 200 brake horse- 
power at a piston speed of 400 ft. per minute, with steam 
at a boiler pressure of 160 Ib. per square inch, are almost 





instantly solved. 
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VACUUM-CLEANING AND DISINFECTING MACHINE. 


CONSTRUCTED BY THE CONSOLIDATED PNEUMATIC TOOL COMPANY, LIMITED. 
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Tool for taking up 


Tool for taking up the 
Dirty Soap. = 





HE ordinary vacuum cleaner is a machine with 
Which most people are now familiar, as it has in many 
sed the usual processes of that terrible 
wn as spring-cleaning, which the male 
der so heartily dreads. 

of which is confin 
rom carpets, curtains, clothes, 
ns, and such-like things, without any pretensions 
rd Admirable as are 


to the removal of dust 


S actual cleaning. 
‘aracteristics, they are not, however, 
&S one might sometimes wish, for, 


es | ; in addition to dust 
emoval, a little who’ 


lesome scrubbing and washing is 


ect of fulfilling these additional 
combined cleaning, scrubbing, 
ne, which we illustrate above, 
constructed. Jt is not a manual 


sinfecting machi 





apparatus, being driven by an electric motor or other 
source of power, and can be made either portable or 
stationary, as may be required. It weighs approxi- 
mately 1500 Ib., and works by low-pressure vacuum as 
well as by air-pressure, depending on the duty it has 
for the time to perform. 

Fig. 1 shows in perspective a general view of a 
portable apparatus which is typical of all others of the 
same class; while in Fig. 2 we give an outline drawing 
of the machine, in which the various parts have been 
arranged in line, and not as in actual practice, in order 
more clearly to represent the construction. 

On reference to Fig. 2, it will be seen that the 
machine consists of four tanks, one acting as a dry 
separator, one as a wet separator, one as a vessel for 
clean soap and water, and the fourth as a dirty soap- 
tank. Th 


ese are respectively shown at A, B, C, and D, 





Fig. 2. The motor is shown at E, and the vacuum- 
eee at F, this being driven off the crank-axle G. 

he machines can also be supplied driven from a petrol 
motor, in which case the motor may also be employed 
for travelling the apparatus from place to place. 

One great feature of the machine is its capability of 
working at a low vacuum of 2 to 3 lb. per square inch, 
at which pressure the best results are, it is said, 
obtained ; the special method of extracting the dust 
allowing for this. Im addition to the extraction of 
dust, the scrubber, worked under air-pressure, washes 
and disinfects at the same time by means of a special 
soap compound —— When the washing is carried 
out, a suitable scrubbing brush is fitted on the end of a 
hollow handle, through which the sanitary soap 
solution is forced under air-pressure through the brush, 
the pressure being regulated by means of a valve fitted 
at the top end of the hollow handle. The soap solution 
is rub well into the surface of the article to be 
cleaned by working the brush to and fro over the whole 
area, after which the vacuum nozzle is again brought 
into use, and the dirty soap and moisture are drawn into 
the receiver D, leaving the surface of the carpet, or 
whatever it may be, clean and almost dry. In the case 
of a carpet or a rug, the nap is straightened up and 
the colours are restored almost equal to new, leaving 
the base, or weaving, practically dry, and it is 
claimed that this process does not injure the finest 
fabric. 

The dust-extractor is of the centrifugal type. 
The introduction of the air is made through a tangent 
connection inside, which deflects the air and starts it 
circulating, the centrifugal action throwing the dust 
particles to the circumference, after which gravity 

radually deposits about 90 per cent. of the dust at the 
ttom of the tank. The outlet from this tank is in 
such a position that it does not interfere with the 
incoming air, which is drawn in at a point where it is 
cleanest. After being drawn in, the air is carried up to 
the washer or wet separator B, from which it passes 
into a wet tank, where a centrifugal motion is again set 
up, which throws the water to the sides and causes if 
to run down to the bottom of the tank. The air thei 
passes to the a rfectly clean, and the best 
results are, it is said, thus obtained. The compressed 
air for the washing process is supplied from a small 
compressor attached to the piston of the vacuum pump. 

It will be readily understood that a contrivance of 
this kind is specially adapted for cleaning railway 
carriages, theatres, hotels, restaurants, &c., as all 
exposed surfaces can be cleaned and left dry without 
the necessity of dismantling. 

In addition to the apparatus described, a small 
— machine is also manufactured which can easily 

carried from room to room by hand, and which will, 
it is expected, be of great service for household 
purposes. It is electrically driven and can be coupled 
up to any ordinary plug or lamp socket, and be ready 
for use in a few minutes. This machine is, however, 
only suitable for the dry-cleaning process. All these 
machines are being constructed by the Consolidated 
Pneumatic Tool Company, Limited, of Palace Chambers, 
9, Bridge-street, Westminster, 8. W. 








THE NEW BENNIS HIGH-TEMPERATURE 
COKING-STOKER. 

CoKING-STOKERS as a class are admittedly an abso- 
lute preventive of black smoke, or any smoke, when 
not worked beyond their limits. When not used in 
conjunction with an over-strong fan-draught they un- 
doubtedly have the advantage of preventing the emis- 
sion of grits, dust, or small particles of coke from the 
chimney-top. Up to the present time the limits of 
Bang ee may be said to be :— 

1. The inability of the fire to light back at more 
than a certain speed. This is due to the lowering of 
temperature below combustion-point, which occurs 
when too much fuel is fed to the fire, thereby occa- 
sioning the absorption of heat by the mechanical and 
chemical action of the distillation of the hydro-carbons 
or smoke-producing volatile portion of the fuel at the 
stoking-point of the furnace. 

A moment’s reflection will show that the speed of 

lighting-back limits the rate at which the fuel can be 
fed, with the logical sequence of limiting the total 
amount of fuel which can be burnt upon a coking- 
stoker grate, and this accounts for the low evaporation 
of this type of stoker as compared with the sprinkling 
type. 
2. The cohesion of the mass of coked incandescent 
fuel passing slowly down the furnace grate, preventing 
the air blowing through the coke with any great velo- 
city, produces somewhat sluggish combustion, which is 
not entirely overcome by the numerous types of moving 
bars with projections upon them, which have been 
tried and discarded and then tried again by various 
makers. 

In order to increase the rate of combustion induced 
and fan draught have been advocated in conjunction 
with coking-stokers with a certain amount of success, 
but not altogether free from certain grave disadvan- 





tages, due not so much to the induced or fan draught 
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as to the — of the existing types of coking- 
stokers to take full advantage thereof. 

With the increased supply of air the rate of lighting 
back is increased, but not in direct proportion to the 
excess of air supplied, so that while the rate of com- 
bustion is increased the lighting-back effect cannot 
keep pace with the extra burning capacity of the in- 
duced or fan draught supplied, with the result that 
excess of air enters through the back end of the bars, 


preventing high efficiency. It has hitherto been ad- | 


mitted that the coking type of stoker, though both 
smokeless and gritless when properly handled, could 
not compete with the intermittent sprinkling stoker 
and compressed-air furnace, either in economical or 
evaporative efficiency, even when aided by induced or 
fan draught. 

For the last four or five years Messrs. Ed. Bennis 
and Co., Limited, Little Hulton, Bolton, and 28, Vic- 
toria-street, London, 8.W., have been experimenting 
with a view of producing a coking-stoker free from 
these drawbacks, and they claim to have gradually 
perfected a machine which, while extremely simple and 
of few working parts, gives high furnace temperature, 
high evaporative duty, high efficiency, and freedom 
from smoke. 

The new Bennis high-temperature coking-stoker 
is illustrated on page 252, Fig. 1 being a front 
elevation of the boiler, Fig. 2 a longitudinal section 
through the furnace, while Figs, 3 to 6 are details of 
the various parts of the stoker. Perspective views of 
the front of the furnace and of the bars are given in Figs. 
7 and 8, which are reproductions from pho sie. 
The apparatus consists of a machine having a se he 
into which the fuel is fed in an ordinary way. Under- 
neath this hopper, cut-offs are provided to isolate 
entirely the hopper of coal from the fire at such times 
as it is desired to have the machine stopped, or for bank- 
ing tam at night. Underneath the cut-offs duplicate 
feed-boxes are located with reciprocating feeder-rams, 
which feed the coal into the furnace alternately and 
intermittently. Between the boxes a sight-hole door 
is provided, so that the state of the fire can be ascer- 
tained by peering through the sight-hole. The sight- 
hole is not a little round Tats, p> pep te pena 8 large 
orifice, so that a perfect view of the fire can be had. 

The mechanism for working the pusher-rams consists 
of a pair of double adjustable scroll-cams controlled 
by hand-nuts, and the feed of coal can be adjusted 
by this means from nothing up to the maximum by 
infinitesimal gradations. low the feeder-boxes a 
large fire-door of considerable width is provided, which 
cuts off the air, so preventing its entry into the fur- 
nace at the front. These may be seen in our illustra- 
tions. Below the fire-door a series of live* dead-plate 
bars is provided. The usual practice in coking-stokers 
is to have a dead-plate, but the high-temperature Bennis 
coking-stoker has a live plate com of little bars. 
The reasons for this will be clear later. Below these 
live dead-plate bars the main furnace is situated, con- 
sisting of Tanie self-cleaning compressed-air furnace- 
bars, which move to and fro, the arrangement being 
shown in Fig. 2. The two outside compressed-air bars, 
however, have only a very small movement, so that 
the fuel does not travel as rapidly away from the 
front as in the rest of the furnace. The effect of this 
combination is that there is always a white-hot fire near 
the front at the two sides, and the blast of air through 
the fine air-spaces of the bars, and of the live dead- 
plate bars, is such that the whole of the fuel being fed 
across the fire is lighted up within a few inches of the 
live dead-plate bars at such a speed that the machine 
will burn about as much as a high-temperature sprink- 
ling-stoker. 

2 the ordinary coking-stoker the fuel, after being 
coked, travels along the bars in a more or less homo- 
geneous mass, through which it is difficult to force 
the air. With the Bennis coker, on the other hand, 
as the coked fuel leaves the live dead-plate it has to 
tumble over several inches, as may be seen in Figs. 2 
and 4, and as it tumbles, the mass of partially coked 
fuel breaks up into smaller pieces, thereby allowing a 
free play of air through the lumps of incandescent 
coke. The result is that the fire-bed is rendered quite 
porous instead of remaining a semi-solid mass, as it 
does in the ordinary coking-stoker. The fuel is tra- 
velled backwards along the compressed-air furnace- 
bars, meeting, as it passes, varied pressures of air 


7 


proportioned to the thickness of the fire on the | pac 


grate at each point. The rated amount of air is thus 
automatically fed in to barn the fuel that is on the 
bars. At the end of the furnace a dumping-plate is 
provided, so that the clinker may not drop off the end 
of the bars and leave a bare space (see Fig. 2). This 
is only one of the many improvements effected. 

The power of rapidly lighting back evinced by the 
new coker, carries with it the power of feeding a much 
larger amount of fuel on to the furnace, and getting it 
burnt, than obtains in any other type of coking-stoker, 
and the scrubbing of the coke by the air blown into 
the fire through the very fine air-spaces of the com- 





* That is, a dead-plate designed to admit air under 
pressure, so as to cause the rapid lighting up of the fuel. 





pressed-air furnace-bars gives the high and even fur- 
nace temperature which has hitherto been the de- 
sideratum of boiler-house economists. Flexibility is 
attained by the power of controlling the air supply to 
the compressed-air furnace-bars and by the adjustment 
of the damper of the boiler, a combination which is 
adequate to control the rate of combustion. 

In conclusion, it only remains to be said that there 
are but two adjustments for the fireman to make : one 
that determiines the rate of feed by turning a nut, and 
the other that regulates the air-feed by means of a valve. 

The cost of upkeep is reduced to a minimum, the 
parts being few and the feed-motion simple. The 
ventilated dead-plate bars keep the fire at a nicely 
calculated distance from the boiler front, which ob- 
viates the objectionable, but hitherto unavoidable, 
injury done to the whole furnace front by the parts 
becoming red-hot. 








Lonpoy’s First Prrrot-Moror Frre-Encine.—On 
Tuesday last, the 16th inst, there was delivered at the 
headquarters of the London Fire Brigade a new petrol- 
motor fire-engine, which is the first of its kind to be put 
into service in the Metropolis. It will, however, in the 
course of a few weeks, have a companion in arms, as a 
second engine of exactly the same design is practically 
completed. e new machine, which is of Merryweather’s 
patent ‘‘ Hatfield” pattern, pumps 500 gallons of water 
per minute, and can attain a s of 30 miles an hour on 
the level, whilst any hill in the London district can be 
negotiated. The pump is driven by the same motor as 
at the vehicle, the power being transferred from the 

-wheels by the movement of a single lever. It is 
specially adapted for wcrking from deep lifts, and will draw 
water from a depth of 27 ft. without priming devices. 
With its capacity for instant turn-out, its high rate of 
speed and its powerful pumping capabilities, this latest 
acquisition should certainly prove a valuable addition to 
Captain Hamilton’s rapidly-increasing motor equipment, 


ExpLosion IN A Suction-Gas Piant.—In view of the 
wide use that is made of suction-gas producers for 
small electric installations, it is satisfactory to note that 
a case of explosion which recently happened in a Berlin 
suction-gas se does not appear to be difficult to 
explain. e installation had been working a year 
without giving any trouble when the accident happened. 
The producer feeds three motors of 30, 30, and 50 horse- 
power through a common main gas-holder, 51 in. high and 
50 in. in diameter, and three smaller gas-holders, one for 
each of the motors. The effects of the explosion of the 
large gas-holder indicated a pressure of about 25 atmo- 
spheres, which could only have been ible if a con- 
siderable quantity of air had found its way into the 

roducer. Examining the conditions of the case, Mr. 

. Wegener, in the Elektrotechnische Zeitschrift, comes 
to the conclusior that air could have found its way into 
the producer in several ways. - It was, for instance, 
possible, owing to a valve having become jammed, for 
one motor to draw air into the producer through oné of 
the other motors, when the latter was not running, if the 
attendant should have forgotten, contrary to instructions, 
to turn the motor so as to shut the admission valve. 
Gauze screens were not provided in the pipes to prevent 
the flames from striking back. 


DEMONSTRATION WITH THE ‘‘ MINIMAX” FrRE-EXtTIN- 
GUISHER.—On 553 of our seventy-ninth volume we 
gave a brief description of the above apparatus, which is 
now a familiar object in many buildings. Tt is probably one 
of the simplest and most effective of fire-extinguishers of 
the hand type, consisting merely of a hollow cone of sheet- 
steel lined with lead, about 30 in. long, down the inside 
of which, from the base to the apex, a small tube runs, 
through which fluid contained in the vessel is forced by 
gases generated inside the vessel. There is an orifice in 
the middle of the base, through which a glass tube con- 
taining acid can be inser inside a perforated con- 
tainer. The cap which closes the hole in the base 
has in it a plunger which, when struck from the outside, 
breaks the glass and releases the acid contained therein. 
The vessel being filled with water in which carbonate of 
soda has been Snded, carbonic acid gas is at once 
ae, and forces the liquid out through a small 
1ole in the nozzle, to which the pipe inside is con- 
nected, as before stated. ‘The pressure generated is suffi- 
cient to force the jet about 30 ft. On Friday, the 12th 
inst., a demonstration of the above apparatus was given 
on some waste ground in Kingsway, opposite the Waldorf 
Hotel, in London. This demonstration proved very 
satisfactory. Two erections about 12 ‘+t. square and 3 ft. 
or 4 ft. deep, coated with gas-tar, had been constricted of 
king-cases, and these were placed on their sides and filled 
with laths and shavings. The material was then lighted, 
and, as there was a strong wind blowing at the time, the 
whole mass at once burst into fierce flames. After the 
material had become thoroughly alight, the water from 
the extinguisher was turned on, and in a very short time 
the fire was extinguished. The time occupied in the 
whole operation of lighting and extinguishing was very 
short, as will be gathered from the following figures :—In 
the case of the first experiment the water was turned on 
30 seconds after the shavings were lighted, and in another 
30 seconds the fire was extinguished. In the second ex- 

riment the water was turned on in 20 seconds after 
be ting, and the fire was out in 50 seconds after this. 

time allowed for the material to become properly 
ignited may appear short, but the mass was thoroughly 
a when the water was turned on, and the heat from 
it was intense, 





THE LATE MR. G. E. BELLISS. 


THE death, on Sunday last, of Mr. G. E. Belliss, of 
the firm of Messrs. Belliss and Morcom, Limited, the 
news of which will be received with regret by a very 
large circle of friends, removes from among us an 
engineer who will be remembered more particularly fo: 
his connection with the development of high-speed 
steam-engines, 

Mr. George Edward Bellis was born at Birmingham 
in 1838, being the son of Mr. John Belliss, who some 
time before had removed to that city from Shropshire. 
The son was educated at King Edward’s School, New- 
street, and at Park School, Bewdley. On leaving school 
he was apprenticed to a Mr. R. Bach, an engineer ani 
boiler-maker whose works were in Broad-street. This 
business, shortly after the termination of his appren- 
ticeship, young Mr. Belliss, together with Mr. J. 
Seekings, acquired. His rtner, however, shortly 
afterwards retired, and Mr. G. E. Belliss continued the 
business alone, under the style of ‘‘G. E. Belliss and 
Co.” As in most engineering shops of the period, the 
firm did a great variety of work, including fixed, port- 
able, and locomotive steam-engines. By degrees, how- 
ever, the work became more and more restricted, the 
movement owing its commencement to the success of 
some of Mr. Belliss’s small engines fitted to a launch 
built by Mr. J. 8. White, of East Cowes. 

As a result of the approval by the Admiralty of 
these specially light engines, the firm received a large 
number of orders for engines for steam-pinnaces and 
cutters for the Royal Navy, and from that time for- 
ward they paid greater attention to marine work. 
In 1872 the Broad-street works having become too 
small for the growing business, the firm removed to 
Ledsam-street. These works were started with about 
200 hands, but as time went on the business grew 
until recently some 1500 men were employed by the 
firm. In 1884 the late Mr. Alfred Morcom, chief 
engineer at Sheerness, resigned his position at that 
dockyard and joined Mr. Belliss as partner. The 
firm’s work now consisted of propelling machinery for 
vessels of comparatively alk size, and auxiliaries for 
marine purposes, such as pumps, ventilation and con- 
densing plant. Its scope was again enlarged to some 
extent by the development, under Mr. Morcom, of a 
department making a speciality of air-compressing 
machinery for discharging torpedoes. The marine 
work gradually grew in importance until high-speed 
engines for torpedo-boat destroyers were undertaken, 
but this was not followed up owing to better prospects 
in other directions. 

In 1889 the firm introduced their system of forced 
arterial lubrication, building enclosed high - speed 
steam-engines, and they continued to develop this type 
of engine in connection with stationary and auxiliary 
work, as, for example, electric generating plant, &c. 
These engines are well described in a paper read 
before the Institution of Mechanical Engineers in 
1897, by Mr. Morcom {reproduced in ENGINEERING, 
vol. lxiv., pages 177 and 214). 

In 1893 the concern was formed into a private com- 
pany, with Mr. Belliss as chairman and Mr. Morcom 
as managing director. Mr. Belliss retained the chair- 
manship until 1904, when, owing to failing health, he 
retired from active participation in the affairs of the 
company. Some two or three years before his retire- 
ment the works had been added to considerably by the 
erection of the Rotton Park-Street Works, a depart- 
ment devoted to electrical machinery. In ENGINEER- 
ING, vol. Ixxiv., will be found (page 373, &c.) an illus- 
trated description of Messrs. Bellis and Morcom’s 
works, together with particulars of their testing plant, 
on which engines of over 1300 horse-power are tested 
before they leave the works. 

Mr. Belliss was elected a member of the Institution 
of Mechanical Engineers in 1868. In private life he 
was a man of varied taste. He took considerable 
interest in music and painting, and was fond of travel, 
and his genial disposition made him very welcome in 
the pet circles in which he moved. Although not 


entering upon any public duties in connection with the 
town with which he was so long connected, Mr. Belliss 
was nevertheless a warm supporter of worthy public 
undertakings, such as the new General Hospital, the 
Birmingham University, &c., while he was a generous 


subscriber to philanthropic objects. Mr. Belliss’s 
death occurred at his winter residence at Milford-on- 
Sea, from pneumonia, following on a chill. 








Ovr Locomotive Exports.—The value of the locomo- 
tives exported from the United Kingdom in January was 
246,628/., as compared with 277,643/. in January, 1908, 
and 385,647/. in January, 1907. The largest external 
demand came from South America, which represented a 
value of 86,364/. in January, as compared with 81,023/. and 
283,700/. The colonial demand in January compared, as 
follows, with January, 1908, and January, 1907 :— 

Jan., 1909. Jan., 1908. Jan., 1907, 
£ £ £ 
443 


97,863 
10,819 


Colonial Group. 
British South Africa . . 
British India .. & 
Australasia 


4,080 
77,541 
2,016 


1,281 
102,877 
26,552 
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NOTES FROM THE UNITED STATES. 

PHILADELPHIA, February 5. 
WIDESPREAD cutting ag the past few days has 
upset the steel market, after almost a year of stubborn 
refusal of the great steel concerns to shade prices. 
The break is in sheets, plates, structural shapes, and iron 
and steel bars. The cut has also affected pig iron. The 
cut in prices is sweeping, and every maker ic now a 
law unto himself. If the appeals of buyers had been 
listened to a year ago, a great deal more business would 
have been done ; but the corporations, big and little, 
and individual makers, bigand little, heldcn in the belief 
that they could violate fundamental economic laws. 
On the other hand, it must be kept in mind that there 
are practically no stocks of iron or steel in the country 


worth speaking of, and we are entering upon what 
may become a very heavy building season. It should 
be observed that the United States Steel Corporation 
is still standing aloof. The upshot will probably be 


that, unless it takes heed, it will lose a great deal of 
business to its lesser competitors. But this powerful 
concern has not yet spoken. It may have the last 
word in the struggle, and it might be the word to 
slash prices below the point at which their competitors 
can make and sell iron and steel. It has the power to 
so do. It has all along been the bulwark for high and 
steady prices. At present it is the sleeping lion. If 
it roars, there will be some fast running to cover. 

Tin-plate is in very active demand at present ; all 
the independent mills are running. The American 
Sheet and Tin-Plate Company is operating 164 mills, 
which is 75 per cent. of capacity. The canning indus- 
try, the chief consumer, is agitating for a sharp reduc- 
tion in duties. The existing tariff is 14 cents per 
pound, or 1.50 dols. per box. The independent tin- 
plate manufacturers are selling for spring and summer 
delivery at 1 dol. to 2 dols. per box = hes standard 
prices, and have orders in hand that keep them run- 
ning to full puree: The “ Trust” mills are working 
to only one-half capacity. Jobbers are ordering cau- 
tiously. The cast-iron-pipe mills are all quite busy, 
most of them running to full capacity. The Ohio Fuel 
Company is in the market for 80 miles of 10-in., 12-in., 
and 16-in. 7. The Pittsburg and Buffalo Company 
isin the market for 10 miles of pipe. In the new oil 
region of Oklahoma large sales of pipe have been made 
this week, one for 13,000 ft. of sin. pipe and one for 
12,000 ft. of 3-in. pipe. The outlook is for several 
additional pipe orders for the conveyance of oil long 
distances. 





_ Liste NAVALE Francaise,—The January issue of this 
list has appeared ; it gives the names of the officers of the 
French Navy, and those of the units forming the French 
fleet. It is edited by Mr. B. Leportier, and is published 
by Mr. J. Alté, Toulon ; price by post 2.35 francs. 





Frep-WATER AND THE REMOVAL OF ImpuRITIES.—Al- 
though perhaps somewhat hackneyed, the subject of 
purification of feed-water for boilers is of such impor- 
tance that it is probably well that it should be kept 
constantly before: the attention of steam users. Fre- 
quently as it is touched upon in technical papers and before 
engineering societies, it is surprising what ignorance is 
displayed with to it. is may arise to a great 
extent from the fact.that'a thorough appreciation of its 
importance is more common among chemists than among 
steam users in general, and requires more familiarity 
with chemical processes than is possessed even by the 
average engineer. Some of the effects, too, which result 
m corrosion, for instance, such as the presence of 
carbon-dioxide gas, oxygen, and chlorine, which are 
liberated in the nascent state when water is 
up to 212 deg. Fahr., are not always of such a simple 
nature as may be supposed, so that the advice of the 
skilled chemist is often of t assistance. A paper 
on this subject, read before the Association of Engineers- 
in-Charge by Mr. John B. C. Kershaw, F.1.C., on 
January 13, was, therefore, not at all ill-timed, contain- 
ing, as it did, many useful suggestions for those who 
have boilers under their charge. In this paper the 
author mentioned a subject which we are sure does not, 
even among those who are genuinely anxious to do 
the best for their boilers, receive proper attention. 
This is the adulteration which may take place in the 
materials used for softening feed water. Where soda ash 
. used many people appear to think that, if they buy this 
chemical and employ it as directed all will be well ; but 
there is soda-ash and soda-ash, and it is always well to 
inake sure that the article which is paid for is really 
obtained, and also to be careful to pay such a price for 
the article as will leave no santanalibe doubt that it has 
»een procured. It can be, and is often, much adulterated, 
and that with foreign su that may have a 
‘oct injurious effect on the plates of a boiler. Mr. 
‘ershaw gives an instance of this where the analysis 
©! a certam water taken from a boiler show a 
strong solution of chloride, which was not present 
efore the water was softened. The soda-ash used was 
“nalysed, and it was found that it contained 49.5 per cent. 
‘f sodium chloride, and only 46.3 per cent. of carbonate. 
It is to be hoped that such gross adulteration as this is 
ot common, but it shows what great care ought to be 
‘ ercised in order that the genuine article is purchased, 
«nd not rubbish. It is also a case in point where the- 
chemist can help the engineer, for an ysis of the soda- 
ash would have shown at once that it was worthless, 


ted | both hot and cold. 





THE ROYAL METEOROLOGICAL SOCIETY. 


THE monthly pe ed this Society was held on Wed- 
nesday evening, the 17th inst., at the Institution of Civil 
Engineers, Great George-street, Westminster, Mr. H. 
Mellish, President, in the chair. 

Mr. E. Mawley read his report on ‘‘ The Phenological 
Observations for 1908.” The most noteworthy features of 
the weather of the phenological year ending November, 
1908, were the severe frosts early in January, the excep- 
tionally heavy fall of snow, and remarkably low tempera- 
tures in the latter part of April, and the marked periods 
of unusually wet and dry weather during the summer. 
In February and March wild plants came into blossom 
in advance of their usual time, but throughout the 
rest of the flowering season were more or less behind 
their average dates. Such early spring migrants as 
the swallow, cuckoo, and sigbtingslo made their ap- 

nce very late. The only deficient farm crop was 
that of barley. The yield of wheat, oats, and beans was 
rather above the average, that of and hay very good, 
while the crops of turnips, sample, end potatoes, taken 
together, were the most abundant for many years. The 
yield of apples was under the average, and that of 
and plums much under average. On the other eed, the 
crops of currants, gooseberries, and strawberries were 
almost everywhere unusually good. As regards the farm 
crops, this was the third prmen | year in succession, although, 
compared with 1906 and 1907, the yields in 1908, except in 
the case of turni mangolds, and potatoes, were very 
inferior to those of either of those years. 

Mr. W. Marriott read a paper on “‘ The Cold Spell at 
the End of December, 1908.” The weather during Dec- 
ember was generally mild until Christmas Day, when a 
considerable change took place in the distribution of 
barometric pressure, and the weather assumed a wintr 
character. Gales occu in many ginens, and snow fell 
more or less over the British Isles during the following 
week. The most remarkable feature, however, was the 
intense cold which prevailed over the central and south- 
eastern portion of England from the 28th to the 3lst. 
The temperature on the 28th did not rise above 25 deg. 
over a an Pe of the Midlands, while on 
the 29th it remained below 25 deg. over practically the 
whole of England ey the south-western counties) 
up to within about miles of the coast. On the 

th, 29th, and 30th, over the greater t of the 
country the minimum thermometer fell below 20 deg., 
while over a considerable area it fell below 10 deg. 
on the 29th and 30th. At several places the lowest 
temperature recorded was about zero. At Berkhamsted 
the a showed that the temperature remained 
below 25 deg. for a period of fifty-eight hours, a most un- 
usual occurrence. Mr. Marriott stated that the isobaric 
charts indicated that pin Bem period there was a ridge 
or wedge of high pressure between two cyclonic systems, 
and that the conditions were thus favourable for the pro- 
duction of great cold. For the month of December the 
cold was very exceptional, as the only instances in the 
neighbourhood of don or at Greenwich in which the 
maximum temperature was below 25.5 deg. for the day 
were the following :—1796, 25th, 19.5 deg. ; 1788, 28th, 
19.5 deg. ; 1816, 22nd, 24 deg. ; 1830, 24th, 22 deg. ; 1855, 
21st, 23.2 deg. 5 1874, 31st, 24.5 deg.; 1890, 22nd, 23.7 deg. ; 
and 1908, 29th, 25.4 deg., and soth, 23.3 deg. 





A New SparkinG-Piuc.—The Wolseley Tool and Motor- 
Car Company, Limited, have sent us a imen of a 
new type of sparking-plug, called the ‘‘ Siddeley,” which 
they have introduced. t has no asbestos or {mica- 
packed joints, and the porcelain is not subjected to the 
pressure of a screwed » as lo makers 
guarantee that the joint will never work loose nor leak, 
and state that the porcelain will not crack. The sparking- 
points are the rounded corners of a triangular plate of 
metal, fixed just within the rim of a cylindrical extension 
of the body of the plug. The spark-gaps are set to 
0.018 in., and are ranteed uniform within 5 mils, 
he plug is suitable for either coil or 
magneto ignition, and is claimed to withstand the fiercest 
magneto sparks, 


JAPANESE SHIPBUILDING AND SHIPPING.—The return of 
the Director of the Mercantile Marine Bureau indicates 
that the Japanese yards, like others, have suffered from 
the prevailing shipbuilding depression, but only toa limited 
extent. It is in a measure “ie to note that, at the 
end of the last financial year, there were 224’shipbuilding 

ards, excluding those devoted to the building of junks. 
his is ten more than in the previous year. ost of the 
works, however, seem to be engaged in building small 
sailing craft, of which 220, of an aggregate of 16,841 tons, 
were constructed, being 176 (of 8041 tons) less than in the 
revious year. Of steam vessels, there were built 76 (of 
838 tons), being 13 vessels and 3157 tons less than in 
the aspen year. As toshipping owned in Japan, there 
has man increase, especially in the steam craft, the 
number at the end of the year being 2223, of 1,116,945 
gross tons, the increase on the year being 75,376 tons. Of 
sailing vessels there were 4811, totalling 366,950 
tons, an increase of 12,594tons. In junks, however, there 
has been an decrease of 1997, the total now being 20,635 
tons. An analysis of the whole shows that the addition 
of new tonnage is considerably greater than that removed 
from the register disaster and other causes, so 
that there is a material improvement in the average effi- 
wa 3 of the shipping. Ten large ships were built under 
the shipbuilding encouragement certificate system, and 
twenty more are in course of construction. Navigation 
encouragement certificates were granted to twenty vessels. 
These ships were for service to Europe, America, the 
— Islands, Bombay, Java, Vladivostock, China, and 








MARINE STEAM-TURBINES. 


Ar the ordinary meeting of the Institution of Civil Engi- 
neers, held on Tuesday, February 16, Mr. James C. Inglis, 
President, in the chair, the r read was “‘ The Design 
of Marine Steam-Turbines,” by Mr. 8. J. , Assoc. 
M. Inst. C.E. The following is an abstract of the 


paper :— 
The first part deals with the best ae for the blades, 
also the shape and proportion of the blades themselves. 
Reference is made to the most suitable steam velocities 
and the ratio these should bear to the blade velocities. 
The calculations are then given for the principal dimen- 
sions of a set of com mh g turbines designed to develop 
together 10,000 shaft horse-power. The method employed 
is completely free from empirical formule. It is capable 
of = handling, and is equally adaptable for superheated 
and for wet steam. 

The method of calculating the thrust of the propeller 
is entered into, together with a few notes on the efficiency 
of the propellers. The manner in which this thrust is to 
be balanced by the steam thrust is explained. ° 

The advantages to be derived from the use of super- 
heated steam are particularly discussed, and the altera- 
tions in “ee which would be necessitated by its use are 
indicated. ntion is then made concerning some of the 
principal mechanical parts of the turbine, including bear- 
ings, adjusting blocks, and glands. A few notes on con- 
densers are also given, The relative efficiencies of the 
turbine and reciprocating engine are dealt with, and a few 
suggestions are made as to possible improvements. The 
paper concludes with a reference to one or two points that 
require attention in the manufacture. 








Lecrures ON ARCHITECTURE.—Mr. Banister Fletcher 
delivered on Monday, the 15th inst., at 8 p.m., at the 
University of London, Imperial Institute-road, South 
Kensington, the first of a course of seven lectures on 
‘** English Renaissance Architecture.” The lectures will 
cover the work of Inigo Jones, Sir Christopher Wren, 
&c., and will include Ehzabethan and Jacobean examples, 
and the most prominent work in Queen Anne and 
Georgian styles. 





TRIALS OF THE “ Ernest Renan.”—The French pro- 
tected cruiser Ernest Renan, a sister ship to the Edgar 
vant and Waldeck-Rousseau, carried out on Tuesday, 
the 9th inst., at Toulon, a preliminary trial. The full 

wer-+-37,000 horse-power—was ——— during two 
coane, when a speed of 24.5 knots, or 1.5 knots above the 
contract speed, was obtained. The trial had to be 
stopped after seven hours’ running, owing to the heating 
of an eccentric of the port engine. The boilers, of the 
Niclausse type, gave complete satisfaction. The Ernest 
Renan has a displacement of 12,570 tons, and carries four 
7.48-in., twelve 6.3-in., sixteen 2.56-in., eight 1.85-in. 
guns, and two under-water torpedo-launching tubes. 





AusTRIAN SuBMARINES.—In our mention on 167 
ante of six submarines constructed for the Austrian Slevy, 
we stated that two of the Holland type were built at the 
Whitehead Works, at Fiume, two others at Kiel, and the 
remaining two at Pola. As this may have given the 
impression that all these boats are of the Holland type, 
we take this opportunity of stating that this is not so, 
for the two made at Pola are being constructed by the 
Lake Torpedo-Boat Company, Bridgeport, Conn., U.S. A., 
who secured the order from the Austrian Government. The 
first of these boats was successfully launched on February 
10, and it is expected that the other will be launched in 
about two months’ time. These boats have each a total 
length of 100 ft., and a total submerged displacement of 
about 250 tons. They will have twin screws, and their 
motive power will be supplied by liquid-fuel motors and 
electric motors; the combined motive power in the two 
boats being 920 horse-power. These submarines will each 
have two state-rooms, besides accommodation for twelve 
rsons. e armament of each will consist of three 18-in. 
torpedo-tubes, and each ‘boat will carry six Whitehead 
oes. The Lake Torpedo-Boat Company has many 
other boats in hand, and they have recently purchased a 
ae at Bridgeport, where future boats will be con- 
structed. 





MANCHESTER Suip CanaAL.—The expenditure on capital 
account in the second half of last year was 30,924/., carry- 
ing the aggregate capital outlay to 16,729,154. The 
revenue of the ship canal in the six months ending 
December 31 amounted to 270,145/., and the working ex- 
— to 131,0397., leaving a net balance of 139,106/. 

he profit realised from the Bridgewater Canal during the 
past six months was 10,469/., and 2032/. was received for 
sundry interest, making the aggregate net revenue for the 
half-year 151,604/. This amount was more than swallowed 
up by fixed charges, and 31,9591. y hae cent. preference 
stock had to be issued to the City Council of Manchester 
to provide for its interest claim for 1908 upon its 5,000,000/. 
loan. The 139,106/. representing the net revenue for the 
second half of last i, compared with a corresponding 
net revenue of 146,145/. in the second half of 1907; 
135,356/. in the second half of 1906; 114,394/. in the 
second half of 1905; and 97,556/. in the second half of 
1904. The company, accordingly, sustained a certain 
check in the second half of last year, in consequence of 
the general depression in trade. The weight of toll-bear- 
ing merchandise which passed through the canal in the 
second half of last year was 2,313, tons, as compared 
with 2,806,967 tons in the second half of 1907. The 
weight of sea-borne paying merchandise showed a de- 
crease of 481,313 tons, 426, tons of the falling-off being 
due to reduced exports of coal. The receipts of the 
Bridgewater Canal fell off in the second half of last year 
to the extent of 20,8611. 
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HIGH-TEMPERATURE COKING-STOKER. 

CONSTRUCTED BY MESSRS. ED. BENNIS AND CO., LIMITED, ENGINEERS, LITTLE HULTON, BOLTON. 
(For Description, see Page 249.) 
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SEC* OF DEADGRIDS AT A.B. 


Fig.6: 
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THE NEW GRAVING-DOCKS AT MALTA DOCKYARD. yy 
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PLATE XXIII. 








D: HYDRAULIC PUMPING ENGINES AND ACCUMULATORS. 


TWorTy, AND CO., LIMITED, ENGINEERS, NEWCASTLE-ON-TYNF. 


Description, see Page 239.) 
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Fig. 57. 
SECTION A.A. (Fig.56) 
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NOTICES OF MEETINGS. 
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Theatre of the Literary and Philosophical Society, Westgate-road, 
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“The Scientific Education of Naval Architects,” by Professor J. J. 


Welch. jon. 
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annual of the Council will be ted to the meeting. 
election of the Presiden 
Vice-Presidents, and Members of Council will be announced at this 
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A.M.L. Mech. E. The prizes awarded by the Council for the best 


papers read by graduates during the session 1907-1908 will be pre- 
sented to Mr. C. W. Davson and Mr. A. MacKinnon. Paper to be 
further discussed :—‘‘ The Filtration and Purification of Water for 


Public Supply,” by Mr. John Don, Associate Member, of Maybole. 
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Douglas Leechman, Member of the 
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te Chairman of the London Geach 

Tue LxstiTuTION oF CrviL ENGINEERS.— , Fe 23, at 
8 p.m. r to be further discussed :—‘‘ The of Marine 
Steam-Turbines,” by Mr. Stanley John Reed, Assoc. M. Inst. C.E., 
and, time permitting, paper to be read :—“‘Some Recent Grain- 
Handling and Stori Appliances at the Millwall Docks,” by Mr. 
Magnus Mowat, M. Inst. C.E. Lectures to Students:— 8, 
February 19 and 26, at 8 p.m. :—Lectures on “Standardisation 
in Engineering Practice,” by Dr. W. C. Unwin, F.R.8., Vice- 
President Inst. C.E. Mr. James C. Inglis, President of the In- 
stitution, will occupy the chair at the meeting on February 19. 
Members of all classes of the Institution are invited to attend 
these lectures. 

Tue Institution oF ExectrricaL ENoingers.—Thursday, Feb- 
ruary 25, at 8 p.m., at the Institution of Civil Engineers. “ The Use 
of Large Gas-Engines for Generating Power,” by Mr. L. Andrews 
and (Adjourned discussion.) 

THe PaysicaL Society oF 26, at 

Coker, 


Lonvon.—Friday, 
5 p.m., by invitation of Principal Thomp and Pro 
at Finsbury Technical College, Leonard-street, City-road, E.C. 
The new engineering laboratories of the College will be open to 
Fellows of the Society from 4 p.m. —_ :—1. “ A Laboratory 
Machine for Applying Bending and ing ements Simul- 
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taneously,” by féssor Coker. 2. ‘“‘On the Self-Demagnetising 
Factor of Bar-Magnets,” by Professor Silvanus P. Thompson, 
F.R.S8., and E. W. Moss. 3. Exhibition of Optical Properties of 


Combinations of Mica and Selenite Films (after Reusch and 
others) in Convergent Polarised Light, by Professor Silvanus P. 
Thompson, F.R.S. 4. Exhibition of :—(a) Experiment to illus- 
trate the. temperature of equal density of aniline and water. 
(6) A simple form of thermo-electric pyrometer for students’ 
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small electric furnaces, by Mr. Charles R. Darling. 
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Thomson, M.A., LL.D., Sc.D., F.R.8., M.R.L, Professor of Natural 
Philosophy, R.I. (Lecture 1.) 











READING - Casns,—Reading -cases which will ho , | twenty w six 
numbers of ‘‘ ENGINEERING,” may be had of the Publisher or of any 
newsagent. Price 6s. each. . 


ENGINEERING. 


FRIDAY, FEBRUARY 19, 1909. 














23| THE GOVERNMENT AND THE NAVY. 


Tue King’s Speech in opening Parliament makes 


55 | exceptional reference to the expenditure for the 


coming year, pointing out that it ‘‘ will be consider- 
ably in excess of that of the past twelve months.” 


7) In view of the reasons given—the inclusion of the 


new provision which was made last year for old- 
age pensions, and the increase which has become 
necessary in the case of the Navy—the country 
will accept this prospect of increased expenditure 
with a less degree of opposition than might other- 
wise be the case. Untortana anaes 7 songs the 

rogramme of legislation promised contains nothing 
“ reassure the trading 5 he and to remove the 
lack of confidence in the investing public. There is 
promised a further development fn one or two direc- 
tions of that expenditure which aims at the better- 


ment of the people without assurance of the realisa- | 


tion of the object, while increased burden or 





suspicion.on the promise of legislation to provide 
work for the unemployed, because of the inability of 
any Government to put a brake upon the excessive 
driving power of the extreme wings of all parties. 
On the other hand, there may be some justification 
for anticipating good from ‘‘ the better organisation 
of the labour market through a system of co-ordi- 
nated labour exchanges.” And yet the trade unions 
have tried to increase the efficiency of their labour 
exchanges without material influence upon the 
general result. We fear such measures cannot 
succeed, because they do not reach to the root of 
the evil, and the sooner the extremists on both 
sides realise that a scheme of satisfactory employ- 
ment can only be erected on a sound foundation of 
public confidence the better it will be for the nation. 

The maintenance of naval supremacy will assist in 
making such a foundation, and it is because of this 
that the country will regard with satisfaction the 
increase in expenditure promised in connection with 
the Navy. That there has been disquietude lately 
regarding the attitude of the Government has been 
obvious to all, Whether this disquietude was quite 
age time alone can tell. The Prime Minister 

given repeated assurances that the Govern- 
ment is determined to maintain the two-Power 
standard, plus 10 per cent. The First Lord of 
the Admiralty has similarly proclaimed the aim 
of the Board to frame their estimates to meet this 
contingency. Most reasonable critics of the Govern- 
ment will accept these assurances, and will await 
with interest the publication of the Estimates. 
Unfortunately for the Government, however, there 
are the extremists in the party to consider, and it 
is an open secret that some of these are within 
the Cabinet, so that if there is a certain lack of 
confidence as to the adequacy of the provision to 
meet the necessities of the Navy, the public are not 
alone responsible. 

The subtle arguments used repeatedly by men in 
authority to explain away the Prime Minister's 
unequivocal pronouncement regarding the two- 
Power standard further lead to this end. We are 
told, for instance, that the ordinary and almost his- 
torical interpretation of the term ‘‘capital ship” was 
not the one the Prime Minister intended to adopt 
in his two-Power standard pronouncement, and that 
some of the large cruisers built a year or two ago 
may quite justifiably be included as ‘‘ capital” 
ships. But hitherto this appellation has referred 
to ships capable of lying in the line of battle. 
Dreadnoughts and Invincibles would be enormously 
hampered if a ship of the Defence or the Duke of 
Edinburgh class were included, since the effective 
range of the primary guns of the latter class of 
cruiser is 30 to 40 per cent. less than that of the 
12-in. guns of the more modern ships. Their 
armour is also less effective. Thus the classification 
of ‘‘ battleship cruiser” applied to the Defence and 
Duke of Edinburgh class of cruisers, which has crept 
into even well-informed journals, is to be deprecated. 
Another point which has never been made clear is as 
to whether the two- Power standard refers to all 
types of = The battleship, no doubt, is the most 
obvious emblem of naval power, but its efficiency 
is dependent very largely upon other units—cruisers, 
destroyers, submarine ts, reserves of guns, am- 
munition, supplies, &c.—and with regard to this 
we shall look forward with interest to the official 
statement of the First Lord, which will probably be 
issued in a fortnight or three weeks. 

The outstanding feature of the Navy Estimates, 
it is understood, is the provision of six large 
armoured ships and a fair increase in the total 
money vote, ——— not equal to the reduction 
of recent years; but probably the one feature 
which will give most satisfaction, and will tend 
most to a renewal of confidence by the country 
in the Admiralty, is the decision to issue orders 
to private firms for at least two of the vessels 
within the next two months. Indeed, we under- 
stand that specifications are already being prepared, 
and that they will be issued in the course of three 
or four weeks, in order that shipbuilders ma 
submit prices to the Admiralty. e result wi 
be that these vessels will be completed before 
May, 1911, and will, therefore, do much to adjust 
the balance of naval power in Europe, which, 
although satisfactory from the British standpoint 
now, is somewhat uncertain for 1911 and 1912. At 
the same time the two ships will go far to relieve 
the distress through unem tent B at present pre- 
vailing in many of the shipbuilding and engineering 
centres. It is too often f by those who 


restriction is placed upon industry. We look with | plead for economy that the 1,800,0001. or 2,000,0001, 
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spent on the building of a warship is money put 
into circulation for the employment of labour ; 
95 per cent. of this goes in wages, for material, and 
transport, as well as manufacture, and the turnover 
of this money through the shop-keeping and trading 
class is a further stimulus to prosperity, so that the 
action of the Government in at once laying down 
two or more ships wil] be highly appreciated. 

The new vessels will be classed as Dreadnoughts, 
but they will mark a distinct advance on that 
type; rin | will correspond more with the yo re 
with which rapid progress is being made at Ports- 
mouth. The new vessels, like the Neptune, will 
be longer than any of the Dreadnoughts. This 
increase in length has been decided upon for several 
reasons, but the one which is most operative is, 
we believe, the attainment of a new distribution 
of guns and of magazines. In the cruisers of the 
Invincible class the Admiralty reverted to the old 
practice of placing the two mid-ship twin-gun 
turrets in echelon in order that the two guns on the 
starboard side might be fired across the deck on 
the port beam, and that the port guns might simi- 
larly fire on the starboard beam. This enabled the 
whole of the eight guns of the primary battery to 
be brought into action on either side of the ship, 
and consequently materially increased the efficiency 
of attack. There may have been doubt as to the 
effect of the strains set up in the ship’s structure 
by the firing of the guns in echelon; but these 
stresses were easily calculated, and the strains 
anticipated in the structural details. The result is 
that the Inflexible’s gun arrangement has proved 
most satisfactory, and it would be only consistent 
with the principles of naval progress that this 
system should adopted in the Neptune and 
other new ships of the class. 

There will be the usual forward turret and two 
turrets aft in the centre line of the ship, one to the 
rear of the other. It is now well known that the for- 
ward turret of the aft pair is to be of greater height, 
s) that the axis of the guns will be higher above the 
water-line. This arrangement, it has been assumed, 
is to enable these guns to fire over the aft turret, 
in order to increase the astern fire. We do not 
believe that this is so. Six 12-in. guns can be fired 
astern, as in the Dreadnought—the after guns and 
those at the sides of the,ship. This gives quite a 
satisfactory defence in the event of the ship 
engaging in a stern action. Exception has been 
taken to firing guns over another turret because of 
the effect of the flash. In the Brazilian ships 
methods have been devised to overcome this, and 
the results of the gun trials of the first Elswick 
ship will be awaited with considerable interest. 
The idea in the Neptune and other ships is 
srobably to enable the guns placed at a higher 
level to clear the turret in front of them when 
firing at a considerable angle abaft the beam. 
There can be no doubt that this will be achieved, 
and that it may give a great advantage to the new 
ships. The outstanding advance, however, will be the 
ability of these ships to fire ten guns of 12-in. 
calibre on either broadside, so that we shall have 
the maximum efficiency from each gun. This deve- 
lopment is a clear indication of the efficiency of the 
designing department of the Admiralty, as it gives 
us a battleship which, in broadside action, has 25 
ner cent. greater striking power than the earlier 

readnoughts without increasing materially either 
the first cost or the maintenance expenses, while 
the complement remains the same. 








STEAM-TURBINE EFFICIENCY. 
FaLactes once started die hard. In a popular 
but unsatisfactory treatise on the steam-turbine, 
published two or three years since, it was suggested 
that the possible efficiency of a Parsons turbine 
fell off when the number of stages was increased, 
because the area exposed to fluid friction was 
greater the greater the number of stages. This 
absurd idea, originating in an imperfect knowledge 
both of hydraulics and of thermodynamics, is con- 
stantly being revived, although the truth of the 
matter was set forth in our columns as long ago as 
January, 1905. The statement in question is not 
true even in the caseof a turbine working with a 
non-elastic fluid, whilst as regards the steam-turbine 
it is the exact reverse of the actual facts. In view 
of the remarkable staying powers of this fallacy, it 
may, perhaps, be of interest to demonstrate once 
again its fundamental inaccuracy. 
Consider first the case of a single-stage as com- 


blading of all three stages being identical. Working 
with the same total head, the velocity of flow at any 
point or section of the single-stage turbine will be 
1.41 times as great as the velocity of flow at the 
corresponding point or section of either stage of 
the two-stage machine. The bucket speed will also 
be 1.4 times as great in the single-stage machine as 
in the other, so that the relative velocities will in 
the two cases be in the same proportion as the abso- 
lute velocities. The total waste of energy at any 
section due to surface friction, hydraulic shock, 
and to the formation of eddies, is certainly very 
nearly proportional to the square of the relative 
velocity of the fluid at that section. Hence, if 
v be the velocity of flow at a certain section of 
the two-stage machine, the loss there may be 
written as kv, where k is some constant ; and as 
there are two stages, the total loss will be twice this, 
or 2k v*. In thesingle-stage turbine the loss at the 
corresponding section will be k V*, where V is the 
velocity there. But V = 1.41 v, or V? = 2 v’*, so 
that the loss at a given section of the single-stage 
turbine is exactly the same as the sum of the losses 
at the two corresponding sections of the two-stage 
turbine. Though the fluid travels over double the 
area, the total loss remains exactly the same. Hence 
the mere fact that the area rubbed over is greater in 
the two-stage turbine has no effect whatever on the 
final efficiency as compared with the single-stage 
machine. If the waste of energy increased much 
less rapidly than as the square of the velocity, the 
efliciency of the single-stage machine might, no 
doubt, be greater than that having two stages, but 
this superiority would have nothing whatever to do 
with the greater extent of the surface passed over 
in the second case. There is, however, little doubt 
that the total losses in a turbine do vary very 
nearly as the square of the velocity, though at low 
speeds of flow the waste due to surface friction, pure 
and simple, does increase at a slightly lower rate 
than this. This waste, however, forms only a 
fraction of the total, which includes the losses due 
to hydraulic shock and to the ‘‘ carry over ” to the 
tail-race. Hence a two-stage hydraulic turbine 
should be fully as efficient as a single-stage one. In 
fact, since the ‘‘ carry over ” from the first stage can 
be made to do useful work in the second, the two- 
stage arrangement is actually the more efficient of 
the two, since it finally rejects as ‘‘ carry-over” 
only seven-tenths as much energy as the single- 
stage machine. 

rom the standpoint of hydraulics, therefore, 
the statement that a reduction of stages tends to 
an increase of efficiency is unsound, and in the case 
of a turbine working with an elastic fluid it is even 
more fallacious, as was clearly shown in our issue 
of January 13, 1905.- In the case of a steam- 
turbine not only does the efficiency gain by the fact 
that with a large number of stages the final loss by 
‘*carry-over” is reduced, but there is a further 
benefit from the fact that in a multi-stage turbine 
the efficiency ratio is always greater than the 
hydraulic efficiency of the machine, because part of 
the energy wasted in fluid friction at the higher 
stages is available for doing work in the lower. 
This discrepancy between the hydraulic efficiency 
and the efficiency ratio of a multi-stage turbine 
becomes greater the less the hydraulic efficiency. 
For a single-stage machine the efficiency ratio and 
the hydraulic efficiency are identical, so that we 
get the following comparison between the efficiency 
ratios of a single-stage and of a multi-stage machine, 
each having the same hydraulic efficiency. The 
figures are taken from our article of January 13, 
1905, already quoted. 


Efficiency Ratios. 
See turbine 1 09 08 0.7 0.6 los 
Multi-stage turbine 1 | 0.916 0.8286 0.7878 0.6432 '0.5455 





In the above comparison losses by ‘‘ carry over” 
are neglected, and, were these taken into account, 
the advantage of the multi-stage machine would be 
| still further enhanced. 

Again, in our issue of December 7, 1906, we 
analysed the performance of a two-stage Curtis 
turbine erected at Cork. This took 20.6 lb. of steam 
per kilowatt-hour, an excellent performance, con- 
sidering that the machine was of but 500 kilowatts 
capacity, and the yacuum under 27 in. _ Its efficiency 
ratio was 0.555, and the hydraulic efficiency 0.462. 
A multi-stage machine with the same hydraulic effi- 
ciency would have had an efficiency ratio of about 
0.582, or nearly 6 per cent. more. This shows 


stages, though mechanical and commercial -con- 
siderations may at times tend in the opposite 
direction. 
From the standpoint of thermodynamics, it is 
extremely unfortunate that builders of the Parsons 
turbine have adopted the term ‘‘ stage” to denote 
the combination of a row of fixed blades taken in 
conjunction with a set of moving ones. As a con- 
sequence, the stage of a Parsons turbine, thus 
defined, does not correspond thermodynamically to 
the stage of a turbine of the impulse type. 
Realising this, we suggested, four years ago, that 
the ‘‘ stage ” should be defined solely from thermo- 
dynamic considerations, and that each stage should 
be taken to include that part of a turbine included 
between the beginning of one drop in pressure and 
the commencement of the next drop in pressure. 
It is during this drop in pressure, and during this 
only, that heat energy is being converted into work. 
In the case of an impulse turbine the pressure falls 
only in the guide-blades, and in them some of the 
heat energy of the steam is converted into me- 
chanical energy, and appears in the shape of the 
kinetic energy of the jet. In the moving blades 
part of this mechanical energy is transferred to the 
wheel, but there is no conversion here of heat 
into work, but merely a transfer of momentum 
from the moving fluid to the wheel. Such a 
transfer has no thermodynamic significance, so that 
a fresh stage of the turbine is not entered upon 
until the steam again reaches a set of guide-blades 
A single stage of a turbine of the Curtis type may 
include, therefore, three sets of moving blades and 
two sets of fixed blades, in addition to a set of 
nozzles. In reaction turbines, on the other hand, 
there is a direct conversion of heat into work in 
every row of blades, whether moving or fixed, so 
that thermodynamically a single row of a Parsons 
turbine is equivalent to the complete stage of a 
Curtis turbine, and may well, therefore, also be 
called a ‘‘ stage.” 
A failure to realise that the true thermodynamic 
element of a Parsons turbine consists of a single 
row of blades, whether fixed or moving, often leads 
to suggestions that the efficiency of the type 
might be increased by dividing up the total fall of 
pressure unequally between the fixed and the 
moving blades—in other words, by altering the 
‘*degree of reaction.” As at presert constructed, 
the conversion of heat into mech: nical work is 
equally divided between the two sets «f b'ades. In 
the case of the fixed blades the mechanical work 
done appears wholly in the kinetic energy of the 
steam passed, whilst in the case of the moving 
blades the larger proportion appears in the shape 
of shaft horse-power. Thermodynamically, how- 
ever, the two are identical, and any departure from 
the equality of conditions at present aimed at will 
increase the losses in the fixed blades more than 
it reduces them in the moving ones. In any 
steam-turbine, given a stated initial and a stated 
final pressure, each pound of steam can at most 
do mechanical work equal to the heat ‘ available ” 
on adiabatic expansion a quantity which may be 
denoted by u. In all actual turbines a certain 
ae of this heat, theoretically available, after 
aving been converted into mechanical work is de- 
graded back again into heat by fluid friction, 
hydraulic shock, eddies, and the like, and does not 
appear as useful energy atthe shaft. If the energy 
thus wasted amounts to f units per pound of steam, 
the work which appears in the shape of shaft 
horse-power is (subject to a minor correction in the 
value of the heat available) equal to u—f units per 
pound of steam passed. Now, obviously, it matters 
not in the least, to the final efficiency of the turbine, 
whether the f units wasted are lost in the fixed 
or in the moving blades, the residue left to appear 
as shaft horse-power remains unaltered. Neglect- 
ing ‘‘carry-over” losses, the efficiency of a tur- 
bine depends upon the relative, and not on the 
absolute, velocities of the moving fluid. It is every 
bit as important that the relative velocities shall 
not be such as to involve high losses by shock and 
fluid friction in the fixed blades, as it is in the case 
of the moving ones, so that perfect symmetry 
between the two sets is obviously favourable to the 
highest economy. : 
A temporary failure to realise the fact that in 
turbines we are concerned with relative velocities 
alone has led one well-known engineer to patent the 
plan of spacing the blades of a reaction turbine about 
twice as far apart in the fixed as in the moving 
rows, the inventor having apparently momentarily 
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the blades depends, not on the absolute velocity of 
the former, but solely on its ‘‘ relative” velocity. 
Leakage losses and commercial considerations 
apart, it will appear from the foregoing that the 
possible efficiency of the reaction type of steam- 
turbine is considerably greater to that of the 
impulse type. In the former the losses per stage 
are due to the friction and shock at one row of 
blades only, whilst in each stage of the impulse type 
losses due to friction and shock at two rows at 
least are included. In actual commercial practice 
there is, however, no great difference between the 
best recorded efficiency ratios of the two classes. 
This is due to two reasons—viz., in the first place 
the reaction type suffers more from leakage losses 
than its rival, and secondly, to reduce its first cost 
it is at full load commonly run at a much smaller 
fraction of its synchronous speed than is the im- 
pulse type. It is instructive in this connection to 
compare the shape of the efficiency curve for the 
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two types as the load falls off. The curves given in 
the annexed diagram are from actual practice, the 
reaction turbine being a 2000-kilowatt electric light- 
ing unit, whilst the other is an impulse turbine of 
a well-known make and style. It is a much smaller 
machine than the reaction turbine with which it is 
compared, so that it would be unfair to compare 
together the absolute efticiencies of the two. The 
difference in the character of the curves is, however, 
very instructive. Both turbines were governed by 
throttling, and the efficiency is reckoned from the 
state of the steam in front of the first set of guide- 
blades, whilst generator losses have been allowed for. 
Apparently at full load the impulse turbine was just 
a little under-speeded, and as the average speed of 
the steam through the turbine is reduced by thrott- 
ling down, the efficiency slightly increases at first 
till the output is about seven-eighths the full- 
load capacity. Afterwards it steadily diminishes, 
the blade speed being too great for the reduced 
steam speed. With the reaction turbine an entirely 
different state of affairs is revealed. As the average 
speed of the steam throughout the turbine is 
reduced by throttling, the efficiency ratio con- 
tinuously increases till the load is reduced to about 
a quarter of the maximum, although it seems 
certain that for some time before this point is 
reached the low-pressure groups of the blading 
have already passed osm | their point of maxi- 
mum efficiency. At still lower loads negative work 
begins to be done at the low-pressure end, and the 
efficiency falls rapidly to zero. Of course, a high 
efticiency ratio does not necessarily imply a small 
coal bill, since at quarter load the turbine in ques- 
tion takes much more coal per kilowatt than at full 
load. In fact, it is relatively easy to secure a high 
efficiency ratio at low initial pressures, as occur 
When the steam is throttled down to reduce the 
output, but for coal economy a high efficiency ratio 
at full power is needed. he two curves in the 
diagram show that the reaction type is very much 
uncderspeeded at full load, but so high is its inherent 
‘ciency that it can afford to give its competitor 
the per ¢ of running at synchronism, and yet 
eual its fuel consumption per kilowatt. 











p THE PATENTS ACT. 

Last week the Comptroller gave his decisions in 
1c matter of two applications for revocation of 
In both cases the 


t} 


patents under Section 27. 








Comptroller ordered that the patents be revoked 
‘forthwith. 


In the first of the two cases the patent 
(No. 6391, of 1902) related to the manufacture of 
adhesive stays, or fastening strips, used in box- 
making. The invention was an American one, and 
the patentee admitted that the patented article was 
manufactured exclusively or mainly outside the 
United Kingdom, and that he had no intention of 
manufacturing it in the United Kingdom. The 
patentee therefore offered no opposition, and con- 
sented to an order forthwith revoking the patent. 
The patentee, however, submitted that, as he 
voluntarily relinquished his patent when he was 
made aware of the application, and within the 
shortest possible period, the case was not one in 
which the Comptroller should award costs against 
him. The Comptroller did not take this view, and 
— out that the applicant for revocation had 

en forced to expend time and money in the pre- 
paration and filing of the application. In view of 
these facts, the Comptroller ordered the patentee 
to pay to the applicant for revocation the sum of 
8l. 8s. in respect of the costs he was forced to incur. 
This decision is only interesting from the fact that 
the Comptroller has shown that he will impose 
costs even when the patentee makes no fight, and 
does not oppose the revocation of his patent. 

The second of the two cases is both interesting 
and important. According to Section 27,. if the 
patentee can prove that the patented article or 
process is manufactured or carried on te an ade- 
quate extent within the United Kingdom, the 
Comptroller cannot revoke his patent. In the case 
with which we are about to deal, the question arose 
whether the patented article had been manufactured 
to an adequate extent in this country, and the 
Comptroller has, therefore, been required to place 
an interpretation on these words. The patent in 
question was No, 18,786, of 1902, granted to Bremer 
for an invention of electric arc-lamps of the type 
in which the electrodes are inclined to each other, 
and both point in the downward direction, the are 
being formed at their lower ends. The invention 
consisted in so arranging the lamp that the hori- 
zontal feed was allowed to act to some extent 
before the downward feed mechanism was _per- 
mitted to operate. The patent had been assigned, 
and the registered proprietors of the patent were 
the British Westinghouse Electric and Manufac- 
turing Company, Limited. 

The applicant for revocation was Mr. George 
Branlik, who alleged in his application that the 
patented article was manufactured exclusively or 
mainly outside the United Kingdom. This allega- 
tion was declared by Mr. Scanes, the secretary to 
the Westinghouse Company, to be incorrect. Mr. 
Scanes also declared that the patented article had 
been manufactured to a large extent in the United 
Kingdom by the Westinghouse Company at their 
works at Trafford Park, and gave the number of 
lamps which the company had manufactured in the 
years 1905 to 1908. From this statement it ap- 
peared that 1308 lamps had been so manufactured 
up to October 23, 1908, of which 274 remained at 
that date unsold. Mr. Scanes complained that 
the sales of their lamps had been materially inter- 
fered with by the unauthorised importation of in- 
fringing lamps, and he mentioned that at the 
present moment an action to restrain such 
unauthorised importation was pending against 
the applicant. he applicant appears to have 
been possessed of information which the Westing- 
house Company had not cared to divulge, and on 
behalf of the applicant it was alleged that if he had 
not happened to possess this information it would 
never have been forthcoming for the present case. 

From the information so supplied it appeared 
that a much larger number of lamps than had been 
manufactured by the Westinghouse Company have 
been manufactured in accordance with the patent 
and imported by their licensees, Messrs. Koerting and 
Mathiesen, a German firm. The number of lamps 
so imported during the years 1906 to 1908 is said 
to have amounted to 9856. The Westinghouse Com- 
pany objected to the production of the license in its 
entirety, but the Comptroller and the ogre 
counsel were allowed to see of it, and, in the 
course of the hearing, evidence was given as to 
certain other parts of it. It appeared, from so much 
of the license granted to the German company as 
was disclosed for the first time at the hearing of the 
case, that the German company paid substantial 
royalties to the Westinghouse Company for the 
lamps, made in accordance with the patent, which 
they imported into this country ; and that they 





also, under the license, authorised the Westing- 
house Company to manufacture and sell lamps 
in this country made according to three patents 
belonging to the German company, without pay- 
ment of any royalties. The Comptroller asked 
Mr. Scanes how, in view of this importation 
by the licensees of his company, he came to de- 
clare that the allegation of the applicant that the 
patented article was exclusively or mainly manu- 
factured outside the United Kingdom was incorrect. 
Mr. Scanes replied that he had been advised to 
make the statement, and from the ments of 
counsel on behalf of the Westinghouse Company it 
would appear that reliance, with regard to the state- 
ment that the patented article was not manufac- 
tured mainly abroad, was placed on the fact that 
the patent had been infringed and that many of the 
infringing lamps had been made in this country. 
But, as we have already pointed out, Mr. Scanes 
complained only of the importation of infringing 
lamps, and not of their manufacture in this country. 
No suggestion was made in this case that the 
majority of the infringing lamps were manufactured 
in this country, and unless an overwhelming 
majority of them were manufactured here, the 
patented article must have been mainly manufac- 
tured abroad. The Comptroller said that he did 
not see how the statement of Mr. Scanes that the 
allegations of the applicant were incorrect could be 
justified. The Comptroller is satisfied that the 
applicant’s allegation as to the manufacture of the 
lamps taking place mainly outside the United King- 
dom was correct. 

The next question that had to be answered was 
whether the Westinghouse Company had manu- 
factured the lamps to an adequate extent in the 
United Kingdom, and, if not, whether their reasons 
for not doing so were adequate. It was contended 
on behalf of the Westinghouse Company that the 
manufacture at Trafford Park was clearly an adequate 
manufacture, because the company manufactured 
more than it was able to sell. It was argued that 
a patentee was entitled to import as many patented 
articles as he pleased into this country, provided 
that—notwithstanding this importation—he satis- 
fied the law as to adequate working by manufactur- 
ing and selling in this country to the best of his 
ability, whatever that ability might be. That is to 
say, that having, as in this case, granted a license to 
a licensee who did not manufacture in this country, 
the law was nevertheless satisfied if he himself 
manufactured the patented article to an adequate 
extent in this country, however small his manufac- 
ture here might be, provided always that it was not 
smaller than the margin between the demand for the 
article and the number of articles imported. This 
is a very startling contention, and we agree with 
the Comptroller that if any such interpretation 
be placed on the words ‘‘to an adequate extent,” 
Section 27 will be inoperative in many cases. The 
Comptroller does not accept such an interpretation. 
He placed on the words ‘‘ to an adequate extent” 
the meaning that the manufacture must be such as 
to satisfy substantially the demand in this country, 
even if no importation took place. As we have 
pointed out in a previous article, this interpretation 
is the same as that which the Supreme Court of the 
German Empire has given to the same words, 
which are to be found in the first section of 
Article 1 of the German law of April 7, 1891. 

The next point for consideration was whether the 
Westinghouse Company had given satisfactory 
reasons why the lamps were not manufactured in 
this country to an adequate extent. The Westing- 
house Company contended that the main reason for 
their failure to manufacture the lamps to a greater 
extent than they had done was because they had been 
so unfortunate as to grant a license to the German 
company, which could not be determined before the 
expiration of five years from the date of the license, 
—i.e., until January 1, 1911—and that the conse- 
quence of the granting of the license had been to 
render it impossible for them to sell more of their 
lamps than the public were willing to buy, having 
regard to the large importation o be by 
the licensees, the bad reputation which the West- 
agence lamps had some years ago, and the alleged 
unlicensed importation and manufacture by in- 
fringers. In other words, the Westinghouse Com- 
pany contended that the grant of this license was a 
satisfactory reason why the patented article had 
not been manufactured in the United Kingdom to a 
greater extent than the Westinghouse Company had 
as yet manufactured it, and was a conclusive reason 
why the patent should not be revoked. The Comp- 
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troller pointed out that he was here faced with a 
difficulty owing to the Westinghouse Company 
withholding evidence as to facts of which they 
must have had full knowledge. The Westinghouse 
Company would not permit the production of the 
license in its entirety, and in these circumstances it 
was, of course, impossible for the Comptroller to 
hold that the existence of a document which he had 
not been allowed to see, and of some of the con- 
tents of which he had no knowledge, was a satis- 
factory reason why the lamps were not manu- 
factured in the United Kingdom to a greater extent 
than they had been. Apart altogether from this 
difficulty, it seemed clear to the Comptroller that the 
mere existence of a license, such as this one appeared 
to be from the parts of it which were disclosed, 
could not, in any circumstances, be regarded as a 
satisfactory reason why the lamps were not manu- 
factured in this country to an adequate extent. 
The reasons given on behalf of the Westinghouse 
Company did not explain why the German company 
did not manufacture their lamps in this country, 
nor did the German company give any explanation 
why they had not manufactured the lamps here. 
The mere fact that the German company could make 
a larger profit by manufacturing the lamps in 
Germany was not a satisfactory reason for not manu- 
facturing in this country. 

Section 27 has thrown on the patentees the onus 
of proving that there are satisfactory reasons why 
the patented article is not manufactured to an 
adequate extent in this country, not necessarily ex- 
clusively by the proprietors of the patent. It 
would be sufficient if it were manufactured here to 
an adequate extent by the licensees. But in the 
present case it was not so manufactured. The 
reason for this was not, in the Comptroller’s opinion, 
the existence of the license, nor the importation 
of a reasonable number of lamps by the German 
company, but was caused by the failure of the 
German company to manufacture in this country. 
This seemed to the Comptroller to be anything but 
a satisfactory reason, and if he accepted it as such he 
would have established a precedent, the effect of 
which would be that in any case in which the owner 
of a patent found that he could make larger profits 
by royalties from a firm manufacturing the patented 
article abroad than he could make by arrangements 
under which the manufacture would be carried on in 
this country, he would be able to avoid Section 27 
by granting a foreign firm some such license as 
the Westinghouse Company appear to have granted. 

The Westinghouse Company are giving notice 
of appeal against the decision. 








THE ELBE WATER OF MAGDEBURG. 

Maapesura, the capital of the Prussian province 
of Saxony and an important industrial city, with 
more than a quarter of a million inhabitants, draws 
most of its supply water from the River Elbe, on 
which it is situated, under difficult conditions, The 
Elbe carries on average 400 cubic metres of water 
through the city per second; but the water is 
unusually salt and contains a considerable amount 
of organic matter. The industrial development of 
the district, and especially of the regions to the 
south of Magdeburg, is responsible for part of the 
trouble. Some of the features are quite peculiar, 
however, and have induced the municipality to 
keep the Elbe water under strict observation. 

Salt occurs in many places south of Magdeburg. 
The district is drained by the Saale, one of the 
chief tributaries of the Elbe, which it joins about 
20 miles above the city, south-east of it. Names 
like Saale, Salza (one of its tributaries), Halle (a 
large industrial town on the Saale), and similar 
names, frequent in the district, indicate salt. The 
famous mines of rock salt and of the still more 
valuable potassium salts, which have so much 
contributed to the development of the chemical 
industry of Germany, are also about 20 miles from 
Magdeburg, south of the city, partly on Prussian 
territory (at Stassfurt) and partly in the Duchy 
of Anhalt (at Leopoldshall), About 50 miles 
south of Magdeburg are the copper schists of the 
Mansfeld district, which have been worked for 
many centuries. Near them and near the small 
town of Kisleben, where Martin Luther was 
born in 1483, used to be two lakes, known as 
the Sweet Lake and the Salt Lake, both drained 
by the River Salza. There is still a station 
Oberréblingen am See (on the og d on the rail- 
way line Halle-Sangerhausen ; but the Salt Lake 
has disappeared, and is now tilled ground. In the 





winter, 1892-1893, some shafts of the mines became 
flooded with salt water, while the level in the Salt 
Lake was reported to be sinking. It was a dis- 
tance of nearly 10 miles from the shafts to the Lake ; 
yet the connection of the two events was evident, 
and the mine administration pumped the lake dry 
and discharged its waters through a long conduit 
and through the small River Schlenze into the 
River Saale. The lake bottom had caved in, leaving 
a hole about 60 ft. in diameter. The water of the 
lake itself was not sufficiently salt to account for 
the 10 per cent. of salt found in that conduit ; the 
salt must have been dissolved from subterranean 
deposits. It is supposed that a large lake, of 
lagoon or steppe character, as big, perhaps, as the 
Adriatic Sea, once covered that portion of Central 
Germany, and that when the less soluble rock salt 
had been deposited in thick strata, the mother- 
liquor, containing the more soluble potassium and 
magnesium salts, which generally find an outlet into 
the ocean, was hemmed in and finally also deposited 
its contents at certain spots, which now form the 
rare sources of those salts. These highly hygroscopic 
salts, which are frequently brightly coloured, were 
first cleared off as undesirable impurities of rock 
salt, until their value was recognised, about 1860. 

We return to our subject, the Elbe water, and in 
doing so we avail ourselves of a very interesting 
paper, recently read by Dr. Otto Pfeiffer, city chemist 
of Magdeburg, before the Magdeburg section of the 
Verein Deutscher Ingenieure. Magdeburg soon 
became aware—in 1893—of what had been going on 
50 miles to the south. Above the junction of the 
Saale, the Elbe water was normal, yielding 15 parts 
of solid residue in 100,000 or—what comes to the 
same—containing 150 milligrammes of salt and solid 
matter per litre (150 mg:/l.) ; 1.5 parts of this residue 
was chlorine, or 2.5 parts common salt. Below the 
junction of the Saale the salinity had always been 

igher. But in 1892-3 the solid residue rose to 
364.8 parts, and the rock-salt to 294.7 parts (2947 
milligrammes, or nearly 3 grammes per litre). In 
1892-3 the Saale discharged not less than 264 tons 
of salt per day into the Elbe. That amount slowly 
decreased, but it still keeps at two-thirds of its 
maximum; and, as matters are, about 0.8 of the 
salt found in the Lower Elbe still comes from that 
conduit, although the Salt Lake has long since 
dried up. Evidently the ground about there remains 
rich in salt. 

There is a very striking inverse relation between 
high and low water in the Elbe and its salinity. 
We stated that the average flow of the Elbe is 400 
cubic metres per second ; but the flow may rise to 
5000 cubic metres per second during floods and 
dwindle down to 100 cubic metres per second. Now 
Dr. Pfeiffer’s salinity curves of observation, which 
are taken on the Ist, 10th, and 20th of each month, 
and the inverted water-level curves agree so well, 
in spite of the irregularities of both curves, that 
the salinity may, as a rule, be predicted from 
the water-level. But this does not hold for 
special conditions or for water ‘‘ calamities,” 
when the salinity may rise to twice its normal 
amount. Such calamities are fortunately rare, and 
they can partly be explained. At Rothenburg, below 
the point where the Schlenze, which receives the salt 
water of the conduit, enters the Saale, a dam has 
been built across the river, so as to create an 
artificial basin, from which a feed-main for some 
works starts. This basin is about 2 miles long, and 
the depth exceeds in some places 15 ft. Chlorine 
determinations made at various depths in this basin 
gave the following figures :—Surface, 189 parts (in 
100,000) ; at a depth of 1 metre, 259 parts; 1.5 
metres, 3565 parts; 2.5 metres, 4054 parts ; 
3.5 metres, 4124 parts ; 5 metres, 4124 The 
chlorine contents, and therefore the salinity, rises 
therefore suddenly at the depth of 1.5 metres 
(about 5 ft.), and remains fairly constant lower 
down. It looks as if under normal conditions the 
heavy salt water kept below, and did not much mix 
with the sweet surface water. High floods, how- 
ever, sweep the whole basin almost clear of salt. 
The sudden rise at the 1.5 metres level would, appa- 
rently, be explained by the fact that the intake of the 
supply main mentioned is at that level. But that 
simple explanation is not quite satisfactory. On 
Sundays and holidays the main is closed ; the salt 
level should rise higher, and a periodic increase of the 
salinity should, therefore, be observed every seven 
days. Such an increase is not observed. Some 
other factors are evidently at work. Thus the 
solid residue was greater during the cold winter of 
1902 (212 parts in 10,000) than during the very dry 





summer of 1904 (168.4 parts) ; the water was very 
low in both cases. Dr. Pfeiffer considers that the 
winter salinity is not due to a freezing out of the 
sweet water, which would leave a concentrated salt- 
lye behind, but to the fact that the frost stops the 
water feed from many of the small rivers, so that 
the relative salinity goes up. 

That the salt water and the sweet water should 
scarcely mix in the basin is less surprising than the 
fact that even at Magdeburg, 20 miles below the 
junction of Saale and Elbe, the water of the left 

nk of the Elbe (the side on which the Saale 
enters) is much more salt than the water on the right 
bank, notwithstanding the many windings of the 
Elbe. We know that at Lyons the turbid glacier 
water of the Rhéne and the clear water of the 
Saone keep apart from one another; but the case 
is much less striking. This predomination of the 
salinity on the left bank had long been recognised, 
and the intake of the Magdeburg Water Works 
would already have been removed from the left 
bank, where it is, over to the right bank if, unfor- 
tunately, the natural separation did not fail during 
the times when it would be really valuable—at low 
water, and especially during severe frost. 

Such occurrences, we have already pointed out, 
are rare, and on the whole the high salinity is not 
more than somewhat unpleasant for the people of 
Magdeburg. Cooks want less salt ; but tea and 
coffee have a peculiar taste which a_ plentiful 
helping of sugar only makes more pronounced. 
The water is not considered really unhealthy—it 
might have been thought so years ago; at present 
some people will not touch any but mineral water. 
The mortality figure is not high. More serious is 
the trouble with the boiler feed. During the 
already-mentioned winter of 1902 some boilers of 
the gas works could not be spared and were 
not blown off for three weeks, when finally blocks 
of scale of several hundredweights had to be 
broken out. It was not boiler-scale proper; for 
the Elbe water is soft, though badly salt. The 
incrustation tasted salty, dissolved in water, and 
was, in fact, essentially common salt. Such scale 
might prove dangerous. Stalagmites of salt, like 
icicles, could be seen at the boiler-cocks. It does 
not appear that the salt accelerates the rusting of 
iron ; some magnesium salts, also contained in the 
Elbe water, probably do. 

The second source of the contamination of the 
Elbe water is formed by the waste waters from the 
— and other chemical works in the district. 

e actual twenty-six works of the district deal 
with 250 tons of crude salts per day, and send 
per second about 16 kilogrammes of waste, chiefly 
the highly soluble and little-utilised magnesium 
chloride, further magnesium sulphate and some 
alkali chloride, indirectly into the Elbe. To this is 
to be added, as a third source of contamination, the 
waste water from the mines, which brings the total 
of magnesium salt discharged into the river up to 
20 or 25 kilogrammes per second; the partial 
determinations made at various spots are in good 
agreement with the analyses conducted at Madge- 
burg. It should be mentioned that Dr. Pfeiffer 
has only recently succeeded in ascertaining how 
much of the magnesia carried by a water - 
course was bound as magnesium chloride, and 
how much as carbonate or sulphate. This, he 
points out, is important both in sanitary respects 
and for the engineer, however. For magnesium 
carbonate is a normal constituent of Apollinaris 
water, e.g., which is credited with a pleasant taste ; 
if we neutralised the carbonate by hydrochloric 
acid, we should pronounce the water to be undrink- 
able. Unfortunately, more than half of the total 
magnesia in the Elbe water seems to be present as 
chloride. Now magnesia salts tend on the whole 
to make the water hard, like calcium salts ; with 
such water more soap is wanted for washing, and 
there is trouble in tanning, in sugar works, and in 
boilers, and in the latter the magnesium chloride 
is particularly objectionable. The magnesium 
chloride is decomposed by calcium carbonate being 
precipitated as magnesium carbonate. In the. pre- 
sence of an excess of magnesium chloride some of 
the chloride dissociates and splits off hydrochloric 
acid, which attacks the iron. The use of water- 
softeners can obviate this trouble; but as the 
magnesium is only precipitated after the calcium, 
it is necessary not to use too little soda and 
lime. The addition of too much is not desirable 
either, and the softening operation is not easily 
carried out at Magdeburg, because the magnesium 
percentage fluctuates a good deal in the course of a 
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day. The effects of the contamination of the feed- 
water by magnesium chloride are still to a certain 
extent controversial, we should remark. 

The chemical works deny the charge of send- 
ing so much magnesium chloride (Mg Cl,) into the 
rivers, and some maintain, moreover, that the 
magnesium chloride should ao tod by the self- 
purification which undoubtedly takes place in rivers. 
But it is difficult to conceive such an elimination of 
magnesium chloride, and equally difficult to have 
any confidence in the fanciful means by which 
various inventors propose to remove calcium, mag- 
nesium, and alkali salts from river water. Hygienic- 
ally the presence of Mg Cl, is certainly undesirable. 
Some experts will tolerate as much as 90 milli- 
grammes per litre ; others declare 30 milligrammes 
per litre sufficiently objectionable. The Magdeburg 
average is 39 milligrammes per litre ; but at low water 
the contents ‘have risen to 110 milligrammes per 
litre, which is certainly injurious ; and this contami- 
nation by magnesia is unfortunately on the increase, 
owing to the further development of chemical works. 

The contamination by the waste water from other 
works, the Solvay soda works at Bernburg, 
various salt works at greater distances, and the 
lignite works, is not so important. As regards the 
organic impurities, the sewage from many of the 
populous towns on the Elbe and its tributaries, 
from villages and farms, has to be considered in 
the first instance. Provided a river is not covered 
in, and receives light and warmth, it can, no doubt, 
accomplish a good deal by self-purification. But 
it happens, once more to the detriment of the 
people of Magdeburg and other towns on the Elbe, 
that the further organic contamination by the refuse 
waters from sugar works is most serious during the 
winter months November and December, when 
low water and frost already cause much trouble. 
Beetroot sugar manufactories abound in the basin 
of the Elbe and its tributaries, and Magdeburg 
is the centre of the sugar trade. There are 144 
sugar works in Bohemia, and 123 in the Saale 
district. Organic matter of animal origin is 
destroyed with fair rapidity in the Elbe water. 
The vegetable impurities—largely consisting of 
fine slices of beetroot—are much more resistant. 

Yet, though not completely broken up by the 
purification in the river, they are no longer 
manga by the time they appear at Magde. 
uurg. This applies also to the organic waste 
waters from the cellulose and straw works and 
from the oil distilleries. There is sufficient organic 
matter left in the Elbe-water ; but a sharper super- 
vision of the waste waters has been po ae of 
late, matters have improved; and the filter-beds 
and bacteria of Magdeburg work well. New 
filter-beds on the Puech system are now contem- 
plated ; in this system the water forces its way up 
through fine sand and flows over at the end of the 
bed, to pass in the same manner through several 
other beds. Most of the suspended matter, partly 
of mineral origin, clay and peat, partly organic and 
consisting of small organisms, like vorticella, stentor, 
colpidium, &c., and alge, will previously have 
settled in clearing - tanks; the total suspended 
matter amounts to 20 milligrammes per litre. One 
thing the filters certainly do not accomplish, though 
they have been credited with ‘it :-they do ~ not 


diminish the amount of inorganic salts in the water. 
W hen we sail down the Elbe we do not any 
large cities until we come to Hamburg. e Elbe 


water at Hamburg is, «rid always was, much 
purer than the water of deburg, thanks largely 
to the good water of the Havel, which joins the 
Elbe below Magdéburg, and which has been puri- 
fied by flowing through many lakes. Hamburg 
used to drink unfiltered Elbe water up till about 
fifteen years ago, when a terrible cholera epidemic 
hastened the installation of filter-beds. Hamburg 
how contemplates a new water supply, and e- 
rury will sooner or later have to abandon the Elbe 
Water. It is remarkable that the city has so long 
be n able to rely upon the Elbe as the main source 
0: its potable water. It would hardly have done so 
i the water of the 120 wells were better. The 
creation Of artificial lakes has of late made great 
Striies in Germany, and a great reservoir will 
probably be created in the Harz Mountains, 40 miles 
West of the city of Magdeburg. 





7 OIL-FUEL RESULTS. 

".XCEPT in the case of steamers built for i 
‘in bulk, or those trading to or from, rine the 
reson of, the oil-fields, it can scarcely be said that 


oO 





liquid fuel has made much headway in the merchant 


service. It is true that the evaporative efficiency, 
weight for weight, is from 33 to 70 per cent. better 
than coal, according to the calorific value of the 
latter, and that the reduction in bunker capacity and 
in weight of fuel carried enables more cargo to be 
taken, or a smaller ship to be built for a given 
duty, or a higher speed to be realised for the load 
carried. In the case of the high-speed Cunarders, 
for instance, there might have been a possible 
reduction .of between 2000 and 3000 tons in dis- 
placement, and this would have increased greatly 
the speed for the same power, or reduced the 
power for the same speed. But with oil in this 
country selling at 60s., as compared with anything 
from 10s. to 20s. per ton for coal, there is not 
much inducement to adopt the liquid-fuel system. 
Indeed, the great cost is carrying weight with 
economists, even at the Admiralty, notwithstandin; 
the great strategical and tactical advantages of oi 
fuel already well known. 

There are other gains, however, in the reduction 
of the cost of burning the fuel—in the loading, 
trimming, and stoking of fuel, in the smaller staff 
required, and in the repairs, &c., bill. It has been 
difficult to get exact comparative data of the finan- 
cial results of burning oil and coal, apart from the 
calorific results. In the accompanying table there 
are given such comparative figures from three 
merchant ships in service :— 

Comparison of the Labour Cost per Day of Burning Coal 
and Oil in Three Steamers. 
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There is given a comparison of the expenses in 
three different ships, the third a moderate-sized 
cargo-carrier. Column 4 gives the consumption 
respectively in each ship for the same service, and 
it will be seen that the oil is about 33 per cent. less 
than the coal; in other words, 2 tons of oil give 
the same energy at the propeller as 3 tons of coal. 
The number of firemen Sap e 5) and the wages paid 
(column 6) in the smaller steamers when using oil 
fuel is less than one-fourth what they are when 
using coal; but with increased size of ship and 
— power of machinery the gain is augmented. 

hus the owner of the cargo steamer using oil 
mays in wages only one-fifth of the sum dis- 

ursed when burning coal. Oil does not need 
to be trimmed nor conveyed by men from distant 
bunkers. For very small cost in steam pumping 

wer it is automatically fed into the boiler, which 
is not the case with coal. The relative repair and 
maintenance costs given in column 8 are most sig- 
nificant : liquid fuel is a preservative of steel ; as 
the boiler doors are never opened,ias with coal- 
burning, there are no such sudden variations in 
temperature as those which affect junctions of 
tubes with tube-plates, and involve other troubles 
with coal-fired boilers. The net result is that oil 
in a steamer using 200 tons per day costs 4d. per 
ton to burn, against 2s. 6d. for coal. _This does not 
include the first cost of the fuel or plant for sepa- 
rating water from the oil, heating, compressing, and 
air-spraying the oil. 








NOTES. 
Tue Faticve or Copper Pires. 

In a paper recently read before the North- 
East Coast Institution of Engineers and Ship- 
builders, Mr. James M. Allan draws attention 
to the enormous degree to which the strength and 
ductility of copper can be affected by good or bad 
methods of annealing. Most of the tests were 
made by determining the number of bends, back- 
wards and forwards, which strips of copper, heated 
in different. ways, would stand before ure. A 


strip tested thus, as received from the makers, 
stood 44 bends. Corresponding strips raised to 
a dull-red heat, and allowed to cool slowly 








in air, withstood 41 bends before fracture, whilst 
other specimens similarly heated and quenched 
in water required over 46 bends to break 
them. Raising the temperature to a bright in- 
stead of a dull red, and quenching in water, 
increased the resistance to 73} bends, whilst 
similar specimens cooled slowly broke at 49 bends, 
Prolonged heating at a bright-red heat was found 
injurious, the resistance being lowered to 46 
bends. The now well-known danger of heating 
copper in a reducing flame was “a * markedly 
shown in some further experiments. e number 
of bends before fracture was reduced in one case to 
fifteen only, and an examination of the surface of 
the metal proved it to be brittle and porous. The 
advantage of annealing in restoring ductility to 
copper hardened by mechanical strain was well 
shown by making comparative tensile tests on two 
sets of specimens. In each case the load was in- 
creased step by step by increments of } ton at a 
time, the specimen being wholly relieved from 
stress between each successive addition of the load. 
In the one set of experiments the specimens were 
annealed between each successive application of 
new load, whilst this was not done with the other 
set. The specimens thus annealed extended uni- 
formly throughout, the final extension being 105 to 
123 per cent of the original length. With the un- 
annealed specimens the final stretch ranged between 
but 46 and 53 per cent. 


Sarety 1n CoaL-MrInNes IN THE UNITED STATES. 


The United States has for some years held a rather 
unenviable record as regards the loss of life in con- 
nection with the coal-mining industry. In fifteen 
recent years the number of employés killed per thou- 
sand advanced from 2.51 to 3.16, while for most Euro- 

n countries the figure is well under 2 per 1000, 
‘he United States Government has now officially 
taken this subject up, and, in addition to conduct- 


- | ing experiments of explosives for use in coal-mines, 


is also taking steps to encourage the use of rescue 
apparatus such as is now being provided in this 
and other countries. The work has been placed in 
the hands of the United States Geological Survey 
Departiiznt, and a testing-station for explosives 
has been erected at Pittsburg, Pa. Here the tests 
are made in a steel cylinder 100 ft. long and 6 ft, 
in diameter. This cylinder is fitted with shelves, 
on which coal-dust is laid, with port-holes on one side, 
and with a series of relief-doorsin the roof. The cy- 
linder can be filled with gas and air in different pro- 
portions, and the effect of the test of the explosions 
watched from a building outside, through the port- 
holes. The Department has drawn up a series of 
five tests, of which the first three consist of tests, 
under various conditions, of ten shots each. The 
first test is made in a mixture of gas and air con- 
taining 8 per cent. of methane and ethane. In the 
second test the shots are fired into a mixture of 
gas and air containing 4 per cent. methane and 
ethane, while 20 1b. of coal-dust is placed in the first 
20 ft. of the gallery. In the third test 401b. of coal- 
dust are to be distributed—20 lb. along a trestle 
immediately in front of the cannon, and 20 lb, on 
the shelves. The two other tests refer to the 
determination of limit charges: (1) under condi- 
tions similar to that in the second test above ; and 
(2) under similar conditions, except that 2 per cent. 
of methane and ethane will be used, instead of 
4 percent. The results of these tests are to be 
published -with a view to encouraging the adop- 
tion, by mine authorities, of safe explosives. In 
addition to this. testing plant, a training station has 
been also started at Pittsburg, where men are 
familiarised with the use of rescue apparatus, &c., 
after the manner of the training carried out at 
stations already at work in this country. It is 
announced that nine or ten such stations are 
lanned by the Government of the United States. 
hese are to act both as training centres and as 
stores for rescue apparatus for the use of the dis- 
trict. It has been decided to start one of the 
stations at the University of Illinois and one at the 
University of Tennessee, at Knoxville, both in im- 
rtant mining centres, while others are to be at 
ton, N.M., and South McAlester, Okla. It will 
bene be seen that the United States Government is 
ing an active part in improving mining condi- 
tions, and it is to be ho - that the effect of 
these steps will be refi in an immediate and 
considerable reduction in the serious loss of life 
that has occurred in her coal-mining industry in 
recent years, and which has shocked public opinion 
by its great frequency.. 


| 
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‘“*GUEST’S LAW OF COMBINED STRESS.” 
To THE Epitor OF ENGINEERING. 

Sir,—We must welcome Mr. Turner as another worker 
in the field of combined stress in materials, as shown by 
his article in your recent numbers. The published results 
give us very little additional information, but the promised 
research should prove extremely valuable. As Mr. Turner 
has given an indication of his future work, I feel sure 
that he will welcome a little criticism, which will be more 
valuable now than at the conclusion of the tests. 

Mr. Turner’s test complaint, regarding Guest’s 
results, is that each tube was used for several tests ; more- 
over, I do not remember that Guest annealed a tube 
between successive tests, and on hurriedly glancing 
through the paper as I write, I do not notice any refer- 
ence to the matter. Guest writes that he decided to 
anneal the tubes before use, and mentions the effect of 
annealing on an overstrained specimen. Notwithstanding 
any of the objections which have been raised regarding 
Guest’s work, we all agree that his conclusions were 
correct; the time has now come when the attention of 
engineers is being drawn to the maximum stress criterion 
for yield, as by Mr. Smith’s recent article. 

My own view has been that it is desirable to make 
tests on specimens of reasonable size ; the practical engi- 
neer will refuse to ise tests on thin tubes. Com- 
bined bending and twisting is the most common practical 
example of combined stress, and the simplest to apply; 
tecteclone, I chose this system of loading on solid bars of 
fair size, } in. in diameter, for my experiments. 

Granting that a tube be necessary for the application of 
internal pressure, thus obtaining three-dimensional stress, 
how much will Mr. Turner’s work differ from that of 
Guest? It appears to me that the substitution of different 
specimens, instead of making a series of tests on one tube, 
is the important change in the plan of the research. The 
results published in your issue are mostly from tests in 
tension or torsion alone, and their object may be taken as 
affording a check on the uniformity of the specimens. 
From this point of view they are not etagetiee satis- 
factory, ~e it appears that the probable error from this 
cause is even greater than Guest’s from changes in his 
tubes under repeated loadings. It would be interesting 
to know whether the new tubes to be used by Mr. Turner 
are more uniform than the last batch, and, if not, would it 
not be well to attend to this matter, even if it necessitated 
obtaining tubes of a different material. Given satisfactory 
specimens, the second part of the work will then be 
practically a repetition and confirmation of Guest’s 
research. 

May I ask Mr. Turner for further information as to 
the soldering of the ends. -My own experience of this 
method of holding has not been altogether satisfactory. 
I should like to know whether he found it necessary also 
to pin the ends, and if the treatment was likely to affect 
the tube near the ends; I do not suggest that it altered 
his results—in his case the measu part was not near 
the ends. 

In conclusion, I would suggest that, with a uniform 
loading, the material will yield at any plane of weakness 
along the specimen, and therefore & comparison the 
method which I adopted—limiting the maximum bending 
moment to one plane, and the maximum shear stress due 
to twisting to the outer skin of the bar—is more likely 
to give uniform results, 

Yours faithfully, 
Wa ter A. Scope. 

City and Guilds Technical College, Finsbury, E.C. 





To THE Eprtor oF ENGINEERING. 

Str,—The further experimental confirmation of the 
work by Mr. J. J. Guest, which Mr. L. B. Turner con- 
tributed. to your issue of last week, is valuable. Mr. 
Turner is to be congratulated upon the striking results 
which he has obtained. His generous allusions to my 
own work make it difficult for me to criticise his contn- 
bution. 

It is, however, of great importance at this stage to be 
agreed concerning nomenclature. It does not very much 
matter whether Mr. Turner or myself be right, concern- 
ing the most commonly used title, of what I mentioned as 
** Guest’s law.” Let us call this something different to the 
** maximum-shear-stress ” theory, otherwise we shall con- 
tinue to have the same o/d confusion concerning the failure 
of materials under combined stress. In order to avoid 
the possibility of a student imagining that a crank-shaft 
subjected to bending and twisting fails by the maximum 
shear stress due to twisting—i.c., imagining that the bend- 
ing has nothing to do with the failure of the shaft—let us 
make matters easy by a short title. 

In this country we are apt to forget the pioneers. Here 
is an opportunity to remove that reproach. For these two 
good reasons T trust that in his future work Mr. Turner 
will agree to the nomenclature of ‘‘ Guest's law.” 

T am, Sir, yours eo 
C. A. Smrru. 


East London College, University of London, 
February 15, 1909, 





To THE Eprtor oF ENGINEERING. 

Srr,—I have read with great interest the article on the 
above subject which appeared in your issue of July 10, 
1908, and the ensuing correspondence. Knowing that 
Mr. Turner had been working on this problem, I had been 
looking forward to the articles from his pen which you 
have published in your last two issues. It is evident that 
Mr. Turner has spared no pains in his attempt to sub- 
stantiate Guest's theory ; but though I am of those who 
believe that, in the determination of yield-point, shear, 
in general, plays the major part, I am still by ho means 
convinced that it is the only factor to be considered. 

Before pi ing, however, I should point out a 








simple, but none the less important, mistake which Mr. 
urner made in his estimate of the effect of eccen- 
tricity of bore in his tubes. . 

In Fig. 1 (greatly exaggerated), if A, B be the centres 
of the outer and inner surfaces, a and (a—t) their radii, 
and A B (= e) the eccentricity, then the centre of gravity 
of the resulting section will be at G, where 

GA = © ord = ¢ 
AB 322 2¢t 
(¢ being regarded as small compared with a). 
Considering the axial load as accurately concentric with 
the outer surface, the resulting moment will be, not Pe, 


a 


but P x ; f The moment of inertia of the section is still 


sensibly the same, so that the increase of stress on the 
thin side of the tube, due to the eccentricity, will be 


a a 
Px 33¢* gnP 


2 
and the ratio of this to the average stress is not, as he has 


e 
“At 


it, <, but 7 which, with the size of tube given, is more 
It is difficult to judge the 


than twenty times as great. 


Fig.t. 











2. SIMPLE TENSION 






Fig.3. pure rorque 


Fig.4. oirrenences oF Max SHEAR 









which the accidental variations are so considerable as to 
prove confusing. The method has the merit of auto- 
matically rejecting unserviceable readings, and is con- 
siderably more accurate than simply taking a mean. 
Below the base lines in the figures a dot is placed to repre- 
sent each reading that has been recorded. A cursor of 
convenient length* is then supposed to traverse over these 
dots, and on the ordinate corresponding to the middle of 
the cursor in any position a point is plotted giving the 
number of dots comprised within the cursor in that posi- 
tion. For instance, with the cursor in the position shown 
the plotted ordinate is3. In this way a curve is obtained 
whose maximum ordinate marks the position of the most 

robable value of the quantity which has been observed. 

he values obtained in the present case are 2225 and 23 
i peg corresponding to shears of 15,800 and 16,600, 
with a difference of 800, or 5 per cent. 

But the thing to notice about these curves is that, in 
the case of simple tension, the points all lie tolerably close 
to a smooth curve which does not deviate much from the 
ideal probability curve, thereby indicating a normal dis- 
tribution of accidental error (such as would be produced, 
for instance, among other causes, by the eccentricity of 
bore referred to above), while those on the torque curve 
are scattered much more irregularly about it ; so that, of 
the two sets of results, those in torque are, in reality, the 
less reliable. 

The cause of this is, I suppose, to be sought in a lack of 
isotropy in the tubes, due to the process of manufacture. 
In the case of simple tension, the shears, which un- 
doubtedly play an important, if not perhaps the only, 
part in producing yield, are both inclined at an angle of 
45 deg. to the axis, whereas, in the case of simple torque, 
one of these shears is perpendicular to the axis, and the 
other longitudinal—.c., in just the direction in which 
irregularities may be expected in the shearing strength, 
due to the processes of rolling and drawing. 

It will at once be remarked that, although differences 
may occur between specimens cut from the same tube, 
such specimens are, none the less, likely to be nearer in 
their properties than those cut from different tubes ; and 
that, in taking all the tension, and all the torque results 
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least eccentricity which would be just ‘‘ perceptible to the | together, I have neglected to take any account of this. I 


naked eye ;” but sup’ 
Then, taking the thickness of the tube as , in., this 
to an error of 24 per cent. in the estimated stress, or to 
a difference of 5 per cent. between the greatest and least 
tensions in the specimen. The corresponding value of d 
is gy in. 

nthe case of torque, the geometry demands that the 
shearing strain, and consequently the shearing stress, 
shall be the same at all points of a section provided only 
that the section remains plane, and it is difficult to see 
how a slight eccentricity could have any appreciable effect 
on this. Accordingly, we find that in those cases where 
Mr. Turner has given us two similar tests on specimen: 
cut from the same tube, the variations in maximum shear 
are 2 percent. and 1.7 per cent. respectively (variations 
exactly comparable With these recorded in the cross- 
sectional areas of different portions of the same tube), 
while in the case of tension the difference is over 7 per 
cent. 
_ This does not, however,- imply that the tensile tests 
in general, or even in this particular instance, are to be 
regarded as less reliable than torsion tests, as I hope to 


prove. 
In Figs. 2 and 3, I have plotted curves of probability 








an eccentricity of only y¢y5 in. | reply that the same is true of the process of taking the 


arithmetic mean of the differences, which is nothing more 
nor less than the difference of the arithmetic means. 

But the method I have indicated does actually afford 
us the means of taking into account such similarity as 
really exists between specimens cut from the same tube. 
In Fig. 4 I have plotted the probability curve for the 
differences of corresponding pairs ; this indicates, clearly 
enough, 1050 as the most probable value of this difference. 
This is a matter of 64 per cent., a figure, somewhat un- 
expectedly, greater than that obtained by taking the two 
series separately.t ' 

The reason for this is not, however, far to seek. The 

* The length chosen will depend on various circum- 
stances. e cursor should be long enough to include « 
fair number of points when placed in the region where 
they are thickest, and at the same time not so long as tuo 
include nearly all the points at once. About a third or a 
quarter of the total range covered (excluding any very 
extreme points) will generally be found suitable. 

+ In Fig. 4 I have shown in dotted lines the curve ob 
tained by using a cursor six spaces long instead of four, 
the object being to show that, within reasonable limits, 


from Mr. Turner's figures, by a method which I have/|the same result, as regards maximum probability, 1 
ful in analysing series of results in | obtained with any length of cursor. 


frequently found use 
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tendency of the rolling and drawing of the tubes is to 
produce a fibrous structure in the material in the direc- 
tion of the shear in pure torque. The effect of this will 
be that in many cases the shear resistance in torque will 
be low compared with that in tension. In plotting the 
torque results alone, the presence of these s odie 
iv v readings is masked by the actual variations of strength 
in different specimens, and only appears in the general 
irregularity of the probability curve noted above. But 
in the curve of differences, the effects of these actual 
variations are to some extent eliminated, and we at once 
see that practically all the extraneous readings are on one 
side of the curve—corresponding to low strength in torque. 

The figure 64 per cent., then, may be taken as. fairly 
representing the deviation from Guest’s law indicated by 


these experiments. . ‘ a 
I fear I pashenty dosvive myself in thinking that my 


way of rding this question is likely to be clearer to 
your venta rt pe Ts which have fond put forward 
by previous correspondents. It is so to me, however, and 
I'am tempted to give it for what it is worth. 

In the first place it is necessary to be quite clear as to 
the nature of the inquiry. In designing a simple tie-rod, 
if we know the tensile strength of the material, the manner 
in which yield actually takes place does not matter a 
button; nor does it in designing a transmission-shaft if we 
know the torsional strength. But in any more complex 
design (such as the oft-quoted crank-shaft) these things do 
not directly help us, and it is essential to know exactly 
how the yield occurs, in order to be able to deduce, from 
one or both of these, or other simply obtainable data, the 
actual strength of the design. : 

Across any plane of section, then, there are, in general, 
two forces acting—one normal and the other tangential.* 
Yield may occur in one of two ways, Either the purely 
normal stress may prove sufficient to overcome the forces 
of cohesion, in which case direct normal separation would 
result, on which, clearly, the tangential stress will be 
without effect ; or else the tangential stress may give rise 
to asliding movement in the plane, on which phenomenon, 
equally clearly, the normal stress might, and in fact 
probably would, have an influence. 

Now in most engineering problems the system of stress 
to be considered is what is known as two-dimensionalt— 
i.c., one of the principal stresses is zero. In this case the 
maximum shear is always exactly half the greatest prin- 
cipal stress, so that if the resistance of the cohesive forces 
to absolute normal yield (an entirely different thing from 
the yield-strength in simple tension with which it is 
frequently confused) be ter than twice the resistance 
to yield by sliding (which, to my mind, scarcely seems to 
need proof, pene the present and other similar experi- 
ments form a conclusive demonstration), it follows that 
the material will yield first in shear. 

But, from what has been said above, if p, q be the 
normal and tangential stresses across any section, and qo 
the yield-stress in pure shear, the most general expression 
for the resistance to shearing yield may be written 
r = + f(p, q), and the condition Of no yield will be 


q is not greater than gp + f (p, q) (i.) 
where, for Guest’s theory to be true, we should need to 
have f (p,q) = 0 simply. 

Now what has been shown by these and other experi- 
ments is not that f (p,q) = 0, but that’ (p, gq) is, in 
general, small compared with q, so that, for pur 
of practical design, taking into consideration the large 
factor of safety usually employed, we may, in all ordinary 
cases, base our calculations with reasonable confidence 
on Guest’s law.t 

But a difference of 64 per cent., as the result of so large 
a number of experiments as Mr. Turner has reco > 
seems tome far beyond experimental error, and it does 
not appear — to regard Guest’s law as anything 
more than what we should naturally expect it to be—a 
good first approximation. To get the true law of yield 
we need a determination of the el of f (pq). At present 
the experimental evidence does not suffice for this, and 
we can only make hypotheses. 

In the case of pure shear the condition (i.) takes the 
form q is not greater than go, so that f (p, g) = 0 when 
p = 0, and the condition may therefore be rewritten 

q is not greater than q + p ¢ (p. ¢) (ii.) 

In the lack of more accurate information, the simplest 
assumption we cah make concerning @ is that it is 
constant. The condition has then the form suggested by 
the internal friction theory, so that this assumption 
appears, to some extent at any rate, justifiable. Further, 
the 64 per cent. error deduced from Mr. Turner’s results 
1s in the sense required by this theory. 


Yours ey 
‘ J. E. Sears, Jun. 
6, Perey Terrace, Newcastle-on-Tyne, Feb. 16, 1909. 


* These forces can be expressed in terms of the three 
principal stresses, and these again by a system of linear 





equations, in terms of the strains, so that a result found 
im any one form can be immediately expressed in terms of 
either of the others. It is easiest to think of the two 
“tresses actually acting across any plane section. 

+ The use of this term is unfortunate, as it tempts us to 
forget that the body actually has a third dimension, and 
that stresses, both normal and tangential, are set up across 
crery oblique plane in it. The greatest shear in two- 
dimensional stress does, in fact, occur on one of these 
oblique es. 

. + In the category of ordinary cases for this are 
included all cases of two-dimensional stress. only | 


cases in which large errors are likely to occur are those in 
which all the principal stresses are of the same sign, and 


of the same order o i 


magnitude. In such a case the shear 


with the normal | 


~— any plane is always small compared 
orce, 





RECORDING THE ROLLING OF SHIPS. 
To THE Eprror oF ENGINEERING. 

Str,—I was disappointed to find that your article on 
page 203 of your last issue described an instrument for 
registering the rolling and pitching motions of a ship as 
the invention of Professor é. Hecker, of Potsdam. This 
instrument was made many years ago by the late Mr. W. 
Froude, and used by him on several of His Majesty’s 
ships with great success. 

Mr. Froude’s yo is superior to the one described, 
inasmuch that in his instrument he arra for simul- 
taneous records of the rolling or pitching of a vessel from 
a pendulum of very short period and also from one of very 


a . 

e former pendulum at each instant indicated the 
relative inclination of the ship to the effective wave slope, 
whilst the latter indicated the inclination of the ship to 
the vertical ; and by means of these two readings a com- 
plete analysis could be made. 

It is, of course, imperative to have the apparatus at the 
centre of gravity of the ship. 

he short pendulum in Nir. Froude’s instrument was a 
very powerful one, and consisted of a 24-in. diameter tube, 
20 in. long, filled with lead and pivoted on knife-edges 
near the upper part of its diameter. 

Its period was only { second. The other pendulum had 
a period of 34 seconds, and was of most ingenious con- 
struction. 

Both these pendulums, and also the time-base pen, re- 
corded on a drum actuated by clockwork. 

Anyone who uires further particulars of Froude’s 
instrument will find them in either the Transactions of 
Naval Architects, vol, xiv., or in White’s ‘‘ Manual 
of Naval Architecture.” Mr. Froude used two such in- 
struments for his observations—one for rolling and the 


other for pitching. 
Yours “= 
NGLATERRA. 


[We did not speak of an énvention of Professor Hecker’s, 
nor did Professor Hecker ; the first lines of our article 
should make sufficiently clear how Professor Hecker 
came to devise this apparatus. The reference to Mr. 
Froude’s paper, which was read in April, 1873, is very 
interesting, and both Mr. Froude’s communication and 
the discussion to which it gave rise were most instructive. 
If the exceedingly simple apparatus which we described 
will accomplish what the ingenious, but somewhat 
elaborate, instrument of Mr. Froude did, it deserves a 
notice. The interpretation of such oscillation curves is 
always a difficult matter.—Ep. E.] 








‘*UNIVERSITY DEGREES 
ENGINEERING.” 
To THE EpiTor oF ENGINEERING. 

Sir,-—In your issue of January 8 there appeared a very 
interesting article by Professor J. A. Fleming, entitled 
“University Degrees in Engineering.” I do not presume 
to be able to discuss the subject in all its aspects with 
the full knowledge that he but I have been 
engaged for the past year or two in studying the curricula 
of the British and some foreign universities, and éndeavour- 
ing to frame a course of studies in civil engineering, suit- 
able for University College, Cork, a constituent college of 
the new National University of Ireland. (It may be well 
to state that the National University and Queen’s Uni- 
versity, Belfast, will occupy the place up till now held by 
the Royal University, but they will be teaching univer- 
sities in all branches, whereas the Royal is only an 
examining body in the non-professional groups of studies. ) 

When one goes through the courses of various institu- 
tions, and endeavours to frame a course which shall at 
once include the essentials of a sound engineering educa- 
tion, be of such dimensions as a student may reason- 
ably hope’ to grapple with, and also meet the needs of 
those who expect University graduates to show straight 
away a considerable share of ‘‘ practical” (how I hate that 
word !) capacity, one’s feelings and hopes of solving the 
problem are better imagined than described. But engi- 
neering is the science of approximation, and in this it is 
possible to formulate a curriculum to meet the general 

uirements fairly well. 
“ think it would be simpler for me, in endeavouring to 
put forward my views, to give an outline of the course in 
civil engineering pro to be submitted to the National 
University Commission for adoption in Cork, than to 
discuss the merits and demerits of the curricula of other 
Outline of posed 

uthne of pro 
versity College, k: : 

Students will a special engineering matriculation. 
Subjects :—(a) English ; (6) Mathematics ; (c) Mechanics ; 
(d) 
language. 


IN 


course in civil engineering at Uni- 


d of B.E. 
tudents will be encow 
post-graduate work. At t I 
some test on their work or submit a t : 
this be satisfactory, they shall be eligible, on showing 
evidence of ety two years subseq eae, in prac- 


tice, for getting the M.KE. degree. This, it will be seen, 
cannot 


end of this year they may 


wo optional subjects at least, one being a modern | : : 
; | that o 
en will come a three years’ course, culminating in the | tion of the a 

a 





to spend a fourth year at | of man.” 


is, and, if | as time advances. Num 


Second year :—Engineering, Electro-Technics, Applied 
Mathematics, Mathematics. 

Third year :—Engineering, 
Geology. 

Fourth year :—Engineering, Applied Mathematics. 

The nature of the engineering studies will be seen from 
the following summary :— 

First year :—(a) Practical Descriptive Geometry ; (b) 
Construction and Hygiene of Buildings; (c) Elementary 
Mechanical Drawing; (d) Chain - Surveying, with (ce) 
Drawing-Office, &c. 

Second. year :—(a) Strength of Materials; (4) Theory 
of Structures.—Course 1: (c) Hydraulics; (d) Geodesy ; 
(e) Principles of Preparation of Quantities, Estimates, 
Specifications, with (f) Drawing-Office, Field and Labora- 
tory Work. 

hird year:—Theory and Design of Structures.— 
Course 2: (b) Practice of Construction; (c) Hydraulic 
Mechanism and Design ; (d and c) two of the following :— 
(i.) Municipal Practice ; (ii.) Water-Works Practice, includ- 
ing Irrigation ; (iii.) Transport Practice (Railway, Water- 
way, and Marine Engineering); (f) Drawing-Office and 
Laboratory Work. 

Fourth year :—Advanced Strength of Materials and 
Theory of Structures, and Laboratory Work. 

I am well aware that many will immediately say that 
this course is of absurd length, and cannot be covered by 
average men. I am ready to admit this, if radical reform 
is not made in other requirements at the same time, but I 
have solid grounds for believing that if (as Professor 
Fleming suggests) examinations are subordinated to 
teaching, the course I have outlined can be done, and 
done well, with beneficial results to'students. At present 
the extent and scope of the prescribed subjects must be 
limited, so that students can preserve their equilibrium 
under the cargo of facts and figures, with which they 
must be charged to secure the minimum pass-mark at 
annual examinations, which in many places are practically 
the sole test of ability. Now I feel more and more sure 
every day that if the work of the drawing-office, labora- 
tory, and field be carried on in close conjunction with 
lectures and with one another, the worth and merits of a 
student can be known and judged infinitely better by the 
actual visible results of his labour than by mere oral and 
written examinations on two or three days at the end of 
the year. Men will have to work all the year round, 
largely under the conditions that ordinarily prevail in 
actual practice, and the system of six months’ idling, 
followed by six weeks of terrific mental energy, will be 
decently interred and forgotten. Of course, the working 
out of this scheme and the details will not be easy, but 
harder things have been done before, and this can, and 
will, be done now. 

If any exception be taken to the subjects I have 
included, it ought to be remembered that while graduates 
from the two new Irish Universities will be able to show 
credentials at least as good as those from other universi- 
ties, they must also be trained with some regard to the 
special requirements of engineers in Ireland. 

I must disagree with Professor Fleming when he con- 
trasts the degree ‘‘B.E.” unfavourably with that of 
‘B.Sc. in Engineering,” and as I possess both myself, I 
may not unfairly be considered as impartial. No one is 
so foolish as to class all those possessing the M.B. or 
M.D. degrees as equal in ability—the man in the street 
knows that these signify a certain professional education 
in a university college in technical subjects, but he also 
knows that experience and practice are essential to 
mature bootiata and judgment, and he estimates a 
doctor’s worth a y. The degree ‘“ B.E.” simply 
stamps an engineer with a similar qualification of pro- 
fessional training, and no one of reasonable discretion 
will expect the same powers in a young graduate of 
twenty-two as in an experienced practitioner of ten years’ 
seniority. I submit that the analogy is a sound one, and 
from my experience I do not hesitate to say that ‘* B.E.” 
carries more weight and is more valuable to the man 
possessing it, because, amongst other reasons, it is a 
qualification which ordinary people understand, and which 
cannot be confused with other corresponding science 
degrees in physics, chemistry, geology, mining, and I 
don’t know what else. There is not time in these days to 
explain to all and ea that one’s degree is “in Engi- 
neering.” The a ys “B.E.” isa rational and significant 
one, and is given by several Universities in the British 
Isles, India, and America. 

Everyone will agree that the degree is not an end 
in itself, and that its value rests on the quality of the 
education. I therefore de te Professor Fleming’s 
apparent assent to the principle of ‘‘ competition 
tween degree-giving institutions.” Our Universities are 


Applied Mathematics, 


primarily places for imparting knowledge and induci 
= growth of independent “tnitiative and power, a | 
the . - 


oy competition that ought to be recognised is 
wing the most active promoter of the “ acquisi- 
of the art of directing the great 
»wer in Nature for the use and convenience 
he standard of the training given in each 
maintained, but steadily raised 
vers are nothing—efficiency in 
those graduating is everything, and, for my own part, I 
shall Sone aim at making the standard as high as = 

bility 


sources of 


university must be not — 


| sible, so that only those who have the necessary a 


be got sooner than three years from graduation as | to make good engineers, and who will bend their 


ks to 


B.E., and the conditions will be such as to prevent any- | the work, will be able to qualify. I think some people 


one getting it u a mere academic qualification. 
Te demeo of Doctor of Engineering 
upon Masters of i 


less than six years from obtaining the B.E., — 
factory evidence of distinguished engineering ability. 


may be conferred | form certain 
ing after an interval of not | to qualify men 
satis- | giving them salaries for attempting wo 


The proposed courses are as follo 
First year :—Engineering, 
matics. 


follow :— 
Chemistry, Physics, Mathe- | will at once suve a student from premature spec: 


forget that the first thing is to get men qualified to per- 
highly responsible duties to the public, not 

or the purpose of hoaxing the public itito 
for which they 
are unfit. 

Professor Fleming wants an ideal curriculum which 
; 2 cialisation 
and also practically equip him for a useful position in after 
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life. But an engineering course is a specialised one, on 
the one hand, and on the other, if we are to look for the 
best ultimate results, it will not turn-out the so-called 
** practical ” man, but rather one with the preparation 
for rapidly entering into the fuller knowledge with the 
experience of actual work. This type of graduate is worth 
a salary immediately, but he does not know the hundred 
and one things that are necessary for the routine of 
practice. > . 

The whole subject of engineering courses is a most 
difficult one ; but while we endeavour to keep pace with 
the times, we must give due eens to physics, 
chemistry, geology, and especially mathematics, and its 
applications. There is a tendency to cut down the re- 
quirements in these, but if we recollect what engineers the 
teaching of Rankine and men of alike stamp produced in 
the past, we shall be careful before we throw aside the 
tools with which they worked. 

Yours faithfully. 
C, W. L. ALEXANDER. 

University College, Cork, February 10, 1909. 








STEAM-BOILER DESIGN. 
To THE Eprtor oF ENGINEERING. 

Sir,—In my opinion Dr. Nicolson deserves great credit 
for resuscitating an old but very interesting subject. 

After reading your excellent leader on ‘‘ Boiler Design,” 
no doubt the engineer engaged in the design or manufac- 
ture of steam boilers would exclaim, ‘* This article settles 
the whole question, and there is nothing further to be 
said.” This would be perfectly true when working with 
ordinary pressures, say 200 1b. per square inch. 

Seneca! years ago, in my search for a light prime mover, 
I carried out a number of experiments on the lines advo- 
cated by Dr. Nicolson and others. And the rapidity with 
which heat could be transmitted through metal into water 
merely by increasing the velocity and turbulence of the hot 
gases was astonishing. 

Dr. Nicolson seems to have confined himself to increas- 
ing the velocity of the gases. But I found that by in- 
creasing their velocity to some extent, and greatly increas- 
ing their turbulence, by conting them at right angles 
through a nest of small s ‘tubes, excellent results 
were obtained without checking the draught to a serious 
extent. 

At the end of my experimental work, which was spread 
over a number of years, I came to the following conclu- 
sions :—That there was little to be gained when using 
ordinary pressures, say 200Ib. per square inch, by in- 
creasing the turbulence and velocity of the gases, and 
correspondingly cutting down the amount of heatin; 
surface ; but that there was a great deal to be gain 
by, at the same tinie, increasing the boiler pressure to 
1000 Ib. or even 1500 lb. per square inch. By so doing, the 
heating surface, the water surface, and the steam-room 
could be correspondingly reduced. 

My experiments proved conclusively that there was no 
difficulty whatever in the use of high pressures so far as 
the boiler was concerned, and none with regard to the 
engine, provided the slide-valve was done away with. I 
belie ve that the use of high pressures would have been 
general before now if Loftus Perkins had designed a 
suitable boiler. The boiler he titted on board the Anthra- 
cite was what he called a ‘‘foamer,” that is to say, without 
any natural circulation, the result being that when the 
main stop-valve was opened the engine was fed with 
foam instead of dry steam, and, therefore a most costly 
experiment ended in a fiasco. Many engineers hold the 
opinion that if the pressure is high, anything will do for a 
boiler ; but this is a great mistake. A rapid natural circu- 
lation is essential, as was well known to Jacob Perkins, 

had finished the design of a suitable engine for high 
pressures, and was about to make one, when the pioneer 
work of Gottlieb Daimler came to my knowledge ; and as 
the petrol engine was more suitable for my work, every- 
thing connected with steam was either sold off or scrapped. 

To those interested in steam work I should recommend 
very high pressures of saturated steam used in a reci 
cating engine fitted with poppet-valves at the high- 

ressure end, and after the steam had been — ed 
own to 1001b. per square inch, it should be passed through 
a turbine on its way to the condenser. 
Yours faithfully, 
Horatio Pui.uirs. 
West Barnham, Sussex, February 15, 1909. 


To tHe Eprror or ENGINEERING. 

S1rn,—Your leading article of last week on ‘‘ Boiler 
Design ” is likely to be read as a serious indictment of the 
proposals for the reform of boiler design, which, on the 
strength of some’ experimental results on heat trans- 
mission, I have ventured to make. 

You seek to convey the impression that engineers have 
been all along quite aware that heat transmission in boilers 
increases proportionally with gas speed; that steam 
boilers have been designed and made using the high gas 


speeds referred to in my lecture—viz., 300 ft. to 400 ft. per | cond 


second ; and that they have been given up because the 
game was not worth the candle. 

It may be so, but no —S of any such tests are, to ny 
knowl ee publicly ava 
coming I think it will be right to persevere. 

Tn support of your contention that the effect of high 
speed ‘‘seems to have been known even Reynolds 
called attention to it,” the case of Mr. Craddock 
(1844) is adduced, who is said to have proved that the heat 
transmitted was ‘‘ almost wholly dependent upon the rate 
of circulation of the cooling ium ;” and you very com- 
placently add, ‘‘and it is inconceivable that the converse 
was not regarded as true” (meaning, of course, by ‘the 
converse,” rate of circulation of the ing medium). 


I do not know how Craddock can have “proved ~’ this, 


PTO- | are made from “the teachings of experience 





ble, and until they are forth- | of . 





because it is certainly not true. The rate of transmission 
in boilers depends almost wholly on how fast the heat can 
be brought up to the plate by the heating medium ; for 
the water carries away the heat so quickly that a very 
moderate circulation suffices to keep the plate nearly as 
cool as the water ; and any increase thereof, since it can 
only lower the plate temperature by a few Coe at 
most, is far from proportionally augmenting the heat 
transmitted, and has hardly any effect. 

As another proof that engineers have realised the 
advantages of rapid circulation for from thirty to seventy 
years, you state that “‘the heat transmission per square 
foot of heating surface increases somewhat proportionally 
to the gas velocity” “‘has been proved experimentally 
many times on locomotive boilers by plugging up half the 
tubes,” when, ‘‘in spite of the 5 at which the gases 
ne through the tubes, it has been found that the smoke- 

x temperature remains practically the same.” 

But I would ask, do such experiments really constitute 
an unambiguous f of the ‘truth of the heat-transfer- 
ence-proportional-to-gas-speed principle? For when the 
draught is increased, and more coal is burnt, per square 
foot of grate, does not the fire temperature, and with it 
the flue-gas temperature, rise? And is not this then one 
of the very experiments on which people who ignore the 
influence of speed, and use the temperature-difference- 
squared law, most rely for proof of its truth? 

Your remarks in the first column of page 186 appear to 
me to afford a remarkable verification of my statement 
that y= generally (since you in particular) do not 
admit that the transference of heat from gas to metal ina 
boiler increases proportionally with speed. For you 
reject, almost with contumely, my assertion that :— 
** Although the gases were only about one-thirtieth of a 
second in contact with the flue surface in question—that 
is, one-tenth of the time commonly allowed for the same 
drop of temperature—yet they gave up heat at a rate 
which was eight times as great as usual.” Now thisstate- 
ment contains the very essence of the experimental fact I 
wished to emphasise. 

What experiment shows is that, ¢.g., in a locomotive 
tube, if gas, entering at 2000 deg. Fahr., flows through 
at 30 ft. per second, and leaves at 800 deg. Fahr., then, 
when the speed is increased to 300 ft. per second, the 
will still come out at about 800 deg. Fahr., if its entering 
temperature remain as before. Now, since ten times as 
much gas has per unit of time, ten times as much 
heat must have been given up and transmitted. But the 
time of contact of the gas with the tube is one-tenth of 
— Py xo Therefore, although the gases were only 

You y ged to me to quite confuse the issue by saying, 
as you do, that ‘the longer a quantity of hot gas is in 
contact with metal the more heat it will give up, quite 
independently of its rate of flow.” 

A square foot of metal surface will, of course, take up 
heat from hot gas in contact with it, in proportion to that 
time of contact; but the additional fact which I have 
capueneniany proved is that the quantity of heat so 
taken up per unit of time will be greater in almost exact 
roportion to the speed of flow. If the re be 
SS led, the heat received per unit time will be doubled, 
although the time of contact with the plate of any given 
portion of the gas is halved. 

I have experienced great difficulty in persuading engi- 
neers to accept this doctrine; and, as even you find it 
hard to believe, I think it must be inferred that the effect 
of high-speed gas circulation has not been so generally 
appreciated by engineers as you would have one believe. 

feel, however, that it is really quite unnecessary 
labour the point. 


to 
If the subject-matter of a lecture to the 
Junior Engineers had contained nothing but “ facts 
known to engineers for thirty years,” it would certainly 
not have been dealt with in a three-column leader in 
ENGINEERING. 
With regard to the Péclet-Rankine law, you say : ‘‘ Not 
one designer in a hundred ever bothers himself about any 


” 
. 


theory of heat transmission. “Boilers are now so 
thoroughly standardised ” that (like lathes and cabs) yon 
! An 
this is a practice which you say ‘‘is entitled to every 
resi Nes 
t is surely a significant mark of the aversion from any 
appeal to theory which British engineers display that a 
scientific jou like ENGINEERING can make such state- 
ments with the expectation of general approval, and can 
talk about any of the current work of mechanical i- 
neers as having ‘designed itself on the principle of 
survival of the fittest ” ! 

And what is the result? Why, that 30 to 40 per cent. 
of all the coal burnt under these boilers is wasted (com- 

Fig. 77 of Bryan Donkin’s book on ‘“Steam- 

ilers”), and that, with a few exceptions, the steam- 

boiler is at the present time nearly as crude a contrivance 
for generating steam as it was a hundred years ago! 

I am entirely in agreement with you that there are 
practical difficulties to be overcome in the application of 
the high-speed principle to steam-boilers; but it is not 

ucive to progress for you to adopt an attitude of 
— satisfaction with present attainments, and of 

18) 
sical actions involved, with a view to improve- 
nient. It reminds one of the celebrated locomotive engi- 
neer who dismissed all travellers with the curt remark 
that if what they had to offer were good, he had it; and 
if it were new, he didn’t want it ! 

I am, Sir, yours truly, 


Joun T. NIcouson. 
Manchester, February 16, 1909, 


[As we intend to revert to the subject again, we will 
now only deal with a few points raised ‘by the above letter. 
If Dr. Nicolson will refer. to D. K. - k’s account of 
Craddock’s experiments, he will see that “when he 
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ment of any experimental or theoretical study | 4) 





(Craddock) moved the tube that was filled with hot 
water at the rate of 59 ft. per second through air, it 
lost as much heat in one minute as it did in still air 
in 12 minutes.” Surely this proves that Craddock 
discovered the importance of rapid gas circulation, and 
it is legitimate to infer that he understood that, had 
the water been cooler than the air. a similar result 
would have been obtained. Dr. Nicolson’s statement 
that anything above “‘a very moderate ” circulation of the 
water in boilers has hardly any effect, shows, we fear, that 
he has yet much to learn about the subject upon which he 
dogmatises. His statement is entirely at variance with 
facts. We need not remind him of the close analogy, 
apart from radiation questions, between a condenser and 
a water-tube boiler. h is devised to convey heat from 
us matter to water through metal surfaces. Dr. 
tanton, with whose condenser experimefits Dr. Nicolson 
is apparently familiar, stated before the Institution of 
Civil po, that “really the quantity of heat trans- 
mitted from the surface to the water would vary as the 
velocity of the water through the tubes,” and a similar 
benefit from rapidity of circulation is found in boilers. 

As to the numerous experiments on eg igs ae el 
tubes, Professor Perry, with whose ideas Dr. Nicolson 
also seems quite conversant, holds that they constitute a 
proof of what they obviously do prove. It really should 
not be necessary to point out to an experimenter like 
Dr. Nicolson that the extra draught does not necessarily 
cause an ounce more coal to be burnt per square foot of 
grate, asit is wholly absorbed in pulling the gases through 
the tubes, and the fire- remains as -before. Hence his 
assumption as to greater fire-box temperature falls to the 
qeand. We would refer him to Mrs Isherwood’s experi- 
ments on a marine boiler so long as 1864, when, with 
combustion kept as nearly as possible to 16.5 Ib. of coal 
per square foot per hour, the following results were 
obtained :— 





rene Water per | Water per Pound 
Fi a Ww _ |Pound of Coal (Combustible) 
ue-WaAY- | from 212 deg. | from 212 deg. 


State of Tubes. 





Ib. 
8.33 
8.13 
8.75 
8.94 


Ib. 
6.78 
6.33 
7.00 | 
6.71 | 


Normal 





If Dr. Nicolson persists in stating his deductions in the 
way he did in his = ture, we are not surprised that, as he 
says, he “‘ has experienced great difficulty in persuading 
engineers to accept them.” He appears hopelessly con- 
fused about the meaning of the word “‘ rate.” Rate of heat 
transmission has no more to do with the time of contact 
than the power of an engine has with the number of 
hours it is worki The amount of heat transmitted is 
what varies with time, and must be agp apes os to time, 
whether the gas is still or moves slowly or quickly. 

It is as absurd for Dr. Nicolson to charge us with the 
attitude suggested at the close of his letter as it is for him 
to take the standpoint he does with regard to the ability 
of boiler manufaeturers. If he will design and constructa 
boiler in accordance with his theoriés, and have it properly 
tried under practical conditions, weshall see what we shail 
see.— Ep. H} 








“THE PROBLEM OF FLIGHT.” 
To THE Epitor OF ENGINEERING. 

Sir,—That Mr. Edgar E. Wilson visited the Patent 
Office and was attracted by the application for a patent 
filed by me may be perfectly true, but that he has correctly 
interpreted what he read ‘‘is quite another matter.” 

Mr. Wilson’s advice as to what I ought to do is ex 
tremely ludicrous, coming from a person who believes that 
a weight of 6 tons was lifted from the ground by means of 
two screws 27 ft.-in diameter; with an expenditure of 
80 horse-power. No one with the slightest elementary 
knowledge of aeronautics would vouch for the accuracy 
of so splendid an achievement. 

Yours faithfully, 
Horatio PuHIL.IiPs. 


West Barnham, Sussex, February 15, 1909. 


To THE Eprror or ENGINEERING. 

Sir,—I gladly endorse Professor Chatley’s remarks on 
the advantages of the narrow tip and broad root in aerial 
propellers, more particularly as it happens to be a tribute 
to the merits of of patented type, the superiority of 
which has been amply proved. 

_. Yours faithfully, ¢ 
Sipney H. HoLianp. 


York, and London, N.W., February 16, 1909. 








Souru Russian Coan ror THE Batic Ports.—It has 
been a constant matter of regret in Russia that the rich 
coal deposits of the Donez district could not compete with 
English coal as far as the Baltic ports were concerned, on 
account of the high freight charges. Anattempt has been 
made, by —s sea carriage, to overcome this obstacle, 
for during 1 an te of 64,285 tons of Donez 

were ht tote dienion Baltic ports by sea, and 
for last year this figure has been about trebled. Compared 
with the total requirements of the Russian Baltic ports, 
which amount to some 3,214,000 tons annually, the share 
secured by the Aacaanrtbe ay - “ — —- -_ “4 

inning has le by aid of special s ers, Wi 

pee | to tonnage of $3,000 tons, which have been 
built ioe the The Donez owners of coal-mines 
are dutecusined 40 qundueate in this effort, and have formed 
a company for this under the style of the Society 
for Trade in Mineral Fuel from the Donez Basin, and the 
shipments to the Russian Baltic ports are likely to show 
& material increase for the current year. 
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INTERCHANGEABILITY AND METHODS OF 
SECURING IT IN SCREW-THREADS.* 
By Mr. H. F. Donatpson, Member of Council. 
(Concluded from page 213.) 

Tue ideal screw should, of course, be true in every 
element, and should be such that the male would fit the 
female correctly all over on all parts of its surface. But 
the ideal is always unattainable, and as this conclusion 
must be accepted, investigations as to what could best be 
done showed that the requirements of screwed work are 
extremely variable. On the one hand, rough work requires 
comparatively easy fits, which, however, should not have 
an undue tendency to work loose. On the other hand, 
finer quality of work requires close fits, which should, in 
joint of fact, never work loose, if such a condition could 
ye arrived at. The excessive vibration which is met with 
in high-speed engines, motor-cars, and other analogous 
work requires special consideration as regards closeness 
of fit, and the fits needed for such work may almost be 
considered as having the pieces practically forced together, 
and depending for their stability and adhesion upon the 
plastic flow of the material of the two pieces. In other 
words, they may be more efficient if they are in error in 
yarticulars which have mutual effect upon one another. 

his will be apparent later. : 

The various qualities of- fit required seemed at one 
time to be antagonistic to the realisation of the hopes of 
securing that di of interchangeability which is re- 
quired, but the Committee ultimately felt able to recom- 
mend two series of threads, Whitworth and fine Whit- 
worth, with limits which will, in the majority of cases, 





tools used for the operations of cutting require very careful 
consideration, and it is well to draw attention to the fact 
that the form of thread cut by any depends con- 
siderably on the material which is cut. For mstance, a 
tap to cut a thread in cast iron is withdrawn with 
freedom, which, when the same tap is used on mild steel, 
is withdrawn stiffly, the threads in the cast iron being 
thinner, and the effective diameter of the screw-thread in 
nut correspondingly increased. This increase is obviously 
gates the effective diameter than on the full and core 
lameters. : 

The sharpness or bluntness of the cutting tools also 
have their effect on form of thread. The cl of thread 
form ange be oy the wear of taps is generally less than 
with dies, probably due to the fact that the taps themselves 
are relatively longer than the length of threads cut by 
them, while in the case of dies the length conditions are 
probably always reversed. : 

To secure accurate work it is, of course, necessary that 
the cutting-tools themselves should be correct in par- 
ticulars, or as nearly correct as possible. Inaccuracies in 
form, &c., of such cutting-tools as taps and dies are very 
fruitful sources of difficulty in the attainment of inter- 
changeability. ; 

With regard to this, I am_ permitted to quote the pro- 
cedure adopted by Mr. W. Taylor, as set out in a report 
made by him in 1904 to the Committee. Time will not 
suffice to this tn extenso, but it covers not only the 
method of generating the cutting of a pointed tool, but 
also the methods of measuring the other elements by 
means of feelers similar to those which are referred to in 
the description he gave of the generation of V-shaped 
cutting- for angular threads with curved roots and 


ig.5. OLO FORM OF TEMPLATE = Fig.6. THE SHAPE OF THE THREADING 
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allow the male and female portions being assembled by 
hand, and subsequently tightened with a s 
however, very slight errors in pitch affect the ease ,with 
which this operation should carried out, the use of a 
mma to assemble the parts may, and prohably should, 
always be necessary. on this means a nature of fit to 
meet all requirements will probably be secured. 

The difficulties of the problem were and are, however, 
very numerous ; for instance, there is a certain section of 
engineers who are distinctly in favour of an absolute 
clearance between the crest of the bolt and the root of the 
nut (this is, to a | extent, aimed at ecoriomy of 
production), while another section of engineers hold that 
screwed work made on this principle will not give fits 
which will hold up when subjected to vibration. The 
latter claim that such a structure will act almost as an 
inducement to the nut to slack back on the slopes of the 
thread, and they prefer that the crest of the thread of the 

volt and the root of the thread of the nut should, in fact, 
touch, and that the plastic flow of metal should be ob- 
tained by the distortion of the crest of the bolt into the 
root of the nut. 

, In the recommendations put forward endeavours have 
neen made to hit the mean between these two—that is to 
he that nuts and bolts made in accordance with the 
limits suggested A Committee will, if selected during 
assembly, cover all classes of work which are generally 
r juired, and will ensure, if the work is correctly made 
ind passes the gauges, that it is interchangeable no 
matter from what source the product arises. 

Che tools for producing sengws are of the greatest im- 
portance to interchangeability. 

_ Colonel Crompton and Mr. W. Taylor. made some very 
useful investigations as regards these for the assistance of 
the Committee, and I am permitted to extract certain 
par a. from their confidential reports to indicate points 
uae int the consideration of my subject, and the follow- 
ing appear to indicate directions where care may help to 
a a the occurrence of inaccuracies in working. 

© produce work to the requisite degree of accuracy, the 
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crests, as in the Whitworth and British Association stan- 
t 


er.$’As, | dard threads. 


In the specifications of these standards it is usual to give 
the radius of curvature R, Fig. 5, annexed, of the crest 
and root ; and in originating tools for these thread forms, 
templates have been made by drilling round holes of the 
required radius, and cutting angular notches with sides 
running tangentially into the holes as shown. Remark- 
ably accurate work has been done in this way, but he 

refers to measure the tool by a method which leads 
Tiree tly to ter accuracy in the effective diameter of 
the screw, this being of much ous importance than is 
= +o egrge Fobe poy — oa} 4 =e 

n shaping an tool, as Fig. employs for 
measuring it the mekched par of oo ede steel, fave in 
Fig. 7. e face A of this bar is lapped flat, the Y notch is 
lapped truly to A and of the thread angle required, its apex 
is cut clear 7 as shown, and by means of two or more 
little cylindrical gauges, placed at B2 and above, measure- 
ments Cl and C2 are taken, by which the accuracy of the 
angle may be verified, and from which is found the dis- 
tance O between the face A and the true apex of the V 
notch. For an angle of 47.5 deg. the distance E2 is the 
diameter of cylinder B2 x 1.74147. 


For 55 deg. it is B2 x 1.58284, 
For 60 deg. it is B2 x 1.48515. 


= — my bar is applied Puy in Fig. . to ie ont 
whose angular point is previously ground, and the lengt 
A B of the ane anual is measured. From this, if we 
subtract the constant C of the bar, and the required trun- 
cation of the tool-point T, Fig. 5, we obtain the finished 
length B D, Fig. 6, to which the tool must be shortened 
by rounding its extreme point. bes 

For very exact work, however, a correction determined 
by experiment must be made in this measurement accord- 
ing to the material which the tool is to cut. 

n rounding the tool-point, as has been stated, the 
radius of curvature is not directly measured. It is suffi- 
cient that (a) the curve be denier , (b) that the angular 
sides of the tool join it tangentially, and (c) that the 
truncation be correctly obtained in the way described. 
To secure a and ? circularly-formed turning-tools of the 
shape shown in Fig. 8 are recommended, which can be 
sharpened indefinitely without their losing their correct 








form. Cutters of this durable form, Fig. 8, are invalu- 
able for frequent use, but tools of the form shown in 
Fig. 6 can be shaped by very simple means. 

d nding-machine is ysed for forming correctly. In 
this the previously shaped and hardened cutter is finished 
by grinding with a cup-shaped wheel, which, while rotat- 
ing, Moves in an eccentric circular orbit, so that it wears 
truly flat. The cutter is mounted and rotated on a hori- 
zontal spindle, and while rotating can be swung round a 
vertical axis so far as is permitted by a pair of sto 
which fix the 55 deg. or other angle of the cutter. 
—_ Say tested by means of the notched bar used 
in Fig. 

A simple holder with fences is mounted on a slide, 
which serves to support the tool and present it accu- 
rately to a flat-faced rotating metal lap, so as to grind 
the angular sides of the tool-point. There is also a 
holder with adjustable feet, and with a fence and sto 
against which the tool may be clamped. This is al 
upon a piece of plate i and worked against the little 
angle plate f | with Arkansas oilstone. With these 
appliances, and with the exercise of a very little skill, it 
is possible to round the tool-point so accurately that when 
magnified 100 to 200 diameters and compared with the 
circular field of a microscope, no error is tible. 

It will be seen that by the development of this method 
there is eampnentsvely small difficulty in generating an 
desired angle of th , and that the system propound 
can be carried on to other elements. 

The director and staff of the National Physical Labora- 
tory have been very closely associated with the work 
which has been going on during the last four or five years, 
both as regards the Engineering Standards Committee 


LY 
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NOTE: le of Thread wmed correct ~ 55° 
fooet.o.) RE overtataa-eer cent. 


and also as ae another (a War-Office Committee) to 
which [ shall refer later on. An immense amount of 
investigation has been carried out by them in connection 
with screw-threads, and I think if any of you have not 
had your attention drawn to it, and if you desire to in- 
vestigate more closely the mathematical problems involved 
in the consideration of screw-thtfeads, = will find the 
time well repaid by a study of Mr. H. H. Jeffcott’s 
** Notes on § rew-Threads,” in the Proceedings of this 
Institution in December, 1907. The notes therein con- 
tained were used before they were put into their present 
form by the Committee to which I have referred, and 
they, and other work of the National Physical Labora- 
tory, have been of great assistance in enabling the Com- 
mittee to come to the conclusions and make the recom- 
mendations which they have put forward. 

When we come to consider what is really required to 
secure interchangeability of screwed work, one of the 
first matters to be looked into undoubtedly is the effect 
which each element of the screw-thread has, and the effect 
which inaccuracies in each element carry with them in 
their relation to the other elements. 

A correct dimension for each element can be worked 
out mathematically without much pomme and if it 
could be ensured that in manufacture every element could 
absolutely be accurately produced without error, even in 
the same shop and with the same appliances, every piece 
of work reputed to be of the same size would be inter- 
changeable. Such a condition of affairs is, however, not 
practicable of attainment. There are very minute differ- 
ences arising from such causes as I presently men- 
tion. These creep in and vent even two pieces of 
work done on the same machine being absolutely identical. 
When, however, work done in different shops is brought 
together, such minute differences e of even greater 
importance, and it may be interesting to glance for a 
moment at some causes of such inaccuracies. 

Pitch is undoubtedly the most important element in its 
effect on accuracy of the whole screw. Therefore, 
besides the actual cutting tools, the leading screw of the 
lathe used to cut the piece must be within a very high 
degree of accuracy, or preferably, of course, be absolutely 
accurate. Even if the leading screw is accurate, 
inertia of movement of saddles on different lathes may 
have its effect on the comparative accuracy of work cut 
in different lathes. In the one the frictional resistance 
for slide of saddle may be greater than in anovuer, and 
the result may be a dragging and almost infinitesimal 
distortion of the leading screw, which may tend to make 
the pitch of the new screw cut by its guidance shorter 
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than would be the case with a lathe of similar design, but 
with more easy travelling saddle. 

Other elements may be inaccurate owing to the wear 
of tools, or to the plastic flow or distortion of metal 
being more pronounced when cutting with blunt than 
with recently - sharpened cutting-edges.. They further 
arise from the differences in ig er when the piece 
is cut, and speed of cutting may likewise have its effect on 
the accuracy of the work. The personal equation of work- 
men of different temperament may also have an appreci- 
able effect on ‘the accuracy of the work turned out. It 


12) 


Fig. 11. 





accept only such limits for each element as will allow of | 
the whole screw, with its combined errors of all elements, | 
giving a fit to its co mding piece which will be ade- | 
quate for the use to which it is to be put. 
These remarks, of course, apply to similar pieces of work | 
—that is to say, toa comparison of bolts with bolts, or nuts | 
with nuts. When we come to consider the fitting together | 
of a bolt and a nut, further consideration has to be given to | 
the nature of the work which is required, and the amount 
of allowance which is permissible, to allow of easy or 
more accurate fitting. ere, again, the inter-relation of | 



































diately in the neighbourhood of the occurrence of this 
“drunkenness.” 

In pointing to pitch as being the element whose errors 
most seriously affect interchangeability, it may be well to 
indicate that an error of pitch may be manipulated so as 
to pass some gauges by making excessive allowance in 
other elements. Excessive allowances are frequently 
made on full, core, and effective diameter, in order to 
allow the male thread to enter the female thread, but 
possibly without real knowledge of the fact. Such 
excessive allowances are not necessary if greater care is 
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is manifest, therefore, I think, that absolute accuracy 
of manufacture cannot be attained in tice, and that 
certain inaccuracies must therefore be tolerated. 

‘What is the degree of toleration which can be per- 
mitted ? is the next question ; and the answer cannot be 
a definite one, because for one nature of work larger tole- 
ration may be quite permissible than could be accepted in 
work of a finer nature. That is true for plain work, but 
it is only true within cértain limits when threaded work 
is considered, because the relation of the different ele- 
ments one to another is such that if too much tolerance is 
accepted in one, the attainment of interchangeability in 
the work will be impossible. It is therefore necessary to 





errors in the elements of a screw have to be carefully 
examined. 

As I have said, accuracy of pitch is a most important 
element in its effect upon the accuracy of all the elements 
combined. There are various natures of inaccuracy in 
pitch which I might shortly refer to. There is the true 
error of ~. a uniform excess or deficiency in the true 
nominal length measured—that is to say, that the inclined 
plane wound upon the shaft is not a true inclination 
th t its whole length. It is also frequently found 
that what is called a ‘‘ drunken ” thread occurs, this is 
a defect which has also to be provided against, as its effect 
may be very pronounced on the other elements imme- 








taken in the selection of appliances and the choice of 


material. With ter care, excessive diametrical allow- 
ances can be pone og 

The following memorandum, prepared by Dr. Glaze- 
brook, is based upon the metrical relations which the 
element of errors in pitch and diameter bear to one 
another. Figs. 9 and 10 re mt a nut with V-shaped 
threads, having an angle of 55 deg. The dotted line in 
the same diagram shows a bolt of the same diameter as 
the nut, but..with a very exaggerated error in pitch, of 
10 per cent. im error relative to that in the nut. Such « 
bolt will not enter. To obtain a bolt of this pitch which 
will enter, lines C!C, E'E, &c., are drawn from the crests 
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of the bolt at right angles to its axis to meet the thread of 
the nut. A conical bolt having its crest at A, C), E,, 
&c., will be of the required pitch—viz., 10 per cent. in 
error—and will enter. At A the threads coincide in all 
respects, but the radius of the next thread of the male at 
the crest requires a reduction amounting to C!C, to 
enable the threads to engage, and a ee ear ge Sed 
creased reduction E! KE, at the second thread. is 
amount increases proportionately (as shown) with the 
number of threads, until at the fifth thread a reduction 
to its own depth has been necessitated. 
It is clear from the figure that :— 


C C! = error in pitch for one turn of thread. 
C! C, = resultant necessary reduction of male crest. 


But 

cc cafe 

aG = tan 27.5 cee. = 0.5 (approx.). 
Therefore 

cc, = 2CC1. 


That is to say, reduction in the radius of the bolt is 
approximately twice the total error in pitch. 





2. To decide what errors in pitch could be tolerated, 
having regard to the allowances in. effective diameter 
which depend thereon, and which are necessary to com- 
pensate for the transverse effect of the pitch error. 

An accurate leading screw, upon which so much 
depends as _ this element of pitch, was almost 
non-existent. Some years ago, when engaged upon an 
investigation touching the accuracy of screws in micro- 
meters, I visited certain works, where it was claimed that 
the micrometer-screws produced were of exceptional 
accuracy, and I there had some conversation with one of 
the members of the firm who claimed to have produced 
by his own unaided efforts an accurate master-screw, 
upon which the accuracy of all their su uent work 
depended. His description of the stress and strain he 
personally underwent in carrying this out was interesting, 
as he did the work with his own hands, and was, I think, 
justifiably proud of the results he secured. He de- 
scribed to me how, having cut a screw, and found by 
measurement that it was very fairly accurate, he shut him- 
self into a room, the temperature of which was constantly 
maintained considerably higher than the outside air, and 





more nearly approaching the heat of the human y: 


constant use now in various establishments. The screw 
dealt with as described was, however, 4 short one, and 
would not give us any great advance in the manufacture 
of leading screws for larger lat 

Some years ago, and, in fact, from time to time, there 
have been difficulties arising in the Royal Ordnance Fac- 
tories in obtaining interchangeable accuracy in several 
important accessories of ordnance made by different 
manufacturers, and a distinct effort was made some years 
ago to obtain a means by which these difficulties could be 
overcome. A small Committee (consisting of Government 
officials and representatives of firms in manufac- 
ture of warlike stores) was convened to inquire into this 
subject, and they investigated it very closely, and came 
to the conclusion that the only practicable method was to 
obtain a means by which the leading screws of lathes 
might be so manufactured, and with such accuracy that 
| would be interchangeable the one with the other, 
and would produce work which by measurement would 
show a corresponding accuracy. A special machine for 
this purpose was devised and, after due consideration, 
was built by Sir W. G. Armstrong, Whitworth, and Co., 





I'at Openshaw. Some of you may have seen it at the 
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_ At “N” threads the error in pitch isn «(if x is the error 
in one turn), and the reduction in the radius of the male 
screw is therefore equal to2 nz. The reduction in diameter 
1s obviously twice this amount—namely, 4 nz at “n” 
threads. If the reduction at .Y (see Figs. 9 und 10) is 
carried out throughout the male thread, a parallel thread 
1s produced, which could clearly be continued symmetri- 
cally on the left for four more turns, thus giving nine com- 


sm ctions, or eight turns. A reduction “4 n2” has 
wen imade in the diameter of the male screw by 2 n 
threads will now en Hence for a parallel male 


: reduction of 2nz on the diameter is necessary 
to engage “n” (where x is the relative error in 
pitch between the nut and bolt per one turn of thread). 
his is in a way somewhat startling, but, with care, not an 
imsup = sneestion to search after interchangeability of 
serew-threads, 

in order to lay down limits to allow of interchange- 
...1{¥; it 18 necessary that two separate questions should 
pe decided :—(1) Assuming the pitch of the thread correct, 
It is necessary to lay down tolerance on the diameters 


Which will be permissible in order to cover the wear of the 
tools and the unavoidable imperfections of workmanshi 


ee he: prescribe minimum allowance in order that the 








nd nut may be assembled, 
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do not think that it actually reached the temporatare of 
the human body, but he at least endeavoured by artificial 
means to minimise the effect of the heat of his own body 
on the work on which he was engaged. His screw had a 
square thread, and was about 1 ft. long, I think, made 
with as t accuracy as his appliances permitted ; and 
then having got the temperature of the room at a level 
which he considered he himself could stand, he shut him- 
self in the room and proceeded to measure short lengths 
of the whole of the screw and to rub down inaccuracies 
over both sides of the thread till he secured what he claimed 
was absolute accuracy in the screw. He remained incar- 
cerated in that room until he had gone over the whole 
length of both sides of the thread, and he gave a some- 
what graphic description of the effect the temperature 
had u hie, and how completely done ate was after, 
I think, & something like twenty-four hours before coming 
out of the room with his screw in its finished state. 

I did not see the original screw, nor did I get an oppor- 
tunity of having measurements taken to check the real 
accuracy of the screw so made, but some of the micro- 
meter screws produced by the firm have been measured 
and found extremely . This, no doubt, is the work 
of an enthusiast, but it is a work for which we ought all 
to be grateful, as numbers of these micrometers are in | 

















National Physical Laboratory in a house ially built 
for its reception, where all care can be en to avoid 
vibration during the correction of leading screws, and 
where uniformity of temperature can be secured while 
the operation o' ———. is going on, and where a 
human body with its disturbing temperature need not be 
a factor which has to be considered. . 
Some remarks on the steps leading up to the evolution 
of this machine may be of interest. e ible causes 
of ae A were closely considered, and it was recog- 
nised that the initial accuracy of a helical surface, as 
distinct from the sectional form of a thread, was almost 
entirely dependent upon the accuracy of the leadi 
serew of the machine on which it was cut—that the lead. 
ing screw therefore was practically a generating master- 
ae SY vey this master was subject to wear, and there- 
ore liable to develop inaccuracy in the uction of the 
work it controlled. That being arrived at, it appeqes 
rrr vow A lay down something as to the limit of error 
rmissible, and the methods of measurement which could 
% practically applied received a large considera- 
tion. It was propounded as an axiom for individual end 
measure comparisons that where 0.001 in. in 12 in, isin the 
neighbourhood of the accuracy commonly obtainable in 
the general workshop, a gauge-room accuracy is required 
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of at least ten times as accurate—or, say, 0°0001 in 12 in. 
—and that for laboratory verification 100 times workshop 
accuracy is desirable, or, say, 0.00001 in. in 12 in. : 
Among possible causes likely to lead to inaccuracy in 
correcting leading screws, the deformation due to the 
bending of the screw under the operation of cutting was 
investigated, and calculations were e to determine 
as far as possible what inaccuracy, if any, would arise 
from this, although the machine actually made was not 
intended todo more than take a correcting cut on a screw 
already approximately true. For this purpose a diagram 
was prepared by Colonel Holden showing the pressure 





Fig3i 0 


upon the tool when taking light finishing cuts, as ascer- 
tained from the indications of a spring transmitting the 
torque of a lathe face-plate to the work. From this in- 
formation, Dr. Chree, of the National Physical Labora- 
tory, calculated on various assumptions the ible de- 
flection of the screw that might result, and showed that 
the strain effects on a screw 44 in. in diameter were 
absolutely negligible, the greatest effect with a cut of 
0.001 in. to be anticipated being five parts in one million 
in the. length of the screw. 

Though there are several features of the correcting- 
machine which are similar to those of the old Bryan 
Donkin machine, now in the South Kensi: mn Museum, 
there are improvements and additions which appear to 
render a description Seen peetenienly as the machine 
now at the National Physical Laboratory is much stronger, 
larger, and capable of dealing with much larger screws 
than anything previously attempted. At the same time, 
even this machine will correct screws only of moderate 
length—viz., screws which will cut other screws up to 3 ft. 
operating length. This is, of course, large enough for by 
far the greater portion of screwed work uired in the 
ordinary workshop, and it wa: considered sufficient to con- 
fine the production of a correcting machine within such 
limits, and not to attempt to provide a machine which 
would take in and correct screws of very great length. 

My description will be better understood by a few 


illustrations. 
page 262, show the elevation and plan, 


Figs. 11 to 24, 
and also the connecting- 

0 363, show the end view and plan of 
The nut K 


Figs. 25 to 30, page 

the, consenting-ber and nut jg: ae aggeel 1 

is in. long, embracing 28 threads, and is arranged 
for a maximum traverse of 3ft. The thread of the 
nut is of bronze, and was cut by being turned 5 in. dia- 
meter outside on the exterior of a bronze core 4 in. in dia- 
meter, which was then enclosed in a steel sleeve of simi 
steel to that used for the screw, and therefore having the 
same coefficient of expansion, after which the core was 


bored out; it was considered that greater accuracy could 

be obtained by this means than by directly cutting an in- 
ternal thread. The sleeve of the nut is rigidly connected to 
a stiff arm L projecting horizontally to the back of the 
lathe, and weighted at its end so as to bear upon the 
stationary correcting-bar, which serves to advance or retard 
the motion of the nut as it is traversed along the master- 
screw. A variation of 0.16 in. in height of the correcting- 
bar corres to 0.001 in. of motion of the nut. The nut 
K is divided at its centre transversely, so that all end-play | 
can be taken up, one-half being arran to bear against | 
the back, and the other against the front of the thread, so 





Figs. 31 to 34, annexed, show further details and 
the bracket for supporting the measuring appliances and 
tool-saddle. 

In the various illustrations O is the saddle for carrying 
the cutting tool ; Q the belt-pulley for driving the ma 
chine ; R the Clements drive ; and S the carrier giving an 
independent centering between drive and master-screw. 
L shows the back of the saddle from which the compen- 
sating arm projects; M is the correcting-bar, the height 
of which determines the angle Coon which the nut is 
adjusted at any part of the screw ; N is the bolt rigidly 
linking together the saddle containing the nut and that 


Fiy. 34, SEC. THRO'TOOL HOLDER. 
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as accurately to control the motion of the heavy cross 
head sliding on the bed of the lathe. Two strong steel 
hollow rods bolted to this cross- , one on each side, 
transmit the longitudinal motion of the nut to the saddle 


milar | carrying the cutting tool, which is thus traversed along 


the screw to be corrected, which, as already described, is 
rigidly connected to the master-screw. 





carrying the cutting tool ; O is the saddle carrying the 
cutting tool. A is the base - plate; B is the unde: 
frame resting on the bed-plate at three points of sup- 
port; C is a point of support; D the bed of the 
machine proper, on the upper surface of which are the 
slides ; E is the attachment between this and the under- 
frame ; F is the generating master-screw ; G is the screw 
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under adjustment ; H is the central ing of the master- | mounted on a deep girder B supported at three points on 
screw, aaa the screw under adjustment coupled in tandem ;|a shallow conten foundation-plate. The . 
T is thesaddle carrying the nut and correcting mechanism ; | carrying the belt-pulley Q is —— on a f - 
K is the end of the nut ; P is the slide-rest on the saddle —_ entirely se from lathe proper. and the 
to which the tool is clamped ; T is the trough for carrying | drive is effected by a Clements driver The master- 
the scale over which the microscope slides; U is the slide | screw (which is mounted in long bearings on the bed of 
carrying microscope moved by saddle ; W and X micro-| the machine) is coupled direct to the screw which it is 
meter abutment ; Y is the end gauge for measuring move-. desired tocorrect ; the two screws are thus co-axial. The 


Fi tg.38. ERRORS IN PITCH OF MASTER SCREW OF THE STANDARD LEADING SCREW- 
ADJUSTING MACHINE, INSTALLED AT NATIONAL PHYSICAL LABORATORY IN MARCH, 1904. 
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Fig. 39. ORIGINAL ACCUMULATIVE ERRORS OF THE THREE SCREWS CUT IN ORDNANCE 
FACTORY, WOOLWICH, & SENT TO NATIONAL PHYSICAL LABORATORY FOR ADJUSTMENT. 
(THESE ERRORS WERE DETERMINED BY “POINT CONTACT” MEASUREMENT) 
I THREE SCREWS CUT FROM BEST PORTION OF SCREW IN MUIR'S LATHE. 
1. 
0-003 


0-002 





(0021.6.) Length wv Inches 


Fig. 40. FINAL ERRORS IN PITCH OF THE THREE SCREWS CUT IN ORDNANCE FACTORY, 
WOOLWICH,& ADJUSTED BY NATIONAL PHYSICAL LABORATORY. 
(THESE ERRORS WERE DETERMINED BY “POINT CONTACT "MEASUREMENT.) 
ERRORS PER 1INCH LENGTH OF SCREW. 
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ment of saddle; and Z ivi i 
=ow Mei the divided wheel for rotating the 
igs. 35 to 37 show the special lathe-house itself, in 
which Special attention was paid to securing freedom 
“om Vibration, isolation of the foundations from the 
walls of the building, and means for keeping the tem- 
is rature of the inner room constant. The bed D, 
, if. 15 (page 262), upon which the tool-carriage, &c., 
ue, iy B. and of a form little liable 
ugh variations in temperature, and is 


screws are also stiffened against deflection by sliding sup- 
ports, The master-screw F is 4} in. in diameter, with a 
square thread }-in. pitch, and the section } in. by } in. 
in the plane of the axis of the screw. 

The tool is carried on a cross-slide, and as the weight of 
se pe — that on el —_ —- readily — 

y so doing, cut edge was —— 
be on its lower ade. A bar is arranged to be fixed upon 
transverse bridges on the hed of the lathe, so as to be 
directly over either the master-screw or the screw 
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cut. The sliding carriages upon this bar were desi 


k | to be connected either to the saddle moved by the master- 


screw, or can be moved by a feeler lying in the thfeads of 
the derived screw, so. that the regularity of either can be 
observed. The observations can be made both by means 
of a microscope traversed by the overhead slide over a 
scale resting on the fixed bar, and by means of end-measure 
gauges lying between an abutment on the moving slide 
and a micrometer head attached to the fixed bar. The 
microscope and micrometer abutment for. use with end- 
measure gauges are also fitted to the saddle carrying: the 
tool, thus allowing of direct observations of the motion of 
the cutting-tool. 

From such observations any required correcting-bar can 
be laid out, so as to give the cutting-tool regular motion, 
in spite of slight irregularities of the master-screw. The 
screws and the. rods connecting the saddle and crosshead 
are made hollow, so that water can be circulated through 
meee ~— 7 — le. All _ ee 4 — 
are e with ample bearing surfaces wit! ing- 
pieces for taking up slack. Provision is also made for 
clamping the cutting-tool slide. The two scales Ts 
for use with the machine are engraved upon iridio-plati- 
num strips inlaid in the trough of H-section bars, which 
were e of a similar steel to that used for the master- 
screw, in order to minimise errors due to different coeffi- 
cients of expansion. They are 40 in. long, and divided 
into tenths of an inch; one is standard at 0 deg. Cent.. 
the other at 62 deg. Fahr., the temperature at which the 
ag aR eee is desi to work. 

Neither of the special scales procured for the machine 
was available for use at Manchester during the. prelimi- 
4 experiments in the manufacture of the first screws, 
and existing standard les were not found convenient 
for use; also unexpected difficulties ayene, OmS to various 
causes, in obtaining indisputable cross-checking between 
the end-measure gauges available for reference. Messrs. 
Armstrong, Whitworth, and Co. therefore worked under 
considerable disadvantage in making the final adjust- 
ments of the machine, the more so as the overhead slide 
designed to carry the cy" € &c., was found to be 
not quite satisfactory in the fi measurements, so that 
all measurements to be made against end-measure 
gauges wnoae on the bed of the machine. 

It is therefore very satisfactory that measurements 
made after delivery of the machine at the National Phy- 
sical Laboratory, when placed in the special chamber 
erected for it, showed that the movement of the tool-car- 
riage did not vary from that produced by a true screw of 
the same repu length by more than 0.0002 in. in its 
full length, and after the insertion of a correcting cam by 
more than 0.0001 in. at any one point, and that corrected 
microscopic scale ny and independent end-measure 
readings did not differ by more than 0.0001 in. at any 
point. 

There is some satisfaction in noting that the ordnance 
factories were in possession of a 20-ft. leading screw which 
was known to be extremely accurate, and which, by the 
kind assistance of the Superintendent of Weights and 
Measures, was measured in detail for verification. The 
object of this investigation was to ascertain the accu- 

of workmanship obtainable by special attention, 


rac 
without “~ marked oy from omy workshop 
practice. The result of the investigation showed that 


absolute accuracy in measurement could not be secured 
under workshop. conditions of vibration and varying 
temperature, but it was arrived at that the 20 ft. of 
screw was long by 0.0107 in.—that by examination of 
measurements in detail there were 4 ft. of special accuracy 
measuring 4 ft. 0.0003 in. with no marked immediate 
irregularities. From this 4 ft. three screws were cut for 
subsequent correction in the standard leading-screw ad- 
justing-machine, and these screws have been so correc 
and are to be used in special machines for our work. 

Very careful measurements have been made at the 
National Physical Laboratory, and Fig. 38, annexed, is 
a diagram showing the errors in pitch of the master-screw 
on the standard leading-screw adjusting-machine. The 
upper series of curves gives the individual errors per inch 
length of thread ; when end gauges 
were used for the measurements, — - — - — - — with 
micrometer microscope measurements before the applica- 
tion of the compensating -bar, a with 
micrometer microscope measurements after the applica- 
tion of the compensating-bar. The curves below show 
the accumulative error, the same methods being used to 
show the different measurements. 

Fig. 39 shows the measurements taken at the National 

Physical Laboratory of the three leading screws cut in 
the Royal Ordnance Factories at Woolwich, which 
have been already referred to, before any adjustments 
had been made by the National Physical Laboratory 
authorities. 
Fig. 40 shows the errors in pitch in the three screws 
after they had been adjusted at the National Physical 
Laboratory, the upper series of curves being errors for 
1 in. length of thread, the lower series being the accumu- 
lative error, the reference being as follows :— 








The accuracy of the work so far done is instructive ; the 
three screws ref: to were measured before correction, 
the lo t being found + 0.002 in., and the shortest 
- 0.0026:n., over all in 3ft.—the maximum loca] error being 
0.001 in. in a particular 3-in. length; none of the screws 
varied from the others at any corresponding point by more 
tnevith foe he regard he issible errors in pitch. 

1t rther to the permissible errors in pitch, 
it should be pointed out that an error in piteéh manifests 
itself not only in the direction of the axis of the screw 








being | (#.¢., longitudinal pitch error), but also at right angles to 
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the axis (¢.¢, transverse pitch error). Therefore, as already 

stated, if longitudinal errors in pitch are tolerated, corre- 

sponding allowances must be le in the effective dia- 

motos to compensate for the transverse pitch error intro- 
uced. 

If then, the limits for effective diameter are determined 
by the tolerance recommended by the Committee, it 
follows that the tolerance in pitch must be such that the 
allowances in effective diameter requi in accordance 
with the formule quoted from Dr. Glazebrook’s memo- 
randum, to compensate the transverse effect of the pitch 
error) should in no case exceed the tolerance on. effective 
diameter recommended. This can be secured by the use 
of a suitable gauge arranged to gauge simultaneously the 
pitch and effective diameter, as to which I shall say a few 
words later. 

I have dealt at considerable length with pitch as the 
most, important element, but I must add a few words as 
to the other elements. Errors in core and full diameter 
have their effect on the other elements, but they need 
not affect them to the same extent as the pitch errors 
do. Errors in the slope or angle of the thread seriously 
affect ititerchangeability, but as the accuracy of this ele- 
ment can be controlled by care in making the cutting- 
tools, it should suffice to draw attention to the fact that 
particular care should be taken with an element which is 
capable of being corrected by. proper foresight. 

Attention is drawn to an important fact—viz., that it 
is possible for threads to each element within the 
dimensions recommended, and yet, from local inaccuracies, 
be either non-interc ble or form weak or unsatisfac- 
tory fits. Local errors falling in this category may be 
quoted as follows :— . 

(1) Variation in slope of thread in one complete turn. 
(2) Unevenness in contour of thread. 

(3) Undue thinness or thickness of thread. 

(4) Local inaccuracies of angle. ' 

(5) Local damage. ; 

It is to be noted that, although with the exception of 
local damage, in ‘the majority of cases threads would ‘be 
rejected by gauges conforming in these limits with the 
tables included in the Report, it is impossible to legislate 
separately for these errors, and they are only mentioned 
as possible causes for non-interchangeability occurring 
even in cases where the recommendations of the Com- 
mittee have been observed. 

Now, applying the recommendations to practical pur- 

there are many classes of manufacture, the total 
cost of which would be unduly burdened if every thread 
was measured to ensure its being truly accurate, and there- 
fore the ordinary rough commercial work may be secured 


properly interchangeable, by the use of a less elaborate | ¢ 


— of gauges than the Committee have suggested, even 
though, strictly speaking, properly to gauge a screw one 
pair of gauges, ‘‘Go” and ‘** Not Go,” should be used for 
every element. 

The Report No. 38 recommends gauges on this system, 
and the limits which are arrived at are so far as possible 
based upon the recommendations set out in report No. 27 
for third and second-quality plain cylindrical work for 
tolerance on the elements of bolts and nuts. The allow- 
ances made on the nuts work out to renga one- 
third of the value of those recommended for plain cylin- 
drical work. It was recognised that the expense which 
would be involved by so laboured a system, as would 
follow the use of separate limit-gauges for each element, 
would prove much too costly for many classes of work, 
and an effort has been made, asalready indicated, to pro- 
duce better quality work combination gauges where such 
are ible, thus reducing initial expense. 

r. W. Taylor suggested a form of combined gauge for 
gouging pitch and effective diameter simultaneously ; and 
is suggestion, slightly modified to suit the limits laid 
down in the Report, is described in an Appendix to 
Report No. C.L. 764. For barn pur it will be 
possible, with work manufactu to the limits sug- 
gested by the Engineering Standards Committee, to 
secure by selection in assembling My reasonable degree 
of accuracy of fit which may be desired ; and for the more 
rough qualities of work it is possible, as already indi- 
cated, that ring limit-gauges, such as are suggested in 
one part of the Report, will suffice to secure that inter- 
changeability which is aimed at. 

I fear that, though this lecture has been long, I cannot 
claim to have done more than indicate subjects with 

to screw-thread interchangeability which would 
repay you for further investigation. I certainly have not 
cakaaies ete ate Interchangeability in screw-threads 
is both practically and commercially a matter of such 
enormous importance that the subject is worthy, I think, 
of your individual investigation, particularly as regards 
those points with which you are likely to be individually 
connected, For instance, I would suggest that your 
work would be repaid if you embarked upon investiga- 
tion as to the tools used for cutting threads, the accurac 
by which these can be generatei, the accuracy b’ which 
such generation can be repeated, and the effect of cutti 
angles of such tools on different qualities of material. 
would point out thatif your tools are correct in the first 
instance as regards angle and form, and correctly rounded, 
you have gone a considerable way to secure work which 
will be interchangeable with work produced by others 
working on the same lines in other parts of the country, 
and so have materially assisted towards securing inter- 
changeability of these important articles. 

As regards the use of limit-gauges for the purpose of test- 
ing the accuracy and interchangeability, I would point 
out that modern requitements, while necessitating the 
highest quality of work, require that the expense entailed 
in securing that highest quality should be on the lowest 
possible scale, and that limit-gauges do assist towards 
the attainment of both these objects. 

I have mentioned several members of the Committee 
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by name, but I should be remiss if I did not voice the 
thanks of everyone concerned to all other members of the 
Committee who gave their time, care, and attention to 
the consideration of this most difficult subject which was 
entrusted to them; and I would specially like to take 
this opportunity of expressing the extreme regret and the 
sense of loss which the Committee sustained, during the 
time they have been sitting, in the death of such col- 
leagues as Mr. A. Le Neve Foster and Mr. O. P. 
Clements. 

I have received help from several gentlemen in the 
aye of this lecture. I will not quote a long list, 

ut will offer my thanks collectively and individually for 
what they have done. 








AUSTRALIAN AND JAPANESE CoAL.—In 1906 Australian 
coal was shipped to the Straits Settlements to the extent 


of 218,931 tons, while the shipments of Japanese coal were 
85,209 tons. In 1907 the Australian shipments declined 
to 91,049 tons, while the Japanese increased to 251,527 
tons. ‘ 


Tur German Navy.—A small cruiser named the Mainz 
has been launched at Stettin. She is to be fitted with 
turbines, and is expected to be ready for sea by the 
autumn or winter. The bay ep G 169 has been 
launched at Kiel ; she is the first of five turbine torpedo- 
boats to be built at Kiel, out of a flotilla of twelve approved 
in 1908. 


MERCHANT VENTURERS’ TECHNICAL COLLEGE, BRISTOL. 
—The Governors of the Merchant Venturers’ Technical 
College, at Bristol, have, as already announced, appointed 
Mr. W. Morgan, B.Sc., as Professor of Motor-Car Engi- 
Deering. In order that the work of this department may 
be le as efficient as possible an appeal is now being 
made for such equipment, special mechanism, and motor- 
car parts as will be of service in the giving of instruction 
in this subject. As the Governors wish to keep quite 
abreast with the times, they make the statement, when 
appealing for help of this kind, that they will not under- 
take to retain any such gifts or loans except for so long 
as they are sufficiently ‘‘ up-to-date” to be of service in 
the training of the students. Apparently this implies that 
the Governors have no intention.of founding a museum of 
motor-car antiques. We understand that promises of 
parts, &c., have already been received from several firms. 


Coat Imports at GENOA AND Savona.—According to 
the Bolletino Finanze, Ferrovie, Industrie, the coal im- 
— at the port of Genoa amounted during last year to 

037,664 tons. For the preceding years the correspond- 
ing figures were :—3,002,863 tons in 1907, and 2,737,919 
tons in 1906. The heaviest monthly imports were 
317,249 tons and 317,556 tons in July and November 
last respectively, the lowest figure being for February, 
when the coal imports amounted to. 198,371 tons only. 
About half the coal imports proceeded from Cardiff 
and Barry, the other half coming from Newcastle and 
Shields, 600,000 tons; Glasgow, 243,000 tons; New- 
port, 231,000 tons; Swansea, 129,000 tons. A total of 
98,778 tons was received from American ports. | The coal 
imports to Savona amounted, in 1908, to 1,110,327 tons, 

inst 1,013,890 tons in 1907, and 882,978 tons in 1906. 

e increase is greater for Savona than for Genoa, owing, 
it is alleged, to the unsatisfactory railway service at the 
latter port. 


Moprern Metruops or Borer - Serrine.—Probably 
nothing in connection with steam-boiler installations has, 
during the last twenty or thirty years, undergone so little 
cha: as the methods of setting the boilers. The care 
with which the foundations are laid, the brickwork built, 
and, above all, the manner in which the boilers are seated 
and covered, so as to reduce as little as possible the 
effective heating surface and render inspection easy, have 
much to do with the efficiency and life of the boiler. In 
the old days the way in which the seating and covering 
were effected often left much to be desired. Many of the 
vital parts.of the boiler were so closed in, and the side- 
flues so narrow, that satisfactory inspection was prac- 
tically impossible, with the result that serious corrosion 
might, and did, occur until some disaster took place, A 
distinct ad -ance in the matter of seating and covering 
block appears, however, to have been recently made 
by Messrs. E. J. and J. Pearson, Limited, of Stour- 
bridge, who have ht out a form of block which 
reduces to a minimum the ing surface of the boiler 
on the blocks, and increases considerably the heating 
surface and the area of the plates open to inspection. 
The blocks supplied by the firm are of firebrick, as usual, 
but the pt on which the boiler rests is cushioned by 
means of asbestos. They are of the usual dimensions as 
far as length, width, and height are concerned, but the 
top part on which the boiler shell rests is made about 
2 in. wide, and in this face there is, in the centre, 
a semicircular groove, in which is laid an asbestos 
rope or cylinder, which runs the whole length of the 
boiler and forms a cushion for the latter to rest on. 
The side flue-covers, which rest against the boiler, are 
formed in a similar way, and make a very narrow joint, 
which is practically air-tight. Special blocks are made 
for those parts of the setting where there are shell 
seams, as well as interlocking arch bricks for the end of 
the boiler, which allow of expansion and contraction. 
Specially formed angular contact covering-slabs for the 
top of the boiler are also a feature, but these are not 
fitted with asbestos, All these and many other forms are 
fully described and illustrated in a very well-got-u 
catalogue issued by. the firm, and are certainly wor 
the attention of engineers. In addition, the catalogue 
contains some useful advice on the care of boilers and on 





the purification of feed-water. 





CATALOGUES. 


Messrs, WILLIAM GEIPEL AND Co., Vulcan Works, 
72a, St. Thomas’-street, London, S.E., have recently sent 
-s short list of prices of vulcanised rubber wires and 
cables. 


The Crittall Manufacturing Company, Limited, 11 and 
12, Finsbury-square, E.C., have sent us one of their taste- 
fully-printed pamphlets on metal casements, giving sec- 
tions of cills, mullions, jambs, &c., and also illustrations 
of houses fitted with windows of this class. 


Electric stoves form the subject of a pamphlet recently 
issued by Messrs. O. C. Hawkes, Limited, Globe Works, 
Bromsgrove-street, Birmingham. These are direct, air- 
heaters of the non-radiant type, and are made in styles 
suitable for all classes of rooms. 


Two pamphlets from Messrs. Knowles and Wollaston, 
Ticonderoga Works, 218-220, Queen’s-road, ttersea, 
deal with Dixon products. One is devoted to Dixon 
crucibles, stirrers; and skimmers, &c., and the other to 
flake graphite and lubrication compounds. 


A wooden mast for wireless telegraphy, arc-lamp poles, 
water-cooling towers, &c., form the subject of a pamphlet 
recently issued by Messrs. Richard Wade, Sons, and Co., 
Limited, Hull. In this photographs and drawings are 
given of masts 230 ft. long, and jointing, &c. 


Mr. J. Ciceri Smith, 32, Theobald’s-road, London, has 
sent us a pamphlet of direct-reading micrometer caliper 
gauges, in which the measurement is recorded in decimals 
in a figure index, such as are made use of in speed- 
counters, &c. 


Messrs. H. W. Petrie, Limited, St. James and Little 
St. Antoine-streets, Montreal, Canada, send us a list of a 
large stock of second-hand tools and machinery of all 
kinds, including engineers’ labour- saving machines, 
engines, boilers, and other plant. 

The General Electric Company, Limited, 71, Queen 
Victoria-street, E.C., have sent us a large catalogue of 
electric fittings and glass-ware. This catalogue is priced 
and contains illustrations of a great variety of light 
fittings, brackets, pendants, &c. 

The International Time-Recording Company, 151, City- 
road, E.C., have sent us a pamphlet dealing with the 
Bundy and Rochester time-recorders. These are of the 
card or key systems, and may be adapted to workshop, 
office, or other purposes, as, for instance, the regulation of 
tramway traffic, &. 


The Sunbeam some Company, Limited, Park-road, 
Gateshead, have issued circulars giving prices of their 
electric-lighting accessories, and of Sunbeam metal lamps 
made in 6 to 100 candle-power sizes for 25 to 260 volts. 
Carbon lamps, insulators, &c., are dealt with ‘in another 
circular. : 

The Parsons Motor Company, Limited, Town Quay, 
Southampton, have sent us a pamphlet containing speciti- 
cations of standard sizes of marine sets. These are rated 
respectively as 7, 14, 21, 28, 42, 30;'45, 60, 75, and 100 
horse-power, and the prices given include engine and 
clutch, propeller, shafting, and installation materials, &c. 

A small and neatly-printed .catalogue has reached us 
from Messrs. Stewarts and Lloyds, Limited, Winchester 
House, Old Broad-street, E.C. This deals with wrought- 
iron and steel pipes, and tubes and fittings of all kinds. The 
list contains tables of weights, &c., and also deals with 
valves.and cocks, boiler-tube tools, pipe-fitters, stocks 
and digs, steel castings, and other products of this well- 
known,.firm. 


The Worsley Mesnes Iron Works Company, Wigan, 
have issued & catalogue dealing with Melling’s automatic 
expansion-gear, which can be applied to winding or other 
engines fitted with slide, piston, or Corliss valves. This 
gear has a range of cut-off of from 5 per cent. to 85 per 
cent. of the piston stroke, and may be put out of action, 
so as not to interfere with the admission of steam by the 
main valves alone. It has been largely adopted in colliery 
winding-engines, &c. 

Messrs. Severn and Co., 20, Budge-row, Cannon- 
street, E.C., send us various catalogues of Bollinckx 
engines, &c. One of these refers to tandem compound 
engines fitted with the several distinctive features with 
which this name is associated. Another pamphlet relates 
to Bollinckx engines fitted with Corliss valve-gear, and 
others deal with the transmission of power, &. The 
latter deals with shafting, brackets, clutches, and the 
erection of line-shafting, Ke. Another pamphlet deals 
with portable and permanent narrow-gauge railway 

lant made by the Berlin firm of Messrs. Gliissing and 
Schollwer. 








Go.p.—The value of the gold coin and bullion imported 
into the United Kingdom in 1908 compared as follows 
with the corresponding imports for the previous three 
years :— 

Year. 


Value. Year. 


£ 

1905 38,507,895 1907 .. 57,088,547 

1906 46,042,590 1908 .. 46,145,314 
Last year, it will be observed, there was a considerable 
set-back, less gold having been received from Germany, 
France, and Australia, pF emer the receipts from South 
Africa were larger by 2,369,914/. The value of the gold 
coin and bullion received from British South Africa during 
the last four years was as follows :— 


Value. 


. £ 
20,780,255 
24,736,214 


Value. 
£ 


Value. 


29,443,850 
31,813,764 


Year. Year. 


1907 
1908 


1905 
1906 
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INDUSTRIAL NOTES. 


Srr Epwarp Fry, to whom was referred the matters 
in dispute between the Lendon and North-Western 
Railway Company and its employés, after consideration 
by the Board of Conciliation, and non-agreement thereon 
by that Board, has issued his award. It is one of the 
most notable historical labour documents ever penned. 
Its importance is accentuated by reason of the high posi- 
tion of the company in the railway world, its enormous 
capital, its vast property and mil of its lines, and 
the great number of its employés. e issues involved 
were great and complicated, and they have been dealt 
with bya master-hand. Mr. Lloyd George has reason to 
be proud of his share in the work. He it was who initiated 
the policy and succeeded in averting a great threatened 
strike, and laid the foundation for Conciliation Boards. 

Those who expected that the men’s ‘ National 
programme for a es” would be conceded are, of 
course, disappointed. It could not really be thought 
possible, except by enthusiasts. In a work so great 
and various the changes must necessarily be piecemeal 
and gradual. The largest advance in wages is to fire- 
men on the new large engines—Is. 6d. per week. But 
there is an advance as regards overtime and Sunday 
work. Men engaged weal in shunting are conceded 
an eight hours’ -* , and a minimum rest of nine hours 
is allowed to breaksmen, except in case of emergency. 
A maximum week’s work is conceded to the goods 
staff. The greatest gain of all is the rearrangement of 
hours, with extra pay for overtime. This will tend to 
greater Ss the workers, and to passengers and 

roperty. hatever defects the award may have 
eon the workers’ point of view, it is a t forward 
step towards the amelioration of the conditions of em- 
ployment in the vast and far-reaching railway world. 

The general secretary of the Amalgamated Society 
of Railway Servants has indicated in a speech made at 
the end of last week that the award of Sir Edward 
Fry is regarded as more favourable to the employés 
than at first appeared. It would be an unwise and an 
ungracious act to criticise teo closely an award given 
under such circumstances. In all such disputes 
patience and prudence are required. 


The report of the Amalgamated Society of Carpen- 
ters and Joiners is still very unsatisfactory from the 
workers point of view. The total membership was at 
date 61,783. Of these, 8668 were unemployed, 6744 
being in receipt of donation benefit ; there were also 
33 in receipt of unemployed benefit on travelling-cards 
in search of work. e total on the sick-list was 1934, 
and on superannuation benefit 2907. The drain on the 
funds therefore continues. The council were anxious 
to reduce the general levy, so as to relieve members as 
far as possible, and therefore tried to get in, a full 
account of all the balances in all the lodges, so. as to 
see if it were possible to reduce the levy ; the results 
show that the society is 44,000/. short, of the full 
amount required by the rules, and therefore the council 
cannot assent to a reduction of levy at present. A great 
effort is being made to induce nulteain members 
toreturn and pay up, and some help is being rendered 
in distressed eases. One item of good news is given 
in the report. ~ Two large firms for some time in the 
list of ‘* unfair ” houses or shops have posted notices to 
the effect that they agree to the trade-union.rates and 


terms. Members. therefore can now accept employ- 
ment in these firms$ but some nineteen or twenty 
firms in variaus towns are still in the prohibited list. 
At half-a-dozen other firms the members are reques 


to make inquiries before accepting work. Some of the 
branches are harassing the council on the subject of 
labour representation from two divergent points : one 
that too much is being done, the other too little. One 
branch votes for a fresh ballot as to payment of the 
Parliamentary levy ; the council refuses, and says that 
the members of the branch cannot be deprived of the 
benefits secured, but they may refuse to help to pay. 





The report of the Operative Cotton-Spinners shows 
that the united mem rship was at date 18,919, or 
nearly 19,000 all told. There was a gain in the month 
of 202, and of 1430 since a year ago. The increase of 


full members, however, was only 70 for the month and 
178 for the year, the others being full and half-timers. 
The u employed members were 2.17 per cent. of full 
members, but 6.83 per cent. of the aggregate of all 
graces. in the previous month 1.93 per cent. were un- 


employed, and 1.64 per cent. a year ago. There were 
also 133 on the roll through temporary stoppages, 
and 49 per week through accidents ; also 216 per week 
of piecers—total, 6.83 per cent. ; previous month, 10.94; 
ancl a year ago, 4.71 per cent. The net result does not 
indicate any severe depression in this branch of the 


Cotton trade. The officials had to deal with 33 dis- 
putes in the month ; in the previous month, 45 ; same 
Month a year ago, 146. There were reported to the 
committee 48 accident cases ; previous month, 53; same 


month a yearago, 44. A total of 62 compensation cases 

sent to employers ; previous month, 99; same 
a year ago, 86. Since the Act came into force 
mpensation cases have been sent to the em- 


were 
month 
2938 ce 
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ployers, most of which have been settled without liti- 
gation. After allowing for all expenditure there was 
a gain of 1046/. 12s. Od. to the funds in the month. 
The society is thus recovering from the severe strain 
of the dispute in the autumn of last year, by the strike 
of the card-room hands and others. There is no refer- 
ence in the report to the negotiations pending for the 
institution a a price or wages list for the 
cotton industry. tails are given in the report as to 
all compensation cases, and also.as to dispute cases 
been settled. But there are no statements as to 
pending disputes, therefore friction is avoided. 


‘ The current monthly report of the Associated Black- 
smiths contains also the last quarterly report for 1908. 
It shows a slight decrease of nine in membership, but 
arrears were also decreasing, showing a desire on the 
part of members not to risk exclusion. The payments 
to unemployed members were larger than usual, and 
also for other benefits, with the result that there was 
a decrease in capital account of 471/. 1s. 6d. The total 
balance in hand at date of the report was 22, 824/. 6s. 3d., 
but the proportion per member was considered satis- 
factory. The monthly returns show very little indica- 
tion of improvement in trade. In one district only was 
trade reported to.be , in three improving, in seven 
fair, in one steady, in four moderate, in all the others 
it was from dull to very bad. Still the council were 
buoyed up with hope; for the report states that orders 
were eae | placed which would in due season find em- 
ployment for many of the out-of-work members. Efforts 
are to be made to gather in the strayed members and 
non-unionists generally, so that the organisation shall 
be able more effectively to deal with disputes when 
they arise. The Society is not one to encourage strikes; 
it seeks rather to settle disputes by direct negotiation 
with employers. It is often involved in disputes, not 
of its own seeking, by the action of other sections in 
the engineering and shipbuilding trades. The dis- 
pute last year at Barrow was, however, due to the 
action of the Barrow members, sanctioned, however, by 
the executive. . That was'in the end settled amicably, 
though not in favour of the men. 


The American Federationist for this month is mostly 
devoted to the great labour action in which the 
three chief Labour leaders in the United States were 
defendants, and were sentenced to imprisonment— 
Samuel Gompers, President of the American Federa- 
tion of Labour and editor of the Federationist, to twelve 
months, John Mitchell, of the Miners’ Federation, to 
nine months, and Frank Morrison, secretary, to six 
months. The offence was what in this country is called 
‘*contempt of court ;’ they refused to obey the in- 
junction of the Court in which the trial took place as 
to the boycott of a well-known American firm. These 
men absolutely refused to obey the injunction, and 
continued, not only up to, but during, the trial to 
ignore the decision of the Court. In this month’s 

‘ederationist the contempt would seem to be even 
greater, as appears from the editorial upon the Court 
and its decision, in which the Judge is held up to 
derision. In the first place there is a verbatim report 
of Mr. Justice Wright's decision and sentence, with 
all the documents cited, given in the exact form in 
which the case was reported in the ‘‘ official paper of 
the Supreme Court of the District of Columbia.” The 
language used by the Judge concerning the defendants, 
oat the editorial by the defendants concerning the 
Judge, does not commend itself by its moderation. 


ted | The labour unions of the United States have resolved 


that there shall be an appeal to the highest Federal 

Court of the Union against the sentences, and mean- 

while the defendants are out on bail and continue 

their vigorous sever nar It is likely to be the 
reatest labour legal conflict ever tested in a court of 
w, there or elsewhere. 





The re-adjustment of wages in the engineerin 
trades by reductions in time-work and piece-wor 
rates is not exciting that violent opposition which was 
anticipated in some quarters. In Manchester and 
Salford the reduced demand of the caging for 1s. 

r week and 24 per cent. on piece-work was accepted 

y the men after a ballot. In the Bolton district the 
same compromise was offered, on the same terms— 
namely, if not accepted, the employers will revert to 
their original demand. Ata cnaetene held last week 
a resolution was agreed to, after a long conference, to 
recommend the acceptance of the proposed reduction. 
The resolution was to be submitted to the men at the 
of the several unions for ratification. In 
the Sheffield district the matter was referred to the joint 


|committee. At the present time, when so many men 





| are unemployed, it would not be altogether surprising 


if the resisters were more numerous, seeing that those 
on strike get more per week than those on donation 
benefit, and, in addition, in most cases, the additional 
5s. per week from the General Federation of Trades. 
The acceptance of the terms show, therefore, con- 
siderable self-restraint, and also that the lessons of the 
strike on the North-East Coast are not altogether for- 
gotten. The men are doubtless hopeful that a conces- 








sion just now may help to give an impulse to. trade. 
It must not be forgotten also that the employers have 
not pressed to the full all the advantages in their 
favour. Mutual restraint is all in favour of peaceful 
negotiation and conciliation. 





There was no indication of any real improvement in 
the iron and steel trades in last week’s markets. If 
orders have been placed oy are not yet being — 
ceeded with very actively. Perhaps this is inevitable, 
as much preliminary work has to be done at the outset. 


Considerable s ise, mystification, and some alarm 
were manifest in the Buxton district in the early part 
of last week when it became known that 100 extra 

lice had been drafted into the area covered by the 

ime-quarry workers’ strike. It was feared that 

of disorder or violence had been shown, but inquiries 
set on foot did not confirm that view. It became 
known on Wednesday, the 10th inst., that the police 
alluded to had been hired by certain companies, 
and that their appearance was not due to any gen 
for help to the chief of the Buxton police. He, it 
is said, was surprised, for there was no indication of 
violence, and the relations between the police and the 
strikers were regarded as friendly under the circum- 
stances. There had been processions on most days, 
but they were orderly, and no violence had been 
attempted nor indicated. It is said, also, that 
the officials of the firms affected had heard of none. 
The facts were only publicly re on the day 
following, Thursday, the llth, It is stated that when 
the facts were made known the men working at one of 
the quarries immediately left work as a protest against 
the appearance of the police, but on their removal from 
that part they resumed work as usual. .The importa- 
tion of hired police is described as unusual ; it is the 
duty of the regular police to keep order, and see that 
no violence is done, and to get extra help when required. 








Ata large meeting held in the Buxton Town Hall 
at the end of last week it was announced that negotia- 
tions were pending for the settlement of the dispute, 
but all that had been done up to date of writing was 
the concession on the part of the r that he 
would consider any proposals made ‘by the men or by 
their representatives on their behalf. 





While the question of cost of old-age pensions under 
the Act of last Session is being discussed and often 
adversely commented upon, it is well to recall to mind 
the cost of Poor Law relief. This happily can now be 
done by the help of the recent publication of the Annual 
Report of the Local Government Board, but its figures 
oat tables do not come down later than March 31 of 
last year, so that the worst part of 1908 is not included. 
Still the trend is shown, and also the great cost of pauper 
relief over a long series of years. e cost of old-age 
pensions at 5s. per week is 13/. a year ; if there are 
man and wife entitled, 26/. per year. There it ends. 
The cost of pauperism is given in the tables at per head 
as follows :— 


Year. London. | England and Walés, 
£ a d, £3 d. 

1871 18 14 9 ee 

1904 28 18 O 3 13.61 

1907 26 16 8 13 10 10 


These figures are for indoor and outdoor relief inclusive. 


But the cost in London of an indoor pauper was 
34/. 9s. 11d., in some cases higher, up to 40/. per head, 
and other unions lower. The cost per h for the 
rest of England and Wales was 24/. 5s. 3d. Supposing, 
therefore, that there were man, wife, and two children, 
the cost in London would be for man and wife 
68/. 19s. 10d., and the same per head for children ; 
aggregate 137/. 19s. 6d. for the whole family. The cost 
to the ratepayers was, in 1907, 8s. 1d. per head of the 
whole population. The worst of it is that the system 
perpetuates pauperism, for the taint is often hereditary. 





Some difficulty had arisen as to fixing the date of the 
conference at the Board of Trade on conciliation in the 
cotton trade, as many parties had to be consulted by 
correspondence, but it ap that it is likely to be 
held before the end of the current month, probably 
next week. 





Notices have been issued for a reduction of wages in 
the engineering trades in the Birmingham district. 
The proposal is 1s. per week on time and 2} per cent. 
on piece rates. This is now _——— the rule, as in 
Lancashire and Sheffield. © men express dissatis- 
faction, but agreed to meet in conference, 








Tours In THE West Inp1es.—The Royal Mail Steam- 
Packet Cosageny have issued an attractive little book of 
tours in the West Indies, for their steamers. e 
tours extend over eight or ten weeks, and include many 
of the most attractive ports in the Archipelago. The 
scenes reproduced in this booklet are sufficient to make 
anyone wish for a spell under those sunny skies, 
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CAST-STEEL RAILWAY RAMPS. 
CONSTRUCTED BY MESSRS. SAMUEL OSBORN AND CO., LIMITED, | ENGINEERS, SHEFFIELD. 


Fia. 3. 


In Figs. 1 to 5, herewith, we illustrate a new form of 
railway ramp being manufactured by Messrs. Samuel 
Osborn and Co., Limited, Clyde Steel Works, Shettield. 
To this the name of the T.P. ramp has been given, 
and it is manufactured of best toughened cast steel. 
A pair of ramps go to a set, one for the inner and one 
for the outer position. In Fig. 1 are shown four ramps 
arranged for pulling on from the right hand and from 
the left. In Fig. 2 is shown a pair of double ramps, 
— a group of single and double ramps is also shown 
in Fig. 5. 

In using the single ramps, the wooden key is removed 
from the chair in front of the derailed vehicle, and the 
Esha 1 tongue shown on the near side of the ramp 
(Fig. 3) inserted in the place of the key. A clip-bolt 
near the other end of the ramp draws it right up to 
the rail. The corresponding ramp is fixed to the rail 
at the narrow end by a loose clip, one of which is seen 
in Fig. 5, which grips a flange on the inner ramp to 
the flange of the = At the wide end the ramp is 
brought up against the rail by a bolt, as will be clear 
by a reference to the illustrations. 

The double ramp shown in Fig. 4 fits into the chair 
from which the wooden key-block has been previously 
removed, and is drawn up to the rail by means of a 
pair of clip-bolts. Although there may appear to be 
too many loose parts liable to get lost, and more pre- 
paratory operations to perform with this ramp than 
with the ordinary form, the greater certainty of action 
with a rigid ramp of this kind will overbalance 
the disadvantages arising from these causes. Owing 
to bee rigidly fixed, the damage to the permanent 
way is likely to be less than with the usual ramp. It 
has advantages over the either-side ramp of the saddle 
form, being much more certain in its guiding action, 
while it can be left in place until the whole train of 
vehicles has passed over it. 








Coat IN THE PuHILippines.—Coal has been found in 
nearly every island of the Philippines, in many places 
associated with petroleum. The coal is pretty much 
alike throughout the Philippines ; it is sub-bituminous, 
having the appearance and specific provity of lignites, but 
it has the carbon content and streak of a bituminous coal. 
When mined from beds near the surface, and from those 
which have been little distutbed since their deposition, 
the coal is apt to be very inferior, having only about 
50 per cent. of the ne re f of Australian coal; but in 
regions like the a and Danao fields, on the 
western end of Batan Island, it is of a decidedly better 
grade. This superiority is due not so much to compres- 
sion in folding, or to volcanic heat, as it is to the fracturing 
of the coal, so that a process of dry distillation takes 
place, and a greater quake of fixed carbon is segre- 
gated. The promising Philippine coal - fields at the 
present time are :—Cebu, in the region behind the towns 
of Compostela and Danao ; the island of Polillo, on the 
east coast of Luzon, about caput Manila ; the southern 
pee of the island of Mindora, in the vicinity of Bula- 

; a small island just to the south of ulalacao ; 


Batan Island, about 12 miles north-east of coped, in 
Albay Province ; the northern portion of Dinagat d, 
just north of Aurigao, Mindanao ; and near te, in 
the north-east corner of the island of Negros. 





Fig. 4. 


YEAR-BOOKS AND ANNUALS. 


The Fleet Annual and Naval Year-Book, 1909. Com- 
piled by Lions~t Yextey. London: The Fleet, Limi- 
ted, 4114, Harrow-road, W.—Mr. Yexley is to be con- 
gratulated on the amount of information comprised 
within this annual, issued at the popular price of 1s., 
as there is in the second part a review of the work of 
the year in connection with each navy, and tabular 
information regarding the estimates and the ships 
built or building. In Part I. there are a number of 
articles, signed for the most part by pen-names. The 
first article—‘‘ Jack-in-the-Box ”—is a plea for more 
individuality and less mechanical control in warships. 
The second article deals with the ‘‘ Death of the Two- 
Power Standard,” and is rather pessimistic in tone 
with regard to Germany’s determination to have com- 
mand of the sea. The writer looks ahead as far as 
1920 in regard to expenditure, but forgets to consider 
any probability of the financial resources of our com- 
petitors not ho ding out. ‘* Enough for the year is the 
naval vote thereof” should be the chief motto of all 
interested in naval supremacy. Another article is on 
‘** Engineering Progress,” and the writer very properly 
pleads for a close association between theory and prac- 
tice. In dealing with progress he takes us to task for 
our doubts regarding the immediate adoption of the 
gas-engine for warships, and points out that ‘‘such 
engines, of great horse-power and of light weight, 
have been largely built, and are highly successful.” 
We doubt es. 9 whether any large engine suitable for 
marine use has yet been produced. Exceptionally 
large horizontal gas-engines have been built and run 
successfully, but the evolving of a marine gas-engine 
from existing practice must be a matter of much ex- 
perimental research. In this same chapter the pro- 

1 of ‘“‘a clever admiral” in favour of driving a 
ttleship by ‘‘ direct impact of exploded gases on the 
water ” is commended as appearing to be ‘‘ worthy of 
experiment.” ‘If one imagines a battleship forced 
along by a recurring series of small explosions, by an 
engine almost impossible to break down, one is tempted 
to risk experiment.” The only comment is that the 
article is signed ‘“‘ Engineer R.N.” Mr. Lionel Yexley 
writes on the subject of ‘‘Naval Summary Punishments” 
and on “The Future of the Coastguard,” while ‘‘Colonial 
Navies” is the subject of another contribution. 








InpIAN Iron Orne.—There was again a decrease in the 
output of Indian iron ore in 1907, the total amount raised 
being 67,667 tons, as compared with 74,120 tons in 1906. 
Inco uence, however, of the working of richer deposits 
in the Singhbhum area, the value returned for 1907 was 

ter than that reported during the —— year. 
he year 1907 marked what will probably be an important 
stage in the history of Indian iron manufacture, owing to 
the floatation, at Bombay, of the Tata Iron and Steel Com- 
pany, Limited. The company has secured a lease of 20 
square miles of iron ore lands in the Mourbhanj State, 
Orissa, and a considerable area in the Raipur district of the 
Central Provinces. Hitherto, the only successful iron- 
smelting works in India, conducted on European lines, 
have been those belonging to the Bengal Iron and Steel 
Company, at Barakar, Bengal: 





Fic. 5s 


TRANSVAAL GoLD OuTpuT.—The December output of 
gold in the Transvaal amounted to 2 806,235/. This makes 
the value of the year’s output no less than 29,957,610/., 
which is over 2,550,0002. more than in the previous year. 
In previous years the output has been as follows :—In 
1907, 27,403,7380.; in 1906, 24,579, 9897. ; in 1905, 20,802,0741.; 
in 1904, 16,054,8097. 


THE Itati1an Navy.—The Rivista Marittima recently 
published in pamphlet form two essays it had received in 
reply toa non-official competition it had instituted among 
the officers of the Italian Navy. The competitors were 
asked to state the features that should characterise Italian 
battleships, and to give a scheme for navigating a fleet 
formed of units of the type proposed, so as to establish 
contact with an opposing fleet of similar power. The 
author, a navigating officer, who was awarded the first 
prize, proposed :—A_ battleship armed with eight 12-in. 
guns mounted in pairs in four turrets: fore, aft, and on 
the port and starboard sides ; arc of training of fore and 
aft turrets, 270 deg. ; arc of training of lateral turrets, 
180 deg. on their respective sides and 90 deg. athwartship. 
Eight 6-in. 50-calibre guns, firing a projectile weighing 
100 lb., with a 3050-ft. muzzle velocity ; rapidity of fire, 
ten rounds per minute ; mounted in four side turrets, 
firing directly forward, or aft, and round an arc of 135 deg. 
to port, or starboard. Twelve 3-in. guns, distributed 
symmetrically in the bow and stern, above the belt 
armour, and firing through embrasures. The ammuni- 
tion on a id consist of 100 rounds for each —_ 
gun, seventy-five being ca: armour-piercing projectiles 
and sate tve with Sele suattable for destroying land 
defences ; 250 rounds for each 6-in. gun and 300 rounds 
for each 3-in. gun. Torpedo-launching tubes forming the 
most effective means of defence of a ship which has 
otherwise become incapacitated, there should be twolateral 
submarine tubes, but neither bow nor stern tubes. The 
protection should consist of belt-armour 8 in. thick over 70 
per cent. of the length amidship, 4 in. thick round the bow 
and the stern ; 12-in. gun-turret armour 8 in. thick ; 6-in. 
gun-turret_ armour 6 in. thick; conning-turret armour 
12 in. thick; base of funnels to practically level with 
conning-tower protected by 4-in. armour; no torpedo 
netting—this to be fitted on subsidiary ships only ; ton- 
nage, 16,000 tons; 24,000 horse-power ; wes mags | for fuel, 
1750 tons ; turbine-driven ; speed, 22 knots. The navi- 
gating officer and author of the essay which was awarded 
the second prize advocated a battleship of 16,000 to 
17,000 tons, fitted with turbines Wey 30,000 horse- 
power, having a maximum speed of 23 to 23.5 knots; 
armed with eight 13-in. or 13.5-in. guns, mounted in four 
turrets, two fore and two aft, in the axis of the ship, the 
guns in the two middle turrets, when aimed directly tor- 
ward or aft, firing directly above the two end turrets ; arc 
of training of all four turrets, 320 deg. ; twenty-four 3.5-1n. 
or 4-in. guns, firing through embrasures in the broadsides 
above the belt armour, mounted in pairs on twelve <is- 
a ring mountings ; arc of training of each gun pur, 
130 deg. ; two submarine torpedo-launching tubes, or t0 
tubes on deck (if the latter, room might perhaps be found 
for four) ; protection afforded by belt armour 10 in. thick, 
tapering down to 6 in. at the ends and lower edge ; 12-in. 

m-turret armour 10 in. thick ; conning-tower armour, 

32 in. ; armoured deck, ; in. thick. th essays give 

further interesting data on the desiderata which shou'd 
be met in capital ships destined for the Italian Navy, 
and also in the second, the tactical, portion of the pro- 
gramme set forth by the “ Italian Maritime Review.” 
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[Szconp Norice. ] 
Ix our previous notice (published in our last issue) 
of Mr. Lanchester’s treatise we gave his conclusions | 
as to the relative effects on the stability of its| 
motion of the resistances experienced by a flying- | 
machine, and of its transverse moment of inertia. 
The former tend to diminish the amplitude of | 
the oscillations about the mean path, whilst the 
inertia of the machine has an opposite tendency. | 
Hence, in order that the amplitude of the oscilla- | 
tions shall not increase to a dangerous degree, it is | 
necessary that the effect of the resistances in flat- | 
tening the undulations of the curve shall be greater | 
than that of the inertia in amplifying them, and by | 
a very ingenious scheme of reasoning, but one 
far from easy to follow, Mr. Lanchester estab- 
lishes an equation of stability for the case, at any 
rate, in which the amplitude of the oscillations is 
originally small. In such cases the flight-path is 
adequately represented by a sine curve, the phase 
length of which—viz., the distance J N, Fig. 2, 
page 242 ante—is equal to 2 /2aH, , where H, is, 
as before, the natural velocity head of the aeroplane. 

As already pointed out in our previous notice, 
the effect of lack of balance between the power 
applied and the resistance of the aeroplane is that 
in ‘‘troughing” the velocity is less than it should 
be, or, in other words, the quantity H in equation (4) 
2q) 
creased, and the rate of this decrease is obviously 
a maximum at the moment the aeroplane reaches 
its lowest point, since it is here that the excess 
of resistance over power isa maximum. Thus the 
lack of balance between the propulsive forces and 
the resistances causes variations in the H of equa- 
tion (4), but not in H,,. 

Consider next the effect of the inertia on the 
flight-path whilst the aeroplane descends from a 
crest to a trough. At the crest the aeroplane is 
moving on an ‘* even keel,” but its angular velocity 
is a maximum, and the energy stored makes the 
aeroplane, during its downward sweep towards the 
point of contrary flexure, lie at a steeper angle to 
the horizontal than the tangent to the flight-curve. 
In the ideal case, however, the supporting plane of 
the machine makes a constant angle, which may be 
called 8, with the tangent to the flight-path. The 
effect of the inertia is to decrease this angle, thus 
diminishing the supporting power of the plane. In 
other words, to get a given amount of support the 
plane must travel faster. Again, the pressure on 
the tail plane during the downward swoop of the 
machine acts downwards, so as to diminish the 
angular velocity of the machine. This downward 
pressure adds itself to the weight carried, and to 
support this necessitates a further increase in the 
velocity. Hence the effect of the inertia is to 
increase the natural velocity of the plane by an 
amount that differs at different parts of the flight- 
path. Since the ‘ natural” velocity varies as the 
square root of the ‘‘ natural” head H,,, the inertia 
effect reduces to an increase in H,. Taking now the 
general equation to the flight-path—viz. :— 

C . 

JH 


Let 6; be the angle at which the aeroplane crosses 
the line of horizontal flight, at which time H = H,.. 
Then, obviously, C the constant in the above 
equation is given by the relation 


C= Jt, { cos 0, - 4}. 


Itcnce the phugoid equation may be written 


H eee + 
cos 6 = }- H f =_ ¢ 4 
3 Ha +a/ “. x yor? hy 


lle angle 6,, being the angle at which the 
piugoid cuts the line of horizontal flight, obviously 
determines to which one of the curves shown in 
3, page 242 ante, a particular flight-path 
longs, 
\s already stated above, the lack of exact balance | 
veen the resistance of the plane and the driving | 


ante (which is, of course, equal to is de- 


cos 8 = + 


H 
3Ha 


he 


power is equivalent to an increase of H, whilst the | 
In¢ 


‘rtia effect corresponds to an increase in H q. 





Now, if at every point of the actual flight-path 


the value of H is increased in ope the same 
ratio by the resistance effect as the value of H,, is 


increased by the inertia effect, the ratio HT 


mains the same as if neither effect existed, and the 


* character of the flight-path is unaltered. 


This observation is the basis of Mr. Lanchester’s 
equation for the stability of an aeroplane. 

He determines the maximum possible rate at 
which the resistance effect can alter the value of 
H, and also the maximum possible rate at which 
the inertia effect can increase the value of H,,, and 
equates the two. In other words, denoting by L 
the length of the flight-path, he writes that for 
stability we must have 


dH _du, 
@L>-dL’ 
which may also be expressed as 
aH 
d Hn ~ 

The maximum rate at which H is changed by the 
resistance effect occurs obviously at the instants of 
**cresting ” and of ‘‘ troughing,” whilst it is equally 
obvious that the rate at which H,, is changed by the 
inertia effect is alsoa maximum at the same moment, 
which is that at which the angular velocity of the 
plane is greatest. Itis this angular velocity which 
causes the axis of the aeroplane, on its descent, to 
make an angle with the tangent to the flight-path, 
in place of being coincident with it, and the rate at 
which this angle changes is a maximum at the 
moments of ‘‘ cresting ” and ‘‘troughing.” The sup- 
porting power varies directly with the angle between 
the main plane of the machine and the tangent to 
the line of flight. Hence the rate at which H,, varies 
is also a maximum at the moments of ‘‘ cresting” 
and ‘‘troughing.” Hence the instant of maximum 
rate of variation in the two quantities H and H, is 
the same, and Mr. Lanchester further shows that the 
two quantities involved obey the same law of varia- 
tion, so that if the maximum rates are identical, so 
will be the rates at other points of the path. 

Mr. Lanchester estimates the rate at which resist- 
ance effect increases H by noting that if the plane 
has no propulsive power, but is suitably launched, 
it will Semsibe a straight path, inclined at a certain 
angle, the ‘‘ gliding” angle, to the horizontal, which 
may be called y. The velocity of the plane will be 
constant throughout, the energy rendered available 
by the loss of level being just sufficient to overcome 
the resistances to motion. 

If, on the other hand, a constant propulsive force 
were applied equal to W tan y, then the aeroplane 
would describe a straight horizontal path. In these 
conditions there is an exact balance between the 
driving force and the resistances, the latter being 
proportional to the square of the velocity, which, in 
the case stated, is the natural one. 

Hence we get W tan y = a H,, , where a is some 
constant. 

If, however, the plane ig moving at some other 
velocity, the resistance overcome will be a H, which 
on substituting for a is equal to 


1, 


- . W tan y. 

Hence, in an undulating flight, the force accelerat- 
ing the plane will be the difference between this 
figure and the constant propulsive force ; that is, 
the force q tending to increase H is given by the 


relation 
q= H . W tan 7 — W tan 7. 
Ha 
= H-Hn w tan y. 


The work done by this force moving through a 
distance d L will be gd L. In this distance the 
velocity of the plane will be increased from V to V,, 
say, and equating work done, to the gain of kinetic 
energy, we get 


gaL= >: { v: - v; } = W(H - H)). 


But H — H, is the increase of the velocity head 
in the distance d L, and writing this as d H, we get 


du 
=W. ‘ 
. dL 
But it has already been shown that 
= H — Ha W tan Y 
n 
dH _H- Ha 





Assuming the undulations are small, then the 
flight-path is a sine curve ; and hence if h denote 
the depth of the curve below the line of horizontal 
flight, we have H — H,, = h. 

Whence 

dH_h 

dL Ha 
and if h, be the maximum value of h, the maximum 
value of 


. tan y; 


. () 


For any point x taken along the horizontal axis 
of the curve, the ordinate h is given by the relation 


A= hy sin a 
where L, is the phase length (J N, Fig. 2 ante). 
Hence 
dh _24h, 2arez 
da L, ‘ I, ; 
and if @ be the inclination of the tangent to hori- 


zontal, we have dh = — tan 6, the greatest nume- 


os 
rical value of this, which may be called tan 6,, is 


tan 0, 2” hy 
lL, 
or 
tan 0, L; 
3s 
But for small angles, with which alone we are 
concerned, the tangent is equal to the angle itself. 
Hence we may write 


hy 


and substituting in (5) we get 
qH__ Oi 
—* av H. tan ‘+. 
It has already been stated, however, that when 
the flight-path is a sine curve L, = 2 JZ" « H,. 
Hence, finally, 
du 


d L 
Next to find 


J/2. @, tan y. 


d Hy 
d L : 


Mr. Lanchester divides the variation of H, into 
two parts—viz., that due to the angle between the 
axis of the machine and the tangent to its line of 
flight, which he calls 8, H,, and a second portion, 
denoted by 6, H,, due to the downward pressure 
on the tail plane. Representing the angle between 
the axis of the machine and the tangent to the 
flight-path by 88, he assumes that the pressure 
on the tail plane varies directly as this angle, an 
assumption which seems to imply that the com- 
ponent of the pressure due to the angular velocity 
of this plane-can be neglected. If 8 8 is zero, there 
is then no pressure on the tail plane, and the sup- 

rting surface makes its normal angle 8 with the 
ine of flight. 

The torque on the aeroplane will be equal to the 
pressure on the tail plane, multiplied by its lever- 
age, which may be called 1. 

The pressure on this plane may be written as 

p= — 2bB V2, 
where » can be calculated when the proportions of 
the tail plane are known, and V is, as usual, the 
velocity of flight. The minus sign is necessary 
since it is a decrease in the normal angle 8, which 
ives rise to a downward pressure on the plane. 
he torque T on the plane is then 
T= —lpV288£, 
where / is the leverage of the couple, and hence 
4 


of ~ pl vr 


The ‘‘natural” supporting force on the plane 
varies directly «s 8, where 8 denotes the effective 
angle which the main plane of the machine makes 
with its axis. When 8 diminishes, the natural velo- 
city increases, and proportionately to this decrease. 
The natural supporting force is thus given by the 
relation 


V2, ae 
F = 5" 8 =)Hsf, 
where A is some constant. Hence, to obtain the 
same rey yam, force, when 8 is altered by the 
amount 6 8, we must have 
dF 


—e 
og = 0= A BEE + \Ha, 


,or 
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dp __d;Hn 
B Hn 
Hence, sulstituting the value found above for 68 
we get 
Hirt 
iBuve® 
Taking next the variation in the natural velocity 
due to the increase in the effective weight of the 
machine arising from the downward pressure on the 
tail; it wil] be obvious, since the supporting power 
is proportional to the square of the speed, that we 
must have 


6, Hx, = 


a(Hn + 6, Hn ) =W+é6W, 


where a is some constant, 8, Hn is the variation in 
Hn due to the change in effective weight, and 6 W 
is the change in the effective weight. This gives 


The torque on the machine is the pressure on the 

tail plane multiplied by the leverage—i.e., r=1 8W. 
_ LW 
H. 

Now W = « V?,,, where V,, is the natural speed of 
the aerofoil, and « is some constant which is easily 
deduced from the dimensions of the main support- 
ing plane, and the angle it makes with the axis of 
the machine. 

Hence, substituting this value, we get 

ai Hat 
ee 
The total change in H,, is 
6 Ha = 6, Hn + 6, Ha, 


es Ha f 1 * 1 
oHn= TT. {va wn}: 
For very fiat flight-paths as assumed, V? is not 
greatly different from its mean value V*,, 
Hence, finally, 
i THa fl 4 1 
Mes Tes ar 
The torque on the plane is a wnaximum at the 
point of contrary flexure. As the machine descends 
from its highest point, the value of 8 H, which is 
zero at the start, increases, and at the point of con- 
trary flexure has the value 
{ : 
ary ie 


4H, = He 
where r, represents the value of the torque at the 
point stated. In this descent the machine moves 
over one-quarter of its phase-length L, ; hence the 
mean rate in which H,, varies is 


(“ Ha ) mn 1 , Hn 7) f 1 4 1 } 
d L mean 4 L, L1V2, ( M& K fi 
Since the angular motion is harmonic, the maxi- 


mum rate of change is - times the mean rate of 
change ; hence 
v Hn Ty) f 1 


(Gr hs _. Hn iS 4% 
dL )mx. 8L, UV bu K 
Moreover, Mr. Lanchester proves that when the 
flight-path is a sine curve, L, the phase length is 
given by the relation L, = 2 V2. # H,. 
Hence, substituting this value, we get 


d Hn ee | 
(fr) Jv, ibe 4% 


Now the total angle through which the plane 
oscillates is 2 «, where ¢ is the inclination of the 
axis of the machine at the point of contrary flexure. 
Mr. Lanchester assumes that ¢ does not differ mate- 
rially from 6,, the inclination of the tangent to the 
flight-path at this point. The flight-path being a 
flat sine curve, the inclination of the tangent to it 
varies harmonically. Hence, if t, be the periodic 
time of a complete vibration (i.¢., two oscillations), 
we get by the ordinary laws of mechanics 


where I denotes the moment of inertia of the aero- 
plane. 
Substituting this value in the expression for 
= we get 
db max, * 
dH _ 
aL 


40,1 3? 


= Jae he EE 
9 2.1. Vint, «J 


a 





dH 


For stability this must be less than TI,’ which, 


as found above, is — V2 6, tan y. 

This, however, was the expression found when 
the aeroplane fell from its point of contrary flexure 
to its troughing point, whereas the expression for 


aH, was found for the case of motion from the 


di 
crest down to the axis of the curve. Hence, before 
od to os the sign of the former 
should be reversed, and we thus get as the limiting 
condition for stability that 

40,18? 
9 JZ.l. Vint,? 


equating 


oe. ee 


= Be i « 
/2. 0, tany >- { +8}, 


But Ve 


2 hence substituting for t, and put- 


‘1 
ting L, = 2V2 9 Hy, we get as the final equation of 
stability 

4glH*ntany — 


1(2 +h) > 1 = ¢, say. 


In this very important expression every quantity 
involved can be obtained from the drawings of the 
machine. As given by Mr. Lanchester, it does not 
contain the factor g, owing to the fact that he works 
in poundals, and hence his values for x and p have 
already been divided by this quantity. 

To resume: In the foregoing expression / is the 
distance in feet between the centre of the tail plane 
and the centre of gravity of the complete machine. 
H, is the natural head and tan y the gliding angle. 
Both these are readily deduced from the weight of the 
machine, the angle of inclination of its main support- 
ing plane, and the known laws for the air pressure on 
planes inclined to the line of flow. Lis the moment of 
inertia of the machine expressed as weight x (radius 
of gyration in feet). e constant « is given by 
the relation W = « V?,, and its value is imme- 
diately deduced from the area of the main plane 
and its inclination to the axis of the machine, com- 
bined with the aforesaid experimental laws relating 
to air pressure on inclined planes. The constant 
p is similarly determined from these laws, and the 
area of the tail plane, being given by the relation 
that the total pressure on this tail plane developed 
on the tail when met by a current of air moving 
with the velocity V, and inclined to it at the small 
angle ais» V?a. The necessary constants for use 
in deducing the values of x and p are tabulated in 
the first volume of Mr. Lanchester’s treatise. 

We have discussed the derivation of Mr. Lan- 
chester’s very important equations at length, be- 
cause some errors of sign have crept into his mathe- 
matical work as printed, making still more difficult 
the by no means easy task of following his reason- 
ing. Included in this, moreover, are certain state- 
ments which appear inaccurate as they stand. 
Notably, on page 85, he remarks that during the 
operation of ‘‘ troughing ” the value of Hz» is dimi- 
nishing, whilst during ‘‘cresting” it is increasing. It 
seems to the writer that during the upward swoop to- 
wards the crest that the value of H,, diminishes, since 
the pressure must then be on the underside of the 
tail-plane. Certain assumptions, perhaps not wholly 
legitimate, are also made in deducing the formula. 
Thus the effect of the angular velocity of the tail- 
plane, in modifying the pressure on it, is neglected, 
and it is assumed that the total angular swing of the 
aeroplane is equal to the angle included between the 
tangents to its flight-path at two successive points 
of double curvature. Nevertheless, the stability 
formula appears to be a fair approximation to the 
truth, and evidences remarkable insight on the 
part of its author. The latter has subjected it to 
the test of actual experiment, and finds that models 
shown stable by the formula are so in practice, and 
vice versa. He also applies it to test the stability 
of the apparatus with which Herr Lilienthal lost 
his life, and finds that it is seriously unstable at 
~ moderate speed. 

t is extremely important to note that the 
stability increases with the fourth power of the 
natural velocity of the aeroplane, whilst it 
diminishes in direct proportion to the transverse 
moment of inertia. If the stability equation is 
satisfied, the stability of an aeroplane is automatic, 
but, with a large machine, a high speed of translation 
will be necessary to secure this, and hence great 
prom cea power. At lower speeds stability may 
still be attained by the address of the operator. 

In the remaining portion of his. treatise Mr. 





Lanchester derives expressions for the lateral and 
directional stabilities of the flight-path, into whic) 
considerations of space prevent us entering. An- 
other important section of this very original and 
valuable work deals with soaring flight. 
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FRENCH CoaL-MINING. —pangeeiaaten ofcoalin France 
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ments last year was 25,521,606 tons—viz., Pas-de-Calai=, 
18,557,832 tons ; Nord, 6,963,774 tons. The Pas-de-Calais 
production increased last year 728,594 tons, and that of 
the Nord, 54,384 tons. The working of coal in Northern 
France dates from the early years of the Second Empire. 
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DIFFERENTIAL GEARS FOR MOTOR- 
CARS. 

One of the parts of the modern motor-car which 

appears to be the most defective is the differential 

ear. This is very evident from a study of the 

results of public trials, where the failures have been 


34-in. back wheels sometimes have differential 
wheels only 24 in. in diameter, in which case the 
pressure on each tooth is 
2240 x 0.4 x 34 
25x4 
It is obvious that this is a very heavy 


= 3046 Ib. 


ressure 


very numerous, even in a few days’ running, while | for a small tooth to carry, and that it is therefore 


it is well known to those who have to do with the | 


repair of cars that this result is only in accordance 
with the experience of actual running in daily 
work, failures of the gear here being very frequent. 
There is no possible excuse for this, as it is very 
obvious that the stresses on the gear in the ordi- 
nary pleasure-car are very small, and that gears 
can be made to carry far higher stresses with prac- 
tically absolute certainty. As a car with a broken 
differential is absolutely broken down, and as the 
failure, when the brake is applied suddenly, may 
easily cause a serious accident, there is no excuse 





better to make the wheels A, A bigger, as the pres- 
sure is reduced in proportion to their increase in 
diameter. On the other hand, increase in size 
means an increase in weight, and our object should 
therefore be to combine the largest differential 
wheels with the smallest total weight. The weight 
of the differential gear consists very little of the 
wheels themselves, but very largely of the casings 
which contain them. The object of the designer 
should therefore be to put the largest ible 
wheels into the smallest possible casings. In this 
respect it is very obvious that the gear, Figs. 4 
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for cutting down the weight so that there is the 
slightest risk of the gear breaking, but, at the 
Same time, it is desirable to combine the necessary 
strength with the lightest weight, and there is no 
doubt that many differentials are quite unneces- 
sarily heavy, while still not strong enough to be 


safe. 


There are two types of differential in general 
use, commonly known as the face type and the 
bevel type, from the shape of the gear-wheels. The 
former is shown in Figs. 1 and 2, and the latter in 
Figs. 4 «nd 5. In both these the shafts are driven 


by the differential wheels A, A, through the pinions 
B, B. The teeth of the wheels A and must, there- 
fore, be s(rong enough to take the maximum driving 
or braking effort ever put on them, and this is easily 


caleulat (with fair approximation. If we allow a 
paar lent of friction of 0.4 between the wheels 


ud the road, the total pressure on the teeth of the 
differential will be 





Weight on back wheels x 0.4 x diameter of road wheels, 
Viameter of differential wheels at pitch line 
—. will be divided by the number of points at 
a) wheels A, A are driven, which is 4 in 
igs. 1, 2, 4, and 5. 


Cars having a ton weight on the back axle with 
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and 5, is better than that shown in Figs. 1 and 2, as 
in the latter the pinions come between the wheels 
A, A and the casing. To make the wheels and 
pinions in Figs. 1 and 2 as om ol as in Figs. 4 
and 5 would entail the casi ing very much 
larger, and this would entail a larger crown wheel 
and main pinion and larger casing to the whole of 
the axle. In fact, the addition to the weight 
would be, in many cases, almost impracticable. 
As actually drawn the crown wheel and casing 
in Fig. 5 can be slightly smaller than Fig. 2. 
The difference in wei ht would be very small, but 
what there was would probably be in favour of 
Fig. 5, while the differential wheels are 1} times as 
large as in Figs. 1 and 2. In addition to this the 

inions B, B can be made of much larger size in 
Figs. 4 and 5 than Figs. 1 and 2, and this enables 
larger and stronger teeth to be used. The pinions 
in Fig. 1 are so small in diameter that if very coarse 
teeth are used, there is not enough meta] at the root, 
while their diameter can only be increased by reduc- 
ing A, A or increasing the size of the casing and con- 
sequently the weight. In theory the strength of the 

ear shown by Fig. 1 can be increased by increas- 
ing the width of the teeth, but this greatly increases 
the length of the pinions B, B and the pins they 


in the middle of the length of the pins, it is not at 


all desirable to go very far in this direction. If the 
pinions in Figs. 4 and 5 have the same number of 
teeth as Fig. 1, their pitch will be 2} times as great, 
and this combined with the increase in diameter of 
the wheels A, A will probably make the at least 
three times as strong for the same bard ws 

It seems, therefore, obvious that the bevel t 
is superior in every way, and this is doubtless why 
it is invariably used where really heavy stresses 
are met with, and reliability is of absolute impor- 
tance, as in heavy commercial work. 

A claim often made for the face-type gear is that 
it is cheaper to make, as the face-wheels are cheaper 
to cut than the bevels. The difference can, how- 
ever, only be very small at best, and, in view of the 
importance of the strength of the gear, should not 
be considered, Further, it is not at all clear that 
the face type is in practice any cheaper. It involves 





four pinions running on four pins against two 


Fig.’. 






(001 =) 


pinions running on one pin. Again, in the bevel 
type the bevels can be made with the teeth the 
same, and, therefore, cut at the same setting of 
the gear-cutter. 

ile it seems quite clear that the very a 
majority of the accidents to differentials arise simply 
from the makers: having put them in too mall to 
have the necessary margin of safety, it is very diffi- 
cult to lay down exactly what size they ought to be. 
No doubt if particulars of all the breakages were 
published, it would be possible to ascertain what 
was the limit of working stress on the teeth, and 
to formulate exact rules ; but this information is 
not yet available. Further, the materials used are 
not always the same, though it is general practice 
to use case-hardened steel, this having apparently 
been found the material which gives most general 
satisfaction. This emphasises the importance of 
having a design which admits of large parts and 
coarse teeth, as, if the metal is thin, there is little 
room for a tough core. 

The most important dimension is the diameter of 
the differential wheels A, A. If the twisting stress 
on the shaft were uniform, and the proportions of 
the wheels A, A uniform, the latter would have a 
uniferm proportion to the former; and perhaps the 
simplest rule, and one quite sufficient if a reasonable 
factor of safety is allowed, is to base the dimen- 
sions on this assumption. Practically speaking, the 
diameter of the wheels at the pitch-line varies from 
two to three times the diameter of the shaft, 
the latter having a twisting stress, with an assumed 
coefticient of friction of 0.4, of from about 10,000 Ib. 
to 15,000 Ib. per square inch. Probably it will gene- 
rally be sufficient to make the wheels 2} to 3 times 
the diameter of the shaft; but as the materials of 
the latter and the twisting stress allowed vary a 
good deal, it is more scientific to base the diameter 
on the twisting moment. 

A very large French firm of makers of differen- 
tial gears of the bevel type gives a table of the 
sizes for different powers, which practically corré- 


= 
la = —_~., = - 
sponds to the formula D* <N where D=out 


side diameter of wheel at pitch-line, and N number 
of pinions. In this case, however, the maximum 
twisting moment is based on the power of the 
engine, and may therefore be slightly less than 
what will make the wheels slip. If the twisting 
stress allowed on the shaft be 12,000 lb. per square 
inch, the gear-wheels would then be 3.6 times the 
diameter of the shaft where two pinions are used. 
Very few makers, however, actually use gears as 
large as this. Probably, if the constant in the 
formula was increased to 85, it would be a satisfac- 
tory one where the pinions are of good size and the 
teeth co uently coarse and strong. This would 
make the differential wheels 2? times the diameter 
of the shaft when the stress allowed on the latter is 
12,000 lb. per squareinch. It is obvious, however, 





run on, and as there is a considerable side pressure 


that such a formula ignores many factors, and can 
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only be a rough check, and that unless there is 
experience of a considerable number of gears run- 
ning over a long period without a single breakage, 
it is wise to give a good margin. 

It will be observed that the size of the wheels can 
be reduced by increasing the number of pinions, 
and so the number of teeth among which the stress 
is distributed. This, however, assumes that all the 
teeth bear exactly equally, which may not always be 
the case. It seems much better, therefore, to have 
pe two pinions, and make these strong enough. In 
addition the two pinions will be distinctly ouee- 

The teeth of differentials are generally involute 
teeth of very great angle, so as to get a very strong 
form of tooth, thick at the root, as shown in Fig. 3. 
While this seems much the best form, it must be 
remembered that it entails great side thrust, and 
this must therefore be provided for, especially 
where the pinions and pins in type Fig. 1 are long. 








THE INSTITUTION OF MECHANICAL 
ENGINEERS. 

THE annual general meeting of this Institution 
was held on Friday last, the 19th inst., at the 
Institution House, Storey’s Gate, Westminster, the 
chair being —— during the earlier part of the 
sroceedings by Mr. T. Hurry Riches, the retiring 

sident. The usual formal business of the meet- 
ing having been transacted, the Secretary announced 
that four transferences had been made by the 
Council from the class of associate-member to that 
of member. 
ANNUAL Report. 

The next business was the reading of the annual 
report of the Council, which was done by the Secre- 
ag = Of this report we give the following summary : 

uring the past year the King has conferred a 
knighthood of the Order of St. Patrick upon the 
Right Hon. Lord Pirrie, P.C., LL.D., and a knight- 
hood upon Mr, Robert Hadfield. At the end of 
1907 the total number of names on the membership 
roll was 5238, including nine honorary members, 
2474 members, 2088 associate members, 68 associates, 
and 599 graduates. At the end of 1908 the grand 
total amounted to 5458, made up of eight honorary 
members, 2506 members, 2213 associate members, 64 
associates, and 667 graduates. Sixty-one losses by 
death occurred during the year, the names includ- 
ing those of Lord Rosse, Mr. Henry Chapman, Mr. 
J. W. Spencer, Mr. G. B. Rennie, Mr. Vavasseur, 
Mr. Macfarlane Gray, and other well-known engi- 
neers, one of whom, Sir Henry W. Tyler, had 
been a member since 1856. 

The total revenue for the year 1908 was, in 
even figures, 14,566l., while the expenditure was 
11,0081., leaving a balance of 30321., exclusive of 
entrance fees, 398/., and life compositions, 1281. 
—carried direct to capital account. The total 
investments and other assets at the end of the year 
amounted to 81,1671., and deducting therefrom the 
22,0001., of debentures and the total remainin 
liabilities, the capital of the Institution poste | 
to 51,024l., excluding the sum set aside for lease- 
hold and debenture redemption funds. Thirty of 
the Institution’s debentures were redeemed during 
the year, and a portion of the balance at the end of 
the year has been devoted to the redemption of 
another twenty. The extension of the Institution 
buildings on the site of 5, Princes-street has been 
defe pending a settlement of the question of 
the improvement of Great George-street. 


Tue InstrtuTIoN AWARDs. 
The Willans Premium was awarded to Mr. H. A. 
ag ing as already recorded in our columns, and 
the Water Arbitration Prize to Mr. John Don for 
his paper, the final discussion on which followed 
the annual general meeting, and is reported below. 
Seva members competed for the Water Arbitration 

Ze, 

Tue, Bryan Donkin Funp. 

A legacy of 300/., amounting with interest to 
3601. 6s. 6d., was left by the late Mr. Bryan Donkin 
for original research. e interest upon this will 
be awarded trienially, commencing in 1910, as 
, ee in aid of original research on the recommen- 

tion of a committee appointed by the Council. 
Should no award be made, or should any surplus 
be available, it will be devoted to the aid of the 
research committees of the Institution. 


Tue Startey Premium Funp. 


Early in the year the Starley Premium Fund, 
amounting to 4401, 7s, 6d., was received, The 





income from this fund will be awarded trienially 
for the best original paper dealing with the 
‘*Development of Road Locomotion,” presented 
to the Institution. Should no paper of sufficient 
merit be offered, the premium shall be withheld 
and added to the capital of the fund, unless during 
the ensuing triennial period two papers of sufli- 
cient merit be offered on the subject. In this case 
the Council may, if they desire, award two pre- 
miums. The form in which the award is made is 
left to the discretion of the Council. The first 
award will take place in February, 1911. 


THe ALLoys RESEARCH COMMITTEE. 

Since October, 1907, an investigation for the 
Alloys Research Committee has been in progress 
in the metallurgical department of the National 
Physical Laboratory on the ternary alloys of copper 
and aluminium, and a report dealing with — 
aluminium-manganese is expected shortly. e 
results of the prolonged sea-water corrosion tests, 
which have been carried out at Portsmouth Dock- 
yard on copper-aluminium alloys, referred to in the 
eighth report, will be published in the next report 
of the Committee. 


OrHerR RESEARCH COMMITTEES. 


The research in connection with the gas-tightness 
and steam-tightness of metal castings is being con- 
tinued at the University of Manchester. Early in 
the year Professor F. W. Burstall’s third report to 
the Gas-Engine Research Committee was read, and 
discussed by the members. Further particulars 
will be brought before the Institution later on. 
The Research Committee on the Value of the Steam 
Jacket are considering further experiments. The 
Committee on the Friction of Various Gears have 
met during the year, and decided to provide the 
reporter, Professor J. D. Cormack, with assistance 
in gathering information, &c. A comprehensive 
report upon the ‘‘ Transfer of Heat Across Metallic 
Surfaces in Contact with Water and with Gases”’ will 
shortly be read and discussed before the Institution. 
Reports are also being ras upon ‘The 
Features of Refrigerating achinery in which 
Further Investigation is Needed,” and ‘‘ The Action 
of Steam Passing Through Nozzles and Steam-Tur- 
bines.” 

MEETINGS DURING THE SESSION. 

The annual summer meeting was held at Bristol 
during the last week in July, the total attendance 
of members and visitors being 447. The proceed- 
ings on this occasion and at the ordi monthly 
meetings of the Institution have ‘evans reported 
in our columns. Nine papers by graduates were 
read at the graduates’ meetings, and prizes in 
respect of two of them were awarded, as mentioned 
below. Thesummer meeting this year will be held 
in Liverpool. 

The adoption of the annual report. was formally 
put to the meeting by the President, and was 
agreed to. 

WatTER ARBITRATION PRIZE. 

In presenting the Water Arbitration Prize to 
the recipient, Mr. John Don, Associate-Member, 
of Maybole, the President, in a few well-chosen 
words, congratulated him upon his success in ob- 
taining the prize, and emphasised the merit of the 
red (on ‘*The Filtration and Purification of 

ater for Public Supply”) by which this success 
had been achieved. The good and useful work 
which Mr. Don had done might, with advantage, 
Mr. Riches said, be a stimulus to further efforts 
on behalf of the Institution. 


GRADUATES’ PRIZES. 


The annual prizes for the best two papers in the 
Graduates’ Section were this year awarded by the 
Council to Mr. C. W. Davson and Mr. A. 
MacKinnon, and the presentation made by Mr. 
Riches was accompanied by the expression of the 
hope that the prizes would be useful in themselves, 
and an encouragement to continuance in good work. 


ELECTION OF OFFICERS. 


Mr. Riches then announced that Mr. J. A. F. 
Aspinall had been unanimously elected as President 
of the Institution for the coming year. Mr. Aspinall, 
he said, was an old and valued personal friend, and 
there was none of whom the Institution was more 
— for his attainments as an engineer. The two 

ice-Presidents who had been elected were Mr. 
Henry Davey and Mr. Graham Harris; while 
Messrs. H. F. Donaldson, Arthur Greenwood, 
Rossiter Hoyle, Henry Lea, Walter Pitt, and 





Wilson Worsdell had been elected as Members of 
Council. 


INAUGURATION OF NEW PRESIDENT. 


Before vacating the chair in favour of Mr. Aspinall, 
Mr. Riches expressed his great satisfaction at the 
kindly assistance which he had received from the 
Council in the discharge of his duties as President, 
a kindliness which had materially lightened the 
responsibility attaching to those duties. He also 
took. the opportunity of alluding to the whole- 
hearted assistance rendered to him by the Secre- 
tary, Mr. Worthington. 

Mr. Aspinall, on taking the chair, referred to the 
very thorough way in which the retiring President 
had fulfilled his functions. He would say that 
there was not a locomotive engineer who did not 
look up to Mr. Riches with the greatest regard, 
If it were not accurate to describe Mr. Riches as 
the father of the profession, he might certainly he 
referred to as one of its oldest members. For him- 
self, he would ask no more than this, that he should 
be accorded the same measure of cordial support as 
Mr. Riches had received. 


Vote or THANKS TO THE RETIRING PRESIDENT. 


Mr. E. B. Ellington then proposed a vote of 
thanks to the retiring President, remarking, as he 
did so, upon the self-sacrifice in the interests of 
the Institution which Mr. Riches had shown. 

Mr. Henry Davey seconded the proposed vote. 
He also referred to the readiness with which Mr, 
Riches had burdened himself with any duty which 
he believed would result beneficially for the Insti- 
tution. 

The vote having been ed with much acclama- 
tion, Mr. Riches returned his thanks to the meeting. 


APPOINTMENT OF AUDITOR. 


Mr. Aspinall then called upon Professor Low to 
move his resolution relative to the appointment of 
an auditor. Professor D. A. Low accordingly pro- 
se **That Mr. A. F. McLean, F.C.A., of 1, Queen 

ictoria-street, London, be reappointed to audit 
the accounts of the Institution for the present year, 
at the remuneration of 50 guineas.” Professor Low 
explained that the only alteration from the form 
of the resolutions put in previous years concerned 
the amount of the remuneration, which had formerly 
been 25 guineas. It would be felt that the recom- 
mendation of the Finance Committee for an increase 
to 50 guineas was justified by the magnitude and 
responsibility of the auditor’s work, 

Mr. E. G. Constantine seconded the proposal, 
which was carried unanimously. 


FILTRATION AND PURIFICATION OF WATER. 


It will be remembered that at the meeting which 
took place on January 15 last an abstract of a paper 
by Mr. John Don, Associate-Member, of Maybole, 
entitled ‘‘The Filtration and Purification of Water 
for Public Supply,” was read and partly discussed. 
ar adjourned discussion was continued on Friday 

ti. 

Mr. G. F: Deacon, who resumed the discussion, 
alluded, in the first place, to the author’s remark 
that difficulties in connection with the manipula- 
tion of the ordinary sand filter had led to the 
invention of numerous modifications and substi- 
tutes. The speaker ventured to attribute the diffi- 
culties to mismanagement, although he would not 
presume to say that sand filters were applicable 
under all possible circumstances. He had had a 
very close experience of sand filtration for the last 
thirty-eight years. On becoming water-works en- 
gineer at Liverpool he had “inherited” filter-beds 
which had been designed by Mr. Thomas Hawksley. 
These beds were constructed fifty-two years ago, 
and their likeness to the modern sand filter-bed 
was very remarkable. The author had observed 
that water-works engineers had not kept their 
minds open, and had not been ready to receive 
inspiration from outside. With that sentiment he 
(the speaker) did not agree. In view of the facts, 
he considered that Mr. Hawksley had hit upon 4 
method—now very properly called ‘‘straining — 
which, no doubt accidentally, had, as the result of 
experiment, turned out to be something beyond 
straining. The principles upon which the appa- 
ratus acted were, however, not at that time 
known to Mr. Hawksley or to anyone else, owing 
to lack of knowledge of bacteriology. Mr. Hawks- 
ley had been dependent simply upon the re- 
sults obtained by the chemist, which were not 
very high for sand filtration. The filters were still 
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working as they worked fifty-two years ago. That 
was the time when the water of Rivington was 
first introduced to Liverpool. People were very 
dissatisfied with this water, which was highly 
coloured, and there was age agitation in the town ; 
so great, indeed, that Mr. Thomas Spencer, then 
the analytical chemist in Liverpool, was called in. 
Mr. Spencer had at about that time devised what 
he called a ‘** etic carbide,” the outcome of 
which had been two materials, since worked in con- 
nection with mechanical filters, one of them being 
polarite. By the time Mr. Spencer had made specia 
experiments on the Rivington water, and had pre- 
ared his report, the water had. become all right. 
No one knew why. Nor did they know whether 
the trouble had been due to the mismanagement 
of the filters, or whether the filters had taken that 
amount of time to get into proper condition. 
Newspapers, still existing, confirmed these facts, 
and from that day to this, the speaker believed, 
there had been no complaint. As the filters had 
produced the intended result of removing the 
colour, the magnetic carbide was not used in this 
case, although it was subsequently employed at 
Wakefield, where it was, he believed, only dis- 
placed in consequence of a new water supply. The 
speaker had not seen the magnetic carbide in action, 
but Mr. Parry, the present water-works engineer of 
Liverpool, told him that he had seen it before the 
new supply was brought in, and the effect was most 
remarkable ; it had removed the colour entirely, 
and gave an exceedingly good effluent from one of 
the most coloured waters in the country. 

Very much later, Mr. Deacon continued, the 
Vyrnwy water was introduced, and a good deal of 
trouble occurred in consequence of the fact that 
that water was a highly-coloured one. A great mis- 
take had been made in connection with the Vyrnwy 
water. The lake, as it then was, was really a peaty 
marsh, one-third of its area consisting of deep 
peat, and, of course, the removal of this peat 
would have been a very serious and costly matter. 
The question was raised as to whether there would 
be any action from the bottom upwards, and the 
chemists of those days told them that there would 
not. That was a mistake; they had not counted 
on the action which had since been investigated in 
connection with the Scottish lakes, and had also 
been experienced to a very large extent in American 
water works. An annual, complete circulation of 
the water took place, the water rising at one end 
of the reservoir and sinking at the other ; that cir- 
culation, instead of leaving the peat quietly at the 
bottom, as the chemists thought would be the case, 
brought coloured water up to the top, and some- 
times even great lumps of peat were brought up, 
which sank again after discharging their gases. The 
consequence was that there had been a great deal 
of trouble with regard to Vyrnwy. e water 
was filtered at Oswestry with filter-beds of sand 
which only differed from those of Thomas Hawks- 
ley in that, instead of being uated in a 
series of coarse to finer and finer materials, the 
fine material extended over the whole depth, 
excepting about 8 in. at the bottom. The bed 
rested on loose brickwork, set close together, and 
preventing any discharge of the coarser material 
into the drains below ; in that way t economy 
of depth was obtained. These filter-beds had been 
in action since the introduction of the Vyrnwy water, 
about the year 1891, and with the most complete 
success. It was curious that it had not been ible 
to get quite the same effect with the sand of the 
beds in question as with the sand of the Rivington 
filter-beds. It was so nearly the same that it was 
not no‘iceable ordinarily, but, working under pre- 
cisely the same circumstances, there was a differ- 
ence which could only be attributed to a differenee 
ia the sand. With respect to colour, the speaker 
would say that there could hardly be much worse 
cases tan these two; in small areas there might be 
Worse cases, such as Wakefield. But, going to 
Liverpool, and looking at the water on the tables in 
the hotels, it would appear almost incredible that 


that water should be the same as that in Lake 
Vyrnwy, which, when not of a red colour, was 
ave « dark brown. It might possibly be that 
there were cases of coloured water, even colour 


derived from peat, which required other treatment, 


a far ae = not 7 his experience. He 
a8 not only speaking of Vyrnwy and Rivington, 
for he had constructed a number of filter-beds, and 


he had found the result the same everywhere. 


Mr. Deacon next teferred to the action on lead. 
A curious point 


came in here, Experience in this 








country was largely confined to the-Pennine Range 


and to Wales. The Pennine peat was quite dif- 
ferent from the Welsh peat, and the difficulty of 
dealing with this Pennine peat had been very t. 
When it was remembe that the area included 
all the numerous and great manufacturing towns of 
East Lancashire and the West Riding, the import- 
ance of the matter would be seen. Some ten years 
ago he had been asked to construct certain water 
works at Todmorden. The water was not very 
highly coloured, and he did not e t that there 
would be any great difficulty from lead-poisoning. 
The new water works were taking the place of those 
in the adjoining valley, and he believed that 
there had been no difficulty from these latter 
works. The new works were finished, and the 
filter-beds were constructed with crushed millstone 
grit, a material which had generally some iron in it, 

ut had very little which would enable it to act in 
any way upon water. Almost immediately there 
were cases of lead-poisoning. The analytical chemists 
were called in, and they reported the water to have a 
highly solvent action upon lead. The medical officer 
of the West Riding had very kindly communicated 
with the speaker on the subject, and Mr. Deacon 
quoted a small portion of the communication, 
which. was dated February 17, 1909, and was 
to the following effect :—The medical officer stated, 
with regard to the various systems for treating 
plumbo-solvent water, that it would scarcely be 
proper for him to advocate or condemn any parti- 
cular process in general terms, but he would say 
that when reference was made to him on the matter 
he sent inspectors to see the water works in ques- 
tion. Two samples were taken on November 30 
last—one from the reservoir before filtration, and 
the other from the clean water basin after filtra- 
tion. The medical officer considered that No. 1 
was strongly acid, and dissolved lead, under stan- 
dard conditions, at the rate of 17.4 parts per mil- 
lion, which was very bad indeed. . . . No. 2 was 
alkaline, and had practically no plumbo-solvent 
action. After some little time the bright lead be- 
came covered with a fine protective coating from 
No, 2, and su uent long exposure did not result 
in the slightest solvent action. 

Continuing, Mr. Deacon said that the filter-beds 
had been at work for more than 3$ years. Dr. Kaye, 
the medical officer, had written to the resident en- 
gineer, and informed him that the water was in a 
most unsatisfactory and dangerous condition. The 
speaker had, therefore, immediately attacked it 
on a principle which he had adopted elsewhere. 
There was no patent about it; it consisted simply 
in the use of crushed limestone as part of the sand 
of the filters—in this case, one-third of the bulk of 
the sand crushed to about the same degree of fine- 
ness as the millstone grit. Dr. Kaye said he did 
not believe in it, and the analyst said he did not 
believe in it, but the speaker had made the experi- 
ment, and had been satisfied that it would be 
efficacious, and would last. Probably the reason 
for the want of faith in its lasting power was that 
some time previous an experiment been made 
in connection with a Yorkshire water works by 
putting lumps of limestone into a tunnel forming 

rt of the aqueduct. It was expected that the 
imestone would go on dissolving, and would render 
the water neutral. At first it did so, but soon ceased 
so to do, the reason being that it became coated 
with an organic growth which prevented further 
action. The condition of the sand in a filter-bed 
was totally different, and those who had properly- 
worked filter-beds knew that the sand kept quite 
clean. At any rate, it would go on for a t 
number of years without showing a change of colour. 
Having the courage of his convictions, the speaker, 
as he had said, had put limestone into the sand, in 
the proportion of one-third of the whole, and the 
water was not only neutral and without action on 
lead, but was without a tinge of colour. He could 
not say that of all waters to which the same method 
of filtration hed been applied; but he was not 


aware of any water so highly coloured that, after | 
subjection to the treatment described, it retained | 


sufficient colour to be discernible on the table ; it 
might be noticeable in a bath, but that, of course, 
did not matter. 
The next point to which the speaker alluded was 
the bacteriological condition of the water. It was 
a, conceded that the sand filter, if the surface 
lm were properly produced and maintained, would 
reduce the ria to the smallest practicable 
number. Where there were a great many microbes, 
99} per cent, could be actually removed, This 








— to river water, or waters with tens of 
thousands of bacteria per cubic centimetre; it 
would, of course, be B 2.8 to expect that the 
same thing could be done where there were, say, 
only forty microbes to the cubic centimetre. In 
such a case this high wpe of reduction would 
not be reached, but the number could be reduced 
to about fifteen, and this was being done. Upland 
waters, which were not polluted, contained, on an 
average, about 40 microbes per cubic centimetre. 
On the question of chemical c the speaker's 
experience was that the albuminoid ammonia and 
the free ammonia, for example, were very often 
reduced to about one-third. The speaker did 
not, however, consider that that mattered, so 
long as the microbes were got rid of ; it would do 
a Nealon. Trained as a mechanical engineer, Mr. 
Deacon had no desire to say anything against 
mechanical filtration, but his experience inclined 
him to think that for waters of the kind with which 
he had had to deal no method of mechanical filtra- 
tion of which he was aware would produce results 
better than, or even equally as good as, those he 
had mentioned. He believed there were special 
cases in which one or more of the various kinds of 
mechanical filter might be used with advantage. 
It was, however, folly to talk of mechanical filtra- 
tion unless a great man iculars beyond the 
mere name were given. He found it difficult to 
gather from the paper whether in certain particular 
cases coagulants had, or had not, been used. If the 
coagulant were used for the production of a surface 
film, that was precisely the same thing as was done 
by the water itself in producing a surface film, which 
became the true filtering medium. The sand, of 
course, did something, as had been pointed out by 
the author, but what the sand did was negligible 
compared to the work of the surface film ; its prin- 
cipal effect was to hold up the surface film, ‘or true 
filtering medium. In connection with the removal 
of iron, he believed one or more of the mechanical 
filters to be specially useful ; but, speaking gene- 
rally, he had come to the same conclusion as that 
arrived at in most of the American cities—namely, 
that sand filtration, properly applied, would achieve 
the maximum result attainable in the purification of 
ordinary water. If all the costs of mechanical filters 
were considered, such as the building that must 
be put up for the filters, the clean-water tank, that 
must be used with mechanical filters just as much 
as with sand-filters, and all the other concomitants 
not generally included in the prices quoted in con- 
nection with mechanical filtration, the speaker 
believed that the cost would equal the cost of the 
very best sand filters—something like 7000/. per 
million gallons per day. The cost of maintenance 
in the case of sand filters was anything between 
pot. and ,4d. per 1000 gallons, and there was no 
orm of mechanical filtration which, so far as he 
knew, would surpass that. 

Mr. R. H. Haynes hoped that a short account of 
five years’ experience with Candy filters might pos- 
sibly be of service as explaining some points in 
Mr. Don’s r, and might also be of general inte- 
rest. In 1903, the Corporation of Newport, acting 
on the advice of a well-known water-works engi- 
neer, had decided to put down at their new works 
three of the Candy type of filter. These filters were 
placed on the line-of-supply main, immediately below 
the reservoir embankment. After twelve months’ 
service they had proved so satisfactory that the 
battery had been completed by the addition of 
three similar filters, which, to date, had also worked 
satisfactorily. The catchment area of the particular 
reservoir comprised 6078 acres, of which 818 were 
cultivated and the rest woodland. In times of flood 
the waters were very turbid and discoloured, and at 
times the effect of the decaying leaves in the wood- 
land, and the peaty substances in the woodland 
streams, could be seen in the water. The filters 
entirely removed the colour, and the analyses, both 
bacteriological and chemical, which were regularly 
and systematically taken, were quite satisfactory. 
These filters worked under a maximum head of 56 lb. 
per square inch with a full reservoir, and the loss due 
to the e of the water through them, with the 
filters in their dirtiest condition, had been ascer- 
tained to be 3lb. The maximum quantity of 
60,000 gallons had frequently been passed through. 
Five of the filters were filled with polarite, and one 
with oxidium. The Corporation had decided upon 
the particular type of plant on the score of economy, 
and the decision a red to be justified by the 
experience gained. The filters cost, including a some- 
what expensive filter-house, 3400/., which worked 


ENGINEERING. 


(Fes. 26, 1909. 











THE HYROS-RAK DIFFUSION-PRESS. 
CONSTRUCTED BY THE SKODA WORKS, LIMITED, ENGINEERS, PILSEN, BOHEMIA. 





out at the rate of 23601. per million gallons per diem. 
Two serious bursts occurred on the line-of- 
supply main, and during a short period an enormous 
quantity of water passed through the filters. They 
were opened up on each occasion after the bursts, and 
it was found that, on the second occasion, slight 
cavitation had taken place in the medium. This 
was renewed shortly afterwards, and, apart from 
this particular incident, the filters had worked 
without difficulty or trouble. In the year 1907, 
six of the filters were put down at another reservoir, 
the water from this reservoir having, for nearly 
thirty years, been delivered in an unfiltered condi- 
tion. Had sand filters been introduced in this 
case, it would have been necessary to have pum 

a portion of the supply over some of the higher 
levels of the district supplied from the reservoir. 
Last summer, during periods of extreme demand, 
these filters had dealt with, 70,000 gallons hourly, 
and since they had been started they had worked very 
satisfactorily. The battery cost 30781. The founda- 
tions were somewhat difficult and troublesome, but 
notwithstanding that, the cost worked out at the rate 
of 21001. per million gallons per day. The head in 
this case was 40} ]b., and special care was taken 
to ascertain at all times the loss due to the passage 
through the medium. This had been found to vary 
between 2 1b. and 2} 1b. The figures represented 
the actual differences between the pressures in the 
unfiltered and the filtered mains, which were both 
on the same level. There had been no difficulty 
in training the men to work these particular filters ; 


(For Description, see Page 277.) 


Fig. 


the ordinary reservoir attendants could look after 
them as part of their day’s work, and any intelli- 
gent labourer could easily be taught to work them 
in avery short period. The filters were washed 
twice weekly, the operation taking 12 minutes 
for washing, and some 7 or 8 minutes for re- 
ch ie te air and compressing it, and start- 
|ing the water again. Nocomplaint had been raised 
|of the discharge of wash-water into the adjacent 
brooks. It issued from the filters somewhat dirty, 
but soon became clarified in its passage down the 
streams. The difference in the appearance of the 
water after ing through the filters was very 
, marked. ery large quantities of suspended 
| matter were removed, the water was perfectly clear 
and colourless, and a surprising number of insects 








and animalculz of all descriptions were intercepted 
by the filters. The cost of the operation really 
resolved itself into the time taken by one of the 
reservoir attendants, and was put at 9s. per series 
of filters—that was to say, six filters per week at 
each reservoir. Apart from that was the cost of 
painting, which amounted to 50s. per annum, and 
the cost of renewing the filtering medium, ‘vr 
which the makers contracted at the rate of 
101. psr annum for three complete filters ; and 
the speaker was bound to admit that, from ex- 
perience he had gained with these filters, the con- 
tract was profitable to the makers. Mr. Hayn:s 
had also, he said, some experiments in hand at 4 
third reservoir, dealing with a maximum of 170,000 
gallons hourly. In this case the filtering head 











ENGINEERING. 











THE HYROS-RAK DIFFUSION-PRESS. 


CONSTRUCTED BY 





Fic, 4. 


available was only 16 lb., and the altitude of the 
reservoir was such that any appreciable loss of 
head would be attended with very serious conse- 
quences. The adoption of sand filters at that 
reservoir would necessarily lead to the pumping of 
the whole quantity of water. So far the experi- 
ment had promised well ; it was not possible to say 
what the result would be, but it had been demon- 
strated that the loss of head could be kept within 
1} lb. It was hoped that extended experiments, 
over a period of some four or five months, would 
show that filters of the type described could be 
satisfactorily used in cases where sand filters were, 
for commercial reasons, impracticable. 

Mr. Walter Clemence was the next speaker. He 
referred, in the first place, to Fig. 3 of the author’s 
paper (see page 126 ante), which indicated the 
diminution of bacteria escaping from a sand filter 
dw ug a 20-hour flow,and which, the speaker said, 
tended to show that after a filter had been: laid 
off for cleaning and refilling, the number of bac- 


teria in the effluent had soon fallen to the normal 
orsaic quantity of something below 50 percm*. Mr. 
Clemence believed that most people who had had 
experience of sand filters would have observed that 
at the end of a period of about 24 hours, very few 
of t rganisms, such as alge and the various 
antnalcule in water, would be found upon the 
Surtace of the sand. It could not; therefore, be 
“aid that the result shown by the diagram was 
cau 


| hy the accumulation, in that short period, 
of these organisms on the surface. On the other 
hand, in twenty-four hours the filter had reached 
its maximum bacteriological efficiency. Had the 


author prolonged this diagram for, say, thirty days, 
oe ‘ne Tepréesenting the number of bacteria would 
practically horizontal from the point where, in 
the diagram, it left off ; it would neither rise nor 


fall ; and, assuming the filter to be worked steadily 
und properly, the number of bacteria would remain 





THE SKODA WORKS, LIMITED, 


Hyros-Rak Durrusion-Press iv OPERATION (LOWER FLoor). 





(For Description, see Page 277.) 


Fie. 5. Hyros-Rak 
below fifty. After twenty-four hours, however, 
there would begin, on the surface of the sand, an 
accumulation of algse—mostly dead algee—and other 
organisms in the water, and the moment that 
accumulation commenced, although the bacterial 
efliciency of the filter would not increase, the output 
would decrease, and there would be an increase in 
the loss of head; the greater the accumulation of 
organisms on the surface of the sand, the less the 
output of the filter, which would eventually become 
blocked and require to be laid off for cleaning. With 
regard to the organisms known as ‘‘ plankton,” the 
author had referred to them as of little account in 
the working of a filter. It was, however, necessary 
to distinguish between plankton and the fila- 
mentous alge and other micro-organisms. The term 
‘* plankton,” which signified wandering organisms, 
included all the animalculze to be found ‘in ‘water, 
and those algee which were unicellular and mostly 
spherical (but not the filamentous alge), together 
with other common organisms. When the filter was 
first filled, all that was carried on to the bed in the 
water of the river, or the settling-pond or storage 
reservoir, was a mass of these floating organisms 
known as “‘ plankton.” With the plankton, how- 
ever, there would go a quantity of the spores or 
seeds of filamentous alge. In a few hours these 
would develop, while in a few days there would be a 
coating of filamentous alge along the sides and on 
the floor of the filter. In the speaker’s experience 
there was nothing which injured the filters so much 
as the accumulation of these plankton. If, after 
cleaning, a filter were filled, the water contained 
the same quantity of plankton as would be 
found in the lake or river from which the filter 
was supplied. In a period varying from 10 to 24 
hours, according to the depth of the filter, the 
whole of the water had passed through the sand, 
but it had left behind it the whole of the organisms, 
so that after working a filter for, say, fourteen 
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days, there would be a concentration of, perhaps, 
fourteen times the number of the organisms which 
would have been found in the lake or river. 
Numbers would have died, but their dead bodies 
would have fallen to the bottom, and helped to block 
the filter. One curious thing in connection with lakes 
and rivers had been noted by biologists. During 
the daytime the organisms descended a distance 
varying with the strength of the light, and during 
the night they rose. ‘ith the artificial conditions 
produced by a filter-bed, the organisms were highly 
concentrated, and their movement was not regular, 
as in the case of natural waters; this movement 
was very irregular, and it was just there that 
danger arose. At Antwerp last summer there was 
very cloudy weather over a period of fourteen 
days,the filter water contained the usual large 
quantity of plankton, the filters were working 
regularly, and there had been no intention of 
cleaning them. This period of dull weather was, 
however, followed by bright sunshine and great 
heat, and the plankton commenced to descend, 
and in a few hours four of the nine filters at the 
works were completely blocked, and had to be 
laid off for cleaning; this blocking of half the 
filter-beds was, of course, a serious matter. Dr. 
Kemna had been good enough to send over a 
number of photographs of organisms taken from 
the filters at Antwerp. These were exhibited by 
the speaker. He (Mr. Clemence) had also taken 
photographs of organisms from the Thames water, 
from filters of the Metropolitan Water Board which 
he had been permitted to visit. The speaker next 
alluded to the system described by the author, and 
known as the Puech-Chabal system, specially 
devised for removing algee and other organisms from 
the water, and so prolonging the life of the filter. 
While in Paris some little time ago he had had an 
opportunity of seeing a model of the filtering plant 
at Magdeburg, and this model Mr, Puech had been 
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good enough to send over for exhibition at the 
meeting. | We illustrate this model and reproduce 
a drawing of the Magdeburg arrangement on 
page 278. ; ; 
Referring to the Paris works at Nanterre, the 
author had said, Mr. Clemence continued, that 
the filtration seemed somewhat overdone, and 
had gone on to suggest that pre-filtration was not 
necessary. He, the speaker, as would have been 
gathered from his remarks on the various organ- 
isms, considered that pre-filtration was an — 
lutely essential part of the system. The author 
had also mentioned the dégroississeurs constructed 
at Antwerp last year. These dégroississeurs were 
ravel strainers only, and were devised by Mr. Puech. 
he object in placing them at Antwerp was not 
so much to prolong the life of the sand filters 
as to assist the settling-ponds or decanting-basins, 
used at Antwerp, in getting rid of the large quan- 
tity of mud which is always found in the river 
nethe, from which the Antwerp works were supplied. 
Experience with dégroississeurs had convinced 
the speaker that the necessity of pre-filtering was 
demonstrable. On the first day that the gravel 
strainers had been charged with raw water—in last 
November—samples were taken of the effluent 
from all three series or layers of gravel, and in the 
case of each filter the sample contained a number 
of daphnia, the diameter of which was about jy in. 
From that it would be easy to judge the size of the 
spores, or plant seeds, which would soon develop 
into a healthy crop of green alge on the surface 
of the sand filters, Moreover, where organisms as 
large as those mentioned would pass, vast numbers 
of these spores would also pass. If, however, 
a pre-filter were used, it would be impossible 
for any object so large as the spores to pass, 
small as they were relatively. On the previous 
Monday he had visited the works at’ Nanterre, 
near Paris, and had brought away with him certain 
samples of sand. The speaker here exhibited 
samples of sand taken from final filters in Paris 
which had been at work for periods of 28, 12, 
and 11 months respectively. One of the samples was 
taken from a covered filter, and this sample showed, 
when examined under the microscope, no vegetable 
growth at all. There was simply a deposit which, 
under the microscope, resembled a jelly coating the 
sand. Another sample came from an open filter, 
the same original water having been passed through 
the same pre-filter ; and this was coated with a sort 
of cement about 1 centimetre thick. Below this 
cake was the clean dry sand. This cake was in- 
teresting, as it showed that very small diatoms had 
penetrated to a depth of nearly a centimetre, and at 
that depth the speaker had found a quantity of the 
jelly to which he had referred. What the jelly 
consisted of he could not say, but it was probably 
mineral matter extracted or filtered out of the 
water ; but the surface, for about 4 in. thick, con- 
sisted almost entirely of very small diatoms. Under 
the microscope it resembled kieselguhr or infusorial 
earth, from which M. Pasteur had made the 
sort of porcelain which he used for his filters. 
It was, the speaker concluded, the commencement 
of a natural formation of infusorial earth, but there 
was no growth of green alge, although in the 
summer, as the author had pointed out, a certain 
quantity of the larger green algz were found in the 
filters at Paris; these, however, Mr. Clemence 
believed to have been produced from spores which 
were carried by the wind, but which had not 
 aapege through the pre-filter. There appeared to 
ve an insufficient quantity of organic matter in. the 
water to support a very large growth of ‘alge. 
With all systems of yar ge it was recognised 
that in starting a filter again, after cleaning, the 
effluent might contain more than the safe number of 
bacteria. It was, of course, necessary to start the filter 
very soon after it was cleen, but it would be impos- 
sible to say, for two or three days, whether the water 
contained more or less than 50 bacteria per cubic 
centimetre; the oftener the filter was cleaned the 
greater was the risk. The author had stated that with 
most mechanical filters cleaning was necessary once 
or twice a day, in which case the risk he had referred 
to must be taken at least once a day. With the 
ordinary sand filter this risk must be run once in 
three weeks or six weeks, but under the system 
which the speaker was discussing the risk had to be 
run only once in 500 days, because the filters at 
Paris had been found to work on an average with- 
out cleaning from one year to eighteen months, and 
during that time the loss of head amounted only to 
6 in., so that the output remained nearly at the 





maximum throughout the whole period. The 
reports of Dr. Miquel showed that the number of 
bacteria per cubic centimetre for the whole of last 
year averaged 120; in comparing this with the 
English figures, however, it should be remembered 
that in the French system the bacteria were not 
counted until after an incubation of fifteen days, so 
that to compare with the English method of counting 
after three days the figure should be divided byseven. 

Mr. C. J. Haines considered that the mechanical 
sand filter, regard being had to the rate of filtra- 
tion and occupied, did excellent work as a 
roughing filter ; but it did not appear that it 
attained the same standard of purity as the slow 
sand filter, for in the latter, as was acknowledged, 
the actual filtering medium, so effective in deal- 
ing with bacteria, was the skin or film deposited 
on the bed in the early stage of its working. This 
skin, it would seem, took a much longer time to 
form in the mechanical sand filter, as, owing to the 
higher rate of filtration, the minute particles of silt, 
which went to form the film, would not so readily 
adhere to the grains of sand as in the case of 
the slow sand filter. Moreover, at the time 
when the mechanical filter was becoming efli- 
cient from a mechanical point of view, the sand 
had to be disturbed and washed on account of 
the falling off in the rate of filtration. From a 
number of experiments which the speaker had 
carried out there appeared to him to be no doubt 
that one of the most efficient mediums for filters and 
purifiers was the precipitant formed by the intro- 
duction of a small percentage of lime in the water, 
as in water-softening. This had the advantage of 
reducing any hardness in the water, and would gene- 
rally remove all colour. The type of filter used for 
the purpose worked under a very low head, and was 
now used in connection with a very large number 
of water -softening installations in the United 
Kingdom. The rate of filtration with these filters 
was much higher than with any other form of filtra- 
tion ; taking square feet of space occupied, this rate 
was 650 gallons per hour, and averaged 40 gallons 
per square foot of filtering area, the quantity varying 
with the turbidity of the water. e filters were 
arranged in units, each unit being capable of doing 
half a million gallons per day. They were cleaned 
once in 12 hours, the operation taking about three 
minutes, and the quantity of water used for wash- 
ing the filter was less than } per cent. of the whole 
quantity of water dealt with. There was no doubt 
that there were a large quantity of water supplies 
in the kingdom whose standard of purity could be 
improved by the lime system and at considerably less 
cost than by sand filtration. On the evidence of the 
most practical experts, the lime treatment of water 
would remove as much as 79 per cent. of any bacteria 
present. With reference to the author’s remark 
that the actual filtering medium was somewhat 
below the surface of the sand—some 2 in. or 3 in. 
—the speaker would ask whether this might not be 
due tothe condition of the sand ? When fresh, no 
doubt the grains of sand were somewhat angular, 
and would more readily arrest the silt or gelatinous 
matter which formed the skin ; with constant wash- 
ing, however, and the friction of the grains of sand 
one with another, the ins would, like pebbles, 
become rounded, and, the passage being freer, the 
skin or film might get below the surface. 

Mr. John Chisholm, who spoke next, thought 
that there were a few points in the matter com- 
municated by him to Mr. Don, and forming part 
of the appendix to the paper, which might be 
amplified. With regard to the storage of water, it 
had long been known that storage was a distinct 
agent in the purification of water, but the nature 
and extent of this purification had only been inves- 
tigated within recent times. The investigations 
had shown that none of the ordinary disease-pro- 
ducing organisms, such‘ as the typhoid bacillus, 
remained alive in the stored water for more than 
about two months, and that the vast majority of 
them perished within a few days. Dr. Houston 
had recently stated, as the result of experiments, 
that when water was artificially polluted with 
typhoid germs, only one in a thousand of the germs 
would be found alive in three or four days, but he 
had added that the destruction of the last of the 
germs might not, in some cases, occur until after 
six or eight weeks. Certain eminent authorities 
had asserted that, in similarly polluted waters, they 
had not succeeded in finding any germs after 
periods varying from two to three, or at most ten, 
days. It was also important to note that, upon 
the authority of Dr. Houston, storage made water 





more amenable to filtration than unstored water ; 
also that it had a great levelling effect, so that the 
stored water ensured delivery free from sudden 
fluctuations in quality, and the additional safety 
conferred by adequate storage might come to he 
regarded as a reasonable pretext for the filtra- 
tion through mechanical filters. Any departure 
from the old-established filtration custom should 
not, however, be entertained in the absence 
of convincing experimental proof of the relia- 
bility of the new process. It might be of in- 
terest, the = said, to submit the following 
summaries of information which he had received 
from people in charge of the works at Frankfort, 
Birmingham, Lea Bridge, London, Gorbals, Glasgow, 
and Glasford, Lanarkshire. In the case of Bir- 
mingham, the filtering film formed on the sand-bed, 
known as the “‘ paring,” was removed from each 
filter at periods varying from ten days to seven or 
eight cade according to the condition of the water. 
The “‘ paring” was laid aside, and the water turned 
on to the filter, and allowed to run to waste until 
the filtered water reached a certain standard of 
purity. It usually ran for eight days before the 
first sample was submitted to the analyst, and 
generally three weeks before it met with his ap- 
proval. The paring was continued from time to 
time until a depth of 15 in. of sand remained ; this 
sand was not taken out, bet simply trenched over 
a layer of clean sand, so that it formed the upper 
portion of the new depth of 2 ft. 9 in. This re- 
filling took place once every two years. 

At Lea Bridge the paring from each filter was 
removed every six or eight weeks, and wheeled tua 
sand-washer at the edge of each filter, where it was 
thoroughly washed and replaced in a single trench 
in the filter-bed. It was then covered with the 
sand previously excavated from the trench ; in this 
way the sand was not uniform over the whole area. 
The water was then turned into the filter and 
allowed to stand for a period of about two days, 
after which the water was allowed to run to the 
general well, from which a sample is taken for 
analysis every day. 

The case of Glasgow was as follows: The ‘‘ paring” 
was removed from each filter every seven to ten 
days during the summer months, and once every 
fourteen to twenty-one days during winter. It 
was laid aside until the depth of sand in the filter 
was reduced from 2 ft. 6 in. to 15 in. When this 
depth was reached all the fine sand was removed, 
and replaced with washed sand to its original depth. 
After each paring the water was turned on to the 
filter, and Gansethihely allowed to pass to the clear- 
water basin. Samples of the filtered water were 
taken quarterly from the general well for analysis. 

In the Lanarkshire case each filter was pared 
once in about fourteen days. The parings were 
taken to a washer, placed in the centre of each 
filter, and the sand washed; thereafter it was 
returned to the filter-bed. The water was turned 
on, and allowed to run immediately to the clear- 
water basin. There was no fixed time for sampling 
the water, the medical officer taking samples when 
he considered it necessary. It would, the speaker 
continued, be observed .that there were various 
methods for the working of sand filters ; this might 
be partly accounted for by the different qualities of 
the waters under treatment. 

With regard to mechanical filters, Mr. Chisholm 
stated that two had recently been placed on a main 
supply-pipe of a village in Lanarkshire. The fil- 
tered water was supplied direct to the consumers 
without the intervention of a service reservoir. The 
quantity filtered varied considerably during certain 
hours, with the result that the supply of alumina 
was not maintained at arate uniform to the varying 
amount of water passing through such filters. The 
makers thereafter inserted a regulating apparatus 
on the supply-pipe. This arrangement was so 
far satisfactory, but the working of an hydraulic lift 
in the village made sudden demands upon the 
amount of water ing through the filters, with 
the result that the efficiency of the filters was 
affected during the time the lift was in operation. 
This showed that on no account should sudden 
variations in the amount of water passing through a 
filter be allowed, and that filters should not be fixed 
on the supply pipe between the reservoir and the 
district supplied. In the _—— view, the legal 
responsibility, as defined by general and special 
Acts of Parliament, should be upon the water 
undertakers. According to such Acts, it was im- 
perative that those having charge of water works 
should take all necessary steps for the purpose of 
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delivering a ‘‘ pure and wholesome water ” to con- 
sumers, and meetings such as those held by the 
Institution were helpful to that end. 

In reply to the discussion, Mr. John Don re- 
viewed briefly the chief points made by the speakers. 
He was interested to learn from Mr. Bryan that 
tie open sand filter was about as cheap as any 
filter, with the ible exception of the Candy type. 
Mr. Bryan ia wecalonel the difficulty of dispos- 
ing of the wash-water, and the speaker believed 
that that difficulty was experienced by many engi- 
neers in connection with their water works. He 
heard it said—he could not say with what truth— 
that the precipitate in the mechanical filter was 
to some extent coagulated or crowded together, 
although a roughing filter or a sedimentation basin 
would very likely remedy it ; that, however, was only 
asuggestion. It was an ae point that filtered 
water should not see the light again until it issued 
from the consumer’s tap; perhaps, also, it might be 
well to keep it in motion, as was done in one works. 
Dealing with Mr. Bryan’s reference to the last 
paragraph in the paper, he would say that it was 
rather the meth than the men that he (the 
speaker) had intended to compare. The regulations 
for the management of filters abroad were stricter 
than in this country, especially in the smaller 
towns. Tosay, however, that British experts were 
behind Continental experts would be utterly wrong. 
He was indebted to Dr. Beale for his lucid remarks on 
mechanical filters, and all would agree that in these 
filters the addition of a coagulant wasa sine qud non. 
The difficulty occurred in regulating the coagulant, 
and it was a difficulty not yet overcome. The passing 
of the water into sedimentation basins before 
bringing it on to the filters appeared to be about 
the best way of dealing with the trouble. Regula- 
tion by small turbines, and by systems on the prin- 
ciple of the Venturi meter, had been experimented 
with. The speaker had given some attention to 
the treatment of water with chlorinated lime, as 
described in the Lancet of November 28 last by 
Dr. Thresh. The plan was admirable and cheap, 
and was well worth consideration. The investiga- 
tion of underground water had also been carried 
out by Dr. Thresh, and the results would be found 
recorded in many of his reports. Mr. Adamson 
had touched upon certain omissions, but the speaker 
believed Mr. Adamson would find that most of 
them had been gone into thoroughly in the com- 
plete paper. In particular, Mr. Adamson had 
not considered the ozoniser at Ginnekin (Holland) 
comparable with the Siemens, and in this regard all 
that the speaker had meant to say was that in prin- 
ciple they were alike, the ozone being produced 
by passing dry air through a space which was under 
great electric strain ; of course, the system in use 
at Ginnekin was not the same as that of the Siemens 
ozonising apparatus. From Dr. Rideal’s instructive 
paper of January 13 it appeared that the cost of 
the De Fries system, in operation in Paris, was 
about the third of a penny per 1000 gallons, and, 
if this system ridded the water of all organic matter, 
the result was certainly wonderful. Dr. Daage, 
chief engineer of the Paris municipal water service, 
confirmed the statement. 

While listening with pleasure and profit to the 
remarks of Mr. Fox, the speaker believed the cost 
of sand filters would be rather more than was antici- 
pated by that gentleman. He had recently seen an 
estimate for a very good installation to deal with 
a million gallons per day, the cost_running out 
at 11,0001.; there were no buildings included—only 
4 sitll amount of armoured concrete. The loss of 
head in mechanical filters had, Mr. Den thought, 
been exaggerated by some of the speakers. For 
the treatment of water by the ozone process there 
had been numerous installations, and he considered 
it a pity that there were not more of them in this 
country. He understood that the installation at 
Bon Voyage supplied Nice with 5,000,000 gallons 
per day, the concentration being only 0.3 gramme 
per cubic metre. This was very low, and it got rid 
of all the microbes. There was also an experimental 
plant at St. Maur, Paris, which, he understood, pro- 
duced about 140 grammes of ozone in 3} kilowatt- 
hours. Presumably this electricity could be supplied 
in London for about 2d. or 4d. per unit, and the cost 
could therefore easily be reckoned for any given 
) meng of water, taking one million gallons per 

“yas a unit. The speaker had received a com- 
munication from Mr. Puech relative to the descrip- 


tion of the latter's process in the r. In this 
communication Mr. Puech had said that the great 
reliability of the Puech filter was due to 


the fact 








that each of the pre-filters was divided into four, 
and as there were sixteen of them, and they 
were cleaned one at a time, igths were always 
going, with results which, from fortnight to fort- 
night, were very even. An inspection of the 
Bulletin Municipal Officiel would confirm this. 
Mr. Puech had also mentioned the great con- 
venience in cleaning the filters. There were not, 
of course, so many feet of sand through which air 
or water had“ to be forced as in the case of ‘the 
mechanical filter ; there would be only about 13 in. 
or 14 in., and this was very easily cleaned. An 
easy way of cleaning by forcing the air backwards 


had recently been introduced. In a comparative | A» 


statement given, the figures for the Puech-Chabal 
installations were rather high, but account should 
be taken of the fact that in Paris the rate of filtra- 
tion was slow, being worked on a system handed 
dc-wn by tradition ; this rate must not exceed 5 in. 

r hour as amaximum. The finishing filter would, 
it was understood, pass the filtrate at double the 
rate, so that for a fair comparison with mechanical 
filters the numbers should be divided by two right 
across. The possibility of over-filtration was a subject 
too deep for present consideration. Mr. Puech had, 
however, stated that the aim which he and Mr. 
Chabal had in view was to provide a finishing filter 
of such a nature that it would not require cleaning 
at all. This the speaker could not understand, as 
the use of such a filter was not obvious. He(Mr. 
Don) quite agreed that finishing filters should be 
covered ; of course there was no film on the finish- 
ing filter, as there must be light for the alge to 
grow. 

Turning to the remarks made that evening, the 
speaker said he would like to know more about 
the peat water to which Mr. Deacon had alluded. 
No sand as such would remove the peaty acids to 
be found in peaty water—the humic and ulmic acids. 
He had not seen the reservoir, but he would suggest 
that all the ty acids must have long ago been 
drawn out. e speaker could not understand why 
the chalk used in the other filter had for two or 
three years been successful in removing the peaty 
acids, because experience had shown that the chalk 
became clogged up with growth, and that the water 
did not dissolve it; the chalk was not at the surface, 
but some distance below, and might therefore be 

rotected from algee by that very fact. In reply to 

r. Clemence, he felt that the more the plankton 
and lowly forms of animal and vegetable growth in 
samples were studied by water-works engineers, the 
better they would understand their work. 

Mr. Don did not quite follow the operation of 
the lime used as a coagulant, which was mentioned 
by Mr. C. J. Haines. Unless there were carbo- 
nate of lime in solution in the water as an acid 
carbonate, the addition of lime would not have 
much a the water. A great number of 
coagulants been suggested of late years; one 
process—-the agua sana—contained phosphate of 
ime as a t, and this was und to be 
very good. In conclusion, Mr. Don took occasion 
to refer to the assistance he had received from 
the makers of mechanical filters in compiling his 


paper. 

Mr. Aspinall then announced that the next meet- 
ing of the Institution would not be held on Friday, 
March 19, but on Thursday, the 18th ; this arrange- 
ment had been made to enable members to attend 
the dinner of the Institution of Civil Engineers on 
Friday, the 19th, without necessarily missing the 
ordinary general meeting of their own Institution. 








THE HYROS-RAK DIFFUSION PLANT. 

THe Hyros-Rak apparatus, which we illustrate on 

274 and 275, is Tiignet for extracting sugar from 

t by a continuous process of diffusion. It is built 

by the Skoda Works, Pilsen, whose establishments we 
described in a former issue. * 

An apparatus complete consists of a number of 
vertical diffusers, generally in series of six or eight, and 
connected together, in which the continuous process of 
diffusion takes place. By referring to Fig. 1 it will 
be seen that the vertical diffusers are divided into four 
sections or zones. That marked A, is the mixing 
section, into which the beet-pulp to be treated is de- 
livered and boiling juice poured upon it. A watery 
solution flows down to the zones marked B, and Cj, 
section D, completing the operation, the juice being 
prevented from flowing further by the layers of beet- 

Ip which at that part become highly compressed. 
The beet-pulp is supplied to the first diffuser from 
the cutting-machine. The diffusers, as will be seen, 


* See ENGINEERING, vol. lxxxv., page 298, 


are conical, and contain each a helical pressing and 
conveying screw ; the sides marked ¢ are perforated 
to form a screen. Fresh cut beet-pulp introduced at 
A, is Cae mixed with the boiling juice, which 
is let inat M,. The cut beet and the juice travel in 
the same direction. The helical screw causes the beet 
to travel from the section A, towards the conical part, 
in which the pressure on the beet gradually increases as 
it approaches nearer the apex of the cone. The thick 
juice thus extracted from the beet is driven through 
the perforated sides, flowing out through the opening 
near C,, whence it runs + he measuring tank. é 

The hard compressed beet-pulp is driven auto- 
matically from the section D, into a chamber marked 
3 Ay &c., of greater capacity than the cone 
head, and which constitutes the mixing-zone of the 
following conical diffuser. The beet-pulp in the follow- 
ing diffuser is made to travel in the reverse direction, 
being mixed with a fresh supply of watery solution, 
which is introduced into the different diffusers at Me 
M;, M,, and M,. The pulp is thus conveyed throug 
the different diffusers forming the series. 

The fresh extraction water, and for the purpose 
the liquor which proceeds from the evaporating appa- 
ratus may be used with advan , is admitted at a 
pressure of 2 to 3 atmospheres (29.4 Ib. to 44 Ib. per 
square inch) through the opening M, into the mixing 
section A, of the sixth pan. This has a high diffusion 
effect in the space comprised between the sections 
D; and Dy. Seeing that the liquid under pressure 
cannot penetrate through the beet-pulp at D, and Dg, 
it finds its way through the screen in the separation 
section C, to the juice-pipe, and enters the piping 
through the port M, into the mixing-zone A, of the 
fifth diffuser. 

The saccharine solution escapes through the opening 
W, into a closed receiver, whence it is drawn by a 
pump which effects a forced circulation of the juice, 
and is re-heated in a rapid-circulation heater. From 
this it is led back at a temperature of about 95 deg. 
Cent. (203 deg. Fahr) to the mixing zone A,. The 
concentrated solution, at a temperature of about 85 deg. 
Cent. (185 deg. Fahr.), flows co the separating zone 
C, of the first diffuser to the measuring-tank. 
that for heating the beet-pulp in the zone A, a larger 
amount of liquid is required than is taken from the 
second diffuser, the juice which reaches the diffuser A, 
through the opening M, is divided in such a way that 
a part flows with the heet-pulp to B,, and after the 
diffusion action it leaves the battery near C,. The 
other part is drawn through an opening opposite W, 
by the circulation pump above refe to, is driven 
through the rapid circulation heater, and is led back 
again through M, to the fresh pulp. This process is 
repeated, and the temperature of the juice leaving the 
battery at C, reaches a temperature of 85 deg. Cent. 
(185 deg. Fahr). An adjustable conical closing device 
is fitted at the top of the last diffuser, No. 6 (see Fig. 1), 
where the spent ey is discharged from the 
battery ; this ensures the regular working of the last 
phase of the process, and regulates the percentage of 
dry matter in the spent pulp. When the plant is in 
full work, the beet is constantly being delivered at 
A,, and is regularly drawn out, exhausted, at the upper 
end of Ds. There is no algo at A,; the friction 
of the beet-pulp against the wall of the sieve does not 
allow of any great revolving action of the beet, which 
is, therefore, conveyed in an axial direction. The 
speed of the helical screws is from 6 to 10 revolutions 
per minute, and about 90 horse-power is sufficient to 
drive a battery of eight diffusers. Washing-out pipes, 
through which water under pressure can be supplied, 
are connected to the apparatus by flanges, in order, 
when necessary, to clear the s between the screen 
and the wall of each diffuser. The wall is in two parts, 
bolted together, to facilitate transport and erection. 

As will be seen from Fig. 1, the internal conveyor- 
screw of three diffusers is Sine by a top lay-shaft and 
earing, that of the three alternating ones being driven 
by a bottom shaft and similar gearing. The diffuser 
casings are of cast iron, the helical screws of cast 
iron or steel. The driving-wheels are of cast steel. 
The total weight of an eight-diffuser battery, without 
scaffolding, is about 564 tons. Photographs of the 
lower and upper parts of the press are given in Figs, 
4 and 5, 
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THE PUECH-CHABAL SYSTEM OF 
FILTRATION. 

DvRING the recent discussion on ‘‘ Water Purifica- 
tion” at the Institution of Mechanical Engineers, 
several references were made to the Puech-Chabal 
system, as installed at Magdeburg, Paris, and Antwerp. 

he discussion and the paper from which it arose have 
been fully recorded in our columns, terminating with 


the present issue, and we publish on 278 @ sec- 
tional drawing of the Puech-Chabal t at Magde- 
burg, and reproduce two photographs of the model 


which was exhibited at the meeting in question. The 
underlying idea of the system is to improve upon the 





old sand filter by causing the water to flow successively 


through beds of increasing fineness, and, at the same 





ENGINEERING. [FEB. 26, 1909. 








THE PUECH-CHABAL FILTERING PLANT AT MAGDEBURG. 

























































































time, to afford a rapid and easy method of cleaning the | first through a thin bed of the coarsest material, after | spores and germs of minute organisms which would 
various sections without causing a variation in the | which it is aerated by being cascaded down to the | otherwise develop and shorten the life of the sae 
quality of the final water. In the ordinary sand | level of the next finer bed and soon. There are four | sand filter. It is found at Nanterre that owt . 
filter it is only the top layer which is effective, all | of these straining filters, or dégrossisseurs, in series, | filters can be run for periods varying from gat ; 
beneath it merely serving as a support for the active | and they remove the greater part of the impurities. | twent -eight months without cleaning, an wit a: 
surface. In the *Puech-Chabal filter the water is put ' Next is a pre-filter of coarse sand, which arrests the | loss of head not exceeding 6 in. There is thus a great 
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Main and Auziliary Pumps on the ‘‘ Orcoma.” 
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Two Weir's main feed-pumps, with float-tank .. 
One Weir's auxiliary feed-pump, with float-tank 
One Weir’s winch boiler-pump, with float-tank 
Soe ins feed-heater .. $e ae 
One ton and Campbell's filter. . ; 
One Weir's duplex pump for ash-ejector 

Two main centrifugal pumps (Drysdale’s) 

One auxiliary air-pump (Weir's monotype)... 
One auxiliary centrifugal pump (Drysdale’s) .. 
One duplex sanitary and bath-pump (Lamont’s) 6 
One duplex ballast-pump (Lamont’s) —.. “1 
One duplex fresh-water pump (Lamont’s) ey 5 
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denser of 1000 square feet cooling surface ; also into 
either main condenser or atmosphere. 

The machinery for supplying electric current for 
lighting the vessel consists a four sets of engines and 
dynamos, by Messrs. Allen, of Bedford. The engines 
are compound, working on two cranks, and are direct 
coupled to the dynamos. These machines, in addition 
to lighting the ship, provide current for driving the 
lar, wer motors of the stokehold ventilating fans, 
and all motors throughout the ship. 

The refrigerating machinery is on the CO, system, 
by Messrs. J. and E. Hall, Limited, and is placed on 
the bottom platform in the thrust recess between the 
thrust-blocks. The installation consists of a_hori- 
zontal compound engine driving, direct by tail-rods, 
two double-acting compressors. There is also a sur- 
face-condenser, with air and circulating pumps, and a 
Weir’s patent feed-pump with float-tank and auto- 
matic control. The engine is arranged to work as two 
high-pressure engines or combined as a compound- 
engine. There are also two independent CO, con- 
densers and two independent evaporators, and they 
are arranged so that either compressor can deliver into 
either or both condensers, and draw from either or 
both evaporators. There are also two vertical duplex 
brine-pumps Messrs. Mumford for circulation 
throughout the cold chambers, arranged so that either 
pump may do the full duty required. 

The boiler installation to meet the demands of the 
main engines and the various auxiliaries consists of 
three double-ended and three single-ended boilers. 
These are placed in one boiler-room between two water- 
tight bulkheads, and are designed to work at a pres- 
sure of 210 lb. per square inch. The double-ended 
boilers are each 16 ft. 6 in. in diameter and 18 ft. 3 in. 
long, and have eight furnaces, while each of the single- 
ended boilers is of the same diameter and 10 ft. 9 in. 
long, with four furnaces. There are thus in all 36 fur- 
naces, and the heating surface totals 25,000 square 
feet. The main boilers are arranged to be worked on 
natural draught only, but there is a 40-in. motor- 


driven Sirocco fan of 8 horse-power, and running at| F.R.S 


275 revolutions per minute, fitted in each fiddley at 
the soulnenad-daik level for supplying air to the 
stokeholds. There are two See’s ash-ejectors fitted in 
the forward stokehold, worked by a Weir's duplex 

ump placed in the engine-room. At the bridge-deck 
evel, there is fitted in each fiddley a Railton and 
Campbell's ash-hoist with ash-shoots from each fiddle 
to the ship’s side. A gangway runs right fore and aft 
over the boilers, so that inspection is facilitated and 
the valves can be easily overhauled. 

During the trials, which were run on the Firth of 
oo prior to the vessel’s departure for Liverpool, to 
take her place on the South American mail service 
of the Pacific Steam Navigation Company, the work- 
ing of the machinery gave every reason tor satisfac- 
tion ; a feature of the trials being the freedom from 
vibration experienced both in the machinery spaces 
and throughout the other parts of the vessel. 





IrauiAN Harsour Works.—The Minister of Public 
Works has authorised the expenditure of about 260,9602. 
on improvements at the ports of Chioggia and Pellestrina, 
and of 13,0802. for the dredging and upkeep of the navi- 
gable canal between Pisa am Leghorn. 


Contracts,—The Underfed Stoker Company, Limited, 
inform us that among recent orders they have received 
one for seventeen stokers fror: the Colonial Sugar Com- 
pany, Sydney, and one for sixteen stokers from the 
yorough of Hampstead.—Mess:s. J. W. Brooke and Co., 
Limited, Lowestoft, have recently received orders for two 
45 horse-power motors for a 60-ft. cruiser, and several of 
smaller power for South America, India, and other places 
abroad.—Orders received lately by Messrs. Wellman, 
Seaver, and Head, Limited, 47, Victoria-street, S.W., 
include one for Messrs. Le Gallais-Metz et Cie, Dommel- 
darge, near Luxemburg, for a 90-ton Wellman rolling 
furnace. This is for use as a primary reducing furnace in 
conjunction with an electrical finishing process for the 
production of high-class steels. Gas-producers are in- 
cluded in this contract. The same firm has received an 
order from the Usine Metallurgique de la Basse-Loire, at 
Trignas, France, for a 250-ton metal mixer, of the Wellman 
conesntric rolling type. 





THE PHYSICAL SOCIETY OF LONDON. 


AT the annual general meeting, held on the 12th inst., 
Dr. C. Chree, ERS. President, in the chair, the Sec- 
retary read the reports of the Council and the Treasurer, 
which were adopted. 

Since the last annual genefal meeting ten ordinary 
science meetings, two informal meetings, and two special 
general meetings of the society have been held. Of these, 
eleven were held at the Royal College of Science ; one, 
that on March 27, at the Northampton Institute, by 
invitation of Dr. R. M. Walmsley ; one, that on Octo- 
ber 23, at the National Physical Laboratory, by invitation 
of Dr. R. T. Glazebrook, F.R.S.; and one, that on Nov- 
ember 13, at University College, by invitation of Pro- 
fessor F. T. Trouton, F.R.S. The average attendance at 
the meetings has been sixty-one, as compared with fifty- 
eight during the ponies ear. 

he Fourth Annual Exhibition of Apparatus by Manu- 
facturers was held on December 11, when the attendance 
of Fellows and visitors amounted to about 300. Greater 
advantage is now being taken of this event a 
and the attendance this year was much larger than 
hitherto. 

Certain alterations to the Articles of Association have 
been introduced, more particularly in regard to the 
election of the Council. 

The number of ordinary Fellows now on the roll, as 
distinct from honorary Fellows, is 430—a decrease of 
seven on the number last year ; twelve new Fellows have 





m elected. 


‘*STEAM-BOILER DESIGN.” 
To THE Eprtor oF ENGINEERING. 

Srr,—Adverting to Dr. Nicolson’s lecture on ‘‘ Heat 
Transmission in Steam-Boilers” and the analogous con- 
ditions applying in the case of tube-condensers, as shown 
by Dr. Stanton, I beg to point out that the increased 
efficiency of condenser surface, due to the increased speed 
of flow of condensation water, was clearly shown by th 
late B. G. Nichol in his paper on “‘ Vertical Condensing 
Surface,” read before the Newcastle and District Foremen 
Engineers and Mechanical Draughtsmen’s Association 
during the session of the years 1874-5. 

As the paper in question is out of print and extremely 
rare, I beg to give below an extract from Mr. Nichol’s 
paper, ther with the tabulated results of his experi- 
ments. Trusting that the abstract may be of interest 
to your readers interested in the matter under discussion, 

I remain, yours faithfully, 
Henry Foster. 
Greenhill House, Griffithstown, Mon. 


Abstract of Mr. Nichol’s Paper referred to in 
foregoing letter. 

The apparatus consisted of a boiler stay tube } in. thick, 
with the ends welded up, and having a 3-in. hole drilled in 
each end, —— which a brass condenser tube # in. in 
diameter, 18 B.W.G., was inse The surface of the 
tube exposed to steam was 1.0656 square feet. The ends 
were made steam-tight by india-rubber rings secured by 
plates and screws. The steam-pipe was attached to boiler 
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1.0656 Square Freer Surrace. May 12, 1875. 
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The following were elected as honorary Fellows of 
Society : R. Benoit, Julius Thomsen. 

The following officers and Council were elected for 
ensuing year :— 

President : Dr. C. Chree, F.R.S. 

Vice-Presidents: Those who have filled the office of 
President, together with Mr. W. Duddell, F.R.S.; Pro- 
fessor A. Schuster, Ph.D., F.R.S:; Mr. S. Skinner, 
M.A.; Mr. W. Watson, D.Sc., F.R.S. 

Secretaries: Mr. W. R. Cooper, M.A.; Mr. 8. W. JJ. 
Smith, M.A., D.Sc. 

Foreign Secretary: Professor 8. P. Thompson, D.Sc., 


Treasurer: Professor H. L. Callendar, M.A., F.R.S. 

Librarian: Mr. W. Watson, D.Sc., F.R.S. 

Other members of Council: Mr. A. Campbell, B.A.; 
Mr. W. H. Eccles, D.Sec.; Mr. A. Griffiths, D.Sc.; Mr. 
J. A. Harker, D.Sec.; Professor C. H. Lees, D.Sc., 
F.R.S.; Mr. T. Mather, F.R.S.; Mr. A. Russell, M.A., 
D.Se.; Professor E. Rutherford, D.Sc., F.R.S.; Mr. F. 
E. Smith, and Mr. R. 8. Whipple. 

The President then delivered an address. He began 
by referring to the loss which the Society had sustained 
through the deaths of their ex-President, Professor 
Ayrton, and their Honorary Secretary, Professor Cassie. 
He referred to the assistance given to the Council by Mr. 
H. M. Elder, who discharged the duties of secretary 
subsequent to Professor Cassie’s death until the appoint- 
ment in the autumn of his successor, Mr. 8. J. Smith. 
He spoke of the popularity of the Exhibition of Instru- 
ments, much of the success of which must be attributed to 
the senior secretary, Mr. W. R. Cooper, and to the Physics 
Department of the Imperial College of Science and Tech- 
nology. One of the incidents of the year had been the 
revision of the Articles of Association by the Council, 
whose alterations have been confirmed at statutory meet- 
ings. The President then proceeded to give an account 
of some work he had recently been ———— in, in connec- 
tion with the reduction of the magnetic observations of the 
National Antarctic Expedition of 1902-4. This referred 
to an intercomparison of simultaneous records of magnetic 
disturbances obtained in the Antarctic regions and at 
the Observatories of Kew, Falmouth, Colaba (Bombay), 
Mauritius, and Christchurch (New Zealand). He ex- 
hibited a number of lantern-slides showing the sudden 
commencement of some magnetic storms, and the forms 
of some special types of disturbance observed in the Ant- 
arctic. areas results were given as to the directions 
and intensities of the disturbing forces to which the dis- 
turbances recorded at the different stations might be 
attributec, 








Newcast kg, N.S.W.; Port ImproveMEents.—The Board 
of Trade Journal reports that the improvements planned 
at Newcastle, N.S.W., include the provision of two new 
basins of large area and the building of additional 
wharves. The proposal to extend the breakwater, at an 
estimated cost of 102,500/., has been referred to the Public 





Works Committee. 


tube near the upper end, and at right angles to the 
admission orifice a small cock was screwed into the tube, 
to allow of ‘the escape of any air lodged in the tube or 
entering with the steam ; at the bottom of the outer tube 
a drain-cock was fixed, through which the condensed 
steam flowed into a vessel p) to receive it. 

.A water gauge glass was also fitted at the bottom to 
show that no accumulation of water took place owing to 
the drain-cock being insufficiently open. The cooling 
water was taken from a small lee gn at a con- 
venient height above the apparatus, in which a uniform 
depth of water was maintained throughout the experi- 
ment. 

The water was allowed to flow through one of three 
cocks fixed in the bottom of the barrel, the smallest being 
3 in., the second 4 in., and the ~~ og Z in. in diameter, 
and was conducted by an india-rubber pipe to the lower 
end of the condenser tube, through which it flowed into 
a small box fixed on the upper end, having a thermometer 
so placed that the issuing steam must impinge on the 
bulb on its way to an orifice in the side of the box through 
which it passed to a barrel placed to receive it. 

The temperature of the steam entering was shown by a 
thermometer fixed in the steam-pipe, the temperature of 
the steam surrounding the condenser tube by another 
thermometer fixed in a short bent pipe screwed into the 
outer iron tube, about half-way up, and the temperature 
of the condensed steam was taken while issuing from the 
drain-cock. A thermometer fitted in the small barrel 
overhead showed the temperature of the cooling water 
entering, and that in the box on the end of the condenser 
tube showed the temperature leaving. 

The external tube was well covered with felt, and 
—o with spun-yarn, to prevent radiation as much as 
possible. 

All being in readiness, we took our places at the ther- 
mometers. 

The drain-cock at bottom and air-cock at top were 
opened, the steam turned gently on, and the apparatus 
was thoroughly warmed through. The water was then 
turned on, and the whole allowed to go for two or three 
minutes ; when the mercury became stationary the drain- 
cock was closed until the water showed 2 in. or 3in. in 
the glass. The cock was then gently opened until the 
accumulation of water disappeared, and the opening thus 
fixed allowed the water to drain out without wasting un- 
condensed vapour. / 

The air-cock at the top was also nearly closed, allowing 
a faint thread of steam to escape during the experiment. 

These preliminaries a , the time was noted, an 
empty vessel placed below the drain-cock, and the nozzle 
of the tube through which the cooling water was dis- 
ch was turned to run the water into an empty cask 
simultaneously. The various temperatures were observed 
and registered each minute. Mar 

At the end of the tenth minute the vessels receiving 
the cooling water and condensed steam were changed ; 
at the expiration of the twentieth minute the drain-cock 
was shut, and the nozzle of the pipe through which the 
cooling water flowed was turned in another direction. 

The weight of cooling water passed through the con- 
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denser tube and of the condensed steam obtained during 
each half of the experiment were separately ascertained. 
The results were then computed for each period of 10 
minutes and compared, and in each case were found to be 
practically identical. 
The results of three of these experiments and deduc- 
tions are given in the table on the preceding page. 


‘* 4 comparison of the results obtained in the three 
experiments before you shows conclusively that the circu- 
lating water ought to be passed rapidly through the tubes, 
if efliciency is a desideratum ; for, as you will observe, 
there is a marked increase of efficiency per d differ- 
ence as the velocity of the cooling water is accelerated.” 


‘The proportioning of the circulating pump is, in any 
condensing arrangement, of the first importance. The 
cooling water can never leave above, if ever it is equal 
to, the temperature of the vapour in the condenser, and 
clearly a square mile of surface per horse-power will 
avail nothing if there is an insufficient supply of water on 
the other side to abstract the heat from the steam.” 








“THE PROBLEM OF FLIGHT.” 
To THE Eprtor oF ENGINEERING. 

Sir,—In thanking you very cordially for pebiching we 
previous letter, I would point out to Mr. Phillips, without 
discourtesy, that whilst, of course, 6 tons was my mistake 
for 6000 Ib. lifted by twin screws, 27 ft. in diameter each, 
at the expenditure of 80 horse-power, this certainly remains 
a splendid achievement, and far in excess of what Mr. 
Phillips or any other person has accomplished with the heli- 
copter or aeroplane, Mr. G. L. O. Davidson again claims a 
much greater lift than 75 Ib. per horse-power, and with the 
machine in forward motion or in high winds the lift is 
augmented 50 per cent. (vide Vogt), and will exceed that 
of the Wrights’ lift in their earlier flights of 745 Ib, at the 
expenditure of only 8 horse-power, or in the ratio of 9341b. 
per horse-power, this being in flight, of course, at 20 miles 
per hour. Thus, on this basis even, I would certainly 
advise him to abandon his uliar type of aeroplane, 
which cannot stand the slightest comparison with the 

.formances of the Wrights, a type designated by Mr. 

hillips as the “‘rag fraternity.” 

Without desiring to wound the susceptibilities of Mr. 
Phillips in the least, I may certainly have misinter- 

sted Gis design in helicopters filed by him at the 

atent Office, but this does not contradict the fact that 
M. P. L. Sénécal constructed and flew a precisely similar 
design on this principle thirty years ago, which 1s what I 
pointed out in my previous letter. 

In extenso the above merely goes to prove what I have 
contended, Sir, in your columns—that machines reproduc- 
ing Nature’s laws and teachings are far superior to the 
incomplete dangerous aeroplane, of whatever form and 
design. Thesuperiority, moreover, of Mr. Holland’s pro- 
peller, which closely resembles in construction, lightness, 
and its concavo-convex form, the wing of a bird, is 
additional proof of these opinions based on physiological 
research and experiment. hen I may be pardoned in 
mentioning that I shall be exhibiting a full-sized machine 
at Olympia in March which may possibly interest your 
readers, and of which I will furnish details later. 

T am, Sir, yours sincerely, 
Epear E. Wisson. 

67, Sutherland-street, Pimlico. 








‘“GUEST’S LAW OF COMBINED STRESS.” 
To THE Epitor oF ENGINEERING. 

Srr,—In reading over my letter on the above subject, 
which you were good enough to publish in your yester- 
day’s issue, I see that I have twice inadvertently mis- 
placed a “2.” I hasten to apologise and to correct the 
paragraph in question, which should run :— 

= . and the ratio of this tothe average stress is not, 


1 . . é 
as he has it, “©, but ; , which, with the size of tube 
a 


given, is more than ten times as great. It is difficult to 
judge the least eccentricity which would be just ‘visible 
to the naked eye;’ but suppose an eccentricity of only 
topo in. Then, taking the thickness of the tube as J; in., 
this leads to an error of 5 per cent. in the estimated stress, 
or to a difference of 10 per cent. between the greatest and 
a tensions in the specimens, The corresponding value 
of dis 2; in. 

In actual magnitude the error is thus twice as important 
as I made out, though I e rated its importance as 
compared with Mr. Turner’s estimate. 

Yours faithfully, 
J. E. Sears, Jun. 
6, Percy Terrace, Newcastle-on-Tyne, Feb. 20, 1909. 





' To THE Eprror or ENGINEERING. 

Sir,—I should like to make a few remarks in reply to 
the letters dealing, in your last issue, with my recently- 
published article. 


. 2; Firstly, with regard to Mr. Scoble’s letter. He says : 

The results... are mostly from tests in tension or 
torsion alone, and their object may be taken as affording 
a check on the uniformity of the imens.” Mr. Scoble 


Writes as though torsion did not involve a state of com- 
pound stress, whereas, of course, it does. The only reason 
why so much attention has been devoted to the case of 
aahined bending and torque, rather than to torque 
one, is that whereas the latter is susceptible of being 
commercially tested, the former is not. If we are 
= know the strength of a bar subjected at once to 
ending moment and torque, we have to make cal- 
culations based on some theory of breakdown; but 
wm ‘testing our theory of breakdown we are entirely 


free to employ the stress-distribution arising from pure 








torque. Indeed, as I pointed out in-my_ article on 
page 203, if the experiments are designed rigorously to 
test the shear th , known to be mon my! true, then with 
a scheme of simple pull and simple torque, “if the 
maximum shear at breakdown is not a constant, the varia- 
tion will be more apparent in these experiments than in 
any others employing a combination of pull and torque.” 
So far, then, from being merely a test of uniformity of 
material, my experiments bear directly on the accuracy 
and error of the shear theory. ; 

Mr. Scoble will be interested to hear that some experi- 
ments with solid specimens in my alternating-strain 
machine are to follow the present tests on thin tubes. 

Mr. Scoble asks for further information about the 
soldered ends of the thin tubes. These never gave an 
serious trouble. The ends, scrupulously cleaned wit 
emery cloth, were tinned by immersion in a bath of 
molten tin, a suitable flux—either zinc chloride or the 
compound known as “‘ Fluxite”—hbeing used. They were 
fitted to the gun-metal blocks, when these were at a molten- 
solder temperature, with a liberal use of ‘‘ Fluxite” and 
solder. It was not found necessary to pin the specimens 
in the holders to take the load, A specimen of 1 in. dia- 
meter, soldered into the holder for 2 in., would take a pull 
of from 4000 Ib. to 6000 Ib. before the solder gave way. 

2. In the matter of a nickname for the maximum shear 
hypothesis, I regret I cannot join with Mr. Smith in 
thinking Guest’s Law appropriate. The shear theory of 
breakdown did not originate with Mr. Guest—Sir George 
Darwin, for example, had applied it to the material 
of the earth—and the hypothesis is by no means so 
firmly established as to be properly termed a law. As 
for the unfortunate student and his crank-shaft, I fear 
that if his bemused mind cannot grasp the importance of 
the bending moment, when the theory is known as the 
shear hypothesis, none the more clearly will he under- 
stand the subject under the title “‘Guest’s Law.” In the 
latter case, Guest’s Law must first be explained to him, as 
a matter of definition, as the maximum-shear hypothesis ; 
and he must then be warned that maximum shear really 
means maximum shear, without the gratuitous limitation 
of being the shear due to only one part of the load. In 
the former case, only this one warning is needed. 

3. I gratefully acknowledge Mr. $ ’s correction of 
my blunder with respect to the effect of eccentricity in 
my specimens, 

r. Sears’s method of obtaining the most probable value 
of the yield-stress appears to me excellent. I am much 
obliged to him for % further analysis of my figures ; 
undoubtedly, the result of the experiments is better ex- 
pressed by his most probable value, 64 per cent., than by 
the 3 per cent. obtained as the mean discrepancy. f 

Proceeding now to that part of Mr. Sears’s letter which 
does not refer to my arti¢le, there is a slip which may 
mislead, though it has no close bearing on his argument. 
Speaking of two-dimensional stress, he says :—‘ The 
maximum shear is always exactly half the greatest prin- 
cipal stress.” As I have been at pains to point out, the 
maximum shear is half the difference between the greatest 
and least principal tensions, quite a different thing where 
one of the principal tensions is negative, as it is in torque. 

Mr. Sears’s remarks about the internal friction theory 
—mentioned in my article in a foot-note (page 170), where 
my k is his ¢(p, g)— ~ me to apply such a hypothesis 
to my present results. t 

p = tension, q = shear 


across any plane ; then the hypothesis is that yield takes 
place across that plane when 


q+h.p 
exceeds a certain critical value 8S, « and 8 being constants 
of the material. 
To apply this hypothesis, we must find in terms of the 
principal tensions the greatest value of ¢ + #.p in the 
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For simple pull (principal tensions R, 0, 0), we must put 
= R, iy = 0; and the critical condition is 


27 oa, ee 
o\v1 + e+ »)=8. 

For “+ torque (principal tensions R!, 0, — R!) we 
must put Re = R', R, = — R'; and the critical condition is 
R! ./1 + #2 =S. 

In the figures under consideration, from Mr. Sear’s 
analysis, we have 
R = 2 x 15,800 lb. per roy inch, 
R! = 15,800 + 1050 = 16,850 lb. per square inch ; 
so that 


i 


8, 
=8, 


15,800 (4/1 + 2? + u) 
16,850 /1 + p2 
These equations make 
wu = 0.067, S = 17,190 lb. per scuare inch. 


Hence the experiments are best described by the 
equation 
q + 0.067 p = 17,190. 


Thus, if the shear theory is true, « = 0; if the tension 
theory is true, ~« = « ; according to these experiments, 
pw = 0.067. 

There is an especial interest attaching to this theory, 
since it seems likely that, by suitably varying the con. 
stants « and S, we shall be able to express under the one 
form (¢ + #p=8) the yield-condition for a complete 
range of steels, from the softest to the hardest; passing 
it may well be, through al] values of « between zero and 
something very large. 

Yours truly, 
Laurence B, TuRNER, 

King’s College, Cambridge, February 23, 1909. 








Tue T.P. Ramway Ramp.—Our attention has been 
drawn to the fact that Fig. 3 accompanying our descrip- 
tion on page 268 ante, of the cast-steel T.P, railway ramp, 
is rather misleading. The tongue shown on the ramp 
depicted in this figure is not L shaped, as described and 
shown, but y vein something like a piece of double- 
headed rail and made to fit between the chair and the 
rail. The description given in our last week’s issue will, 
we venture to think, convey a correct impression of the 
principle on which this ramp is designed, though, from 


the indistinctness of the otographs, we were led to 
7 side of the ramp with part 


confuse a hand-hole in the 
of the tongue in question. 

“Tue Pusiic Scuoot YearR-Book, 1909.” London: 
Messrs. Swan, Sonnenschein, and Co., Limited, 25, High- 
street, Bloomsbury, W.C. [Price 3s. 6d. net.}—This 
annual now makes its appearance for the twentieth year 
in succession. Like most other yearly hand-books, it 
continues to increase in size. It is noteworthy that this 
educational guide has been adopted as the official book of 
reference by the Head-Masters’ Conference, the informa- 
tion it contains being thus officially endorsed. The book 
contains particulars of the educational facilities at all the 
leading public schools and a list of suitable pre tory 
schools. In addition to these, there is a series of articles 
on the choice of a profession, and the steps recommended 
for preparation for these. The advice given will, if fol- 
lowed, at least save youths from the heavy handicap of 
ill-balanced and badly-ordered education. This volume, 
moreover, gives a certain amount of public school biblio- 

phy, a list of public school periodicals, old boys’ clubs, 

C., a8 Well as lists of educational publishers. The scope of 

the book is becoming we x and contains more and 

more general information of interest to old boys and 
parents as time goes on. 








Tue First INTERNATIONAL AERO EXHIBITION AT 
Otymp1a.—The first International Aero and Motor-Boat 
Exhibition will be opened at Olympia, Kensington, on 
Friday, March 19, and will continue fill March 27. It will 
be held by the Society of Motor Manufacturers and 
Traders in conjunction with the Aero Club of Great 
Britain. The Exhibition promises to be rather larger than 
was originally expected, and there will be, in addition toa 
fully-equipped airship, sixteen full-sized aeroplanes on 
show, aerial engines and accessories, and motor-boats. 


Among the aeroplane exhibits will be found examples 
shown by the following firms :—By M. Robert Enault- 
Pelterie ; Messrs, Gobron-Brillie, who will show the 


Braguet aeroplane ; Messrs. C. E. Whittaker, Limited, 
will show the De Pischoff et Koechlin; the Simms 
Manufacturing Company, who have acquired the sole 
rights in this country, will show an covouene by Voisin 
Freres ; Mass Cars, Limited, who will exhibit the Dela- 
grange machine, &c. Another famous Voisin machine 
will be exhibited by Mr. J. T. C. Barbazon Moore, being 
the machine, in fact, on which this experimenter 
made successful flights in France. British manufacturers 
will be represented by Messrs. Wolseley Company, 
Howard T. Wright, Short Brothers, Lamplough and 
Son, Limited, and Jack Humphreys. In dition, 
Captain Windham will show his own aeroplane, as 
also will Mr. E. T. Wilson and Mr. Handley Page. 
Types which were not exhibited at the Paris Show will be 
those of Mr. G. M. Monnet and the Miesse Petrol-Car 
Syndicate, the latter being the De le Hoult aeroplane. 
e Society of Motor Manufacturers is in communication 
with other makers, and more aeroplanes will be exhibited 
if 5 allows. In addition, there will be balloons, kites, 
and an interesting exhibition of models shown by the 


Aero Club. The exhibitors of motor-boats will include 
such well-known firms as Brooke, Fairbanks, Thornycroft, 
King, Maudslay, Seamless Steel Company, and Wilesmith. 
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THE VILLINGER REVERSIBLE PROPELLER. 
(For Description, see opposite Page.) 
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THE VILLINGER REVERSIBLE PROPELLER. 
































Exc TLY how many years it is since the first | 
reversible propeller appeared, we do not know, but it 
was certainly early in the history of screw propul- 


sion. Since that time the number of different desi 


which have come before the notice of engineers 

been great, but their life, as practical contrivances, 
has been short, for they have suffered from inherent 
mechanical defects. This being so, it is interestin, 


to find that a propeller has now been designed an 
constructed which pa to be a spatial Semees, 


when subjected to the rough usage of everyday work 
under exacting conditions. This is the Villinger re- 
versile propeller, from which the defects of many 
of the carlier contrivances of a similar kind appear to 
have been eliminated. 

lhe Villinger propeller is illustrated on this and the 
Opposite pages, Fi 1 and 2 show it applied in a 
boat, ‘igs. 3 to 6 illustrate details of the manceuvrin 
gear, ‘igs. 7 to 13 details of the propeller itself, 
while igs. 14 to 17 show a modified construction. 
In Fivs. 9 to 12 it will be seen that each blade shank 
has two distinet bearings, one formed in the shell of 
the boss, and the other in a fixed triangular block, | 
— nls the space inside the boss, tween the | 
- — . Between these bearings a collar is formed on 





n slonk of each blade, which ensures perfect rigidity. 
iar is cranked, and has a pin to which one end | 
or a ink is attached, the other end of the link being | 
conner ' d toa triangular cross-head block screwed to 
teas rass reversing-rod, as shown in Figs. 7 and 8. 
us 10d slides within a hollow manganese bronze shaft, | 


pe ‘ransmits power from the motor to the propeller. | 
hove motion of reversing is, therefore, that fe crank | 


a inecting-rod. e blades rotate on their axes | 
her aneously, and may be set at any desired angle 
‘ween the extremes, which, of course, are ahead and 


astern. 


The fulcrum pin for the reversing levers, the 











thrust and plummer blocks, and the clutch, on a cast- 
iron base-plate, are shown in section in Fig. 6, which 
indicates the arrangement as clearly as possible. The 
reversing collar and the thrust-block are fitted with 
steel ball-races, and the clutch is of the metal-to-metal 
cone type. 

On the deck, over the base-plate, as may be seen in 
Fig. 1, is placed a polished gun-metal standard, which 
carries the mechanism for actuating the clutch and 
reversing gears, the clutch being controlled by the 
upper hand-wheel, and the reversing gear by the 


lower. Enlarged views of the standard are shown in 
Figs. 3, 4, and 5. 
ixed to the lower wheel is a hollow brass rod, 


which is screwed, and carries a running nut for work- 
ing the bell-crank lever of the reversing gear, which 
lever is pivoted at the bottom of the standard. For 
working the clutch a rod from the upper wheel passes 
through the hollow rod, and is screwed through the 
cross-head, which is fixed to the levers of the clutch- 
gear, as shown. On the deck standard there is a 
sliding index, which shows the position of the pro- 
peller-blades at any time. Here also are the lubri- 
cators, which are of the Stauffer type, and the motor- 
switch and throttle control. Fig. 13 is a perspective 
view reproduced from a photograph, showing the 
various parts of the propellers when taken to pieces. 
From the above description, and from a careful 
examination of the illustrations, it will readily be 
understood what the advanta; of this propeller are. 
The main difficulty met with in the design of pro- 
pellers of this t is that the boss, for reasons of 
efficiency, must be kept small, and it is therefore not 
easy to arrange the reversing m ism within. the 
boss without making it weak and unreliable. This 
difficulty, however, it will be seen, has been overcome 
in a very simple and ingenious way in the Villinger 








propeller. Many designers have failed because they 

e the a, of the various parts of their 
mechanism too low and the bearing surfaces too 
small. They have, for instance, provided only one 
ee for the blade to rotate upon, and have 
orgotten the great leverage at which the pressure of 
the water acts. Hence these propellers soon wear and 
get out of order. With the Villinger propeller, how- 
ever, there are to each blade two bearings, the centres 
of which are placed at as great a distance apart as 
practicable, thus tending to hold the blade very 
securely against the pressure of the water, the inner 
bearing being in the solid block placed in the centre of 
the boss, and the other in the outer shell of the boss 
itself. The moment of the force acting against the 
pressure of the water is half as much again as is the 
case with many other reversible propellers. 

Figs. 14 to 17 show the different parts of one of these 
propellers suitable for large vessels. The arrangement 
of the different parts varies from that of the propeller 
we have just described, in that the blades are kept 
nearer to the stern tube by the device of operating the 
cranked collars from the after end of the instead 
of from the forward end. A comparison of Figs. 11 
and 14 renders this clear. 

When at sea, the bow of a boat fitted with the pro- 
peller may be kept up against a heavy sea or strong 
current, and the boat remains Sd ccet stationary by 
simply fining down the pitch of the propeller-blades, 
while the motor continues to run at its normal speed. 
This ‘‘standing by” may continue for a long time, if 
need be, without losing steerage way, and without 
any alteration of the control mechanism being neces- 
sary, the whole control of the speed of the boat, so far 
as the propeller is concerned, being confined to the 
manipulation of a single lever or wheel, thus greatly 
rp the labour of attendance. 

The above advantages, which are claimed for the 
apparatus, appear to be fully supperted by practical ex- 
perience, for, among other vessels, two lifeboats have 
been fitted with it, and it has, we understand, given 
much satisfaction. The ‘‘Stromness” and ‘t Broughty . 
Ferry ” have each for some time had the Villinger pro- 
peller installed on them, and the former of these on 
trial attained a speed of practically 7 knots with the 
motor running at 700 revolutions per minute. The 
boat had on board at the time the equivalent of 18 
men—that is to say, there were 10 live passengers and 
eight ‘‘dead men” (special weights representing the 
average weight of a man), so the t was not 
running light, but partly loaded. We are informed 
that other orders are being given for these propellers, 
to be supplied to additional lifeboats. The propellers 
are supplied by Villinger’s Patent Reversible Pro- 
peller Syndicate, Limited, 35, New Broad-street, 
London, E.C., and are made for the Syndicate by the 
Thames Engineering Company, Limited (late John 
Penn and Sons, Limited), of Greenwich, London, 8. E. 








Fast Passace on Canaptan Rovute.—A record “pas- 
sage for the winter route to Canada has been made 7 
Canadian Pacific steamer Empress of Britain, which, 
leaving Liverpool on Friday, the 12th inst., landed her 
passengers at Halifax in 5 days 21 hours 7 minutes. 





Zeppetin AirsHip Depdot.—.The Zeppelin Airship 
Company instituted towards the end of last year a com- 
petition among German firms for the supply of drawings 
and offers for the construction of an airship-shed at 
Friedrichshafen. Three prizes were to be distributed of 
150/., 100/., and 50/. respectively. The prizicipal dimen- 
sions were set down as follow :—Inside length of hall, 
160 metres (525 ft.) ; width, 43 metres (141 ft.) ; height, 
20 metres (65 ft. 7 in.). There were to be no. inside 
columns for supporting the roof, and the ends were to be 


provided with doors opening out in such @ way as to leave 
the entrance completely free at a very short notice. A 
hinged gallery made so as to be lowered at will had to 


be provided along both sides of the inside walls. ‘Special 
weight was to be attached to making the buildi 
suitably heat-proof, well lighted, and well ven 
Seventy-four schemes were sent in, there being forty-three 
which proposed an iron building, twenty-eight with 
an armoured concrete construction, and three applied 
to a wooden shed. The three prizes were aw: d for 
iron buildings—the first prize to the Flender Bridge- 
Building Company, Benrath; the second’'to the Gutehoff- 
nungshiitte, whose scheme was out in conjunction 
with Professor-Architect Bruno Méhring, Berlin; and 
the third to the Maschinenfabrik Augsburg-Ntirnberg, 
Gustavsburg. The scheme proposed by Consulting En- 
gineer E. Meier, Berlin, was recommended for purchase ; 
this applied also to an iron construction, and was found’ 
to be most complete in its treatment of the subject. 
The conclusions arrived at by the judges ate found very 
unsatisfactory by the firms who have made a speciality of 
armoured concrete work, and who state that, in view of 
the ‘success hitherto met with by armoured concrete in 
competition with iron and steel for bridges and other 
constructions, it is certainly segs | to find that not one 
armoured concrete scheme was adjudged worthy of a 
prize. The iron buildings were generally the cheapest, 
their cost being about 25,000/. e understand that the 


order has been finally given to the Flender Company, 
following a further competition instituted among the 
above-mentioned firms. 
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NOTES FROM THE UNITED STATES. 
PHILADELPHIA, February 11. 

THE iron and steel situation has lost some of its 
strength during the past week from causes which 
cannot be clearly set forth. Consumers generally are 
refusing to place large orders. Nearly all kinds of pig 
iron have drop 2s. Some Pennsylvanian fur- 
naces are stocking up iron rather than sell at the re- 
duction. The Cambria Steel Company has purchased 
1000 tons of ferro-manganese at 42 dols. per ton, as 
against 44 dols., the sup ly prevailing price. The 
Baltimore and Ohio ilroad Company placed an 
order for 37,000 tons of steel rails, and for large quan- 
tities of spikes. The steel-plate industry is the most 
favoured of any at the present time. This is due to 
the placing of large orders for steel freight cars by 
various railroad companies. Just as fast as wooden 
cars wear out they are being replaced by steel cars. 
It appears to be the purpose of all American railroads 
to adopt steel cars as fast as necessities and financial 
conditions permit. Many large steel concerns are 
putting a good deal of money into extensions, at a time 
when there appears to be no occasion. The tin-plate 
market is weak owing to a on. amount of plate find- 
ing its way back on the market from Eastern con- 
sumers who had over-anticipated their demands. In- 
dependents are again shading prices. Merchant steel 
mills are increasing their output in order to fill more 
promptly their spring orders. A large amount of build- 
ing is in sight, involving structural material, but 
onthe is delayed. Railroad construction enter- 
prises are numerous enough, but material for their 
prosecution is not being ordered. The general ten- 
dency is to a lower level of prices. 








Tue Royat Sanitary Institute ; Henry Saxon SNELL 
Prizk.—This year the Henry Saxon Snell Prize is to be 
awarded by the Council of the Royal Sanitary Institute, 
for an essay on ‘ The Principles of Heating and Venti- 
lating Public Buildings, with Descriptive Details and 
Illustrations of the Best Systems.” This prize is awarded 
at intervals of three years, and consists of a medal of the 
Institute and 50/., having been founded by the late 
Henry Saxon Snell, F.R.1.B.A., to encourage improve- 
ments in the construction and adaptation of sanitary 
appliances. The essays are not to consist of more than 
5000 words, and must be sent in before August 31 to the 
secretary of the Institute, 90, Buckingham Palace-road, 
S.W. ull conditions governing the award, &c., may be 
obtained from the secretary. 


Personat.—The Cambridge Scientific Instrument Com- 
pany, Limited, Cambridge, inform us that they have ac- 
quired the sole rights, outside the American Continent and 
Germany, of the sale and manufacture of thermometers, 

uges, &c., of the Hohmann and Maurer Manufacturing 

Jompany, of London and Rochester, N.Y., U.S.A., 
and regulators of the H. and M. Automatic Regu- 
lator Company, of Rochester.—Messrs. Siemens Brothers 
Dynamo Works, Limited, advise us that their London 

dress has been changed from York Mansions, York- 
street, Westminster, to Caxton House, Westminster, 
S.W.—The London offices of the Tee-Side Bridge and 
Engineering Works, Limited, are now at 36, Lime-street, 
E.C.—The Weardale Steel, Coal, and Coke Company, 
Limited, have moved their London offices to 36, Lime- 


‘ 


street, E.C. 


Tuk FortTHCOMING WINNIPEG MEETING OF THE BRITISH 
AssociaTion.—The British Association will pay its third 
visit to Canada this summer, when the meeting is to be 
opened by Sir J. J. Thomson, at Winnipeg, on August 
of The invitation by the capital of Manitoba is sup- 
ported by the Provincial and Dominion authorities. Ac- 
cording to the census of 1907, Winnipeg had a population 
of 111,117, while there were only 215 people there in 1870. 
This astonishing development is due to the agricultural re- 
sources of the district; there is no mining in the direct 
neighbourhood. When the visitors land in Quebec or Mont- 
pee they will have a railway journey of twodays. The rail- 
way companies will, it is hoped, grant return tickets at 
single fare. The main sea routes are by Liverpool or Glas- 

»w to Quebec and Montreal (also to Halifax or St. John’s, 
Qewfoundland), which means four or five days on the 
Atlantic, and three or four days within the Gulf of St. 
Lawrence and up the aiettis St. Lawrence River ; or by 
Liverpool, Gl w, Southampton, or London to New Yor 
or Boston, and thence by rail. A conference of the Canadian 
and American steamship companies, held in Paris, has 
decided that, August bei 
tion can be made for members ;\superior accommodation 
may be granted on the return journey. Special accom- 
modation will boa reserved by the Canadian Pacific 
R.M.S., the White Star-Dominion Line, and the Allan 
Line ; application should be made before March 31. The 


latest date for departure is August 13. Members taking | 


part in the ten days’ western excursion to British Columbia 
and Vancouver will be able to complete the whole journe 
in forty-two days; other excursions are also 
Members intending to attend should send in their names 
to the assistant-treasurer of the British Association, Mr. 
H. C. Stewardson, Burlington House, Piccadilly, W., 
who will also forward a preliminary hand-book, issued b: 
the Winnipeg Executive Committee, on receipt of 24d. 
for Postage. The address of the Winnipeg Committee 
is: » Local Secretaries, British Association, University 
of Manitoba, Winnipeg. 


NOTES FROM THE NORTH. 
Giascow, Wednesday. 
Glasgow Pig-Iron Market.—Last Thursday morning 


warrants were easier at 47s. 104d. cash, 
month, and 48s. 8d. three months sellers. 
quo 


, 488. 1 
a = 


48s. 6:! 

uo at 56s. 44d. cash sellers. On Friday morning 
decline of 44d. e turnover consisted of 4000 tons at 
47s. 6d. , 47s. 94d. one month, and 48s. 2d. three 
months, and closing sellers quoted 47s. 5}d. cash, 47s. 84d. 
one month, and 48s. 
session the weakness continued, and the only dealing 
was 1000 tons of Cleveland warrants at 47s.” , seven 
days. The closing quotations were easier at 47s. 44d. cash, 
47s. 74d. one month, and 48s. 14d. three months sellers. 
Hematite was offe down to 56s. 3d. cash sellers. 
On Monday morning Cleveland warrants took another 
downwara turn, and some 5000 tons were put through at 
47s. and 46s. 11d. cash, 47s. Ojd. seventeen days, an 
47s. 5d. May 10. *The session closed with a weak 
tone, sellers quoting 46s. 14d. cash, 47s. 24d. one 
month, and 47s. 74d. three months. In the afternoon the 
tone of the market was somewhat better, but business 
was very quiet. The dealings only amounted to 1500 tons 
of Cleveland warrants at 47s. 44d. one month, and 47s. 94d. 
and 47s. 104d. three months, and closing sellers quoted 
47s. 24d. cash, 47s. 54d. one month, and 47s. 11d. three 
months. On Tuesday morning the market was steady, and 
only 2000 tons of Cleveland warrants changed hands at from 
47s. to 47s. 2d. cash, at 47s. 3d. one month, and 47s. 9d. 
three months. At the close sellers quoted 47s. 24d. cash, 
47s. 5d. one month, and 47s. 104d. three months. In the 
afternoon the tone was easier, and no dealing of any kind 
was recorded. Closing sellers of Cleveland warrants quoted 
47s. 1d. cash, 47s. 34d. one month, and 47s. 9d. three months. 
When the market opened to-day (Wednesday) a steady 
tone prevailed, but the dealings were limited to about 3500 
tons of Cleveland warrants at 47s. 4d. and 47s, 44d. one 
month, and from 47s. 94d. to 47s. 84d. to 47s. . three 
months. Closing quotations were 47s. 14d. cash, 47s. 44d. 
one month, and 47s, 94d. three months sellers. In the after- 
noon the market was very idle ; only one lot of Cleveland 
warrants changed hands at 47s. 34d. one month. At the 
close of the session the quotations were nominal’y steady 
at 47s. 1d. cash, 47s. 4d. one month, and 47s. O4a. three 
months sellers. The following are the market quota- 
tions for makers’ (No. 1) iron:—Clyde, 58s. 6d.; der 
and Gartsherrie, 59s.; Summerlee, 59s. 6d.; loan, 
68s.; and Coltness, 89s. (all shipped at Glasgow); Glen- 
garnock (at Ardrossan), 60s.; Shotts (at Leith), 59s 6d.; 
and Carron (at Grangemouth), 62s. 6d. 

Sulphate of Ammonia.— The sulphate of ammonia 
market is fairly steady, and a better demand exists. 
The present price is round 11/, 12s. 6d. per ton for prompt 
delivery, Glasgow or Leith. The amount shipped from 
Leith Harbour last week was 565 tons. 


Scotch Steel Trade.—Practically no change can be re- 
ported in connection with the affairs in the Scotch steel 
trade. Specifications continue scarce, and the old diffi- 
culty of keeping the mills running with regularity is still 
being experienced. An improved tone in shipbuildin, 
circles is ae pone we for a better feeling in the stee 
industry, and producers are hopeful of a turn for the 
better at an early date. The demand for structural sec- 
tions is just about the same. The general export trade is 
only moderate, but inquiries are in the market for a 
fair amount of material. Export quotations are very low, 
but the official price-list for the home market is unchanged. 

Malleable-Iron Trade.—No improvement falls to be 
recorded in the position of the malleable-iron trade of the 
West of Scotland. Broken time still exists in the majority 
of the works, and only small lots of material are being 
specified for. Inquiries for forward delivery are almost 
unknown at present. 

Shipbuilding.—Within the 
shipbuilding contracts have m announced, and there 
have been rumours of several others. Messrs. Ferguson 
Brothers, Port Glasgow, have contracted to build two 

werful dredgers for the London and North-Western 

tailway Company. These vessels are intended for opera- 
tions on the Mersey. The same firm have also booked 


tt week several important 





the busiest month, no reduc- | 


planned, | 


an order from the Government to build a dredger for 
Colonial service. Messrs. Russell and Co., Port Glas- 
| gow, have received an order from Messrs. James R. 
| Cuthbertson and Co., Glasgow, for a steamer of about 
7000 tons dead-weight. Messrs. Russell are reported to 
have received orders for other two steamers for English 
owners. The Greenock and Grangemouth Dockyard 
Company have contracted to build a steamer, of about 
7200 tons a on 23 ft., for early delivery. 
| Messrs. Napier and Miller, Old Kilpatrick, have booked 
an order to build a steamer, of 1 tons, for foreign 
owners. This vessel is intended for the coal-carrying trade. 
| Messrs. Mackie and Thomson, Ltd., Govan, have ked 
an order for two steam-drifters for Aberdeen owners. 


Institution of Engineers and Shipbuilders in Scotland.— 


The fourth general meeting for the session of the Institu- | &c 


tion of Engineers and Shipbuilders in Scotland was held 
last night in the new head-quarters in Elmbank-crescent, 
Glasgow. A long discussion took place on the paper on 
‘* Bridge-Building,” by Mr. Andrew S. Bi “The 
Effect of Bossing upon Resistance” was the title of a 


paper read by Professor H. C. Sadler, D.Sc. (See page 302.) 


the dp soe market was flat, and no transactions of any | § a ; d 
kind were recorded. The closing quotations of Cleveland | the recent discussion initiated by Professor Arnold, for 
. one | several other firms are now putting on the market an 


| 
| 


NOTES FROM SOUTH YORKSHIRE. 


SHEFFIELD, Wednesday. 
High-Speed-Steel Developments.—The hands of the high- 
peestste makers would appear to have been forced by 


improved steel, which they state they had not intended 


ted 56s. buyers, and 56s. 6d. cash sellers. In the after-| to ‘‘push” until a more suitable opportunity arrived. 
noon the tone was a shade easier, and 3000 tons of Cleve-| Following on Messrs. Samuel Osborn’s ‘‘extra double 
land warrants were dealt in at 47s. 9d. cash, 48s. one | Mushet” come Messrs. Seebohm and Dieckstahl, who 
month, and 483. 6d. three months. At the close there | announce an “Ultra Capital ” steel, which can be hardened 
were sellers at 47s. 10d. cash, 48s. 1d. one month, and | in water, and possesses greatly increased cutting and dura- 
. three months. Hematite was lower, being | tion powers. 


Bad Trade and Dividends.—Messrs. William Jessop 


the market was quiet and Cleveland warrants showed | and Sons have declared a dividend at the rate of 5 per 
| cent. for the year, the lowest they have paid for eleven 


years. At their last annual meeting it was stated that 


| when the American financial crisis came, business with 


2d. three months. At the afternoon | 


d | stantial contracts have been made. 





the United States was cut off as with a knife. Recovery 
been slow, but a better state of trade now exists 
than has been experienced for many months. 


Iron and Steel.—The iron market continues dull, and 
makers are showing a greater willingness to sell than has 
been the case for some time. East Coast brands of hema- 
tites are quoted a 1s. lower, and at current figures sub- 
The consumption of 
the steel trades continues extremely restricted; and Lin- 
colnshire and Derbyshire makers report very moderate 
sales, though up to the present prices are maintained. 
The condition of both the heavy and light steel branches 
is far from satisfactory. Work coming to hand is of 
an unimportant character. The anticipated American 
improvement, following the Presidential Election, has 
not materialised. atters have for some time been in 
a delicate position, and the latest advices that a 
cutting war has actually begun are very discouraging. 
A branch which kept up well during last year—that 
is, railway steel—is now reported as far from busy, and 
though there is known to & a substantial quantity of 
material wanted by the South American, Indian, and 
Colonial railways, business at present is very slack. 
Engineering departments continue quiet. Inquiries are 
plentiful, but orders appear to be held back waiting for 
some decided move in trade circles. No great improve- 
ment in the heavy branches devoting themselves to 
Government work can be anticipated for some months. 
Rolling-mills have only moderate employment, though 
admittedly better Off than at some periods last year. 


South Yorkshire Coal. Trade.—A steady demand cor- 
tinues for house coal, and pits generally are working from 
four to five days per week. Stocks, however, continue 
large. The London trade is below the average, and 
merchants who have contracts are evincing no anxiety to 
take full supplies. The price for best qualities is well 
maintained, but secondary sorts are somewhat weaker. 
Best Barnsley makes 12s. 3d. to 12s. 6d. per ton, but 
seconds hardly realise their quoted price of 10s. 3d. tu 
10s. 6d, per ton. The Guna for steam fuel continues 
weak. rge supplies are on the market, and though 
owners are still seeking 8s. 6d. per ton at the pits, buyers 
can do better for prompt business. A substantial tonnage 
is being taken from the district for the use of the steam 
trawling fleets at Hull and Grimsby, but otherwise 
business with the ports is slack. There is a brisk demand 
for all qualities of small fuel. Gas coal is slightly weaker. 
Coke continues in strong request. 








British Fire-PrEvENTION Commirrer’s Trsts.—A 
series of fire-resisting doors were under test at the British 
Fire-Prevention Committee’s Testing Station, on the 
afternoon of Wednesday last, the 24th inst., there bein 
four doors to be tried, namely, an “armoured ” (tin-clad 
door, an iron door, and two composite doors. he tests 
were sae tests, up to 1800 deg. Fahr., fol- 
lowed by the application of water from a steam fire- 
engine. Official reports on the tests will be issued at an 
early date. 

GerMAN_Coat-Mininc.—The deliveries from the three 
principal Prussian coal-producing districts in January 
compared as follows with the corresponding deliveries in 
January, 1908 :— 

District. 
Ruhr 
Silesia 


1908. 

Tons 
5,696,590 
2,149,540 

Sarre : a 901,350 
The aggregate deliveries in January were accordingly 
8,138,200 tons, as compared with 8,747,480 tons in 
January, 1908, showing a decrease of 609,190 tons, or 
6.97 per cent. 


Post - OrricE ENGINEERING DEPARTMENT, LONDON : 
SrixtH ANNUAL Dinner.—The above dinner was helti at 
the Grand Hotel, Trafalgar-square, on Tuesday, the 
16th inst., Major O’Meara, C.M.G., Engineer-in-Chief, 
procitee. The guests of the evening included the Right 

on. Sydney Buxton, M.P., Postmaster-General ; Sir 
ry 4 bington a K.C.B., C.S.L., Secretary ;_ Mr. 
A. F. King, Mr. H. S. Carey, Mr. A. M. J. Ivie, 
Mr. ©. A. Ki , the Hon. R. D. Denman, Colonel Price, 
C.M.G.; Mr. W. M. Mordey, President of the Institu- 
tion of Electrical Engineers ; Dr. by em Dr, Flem- 
ing, Mr. F. Gill, Mr. E. A. Eames, Mr. J. W. Willmot, 
. The Postmaster-General proposed the toast of the 
‘*Engineering Department.” ajor O’Meara responded, 
and was followed by Mr. Catley, who prop “The 
Visitors.” replies to this toast were given by Sir 
H. Babington Smith, K.C.B., and Mr. W. M. Mordey, 
M. Inst. C.E. The toast of ‘The Chairman” was pro- 
posed by Mr. I. Probert 
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NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 
MIDDLESBROUGH, Wednesday. 
The Cleveland Iron Trade.—The iron trade is in a de- 
pressed state, for which reports from America are largely 
responsible. A feeling of considerable uncertainty exists, 
with the result that traders are most cautious in their 
dealings, and yet at the same time any inquiry on for- 
ward account elicits quotations above poune’ prices. 
Makers of pig iron are very loth to follow downward 
movement, - but in order to do business they are obliged 
to doso. The price of No. 3 g.m.b. Cleveland pig is now 
47s. 44d. f.0.b., and this week one or two es have 
occurred at that price for prompt delivery; whilst for 
April delivery a small business has been recorded at 47s. 9d. 
No. 1 is still scarce, and is about 50s. No. 4 foundry is put 
at 46s. 74d., and No. 4 forge at 46s. Very unsatisfactory 
and discouraging accounts continue to be given of the 
hematite iron trade. Values are declining, whilst cost of 
production is high. Stocks are accumulating, and are 
now assuming very considerable proportions. Nos. 1, 2, 
and 3 East Coast brands are offered at 55s., but buyers do 
not come forward even at that price, which cannot be a 
profitable one to producers. The continued very firm 
stand made by the mine-owners in Spain compels dealers 
in Spanish ore here to keep up prices, which consumers 
will not pay, and consequently there is nothing doing in 
ore. Rubio, of 50 per cent. quality, is quoted 16s. 6d. ex- 
ship Tees, and freights Bilbao-Middlesbrough are fixed 
at 4s. Coke is weaker. The local consumption is below 
what it has been. Average blast-furnace qualities are on 
sale at 15s. delivered here. Foundry coke for shipment is 
quoted 16s, 6d. to 17s. f.o.b. 


Manufactured Iron and Steel.—Few new features of 
any moment can be reported concerning the various 
branches of the manufactured iron and steel industries. 
In one or two departments a large amount of work is 
being turned out, but_ many branches are still charac- 
terised by slackness. Principal market quotations stand : 
—Common iron bars, 7/.; packing iron, 5/. 10s. ; iron 
ship-plates, 62. 7s. 6d.; iron ship-angles, 7/.; iron ship- 
rivets, 7/. 3s. 9d.; iron girder-plates, 6/. 7s. 6d.; iron 
boiler-plates, 77. 7s. 6d.; steel 61. 5s. ; steel ship- 
plates, 61. ; steel ee 5l. 12s. 6d.; steel boiler- 
plates, 7/. ; steel strip, 6/. 7s. 6d. ; steel hoops, 67. 10s. ; 
steel joists, 5. 15s. to 6/.; cast-iron railway chairs, 3/. 10s. ; 
light iron rails, 67. 15s. ; heavy steel rails, 5/. 5s. ; and 
steel railway sleepers, 6. 10s.—all less 24 per cent. dis- 
count, except railway material, which is net cash at 
works ; whilst iron or steel galvanised corrugated sheets, 
24 gauge, in bundles, are 12/. 10s. to 12/. 12s. 6d. f.o.b.— 
less the usual 4 per cent. discount. The demand for ship- 
ment is more for iron than for steel sheets. 


Bridge-Building.—Some little improvement in bridge- 
building is noticeable. The order for a Tees-side firm, 
army to a week ago, is for a huge forty-span bridge for 

ndia. 








CentTRAL TEcHNICAL CoLLEGE: OLD StupeEnts’ Asso- 
c1aTion.—The eleventh annual dinner of the Central 
Technical College Old Students’ Association was held 
at the Trocadero on Saturday last, with Mr. H. A. 
Humphrey, the new president, in the chair, over one 
hundred members being present. After the loyal toast 
and secretary's (Dr. E. fr. Armstrong) report, Dr. Bovey, 

R.S., proposed the toast of ‘‘The Old Students’ 
Association and President,” which was responded to by 
the chairman, The toast of ‘‘The Guests” was then 

roposed by Dr. T. M. Lowry, and responded to by 

-rofessor Perry, F.R.S. A musical programme com- 
pleted a successful evening. 





SiNGLE-PHASE Exectric Ratways.—We have received 
from Messrs, Siemens Brothers’ Dynamo Works, Limited, 
Caxton House, Westminster, S.W., a list of a 


electric railways equipped by them up to the end of 1908. 

he equipment thus supplied includes 85 motor-coaches 
and 32 locomotives, on which altogether 318 motors were 
applied, having an aggregate of 50,830 horse-power. The 


length of line equipped extends altogether to 591.4 kilo- 
metres on some eleven railways, of which the longest is 
the St. Pélten-Mariazell line, of 106 kilometres, under 
construction, while included in the above figures are some 
198 kilometres of line, for the electrification of which 
preparation is being made. 





_Strocco Ming-Faxs in Soura WaEs.—The Cambrian, 
Glamorgan, and Naval Collieries, whose underground 
Toadways aggregate about 130 miles, have all recently 
adopted Sirocco fans for ventilating their workings. At 
the Cambrian thé fan about to be installed is a double- 
samy Sirocco, 14 ft. in diameter, capable of exhausting no 
less than three-quarters of a million cubic feet of air per 
minute, It will be driven by a 2000 horse-power engine. 
The fan for the Naval Colliery will also be of the double- 
Inlet type, measuri _10 ft. 6 in. in diameter, with a 
Capacity of 400,000 cubic feet. The third fan of the group, 
that of the Glam Coal Company, has been in oper4- 
tion for some months, and at a recent official test showed 
a fan efficiency of over 80 percent. This fan is a double- 
inlet Siroceo, 11 ft. 8 in. in diameter, and has a capacity 
: 340,000 cubic feet per minute. The same type of fan 
op seer been adopted by neighbouring collieries, such 
as Ferndale (D. Davis and Sons), where three fans are 
Swatalled. Among other Welsh collieries, Sirocco fans are 
— ing installed at the Atlantic Merthyr Colliery and 
ak Pec ae bag ip ae Duffryn Company, the 
e in. in diameter and design: 

duty of 500,000 cubic feet per ininute. _ 





NOTES FROM THE SOUTH-WEST. 


Cardif.—Prices in the steam-coal trade have been 
nominally unchanged, but buyers pre to accept 
immediate delivery have been in a position to secure con- 
—_ ions, we en large a — =; 4 — ete ,~ to 

per ton, while secon q ties have rom 
12s. 6d. to 13s. 3d. per ton. There has been about an 


ave’ demand for house coal ; the best ordinary re 
ties have made 14s. 6d. to 16s. 6d. ton; No. 3 
Rhondda large has been quoted at 17s. 3d. to 17s. 6d. per 


ton, Foun coke has made 17s. 6d. to 20s. per ton, 
and furnace ditto 15s. 6d. to 16s. 6d. per ton. As regards 
iron ore, Rubio has brought 15s. 6d. to 16s. per ton, upon 
a basis of 50 per cent. of iron, and charges, including 
freight, insurance, &c., to Cardiff or Newport. 

Water Companics at Law.—In the Chancery Divi- 
sion on Friday, before Mr. Justice Neville, the case 
of the Attorney-General v. the West Gloucestershire 
Water Company was heard. Mr. Upjohn, K.C., for the 
plaintiffs, said the action was brought by the Attorney- 
General at the resolution of the Bristol Water Works 
Company, and the plaintiffs claimed an injunction to 
restrain the defendant company from supplying water 
outside the limits of its statutory district. Henbury 
was within the Bristol Company's area, and outside 
that of the West Gloucestershire Company, and Almond- 
bury was within the defendant company’s district, and 
outside that of the Bristol Company. To the north of 
the line dividing these parishes was a residence known as 
Hollywood Towers, belonging to Sir George White, and 
pees by his’ son, Mr. Stanley White. It was the 
supply to this house which formed the subject of dispute. 
Plaintiffs alleged that defendants were supplying olly- 
w Towers, but this the defendants did not ‘admit. 
They declared that their mains ended at a point within 
their district, and from there the supply was conveyed to 
Hollywood Towers by a pipe belonging to Sir rge 
White. The question was an important one, as during 
one half-year 400,000 lons by meter were taken for 
Hollywood Towers. r. Cripps, K.C., for the defendant 
company, said it was quite clear that the supply was 
given in the Almondbury parish. The point was whether 
the company supplied the water in the ordinary sense of 
the term, or where the water left the company’s mains. 
His lordship held that the defendants had exceeded their 
— an Lg nye an injunction, as asked, with costs ; 

ut suspended the operation of the injunction for three 
months. 

The Swansea Valley.—The tin-plate trade has continued 
active. Most of the engineering works have also been 
well employed. There has been no improvement in the 
bituminous coal trade, but in the anthracite district the 
collieries have been fully employed. The yield of pig 
iron has been about an average. 


Pembroke Dahon’, — tei are being made for 
laying down a new ship in Pembroke Dockyard early in 
the ensuing financial year. She will resemble the un- 
armed cruiser Bellona, and another similar vessel is to be 
taken in hand later in the year. 


Dowlais.—The mills have been well emalayely and have 
had satisfactory outputs of heavy steel rails, metallic 
sleepers, fish-plates, &c., principally ordered for the 
Indian State ilways, and, to a smaller extent, for 
colonial lines. There also been a tolerable production 
of miscellaneous goods to meet home requirements. e 
local collieries have been only partially employed. 

The ‘‘ Bellona.” —The Bellona will be launched at Pem- 
broke on March 20. The necessary preparations are well 
advanced, and considerable progress has been made with 
the building of the launching-cradle. 


Cardiff Junction Dry Dock.—The directors of the Car- 
diff Junction Dry Dock and Engineering Company, 
Limited, recommend a dividend at the rate of 5 per cent. 
per annum, carrying forward 5771/. The directors 
report that the whole cost of widening the dock entrance 
has now been charged against revenue, 641/. having been 
written off this year. 








SPEED ON THE ATLANTIC.—On her west-bound passage 
last week the Cunard turbine liner Mauretania made two 
new records in ocean steaming—that for the highest speed 
and that for the largest number of miles run in one day. 
She passed Daunt’s Rock on Sunday, the 14th inst., and 
arrived at the Ambrose Lightship late on Thursday night, 
the 18th inst.,:aftét a passage of 4 days 12 hours 6 minutes 
at an ave’ i of 25.55 knots. These figures, offi- 
cially upp ed by the Cunard Company, show that the 

e 


vessel broke the previous westward. record of the Lusi- 


tania by 2 hours 54 minutes in time—not taking into | 





account the difference between the length of the routes— | 


and _0.32 of a knot in average speed. The best voyages 


of the two vessels now are :— 


; ** Mauretania.” * Lusitania.” 
Time .. y 4d. 12 hr. 6 min. aces. 
Average speed 25.55 knots n 
Distance .. — 81 ,, 
Bestday .. 671 miles 650 miles 
Voyage ending Feb. 18, 1909 Aug. 20, 1908 
Direction .. West-bound West-bound 


It will be remembered that on her homeward voyage early 
this month the Mauretania broke the eastward record 
with a run of 4 days 20 hours 27 minutes, at an average 
spond of 25.20 knots. On this week’s westward voyage 

e set up a new record for a day’s steaming by running 
671 miles, at an average speed of 26.21 knots, between 


noon on Sunday and noon on Monday, while her second | 
day’s run was 647 miles, and her third 643. The best | 


day’s running is a record, even taking into account the 
fact that the day on the westward trip is one of about 
25 hours. 





MISCELLANEA. 


Tur Verein Deutscher Portland-Zement-Fabrikanten 
and the Deutsche Beton-Verein will both hold their 
annual meetings in Berlin next month, the first associa- 
tion on March 8, 9, and 10, the latter on March 10, 11, and 
12. Both the meetings will discuss reports and papers. 


A portion of the new gravity freight yards of the New 
York Central Railroad at Gardenville, east of Buffalo, has 
been brought into use. The entire yard is far from com- 
pletion, but heavy traffic necessitated the opening of 
twenty-five tracks, which are furnished. When completed 
the new yard will have a capacity of 26,500 cars every 
twenty-four hours, or 9000 cars more than that of the 
largest gravity yard now existing in the United States— 
viz., that at acm on the Pennsylvania Railroad. The 
cost of the new gravity yard at Gardenville will be over 
400, 0002. 


The sensitiveness of the barometer which we largely 
use for determining altitudes decreases with increasin 
heights, and is, moreover, dependent upon meteorologica 
conditions. Ina paper presented to the Paris Académie 
des Sciences, Alphonse Berget pro to have recourse 
to gravimetric methods. If the weights of the same body, 
determined on the earth’s surface (radius r) and at the 
altitude h be p, and p., then p,/p, = \r + h)®/r?, or approxi- 
mately (p,—p2)/po = 2h/R. fer the top of the Eiffel 
Tower, h = 300 m, (p, —pe)/p, would be i 5 oar which is not 
at all an exceptional sensitiveness for a precision balance. 
Berget thinks that instruments of R. Threlfall (gravita- 
tion balance) and of Hecker (hypsobarometer) might be 
modified for service on balloons. 


In order to ascertain the power developed by marine 
turbines several instruments have been designed, all based 
upon some method of measuring the torsion of the shaft 
through which the power is transmitted. In the Hopkin- 
son-Thring torsion-meter a rigid sleeve surrounds the 
shaft, to which it is cramped at one end. The other end 
is flanged, and just beyond it a fla collar is cramped 
to the shaft. Obviously any twist in the length of the 
shaft within the sleeve will be measured by a relative 
motion of the adjacent flanges. The motion is made 
visible by one or more systems of torque mirrors mounted 
between the flanges in such a manner that the mirrors are 
deflected proportionally to the twist of the shaft. They 
reflect a beam of light from a lamp on to a uat 
scale, the reflection appearing as a continuous band at 
moderate s s of revolution, and the displacement of 
the band on the scale measures the torsion of the shaft. 
The apparatus is not large, the over-all length for a 
torsion-meter for a 16-in. shaft being only 423 in., and the 
over-all diameter 24in. It is e by Messrs. Siemens 
Brothers and Co., Limited, of 12, Queen Anne’s Gate, 
Westminster, at their Woolwich works. 


With the opening of the Panama Canal in the not far 
distant future the subject of the improvement of the 
internal waterways in the United States is receiving an 
increasing amount of attention. It is ised in man 
quarters that an enormous tract of territory would benefit 
by reliable navigation on the Ohio and Mississippi rivers, 
and that an important trade route from the central States 
might be developed to the Pacific Coast, &c., vid the 
Panama Canal. At the present time the traffic on 
these rivers is not inconsiderable, though it would 
become more important if ter reliability of service 
were ensu Some idea of the coal traffic on the Ohio 
may be obtained from the statement that tows of over 
56,000 tons of coal are typical of this river navigation. 
The barges making up these tows are about 175 ft. long 
and 26 ft. broad, and fifty-six boats of this size, together 
carrying the 56,000 tons of coal, and two fuel-boats and a 
steamer, make up a tow. The coal-t cover some 
5.9 acres. The draught of the coal-boats is about 8 ft. to 
9 ft. The steamers used are stern-wheeled vessels, some of 
them 315 ft. long, and with compound engines having 
cylinders 63 in. and 28 in. in diameter, with a 12-ft. stroke, 
developing about 2175 horse-power. 








Messrs. Bryer, Peacock, ann Cc., Limirep.—Sir 
Vincent Caillard, the chairman, had again a satisfactory 
report to give to the shareholdérs of this company, when 
they attended the annual pete on the 16th inst. He 
said that last year they expended 6799/. on additions to 
plant and machinery, as it. was their policy to keep well 
abreast of the times, both in labour-saving appliances and 
in all other respects. This also included the cost of a 
dining-hall, which gave accommodation for 1800 work- 
men. The sum of 1500/. had been written off electrical 
machinery. They had largely developed the electrical 
driving of machinery without any considerable expendi- 
ture owing to the cheap terms on which they were to 
buy power from the Saachesier Corporation, and it was 
much better and cheaper to scrap such electrical machi- 
nery as they had rather than to add to it, and to write off 
the inery scrapped over a certain period. The trading 
profit for the year amounted to 88,972/. After paying the 
interest on the debenture stock and 54 bred cent. cumulative 

reference stock, this allowed of the distribution of divi- 

end at the rate of 74 per cent. on the ordinary 
leaving 30,0007. to be added to the reserve fund, an 
6358/7. carried forward. The reserve for depreciation had 
been maintained at last year’s level, and now reached the 
considerable total of 58,0001. This was an invaluable 
source on which to draw for the renewal of deteriorated 
or obsolete types of machinery, tools, &c., and for general 
improvements. Last year’s project of starting works in 
Canada had been abandoned for reasons over which the 
company had no control, for instance, the recent 
financial crisis in America. _He was glad to say that the 


| company’s order- book was in a good condition. 
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THE RAILWAY SITUATION. 
THE most noteworthy point about the returns of 


295 | the different railway companies for the second half 
oor of 1908 is the relative success with which the 


operating staffs have succeeded in minimising the 
2 | losses due to the stagnation in trade. In case after 
case serious falls in the amount of traffic handled 
have been met by a more than proportionate saving 
in working expenses. Excess mileage has been 
vigorously cut down, whilst train-loads have been 
increased, so that the receipts per train-mile have in 





the gross receipts for the half year totalled 
3,011,7001., a diminution of 149,3301. on the returns 
for the corresponding half of 1907, but the working 
expenses were reduced by no less than 71,500I. 
The cotton strike was largely ——— for a 


Pro. | reduction of some . 37,000/. in the receipts from 


passenger traffic, the electrically-worked trains alone 
showing an improved return, whilst the goods re- 
ceipts fell by nearly 10,0000. In spite of this, 
however, the receipts per train-mile were the 
highest on record for the line, being 12s. 10.34d., 
or 10d. more than in the corres: period of 
1907. Similarly, on the London and North- 
Western Railway the goods and minerals brought 
in 333,000/. less, but. train-mileage was reduced 1 by 
1} millions, the consequent reduction in working 
expenses being 221,000/., so that the per 
™, | goods-mile were 9s, 5d.—an increase of . as 
compared with 1907, the total being a record for 
the company. Part of the economies effected here 
are attributed to the working agreement with the 
Midland Railway Company ; but the evidence in 
favour of this hypothesis is somewhat meagre, as 
lines having the Penefit of no such understanding 
— shown similar ability to increase the returns 
train-mile. ven the North-Eastern 

ny, which has been exceptionally hard hit 
te state of trade on the Northern rivers, 
we = to increase its — per goods train- 
mile from 10s. 12d:up to 11s. 2d.; although having 
been the first of the great English lines ——_ 
ciate the advantages of full train-loads, it ess 
margin for effecting further economies than most 


of its rivals. 
The pro; combination between the Great 
Northern, Great Central, and Great Eastern Rail- 


ways will, it a rs, be opposed in Parliament by 
the Midland and North-k tern Companies. The 
plan is to form a joint committee consist- 
ing of the whole of the directors of the three com- 
panies concerned. These will take over all the 
revenue earned with the exception of interest and 
dividends on invested money, and out of this, after 
paying 34 aes cent. on —s* expenditure from 

onwards, will divi nee up to 


the | 6,167,422/. in the a 7 papery To the 


Great Eastern Company 3 per cent., to the 
Great Northern 35.73 per cent., and to the Great 
Central 26.87 per cent. Out of the residue the Great 
Central takes 100,000/., and what remains will be 
divided in the same proportions as before*till 1912, 
after which the shares of the Great Eastern and Great 
Northern will be slightly reduced, and‘the per- 
centage accruing to the Great Central line some- 
what augmented. It is, perhaps, questionable 
whether either the companies or the public will 
reap as great advantages from the combine as 
sanguine enthusiasts antici — Indeed, at the 
Great Northern meeting, Lord Allerton, tho: “ 
very insistent on the advantages to be reaped 
the employés of the line and by the — peta 
rally, spoke of benefits to the shareholders as 
ible merely. A somewhat different line was, 
veel taken by Lord Stalbridge last year, when 
he claimed that the agreement with the Midland 
Company would make it possible to reduce the faci- 
lities which had been granted to the public to an 
extent greater than was commercially justifiable. It 
is difficult to believe that hopes ‘of this latter kind 
have not been very largely responsible for therecent 
efforts to eliminate competition. In some matters 
the public will undoubtedly gain. The availability 
of return tickets over different routes will often 
be a great convenience, as will also be the pro- 
mised increase of facilities for interchange of traflic 
at junctions; but traders, if present onueenene 
in areas served by a single line of railway be appli- 
cable, are likely to find less readiness to meet 
their convenience in the despatch and delivery of 
their goods. 

Heavy losses in short-distance suburban traffic 
are again recorded. The London and North- 
Western, the Midland, and the North-Eastern 
Companies each lost about one million third-class 

ers, and the Great Northern Company 
$00,000, whilst the Great Eastern lost no less 
than 2,790,000 third-class passengers in the sub- 
urban districts. In five years the South-Eastern 
Company have lost 14,000,000 suburban ngers. 
Part of the losses recorded above have been due to 
bad trade and to strikes, but competition bem trams 
and omnibuses is in the main responsible. In many 
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cases the decrease in the number of passengers 
carried has been accompanied by an actual increase 
in the receipts, and it is to the development of a 
long-distance suburban traffic that most of the com- 
panies look to recoup their losses within the six-mile 
radius. The Great Eastern Company have, how- 
ever, decided to try and prevent further shrinkage 
of their receipts from the latter traffic by lowering 
fares within the five-mile radius of Liverpool-street, 
though the chairman was not too sanguine that this 
step would be successful in view of the great conveni- 
ence of the electric tramcar and motor-omnibus as 
means of short-distance transport. The railway 
companies not unnaturally complain most of the 
competition from tramways financed by the rates, 
and run often less with a view to earning profits 
than to catching votes. In not a few populous 
districts the railway companies pay nearly half the 
rates, and are thus compelled, willy-nilly, to finance 
their municipal competitor. 

In view of the fact that they may be hit harder 
than ever by the competition, they will not find 
much comfort in the knowledge that these tram- 
ways may themselves possibly in the immediate 
future be beaten by the motor-omnibus in exactly 
the same way that they have themselves beaten the 
railways, provided always that Parliament does not 
intervene to ‘‘ save the face” of ill-advised coun- 
cillors by preventing the natural development of 
transport facilities. As matters stand, where 
motor-omnibuses and electric tramcars start from 
the same termini, the omnibus invariably fills 
first. The tramcars are, in fact, commonly too 
large for their work. Carrying seventy passen- 
gers, or even more, there is a demand that they 
shall stop at almost every stopping - place; so 
that even the high speed of 16 to 17 miles an 
hour, at which they are run through streets where 
corporations, like that at Coventry, have demanded 
a speed limit of 5 miles for other mechanically-pro- 
pelled vehicles, — give a slow and relatively 
infrequentservice. The omnibus, carrying little more 
than half the number of passengers, is called upon to 
stop but half as often, and obstructing others, and 
being itself obstructed, less than the tramcar, can 
give a very much more rapid service, even if run at 
a lower maximum speed. In Manchester the Cor- 
poration appear to have realised this fact, and are 
using the powers granted them by Parliament to 
prevent the public having the great advantage of any 
improved means of road transport. At present, of 
course, the motor-omnibus has not proved exactly a 
financial success, but there are many conversant 
with their working who are most sanguine as to 
the promise of the future in this regard. This fact 
will have to be reckoned with by the railway com- 
panies in the immediate future, since even now the 
omnibuses are commencing to tap the longer-dis- 
tance suburban traffic which the tram-cars cannot 
develop. Already these omnibuses run out 12 miles 
from Charing Cross, and are well patronised, since, 
though their speed is slow compared with that of 
the railway train, they save their passengers time 
at each end, thus often effecting an actual reduction 
in the time taken from door to door. 

The Great Western Railway Company had the 
best report for the half-year of any of the large 
railways. There were losses on the first and second- 
class traffic of 803/. and 28,627/. respectively, but 
the third-class showed a gain of 171,081/.; minerals, 
an increase of 9911/.: merchandise, 350l.; and 
parcels, horses, &c., one of 27,6001. The total 
number of passengers carried showed an increase 
of over 4 millions, though 64,478 less train-miles 
were run. There was, however, an increase of 
183,084 in the rail-motor mileage, showing no evi- 
dence of that speedy abandonment of this method 
of transport anticipated by not a few experienced 
railway men acquainted with the failure of a similar 
system when first introduced forty years or so ago. 
In view of the steady falling off in the number of 
second-class passengers this company may soon find 
it necessary to abandon this class altogether. The 
London and South-Western has had a similar 
experience, though when the reduction in the 
second-class fares was made on this line in 1904 it 
was hoped that a large number of passengers would 
be glad to secure extra privacy and comfort for a 
small increase on the third-class fare. This, how- 
ever, has not proved to be the case, and this com- 
pany, like the Great Western, are seriously ques- 
tioning the desirability of retaining the interme- 
diate class. The most interesting announcement 
made at the South-Western nieeting was that the 
new dry dock to be constructed on Southampton 








Water at Woolston will be capable of accommodating 
the giant liner, 840 ft. long, now building for the 
White Star Company. 

Coming to the various Metropolitan tubes and 
railways, the most striking fact is the ability of the 
District line, under the able management of Sir 
George Gibbs, not only to meet its prior charges 
for the first time for four years, but also to pay 
Ca cent. on its 4 per cent. guaranteed stock. 

e gross revenue has increased by 37,411l., and 
the working expenses diminished by 22011. The 
number of passengers carried, exclusive of season- 
ticket holders, was 31,503,727, an increase of 
nearly 5,700,000. The City and South London 
line, which was the pioneer of the tube railways, 
on the other hand, does rather worse than hereto- 
fore, and had it not been that the extension to 
Euston has largely compensated for losses by tram 
and omnibus competition at intermediate points, it 
might have been in a serious plight. It carried in 
the half-year 10,631,336 passengers, equivalent to 
15} per train-mile. The receipts per train-mile 
were 30.38d., and the expenditure 14.16d., of 
which 3.87d. was the cost of the power. Here, as 
in other tubes, steps are being taken to replace 
the wooden platforms by stone or concrete. The 
Central London line, the second of the tube lines 
to be opened, gained much by the Franco-British 
Exhibition. The passengers carried numbered 
21,996,623, an increase of 5,350,000, and the re- 
ceipts averaged 2.03d. per head. The decrease in 
workmen’s tickets continues, 172,000 being lost in the 
half-year. The motor-bus competition is severe, 
647 ing Lancaster Gate Station daily, and 707 
the Museum-street Station, in addition to the horse 
omnibus traffic. Steps are being taken to extend 
the line to Liverpool-street, where the Great 
Eastern page say are finding the station site with- 
out cost to the tube company. This policy is in 
striking contrast with that of the South-Eastern, 
which demanded and obtained a very large sum 
from the promoters of the Hampstead Tube before 
they would permit of the construction of the station 
at Charing Cross. It is interesting to note that 
through bookings to other tubes now constitute 18 
per cent. of the total receipts of the Central London 
Company. The Bakerloo line carried 13,337,126 
passengers, an increase of 25 per cent. on the 
number transported in the corresponding half-year 
of 1907. This line has now entered into an 
arrangement with the promoters of the North- 
West London Railway Company, which holds 
powers to construct a line from Victoria to 
Cricklewood. It is now proposed to build the new 
line as an extension to Sothetens of the Baker- 
loo line, and this is likely to modify the Padding- 
ton extension scheme of the latter company. The 
returns of the Metropolitan Railway Company 
show an increase of 30,936/. on the passenger 
receipts, largely attributable to the Franco-British 
Exhibition, In proposing to transfer to the elec- 
trical renewal account a sum of 17,0001. in place 
of 60001., a noteworthy statement as to possible 
changes in the power-station was made by the 
chairman, who hinted at the possible advisability 
of replacing the present generating plant at Neasden 
by more economical units. It is now generally 
known that such a change is already in pro 
at Lot’s-road, Chelsea. The plant there has been 
remarkably successful from the operating standpoint, 
in spite of constant trouble from the choking of the 
condensers by foul water. At the time it was built, 
however, less was known than now as to the con- 
struction of steam-turbines, at once mechanically 
reliable and economical of steam, and it has accord- 
ingly been decided to replace four of them with 
new units guaranteed, we understand, to require 
not more than 14 lb. of steam per kilowatt at 
full load. This should result in a saving of coal 
equivalent to, perhaps, 20,0001. per annum.. The 
Neasden station is, of course, much smaller, but 
even then the changes contemplated should lead to 
substantial augmentation of the sum available for 
dividends. 








CENTRAL STATIONS VERSUS PRIVATE 
PLANTS. 


Ir is now more than a quarter of a century since 


build, and. Hopkinson. the way to design, a prac- 
tical machine, that the use of electrical energy 
— to spread. 

n the early days no problem arose such as that 
which gives the title to this article. The supply 
of electricity from one dynamo was, owing to the 
limited size of the machines then built, necessarily 
limited to little more than one building. The area 
of supply possible from one source of generation, 
however, gradually extended along with improve- 
ments in the methods of transmission, and in the 
reliability and increased size of the prime generator. 
The increased area reacted again to produce an 
increase in the size of the plant and of the gene- 
rating-stations containing it, and gradually led to 
the establishment of central stations for single 
towns, and subsequently very much larger areas, 
covering in some cases scores, and even hundreds, 
of square miles. In a large and increasing number 
of industrial districts in this country, the question 
which the power-user of to-day has to decide is not 
so much whether he should adopt electricity or not, 
but rather the source from which that electricity 
shall be derived. In most cases he will have two, 
and in many cases three, alternatives: a private 
installation, a municipal or company lighting sys 
tem ; and a power company. 

As the private plant, the central station for town 
lighting, and the power-station of the power com- 
pany are all gradually lowering their cost of 
production, the decision as to which is the most 
economical system to adopt in any given case 
requires careful consideration, and can hardly be 
decided off-hand, except in cases where no alter- 
native plant offers. hese cases will become in- 
creasingly rare as the power companies extend 
their network throughout the areas allotted to 
them by Parliament. 

While the increased economy of concentration is 
always sufficient to enable the central generating 
station to supply more cheaply than a small and 
out-of-date private plant, there are cases in which 
the large user, such as a colliery or a steel works, 
or an electro-chemical company, may be in doubt as 
to the actual best course to be adopted. In South 
Wales, for instance, several of the collieries take 
power from the power company there established ; 
and had circumstances been different, and had the 
progress of that company been as marked as that 
of the companies on the North-East Coast, there 
could be little doubt that it would have paid 
even the largest collieries to purchase their energy 
therefrom, As it is, however, circumstances have 
prevented the power company from developing in 
the way which was at: first anticipated, and several 
of the larger collieries have had to erect private 
electric plants of their own. On the other hand, 
on the North-East Coast the reverse has taken 
place. The collieries and steel-works in that dis- 
trict are gradually coming to realise the advantages 
of purchasing their energy from an outside power 
company, with the resultant saving in capital ex- 
penditure, in anxiety, and, in most cases, in ope- 
rating costs also. 

In the centres of crowded towns there are other 
circumstances, besides those of actual cost, which 
render the establishment of private generating 

lants inconvenient and in many cases impossible. 

n the business districts of London or of Man- 
chester, for instance, the space required for putting 
down boilers and engines, or even of gas-engines, 
is often not to be obtained except at a prohibitive 
cost, to which has to be added the additional 
insurance rates which are sometimes enforced. 
With the larger power-users, such as steel-works 
and collieries, however, this argument as regards 
space does not usually apply, and the question then 
resolves itself into one of cost and convenience 
solely. 

| The principal consideration in deciding between 
a private plant and an outside supply are the load- 
'factor and the size of the installation. It is true 
‘that the price at which a supply can be obtained 
'from outside will, like the cost of producing elec- 
| tricity in a private ” same also vary with the load- 
‘factor ; but, generally speaking, the fact that the 
‘interest on the capital outlay necessary to establish 
‘a private plant continues throughout the twenty- 
‘four hours, makes it more difficult to justify the 





the production of a practical dynamo rendered the | necessary expenditure when the load - factor is 
use of electricity for lighting purposes commer- | small. 

cially possible. Prior to that time it was produced, | The principal sources of supply for private elec- 
more or less experimentally, by small primary | trical plants of the present day are steam, gas, and 
batteries and magneto machines of various types ; | oil-engines—gas being either bought or produced 
and it was not until Gramme had shown the way to | on the premises. 
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In a paper recently read befor the Institution of 
Electrical Engineers the following table was given 
of their relative cost :— 

Ascertained Cost of Power per Unit Generated for 

Independent Installations up to 100 Horse-Power. 








| 
Town Gas suction 











Annual |, Eauiva- at 2s. 
lent Hours or Pro-| ,; Average 
Load- pe per 1000 » Gucer Oil. | Steam. “Gosts. 
Factor. Annum, | —— Gas. | 
F ‘ee 
per cent d. d. d, d. d. 
10 876 1.423 1.520 | 1.286 1.322 1.388 
15 1314 1.210 1.270 | 0.972 | 1.031 | 1.121 
20 1752 1.000 | 1040 | 0.813 | 0.876 0.954 
25 2190 1.007 0.904 | 0.715 | 0.806 , 0.879 
30 2628 | 0.944 0.812 | 0.650 | 0.705 | 0.778 
35 3066 0.892 | 0744 | 0.600 | 0.646 0.720 
40 3504 | 0.844 | 0.604 | 0.563 | 0.598 | 0.675 
50 4380 0.791 | 0.625 | 6.511 | 0.542 | 0.617 
60 5256 | 0.745 0.576 | 0.475 | 0.498 0.574 
70 6132 0.706 | 0.540 | 0.448 | 0.460 0.538 
80 7008 0.670 | 0.514 | 0.426 | 0.429 | 0.500 





The author in this table took town gas at an 
average price. of 2s. per 1000 cubic feet, and, in the 
case Of suction-gas, anthracite at 22s. per ton, 
small s at 10s. per ton, the oil for oil-engines at 
42s, at ses ton, water at 6d. per 1000-gallons, and 
capital charges at 10 per cent. In order to make 
the estimates really accurate something for super- 
vision, attendance, establishment charges, taxes, 
&c., should be a!lowed, as, of course, all these 
form an important item, and are included in the 
price of electricity supplied from a central station. 
They are omitted in the above table, and usually 
omitted by the owners of small private plants ; 
hence the comparison is certainly in favour of the 
latter. For larger plants the following table was 
given :— 

Ascertained Cost of Power per Unit Generated for Indc- 
pendent Plant from 100 to 500 Horse-Power Installed. 


| Equivalent | Suction or | 





Annual : sala 
Load- | Hours per | Producer | Oil. | Steam. —— 
Factor. | Annum. Gas. “ 
per cent. | d. d, d. a. 
10 | 876 1.273 1.007 | 1.086 | 1,122 
5 | 13 | 0946 0.778 | O.811 , 0.344 
20 1752 0.760 0°656 | 0.673 | 0,696 
25 2190 | 0,670 0.584 | 0.590 | 0.615 
30 2628 | 0.596 0.536 | 0.534 | 0.555 
35 3066 | 0.540 0.498 | 0.494 | 0.511 
40 3504 | 0.502 0.469 | 0.464 | 0.473 
50 4380 | 0.447 0.430 | 0.421 | 0.438 
60 5256 0.406 0.404 | 0.393 | 0.401 
70 6132 =| 0.377 0.382 | 0.373 | 0.377 
8) 7008 0.358 0.366 0.357 | 0.360 








The figures in these two tables are based upon 
a number of actual cases with actual load-factors. 
A table of a somewhat different kind was that 
which was given before the House of Commons in 
connection with the proceedings of the London 
Power Bills in 1905, as follows :— 


Saving to the Small Power-User. 








Actual Cost at 
Business. Power. | Cost per | Prices in 
Annum. Bill.* 
£ad.| £8. 4. 
1. Cabinet maker Two 11-horse-power gas-102 0 0 | 52 0 0 
= engines 
2. Engineer .. Two gas-engines, 6and10 142 0 0 | 42 0 0 
horse-power ! 
3. Printer .. ..Gas and steam, 11 50 0 0 350 0 0 
horse-power ; 
4. Cardboar d- 50-horse-power, steam .. 108 0 0 258 0 0 
maker 
5. Shopfitter .. 50-horse-power, steam .. 360 0 0 459 0 0 
6. Bookbinder ..|17-horse-power, electric 180 0 0| 61 0 0 
- motor ’ } 
‘. Contractor .. 10-horse-power, electric | 75 0 0 | 27 0 0 
8. Printer .. -- 10-horse-power, motor ..| 53 7 4/16 1 0 

The consumption of electric power is either the user's own 
figure, or is based on the ave consumption of a large number 
of cases in Tyneside, Cork, and London. 

Sicam.—Experience shows that, on the average, 
Steam power costs 9/. to 131. per horse-power 
annum, and that electric motors use 500 to 
units per horse-power per annum. Even taking 
the cost of steam power as low as 10I., and electric 
consumption as high as 1000 units per annum, and 


the average price 7d. per unit, we get :— 
Per Annum. 


£s. d. 

Cost of 1 horse-power—steam 10 0 0 
Cost of 1 horse - power — electric, 
‘. 2s. 6d. —a saving per horse-power 

per annum of... me ihe a 617 6 


(ras.—From a number of cases already given 
before the House of Lords, and from the experience 





| including capital charges, is 1d. to 1}d. per horse- 


power per hour, or, say, 14d. per unit. Taking the 
average cost of power as that proposed in this 
Bill—j?d.—we get a saving per horse-power per 
annum of 3/. 2s. 6d. 

This gives, in a somewhat more practical form 
than that previously shown, the actual cost of 

wer to the small users in a number of cases in 

ondon. It is, however, pretty safe to say that 
the same limitations as those made above apply in 
this case, and it is doubtful whether strict alloca- 
tions in respect to capital charges even, to say 
nothing of attendance, supervision, and taxes, were 
allowed by the owners of private plants. 

All the above being consumers of less than 500 
horse-power, they may be classed as small con- 
sumers from the point of view of the power com- 
pany, although they are large consumers from the 
— of view of the town electric-light undertaking. 

hen one comes to deal with larger consumers, 
both the capital cost and the costs per unit of the 
plant installed in private works naturally falls. On 
the other hand, allowance has now to i made for 
attendance and capital charges; for while it is 
possible in the case of small plants to omit these— 
the attendance required very often being only the 
services for a short time of a man who is employed 
on other work—it is not possible to do this in the 
case of large works. 

The reduction applies equally to the capital cost 
per kilowatt installed, which is as much lower as 
the operating cost. Instead of 261 to 301. per 
kilowatt installed, the capital outlay may be as i 
as 14/. to 151. per kilowatt installed. In the case 
of the Powell Biiftryn Aberdare Collieries the con- 
sulting engineer has given the capital cost of build- 
ings, steam plant, generators, and switchboards per 
kilowatt of plant erected at 111. 10s. per kilowatt, 
though this would appear to be rather below the 
average. In addition to having lower capital out- 
lay per kilowatt, a large colliery fully equipped 
has, of course, usually a better ‘‘ diversity factor” 
than most plants, and, consequently, a better load- 
factor on the poes plant. Thus, a colliery 
with only 1300 brake horse-power might have a 
load-factor of only 20 per cent. or so; while one 
with 4000 horse-power may have a daily load-factor 
as high as 51 per cent., the annual load-factor being 
somewhat higher. Among the various working 

‘ts of the colliery machinery, ventilating-fans 

ave a load-factor of nearly 100 per cent., and 
pumps in some pits nearly as much; while the work- 
shops may be taken collectively as having a load- 
factor of 33 per cent. The load-factor at Powell 
Duffryn is given by the consulting engineer as 
between 35 and 40 per cent. The cost per unit 
delivered to the collieries, transmission lines, with 
an output of 4,500,000 units per annum, and a load- 
factor of 37 per cent., with coal at 4s. 2d. per ton, 
is given by him:—Works cost, 0.18d.; capital 
charges at 10 per cent., 0.185d. ; giving a total 
of 0.365d. per unit, which, it is expected, will 
be reduced to 0.3d. per unit when the load-factor 
reaches 45 per cent. These are, however, ex- 
ceptional figures, owing to the size, load-factor, and 
price of coal, and it is not to be expected that many 
private plants in this country can produce anything 
comparable to this. In fact, most electrical plants 
of this size are probably producing much more 
expensively. 
aving considered the cost of producing in private 
plants, &c., we have now to consider the cost at 
which power can be purchased. 

The price at which the consumer, who has to 
decide between a private plant and a public supply, 
can obtain current is not the only consideration. 
When what is apparently a generous charge has 
been made for capital charges, it will somehow be 
found that in a large private works plant there is 
a number of other expenses cropping up during 
the year, and probably 15 per cent. per annum on 
the capital cost would not be an excessive figure 
for actual capital charges. The price at which 
power can be purchased is, of course, a very 
variable quantity. In London it can now be ob- 
tained in most districts at 1d. per unit, though this 


| is considerably below the actual cost of production, 


and is merely the result of the various competitive 
proposals which have been brought forward during 
the past few years. A penny per unit is, of course, 
very much more than is being charged by several 
of the leading power companies in other parts of 
England, and where it is possible to put down a 


of « number of manufacturers, it appears that the | large generating station de novo, current can be sold 
lf this figure to people with a good load-factor 


average cost of power from gas-engines in London, | at 





—say, 75 to 90 per cent.—at a profit. In proof of 
this one may cite the figures which were submitted 
to Parliament in 1905, and substantiated after a 
very severe cross-examination, as the cost at which 
a generating station could be erected in the London 
district and the cost at which it could produce elec- 
tricity. 
Proposed London Generating Station.— Works Costs. 

Works costs per Board of Trade Unit 





Cue — d, 
0.0225 
Coa. o 0.11 
Water, oil, &c. 0.0045 
Repairs... 0.017 
Total 0.154 


To this cost must be added, of course, the 
general expenses, bringing up the cost to about 0.2d., 
and if the capital charges be added, it rises to about 
0.4d. That these figures are obtainable is shown 
by those which have been obtained at the Carville 
Generating Station in 1905, before the recent rise 
in the price of coal. 

Average Cost per Unit Generated at Carville Generating 
Station, June, 1905. 





Cost per Board of Units 
Trade Unit Generated. Generated 





| d. 
Quarter ending September, 1904 | 0.133 3,587,700 
” » December, 1904 0.130 7,171,000 
” » March, 1906 ../ 0.121 8,097,000 
a » June,1905 0,123 7,996,900 





Details of this will be found in the following :— 


Carville Generating Station.—Analysis of Works Costs 
for Half-Year ending June, 1905. 


Costs per Unit 

















Actual Costs. Generated. 
Wages :— | @ead | d. d, 
Engine-room 417 1 «(0 0.00622 
Switchboard + 342 15 8 0.00511 
General cleaning 7117 8 0.00107 
Boilers houses 612 16 4 0.00014 
Coal-Wandling 6313 9 0.00095 
Ash-handling 57 710 0.00086 
- ——! 0,02335 
Material :— } 
Coal Se : ..| 5168 0 7 0.07692 
—_————| 0.07602 
Water 104.18 0 | 0.00157 
oil .. 130 9 10 0.00195 
Stores 8315 7 | ° 0.00125 
———| 0.00477 
Battery maintenance 63 00 0.00037 
i ~~ ans i i 
yages ¥ ” 
Merial UC | 8 | 0.00867 
General repairs :— } 
Ww. 3 38113 2 | 0.00569 
Material 562919 11 | 0.00790 
——} 0.01753 
Total a 8219 6 1 | 0.12257 0.12257 





The maximum prices authorised to be charged 
with different load-factors were as follows in the 
Bill for supplying electric power in London :— 

Maximum Prices Chargeable. 


Hours of Daily Equivalent Load- Prices per Board of 
Use. Factor. 


rade Unit, 
per cent. d. d, 

1 about 4 1 (1.5 ) 

2 8 1h (1.5 ) 

3 12.5 14 (1.87) 

4 16.6 1h (1.16 ) 

5 21 1 (1.02 ) 

6 25 + (0.94 ) 

8 33 } (0.83 ) 

10 42 0.76 ) 
12 bo 7, (0,72) 
18 75 bh” (6s ) 
4 100 Y» (0.609) 


These are exceptional figures, it may be said, but 
as power is sold on the North-East Coast and in 





|South Wales at ?d. a unit to numerous users, and 


at under $d. per unit to special users, and is avail- 


able in London at fd., and even less, the figure of 


3d. may be taken as a not excessive price to be 
expected generally in the near future by large 
power-users with good load-factors. 

It is thus obvious that the relative advantages of 
a priyate plant, and the purchasing of electricity, 
depend upon the size of the installation and its 
load-factor mainly. On the whole, with the in- 
creasing size of generating-stations, it may be taken 
that under 1000 horse-power it seldom pays to erect 
|a private plant in a neighbourhood where there is a 
| power company of any magnitude ; between 1000 
orse-power and 5000 horse-power it would only 
pay in cases where the power company were work- 
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ng very inefticiently, or liable to expend very 
heavy capital to reach the consumer. 

That these considerations are being more and 
more realised is shown by the fact that it is prac- 
tically out of date on the North-East Coast for 
private manufacturers or colliery-owners to obtain 
electric power except by purchase. 

So far, of course, reference has only been made 
to those cases where the owner of the private plant 
is obliged to purchase fuel or power, and does not 
extend to cases where he is already in possession of 
some form of power other than electric, as is the 
case at a blast-furnace, for example. In this case, 
as has already been pointed out in these columns 
(see ENGINEERING, vol. lxxxvi., page 449), the 
problem is.a somewhat different one. The owner 
of waste heat can, and hitherto usually has, made 
use of it in gas-engines if it comes from a blast- 
furnace, or in exhaust-steam turbines if it is derived 
from rolling-mills. In this case he is generally able 
to produce power much inore cheaply than the 
owner of an ordinary private coal-fired installation. 
But in this instance, as was shown in the article 
already referred to, by co-operating with an electric 
power company he is able still further to reduce the 
cost of the power which he requires in his works, 
and at the same time to obtain it in a form in 
which it is most useful. For he is able to dispose 
to the power company of all the surplus power 
which is produced at night and times of light load, 
when it would otherwise be wasted, the power 
company being always able to make use of this 
power at whatever time of the day or night it is 
received. Thus even in this case, in which the size 
ef the installation and the other conditions might 











Tue STERN OF THE VESSEL WHEN ON THE WAYS 


have made it appear profitable to use an existing; Minister and the First Lord of the Admiralty to 
independent plant, maximum economy can only | work to a satisfactory standard of naval strength, 


be obtained in conjunction with a central power | 


company. 








THE LAUNCH OF H.MLS. “ VANGUARD.” | 

Tue First Lord of the Admiralty was present on | 
Monday at the launch of H.M.S. Vanguard, the | 
seventh battleship of the Dreadnought class to be | 
floated for the British Navy, accompanying his 
wife, who did the honours of the occasion. The | 
launch of a first-class fighting-ship is of itself an 
event of considerable importance, but there was 
added a significance, not without national interest, 
as a consequence of Mr. McKenna’s presence. 
The vessel is being built, and will be completed 
for war, by Messrs. Vickers Sons and Maxim, 
Limited, and the First Lord of the Admiralty 
was thus brought into contact with one of the 
greatest privately-owned arsenals in the world, 
excelling even the Government works in most 
respects. There was thus probably aroused in his 
mind a train of thought as to the relative responsi- 
bilities of the State, the employer, and the em- 
ployed in connection with such great undertakings 
which may have influence in the future. Indeed, 
in the s h he delivered on the oceasion, the 
First Lord afforded clear indication that he had 
been reflecting upon such problems. 

We are not concerned for the moment with the 
larger subject of the maintenance of sea power. | 
Mr. Albert Vickers put the issue tersely in his 
speech on Monday, when in recognising with the 


| fullest satisfaction the statesman’s aim of the Prime 


he referred to the commendable function of the 
Treasury to ensure economy, and remarked: ‘‘ As 
taxpayers we appreciate their efforts, but in order 
to enable all to earn incomes before they pay taxes, 
the nation must have that stability and certainty 
of safety which is in great measure ensured by a 
fixed naval policy.” This is the crux of the situa- 
tion, and it is on this basis that the forthcoming 
naval estimates will be judged. The First Lord of 
the Admiralty, of course, avoided this general 
question ; but referred with great satisfaction to 
the facilities available for meeting the demands of 
the Government in respect of ships, machinery, 
and ordnance. In his tour of inspection he saw, 
one might almost say, miles of shops with expensive 
machine-tools, all involving heavy capital expendi- 
ture to produce, and still heavier cost in replacing 
them when obsolete. He no doubt inspected the well- 
guarded secret i agg work whereby the 
company are enabled to advance step by step in 
efficiency in design and manufacture. And with 
these material proofs, and with knowledge of the 
existence of the great army of workers trained to 
special work, there was brought to the mind the 
responsibilities of the Admiralty and the company 
in respect to the employment of the highly-skilled 
artisans. It is too often assumed that expenditure on 
naval construction is wasteful. That is far from being 
the case: it is a means of putting into circulation 
a large sum of money which might otherwise never 
be handled- by the working classes. One has but 
to remember that 90 per cent. of the cost of 
a battleship goes in wages in the iron and coal 
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mines, in?the?iron-smelting and steel-making works, 
in the great forges of Sheffield and elsewhere, and 


in the shipbuilding and engineering and ordnance | 


factories. Consequently there is no better method 
of meeting the unemployed problem than in giving 
out at once naval work required to ensure ‘‘stability 
and certainty of safety” necessary to national pros- 
perity. The firms themselves, by their enterprise 
and continuous effort at efficiency, do all they can 
to fulfil their responsibilities, and this fact Mr. 
McKenna recognised. 

It is specially gratifying to note the appreciatory 
words of the First Lord of the Admiralty regarding 
this enterprise. He recognised the great public 
service rendered by a firm which is able to lay down, 
to build complete, and supply with all necessary 
machinery and material, a ship like the Vanguard, 
which, perhaps, for all we can tell, at the possible 
moment of national peril may be the means of 
securing the safety of our country. He continued : 
—‘*We buy from Messrs. Vickers, but feel that 
when they deliver armaments to us they are 
rendering a national service, and are giving of the 
best that England has to give in the way of material 
for the service of our national Fleet.” Again, he 
said the Admiralty ‘‘are in the position of buyers, 
and Messrs. Vickers are in the position of sellers. 
But I am happy to say that the relations between 
us and them are far more cordial than the ordinary 
relations of commerce.” This is a compliment alike 
to the firm and to the officials at the Admiralty, 
who have the high reputation of knowing what 
they want, which is the first essential to the attain- 
ment of their aim. 

The First Lord went still further, and made a 
general acknowledgment to all the firms who did 
Admiralty work, which we ought to quote :— 

Unless we could rely upon these firms, and know 
that in any emergency t ey would be ready to put 
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for the necessary supplies in order to maintain 
the supremacy of our Fleet. I regard the existence 
of a firm like Messrs. Vickers as a great national 
asset ; and can only say that, had Messrs. Vickers 
not been invented, the first duty of the nation 
would be to discover them. Thank heaven, we have 
them here ready to supply our needs.” Everyone 
will approve Mr. MeKenna’s words, provided he 
utilises the assets and does not let them lie idle. 
Their value is in their employment to supply our 
needs, not merely in their readiness to do so. Mr. 
Albert Vickers, in replying to the toast, expressed 
the hope that the historic signal ‘‘ Follow me!” 
which was associated with the name Vanguard, 
would be a tangible sign that many good ships 
might follow her from the berth in which she had 
been built, and he added with simulated naiveté, 
‘*T am not free to speak as to our desires in this 
respect, but if I were I would say that the interests 
of the nation might be served, as well as those of 
our workmen, by many ships being built to follow 
the Vanguard from these works.” 

And this brings us to the launch. The Vanguard 
was laid down about ten months ago and is ina more 
advanced state than battleships usually are at the 
date of launching ; the total weight, including the 
cradle, was 10,250 tons, which is over 3000 tons 
more than in the case of the two sister-ships St. 
Vincent and Collingwood, recently floated respec- 
tively at Portsmouth and Devonport. All the broad- 
side armour is in place, and only the uppermost 
ring of plating remains to be fitted to complete 
the five Carbetten for the ten 12-in. guns and their 
mountings. The citadel for protecting the bases of 
the funnels and carrying the 4-in. quick-firing guns 
is well advanced. 

The ship’s cradle was of the construction common 
to all large warships, and in view of the great weight, 
| it was decided to adopt, in addition to the usual dog- 





everything within their resources at our disposal, we shores, four hydraulic rams to hold the ship after 


could never answer to Parliament and the country | all the keel and bilge-blocks had been removed. 








ONE OF THE AHEAD AND ASTERN TURBINES. 


The rams of these cylinders abutted against the lower 
end of a forged-steel trigger suitably pivoted and 
having its upper end in a cavity in a casting in the 
bottom of the sliding-ways. There were two pairs 
of cylinders and locking gear, and all were operated 
simultaneously. The exhausting of the water from 
the cylinder caused the ram to recede by the pres- 
sure of the pivoted trigger, which thus fell into a 
horizontal position, clearing the ways. The vessel 
at once moved when the cylinder valves were 
operated, and was afloat in 48 seconds. There 
were 450 tons of chain-drags. The views on 
page 286 show the vessel near the end of her 
travel on the ways, and the vessel afloat, when 
the cradle was floating out from under the bows. 
The vessel was subsequently taken to the Buc- 
cleuch Dock to be completed, the entrance to this 
basin having been widened from 80 ft. to 100 ft. 
by the construction of a new wall 20 ft. to the rear 
of one of the existing walls. This work necessitated 
also the construction of a new railway and road- 
bridge across the entrance, and instead of a 
swing-bridge with two leaves, there has now been 
constructed a Scherzer roller-lift bridge of the 
single-span type. The span between bearings is 
110 ft., and it is lifted and lowered by. hydraulic 
power. We hope to illustrate and describe this 
interesting work latter. Another evidence of the 
aim of the Vickers Company to anticipate future 
reqirements in naval construction is afforded 
by the erection at the Buccleuch Dock of a second 
crane of 150 tons lifting capacity, in supplement 
to a crane of the same capacity built at their wharf 
in the Devonshire Dock. They are thus in the 
favourable position of being able to proceed with 
the completion of two p. Pas at each crane ; 
these are capable of lifting the heaviest loads 
required in connection with warships. The greatest 
weights involved are those connected with the 
gun-mountings, and special arrangements are in 
existence so that these gun-mountings may be 
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lifted complete out of the deep pits in which they 
are erected and tested in the fitting-shop, and con- 
veyed by rail alongside the crane and the ship. 
The new crane consists of a lattice-work tower 40 ft. 
square, on the top of which there rotates a hori- | 
zontal girder carrying the trolley. The maximum 
load of 150 tons can be taken at a radius of 80 ft. 
from the centre of the tower, or of over 55 ft. from | 
the dock-wall, so that heavy loads can be placed | 
in the broadest of battleships. In addition, the | 
lighter loads up to 60 tons can be dealt with 
at a radius of 120 ft. from the centre of the 
tower, or over 95 ft. from the dock-wall. The 
height of the crane is another notable feature, as 
the track on which the trolley runs on the horiontal 
girder overhead is 165 ft. from the quay-level, 
and te minimum height from the bottom of the 
horizontal girder is 140 ft. This crane is actuated 
by electric machinery. It,is built on a completely 
new wharf 900 ft. g Ry and the basin has been 
dredged to a depth to enable the largest of ships 
to remain afloat at low tide. 

Under this crane the Van; will be completed 
probably in a year from this date, so that she will 
take her place in the Fleet with her six consorts of 
the Dreadnought period. The St. Vincent class, 
to which she Golanen: has already. been described 
in ENGINEERING, 80 that it is only necessary here to 
say that she is 500 ft. long, 84 ft. beam, and at 
27 ft. draught displaces 19,250 tons. Her armament 
includes ten 12-in. guns, with a large number of 
4-in. quick-firers. She is fitted with the double 
rudder now common to large warships, and of this 
arrangement a splendid view is given on page 290. 
It will be noted, too, that she has two pro- 
pellers on each side of the centre line. e 
engines, of course, are Parsons turbines, and 
there are two complete sets, constructed at Messrs. 
Viekers’ works at—Barrow-in-Fupness. Each set 
comprises one high-pressure ahead and one high- 
pressure astern turbine ; .one low-pressure ahead 
turbine, in which is incorporated one low-pressure 
astern turbine ; and one cruising turbine. e latter 


is on the inner shaft, coupled to the low-pressure 
ahead and astern turbine ; the high-pressure ahead 
and astern turbine is coupled to the wing shaft. One 
of the high-pressure ahead turbines is well shown 


in the view on page 291, with the astern turbine in 
the distance on the same shaft. The cruising tur- 
bines are used for low or intermediate powers, but 
are cut out when working at full power. Each set 
of turbines is placed in a water-tight compartment, 
containing also the condensers, circulating pumps, 
air-pumps, evaporating and distilling plant, and all 
other usual auxiliaries. Steam is supplied by 
eighteen water-tube boilers of the Babcock and 
Wilcox type, arranged in three separate water-tight 
compartments. The turbines are designed to de- 
velop 24,500 shaft horse-power, which it is expected 
will give the ship a oak al 21 knots. : 








THE ELECTRICAL PROPERTIES OF 
FLAMES. 

On the 12th inst. the discoursé at the Royal 
Institution was delivered by Professor Harold A. 
Wilson, D.Sc., F.R.S., of King’s College, London, 
on ‘The Electrical Properties of Flames.” Without 
assuming any special knowledge on the part of his 
hearers, the lecturer succeeded in elucidating the 
analogies between the general discharge phenomena 
in gases, in flames, and in salt solutions ; electric 
discharges through flames Professor Wilson has made 
his particular study for some years at Cambridge, 
and afterwards at London. 

The conductor plate of an electrometer, Professor 
Wilson showed, was quickly discharged, when the 
flame of a Bunsen burner was held near it, and less 
rapidly when held a few inches above it. The gases 
in the flame were supposed to be split into positive 
and negative ions, and a pectin charged con- 
ductor might become discharged either by letting 
its positive electricity escape, or by attracting the 
negative particles in the flame. That the latter was 
the correct explanation was proved by placing a 
plate of mica on the charged conductor. _That had 
no direct effect. When the flame was approached, 
the electrometer pointer went slowly down, as if 
part of the charge really had escaped ; but when 
the mica was taken off, the electrometer rose again, 
showing that the mica acted as a condenser ; the 


That the ions rose up with the stream of hot 
gas from the flame was demonstrated in the next 
experiment. Withina vertical tube three insulated 
metal cylinders were fixed along the axis, the 
cylinders being at some little distance apart. 

rom each cylinder there projected through an 
insulated sleeve in the side of the tube a bent wire, 
from which a pith ball was suspended. The three 
cylinders were electrically charged. Whena burning 
spirit lamp was placed under the tube, the bottom 
cylinder was quickly discharged, and then, more 
lowly, the middle cylinder, and the top cylinder still 
more slowly. That experiment demonstrated that 
most of theions wereconsumed in discharging the first 
cylinder, and, moreover, that they recombined and 
lost their mobility as the gas cooled. In the third 
experiment an induction coil had two spark-gaps, 
an ordinary cold-air gap and two Bunsen flames, and 
it resulted that the discharge preferred to bridge 
a long burner gap, travelling up one flame, then 
sparking across to the other from tip to tip, and going 
down the other flame, rather than jump a short gap 
in cold air. Here the few ions produced in the flame 
were not sufficient to carry the powerful spark dis- 
charge, and the applied potential had itself to ionise 
theair. The effect really depended, in this case, upon 
the density ef the air. The hot-gas gap was about 
seven times as long as the cold-air gap, and the 
same potential also sent a spark through a bulb 
seven times as long as the cold gap, but filled with 
air of one-seventh the ordinary » <tr The tem- 
perature of the flame was about 2000 deg. Cent: 
absolute, that of the room 300 deg. Cent. absolute, 
giving the ratio 7:1; the figures could not be accu- 
rate, of course, since the gas flame consisted largely 
of coal-gas, and not of air. When the two Bunsen 
flames were burning close to one another, they 
would touch under the electric discharge, and no 
sparks could then be sent through the cold-air gap. 

In the subsequent experiments Professor Wilson 
made use of a wide insulated gas flame, 50 centi- 
metres in width, 10 centimetres in height, pro- 
duced by placing a large number of vertical quartz 
tube burners—in the former experiments the tubes 
had been of metal to serve as conductors—by the side 
of one another. By inserting into the flame two 
platinum electrodes attached to sliding stands 
and joined to a battery with a galvanometer in 
series, and by the further use of two platinum 
wires joined to a quadrant electrometer, which 
would indicate the difference of potential of the flame 
between any two points, he proved that the relation 
between the current i and the potential V was 
V = Ai? + Bdi, where d was the distance between 
the electrodes and A and B were constants. If thed 
amounted to a few millimetres only, Bdi would be 
relatively small (except for very small i), and V=A??; 
i.e., the current was x seo independent of the length 
of the flame-gap then. In the first experiments 
shown with this arrangement the exploring wires 
were not wanted, and it was proved that the current 
through the flame was doubled when fourfold the 
number of cells was put in circuit ; the volt-ampere 
curve was a parabola—not a straight line, as in the 
case of a wire. With the aid of the exploring wires 
it was afterwards demonstrated that the fall of 

tential was not at all regular along the flame. 
Starting from the positive electrode, there was a 
slight fall ; the potential then kept nearly constant 
until close up to the negative electrode, when the 
potential fell abruptly to zero. Thus nearly all the 
electromotive force was used up—in the, flame as 
in a vacuum bulb—near the cathode, where the 
resistance was concentrated. The two streams of 
ions were moving in opposite directions, and the 
negative ions or electrons travelled much faster 
(10,000 centimetres per second for 1 volt per centi- 
metre) than the positive ions, which moved only at 
about one-hundredth of the just-mentioned rate. 
Close to the positive electrode, the anode current 
would practically be carried by the negative ions ; 
hence the high potential there. 

With clean electrodes, Professor Wilson con- 
tinued, the flame current was very small; but 
various substances placed on the electrodes in- 
creased it. The case was analogous to the con- 
ductivity of water, which when pure was almost 
an insulator, but became a fairly good conductor 
when salt was dissolved in the water, in which 
it dissociated into ions. 
(potassium carbonate was used) was held in the 


When a bead of salt! 


cathode, showing again that the main resistance 
was encountered close to the negative electrode. 
In any other portion of the flame the bead would 
locally diminish the resistance without much affect- 
ing the total current. When the salt was put on 
the cathode itself, the abrupt potential drop 
there almost vanished, and the potential gradient 
became practically uniform. When afterwards more 
salt was volatilised in another portion of the flame 
—which had had very little effect previously—the 
current was noticeably increased. Such salt elec- 
trodes could be used as rectifiers for alternating 
currents, the resistance of the flame being much 
smaller when the salt electrode was cathode than 
when anode. 

Professor Wilson next showed a table summing 
up the results of a long series of his measurements 
concerning the electric conductivity of alkali-salt 
vapours. The salt vapours flowed with a current 
of air along a platinum tube, heated in a gas fur- 
nace ; an axial electrode was fixed in the tube, and 
the current was measured as passing from this 
electrode through the vapour to the tube. With 
electromotive forces of about 1000 volts and at 
temperatures of 1400 deg. Cent. and more, the 
current was proportional to the amount of salt 
passing through the tube and for different salts 
in equal quantities inversely proportional to the 
electrochemical equivalent of the salt. The pro- 
duct of current into equivalent gave the fairly 
constant value 2.67, and that signified that the 
quantity of electricity carried per molecule of salt 
was the same for all salts. That quantity was also 
found to be the same as in electrolysed salt solu- 
tions, and thus it was established that Faraday’s 
law holds for salts in the state of vapour,-as well as 
for salts in solution-——an important generalisation of 
modern electrochemistry, which we largely owe, 
we should repeat, to Professor Wilson’s own work. 

From this analogy between salt vapours and salt 
solutions, the lecturer concluded, we should expect 
the sodium ions to travel towards the cathode in a 
vapour flame, as they did in a salt solution. He 

ut some sodium chloride on one of two wires 
joined to an induction apparatus. The yellow 
sodium flame appeared only when the salted wire 
was the cathode. (The ordinary spark passing along 
a flame formed a bluish band.) This experiment 
proved that the positive ions (moving towards the 
cathode) contained the metal sodium as in a solu- 
tion. But the analogy did not apply to the nega- 
tive chlorine ion, which, in salt solutions, collected 
at the anode. The negative ions in flames always 
seemed to be electrons, the negative corpuscles of 
very small mass, moving with a hundred times the 
velocity of the positive ion, which was an atom or a 
molecule. 








HIGH-ANGLE GUNS FOR PROTECTION 
AGAINST AIRSHIPS. 

ArrsHiPs are still far from the state of develop- 
ment which their advocates wish them to attain, 
and it is yet too-early to look for a dirigible or a 
flying machine designed and equipped with the 
object of destroying similar units belonging to an 
enemy. Pending this, the efforts for destroying 
airships have been confined to the designing of 
suitable land guns, having a sufficiently great range 
of elevation, sufficient mobility, or lateral action, to 
aim rapidly, if need be, through a complete circle, 
and firing ammunition which is not likely to prove 
dangerous to friend as well as foe. - The impression 
one gathers from reading both aeronautical and 
military journals dealing with such guns is that the 
problem of destroying airships by firing at them 
from on land—a very difficult one—is far from solved. 
Among the weapons built for this object may be 
mentioned the protected automobile designed by 
the Rheinische Metallwaren- und Maschinenfabrik, 
Diisseldorf. We find a description of this in an 
article by Captain Karl Padiaur in the Mitteilungen 
tiber Gegenstdnde des Artillerie und Geniewesens, 
Vienna. The automobile in question is armed with 
a 1.96-in. 30-calibre quick-firmg gun on a central 
pivot mounting, contained in a turret, with sighting 
embrasure, carried at the top of the automobile. The 
automobile is completely surrounded, the wheel 
centres included, by nickel-steel plating 0.118 in. 
thick. The automobile is driven by a 50-60-horse- 
_ power petrol-engine, and weighs complete, with five 





ame, the current might increase considerably. | men and ammunition, 3 tons 3 cwt.; it has a normal 
But it all depended upon the pocition of the bead | speed of 28 miles, and is able to negotiate, unaided, 
with regard to the electrodes. The increase was | gradients up to lin 4.5. The gun elevation is from 
only observed when the bead was close to the| —5 deg. to +70 deg.; the lateral training of the gun 


ions were still attracted through the mica, but were 
stopped on the surface of the mica. On replacing 
the mica on the conductor the electrometer went 
down again. 
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on its mounting through 60 deg. The automobile 
is held fast for firing by four stay-bolts, which are 
driven down into the ground from inside the car. 
Originally, in 1906, the gun was designed to: fire 
shrapnel and explosive shells ; a different kind of 
projectile may have been pro since. The 
shrapnel weighed 5.29 lb., and had a muzzle velo- 
city of 1476 ft. The shell weighed 2.75 Ib., con- 
tained a bursting charge weighing 1.42 oz., had a 
muzzle velocity of 1876 ft., and was designed to 
burst on penetrating the balloon cover. The 
shrapnel had a double fuse fitted with brass wings 
to facilitate the tearing of the balloon-cover on 
impact. The greatest range, at 43 deg. elevation, is 
8600 yards ; range at greatest elevation, 4150 yards. 
For the same purpose Messrs. Krupp have built a 
2.56-in. 35-calibre gun, mounted on a carriage of 
the field-gun type ; in this the wheels are attached 
to the axle practically in the same way as are the 
wheels to the front axle of a motor-car, and their 
axes car thus be swung into a position radial to the 
pivot at the trailend. The gun can, therefore, be 
traversed through any angle round the latter point, 
when lateral training has to cover a large sector. 
The gun can be elevated up to 60deg. According to 
the Artilleristische Monatshefte it fires at a muzzle 
velocity of 2034 ft. a projectile weighing 8.8 lb., 
filled with a composition which sets fire to the 
gas contained in the balloon. With one type of 
srojectile the trajectory is made visible by the 
Conlin of powder contained in the projectile. 
Messrs. Krupp have also built a 2.95-in. 35-calibre 
gun on a central pivoting mounting which can be 
bolted down upon the platform of a heavy car or 
wagon. The guncan cover a whole circle, and its 
greatest elevation is 75 deg. It fires at a muzzle 
velocity of 2132 ft. a projectile weighing 14.3 lb. 
This gun would serve mostly for the defence of 
garrisons. They have further designed a 4.13-in. 
35-calibre gun for mounting on board ship. This 
latter gun. would fire a 39.67-lb. projectile at a 
2296 ft. muzzle velocity. In the article above re- 
ferred to, Captain. Padiaur advocates a gun the 
calibre of which should be between 1 in. and 1.35 in., 
50 to 60 calibres in length, firing an explosive 
shell weighing from 3.3 lb. to 4.4 lb., at a muzzle 
velocity of 3280 ft. to 3935 ft. The problem is still 
engaging the mind of numerous artillerists. 








SAVING LIFE IN COAL-MINES. 

Tue discourse on ‘‘Recent Advances in Means 
of Saving Life in Coal-Mines,” which Sir Henry 
Cunynghame, K.C.B., M.A., delivered at the 
Royal Institution last Friday to a crowded audi- 
ence, including the Prince and Princess of Wales, 
afforded an excellent instance of the amount of 
valuable information which an able man, thoroughly 
at home in his subject, can impart within the 
customary hour of a Royal Institution lecture. 
Sir Henry Cunynghame dealt with the manifold 
dangers that threaten the collier, and the means 
which miners, authorities, and scientists have 
devised for minimising those dangers. It is well 
known that Sir H. Cunynghame has himself been 
untiring in his efforts to increase safety in mines. 
For sixteen years he has, as he stated in his 
introduction, been connected at the Home Office 
with the administration of the statutes relating to 
mining. Great progress has beea made during 
these years ; but terrible disasters still occur, and 
much yet remains to be done to minimise them. 

The first part of the lecture was devoted to a 
brief account of the general operation of coal- 
getting, both hand-work and the use of mechanical 
coal-cutters being described. The lecturer said that 
in the actual cutting of the coal most of the fatalities 
occurred at the face; the men were not always 
sufficiently careful in setting sprags and props 
during the process of undercutting, while great ex- 
verience was required in breaking down the coal. 

assing to fire-damp, the lecturer remarked that a 
mixture of from 5 to 16 per cent. of fire-damp and 
air was explosive, but that in a mine the percentage 
of methane should never be allowed to rise above 2. 
In his experiments with the safety-lamp, Davy had 
first fed the lamp with explosive mixture through 
an inlet tube of copper, } in. in diameter ; a gauze 
of 28 copper wires to the inch would not let the 
flame strike through. The lamps now used were 
provided with a glass and an iron bonnet. Outbursts 
of gas called “blowers” occasionally defied the 
greatest precaution, and the ordinary danger came 
from shot-firing. Gunpowder was the best blasting 
agent for coal, as it had less shattering action than 


gun-cotton and nitro-gelatine. But gunpowder had, 
unfortunately, also the greatest capacity of all ex- 
plosives for igniting gas, and it was almost always 
the blown-out shots which did the mischief. New 
explosives were now tested in tunnels, 4 ft. in dia- 
meter, 35 ft. long, charged with an explosive mixture 
| of one part of coal-gas in 15 parts of air, kept in by 
a paper diaphragm ; the charge was shot from a small 
| very strong gun, which was wound with steel wire. 
| An explosive had to pass this test 19 out of 20 times, 
and as blown-out shots were rare, one, perhaps, 
in 5000 or 10,000 firings, we should, in the case of 
a satisfactory explosion, get one blown-out shot 
capable of firing any fire-damp present once in 
120,000 times. As it was, moreover, strictly in- 
cumbent on the men carefully to test whether any 
gas was present before the shot was fired, explo- 
sions should now hardly ever happen, and they 
were, in fact, as the statistics proved, becoming 
much rarer. 

For many years, Sir Henry continued, such ex- 
plosions had entirely been charged to the fire-damp, 
and the fact that the bodies of killed miners were 
found blackened and singed was attributed to the 
violence of the explosion, though the peculiar pink 
complexion of the victims had also been noticed. In 
1844 Faraday and Lyell, reporting on the Haswell 
Colliery disaster, had first pointed out that ‘‘the fire- 
damp was not the only fuel. The coal-dust, swept 
by the rush of wind and flame, would instantly take 
fire and burn.” That new theory had not received 
much attention in England, however, while Souich, 
Vital, and others in France had submitted it to 
laboratory experiments. The first Coal-Mines Regu- 
lation Act of Great Britain had been passed in 1872. 
In 1876 Mr. Galloway, one of the newly-appointed 
inspectors, pointed out to the Royal Soclety that 
while explosions were usually originated by gas, 
they could be continued by coal-dust alone. Vet 
the Royal Commission of 1885 reported adversely to 
the view that coal-dust was the principal cause of 
explosions in mines. But in 1886 Messrs. W. N. and 
J. B. Atkinson, inspectors of mines, produced an ex- 
cellent treatise on the dangers of coal-dust, based 
upon practical observations, and Professor Bedson 
found in the after-damp of the Usworth explosion 
24 per cent. of carbonic oxide, which, as Sir Henry 
explained afterwards, was almost conclusive proof 
of coal-dust having played a partin the explosion. 
In 1887 a Royal Commission on coal-dust was there- 
fore appointed, and Mr. Henry Hall, one of the 
present inspectors of mines, discharged a gun at 
the bottoin of a shaft 50 ft. deep, into which a sack 
of coal-dust had been tossed ; repeated explosions 
and great tongues of flame adiied, although no 
gas whatever was present. 

Since those days the dangers of coal-dust had 
been fully recognised in England and Germany, 
though strangely enough they had been doubted 
in France till quite recent years. Many French 
miners had, in fact, ascribed the terrible Courriéres 
disaster to gas, which could not have filled the mine 
from one end to the other. Evidences in favour 
of the coal-dust theory were: (1) The explosions 
travelled over long distances, as, for example, for 
four miles at Seaham, through passages which could 
not all be filled with gas ; (2) big explosions only 
occurred in dry and dusty mines; they always 
ran up intake air-ways and main-haulage roadr, 
where fine dust abounded ; and (3) the presence of 
after-damp. Before proceeding to this last point, 
the lecturer showed some experiments on the 
inflammability of fine powders, comprising those of 
Professor Bedson, which we described in our account 
of the Leicester meeting of the British Association.* 
At the conclusion of the lecture Sir Henry ignited 
the dust spread in a model gallery cf 10 ft. length, 
which had been designed by Captain Desborough 
and himself. 

The dangers of coal-dust might, Sir Henry said, 
be avoided by: (1) removing the dust—this was 

ractically impossible, though a vacuum cleaner had 

en used with some measure of success ; (2) by 
keeping the dust damp with the aid of a hose and 
spray—undesirable in so far as damp mines were 
unhealthy, and the moisture made the coal dis- 
integrate and the roofs fall, but as yet the best 
way ; and (3) by providing zones of wet in the road- 
ways, which would stop the explosion. In order to 
investigate this last method the Associated Coal- 
Owners of Great Britain had built up of old boilers 
a gallery 361 yards long and 7}ft. in diameter, a 
model of which, made by Mr. Garforth, who was 





* See ENGINEERING, vol. Ixxxiv., page 322. 





conducting these promising researches, was ex- 
hibited. One precaution should be taken whenever 
ible—namely, to have the shot-firing done 
tween the shifts. Any explosion would then 
|injure very few people, who could take rescue 
— with them and who would not run great 
| risk, as little carbonic oxide formed near the face. 
| Coming to the actual cause of death consequent 
|upon explosions, Sir Henry explained that when 
one volume of fire-damp was mixed with air con- 
| taining two volumes of oxygen and burned, one 
volume of carbonic acid (CO,), and two volumes of 
steam (H,O), in addition-to the seven volumes of 
unchanged nitrogen, would result, and we should 
find these products after an explosion. But we 
did find an excess of oxygen. That was because the 
coal-dust was imperfectly burned to carbonic oxide 
(or carbon monoxide, CV). Now CO was a deadly 
gas, greedily absorbed by the hemoglobin of the 
red blood corpuscles, 250 times more greedily than 
they took up oxygen. About 0.2 per cent. of carbon 
monoxide in the air would cause 67 per cent. of the 
hwmoglobin to become saturated and incapable of 
absorbing oxygen. A man might absorb a pint of 
CO before being killed ; with 4 per cent. of carbon 
monoxide in the air he might therefore live an 
hour when at rest, but half-an-hour only when in 
motion and breathing deeper. 

The poisonous nature of carbon monoxide had 
been known for many years, but the demonstration 
of the fatal part which this played in explosions 
we owed to Dr. Haldane, of Oxford. The Tylerstown 
explosion of 1896 had killed fifty-seven men ; thirty- 
three had been brought out alive. Dr. Haldane and 
Dr. Morris had examined forty-five of the dead 
bodies, and found them all covered with an ad- 
hering layer. of charred coal-dust, but only five 
of them had succumbed to mechanical violence ; 
all the others had been poisoned. The death was 
painless ; the miners would feel a slight smarting 
of the eyes; then weakness would overcome them, 
and they dropped down unconscious, never to 
recover, unless resuscitated in time, like drowned 
men, by forcing fresh air or oxygen into the lungs ; 
the recovery was unpleasant, and accompanied by 
sickness and headache. The lips of the Tylerstown 
victims were pink ; the paleness of death was noticed 
in a few cases only. ice, Dr. Haldane had later 
observed, were very sensitive to earbon monoxide } 
they would die in three minutes in an atmosphere of 
this gas which a man could bear for thirty minutes, 
Mice were hence kept at hand in collieries to warn the 
miners that the air was foul with CO. Curiously 
enough, however, mice had :been detected unin- 
—_ after explosions; one was, for instance, 

rought up after the Hemstead disaster, and 

escaped, unfortunately, before it: could be ascer- 
tained whether long-continued living in a fiery 
mine had possibly made the mouse immune to 
carbon monoxide. 

These facts, the lecturer proceeded, clearly 
showed that it was best, after an explosion, to 
avoid the dusty roadways in which carbon mon- 
oxide would collect, and not to try to get out as 
quickly as possible, but to retire to some recess 
away from the large roads and to remain quiet. 
One miner, Roderick Williams, had done this at 
Tylerstown ; he waited an hour in an old working 
when he found his way out blocked by after-damp, 
and he was ultimately rescued. On a previous occa- 
sion the same miner had saved a whole company of 
men by preventing them from getting past him to the 
shaft; they were all saved except one strong man, 
whom he could not stop. A supply of fresh air 
should be forced down as rapidly as possible after 
an explosion ; but intelligence had to be exercised 
not to drive, by this operation, the poigonous gas 
into places where men had sought refuge. 

Sir Henry finally dealt with the arrangements of 
breathing apparatus which were enabling us to go 
into poisonous atmospheres with safety. The in- 
ventor of the first of these devices, Mr. Fleuss, 
who was present at the lecture last Friday, had 
often risked his life in experimenting with it. A 
man at rest, breathing fourteen times a minute, 
with a lung capacity of 4 litre (about one pint), 
would absorb 4 litre of oxygen minute ; when 
working hard he would require 2 litres per minute, 
or 240 litres of oxygen in two hours. e carbonic 
acid exhaled could be absorbed by 2 lb. of caustic 
potash or soda. A man carrying receptacles con- 
taining 240 litres of oxygen and 3 lb. or 4 lb. of 
caustic soda, might work for two hours in a mine 
fired with gas, and might live six or seven hours 





when lying down quietly. The oxygen was con- 
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tained in steel cylinders fitted eithér with fixed 
valves, as in the Fleuss and the Shamrock and 
ee apparatus—the former an invention of 
W. Mayer, of Westphalia, the latter a modification 
of this—or with an automatic valve which regulated 
the oxygen supply to the breathing, as in the 
Weg ap tus of W. Garforth ; the latter valve 
was the r. The expelled breath passed through 
the receptacles for absorbing the carbonic acid, then 
to a radiator, in which it was cooled, and, after the 
addition of fresh oxygen, back into the lungs, so 
' that the unabsorbed nitrogen circulated through 
the system and the apparatus all the time. Such 
equipments were coming more and more into use ; 
pers sore had indeed happened with them, and men 
had to be trained to use them, but the difficulties 
would be overcome. 

Two recent devices differed from those already 
mentioned. One, the Aerolith, consisted of a bag con- 
taining liquidair absorbed by loosely packed asbestos; 
the fu = enn of the bag was 5 litres of liquid air, 
which cooled as it expanded. The exhaled air was 
breathed away ; there was no need for caustic, there- 
fore, nor for heavy cylinders. The other apparatus, of 
which Sir Henry himself had great hopes, was a bag 
charged with the complex sodium-po 
oxide, a substance which, when damped, liberated 
oxygen, leaving caustic soda and potash, which at 
once absorbed the exhaled carbonic acid. The 
apparatus would be perfect if the peroxide were 
not so inflammable ; two men, one in Germany 
and one in London, had been injured by its use. 
In the form in which Dr. Leonard Hill applied 
oxygen to invalids (the Siebe-Gorman peroxide 
apparatus) it was quite safe.* 

ir Henry Cunynghame concluded his most suc- 
cessful lecture by ee men wearing the 
Fleuss, the Aerolith, and the Weg apparatus. The 
Weg outfit was worn by a man named Hopwood, 
who had earned the King Edward Medal for saving 
life in mines with the aid of the apparatus in which 
he was presented. On Sir Henry’s suggestion, he 
stepped into a cabinet provided with glass panels 
and filled with poisonous smoke; in this he con- 
tinued for some time, breathing quite at ease, only 
his eyes being exposed to the pungent vapours. 





NOTE. 
Occiusion oF RestmpuaL Gas AND FLUORESCENCE 
oF THE Giass WALLS oF Crookes TUBES. 

Two yearsago Mr. A. Campbell Swinton brought 
some experiments before the Royal Society, which 
indicated that the cathode rays drive the residual 
of vacuum bulbs into their glass walls.t Ina 
farther communication, recently presented to the 
Royal Society, Mr. Campbell Swinton deals with 
some objections raised, and suggests an interesting 
connection between the occlusion of gas and the 
fatigue to fluorescence. In these new experiments 
Mr. Swinton places the electrodes outside the glass 
vessel, generally in the shape of two caps of tin-foil, 
diametrically opposite to one another. With ex- 
ternal electrodes the currents are weak, but there 
is danger of piercing the glass, and he was anxious 
to avoid heating of the glass. After sparking for 
74 hours with alternating currents of 7000 volts and 
1 or 2 milliamperes, the glass was crushed, as in 
the previous experiments, and the fragments 
were heated by the blow-pipe. The glass imme- 
diately became filled with very small bubbles, 
about halfas large as with internal electrodes, and 
much nearer to the surface of the glass at a maxi- 
mum depth of about 0.015 millimetre, against 0.12 
millimetre previously. Evidently the weaker cur- 
rents had not driven the gas in so deeply ; but Dr. 
R. Pohl’sgobjection, that the production of gas- 
bubbles was dependent upon the presence of a film 
of aluminium or some other metal, would appear 
to be disposed of, as there were no internal elec- 
trodes to volatilise. Grinding away the glass to 
a certain depth prevented the subsequent forma- 
tion of bubbles. As the thickness of the walls 
was not always uniform, pieces of flat microscope- 
cover glass were fixed inside the bulb; they 
ae like the bulb glass. To determine the 
depth of aluminium to which these rays would pene- 
trate, several layers of aluminium foil, 0.0028 milli- 


* We would refer our readers to recent articles on 
oxygen apparatus, and to Dr. Hill’s remarkable lecture. 
See ENGINEERING, vol. lxxxiv., pages 53, 107 and 598; 
vol, Ixxxv., pages 89, 93, 591, and 824. Some experiments 
with — were described in a Note, vol. lxxxiii., 


. See ENGINEERING, vol. lxxxv., pages 159 and 181, 
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metre in thickness, were placed on patches ; five 
layers, equal to 0.014 millimetre, were the maximum 
depth penetrated, and this 0.014 agrees well with 
the 0.015 millimetre of glass, the maximum depth 
at which bubbles were found ; the density of alumi- 
nium is 2.7, and that of glass 2.47. Subsequent 
heating of the glass drove the bubbles deeper into 
the soft glass ; but the cathode bombardment itself 
hardly made the glass warm. Hence it does not 
seem probable that the gas by diffusion into 
the glass, which the bombardment had heated, as 
Sir J. J. Thomson had s ted, or that the 
gas-bubbles were due to a chemical decomposition 
of the hot glass, as Professor Soddy and Mr. 
T. D. Mackenzie had thought. When metals were 
deposited, the gas-bubbles largely collected in the 
metal, no doubt, but such volatilisation of metals 
was not essential. As fluorescence, Mr. 
Campbell Swinton remarked that the fatigue, which 
was observed after long-continued discharges, was 
ly also due to deposits forming on the glass. 
ut the occlusion of gas likewise played an impor- 
tant part. He had mounted a strip of glass in the 
bulb and a hinged rod of iron in front of it, 
such that the iron, unless deflected by a magnet, 
as a screen for the middle portion of the 
glass. After seven hours’ discharge the fluores- 
cence showed strong fatigue, but the shielded 
portion was still able to fluoresce. The strip was 
removed, of the glass surface ground down, 
and the strip again exposed to cathode bombardment; 
the line of demarcation could distinctly be seen in 
the fluorescence. To prevent the reappearance 
of the fatigue the glass to be ground off to a 
depth of 0.017 millimetre, which again agrees 
with the 0.015 millimetre previously mentioned, 
and it was found that if the grinding was not carried 
to that depth, the glass secieies bubbles on sub- 
sequent heating, but not if the whole fatigued 
stratum had been removed. The fatigue to fiuor- 
escence seems thus, in some cases at least, to be 
connected with the occlusion of gas by the glass. 





THE LATE JOHN ROBINSON. 

THE death is announced, at the age of seventy-six 
years, of Mr. John Robinson, M. Inst. C.E., who for 
over fifty years took an aetive part in the development 
of our railway and dock systems, largely in the service 
of the late Sir George Barclay Bruce and of Sir John 
Wolfe Ba He served a period of pupilage from 
1854 to 1856, under, first, Mr. Charles Sanderson, and 
then under Mr. Robert Syer Hoggar, and was subse- 
ey. for a year and a half, assistant under Mr. 

illiam Baker on the widening works of the London 
and North-Western Railway. In 1858 he went to 
the North of Scotland, where he was occupied for 
six years in connection with the construction of 
railways, now, principally, forming part of the 
Highland and Great North of Scotland systems. 
The lengths of line on which he acted as assistant- 
engineer were those between Inverness and Aberdeen, 
those in Ross-shire, on the Highland line between Inver- 
ness and Perth, and on the Aberfeldy Railway. Later 
he had charge of the works, as resident engineer, of the 
first 40 miles of the Forres and Aviemore line on the 
Highland Railway, while his concluding work was on the 
north-east of the Burghhead Railway. He returned 
south to join thestaff of the lateSirGeorge Barclay Bruce, 
and was sent as resident engineer to take charge of the 
first 24 miles of the East Prussian Railway between 
Konigsberg and Rastenburg. Later he proceeded to 
India as chief engineer to the contractor on the southern 
extension, 88} miles long, of the Great Indian Penin- 
sula Railway, and in the early seventies was occupied 
in locating, with a staff of engineers, a portion of the 
Honduras Railway, from Ojos de Agua to Comayagua, 
for Messrs. Waring Brothers and Mr. MeCandh 
He returned to England in 1871, entering the office 
again of Sir George ert Bruce, to prepare the Par- 
liamentary plans and sections of the proposed Market 
epee to Worksop and Nottingham Railway and 
other works. 

vom, 1872 he joined the staff of Mr. (now Sir) 
John Wolfe Barry, in connection with the Buenos 
Aires and Rosario Railway, for the construction of 
which he continued in Argentina from 1872 to 1874, 
when the work was abandoned. He returned to Sir 
John Wolfe Barry’s employment in 1877, when he was 
occupied on the length of the Brighton Railway between 
Lewes and East Grinstead, from 1877 to 1881. About 
this time he made a voyage to Australia. His next 

iece of work was on the spur line rn the 
itechapel extension of the Metropolitan rai — 
with the Past London Railway with a tunnel under the 
London Hospital, a work which was immediately under 
the charge of Mr. Charles Barry, the architect of the 
Hospital. In 1884 he again entered Sir John Wol¥e 





Barry’s service, and from this period to the date of hi: 
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retirement he was, with the exception of one or two 
short periods, closely identified with several of Sir 
John’s great undertakings. He pre the Parlia- 
mentary plans of the important extensive dock 
and railway at , South Wales.* When the 
scheme was authorised, he proceeded to Barrv, 
and was resident engineer during the constructio:, 
of these important works. Some idea of the 
extent of the undertaking may be formed from 
the fact that there was included a tidal basin oj 
7 acres in extent, a dock of 73 acres, and a timbei 
age of 24 acres, and 29 miles of railway connection. 

addition there was constructed a ving - dock 
720 ft. long, with a width of 113 ft. The dock itself 
is sufficiently broad to justify the construction of 
two rows of keel- blocks, and has an interme- 
diate wrought-iron box-shaped caisson ; so that four 
vessels of the size frequenting the port may be accom- 
modated in the dock at one time. The construc- 
tion of the works was a matter of very consider- 
able difficulty, as the tidal range at Barry is 36 ft. 
at ordinary spring tides and 40 ft. at extraordinary 
tides, the neap-tide range being 19} ft. and 16ft. Very 
extensive hydraulic machinery. for loading coal was 
fitted. Later a second graving-dock was constructed, 
and completed in about 1893 ; the length in this case 
being 743 ft., and the width at the entrance 60 ft. 
In 1896 there was completed an entrance-lock, having 
a length of 647 ft. between the sills, and divided by 
gates into two lengths, one of 414 ft. and the other 
of 233 ft., so that comparatively small vessels might 
be locked through without a great loss of water. The 
width is 65 ft., and at high water of ordinary spring 
tides the draught is 49 ft. 7 in. over the normal sill, 
the centre of the sill being 3 ft. lower ; at low water 
vessels drawing 13 ft. or 14 ft. of water may pass in 
at the lowest state of the tide. For some time he was 
resident engineer for the ownersof the completed works. 

On the completion of these latter works, Mr. 
Robinson took up the construction of the new lock 
entrance and dock improvements at Middlesbrough- 
on-Tees, om under the direction of Sir John Wolfe 

6 is work included an increase of the area 
of the North - Eastern Railway Company’s dock 
from 15} acres to 254 acres, the length of the quay- 
age being correspondingly increased, while the new 
lock is 85 ft. wide instead of 54 ft. ; in the case of the 
former lock the depth at spring tides was 33 ft. 
(ENGINEERING, vol. lxxxii., page 35). Here also very 
important mechanical engineering features were added 
for dealing with coal or for cargo. In 1901, Mr. Robin- 
son became resident engineer for Sir John Wolfe 
Barry on the new dock and other works at Grange- 
mouth, where considerable ingenuity had to be exer- 
cised in consequence of difficulties experienced with 
foundations, due to the nature of the substrata. 

Mr. Robinson became a student of the Institution of 
Civil Engineers in 1866, being transferred to member- 
ship in 1872. He did not take much part in the dis- 
cussions, but in 1890 read a paper on ‘“‘ The Barry 
Dock Works, Including the H ioe Machinery, and 
Mode of Tipping Coal,” for which he received the Tel- 
ford Medal and Premium. Three years later he contri- 
buted another paper to the Proceedings, describing the 
graving-dock at Bons. He was of a retiring disposi- 
tion, exceedingly exact in his work, and much appre- 
ciated by his co “5 we for the kindly help and advice 
which was ever at their call. He applied himself most 
industriously to his work, and there was general 
regret amongst his colleagues when advancing years 
compelled him to retire in 1904. He went to reside 
in the land of his forbears at Kendal, where he suc- 
cumbed to the influences of age on Sunday last. 
The news of his death will be received with much 
regret by his friends. 








Bequests For NavaL ARocnITecTURAL Work By Dr. 
Francis Ev¢ar.—Dr. Francis Elgar, F.R.S., who died at 
Monte Carlo on January 17 last, left estate of the gross 
value of 81,0467. 13s. 9d., of which the net personalty has 
m sworn at 80,442/. 2s. 4d. His will bears date May 9 
last, and probate thereof has been granted to his widow, 
Mrs. Ethel Annie Mitchell Elgar, of 18, Cornwall-terrace, 
Regent’s Park, S.W. ; his sister, Miss Susannah Elgar, of 
84, Chelsea-place, Southsea ; and his father-in-law, Mr. 
John Howard Colls, of 26, Park-crescent, Portland-place, 
W. The testator made several bequests to relatives, and 
of 16007. to the Institution of Naval Architects for the 
endowment of a scholarship, to be awarded asthe Council 
may decide, but he expressed the wish that this sum 
should be used for the endowment of a scholarship similar 
to that given by him during his life. The residue of his 
property he left as to one-half to his wife absolutely, and 
the other one-half, which will apparently amount to 
between 32,0007. and 34,000/., to his wife during widow- 
hood, with the remainder as to one-half to the Institution 
of Naval Architects for the encow ment of the science 
and art of naval architecture ; one-half to the University 
of Glasgow, to be held upon trust for the furtherance of 
the objects of the “John Elder” Chair of Naval Archi- 
tecture in that university. 








. See ENGINEERING, vol. Ixi., pages 147, 214, 280, 389 
and 397] 
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SOME RECENT DEVELOPMENTS IN 
MARINE SAFETY-VALVES. 
By J. Hamiiron Gisson, M.LN.A. 


THE phenomenally rapid rate of evaporation at- 
tained by water-tube boilers fired with liquid fuel has 
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made the safety-valve accumulation tests of such 
boilers an exceedingly onerous business. As is well 
known, the accumulation test consists of gagging 
every outlet from the boiler, except the safety-valves, 
which must then be capable of carrying off all the 
steam generated when burning the maximum amount 
of fuel. 

The test generally lasts about 30 minntes after 
everything has settled down, and during this time 
the boiler pressure must not rise above a certain pre- 
determined amount. Otherwise the safety-valves are 
deemed to be inadequate for their duty, and either 
larger valves must substituted, or certain other 
modifications made to the valve-lips, the capacity of 
valve-boxes, or the arrangement, size, and number of 
the waste-steam pi 

An interesting series of experiments was recently 
carried out by Messrs. Cammell, Laird, and Co., 
Limited, at their Birkenhead Shipbuilding Works, and 
we are enabled to give the results, which in many 
respects are remarkablé, and indicate a striking 
advance in safety-valve design. 

The boiler was a large unit, of the firm’s well-known 
“ Express ” type, capable of evaporating 61,000 lb. of 
water per hour when fired by liquid fuel. 

lhe safety-valve was quadruple, as shown in Fig. 1, 
and, as will be séen, was of the usual Admiralty type, 
with exposed springs. 

A preliminary test showed that the safety-valves 
were incapable of carrying off the steam without undue 


accumulation, even when burning fuel corresponding 
to only half power. Calculations proved that the cir- 
cumference and area of the valves were ample, but some- 


thing evidently prevented them lifting to the required 
amount. 

That something turned out to be the pressure in the 
valve-box above the valves, which, though open to the 
atmosphere through the waste-steam pipe, rose to 60 Ib. 
to 70) ib., and, acting on the top area of the valves, 
tended to keep them closed, thus forcing up the boiler 
pressure. There was the usual characteristic ‘‘chatter” 
of the valves on their’seats, caused by the violent 
fluctuations of pressure in the box as the valve-lips 

came exposed to the dynamic action of the escaping 
steam. By slightly easing the valves with the hand- 
gear, and thus increasing their lift, the accumulation 


was kept within reasonable limits. This suggested the 
expedient of attaching to the easing gear a small 
piston, working in a ‘fixed cylinder, and moved auto- 
matically by the steam pressure above the valves, as 
shown in Fig. 3. The device was successful, but was 





not considered a practical fitting, being extraneous to 
the safety-valve itself. It was rightly concluded that 
any such device should be self-contained, and form 
part of the safety-valve fitting. 

Accordingly, the modification shown in Fig. 4, sug- 
gested by Engineer-Commander Liversidge, R.N., was 
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adopted, and proved entirely satisfactory. New 


covers were made, containing on their inside a short 
cylinder, in which worked a loosely-fitting disc, the 
underside being exposed to the variable pressure in 
the valve-box, and the upper side open to the atmo- 
sphere. The disc was - ang attached to the valve, 
being, in fact, cast with it, and balanced the load 
on top of the valve, so that the valves were quite 
independent of any fluctuation of pressure above 
them, and lifted to the full amount permitted by the 
spring. 

The time-honoured lips at the rims of the valves and 
seats were cut away ; this resulted not only in steadying 
the valves, but permitted them to close quietly without 
any appreciable drop. Incidentally, we may remark 
that this improvement is of equal importance to the 
increased lift attained, as the hammering of the 
valves on their seats is eliminated, and there is no 
loss of pressure should the valves blow off. Under 
ordinary circumstances, when a safety-valve once lifts, 
it will not close again until the boiler pressure has 
dropped some 15 Ib. or 20 Ib., unless it is put down by 
hand. 

In the case under notice it was found that not only 
were the four safety - valves, when fitted with the 
balancing device, quite large enough to take away all 
the steam that could be generated without exceeding 
the limits of accumulation, but when one of the valves 
was gagged the remaining three valves were amply 
sufficient for the pu Fig. 5 shows in diagram 
form the results achieved on this boiler with only 
three valves and a single waste-steam pipe ; whereas 
it was feared at one time that four larger valves 
would be required, with a larger valve-box havin 
double waste-pi Referring again to Fig. 4, it wi 
be seen that if the diameter of the balancing-disc is 
made larger than the valve, an augmented lift is 
attained. This was clearly demonstrated during the 
series of tests, and offers a ready means of increasing 
the discharge whilst still maintaining the valve ata 





steady maximum opening when the boiler is generating 
steam at, or above, full power. 

On the whole, we think we are justified in the 
|mede in that a considerable advance has been 





made in regard to marine safety-valves, and that 
anything tending to reduce the size of these im- 


3. 





portant fittings, which have been growing to ab- 
normal proportions of late, is a step in the right direc- 
tion. 





INDUSTRIAL NOTES. 

TuE monthly report of the Labour Department of the 
Board of Trade on the state of employment is based 
upon the following extensive and varied returns from 
authentic sources :—In addition to the 2912 employ- 
ment returns from trade unions used for the chart, 
3812 were received from employers relating to 1,095,160 
workpeople employed in coal and iron-mining, the 
cotton, woollen, worsted, and other textile trades, the 
building trades, the boot and shoe and other clothing 
trades, and the paper and glass trades. Besides these 
6724 statistical returns, a large number of returns of a 
| non-statistical character were received from employers’ 
associations, trade unions, local correspondents, and 
other sources. The above show that employment gene- 
rally was slightly better than in the month previous. 
There was an improvement in most of the textile trades, 
and in ‘the engineering; shipbuilding, and iron and 
steel industries. There was a slight decline in the 
woollen and worsted trades and in the pig-iron indus- 
try. The building trades remained very depressed. 
As compared with a year ago, the boot and shoe, linen, 
and tin-plate trades showed some improvement, but 
most of the principal ‘industries showed a decline. 

The 416 trade unions making returns had a net 
membership of 688,588, of. whom 59,786, or 8.7 per 
cent., were reported as unemployed, as compared with 
9.1 per cent, at the end of the previous month, and 


5.8 per cent. a year ago. 


Employment in coal-mining was fairly good, and, 
after making due allowance he holidaya, was about 
the same as a month ago. It was not so good as a 
year ago. The average number of days worked by 
the pits during the past month was 5.03, as compared 
with 5.44 a year ago. 

In iron-mining employment was fairly good on the 
whole. _ The average number of days worked per 
week by all mines and open works included in the 
returns was 5.58, as compared with 5.75 a month ago 
and 5.30 a year ago. 

Employment im the pig-iron industry showed some 
decline ; it was worse than a year ago. Returns 
relating to the works of 108 ironmasters, employing 
21,800 workpeople, showed 284 furnaces in blast, as 
compared with 290 a month ago and 306 a year ago. 

Employment in iron and steel works how some 
improvement as compared with a month ago, but was 
not ‘so as a year ago. The volume of employ- 
ment—1z.¢., number employed multiplied by the num- 
ber of shifts worked— at the works from which 
returns were received was 2.6 per cent. more than a 
month ago, but 5.8 per cent. less than a year ago, 

In tin-plate and steel-sheet manufacture employ- 
ment continued very good. It was better than a year 
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ago. At the works covered by the returns, 448 tin- 
plate and sheet mills were working, as compared with 
456 a month ago and 430 a year ago. 

The engineering trades were still slack. They 
were better than a month ago, but much worse than 
a year ago. The percentage of trade-union members 
unemployed was 13.1, as compared with 14 per cent. 
a month ago and 5.8 per cent. a year ago. 

In the shipbuilding trades employment continued 
bad, but showed a slight improvement as compared 
with a month ago; it was still much worse than a 
year ago. The percentage of trade-union members 
unemployed was 23, as compared with 24.7 per cent. 
a month ago and 15.1 per cent. a year ago. 


Employment in the cotton trade continued mode- 
rate; there was, however, a slight improvement in 
the weaving branch, As compared with a year ago, 
the spinning branch showed a decline. In the weav- 
ing branch there was still much waiting for warps. 
Returns received relating to 113,329 workpeople 
showed an increase of 0.9 per cent. in the amount of 
wages paid as compared with a month ago, and a de- 
crease of 1.2 per cent. as compared with a year ago. 

The woollen trade was bad, and worse than a month 
ago and a year ago. Returns from firms employing 
27,593 workpeople showed a decrease of 1.7 per cent. 
in the amount of wages paid compared with a month 
ago, and of 7.2 per cent. re with a year ago. 

Employment in the worsted trade was moderate, but 
showed a slight decline compared with a month ago ; 
it was worse than a awd ago. Returns from firms 
employing 46,853 workpeople showed a decrease of 
1.1 per cent. in the amount of wages paid compared 
with a month ago, and of 3.1 per cent. compared with 
a year ago. 

Employment in the jute trade was fair, and better 
than a month ago, but not so good as a year ago. 
Returns from firms employing 17,006 workpeople 
showed an increase of 1.4 per cent. in the amount of 
wages paid compared with a month ago, and a decrease 
of 27 per cent. compared with a year ago. 

In the silk trade employment continued moderate, 
and was worse than a year ago. Returns received from 
firms employing 8159 tn ge and paying 5162/. 
in wages, showed an increase of 0.9 per cent. in the 
amount of wages paid as compared with a month ago, 
and a decrease of 5.5 per cent. as compared with a 
year ago. 

Employment in the hosiery trade was slightly better 
than a month ago, and showed little change com 
with a year ago; it was moderate in England, and 
fairly good in Scotland. Returns from firms employing 
18, 400 workpeople showed an increase of 1.2 per cent. 
in the amount of wages paid compared with a month 
ago, and of 0.1 per cent. compared with a year ago. 


The boot and shoe trade was fair, and better than 
a month ago and a year ago, except in the heavy boot 
districts, where it was worse than a year ago. Returns 
from firms employing 64,158 workpeople showed an 
increase of 3.4 per cent. in the amount of wages paid 
compared with a month ago, and of 0.5 per cent. com- 
pared with a year ago. 

The other leather trades were bad, but showed a 
slight improvement compared with a month ago. Trade 
unions with a membership of 3300 had 7.9 per cent. 
of their members unemployed, as compared with 8.6 
per cent. a month ago and 6.9 per cent. a year ago. 


Employment in the paper-making trades was fair. 
It showed little change compared with a month ago, 
but was not so good as a year ago. 

The printing and bookbinding trades continued 
slack generally, and worse than a year ago. The 
percentage of trade-union members unemployed in the 
printing trades was 6.3, as compared with 5.7 a month 
ago and 5 per cent. a year 
trade the percentages were 
tively. 


ago. In the bookbinding 
.6, 5.4, and 4.3 respec- 


The building trades continued slack, and were 
seriously retarded by bad weather during a part of 
the month. They showed little change on the whole, 
but were worse than a year ago, 

Employment in the furn'shing and woodworking 
trades continued bad, and was worse, on the whole, 
than a year ago. Trade unions with a total member- 
ship of 36,232 reported 10.4 per cent. of their members 
unemployed, as compared with 10.8 per cent. a month 
ago and 9.4 per cent. a year ago. A good deal of 
short time was worked. 

In the glass trades employment continued dull on 
the whole, and was worse than a year ago. Returns 
from firms employing 7794 workpeople showed a de- 
crease of 2 per cent. in total earnings as compared 
with a month ago, and of 8.1 per cent. as compared 
with a year ago. 

Employment in the pottery, brick, and tile trades 
continued bad, and was worse than a year ago. 


Agricultural labour was fairly well employed on the 





whole, but a seasonal slackness in the demand for day- 
— caused many of this class to be in irregular 
work. 

Employment of dock and riverside labour in London 
continued moderate on the whole, and was worse than 
a year ago. At the other principal ports employment 
generally declined, and “n bad, though it oly fair 
at the South Wales ports. The average number of 
labourers employed daily in the docks and principal 
wharves in ndon (exclusive of Tilbury) was 12,610 
—a decrease of 1.3 per cent. as compared with a 
month ago, and of 2.5 per cent. as compared with 
January, 1908. 


Changes in rate of wages affected 73,600 workpeople, 
of whom 3600 received advances, and 70,000 sustained 
decreases. The number whose wages were reduced 
included 38,000 coal-miners in Northumberland, 9000 
ironstone miners and limestone quarrymen in Cleveland 
and Weardale, 8000 blast-furnacemen and 7000 iron 
and steel workers in various parts in England and 
Wales, and 5000 engineers on the Clyde. The com- 
puted total effect of all the changes was a decrease of 
nearly 2400/. per week. 

Twenty-eight labour disputes began in the month, 
as compared with eleven in the previous month and 
thirty a year ago. The total number of workpeople 
involved in disputes which began or were in progress 
was 12,021, or 5555 less than a month ago, and 11,230 
less than a year ago. The gate duration of all 
the disputes of the month, new and old, amounted to 
132,400 working days, or 32,600 less than a month 
ago, and 249,600 less than a year ago. Definite 
results were reported in the case of twenty disputes, 
new and old, directly involving 5618 persons. these 
twenty disputes, three were decided in favour of the 
workpeople, nine in favour of the employers, and eight 
were compromised. 


The present session of Parliament bids fair to equal 
some of the busiest and most important of modern 
times. The Government programme of social legisla- 
tion alone, affecting the working classes generally, is 
especially long, including as it does labour ex- 
changes, unemployment, wages boards, and shop 
hours, Bills on each being promised. Then, again, 
the Housing and Town-Planning Bill is a general 
measure, but one especially affecting the wage-earnin 
classes. The above are apart from the party politica 
measures promised, some of which will tend ve long 
debates and strenuous opposition. Then there is the 
Budget, for which we hall have to wait until near 
upon or after the Easter Holidays—most probably the 
latter. Each of the labour measures will be con- 
tentious. The Bill on unemployment proposes, it is 
said, to encourage trade unions extensively to extend 
out-of-work pay and sick pay, by the aid of State 
subventions. e reception of this measure will 
greatly depend upon the nature of the proposals. 

s boards are intended to be restricted to sweated 
industries, but the Shop-Hours Bill will be wider in 
its application. In addition to the above, it is said 
that a scheme of State afforestation is to be proposed. 
If all these measures see the light, and are pressed 
forward, the time of the House of Commons will be 
well nigh exhausted. 

The programme of the Labour Party is even more 
extensive than that of the Government. In the first 
place they decided to ballot for six Bills :—On Unem- 
ployment ; Sweated Industries ; Compulsory Feeding 
of School Children ; Eight-Hours’ Day for Railway 
Men ; Compulsory Weighing and Measuring, presum- 
ably for wages pu ; and a measure to Prohibit 
the Exportation oan Importation of Blackleg Labour. 
All these measures, from the labour point of view, are 
highly contentious, and several of them would be 
vigorously opposed by the employing class. Three out 
of the six raise questions of far-reaching importance, 
that of the eight-hours’ day by Statute law for rail- 
way servants especially. In addition to the fore- 

ing the Labour Party decided to ballot for the 
ollowing five motions :—Taxation of Land Values ; 
the Fair Wages in Contracts clause; Payment of 
Members of Parliament ; Electoral Reform, including 
Women Suffrage ; Amendment of the Old-Age Pen- 
sions Act, with abolition of Disqualification for Poor 
Law Relief. 


The Amalgamated Engineers’ Monthly Report, in 
the editorial, reviews the trade returns for the past 
ear in so far as is ible by the summary given in the 
t of the monthly returns of the phe g of Trade. 


the figures take no account of the internal trade of the 
United Kingdom, except in so far as it is governed or 
affected by imports and exports. The editor seems to 
think that the workers’ share is altogether inadequate, 
as com with the gigantic bulk ; nor does he think 
that unemployment is altogether caused by the shrink- 
age of external trade. The contention is that shorter 
hours of labour alone can permanently reduce unem- 
ployment. This, it is argued, is rendered more than 





: “ . | with an appendix on some novel uses for concrete. 
Notwithstanding the falling off as compared with 1907, | i 
the sum total of our over-sea trade is enormous, and | 


| United States of 


ever necessary by the labour-saving appliances anil 
mechanical inventions which have now invaded near], 
every department of industry. Even in the buildin, 
trades, carpenters, bricklayers, masons, and plasterers 
are suffering loss of work by the use of labour-saviny 
appliances, and these increase rapidly. ‘The plea put 
forward is that unemployment must be dealt with by 
the Government and Parliament. The membership of 
the Amalgamated Society of Engineers at date was 
108,300, a decrease of 583 in the month, owing to 
arrears. Of the total, 13,114 were unemployed—in- 
crease, 1514; but in some cases the stoppages were 
temporary. There were also 2772 on sick benefit, and 
5658 on superannuation allowance. The total loss in 
membership in the last six months was 2618. 


The report of the Ironfounders’ Society states that 
the condition of trade in that branch continues un- 
favourable; the change is small, but it is against 
the union. The total membership at date was 18,801 

ecrease on the month, 218, owing to arrears at the 
end of the year. The total on the funds was 5743—- 
net increase, 14. The number on donation benefit was 
3564—increase, 29 ; there were also 203 others un- 
employed—increase, 8. On dispute benefit there were 
ap tit 5; on sick benefit, 496—decrease, 33 ; 
on superannuation benefit, 1307— increase, 15. The 
weekly cost of benefits amounted to 2051/. 3s. 8d., or 
over 2s. 43d. per member per week. The cash balance 
stood at 52,388/. 5s. 1ld.—decrease on the month, 
1420/. 3s. 1d. The report says that the present state of 
affairs is regrettable, and the above figures bear out the 
statement. The state of trade, as shown by the branch 
returns, indicates a tendency to improvement ; for 
example, in three places it is very good, and in three 
. Only the latter appear in the ara report. 
hen, again, in fifteen places it was said to be moderate 
—increase, one. But in 100 places, with 16,708 
members, trade was from ‘‘short time” to ‘‘ very bad;” 
even those figures are rather better than in the month 
previous, ‘when the same description applied to 107 
places, with 17,497 members. In thirty-two places, 
mostly in large centres of this industry, there were 
a places in which shops were closed to 
members. 


The agreement concluded between ten of the largest 
trade unions combining the semi-skilled and unskilled 
workers, erally termed “labourers,” in numerous 
grades of industry, some of them of large extent, is an 
event of some importance, and may have far-reaching 
results. The aggregate membership is stated to be 
over 100,000 men. The combination comprises many 
of the more aggressive trade unions, and some of them 
are, or were, urgent for what is called ‘‘ sympathetic 
strikes ”’-—that is, if one séction is called out, the 
others shall act in unison. Sectional strikes are 
bad enough from an employer’s and business point of 
view; but the power of a central authority to call 
out a whole mass of workers of different grades in 
various industries would be infinitely worse. It is pro- 

that there shall be a mutual recognition of each 
other’s cards of membership, the transfer of members 
from one society to another in cases of change of 
employment, and mutual help in all cases of dispute. 
he agreement was brought about by the General 
Federation of Trade Unions. If the combine makes 
for , or facilitates conciliation, all will be well ; 
if otherwise, there may be disaster. 


There has been little indication of increased activity 
in the iron and steel trades to date, though in one or 
two instances extended employment has n gained. 
But the demand by users of iron and steel has been 
sluggish, none caring to give out orders for more than 
is required for immediate purposes. It is thought 
that there will be little stir until the next quarterly 
meeting. 








Tue Every-Day Uses or Portianp Cement. — A 
little book of some 150 pages has been issued, at a price of 
2s. 6d. net, by the Associated Portland Cement Manufac- 
turers (1900), Limited, Portland House, Lloyd’s-avenue, 
E.C., describing the general uses to which Portland 
cement can be put. book is well printed and illus- 
trated, and deals with both the manner of preparation 
and the methods of construction necessary to ensure the 
successful use of cement and concrete. It is divided 
into sections or chapters, which deal with Portland 
cement, tes, concrete, memoranda for concrete- 
users, caailianteaiilon reinforced concrete, concrete blocks 
and moulded concrete, various uses of concrete, as 
n 
the latter are descri telegraph-posts, &c., railway 
sleepers, chimney shafts, shore protection, piles, boats 
and bar, =. —_ of na and reinforced = 
crete. 6 railway sleepers include a t in use in th 

‘Linerics, and a form, | of which 100,000 
are in use, on the Southern Italian railways. The boo 
is full of facts and figures and useful directions, apd is 
intended to provide estate managers, farmers, ang others 
interested in buildings of all kinds, with ideas as to the 
uses to which concrete may nowadays be put with advan- 
tage, as well as to furnish rather more technical informa- 
tion for the actual user. 
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TRIALS OF A STEAM-TURBINE PLANT. 


‘THE advantages of the steam-turbine for the driving 
of textile mills are now becoming more fully recognised, 
and since the first turbine was introduced into 
Lancashire some five years ago for that purpose, quite 
a number have been installed, both for electrical and 
mechanical drives. 

We give below an interesting report on the trials of 
a steam plant at Greenvale Mill, Littleborough, near 
Manchester, owned by the Sladen Wood Mill Company. 
The mill is electrically driven, and the motors are 
supplied with current from a 500- kilowatt Brush- 
Parsons turbo-alternator. 

Although stand-by plants have been put down in a 
number of the turbine-driven mills, the Sladen Wood 
Mill Company had obtained, previous to installing the 
plant in question, sufficient practical experience at 
another of their mills driven by turbines to give them 
confidence in placing full reliance on a single turbine to 
do the work, without any stand-by whatever. The 
fact that the plant has now operated suceessfully for 
nine months, and that no stoppages have been incurred 
through defects or otherwise in the turbo-generator, 
shows that their confidence has not been misplaced. 

As the plant is fully described in the report, we 
should like to refer here to the method of warming the 
mill with the waste heat from the electric generator, 





as it is interesting, if not novel. Air at the tempera- 
ture of the surrounding atmosphere is drawn in by the | 





Fig 


All the motors, excepting one driving the blowing-room 
machinery, are ho outside the rooms in which manu- 
facturing purposes are carried on. Although this arrange- 
ment departs from the usual practice in cotton-mill work 
of suspending the motors from the ceiling of the rooms, it 
has certain abvantaaen There is no danger of the motor 
being made up with dust, the facilities for ventilation are 
better, and the motor is more accessible. The arrange- 
ment is also more in accordance with the requirements of 
the fire-insurance companies. 

No stop of the machinery in the mill was necessary 
during the alterations until Easter, when the change over 
from the old to the new system of driving was accom- 

lished. The mill closed down for the holidays on Thurs- 

ay, April 16, at 5 p.m., and by the following Tuesday 
morning at 7 o'clock the new plant was driving the load 
satisfactorily. 


GENERAL ARRANGEMENT OF PLANT. 


The general arrangement of the new plant is shown in 
Figs. 3 to 6, pages 296 and 297. The boiler is of the 
Lancashire type, and is 8 ft. in diameter by 30 ft. long. 
It is suitable for a daily working steam pressure of 
210 lb. per square inch, and works in conjunction with 
a Bolton superheater placed in the downtake. 

Ellis and Eaves’ system of mechanical draught is em- 
ployed. The system consists in utilising the waste gases 
after they have left the boiler flues, imparting heat to the 
air required for combustion. The circulation of the air is 
effected by means of a fan placed at the outlet of the 
economiser chamber, which draws the gases through the 
tubes of a heating-box situated over the main flue at the 
back end of the boiler. The air for combustion is drawn 































turbine is purely one of the Parsons parallel-flow reaction 


t . 

"Fis. 8, page 300, shows diagrammatically a cross-section 
of the turbine. Steam enters by the emergency-valve, 
and after passing through the throttle-valve it flows to 
the left, through the successive guide and rotating wheels. 

e longitudinal pressure on the drums is by 
dummy pistons, shown on the right of the Mn ey The 
space in front of each piston is connected with the steam 
inlet of the ey em drum to cause equal a 
in both spaces. he connecting-pipes are not shown on 
the di m.) The condenser is situated directly under- 
pare the turbine, and the connection is made by a corru- 
gated copper expansion pipe. 

The blades at the high-pressure end of the rotor are 
made from drawn copper, and those at the low-pressure 
end from bronze. They are fixed in dovetailed Panay 
and secured by small pieces of the same material driven in 
between the blades, and well caulked, to make everything 
tight. The guide-blades are secured to the cylinder walls 
in a similar manner. 

In the earlier t of turbines considerable trouble 
was experienced through stripping of the rotor-blades, 
due to their coming in contact with the casing. To guard 
against this the blades are thinned to a knife-edge at their 
tips; and should anything occur to bring them into rub- 
bing contact, the thinned portion of the blade is simply 
rubbed away, and the running of the turbine is not inter- 
fered with. The sealing of the glands at each end of the 
cylinder to prevent the inflow of air is accomplished by 
means of a steam-jet. Steam is supplied to the centre of 
the gland above atmospheric pressure, so that any leakage 
into the cylinder will be in the form of steam and not air. 
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alternator-fan for ventilating purposes. After passing 
through the alternator, it is delivered, at a temperature 
of about 117 deg. Fahr., into a pipe connected toa 
branch on the top of the stator-casing and conveyed 
forward to the mill, where it is distributed in the 
various rooms. The air, being comparatively pure, 
serves the double purpose of warming and ventilating 
the mill. By using this heat, which would otherwise 
have been wasted, a clear gain in economy is effected, 
as formerly the mill was warmed by live steam from 
the boiler. 

The whole of the work was carried out in accordance 
with the specifications and plans and under the 
direction of Mr. George B. Storie, M.I. Mech. E., 
Consulting Engineer, Rochdale. 


Report on the Trial of a Complete Steam Plant working at 
Greenvale Mill, Lattleborough, made on the 12th Day of 
July, 1908, at the Request of the Sladen Wood Mill Com- 
puny, Lattleborough, wndér the Direction of Mr. George 
B. Storie, Consulting Enginee?, Rochddle, and ‘in the 
preswnce of Mr. E. C. Harvey, for the Sladen Wood Mill 
Conjuny, Mr. J. M. Newton, for the Brush Electrical 
Enyincering Company, Limited, Loughborough, and Mr. 
A. Bike, for Messrs. Davy Brothers, Limited, Sheffield. 

Tur plant which is described and reported upon in’ the 

da ing pages replaces a pair of compound condensing 

Deami-engines of 400 indicated horse-power that have been 

m use for about fifty years driving a’ cotton-mill, as well 

as a quantity of mill oesing and two boilers. 

The power was transmitted to the various rooms in the 











mill through shafting and gear-wheels arranged as shown by 
Fig. 1. The whole of the wheels and a considerable number 
of the shafts have been removed, and electric motors, 
which receive three- current from a new power-house, 


have been installed to drive the line-shafts (Fig. 2). 
an out two years ago a new boiler-house was built and 
, e resent boiler installed and connected up.temporarily 
© the beam-engines. The old boilers and economiser 
Were reaoved, and’ the building that they occupied con- 
verted into the new power- 
Although the maximum power required to drive the 
Gea machinery is only about 300 kilowatts, it was 
ecided, in view of future extensions, to put down a turbo- 
Generator capable of giving an output of not less than 





0 kilow atts, space bein reserved as well : 
: ; . J z on the o ite 
side of the room for duplicating the plant. af 
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into the heating-box, and comes in contact with the 
surface of the hot tubes through which the gases are 

ing on their way to the economiser. From the heating- 
Cie the air is conveyed to the furnace through pipes. The 
furnace front is completely closed, and the whole of the 
air for combustion is drawn through the fire-bars. 

The waste after leaving the air-heater are further 
utilised for heating the feed-water passing through a 
Green’s economiser. 

The boiler-feed is obtained from the hot-well tank in 
the power-house and delivered to the boiler by a double- 
acting plunger-pump. There is a large tank over the 
boiler-house in which water from a well is stored. The 
water in this tank is used for “‘ make-up” purposes, and 
when the plant is shut down the boiler can be supplied 
with feed-water from the same source by a Tangye pump. 
The pipes are arranged so that, the water can be delivered 
through the economiser to the boiler, or direct. 4 

The firing is accomplished by means of a mechanica. 
stoker of the coking type, and an elevator is employed to 
lift the coal out of a bunker on the firing-floor and de- 
liver it to the hoppers over the furnace-fronts. 

Ana paratus for automatically recording the percent- 
age of CO, in the gases is connected to the side flues of 
the boiler. An analysis is made about every three minutes, 
and the percentage of CO, is recorded on a chart. 

The total len fh of the steam-pipe from the branch on 
the superheater to the turbine emergency-valve is about 
96 ft. The main pipe in the boiler-house is 8 in. in dia- 
meter. In the turbine-room basement it is reduced to 
6 in. in diameter, and a 4-in. pipe is employed to conve 
steam from this to the turbine. A water-catcher, to whic 
the pipes fall from the boiler-house, is fixed at the end of 
the 6-in. ran The whole of the pipes are made of mild 
steel, with the flanges welded on. They are clothed with 
Leroy’s covering, which consists of slag wool 24 in. thick, 
and an outer coating of composition 1 in. thick. , 

The turbine is of the B: -Parsons type (Fig. 7), and is 
capable of developing a load of 500 kilowatts when run- 
ning at a speed of S000 revolutions per minute, with a 
steam pressure of 200 Ib. entering the turbine, and steam 
superheated to 550 deg. Fahr. 

The wer is delivered direct to a three-phase Brush 
revolving field alternator constructed for a pressure of 500 
volts and 50 cycles, and the exciting current is obtained 
from an exciter driven from an extension of the alternator 


shaft. : 
The Brush Company are responsible for the design of 





some of the principal details. In the main, however, the 


All the bearings, with the exception of those on tLe 
exciter-shaft, which are oiled by rings, are lubricated by 
oil under Egy A valveless pump is used to draw the 


oil through a strainer, and on the discharge side the oil is 
forced through an oil-cooler to the bearin Cooling 
water is obtained from the tank over the boiler-house, 


and a continuous circulation is kept up by means of a 
small centrifugal pump. 

There are two governors—one to control the throttle 
and by-pass valves through which steam is admitted to 
the cylinder, and the other acts as an emergency governor, 
and is directly connected to the emergency-valve. A 
releasing gear is fitted, and the governor is set to come 
into action in the event of the turbine racing. Both 
governors are arranged on one shaft, which is driven by 
worm-gearing. The purpose of the by-pass-valve is to 
provide the intermediate-pressure stage with steam at 
initial pressure should the speed of the turbine decrease. 
By means of this valve the turbine is capable of develop- 
ing an overload of 25 per cent., or running with full load 
when working non-condensing. The principal weights and 
dimensions of the turbo-generator are as follow :— 


Tons. Cwt. 
Total weight. . - ad al - 22 i) 
Turbine - - ‘i 8 10 
Alternator 13 Oo 
Turbine cylinder 4M 
- spindle 1 0 
“~ sole-plate. . 2 7 
Alternator stato 8 6 
a rotor .. 2 6 
” sole-plate p. 3 1 8 
Diameter of steam-pipe .. i os 4 in. 
- exhaust-pipe. . i oe 4, 
Turbine bearings .. én +“ 3 in. in diameter 
by 9 in. long 
Alternator bearings 34 in. in diameter 
by 12 in. long 
Total length, including exciter.. 26 ft. 6 in. 


The condensing plant consists of a surface condenser 
of 1200 square feet cooling surface, two Edwards air 
pumps, and a centrifugal circulating pump, and is of 
=< e capacity for ley mies by vacuum of 28 in. at full 
load. The air-pumps deliver the condensed water into a 
measuring tank in connection with Lea’s recorder, referred 
to later. From there it oe into a. large cast-iron tank 
= in a recess in the ment floor. A double-acti 
‘eed-pump connected to this tank is driven from the en 
of the crank-shaft driving the air-pumps, and returns the 
water to the boiler. 

All the pumps are motor-driven. 
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SECTION ON LINE A.B. 


Water for condensing™ purposes is obtained from the 
Rochdale Canal close to the power-house. The inlet 
and outlet pipes are 7 in. in diameter, and the pump is 
capable of delivering 700 gallens of water per minute. 

s water-recorder forms part of the condenser equip- 
ment, and is used to measure the water from the con- 
denser. The instrument records graphically in chart form 
the quantity of water passing through a V notch in the 
end of a tank into which the water from the air-pumps 
flows. The paper is fixed on a revolving clockwork drum, 
and is arranged for a 24 hours’ chart. By finding the 
area of the diagram the quantity of water used during any 
interval of time is-obtained. The water used per kilowatt 
hour can also be determined by comparing the Lea 
recorder chart with the one on the recording wattmeter. 

The following are some of the principal dimensions of 
the condensing plant :— Diam. , é ; s : 

z eter of steam inlet pipe to con- Revolutions of air and feed-pumps_— . 110 per min. 
Number of tubes in condenser... 828 "ee eae a ae 24 in, Capacity of circulating pump .. 700 per min. 
External diameter oftubes  .... phn. Two air-pumps (Edwards’ type) es 12in. dia, 10in. Speed »» 2 oo - 720 revs 
Lengthoftubes ..  .. 5. |. 7 ft. 7 in. stroke Double-acting boiler feed-pump = .._-_- Ram 2h in. dia., 
Coaling coun iy ae een te 1200 sq. ft. Volumetric capacity of ditto ..  .. 138 cub, ft. per min, 7 in, stroke 
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SECTION ON LINE C.D. 





«tions for the Trial.—As there was not sufficient 
ry in the mill to absorb the power on which the 
based their guarantee, an artificial load in the 
t 1 water-resistance had to be resorted to. It was 
intendei to have a preliminary test with all the instru- 

1 position the day previous to the official trial, 
ing to the failure at the last moment of the arrange- 
‘or storing the water in the brook behind the mill, 
‘lv intended for the water-resistance, this had to 
rge tank was used in place of the 
, and the whole of the day was taken up in getting 
‘k in position and connecting up the water supply. 





STEAM-TURBINE PLANT AT GREENVALE MILL, LITTLEBOROUGH. 
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heed eeteneaed 











SIDE ELEVATION OF BOILERS 


The boiler, superheater, and air-heater were cleaned 
the week-end before the test was made. They were shut 
down on July 4, and started up in the following day. 
The brickwork was in good order, and there did not 
ap’ to be any leakage of air into the flues. 

he trial was commenced at 4.50 p.m. on July 12, and 
finished at 8.50 p.m. The turbine had been running since 
noon, so that the conditions were practically the same as 
those that prevail a < inary working hours. 

Coal Measwrements.—The coal used during the trial was 
ve up in 1-cwt. = on a platform weighing- 
machine previously checked, 





uired, and the coal remaining in the bunker at th 
finish of the test was deducted a ‘ 


Coal Analysis.—A sample of the coal was taken from 
each bag after filling and i 
collection was well mixed and forwarded to Dr. Paul, of 
Huddersfield, for analysis. 

Wi Level in Boiler.—The water-level in the boiler 
gouge-glasses was the same at the end as at the beginning 

e 


rom the total amount 





Water Measurements.—The air-pump discharge-water 
The bags were emptied as | was taken as being equal to the weight of steam entering 


| 
| 
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the turbine. This was collected in two galvanised-iron 
tanks capable of holding about 100 gallons, and weighed 
on weighing-machines, machines were checked by 
the makers previous to the trial. 

The make-up water was obtained from the hot-well | 
tank. The level of the water in the tank was measured 
at the start and finish of the trial, and the difference taken 
as being equal to the water required for make-up pur- 


Measurement of Steam used in Cooling Fire-Bars.—This 
measurement was made after the trial, and carried out in 
the following manner :—A #-in. pipe was coupled to the 
valve regulating the steam supply to the pipes underneath 
the bars, and led into a veaset containt a known weight 
of water, The steam was allowed to discharge into the 
vessel for 30 minutes, and the increase of weight at the 
finish was taken as being equal to the steam used, The 





Thickness of shell-plates 

flue-tubes .. 

end-plates. . 

butt-straps 

20 stays : 

Total weight «ss ~ 

Feed-Water Economiser :— ‘ 
Made by E. Green and Co,, Limited, 
Wakefield 


Number of tubes. . 
Heating surface .. 
Air-heater :— 
Made by Davy Brothers, Limited, 
Sheffield. 
Number of tubes .. a 2 
Heating surface ., T + ee 
Indyced-draught fan (''Siraoge”’) type 
Induced-drayght fan :— 
Made hy Dayidson & Co,, L.td,, Belfast 


128 
1280 sq. ft. 


176 
633 sq. ft. 


35 in. in dia, 


Diameter of external tubes 
Heating surface .. * a” 
Effective area through tubes .. 53 
Method of Starting and Stopping the 
Test :—The fires were cleaned and 
the clinker and ashes removed 
before the test started, and the 
condition of the fires noted. At the 
finish the fires were again cleaned, 
and were in the same condition at 
the end as at the commencement of 


the test. 
. Method of stoking 
. Production of draught .. 
: Total grate area .. 


2} in 
245 sq. ft. 
32 sq. in. 


Mechanical stokers 
(Coking type) 
By fan 
39 sq. ft. 


. Total effective heating surface of on 


boiler and superheater = oa 1212 sq. ft. 





Fie. 7. Brusn-Parsons TURBINE AND THREE-PHASE REVOLVING-FIELD ALTERNATOR. 


size of the opening through the valve and the steam-pres- 
sure was the same as on the day of the trial. 

Superheated Steam.—Throughout the calculations the 
specific heat of superheated steam has been taken at 0.55. 

Electrical Instruments.—The ammeters and voltmeter 
used to measure the output of the generator belonged to 
the Brush Electrical Engineering Company, Limited. 
They were calibrated after the trial in the electrical labo- 
ratory of the Manchester School of Technology. 

Two of the Sladen Wood Mill Company’s officials kept 
independent records of the coal and water measurements 
throughout the trial, anc their readings agreed with those 
taken by the other observers. 

The writer takes this opportunity of thanking the follow- 
ing gentlemen for the assistance they rendered in making 
the trial :—Messrs. Newton, Blake, Ashworth, Somer- 
a, Wyatt, Nuttal, Stansfield, Nelson, and 

achin. 


REPORT ON THE TRIAL OF A LANCASHIRE BOILER WORK- 
ING AT GREENVALE MILL, LITTLEBOROUGH, MADE ON 
JuLY 12, 1908, UNDER THE DiREcTION OF Mr. G 
Sroriz, Consuttine EN@Ixker, RocHDALE. 

Boiler Plant.—General Description, 

Type of Boiler :—Lancashire, mace by the Oldham Boiler Works, 
Limited. Designed for a working = of 210 Ib. per square 
inch, Test made at an output of 8800 Ib. of steam per hour at a 
pressure of about 206 Ib. a square inch. 

Object of the Trial :—To determine the efficiency of the boiler 
plant. 

Refer- 

ence No. 

Diameter .. “ ne ee = Ow 
Diameter of furnaces 8 ft. = in, 
6 
967 sq. ft. 


General Description and Leading Dimensions 
of Plant. 


Water-heating surface 2 





Length of tes .. - 
Ratio of water-heating surface to 
grate area nt Be wf He 24.79 tol 


aS 








I 
AMOS 


\\ 
! 


{PETE 


NS 1069 &106h 


S(t Loum A 
A On Oa 


eS 
\\ AQ ys \ 


\\ 
NY 
CON 
\ f NY 

\Y 


NY » 

N 

N “ N vy 
WWW NY 
\= \ 


Ta . 


ml 


COO AN 





Diameter of fan .. 
Width of blades .. 
Area of inlet 
” ise! 
Revolutions 
Su ~ cong fo mF 
ton ty suppli: by Bolton 
and Can Manchuter , 
Number of field-tubes .. 
Length of tubes ., vs 


ST ovmmy 
PISTONS 


1044106 


1084 cub. ft. 


9. Capacity of water space 
10. steam ” 
223 aq. ft. 


wd ” space “* 
11. Area of water surface in boiler 
Particulars of Observations. 2 
Abstract of 
Observations. 
12. Duration of trial .. ‘ me Four hours 
Fuel. 
“se o .. Lancashire (Houghton 


as 7 Main Colliery) 
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14. Fired per hour - 
144. Fired per hour, dry ca 
15. Analysis of i 
oisture 
* $< 
Total sulphur ‘a ~- - 
Volatile matter (other than water 
and volatile sulphur) .. zs 
Coke .. 4 —- - x 
Calorific value of dried fuel 
16. Carbon value of 1 Ib. of dried fuel 


Ash and Clinker. 

17. Total perhour .. be os on 

18, Carbonaceous matter in ash per hour 
Flue Gases. 


19. Temperature leaving boiler flue 
entering air-heater 
leaving ~ 


Air and Draught. 


22. Temperature of outside air LE 
23. a air entering heater .. 
24. af », from heater enter- 

ing furnaces... ee 2° os 
25. Barometric pressure (29.12 in. mer- 


20, ” 
21. ” 


cury) .. ee 
26. Draught over fires 
27. i under fires ; 
28. be at fan suction .. ae ie 
29. Weight of steam used per hour in 
cooling fire-bars a ain a 
Feed Water. 


30. From pump per hour ieee 
31. Temperature of feed into economiser 
32, Temperature of feed out of econo- 
miser.. “a oe - - 
33. Temperature of flue gases into econo- 
muser ee oe oe oe ee 
34. Temperature of flue gases out of eco- 
nomiser .. “ a ss oe 
Steam. 


5, Gauge pressure 

3. Absolute pressure os 

37. Temperature of saturation = = 
; steam leaving super- 





heater 


Deductions. 
39. Weight of fuel fired per square foot of 
grate per hour... és ee oe 
40. Weight of dried fuel fired per square 
foot of grate per hour ¥e - 
41. Water evaporated and superheated 
per pound of fuel as fired .. na 
. Equivalent evaporation from and at 
oe Fahr. per pound of fuel as 
fir es 


- 
re 


Water evaporated and superheated 
per pound of dried fuel 
5. Equivalent evaporation per 
— vaenal dried fuel 
at 212 deg. Fahr. & i - 
6. Weight of feed from and at 212 deg. 
Fahr. per square foot of heating 
surface per hour he be oe 
47. Thermal efficiency of boiler and super- 
heater .. os ~ os o° 
3. Thermal efficiency of boiler, super- 
heater, and economiser oe 


43. 


« 


sund of 
m and 


S 


= 


- 
- 


1122 Ib. 
1090.58 Ib. 


2.80 per cent. 
24 
ae 
256 Ci, 


65.04 » 
12,870 B.Th.U. 
0.88 


102 Ib. 


” 


677 deg. F. 
GT “ws 


Gt’ wa 
CO 
109 yy 
a 
14.3 Ib, per sq. in, 
0.6 in, of water 
0.37 “ 
1.6 a 
420 Ib. 
8800 Ib. 
84 deg. F. 
Ww ln 
487 ” 
386 li,, 


206 Ib. per sq. in. 
.3 ” 
390.3 deg. F. 
561, 


28.76 Ib, 
27.96 ,, 
a... 


9.44 ,, 
8.06 ,, 


10.86 ,, 


873 ,, 
72.8 per cent. 
76.75, 


Report ON THE TRIAL OF A STEAM-TURBINE WORKING 
AT GREENVALE MILL, LITTLEBOROUGH, MADE ON JULY 
12, 1908, UNDER THE DrrecTIon oF Mr. G. B. Storiz, 


ConsuLTING ENGINEER, ROCHDALE. 


General Description. 


Type of Turbine :—Brugh-Parsons parallel-flow, reaction type, 
made by the Brush Electrical Engineering Company, Limited, 


Loughborough. 


Makers’ Rating of the Power :—50) kilowatts at 3000 revolutions 
per minute, and at 200 Ib. steam pressure entering turbine. 
Test made at an output of about 460 kilowatts. 


Character of 


:—Artificial. Water resistance. 


Object of Trial :—Contract guarantee for steam consumption, 


Refer- 
ence No, J 

8s, General description of Turbine :— 
Brush-Parsons steam-turbine, direct- 
coupled to a Brush revolving field- 
alternator, 

Surface condensing, with two Ed- 

wards’ air-pumps and a centrifugal 
circulating pump. 


90. How Governed :— Two vernors. 
One controls the throttle and by- 
pass valves, and the other the emer- 
gency valve, 

91. Method of Measuring the Steam Con- 

sumption :—The condensed water 

from the air-pumps was measured, 
and this was taken as equal to the 
steam supply to the engine. The 
water was weighed in two tanks, 
each having a capacity of about 
_ gallons. 


9 


=to 


Particulars of Observations. 
Abstract of Observations, 


10%. Duration of trial .. 
11. Atmospheric pressure 


Steam. 
a *. Weight entering turbine perhour ., 


14. Pressure of steam entering turbine .. 
15, Temperature of steam entering turbine 
1.4, Superheat of steam entering turbine . . 
16a. Pressure of throttled steam measured 
between throttle-valve and first 

row of blades .. oe ‘se be 

15), Temperature of steam between 
; throttle-valve and first row of blades 
lc, Superheat of steam between throttle- 
: valve and first row of blades 7” 
105d, Pressure of steam between first and 
second stages of expansion ,. ee 


4 hours 
14.3 Ib, per sq. inch 


8200 Ib, 

198 Ib. per sq. in, 
550 deg. Fahr. 
164 os 

117 Ib. per sq. in. 
527 deg. Fahr. 
179 re 


78 lb. per sq. in, 





106e. Temperature of steam between first 


and second stages of ex: 


106f. Superheat of steam between first and 


106g. 
106h. 


second stages of expansion .. és 
Pressure of steam between second and 
third stages of expansion .. vie 
Temperature of steam between second 
and third of i 


expansion .. 
106i. Superheat of steam between second 


and third stages of ex 


pansion .. 
106j. Pressure of steam between third and 


106k. 
106l. 


1060, 


106n. 


fourth stages of ex oy - 
Pressure of steam between fourth and 
fifth stages of expansion (absolute). . 
Temperature of steam between fourth 
and fifth stages of expansion “> 
Superheat of steam between fourt' 
and fifth stages of expansion ea 
Pressure of steam between fifth and 
sixth stages of expansion (absolute) 


107-108. 


109. 
110, 
111. 


Exhaust Steam. 
Pressure of steam at end of sixth ex- 
pansion (absolute)—turbine exhaust 
Co ling temperature of satu- 
rated steam... ee ee oe 


461 deg. Fahr. 
139 % 

26 Ib. per sq. in. 
374 deg. Fahr. 
<P 

3.25 Ib. per sq. in. 

&3 - 

265 deg. Fahr. 
80 ” 
4.3 Ib. per sq. in. 


0.73 Ib. per sq. in. ° 
92 deg. Fahr. 


Notr.—The reference numbers are marked on Fig. 8 and indi- 
cate where the pressures and temperatures were taken. 





Power. 
112-114. 
115. Revolutions of turbine (by counter).. 3012 per minute 
116. 
117. Total load .. oa e aa 722 L.H.-P. 
117a. Electrical output. . _ - - 459 kilowatts 
117b. Electrical horse-power . . - a 615 
1l7c. Power required to drive turbine and 
alternator a AE ‘a xs 77 kilowatts 
117d. Power running light ynexcited (air 
inlet duct to alternator closed)’ .. 3: 
117e. Power-absorbed in ventilating alter- 
nator... - se my +“ 81 se 
117f. Excitation Se a be 6 * 
Heat Account (from 32 deg. Fahr.). 
B.Th.U. Per cent. 
120, Gross heat supply entering turbine 
per minute 2 ,. i .. 176,300 
121. Heat equivalent of indicated horse- 
power per minute... “ -- 30,625 17.37 
123. Heat leaving turbine in exhaust 
steam per minute ‘ - .. 146,675 82.63 
124. Balance of heat account (errors of 
observation, losses by radiation, 
&c.). Total of lines 121, 123, 124, 
equal to line 120 : 
Deductions. 
125, Heat supplied per minute per indi- 
cated horse-power .. és ce 232.5 B.Th.U. 
126, Thermal efficiency $6 ee - 18.27 per cent. 
127, Heat theoretically required per min. 
by the Institution of Civil Engi- 
neers’ standard of comparison per 
indicated horse-power (Rankine’s 
cycle) .. 3 # ‘ ss 134.5 B.Th.U. 
128. Efficiency ratio .. ts os ye. 0.579 
129. 
130. Pounds of steam used per indicated 
horse-power per hour - - 11.35 Ib, 
131, Equivalent pounds of steam used per 
indicated horse-power per hour at 
1100 B.Th. U. per po “ ks 12.59 ,, 
13la. Pounds of steam used per kilowatt- 
hour =o a od = 17.86 ,, 
Condensing Plant. 
146. Temperature of cooling water as it 
enters the condenser. . us = 66 deg Fahr. 
147, Temperature of cooling water as it 
leaves the condenser Pe. = 
148. 
149. Temperature of exhaust steam as it 
enters the condenser. . ee as _ «- ° 
150, Tem ture of condensed steam as 
it leaves the condenser ae 8 ,, - 
151. Vacuum at entrance to condenser 0.73 Ib, per sq. in. 
152. 
153a. Power absorbed in driving air, cir- 
culating, and feed-pumps a 12 kilowatts 
153). Per cent. of full load as 2.61 
Summary. 
Rated power of the plant, 500 kilowatts. 
Test made at 91.8 per cent. of the rated power. 
Economy of the Complete Steam Plant. 
Refer- 
ence No. 
168. Total heat value of dried fuel fired in 
boiler per minute ne ss he 233,847 B.Th.U. 
169. Heat equivalent per minute of indi- 
cated horse-power developed “ 30,625 ,, 
170. 
171. Percentage of heat utilised in indi- 
cated horse-power developed oe 13.09 per cent. 
172. 
178. Coal fired per indicated horse-power 
per hour (dry) .. F ” a 1.5 Ib, 
173a, Coal fired per kilowatt hour (dry) .. 2.37 ,, 


REMARKS. 


Line 15 :—Although the coal is not of a high calorific 


value, it is fairly suitable for steam-raising pu and |} 
is a good average sample of the quality used in cashire 
mills. 


Line 18 :—The high percentage of carbonaceous matter 
present with the ash was due to the dust or culm, of 


which = ee oe sat © 
into the ash-pits through the air- grates. 
ne 24 ag the boiler "| > one working up to io = 
capacity, the temperature of the gases en’ t ur- 
“ge foes | been much higher, obaie in 


“Ti 


naces would 


ion of 300 deg. Fahr. ‘ 
ine 29 :—The quantity of steam used for keeping the 
fire-bars cool is excessive, and might with safety be con- 
siderably redui 


Line 





quantity in the coal, finding its 


in the 


the 


ced. 
30 :—Notwithstanding instructions to the con- 








trary, the fireman, rym ey allowed the boiler safety- 
valves to blow for a period of four minutes during the 
trial. As this could not be measured, the weight of steam 
lost through the leakage has been estimated at 60lb. The 
steam generated was used for the following purposes :— 


Turbine 14 ve oe ee ee 8200 Ib, 
Steam-jets .. és - ee ee a 
Sealing turbine-glands, and leakage at 

by-pass valve N ans ad me 120 ,, 


Lost at safety-valves oe . 


Line 34 :—The final temperature of the flue-gases might 
be still‘ further reduced, and the efficiency of the feed- 
water economiser increased, by ii ing more economiser 
4 to give additional heating surface. 

ine 117 :—The indicated power has been arrived at by 
adding line 117a to line 117e plus the increase in the elec- 
trical losses at full load. 

Line 117e to 117e :—Those 
when running the turbine on t 
wor! 

Line 117¢:—The no-load losses were determined by 
measuring the electrical input when driving the plant 
through the alternator used as a synchronous motor, and 
when the turbine was running in vacuum with no steam 
passing through the blades. Four kilowatts represent 
the increase in the electrical losses at full load. 

Although the turbine friction losses are assumed con- 
stant at all loads, it is probable that they will increase 
slightly with the load, owing to increase in the density of 
the steam. This, however, could not be measured ; but 
in any case, the increase would be so small that it can be 
left out without materially affecting the result, 

Line 117e :—Thirty-one kilowatts were absorbed by the 
fan in pumping 7500 cubic feet of air per minute through 
the generator. The ps was considerably in excess 
of the quantity required to keep the alternator cool when 
running on the load. The makers intended to restrict the 
size of the air-inlet before the test-to reduce the supply, 
but, owing to a misunderstanding, the matter was over- 
looked. Consequently the power absorbed by the fan was 
greater than was absolutely necessary. 

Line 13la:—If the air-supply had been reduced as 
originally intended, the fan-work would have been less 
by 16 kilowatts. Assuming that the turbine had been 
doing the same total work, the 16 kilowatts would have 
appeared as electrical energy, and the steam consumption, 
owing to the increased output, would be reduced to 
17.26 Ib. per kilowatt-hour. 

By utilising the waste heat from the alternator for 
warming the mill, a saving of 24 tons should be effected 
in the weekly coal consumption. This should be kept in 
view when considering the over-all economy of the plant. 


” 


iculars were obtained 
test-bed at the makers’ 





APPENDIX. 
Temperatures. 

' Deg. F. 

Temperature of bearing at steam-inlet end of turbine 167 
ow a exhaust end of turbine .. 167.2 

a oil-cooling water-inlet .. x ~ ae 

% ~~ a water-outlet ee » «165 

ee r supply to generator oo + 90 

od ie Senge ons generator .. — | 
os alternator stator-core. . de o tae 


After the trial the writer carried out a number of tests 
to ascertain the influence of vacuum changes on the steam 
consumption. 

The tests were made with the mercury falling in ste 
of 1 in., and, to allow of stability being attained, the 
turbine was worked for a period of twenty minutes under 
the = conditions before each set of readings was 
taken. condensed water from the air-pumps was 
measured with Lea’s recorder, and taken as being equal 
to the steam supply to the turbine. 

The results obtained are given in the following table 
and clearly show the importance of working with a good 


vacuum :— 
Barometer, 29.29 In. 


] | 
ure at) | 





Steam 

entrance to turbine | 

—Ib. per sq. in. 163 | 163 | 164 | 161 | 162| 166) 157) 168 
Steam temperature at, | 

entrance to turbine| 

—deg. Fahr. ..| 524 | 626 | 580) 530) 583/ 512| 528 530 
Vacuum — inches of) | 

mercury .. .. 27,1 | 26 |25.16/24.05, 23) 22) 21 
Kilowatts oe ..| 2756 | 276 | 276 | 275 | 278 | 270| 270 | 263 


Pounds of steam con- 
sumed per kilo- 
watt-hour . . | 18,54/19.63: wees ones ene 23.33) 23.7 a 

| | | 




















LARGE SUBMARINE CRUISERS AND SuBMARINES.—We 
understand that the Lake Torpedo Boat Company, of 
Bri rt, Conn., U.S.A., are at present constructing 
four su e cruisers of the largest type at St. Peters- 
burg for the Russian Government, pry in the States 
wo submarines for the United States Government. These 

will be the largest submarines 
United States Government. 


Coat In GREENLAND.—A ing to a Danish Govern- 
ment report, some 3000 tubs of of excellent qualit 
were worked last winter and spring from the Umano! 
eee The natural conditions are somewhat un- 
favourable. During the winter also the temperature is as 
low as 30 deg. Cent. below zero. A German expert has 
reported favourably as to the extent of the coal deposits, 
and a special technical examination of the localities, with 


two latter when com 
in the possession of 


the view of bringing about better means of transport, will 
be insite” 4 


packs Teenie ar? 
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THE EFFECT OF BOSSING ON THE 


RESISTANCE OF SHIPS.* 
By Professor Herpert C. Sapier, D.Sc., Member. 


IN the course of testing some models of twin-screw ships 
with different shaped sterns, the writer had occasion to 
try the effect upon the resistance of placing the bossing at 
different angles, and it was thought that the results might 
be of interest to the members of this Institution. _ 

ore ing to discuss the results obtained in 
these experiments, the writer would call attention to the 
important part that some of these appendages might play 
in connection with the resistance of a.modern vessel. Most 
of the passenger vessels of to-day are fitted with bilge- 
keels, and nearly all with two, if not, in the case of turbine- 
driven vessels, three or four lines of shafting. The stream- 
line flow around a vessel is still somewhat of an unknown 
quantity, although in a valuable paper by Naval Construc- 
tor D.:W. Taylor, United States Navy,t the probable 
th of the water has been indicated for a number of dif- 
erent types. A casual glance at these lines will show how 
easy it 1s to place an appendage in a most disadvan’ us 
position so far as resistance is concerned ; in fact, the re- 
sistance might easily be increased 20 per cent. by improper 


design. 
The following experiments, although applying directly 
only to the form tested, nevertheless indicate in a general 


the medium and deep draughts. _ 


TYPES OF 


Pig.t. 
NPL. HORIZONTAL. 
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way the course to be followed in placing the bossing for a 


twin-screw ship. 
The wee we ee rticulars of the model used :— 
Length, 10 ft.; th, 1 ft. 3 in.; draught, 6 in. and 7 in. 

















Draught. | Block Coeff. | Pris. Coeff. oe. 
; 
6 in. 0.635 0.663 0.958 
7 0.653 0.677 0.964 


The model was first run ‘‘naked” at the above draughts, 
representing the medium and deep-load draughts in the 
actual vessel. The bossing was afterwards added to the 
same model. The two types of bossing tried are shown in 
Figs. | and 2, and represent tically the two extreme 
cases, viz., one with the “pps horizontal, and the other 
inclined at an angle of 45 deg. to the vertical. The form 
of the bossing is that in common use, the top being kept 
as straight as possible, while most of the curvature is on 
the underside, an arrangement which gives a more — 
construction in connection with the plating than that 
where both the top and bottom have the same form. 

The tests with the bossing were made at the same dis- 

lacement as that corres ing to the 6-in. and 7-in. 
Ronehte of the naked hull. This method was adopted in 
ference to that of equal draughts as giving a more 
irect comparison. The difference in draught, due to the 
displacement in the bossing, is not great, as the additional 
displacement is only 0.84 per cent. for No. 1, Fig. 1, and 
0.88 per cent. for No. 2 bossing, Fig. 2. The net addition 
to the wetted surface is about 3 per cent. for the hori- 
zontal type, and about 34 per cent. for the inclined type. 








* Paper read before the Institution of Engineers and 
Shipbuilders in Scotland, February 23. 
+ Society of Naval Architects and Marine Engineers, 





New York, 1907. 














Observation of these curves shows that at all practical 


speeds for this form the horizontal ad of ne is 
greatly inferior to the inclined type. Notwithstanding 
the fact that the latter gives an increased wetted surface, 
between the limits of speed-length ratio of from 0.7 to 
0.85 the increase in total resistance over that of the 
** naked ” hull only varies from 3 to a little over 4 per cent., 
while for the horizontal type the corresponding increase is 
from 10 to 11 per cent. 

The effect of the two systems is, however, better seen 
by referring to Fig. 4. In this case the residuary resist- 
ance is shown for the two displacements, the corrected 
surface friction in each case having been deducted. 

Instead of actual residuary resistance, the resistance per 
ton of displacement is plotted, and, instead of speed, the 
abscissee represent speed-length ratio, or speed in knots 
divided by the square root of the length in feet. Mention 
is made of this method of plotting use the curves so 
obtained are independent of size or density of water, and 
will apply to any ship of which the model is a type. i 
has been adopted as the standard method of plotting 
residuary resistance both at the University of Michigan 
and at the United States Government tank at Washing- 
ton, and is the simplest form for direct application to 
practical problems. 

Within the limit of speed-length ratios before men- 
tioned, the inclined system of bossing for the two dis- 
placements increases the residuary resistance by a very 
smal] amount, which at some speeds is negligible, while in 
the horizontal type the increase averages from between 
30 and 35 per cent. 

Comparing the curve of risiduary resistance for No. 2, 
or the inclined bossing with that of the “naked” hull, it 
is obvious that the stream-line flow cannot have been 
materially changed in the two cases. This conclusion, to 
a certain extent, bears out Taylor’s stream-lines, and if 
the buttock-lines of No. 1 be compared with those of 
No. 2 and also with the “‘naked” hull, the result is, 
perhaps, only what might have been expected. 

The above experiments give, however, quantitative 





The curves for total resistance are shown in Fig. 3 plotted | results for 
to a speed-length ratio base, and give the results for both | portance of attention to such details as desi 


poses of comparison, and emphasise the im. 
Attention may also be called to the fact that a number 


BOSSING. 
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Residuary Resistance. Lbs. per Ton Displacement. ( 
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of fast Atlantic liners have been fitted with horizontal 
bossing. 








REcIPROCATING ENGINES AND HieH Vacva. — The 
Allis-Chalmers Company, of Milwaukee, write to us 
stating that by improving the vacuum in the condenser 
of reciprocating engines they have secured a greater gain 
in economy than the figure given by us in our article on 
page 860 of our issue of December 25. They state that 
increasing the vacuum from 26 in. to 28 in. on an S8000- 
kilowatt set improved the steam consumption by about 
3 per cent. This is substantially more than has generally 
been realised. 





Tue Emperor Wittiam CaNnat.—This canal has dur- 
ing the last financial year been used by 34,998 vessels 
subject to paying fees, the te tonnage amounting 
to 6,423,441 net register tons, which figures, compare 
with the previous year, show an increase of 1840 vessels 


This | and 166,176 tons, the increase being both in steamers 


and sailing vessels. The above figures apply to vessels 
entering the canal, whilst the figures for the through trattic 
comprise 23,211 vessels, with an regate of 5,759,065 
net register tons, against 21,173 vessels and 5,280,174 tons 
the previous year, showing an increase on the year of 9.7 
per cent. as regards the te ton . and 9.63 per 
cent. as regards the number of vessels. The vessels and 
tonnage from different countries are as follow :— 


Vessels. Tonnage. 
Germany 17,341 3,258, 53s 
Belgium. . 30 18,650 
England. . 371 380, 15¢ 
Denmark 1,700 697,990 
France .. - 37 14,606 
The Netherlands 1,233 196,55; 
Norway .. - 526 293,76. 
Sweden 1,518 524,05 
Russia .. 41 346,328 
Others 70 28,420 


The receipts amounted to 3,200,000 marks, exceeding the 
| expenditure by about 500,000 marks, 
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CompiLep By W. LLOYD WISE. 


SELECTED ABSTRACTS OF RECENT PUBLISHED SPECIFI- 
CATIONS UNDER THE AOT OF 1907. 

The oust Chari noas & ae ae een eo | 

ware cn RO are communicated from abroad, the Names, £c., 


of the Communicators are given in italics. 
Copies of Specifications may be obtained at the Patent we Sale 
"brench, 25, .C., at 


mpton Buildings, Chancery-lane, 
the uniform pri 8d. 


price of 8d. 

The date of the advertisement of the acceptance of a Complete 
Specification is, in each case, given after the abstract, unless the 
Patent has been sealed, when the date of sealing is given. 

Any person may, at any time within two months ; e 
the advertisement of the nee of a Com: Specification, 
give notice at the Patent Office of opposition to the grant of a 
Patent on any of the grow mentioned in the Act. 


ELECTRICAL APPARATUS. 


Siemens Brothers Dynamo Works, Li- 
ted, London, and E. O. Kieffer, Stafford. Dy- 
namo- Machines. (3 Figs.) August 19, 1908,— 
This invention has reference to the ventilation of the rotors of 
dynamo-electric machines for facilitating the cooling of the former, 
and is more particularly useful in its application to the rotors of 
turbo-alternators. It consists essentially in providing extra longi- 
tudinal air passages or holes rough the tops of the rotor teeth, and 


17,414. 
mi 


in drawing a current of air through the by suitable means, 
whereby the cooling air is directly applied to a part of the rotor 
where most heat is generated. Referring to Fig. 1, the rotor 
slots are represented by a, and the windings by b ; ¢ is a wedge for 











holding the windings into the slots. The teeth d of the rotor have, 
according to the invention, holes e punched therein, and on 
assembling the core-plates together, in the usual manner, a closed 
longitudinal passage along the top of each tooth is formed. It 
will be observed that the tops of the teeth are wider than the roots 
of the same, and it is thus ible to obtain room for these air- 
passages without sensibly increasing the magnetic reluctance of 
the magnetic circuit of the machine. Sometimes the rotors are 
made from solid material, and in such cases the construction shown 
in Fig. 2 is to be preferred, where the air-passages e are made by 
first cutting longitudinal slots in the teeth and then filling up the 
top portion of the slots with wedges /. ecepted December 2, 
1908.) 


892. Crompton and Limited, J. C. 
dH Bur imaford. Alterna, 


an . urren' 

Motors. (2 Figs.) January 14, 1908.—This invention relates to 
alternating-current motors of the induction type, for use on single 
and polyphase circuits, The objects of the invention are to obtain 
automatically, without the use of the usual starting arrangements, 
ahigh resistance in the rotor windings when the motor is bein 

started up, in order that a high starting torque may be obtained 
with a comparatively low starting current, an intermediate resist- 
ance whilst the motor is getting up speed, and a low resistance in 
the rotor windings when running at full In carrying out 
the invention, an induction motor.is provided with two rotor cores 
mounted axially on the same spider or hub, one rotor core being 
wound with a low resistance winding, hereinafter called the run- 
ning rotor (and this rotor may have a core length which may be 
greater than, — to, or less than the length of the stator core), 
the other rotor being wound with a high resistance winding, here- 
inafter called the starting rotor, and this rotor may have a core 
length which may be greater than, equal to, or less than the 
length of the stator core, or it may be simply a cylinder of iron or 
other suitable material without any winding, the rotor currents 
being generated in the core itself. “As before mentioned, the two 
rotors are mounted on one spider or hub, and suitable means are 


Macfarlan: 


























£92. 


provided whereby they can be moved automatically in an axial 
direction relatively to the motor shaft and the stator. The posi- 
ton of the hub is controlled automatically by means of screw 
a. ._ the interior of the hub carries a pe A screw-thread of 
“st pitch, while the spindle upon which it rides carries a male 


thread cugaging with the female thread, with the result that 


when an electromagnetic torque is applied to the rotor, the hub 
daly ‘Jong the spindle, thus moving axially relatively to the 
torque , — screws are so arranged that the effect of the applied 


a move the hub so that the running rotor replaces the 
“arg rotor in the stator field. In the figure the female thread 
‘sin the form of the cam-piece E, having two faces, each face 


pa iting a portion of screw-thread rather less than half-a-turn. 
— thread is in the form of the small cam-piece F. This 


acement has the advantage over a plain thread and nut that 
Seng Xial motion, due to the screw is the same, no matter which 
a of rotation is induced by the magnetic field. This is due to 
+ lage that the cam F will, depending on the direction of rota- 
rly ‘gage with either one face or the other of the cam-piece E, 
Otier 1 <* forming respectively right and left-hand threads. In 
thon sw) make the hub return to the ing position when the 

* not running, a spring may be provided acting nst the 
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screw motion. This spring may be placed externally to the 


motor, or it may be arran in any suitable manner inside 
the frame of the machine. (Accepted December 2, 1908.) 


GAS ENGINES, PRODUCERS, HOLDERS, &c. 


8S. Glover, St. Helen's, and J. West, South- 
Gas-Retorts. (2 Figs.) November 18, 1907.—This in- 


| vention relates to the outlet doors of hoppers or receptacles which 
| receive the coke disc! 


€ from vertical retorts used in the dis- 
tillation of gas-coal, and for its ob; to form a sealed liquid 
joint between an outlet door swinging a centre joint and the 

opper. door, made in a segmental form nded by 


trunnion-pins, about the centre of which the door swings when | 


being opened or closed, has sides which, ther with the seg- 
mental-shaped portion, form a shallow di ble of holding 
water. The lower end of the hopper, which is a receptacle for 
the coke from the retort or retorts, projects into the dish-shaj 

space of the door when the latter is closed, and the dish-shaped 








door is filled with water above the level of the edge of the hopper- 
mouth ; emery pen | a water is formed, and the door is 
sealed against the exit of the gas or the ingress of atmospheric air. 
a is the hopper fixed below the vertical retort a!, and is con- 
structed of any number of s, and has an outlet formed as 
shown ; bis the outlet door ; d, d are levers which are fixed to the 
trunnions, and have balance-weights e and e. To one of the levers 
dis attached a ting-rod f with handle at one end, or in place 
of this connecting-rod a system of chains or other convenient 
method for operating the door may be employed. The door b is 
provided with a stop which rests nst the side of the outlet of 
the hopper a when the door is closed, The dotted position of the 
door, shown in Fig. 2, indicates its position when open during the 
time the coke is being discharged. (Sealed February 4, 1909.) 


MACHINE AND OTHER TOOLS, SHAFTING, &c. 


26,970. A. Her and P. V. Vernon, 
Coventry. - (3 Figs.}] December 6, 1907. 
—tThis invention relates to the feed-mechanism of milling-machines 
of the swivelling-table type, in which the feeding-screw is driven 
through gearing from a bevel-carrying shaft. The object of the in- 
vention is to enable high power to be transmitted to the screw 
without rendering hand operation more difficult, without increas- 
ing the dimensions of the machine to any great extent, and without 
weakening its construction. The table is shown at C, being 
adapted to swivel about the axis X, Y, and to be adjusted longi- 
tudinally in relation to the saddle D. The swivelling about the 
axis X, Y forms no part of the present invention, and may be 
carried out in any suitable manner. The longitudinal movement 
is effected manually or by power in the following manner :—A 
driving-shaft E supplies the power, and this gears with a shaft F 
in the axis X, Y, which, by bevel gearing, communicates with a 
bevel-carrying shaft B in the usual manner. Thiscarries a pinion G, 
which meshes with an internal gear-wheel H mounted upon the 

















feed-screw J. This is mounted in bearings in the table C, and 
engages a fixed nut, such as K. The internal gear-wheel H is free 
upon the end of the screw J, but is ted to be coupled thereto 
by a jaw-clutch M, one member of which is free to slide, and rack 
and pinion gear N. This rack and pinion gear can be operated by 
a hand-lever O, but can also be from the other end of the 
machine by a hand-lever P by means of the “we 8 R, 
which connects the two hand-levers. In addition, suitable auto- 
matic trip mechanism may be employed to disengage the clutch M 
when the table reaches its limits. For this purpose, the trip device 
S may be arranged upon the sliding-table adapted to engage stops 
T at each limit, and so actuate a rojection U on the connecting- 
rod R. It will be seen that by this invention the recess A in the 
table and the co ing recess in the saddle D are both 
shallow, and the height of the machine is no greater than usual, 
whilst by the gear reduction G, H increased power can be im- 
parted to the table without any drawbacks. (Accepted December 2, 
1908.) 


MINING, MET ARUESY, AND METAL- 


CUngersol-Rand Company, 
2 Figs.) 


13,872. H.W. London. 
New York, U.S.A.) (2 
rock-drilling machines 


June 30, 1908.—This invention relates 





of the kind in which means are provided for causing an inter- 
mittent discharge of water and air through the drill-steel at each 
stroke of the drill for thoroughly cleaning the drill-hole of the 
cuttings, and also laying the dust which arises from the cutting- 


| bit of the drill-steel striking the rock. In rock-drilling machines 
| of this type it is of the utmost mpones that the seating of 

the drill-steel in the drill piston- should be | neva | water- 
| tight, and the present invention is directed to im means 
| for attaining this result. In accordance with this invention, the 
| chuck, which receives the drill-steel 8, is provided with a bushing 


24 and a gasket at the inner end of the ——s. 1 to 
encircle the end of the drill-steel as in prior rock-drilling machines 
in the chuck for the et is 


of this kind, but the openi 
of less diameter than the opening for the bushing 24, w by a 
| shoulder is formed, against which the inner end of the bushing 
| seats. The inner diameter of the gasket is normally less than 
the outer diameter of the drill-steel, so that when the drill-steel 
is inserted into the chuck, it will expand the et, thus making 
a water-tight joint at this point. A hole 26%s bored in the chuck 
ite the gasket for the purpose of permitting the withdrawal 
_ the gasket when it becomes worn out. This may accom- 
a ny by pushing the gasket inwardly by a pin inserted into the 
ole 26, when the drill-steel is removed, and then withdrawing 


the aye with a hook inserted into the end of the chuck. 


(Sea February 4, 1909.) 
MOTOR ROAD VEHICLES. 
2348. Sturmey Motors, Limi and E. J. D. 
» Coventry. Gear. [4 Figs.) 
February 3, 1908.—This invention reference to -control 
mechanism for the change-speed of motor vehicles, and con- 
sists in a new or improved combination and arrangement of parts 


for bringing about the well-known and desirable provision whereby 
the depression of any one lever automatically releases the one 
which is in use, also such lever being automatically locked in 
position when de Pedal-control mechanism, constructed 
according to this invention, consists of a series of rocking-shafts 2, 

ying fixed cams 3, which, in the example shown, operate the 
friction bands 4 on the — gear-drums 5, the ends of the 
said bands being provided with bosses 6, having corresponding 
cam-faces, The number of shafts 2 co: ponds to the number of 

is provided by the epicyclic gear, and in the present construc- 
tion there are two, one for the lowspeed and the other for the reverse 
and brake. Each rocking-shaft 2.ig connected to a control lever 
or pedal 7, and in combination with these is a third lever which is 
connected to self-locking toggles Q and operates the clutch 10 to 
cause the whole of the epicyclic gear to rotate en masse, thus 

















giving the high speed. The clutch is preferably of the flat-plate 
Balanced type, the plates being forced towards and away from 
each other by yokes 12 carried by rocking-shafts to which the arms 
14 of the toggles are keyed. Any other suitable form of. clutch 
may, however, be used if desired. The cams 3 are preferably 
made with flat or radial surfaces at the end of their travel so as 
to lock the friction bands 4 in position and thus obviate the neces- 
sity for continued pressure on the pedals for the low and reverse 
The enue levers 7 are fulcrummed on a shaft 19 run- 
ning transversely across the chassis in front of and above the 
gear-drums 5, and immediately in front of this shaft is a second 
fulcrum-shaft 20, having a T-shaped short lever 21 projecting rear- 
wardly therefrom. The ends of the cross-piece of this T-lever 
come just under and almost touch the control levers 7 (on the 
under side), whilst projecting forward from the second fulcrum- 
shaft 20 isan arm 22 arranged so that when either end of the T- 
shaped piece is depressed by one of the control levers 7 the arn) 22 
onthe other side rises, and so knocks up the third, control lever, 
which was previously automatically locked down, hence it is im- 
ible to strain, or damage, the gears by careless operating. 
Accepted December 2, 1908.) 
RAILWAYS AND TRAMWAYS. 
15,736. W. E. Sheffield. Railway-Carriage 
Blinds. (8 Figs.) July 24, 1908.—This invention relates te 


roller or spring-blinds for railway windows. a indicates 
a me secured by means of a piéce of leather b to the lower 
end of the blind ¢, and which blind is provided at its upper end 
with the usual spring-roller, whereby it is rolled up when free. 
The rod a is secured against rotation by means of pins or rivets, 


A= 





and at each end it is provided with a.UJ-shaped body a@!. ¢ are 
studs secured to the frame of the window, and of which there 
would be three or more equidistantly spaced upon each side. The 
body a! is designed to engage with the studs, as shown in Fig. 1, 
and by this means the blind may be secured either in the “ closed” 
or “drawn” a or at other convenient points, (Sealed 
February 4, 1909.) 


SHIPS AND NAUTICAL APPLIANCES, 


420. W. J. Paulin and T. C. F New- 

le-on- . (3 Figs.j, June 9, 1908, 
—This invention relates to telemotor apparatus for ships’ steering- 
gear, and has for its object to provide an improved arrangement 
or construction of by-pass for such t Tel tor appa- 
ratus as at present constructed prises a vertically-arranged 
transmitter cylinder carried by a suitable framework, a piston in 
the said cylinder having a piston-rod extending through the lower 
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end or cover thereof, a rack arranged in alignment with and con- 
nected to the said piston-rod, and means for actuating the said 
rack. In order to form the by-pass in the transmitting cylinder 
the cylinder is divided into two parts as usual, and one part is 
provided with an enlargement or faucet ted to receive a 
prolongation or spigot on the other part, the said prolongation or 
spigot being of lesser external diameter than the internal dia- 
meter of the enlargement or faucet, so that an annular space 
results therebetween, which is connected to the safety-valve 
and to the replenishing tank as usual, and also communicates 
by small holes with the cylinder above and below the piston when 
the latter is in mid-position. a is a transmitter cylinder arranged 
vertically upon a framework 6, and containing a piston c, whereof 
the rod d out through a stuffing-box e in the lower cover of 
the cylinder, and is connected to a rack f arranged in the frame- 
work 4, in alignment with the rod d. The rack/ is adapted to be 


reciprocated in the framework below the cylinder a by a pinion 9, 
actuated through a train of gear-wheels operated by a hand-wheel. 
The rack f is reciprocated in suitable guides j. e by-pass k is 
formed in the cylinder a as shown in Figs. 2and 3, According to 
this arrangement, the cylinder is divided into upper and lower 
parts as usual, and the upper part is provided with afaucetm, and | 
the lower part with a spigot n adapted to be fitted thérein. . The 
spigot n is of lesser external diameter than the*internal dia- 
meter of the faucet m, so that, when fitted in position, an annular 
space o results, which space is connected to the safety-valve and 
the replenishing tank as usual, and communicates by small open- 
ings or passages p with the cylinder a above and below the piston 
when the latter is in mid-position, as indicated in dotted lines. 
The spigot n is provided with d@collar-g and with a collar or pro- 
jections r for ensuring alignment of the two parts of the cylinder. 
(Accepted December 2, 1908.) 


16,131. Palmer's Shipb and Iron Co 
Limi and J. L. Jarrow. R 
{4 Figs.| July 29, 1908.—This invention relates to balanced or 
partially balanced rudders. In modern high-speed vessels having 
more than one screw propeller, and having a balanced or partially 
balanced rudder or rudders whose axis intersects or nearly inter- 
sects that of one of the propellers, difficulty has been experie! 
in so balancing the rudder as to admit of it being readily brought 
back to midship position after having been put over to port or 
starboard, both in going ahead and in going astern, since it has 
been found that where a good balance is obtained for going ahead, 
it is not the best for going astern. In going ahead this is found 
to be largely due to the propeller race impinging on the forward | 
portion of the rudder, and setting up a force acting against its 
return to said midship position. In order to maintain the balance 
and yet relieve this force, according to the present invention, the | 
rudder is made of a form in which the area of the forward part of 





46.130 


the rudder is obtained by extending the upper portion thereof, or 
enlarging the said forward part in an upward direction, while clear- 
ance for the gape! race is obtained by reducing the area at that 
portion which lies in the way of line of the propeller. a indicates | 
the rudder-stock, and b the rudder of usual form, while the axis of | 
the rudder and propeller respectively are designated by the lines ¢ | 
and d. h indicates the underside or counter of the vessel. Re- | 
ferting to Fig. 1, the outline of the forward position of the rudder as | 
usually made is shown by the broken line e, while the line f shows the | 
improved outline of the said forward portion of the rudder to give 
clearance-for ere age race, the part removed at this portion | 
being compensated by adding the forward extended upper portion | 
yg. In the form shown in Fig. 2, the forward outline is shown by | 
the line k, which is carried further forward than the usual outline 


e; that is to say, — in an upw direction, and a portion 
is removed from the rudder at I to il clearance for the pro- 
peller race. (Sealed February 4, 1909.) ™~ 


STEAM ENGINES, BOILERS, EVAPORATORS, &c. 


19,119. . E. Tagoodhs, Sheffield. Steam-Traps. 
{2 ay September 11, 1908.—Phis invention relates to steam- 
r class of device. In | 





traps, and refers to the expansion-chambe: 
accordance with the present invention, 
and its containing case ¢ are 

take pipe b and concentrically t 
casing ¢ may at all times be quite of any accumulation of 
water from condensed steam, the bottom or closure thereof is 
formed of a dished body A, having a number of comparatively 
large perforations j, so that there is as little space or surface for 
the lodgment of water as possible. The perforated body A in order 


at the lower end of the down. 


| nection to the shaft, and only two bolts for connecting together 


| One another, pointing both in the same direction or in opposite 


and clamps the enlarged 

the casi 
conside 
towards the 
block 2° is bored at its 
a 
the expansible chamber f | spindle A2, 

| of which is of a diameter diminishi 

th, and in order that the | nozzle, to correspond more or less wit 
tion of the screw-thread on the front end of the 
that a spiral passage is formed between these parts when the same | number of ways, according to the circumstances of each © 
are in the positions shown, but which can be gradually closed by | Owing to the 
advancing the 
be cut so that 


that ready access may be afforded to the casing c, and at the same | the screw-threads. The rear portion of the block 2° is formed 
time to ensure the cover being always attached to the casing so | with a screw-thread of lesser depth than the portion of the screw. 
that it cannot be mislaid when the casing is open, is hinged to thread h3 engaged therewith, so that a spiral passage is formed 
said casing at one side, and at the other the casing is provided | enabling the liquid to pass directly from the main inlet y to the 

spi , and issue from such e with a whirling motion 
when the spindle A? is drawn -k, the said passage being 
gradually closed and the supply of liquid reduced, and finally cut 
off upon advancing the spindle. An intermediate chamber z may 
we in the block 2% if desired. (Accepted Novembe; 25, 
1908. 


W. R. Preston, Deptford, and R. M. Deele 

Der tors or Vaives. (7 Figs.) Novembe: Z 
1907.—This invention relates to regulators or valves of the sliding 
or partially rotating type, which are specially applicable for loco. 
motive boilers, the object being to produce a valve which is not 
only opened easily, but is also closed with facility, notwithstand- 
ing that the valve is held against its seat with a considerable pres- 
sure when it is closed or nearly closed. According to this inveniion, 
the valve or regulator of the type consisting of a main valve and a 
smaller or jockey-valve is so arranged and operated that not only 
does the jockey-valveopen before the main valve opens, but closes 
after the main valve is closed. The spindle a of the regulator is 
provided with two cranks b, ¢ set at 90 deg. apart, more or jess, 
and the crank b is connected by a link d to the main valve e, and 
preferably so that the crank b is about on the dead centre when 
the valve ¢is in the closed position. The crank ¢ is similarly con- 
nected by a link f to the jockey-valve g, which latter is provided 
with ports h, and is held against the valve e by the pressure of the 
steam, and is guided by lugs on the valve e. The valve e is provided 
with ports / so arranged as to register with the ports m on the 
valve-seat, according to a certain position. In addition to the 
main ports / in the valve e, the latter is also provided with small 
ports n adapted to be closed by, or to register with, the ports h 
the jockey-valve. The ports n may, if desired and as shown, 
be wider on the side opposite to that on which the jockey-valve ¢ 
| slides, and the latter is preferably perforated or cut away so as to 


with a bolt and fly-nut, by means of which, and suitable projec- 
tions on the cover, the cover is held in its closed ition in a 
manner such that it can be instantly released when desired. The | 
cover / carries the stud & for the support and adjustment of the 
expansible chamber cl. (Sealed February 4, 1909.) 
pitt ene and Maveem, lant and A. E. 
eague, -. le 
[3 Figs.| January 6, 1908.—This invention relates to an improved 
design of reciprocating steam-engine of the two-cylinder type, 
either simple or compound, the objects being to obtain great | 
compactness, particularly in respect to the dimension as measured | 
in the direction of the axis of the crank-shaft and the minimising | 
of the length of the steam-passages to and from the cylinders, | 
varticularly in compound engines. In accordance with this 
invention, the valves are inte between the two cylinders 
A, B, but instead of the centre lines of travel of the valves lying in | 
the longitudinal plane through the axis of the shaft which contains 
the centre lines of the pistons, the centre lines of the valves are | 
arranged to be oblique to such central plane on opposite sides 

















present as small an area as possible to the pressure fluid, and 
| thus to enable it to be moved easily by the regulator handle. 
| The valves e, g and their operating cranks b, ¢ are arranged 
|in such a manner that on partially revolving the regulator 
spindle « the amount of movement comnmmicated at first to the 
jockey-valy2 g is much greater than that communicated to the 
valve ¢. By this means the ports A fully uncover the ports» 
in the valve e, which ports n also register more or less with 
ports-a in the valve-seat, before the valve e has been moved 
to an appreciable extent. On the continued movement of the 
th ou we mone rel bei Sees to | regulator spindle a, and as soon as thereis a clear full way opened 
ese hcnmate or nneones hererines tec contahne cronres | Ni taaseeens vane, te role © bagine te saove, mote seat 
1 . » | until its ports J register wi e ports m in the valve-seat. In 
in — — R—-- valve Peccn d pd —- by - oe pe | closing it we evident that the order of the relative morements of 
eccentric the transverse planes through the centre lines of the | the two valves is reversed—that is to say, the ports Jin the valve ¢ 
travel of the valves are situated at a sufficient distance from one first move out of register with the ports m, and the ports n into 
an ee — for — a gp en 4 ee — register with the ports m, and then the jockey-valve, the crank ¢ 
ase Se Oy See. e parts 0 eccentric sheaves may be | of which has reached that portion of the circle corresponding toa 
formed integrally, necessitating the use of only one key for con- | maximum rate of straight-line motion of the valve g, moves the 
| ports h out of register with the ports n. The crank 6 has mean- 
llel to | while reached the portion of the circle corresponding to mi 
rate of movement of the valve ¢, which valve has already closed 
| its ports as stated. Thus there is always ial pressure (more or 
orany other angle which may be convenient. The slide-valves | jess) on both sides of the te e, oe pot aks aetes here- 
= preferably of the piston type, and the entire engine is prefer- | tofore, but also during closing, and the jockey-valve g, with its 
ably enclosed and force lubricated. (Accepted November 25, 1908.) | emalior wumace area, not only practically opens fully before the 
| valve e begins to open, but also closes after the valve e has been 
a i Ra na gg ee Téquid-Tuet closed, the result being that less energy is required to operate 
qpuapene of popasteenpeattliy y —This invention relates to | the regulator than has been the case hitherto. (Accepted De- 


licable for use with steam-gene- | 9 
rators fired with liquid fuel. “The object of the invention S to | ne 5, SND 


provide a construction of burner in which the co-acting screw- | MISCELLANEOUS. 

threaded portions adopted for advancing and retracting the orifice- | 

controlling plug are, with cqpeepeete modification, adapted to| 4953. ° Brown, York. Bond-Ties for Walls. 
{1 Fig.) March 4, 1908.—This invention relates to a modification of 


impart the necessary motion to the liquid to cause the same to 
issue in a very finely-divided state. The nozzle plug h!, constituted | the method of reinforcing building work described in prior Patent 
No. 19,949, of 1906. The present reinforcement consists essentially 


by the partially spherical extremity of a spindle h%, is adapted 
to be rotated within the nozzle-casing w, as by means of a hand- | of a strip, length, or piece of expanded metal, used either with or 
wheel w! ~The discharge orifice of the nozzle is formed in a| without the addition of auxiliary strips or pieces. The main and 
cap 2!, which may be screwed upon the exterior of the casing w, | auxiliary strips may be of any desired length or width as required 

by the circumstances of the case. It has been found by experi- 
ment that a reinforcement formed of expanded metal has similar 
elastic properties to the wire-netting reinforcement described in 
Patent No. 19,949, of 1906; that is to say, an elastic bond is 
obtained by which any tensional stresses tend to compress the 
meshes of the reinforcement upon the mortar, and thus change 








the parts of both sheaves. e engine cranks may be 


directions, or the cranks may be set at right angles to one another, 
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SN 


| seme of a cylindrical block 2* within the said tensional stresses into compressional stresses. To carry 
ng. 2 is cut with a single square thread h? of | out the invention, there is inserted between the courses of brick- 


The spindle 
Gort, which thread is reduced in diameter externally | work or layers or units of concrete or other building materials, 
end constituting the orifice-controlling plug Al. The | strips of expanded metal, inserted either in one horizontal plane, 
forward end with an aperture equal in | or vertical plane, or in series one above the other, passing from one 
to the smaller diameter of the threaded portion of the | course of brick to another. By a series of such strips the brick- 
and is formed with an internal screw-thread, the bottom work is rendered lithic, and capable of resisting bigh (e- 

towards the orifice of the sional stresses, while fracture and uneven settlement sare rendered 
the exterior conical forma- | impossible, It will be obvious that the series of strips may “¢ 
indle A2, so | al between the courses of brickwork or the like in a great 





. 


rforated form of bond, the mortar between ¢ 
preferred that the threads should | courses is and interlaced with the bond, to which the mor'«! 


sae. it bei } 
the closure is effected at the extreme front end of | grips with very great tenacity. (Accepted November 25, 1908.) 
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Marine Propellers. By S. W. Baryasy, Member of 
Council of the'Institution of Naval Architects. Fifth 
Edition, revised. London: E. and F. N. Spon. 1908. 

Tue fact that five editions of Mr. ‘Barnaby’s 

treatise on the screw propeller have been called for 

within a period of twenty-three years is sufficient 
indication of its practical usefulness. In fact, the 
work is written by a naval architect for naval archi- 
tects, and is, therefore, not overloaded with redun- 
dant matter, interesting as such might be from the 
standpoint of theoretical mechanics, but having 
little or no direct bearing on the practical problem 
of fitting a boat with a reasonably satisfactory pro- 
ller. The author’s tables of coefficients, makin 
it possible to get out in a few minutes the principa 
proportions of a propeller to satisfy almost any 
possible conditions, are now well known and largely 
used. The edition under review includes also a 
chapter on the influence of depth of water on 
speed, a point that has at times no little commer- 
cial importance, since that the shallow-water charac- 
teristic of certain measured miles may either increase 
or diminish notably the power needed for a stated 
speed. In this chapter Mr. Barnaby gives a concise, 
but sufficiently complete, discussion of the many 
observations made during the past few years on this 
relation between depth aa speed. With the 
26-knot coastal destroyers he states that the depth 
most favourable to speed is 20 ft., and the normal 
resistance is not reached till the water is 98 ft. 
deep. For the 33-knot destroyers the best depth 
of water is 32 ft., and the normal resistance is not 
reached until the water is 150 ft. deep. Again, a 
36-knot destroyer of 1100 tons displacement would 
do best. with a depth of about 36 ft. The chapter 
on cavitation has a special interest in these days of 
turbine-propelled ships, and the author is particu- 
larly competent to deal with the question, as he 
himself first drew attention to the phenomenon and 
gave it its present denomination. Some further 
elaboration of this chapter, and of the tables for 
proportioning propellers, would be an advantage. 

As matters stand, the tabulated coefficients cover 

a range of propeller efficiency from 63 per cent. up 

to 69 per cent., whilst in general it is found neces- 

sary to run turbine propellers at an efficiency 
substantially less than the lower value cited. Prob- 
ably, however, the author deemg it wise to wait 
till still further data as to the performance of these 
high-speed screwS are available. Certain naval 
architects, at any rate, are still sanguine of ob- 
taining with high-speed propellers efficiencies com- 
parable with those commonly recorded with 
screws driven by reciprocating engines, though we 
are somewhat inclined to fear that their hopes, to 
some extent at any rate, are responsible for their 
anticipations. Unless some fundamentally new 
principle is introduced into propeller construction, 
it appears highly doubtful to us that any very 
substantial improvement will be made on the best 
of the performances already recorded. Until such 
an event arises the needs of the naval architect will be 
fully met by Mr. Barnaby’s most practical treatise. 





Phares et Signaux Maritimes. Par C. Risrere, Ingénieur- 
en-chef du Service Central des Phares et Balises. 
Paris : Octave Doin, 1908. [Price 5 francs. ] 

TxHovcH in this work M. Ribiére naturally addresses 

his own countrymen, yet seaports are open to the 

ships of all nations, and are all alike eager to profit 
by the accumulated experience of each. No country 
in the front rank of commerce can afford to fail 
behind another in efficiently protecting its coasts 
and providing those aids to navigation which lights 
and beacons ensure. In the effort to promote 
maritime intercourse all nations are generous 
rivals, and in the struggle for first place none 
stand higher or have done better service than 
the countrymen of that distinguished physicist, 

August in F resnel, who designed the dioptric system 

that has furnished the model whose main principles 

_ been followed for three-quarters of a century. 
- Ribitre 8 expert knowledge would always com- 

mand attention, but the time was peculiarly ripe 

- the appearance of such a book as that which 
@ has produced. It sums up in a comprehensive 

manner What has been accomplished towards the 


perfecting of a system of maritime signals, in its 
entirety. Now and again we get fragmentary 

nal information concerning 
recently improvement in light- 
illumination, or some such matter, but there 


and possibly sensatio 


Some recently introduced 
house 








come times when it is necessary to review the 
position as a whole, and to ask ourselves whether 
the protection provided by the lights, buoys, and 
beacons on our coasts has kept pace with the in- 
creasing improvement in our ships, and the greater 
risks they run by reason of their greater speed. 
M. Ribiére enables us to see that ingenuity has 
been active in all departments, and that the en- 
lightened policy of the authorities has spared 
nothing to secure completeness and efficiency. 
Touching the general principles that have decided 
the character of coast protection, we may notice, 
in the first place, the change that has been intro- 
duced in the plan of lighting generally. The 
increased brilliancy in certain lights is not due 
simply to the improvement in the installation or 
character of the luminant, but marks the adoption 
of a new principle. There was a time, as the 
author reminds us, when it was the aim of the 
authorities to distribute the lighthouses round the 
coast in such a manner that, as soon as a vessel lost 
sight of one astern, it should be able to pick up one 
ahead. With the improvement in navigation and 
the stricter adherence to trade routes, such a 
system of lighting the coast has become obsolete. 
The mariner does not approach the land by chance, 
trusting to the accidental recognition of some 
coloured or revolving light to reveal to him his 
exact position. He follows determined routes with 
an accuracy that increases as the progress in ship- 
building advances, and he needs assistance only to 
make his landfall with precision and certainty. 
Hence a few powerful lights at carefully selected spots 
are of greater service than a uniform frequent dis- 
tribution of feebler lights on a long line of coast. 
So complete has become the system of lighting 
that thick foggy weather is a far greater source of 
danger and hindrance to rapid navigation than dark 
nights, and if fog-horns and sirens do not appeal to 
the landsman so powerfully, or so picturesquely, as 
the lighthouse, they deserve possibly even more 
attention, since signalling by sound has remained in 
a more backward condition than signalling by light. 
Doubtless with sound there are more and greater 
obstacles to be overcome. There is, of course, the 
initial difficulty that it is not so easy to determine 
direction by ear as by eye, and the distance of an 
object seen may be guessed with greater approxi- 
mation than one that emits sound. And, unfortu- 
nately, other causes operate adversely. For reasons 
that have been very insufficiently explained, the 
capacity of the air to transmit sound is very 
variable. Under certain conditions the air becomes 
perfectly opaque to sound, and this opacity is by no 
means dependent on the visual transparency. Our 
law courts are continually furnishing instances 
in which sound fails to carry to even quite short 
distances, and nautical assessors must find it difficult 
to reconcile the conflicting evidence of trustworthy 
witnesses. Instruments which will under certain 
conditions carry a warning note 16 or 18 miles fre- 
quently fail to penetrate 6, and occasionally far 
smaller distances. Under these circumstances en- 
gineers have turned their attention to signalling 
under water ; but, to judge from the references in 
M. Ribiére’s book, little progress has been made in 
this direction. Necessarily, to be effective, the 
method requires co-operation between the shore 
authorities and shipowners, since the sound of the 
bell struck under water is made perceptible only by 
mechanism attached to both sides of the hull. 
Microphones placed respectively ~ and star- 
board will indicate to an experienced observer the 
direction from which the sound has travelled. But 
few ships other than the great trans-Atlantic liners 
are provided with the necessary apparatus, and the 
author is not able to supply any details as to the 
success that has attended the use of the method. Re- 
ference is made to the employment of wireless tele- 
graphy, but it is difficult to see how its use would 
enable a seaman to judge either distance or direction. 
In separate chapters the author discusses those 
theoretical and practical details by which the power 
and the resources of signalling have been so mate- 
rially increased. The object has been to describe 
the essential parts of those installations which have 
been approved by experience, and to put on record 
the actual position achieved by the application of 
various principles, so as to enable anyone to form 
an accurate judgment of the merits of each. The 
historical side has not been dealt with to any con- 
siderable extent, so that in reading of the modern 
forms ‘of catadioptric and dioptric instruments, in 
which the maximum intensity respectively is at- 
tained, we are not able to trace what has been 





effected by individual effort. Names like Stephen- 
son, Chance, Hopkinson, familiar to us, do not 
appear, or very rarely. On the other hand, curves 
and diagrams, which show the effectiveness of 
various forms, are very freely exhibited. Under the 
rigorous treatment applied by the author, many con- 
clusions which were based on empirical suggestion 
tend to disappear, or find legitimate ry tar 

Similarly, in discussing the different luminants in 
use, the object is to define their peculiarities rather 
than to indicate to whom we are indebted for suc- 
cessive :mprovements. In France, it ap that 
burners with multiple wicks, fed by mineral oil, 
the form of which the Douglass burner is the type 
in this country, are being displaced by incandescent 
mantles illuminated by the vapour of petroleum, or 
burners arranged for acetylene, or for mixtures of 
oxygen with either coal-gas or oil-vapour. For 
lights of great intensity the electric are is unap- 
proached, and in France an alternating current is 
preferred, though the continuous arc has some 
advantages. Where only one panel is used, as in a 
fixed lamp, the superiority of the continuous arc 
is undoubted ; but when four panels are used witha 
continuous current, two separate lamps are needed, 
or, generally, as many lamps as there are groups of 
two panels. Coupled with the fact that the alter- 
nating current can be worked slightly more econo- 
mically than the continuous, the preference in 
favour of the former is quite justified. 

Passing over the chapter on fog-signals, to which 
reference has already been made, and which is 
especially interesting on account of the descriptions 
of experiments in various directions that have been 
made by both French and English authorities, the 
author considers the very important subject of 
lightships, manned and unmanned, light-buoys, and 
lights of small intensity that are employed for in- 
dicating fairways and estuaries, and for facilitating 
navigation in inland waters. The progress that has 
been made in these installations of late years is 
remarkable, and has had its origin in mathematical 
investigations. The application of the theory of 
floating bodies to lightships has made them so 
much steadier in the water, reducing both the roll 
and pitch, that lenticular systems embracing many 
modern improvements in optical arrangements, 
hitherto only available at fixed stations, can now be 
employed in these unstable positions. 

he book concludes with a chapter on the construc- 
tion of towers suitable for lighthouses, contrasting 
various types that have been employed. The point 
of importance here is the force of the wind, or, 
rather, the presumed force of the wind, inst 
which protection has to be made. The problem is 
further complicated in the cases of lighthouses 
which are partially submerged, owing to the varying 
height of the tides and the force of the waves. The 
data for guidance are by no means complete. In 
the French service, the pressure of the wind is cal- 
culated at 275 kg. per sq. metre (56 lb. per sq. ft.) 
on a vertical section through the axis of a cylindrical 
tower. On the surface presented this pressure is 
assumed to be reduced to two-thirds that amount, 
on the supposition that the force of the wind is 
proportional to the square of the sine of the inclina- 
tion of the surface to the direction of the wind. 
This value it is asserted is a more liberal allowance 
than is made for lofty chimneys in this country, 
where, according to Rankine, the pressure on a 
cylindrical surface is reduced to one-half that on 
the central section. In connection with this sub- 
ject reference might have been made to the in- 
vestigation of M. Eiffel, and to the recent work of 
Dr. Stanton at the National Physical Observatory. 
But throughout the book the amount of informa- 
tion collected is extensive and valuable, while the 
manner of its presentation leaves little to be 
desired. The result is to put us in possession of a 
text-book which will be highly appreciated by all 
who are concerned in those technical inquiries which 
are here discussed. 





The British Tar in Fact and Fiction. By CHARLES 
Napter Rosrnson, Commander, Royal Navy. London 
and New York: Harper and Brothers, 45, Albemarle- 
street, W. [Price 15s. net.] 

Or works dealing with the material of the Navy, 

with its great historical achievements, and with the 

science of strategy, there isno end. These, too, 
are supplemented quite properly by autobiographies 
and biographies of the great exponents of naval 
construction and naval warfare. But of the life- 
story of the British tar no complete record had 
been made until the appearance of Commander 
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Robinson’s work ; and in view of the part which 
the sailor and gunner plays, and has played for 
centuries, in the utilisation: of the results of the 
scheming and planning of the constructive engineer, 
there is full justification for a word here of well- 
merited commendation for this book. It is not 
only that the British tar is a partner with the 
shipbuilder, engineer, and ordnance constructor ; 
a full appreciation on the part of engineers of his 
idiosyncratiés and his worth is useful-in meeting 
his wants. Moreover, from the national point of 
view a study of his life is inspiring, especially in an 
age when, owing to the excellence of mechanical 
contrivances, there is a tendency to forget that in 
the ultimate issue the human element is a most 
important, if not the paramount, factor. 
he author amply covers the field compassed by 
his title, and his sub-title, ‘‘ The Poetry, Pathos, 
and Humour of the Sailor’s Life.” He does more. 
He shows that officers and men by ‘ united effort 
ive livmg vigour to masses of dead material.” 
here are two introductory chapters by Mr. John 
Leyland on the place of the sea officer and seaman 
in naval history and historical literature, and, read- 
ing them, one cannot fail to be impressed with the 
writer’s wealth of knowledge, depth of analysis, and 
breadth of sympathy with the subject. There is no 
dubiety as to his conviction that practical experi- 
ence of sea conditions is the primary essential. 
Just as in the past the gentleman officer could not 
excel the tarpaulin officer, so to-day sea training, 
combined with its due proportion of scientists 
knowledge, carries a man to the front in his pro- 
fession. Next or akin to this is the moral and 
mental strength which enables a man to work 
and to fight under conditions of great discourage- 
ment. 

Commander Robinson in the succeeding chapters 
displays immense erudition, admirable selective dis- 
cretion, and charming literary gifts in reviewing the 
life and work of the British tar in the successive 
epochs of our naval history, as portrayed in contem- 
porary literature and art from the times of Chaucer, 
and from the first original work on navigation (1594). 
His portrayal is not patchwork, but a succession 
of vivid pictures affording an attractive study of naval 
life—of successes due to ‘‘brave hearts, stubborn 
fighting, and good gunnery.”” We have, too, exami- 
nations into causes of failure—often ineptitude or 
lack of experience of officers, and lack of discipline. 
The author is fair in giving credit to ‘‘ our friend the 
enemy,” and analyses the motive and credulity of 
his authorities. We have luminous narratives of 
such incidents as impressment, arctic exploration, 
and other features of naval life. Indeed, the whole 
field is covered from history, pamphlet, diary, satire, 
comedy, drama, novel, poetry, and art, many repro- 
ductions being made by quotation and by beautifully 
executed engravings from rare and priceless works. 
A very complete index adds to the value of a unique 
and commendable record ‘‘ of the spirit bred of the 
comradeship of the sea, of hearty good humour and 
hilarity, and of the bravery and sacrifice which have 
ever distinguished the British seaman in all places 
and at all times.” 


‘* Hiitte,”” Des Ingenieur’s Taschenbuch. Edited by the 
Akademische Verein Hiitte. Twentieth Edition. Two 
octavo vo! Berlin, 1908: Wilhelm Ernst und Sohn. 
[Price 14s., leather. ] 

Tue fiftieth anniversary of the foundation of the 

Verein Deutscher Ingenieure, which was celebrated 

in Berlin by great festivities in 1906, was also 

the fiftieth anniversary of the resolution of the 

Akademische Verein Hiitte to publish an engi- 

neer’s pocket-book. In commemoration of this 

event, the twentieth edition of the pocket-book 

‘*Hiitte” has been dedicated to the Verein 

Deutscher Ingenieure. The first edition of the 

‘* Hiitte,” which has long since become the German 

engineer’s pocket-book por excellence, ap in 

1857, in three separate varts, dealing—the first 

with mathematics and mechanics, the second with 

engine construction and the metallurgy of iron and 
gas manufacture, and the third with building con- 
struction. In the third edition the three parts 
were united in one volume, which, by the time the 
fourteenth edition had to be prepared, had to be 
divided into two volumes. As the su uent 
editions could only be kept to a reasonable bulk by 
sacrificing some departments of technol alto- 

ether, the editing committee, of which Mr. M. 
yffert is chairman, has decided to revert to the 

original three parts. 

us ; the third is to follow this month, under the 


Two volumes are now before | zy 





title ‘‘Taschenbuch: fiir Eisenhiittenleute,” which 
means ‘‘ pocket-book for iron metallurgists.” 

We agree with the editors that the division is 
desirable, though it renders the term ‘‘ pocket- 
book” hardly more justifiable than it usually is. 
Vol. I. is a book of 960 pages, Vol. II. of 999 
pages. The paper is thin, the type close, but both 
are so superior, and the chief points ‘are so well 
marked by arrangement and type, that nobody need 
be afraid to consult the book even by lamp-light. 
We have on several occasions commented upon the 
excellency of this publication. The new edition 
has, on the whole, been very well brought up to 
date. We find references to-the year 1908, and 
even to books which were in the press when the 
authors were compiling their-sections. We indi- 
cate the names of the authors :—Messrs. P. Kesten 
and H. Lang (mechanics), H. Bolstorff (frictional 
resistances), A. Laskus (strengths of materials), 
R. Mollier (heat), E. Glinzer and W. Will (ma- 
terials), F. Geuerlich, H. Martens, M. Wentzel 
(steam-boilers), R. Doerfel, G. Forner, J. Hrabak, 
K. Kérner, A. Pfarr, W. Treptow (steam-engines 
and turbines), H. Holtschmidt (governing of 
engines), H. Giildner (internal-combustion motors), 
H. ‘Hoffmann (blowing-engines and go ron. 
O. Rambuscheck (tool machinery), O. Kammerer, 
W. Schrader, M. Schellewald (lifting machinery, 
haulage), R. Vogdt (wind and water-wheels), M. 
Buhle (storage and conveyance), E. Metzeltin (rail- 
way rolling-stock), -F. Meyer (shipbuilding), R. 
Rahusen (marine engines), C. Feldmann, P. Kesten, 
W.: Philippi, a Idelberger (electrotechnics), 
and F. Ludloff (index). 

The one alphabetical subject-matter index for both 
volumes is carefully compiled ; it has been added to 
both volumes, which is a commendable feature. 
There is no special name index, but names such as 
Parsons, Root, Rankine, Euler, Hertz, which are 
connected with special constructions or formulz, 
are duly recorded. A few more names might, per- 
haps, have been given ; but as there are sixty columns 
of index, it would be unreasonable to complain. 
We find, in addition to the index, tables of contents. 
The first volume opens with mathematical tables, 
stating n, n*, n¥, Jn, Yn, log n, 1000/n, rn, 
nn?/4 for the numbers n = 1 to 1100, and passes to 
mathematics, mechanics and heat. Then follow 
strength of materials (metals, stones, mortar, 
glass, rubber, asphalt, timber, lubricants, leather 
belting, fuel), with a few pages on the metallurgy of 
iron, and parts of machines. An appendix has 
various comparative tables. We need not specify 
the contents of Vol. II., as the subjects were 
indicated in the list of authors. This list differs 
from that of the last edition, and some sections 
have been entirely re-written. Most of the de- 
tailed legal notes and regulations concern Germany, 
of course. 

What we miss may seem dispensable to others. 
Everybody understands the difficulties of the editor 
and authors to restrict themselves to the essential. 
Yet a few remarks suggest themselves. We find 
references to very recent literature on wind motors, 
but not to the experiments of Stanton and 
others on wind-pressures. On the other hand, the 
latest researches on steam-flow through pipes are 
noticed. Automobiles should have had a section of 
their own. There isa t deal of information on 
the strength of materials to be found in the divi- 
sions on materials and their strengths, and we meet 
with a section on methods of testing, but nothing 
is said on testing-machines. Brinell tests are not 
mentioned at all; impact tests are just alluded to 
in a few remarks, and we have in vain looked for 
notched-bar impact tests, though Germany is not 
behind other countries in this field. If they are 
discussed, the index is at fault. There are, on the 
other hand, so many good points, so much informa- 
tion is given in tabular form, in the text, and in 
brief critical notes, which appear to be sound and 
fair, that one hesitates to -pick out possible defi- 
ciencies, 
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COMBUSTION AND HEAT ABSORPTION | 

IN LOCOMOTIVE BOILERS.—No. IT. | 
By Lawrorp H. Fry. 

In the previous article* a study of several series of 
tests of locomotive boilers, carried out on the loco- 
motive testing plant of the Pennsylvania Railroad, 
was commenced. Attention was in that article 
directed to the determination of the efficiency of 
combustion, by which is meant the percentage of 
the heat in the coal fired which appears as sensible 
heat in the fire-box, and it wasshown how some 
of the heat thus produced is absorbed directly by 
the fire-box heating surface, while the remainder, 
being carried by the products of combustion into 
the tubes, is in part taken up by the tube-heating 
surface, and in part lost in the smoke-box. The 
influence of fire-box design and rate of working 
on the absorption of the heat by the, fire-box sur- 
face was considered, and it now rémains to examine 
quantitatively the absorption of the heat by the 
tube surface. 

When the research of the Institution of Mecha- 
nical Engineers on heat transference is com- 
pleted, it may be possible to deduce a reasonable 
and accurate formula for the transfer of the heat 
from the products of combustion through the heat- 
ing surface tothe water in the boiler. In the 
present state of our knowledge, however, we must 
be content to work with an empirical formula 
which can be shown to givé results in harmony with 
those obtained by experiment.. Rankine’s type of 
formula has been adopted in this instance. 

The rate at which the heat is conducted through 
the fire-tube wall is proportional to the difference 
of temperature between the gas and the water, and 
inversely proportional to the sum of the thermal 
resistances of the two surfaces of the plate and of 
the plate itself. That is 


qg = 


T-t 
Si¢+s+r2’ 


where q is the heat transmitted in B.Th.U. per 
hour per square foot of surface, T and ¢ are the 
temperatures of the gas and of the water, S' and s 
are respectively the coefficients of the external 
thermal resistance for the two surfaces of the plate, 
x is the thickness of the plate, and r its coefficient 
of internal thermal resistance. Now rx is so small 
as to be negligible in comparison with S! + s, and 
hence the resistance of the tube-wall to the trans- 
mission of heat lies for all practical purposes wholly 
at its two surfaces ; and the rate of conduction of 
the heat is independent of the thickness and mate- 
rial of the tube. The two surface resistances are 
dependent on a number of factors. S'—the fire- 
surface resistance—is dependent on the condition 
of the tube surface, on the diameter of the flues, and 
on the density and velocity of the gas, the resist- 
ance being reduced as these two latter factors are 
increased. The water-surface resistance s is depen- 
dent on the condition of the tube surface and on 
the rate of circulation of the water, a free circula- 
tion giving a low resistance. At low rates of heat 
transmission, and with proper water circulation, 
the tube surface will be kept at the same tempera- 
ture as the water ; but if the rate of heat transmis- 
sion is increased, and the circulation impeded, the 
tube may be surrounded by a film of steam and the 
temperature rise above that of the water in the 
boiler. Rankine takes these various effects into 
account by assuming that for boiler-plates and 
tubes the thermal resistance is inversely propor- 
tional to the temperature difference—that is, 


3 =a So 
oT?" oF 
Where « isa constant. This gives for the rate of 
conduction per square foot of surface per hour 
= = 
q= = . ° ° (1) 


It is not suggested that this is anything more 
than an approximate formula, but it has simplicity 
for a recommendation, and also the fact that it agrees 
very wei! with the results of experiments. It will 
now be applied to the series of tests under con- 


equating the amount of heat transmitted and the 

amount of heat given up by the gas :— 
qa@S=-WCnrdT. ° - (2) 

where C,, is the mean specific heat of the gas. 

The specific heat of the products of combustion 
varies, of course, with the temperature and with 
the composition of the gases. 

For the present purposes the dry products of com- 
bustion, and the water vapour mixed with them, may 
be taken to have mean specific heats of the form 
C,, = m+nT; and, measuring above 212 deg. :— 

For dry gas__... m = 0.236 n = 0.0000311 
For water vapour m = 0.449 n = 0,0000660 

For the mixtures which occur in the present 
tests the mean specific heat is closely given by the 
formula C,, = m +n T, where m = 0.242, and 
n=0.0000322, T being the temperature in degrees 
Fahrenheit. 

Combining equations (1) and (2), and putting in 
this value for C,,, we have 


agi ~_w (mint) aT. 
a 


For T—# substitute 8, and for m + nT substi- 
tute m,, then 


foot of total heating surface per hour, and curves 
drawn through the points thus obtained. For all 
the boilers tested, the curves have the same general 
tendency for the conductivity or heat transference 
factor to have a low value at the very low rates of 
evaporation, to reach a maximum for rates of 
evaporation, of 8 lb, to 12 lb. of water per hour, and 
then to decrease as the rate of evaporation in- 
creases. This appears reasonable, for, starting from 
a low boiler power, it is to be expected that the 
conductivity will rise with an increase in the weight 
of the flue gases and with an accelerated c.rcula- 
tion of the water ; but, beyond a certain point, the 
increase in the rate of evaporation will not produce 
an equivalent increase in the circulation of the 
water, as the resistance increases more rapidly than 
the force producing the circulation. 

As regards the value of the factor for each boiler, 
it will be seen from Fig. 4 that the factors of series 


arithmetic mean for these series being - = 0.0146, 
i 
no individual factor varying from this by more than 


10 per cent. If series y be left out of consideration, 
a very close approximation to the value of the 
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and by integration, 
© sehtus % 
3 = m( 5 i) + 2.308 nlog 3. (8) 
In the tests we are considering the boiler pressure 


is about 220 1b. per square inch, and ¢ may be 
taken as 390 deg. Equation (3) then becomes 


8 = 1 _ 1) 4 o.0000742 log % . (4 
+. 0.254 (5 5) + TaBlog 3. (4) 
S throughout represents the surface of the fire side 
of the flues in square feet per square foot of grate. 
The above equation, provided the coefficient of 
thermal resistance a be known, gives an expression 
for the drop in the temperature of the gases as they 
through the flues. To determine the coefficient a 
it is necessary to measure the heating surface S 
over by the gases, the weight W of the , and the 
initial and final temperatures (6, + ¢) and (6,+1). 
This data for our present tests is given in columns 3, 
4, and 5 of Table V., page 308, and the values of 
1 


evaporated 


and a, calculated therefrom, are given in columns 


a 
6 and 7 of that table. As a is the coefficient 


of thermal resistance, its reciprocal t is the con- 





sideration. The first operation is to find an expres- 
Sion for the fall of temperature in the gases as they 
pass “yh the flues. 
the weight in pounds of the ing | 
through the flues per hour be called W. ow, if | 
th passing over the element of heating surface dS, 
" © drop in temperature be dT, we have, by 





* See page 237 ante. 





ductivity factor, the rate of heat transference being 
proportional to the product of this factor and the 
difference of temperature. It will be seen that the 
conductivity factor is not quite constant, as the rate 
of working of the boiler is varied throughout a series 


of tests. In Fig. 4 the values of 2 are plotted 
as ordinates over the rates of evaporation per square 








F. per Sq Fe. 








Total Surface per Hour: 
heating surface per hour is given by the formula 


1~ 0.0179-0,000817, . . . (5) 
a 


where w is the weight of water in pounds, evapo- 
rated from and at 212 deg. per square foot of total 
heating surface per hour. Series 100 shows a con- 
siderably lower rate of heat transference, the 
average value of the factor (omitting one extremely 
low factor) being only 0.0112, while series a shows 
the considerably higher average factor of 0.0183. 
The large difference between this latter and series +, 
with its average factor of 0.0147, is interesting, as 
both series of tests were made on the same boiler. 
As the aseries was made first, and the y series after 
an intermediate series of tests, which are not here 
considered, it is possible that the boiler tubes 
accumulated a coating of scale, and thus reduced 
the conductivity. It will be shown later that this 
difference in the rate of heat transference does not 
have any large effect on the amount of heat taken 
up by the boiler. 

A general consideration of the results obtained 
shows that equation (4) gives a very close approxi- 
mation to the relation between the fire-box and the 
smoke-box temperatures and the amount of gas 
passing over the tube-heating surface ; and for any 
of the boilers tested enables one to determine the 
efficiency of the heat absorption for any fire-box 
temperature and any weight of gases. To simplify 
such calculations the curves in Fig. 5, page 308, 
have been drawn. In curve A are simply plotted 
results obtained with equation (4), the initial tem- 
eee difference 4, being taken as 2800 deg. 





ith this value of 6, the equation takes the form 


200, 600, 800, and y lie very close together, the - 
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S 0.254 
aW.- 6 


from which it is easy to find the value of 2 which 
a 


will give any particular value of 6,. In curve A 
the ordinates are the values of 6,—that is, the 
excess of the gas temperature above the steam tem- 
perature—while the abscissee are the values of 


2 multiplied by 10,000 to avoid writing small 
decimals. Since S is the tube-heating surface, and 
1 the factor of conductivity, we may calf = the 
effective heating surface, and hence ~~ bins sila 


of which are the abscissee of the curve) is the 
amount of effective heating surface per pound of 
gas. 

TABLE V. 
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* Firebox with brick arch. + Firebox without brick arch. 
¢ Firebox without brick arch and with gas coal. 

The curve B shows the amount of heat above 
390 deg. carried by each pound of gas at any tem- 
erature. It is plotted from the equation h = 
“a + n 6) 6, where h is the heat in B.Th.U. per 
1 Ib. of gas above 390 deg., the other symbols having 
the same values as in equation (3). In most of the 
present calculations the heat in the gases is mea- 
sured above 32 deg., and it is therefore useful to 
note that at 390 deg. each pound of gas carries, 
sageeinnly, 125 B.Th.U. more than at 32 deg. . 
hese curves in Fig. 5 give a convenient means 
of finding the loss of temperature and heat in a 
given quantity of gas in passing over any given 
area of heating surface. For instance, if the excess 
temperature of the fire-box be 6, = 1850, and if 


the factor of conductivity be a 0.0143, and the 


a 

weight of produced per square foot of grate be 
W = 850 Ib., values all of which correspond to fair 
working conditions. Then 

Ss , Ss 
50,500" °F 1000 Sy 


8 


Ww = = 0.168 s, 
a 


and consequently 1.68 units of the lower scale 
correspond to 10 square feet of heating surface per 
square foot of grate. A scale of heating surface 
has been drawn on this basis and is p with its 
vero point on the curve A at the initial tempera- 
ture 6, = 1850 deg. By means of this scale the 


— 0.0000742 logé, + 0.000165 . (6) | 


temperature of the gas can be read off at any point | 
along the heating surface. The fall of tempera- 
‘ture is seen to be very rapid at first and very 
| gradual towards theend. Table VI. herewith shows 
| the temperature of the gas, the. heat carried per 


| pound of gas, and the percentage of the heat taken 


up from the gas, at successive points along the heat- 
ing surface. This table shows plainly the correct- 
ness of the usual practice of providing about 50 to 
55 square feet of tube-heating surface per square foot 
of grate area. If the area of the heating surface were 
infinite, the temperature of the gases could not be 
reduced below 390 deg., the temperature of the 
water in the boiler; and if this maximum reduction 
were effected, the heating surface would have taken 
| up 82.6 per cent. of the heat of the gases above 
| 32 deg. 

With 55 square feet of heating surface the tem- 
| perature is reduced from 2240 deg. (6, = 1850) to 
660 deg., and 72.6 per cent. of the heat is absorbed ; | 
while if the heating surface be increased to 70 square | 
feet, the smoke-hox temperature will be lowered a | 
further 60 deg. to 600 deg., and of the heat in the | 
gases 75 per cent. will be taken up—that is to say, | 
by increasing the heating surface 36 per cent. the | 
amount of heat absorbed is only increased 3.3 per 
cent. Somewhat similarly, the curves may be used 
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to show that, as mentioned above, the factor of the 
rate of heat transference can be varied very largely 
without seriously influencing the boiler efticiency. 
Assume an initial temperature of 2400 deg. 
(8, = 2010), and for each square foot of grate area 
55 square feet of heating surface and 850 lb. of gas 
per hour. Making the calculations for a = 50 and 


a = 70; that is £ = 0.020 and 1 = 0.0143, we 
a a 


obtain the following results, which are indicated on 
the curve :— 
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Factor of heat transference ‘i 0.0143 
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That is to say, an increase of 40 per cent. in the 
conductivity factor only adds 2.9 per cent. to the 
amount of heat taken up by the flues. Now an 
examination of the values of the conductivity factor 
in column 7 of Table V. shows that the arithmetic 
mean for any series does not differ from the extreme 
value of the factor by more than 9 per cent., so that 


if equation (4) and the mean value of be used to 





calculate the heat absorption in the flues, the result 
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Gases. 
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B.Th.U. 
720 
495 
402 
328 
287 
265 
245 
230 


221 


square feet deg. Fahr. per cent. 
0 2240 0 
1630 
1310 
1110 
9380 
900 
820 
780 
750 
720 
690 
660 
630 
610 
600 
590 
390 


73.9 
74.6 
75 

75.6 


82.6 





will differ from that given by experiment by less 

than 1 per cent. This result appears to fully 

justify the assumption of equation (1), that the heat 

absorbed per square foot of heating surface is pro- 
of 390° 


0° 


HEATIN URFACE 


of 


portional to the square of the temperature diffe- 
rence. It would be interesting to make a further 
examination of the correctness of the assumption 
by measuring the actual temperatures of the gas at 
various points along the flues, and comparing the 
curve thus obtained with that in Fig. 5. 

It has been shown above that, under normal con- 
ditions, the flue-heating surface takes up about 
72.6 per cent. of the heat in the gases, and that an 
increase of 35 to 40 per cent. in the area of the 
heating surface or of its conductivity increases the 
amount of heat taken up by only about 3 per cent. 
It was also shown that a complete reduction of the 
flue gases to the temperature of the steam, which 
is, of course, impossible in practice, would only 
increase the heat absorbed from 72.6 to 82.6 per 
cent. of the heat in the gases. From this it 1s 
obvious that no great improvement in the boiler 
efficiency as a whole can a effected by increasing 
the conductivity of the heating surface ; but if the 
whole of the tube surface could be made to transmit 
heat at the rate obtained in the high temperature 
region of the fire-box, although the efficiency would 
be increased by only a few per cent., there would 
be a very great gain in the capacity of the boiler. 

The complete boiler efficiency is the a of 
the efficiency of combustion and the efficiency of 
heat absorption. The valugs of these two latter 
efficiencies are given in columns 8 and 9 of lable 
V. Column 8, the efficiency of combustion, yives 
the percentage of the total heat in the coal fired 
idk ampeloeen heat in the fire-box, while column 
9, the efficiency of-heat absorption, gives the per- 
centage of the heat thus produced, which is taken 
up by the total heating surface, both in the fire-box 
and in the flues. 

In these efficiencies of absorption in column 9 
there is very little variation either between the 
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various tests on a single boiler, or between the 
tests on the different boilers. Of the heat pro- 
duced, very nearly 78 per cent. is taken up by the 
boiler in all cases. 

As was seen in the former article, considerable 
differences are found in the distribution of the 
absorption between the fire-box and the tubes, but 
the two operations interact and tend to produce a 
nearly constant combined result. If the rate of heat 
absorption in the fire-box is low, a high fire-box tem- 
perature is produced, and this makes for a high rate 
of absorption in the flues. On the other hand, a 
high absorption in the fire-box results in a lower 
temperature and less activity in the flues. 

The efficiencies of combustion in column 8 are 
subject to a wide range of variation. 

In order to see in detail how the efficiencies of 
combustion and of absorption affect each other, an 
example may be taken, such as test a—4, which is 
a representative test with bituminous coal. The 
coul is fired at the rate of 4000 lb. an hour, or 72 Ib. 
per square foot of grate per hour. Of the coal fired, 
22.3 per cent. escapes unburnt, and the heat of 1.2 
per cent. is lost by the formation of CO, so that 
the heat produced is 76.5 per cent. that of the coal 
fully and effectively burned. Of the heat thus pro- 
duced, 23.4 per cent. (that is, 17.7 per cent. of the 
heat in the coal fired) is taken up by the fire-box, 
and the remainder (76.6 per cent.) is carried into 
the flues. During the passage from the fire-box 
to the smoke-box the temperature is lowered from 
2170 deg. to 670 deg., 71 per cent. of the heat 
offered to the tubes being taken up by them. 
Consequently the total heat taken up by the 
boiler is 

76.5 x 0.234 + 76.5 x 0.764 x 0.71 = 17.7 + 41.5 = 

59.2 per cent. 

If it were possible to make the tube surface so 
efficient as to cool the gases down to the tempera- 
ture of the, steam, the heat carried away in the 
smoke-box would still be 18 per cent. of the heat 
above 32 deg. offered to the tubes. The percentage 
of the heat of the coal fired then taken up by the 
tubes would be 76.5 x 0.764 x 0.82 = 48 per cent., 
and the total heat taken up by the boiler would be 
17.7+48 = 65.7 per cent. That is, by arranging 
to cool the smoke-box gases to the temperature of 
the steam there would only be a saving of 6.5 per 
cent. In the efficiency of combustion, on the other 
hand, there is a theoretically preventible loss of 23.5 
per cent. Obviously, therefore, it is more important 
to give attention to securing satisfactory combustion 
than to improving the heat-absorbing qualities. 

A certain amount of loss in the combustion in a 
locomotive boiler is inevitable. It is the price 
which has to be paid in order to obtain a large 
amount of power from a boiler plant sufficiently 
small to be easily portable. An experienced loco- 
motive designer strikes the medium between ex- 
travagance in fuel and excessive boiler dimensions. 
In the present tests there is not sufficient varia- 
tion of dimensions to give much quantitative infor- 
mation regarding the relation between boiler design 
and efficiency of combustion. Two points are 
clearly brought out. The semi-bituminous coal 
used in the St. Louis tests, though of excellent 
quality, was too friable for economical use in loco- 
motive boilers of the type tested. A larger grate 
area was really needed in order to enable the coal 
to be burned at a lower rate per square foot of grate 
area. With the bituminous coal used in the 
Altoona tests the grate area made little difference 
in the efficiency of combustion. The fire-box 
volume was the controlling factor. In tests a - 5 
and y — 5, in each of which 5000 Ib. of coal were 
fired per hour, the efficiency of combustion was 
pract:cally the same, although in y — 5 the grate was 
48 per cent. smaller, and the rates of firing were for 
a— 0, 90, and for y — 5, 168 lb. per square foot of 
grate per hour, 

_ It is obvious that where the gaseoys combustible 
is only 16 per cent. of the coal, ‘ag in the semi- 
bitumi ious coal, more of the combustion must be 
carrie: out on the grate, and less fire-box volume 
will be required than in the case of the bituminous 
coal, where the volatile combustible makes up 
35 per cent. of the weight. 

— ‘nis connection Mr. J. C. Milling, of the 
South Fyen Railway of Denmark, informs the 
a that, with ordinary bituminous coal, he 
0 rtains the best results when the rate of firing is 
100 V5 pounds of coal per hour, V being the fire- 

X volume in cubic feet. This is equivalent to 
measuring the rate of firing on an imaginary grate 





equal in area to one side of the cube having the 
same volume as the-fire-box. 

The boiler used in the a and y tests has a fire- 
| box volume of 231 cubic feet, so that Mr. Milling’s 
rule would call for 3770 lb. of coal to be fired per 
hour. This represents operation about 15 per cent. 
below the maximum power, so that the rule gives 
a satisfactory result in this case. Presumably a 
general expression to connect the fire-box dimen- 
sions with the coal consumption should make the 
grate area dependent on the amounts of fixed 
carbon and of ash, while the volume would depend 
on the amount of volatile combustible in the fuel. 

An instance of the operation of these considera- 
tions in practice is seen in the design of the Woot- 
ten boiler, with its large grate area and shallow 
fire-box for burning anthracite coal. 


THE SECTION OF FIXED AXLES FOR 
MOTOR-CARS. 

In the early days of motor-cars the axles used 
were made as nearly as possible like those previ- 
ously in use for horse-drawn carriages, and were 
generally made by the same people. In the case 
of the back axle of chain-driven cars, in fact, the 
carriage-axle was used with practically no alteration 
whatever, while in the case of the front axle the 
only alteration was the provision of the steering- 
pivots. 

These axles were generally round or octagonal 
between the springs, and were made of wrought 
iron, the ends being forged separately and welded 
together in the middle. The principal objections 
to this axle were: (1) that the solid round section 
is by no means the lightest for its strength ; and 
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(2) that there was a weld in the middle of the axle, 
where the stress is greatest. In spite of this, many 
such axles have been in continuous use for years, 
and on the whole they have proved very satisfac- 
tory. 
i motor-cars increased in power and size, how- 
ever, the desire to reduce weight led to other 
designs being used, and the axles were forged out 
of one piece of steel instead of being welded. 
The principal sections now used are solid rectan- 
gular, round-tube, square-tube, and H section, the 


almost always made with the width less than the 
height, the most usual proportion being width = 
about 0.7 height. 

In comparing the advantages of these various 
sections, it is necessary to consider the stresses on 
the axle. The principal stress is obviously the 
vertical one due to the load, and is very easily 
calculated. In the case of a front axle there is 
probably very little other stress as long as the car is 
travelling on a good road, and going straight ; but 
when running on a bad or rough road there will be 
considerable longitudinal stresses, and there may 
be considerable diagonal ones. There will also be 
considerable longitudinal stresses when the car 

oes round a .corner, the amount depending on the 
ane of the car, the angle to which the front 
wheels are put over, and other factors. The 
/amount of these is difficult to estimate, but prob- 
‘ably they are very considerable. Many modern 
‘cars have steering-gear which will allow of the 
front wheels being put over some 40 deg., and it 
/seems as if the longitudinal stress may be nearly 
/enough to make the wheels slip, or, say, about 0.4 





lof the vertical load. In the case of the chain- | 


| driven cars the longitudinal stresses are much 
greater, due to the driving and braking effort and 
_the pull of the chain. They depend principally on 
|the diameter of the chain-wheels and distance of | 
| attachment of the radius-rods from the wheel track, 
and can be calculated with fair approximation when | 
these data are known. In practice they are fre-| 
quently quite as great as the vertical stresses. These 
longitudinal stresses have a very important effect on 
the design of axles. 
The annexed table gives the dimensions and | 


latter being by far the most popplar, and being |, 


weights of sections of different proportions as com- 
pared with a solid round section, whose diameter is 
1 and weight 1, the sections all being of equal ver- 
tical strength, a constant working stress being, of 
course, assumed. It will beseen that a solid square 
is lighter than the round, and that the weight is 
still further reduced if the section be made with 
the height greater than the width. With the 
tubular and { sections, again, the weight is re- 
duced, as the section is made of greater dimensions 
and less thickness. There is, however, a very 
decided limit to this, beyond which the section 
will fail from local buckling, and, further, the tube 
may be so thin as to be very liable to accidental 
injury. Probably it would not be wise to use a 
section whose thickness was less than about a tenth 
of its vertical height. 

In this case the dimensions of the various sections 
which have a vertical strength equal to a solid 
round, as Fig. 1, will be as Figs. 2 to 6, and their 
relative weight and horizontal strength as under :— 
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In practice the saving in weight is nothing like 
that calculated, especially in the {-section axles— 
i.e., the working vertical stress is not so high. 

The reason for this is probably the very small 
horizontal strength of the { section. It will be 
seen that in the case of the H section with a 
width of 0.7 of its height, this is only a quarter 
of the vertical strength. This seems to make this 
section quite unsuitable for back axles of chain- 
driven cars, as the horizontal stresses are generally 
very heavy. For front axles the horizontal stresses 
are much less, but even here the H section would 
probably be much better if made with its width 
approximately equal to its height. In practice, 
where #4 section 1s used, it is very often much like 
Fig. 7, being really a solid axle with a shallow 
groove on each side, and practically of equal weight 
to a round axle of strength necessary to carry an 
equal load. This may be partly for cheapness of 
manufacture, the grooves ort forged or milled 
out ; but it may be also to provide the necessary 
strength in other directions than the vertical. 

Square tube appears very promising, as it has 
good horizontal strength and is light, but it is 
weak diagonally, and in many cases the combined 
vertical and horizontal stresses will produce a 
diagonal one. Round tube, on the other hand, is 
equally strong in all directions, and, where used, 
has been found in practice very satisfactory, and 
it appears safe to allow as high a working stress on 
it as with a solid round. 

In practice this question of what is the safe 
working stress with the different types is the essen- 
tial point. Many of the old round iron axles 
carried loads which gave a vertical stress of over 
18,000 Ib. per square inch, and proved perfectly 
satisfactory over years of running. As the modern 
axles are of steel without weld, one would expect 
that they would carry higher stresses safely ; but, 
as a matter of fact, few makers load their H-section 
axles to a stress much over half this, atid some put 
them in axles large enough to keep the stress down 
to about 5000 lb. Possibly some makers put the 
axles in heavier than necessary; but this cannot 
always be the case, and there seems no doubt that, 





owing to various other stresses, an H-section axle 
of the usual proportion will not carry as great a 


| vertical stress as the round sections, either solid 


or tube. From calculation it appears that an 
H-section axle of considerably greater width than 
usual should be better, and some makers use wide 
sections with good results. It appears, however, 
as if the tubular section, either round or square, 
had very great advantages if properly worked out. 
The practical difficulty with the tube axle is to 
make a neat and light arrangement for the steering- 
pivots. In the H section this is comparatively easy, 
the jaws being all forged of the same section. It is 








Fa ee Sa i iS 


Ie Oe PORT I re 


py ei ao 8 me 


a ats 


ENGINEERING. 


[Marcu 5, 1909. 








60-BRAKE-HORSE-POWER TRACTOR FOR MILITARY SERVICE. 


JONSTRUCTED BY-~ MESSRS. 


MARSHALL, SONS, AND CO., LIMITED, 
(For Description, see Page 313.) 


ENGINEERS, GAINSBOROUGH, 








here that the great saving in weight over the solid 
round really takes place, as in many cases the old 


Dimensions, Weights, and Horizontal Strength of Different 
Sections of Equal Vertical Strength. 





] 
Horizontal 


Height or 
Strength. 


Diameter. 


Width.  rcknen | Weight. 





Solid Round, 
\ bt ¢.- 23 
Round Tube. 
0.26 
0.21 
0.17 
0.12 0.51 
i’ 007 |. 087 
Solid Réctamgular. 
é 0.9 
0.84 
0.75 
0.69 
ot 0.63 
Square Tube. 
0.9 | 0.16 | 
1 0.10 
11 | 0.075 0.39 
Rectangular Tube; Width, 0.7 Height. 
0.7 OAT 0.59 { 
0.77 ou 0.46 
| 0.84 0.09 0.43 
H Section; Height and Width Equal. 
0.9 | 0.17 0.51 


0.78 
0.70 
0.62 


0.84 
0.73 
0.59 
0.49 
0.41 


0.6 
0.46 


1 0.115 0.41 
| 11 0.09 0.36 
1.2 0.07 0.31 

H Section ; Width, 0.7 Height. 
0.7 0.20 0.51 
0.77 0.13 0.39 
0.84 0.10 0.34 
0.91 0.08 0.30 














patterns had very badly designed ends, which were 
very heavy, and the H section is often quite as' 
heavy between the springs as the solid round, | 


and yet the whole axle shows a distinct saving in 
weight owing to the lightness of the ends. In tube 
axles the ends and spring-seats have often been 
malleable castings, and not always very well de- 
signed, and these have frequently caused trouble 
which has given the tube axle an undeservedly 
bad name. If, however, there was a suflicient 
demand for axles of tubular section, there is no 
doubt that satisfactory designs of steering-pivots 
would be produced, and plant laid down to make 
them. The whole matter can only eventually be 
settled by the usual plan of trial and error, but it 
is one deserving of more attention than it always 
gets, as the reduction in weight of all parts of 


cars is a matter of considerable importance, and |, 


this is most éspecially so in the case of the axles 
whose weight is below the springs. 





THE WIDENING OF BLACKFRIARS 
BRIDGE. 

SaTIsFAcTORY progress is being made with the 
widening of Blackfriars Bridge, and there is dis- 
tinct promise that.the work will be completed well 
within the guaranteed time, a result of the experi- 
ence of the contracting firm—Sir William Arrol-and 
Co., Limited, Glasgow—and the care with which 
—— arrangements and erecting plant have 

een devised. We have already in previous articles 

illustrated and described the then? me adopted for 
sinking the foundations, and our intention now is to 
review the procedure adopted in completing the 
superstructure as illustrated in the three views 
given on the opposite page. 

For a correct understanding of this later part of 
the work it is well to say that the bridge, 922 ft. 
long between abutments, has five spans, varying from 
155 ft. to 185 ft., each formed of arched ribs at 
about 10-ft. centres, supporting the roadway girders 
above the level of the crown of the arch. 








The work now in progress is the widening of 
the bridge from 75 ft. to 105 ft., providing a 
roadway 73 ft. wide between the parapets, to 
enable a double line of tramway to be laid across 
the bridge to connect the lines on the south side of 
the river with those on the Embankment. This 
involved the lengthening of the abutments and 
piers, with their foundations, in the line of the river, 
the transfer of the existing face-ribs on the west 
side, with their cast-iron spandrils and hand-rail, 
on the extended piers 30 ft. further west, and the 
building of three new ribs between the older por- 
tion of the bridge and the outer rib in its new 
position. 

_In all the spans, except that next the north abut- 
ment, a clear passage for navigation-had to be 
maintained throughout the progress of the work. 
Across the north span, and extending westwards, 
a timber staging was built, which served as a plat- 
form for receiving, handling, and storing material. 
This platform is seen in the foreground of the view, 
Fig. 1, which is from the top of a building on the 
Embankment. The new ribs of the north span 
were erected on trestles resting on the platform. 
In the case of the remaining spans a timber staging 
was built round the site of the new foundations, 4s 
shown in Fig. 1. At the south abutment a some- 
what similar staging was placed round the cotier- 
dam used there for foundation work. 

The sinking of the caissons at the north abut- 
ment was attended with considerable risk, owing 
to the adjacence of the District Railway tunnel, 
the old abutments, and the Embankment walls. 
The new caissons were carried considerably lower 
than the adjoining old foundations. When the three 
caissons forming the new abutment foundations 
were sunk and filled with concrete, they were loaded 
with about 3000 tons of rails to consolidate the 
foundations and obviate any settlement after the 
bridge is completed. All the operations at the 
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Fic. 2. Launcninc OnE or THE Face-Riss into rts New Position. 


it were entirely successful, and were carried 
hout disturbance to any-of the old works. 


indations of the new part of each pier con- 
‘ta caisson, shaped in plan with a cut-water 
and with a recess to fit the point of the 
’ Caisson. 
sition, and sunk by the pneumatic process. 

erection of the steel-work in the north span 


The caissons were built over their 


ed no difficulty, as it was built in situ on the 
iry staging. No scaffolding was permitted 


in the other spans, and the work of removing the 








existing face-ribs was carried out by means 
of an overhead traveller, as shown in Figs. 
2 and 3, annexed. This moved on rails 
laid on the top of the new portion of each 
pier at right angles to the centre line of 
the bridge. 
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GENERAL View or Works, LooKiInG SoutH-East. 











. 3. Rip Launcuep, with Temporary STeapyINe 
GIRDERS, 


From the overhead traveller there | joining ordinary rib was cut through. Cross-staging 


were er sage hangers, each of which was pro- | girders had previously been put in place, and fixed to 


vided wit 
was secured to the rib about to be shifted. 


When these preparations for lifting were com- | 
pleted, the floor between the face-rib and the ad-| 


a screw at the top, while the lower end | 


the face-rib at one end. These girders were mean- 
below the old portion of the bridge, 
rough a special stirrup-bearing attached 
ribs. The ribs were raised from 


time held up 
and passed ti 
to one of the ol 
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their bearings on the skewbacks by tightening up 
the screws on the top of the hangers. This opera- 
tion was performed with extreme care, to ensure 
that the weight would be distributed equally upon 
the several hangers attached to the rib. When the 
rib was clear of the skewbacks, the overhead 
traveller was moved forward 30 ft. in short stages 
by means of a tackle operated from cranes on the 
staging. To prevent the rib swinging on the 


hangers, it was controlled by means of screws secured | 
on the cross-staging girders between the old ribs. | 


When the face-rib was over its new position it was 
lowered to its correct level, and white or other 
metal run in between the abutting faces at the 
piers. Then cross-staging girders were securely 
fixed to the face-rib and the next old rib, spanning 
the distance between them, and forming supports 
upon which to erect the three new ribs. The floor- 

rders and cross-frames were afterwards built. 

e heaviest rib moved weighed 150 tons, and the 
traveller 90 tons. 

The face-ribs of the respective spans were moved 
to the new position in the order which would 
produce least unbalanced thrust on the new portions 
of the piers, and the building of other portions of 
the superstructure was strictly limited to certain 
points for similar reasons. 

The method thus ingeniously devised has enabled 
very good progress to be made with the erection of 
the superstructure, and there is every promise that 
the widening of the bridge will be completed and 
the tramways running over it a month or two before 
the expiry of the guaranteed time—February of 
next year. Four face-ribs have now been launched 
30 ft. westward to their new positions on the ex- 
tended piers, and the work of erecting the new 
intermediate ribs between the old bridge and the 
new face-line is now in progress in all of the spans. 
In the northernmost span—that adjacent to the 
Embankment—all the new ribs have been built, 
including a face-rib rendered necessary in this span 
by the curve of the roadway to ease the tramway 
pape to the Embankment. The greater part of 
the girder work of the flooring has been laid and 
riveted. In the second span the new rib to take 
the place of the old face-rib has been put into posi- 
tion, and a commencement has been made with the 
erection of the two new ribs which fill the interme- 
diate space between it and the face. In No. 3, the 
centre span, the new rib, which takes the place of 
the old face-rib, has also been built, and a section of 
the renewal of the old flooring, 19 ft. in width, is 
already in progress ; in a short time the work of 
erecting the two intermediate ribs will be com- 
menced, In No. 4 span the face-rib was launched 
into its new position on the 12th ult., and the rib 
to:take its place is now in course of construction. 
Various sections of it are this week being put into 
position by means of the overhead traveller already 
described. In No. 5 span, the southernmost span 
of the bridge, the rib to replace the face-rib is com- 
pletely built and riveted ; the floor for a width of 
18 ft. has been re-laid, a procedure adopted in this 
as well as in the centre arch, in order to strengthen 
the old work to enable it to carry its share of the 
tramways. These, in the case of Blackfriars, will 
run close to the western footpath, consequently 
mostly on the new work, 





ON DIRIGIBLE BALLOONS. 

A.tHoveH, for the moment, attention appears to 
be attracted rather to the solution of the problem of 
prey sgh pm by machines in general heavier 
than. air, the present, as regards magnitude of per- 
formance, is actually with the lighter-than-air - 
chines, which, in spite of all their een 
have,¢empelled a certain amount of recognition. The 
§ of this school has not been so spectacular as 
ieved by advocates of the aeroplane ; in fact, 
ular has been reserved, so far as lighter- 


P 

that nah 
the , 
than-air machines are concerned, for set-backs rather 


than for pro the disasters suffered in this field 
having miost of them been on a regrettably large 
scale. The loss, by whatever means, of a large 
modern airship is not one to be lightly risked : 
and, unfortunately for the success of the school, 
dirigibles are by their very nature especially liable 
to disaster. To go no further than 1897—though 
the period of active development of dirigible bal- 
loons dates back at least as far as 1852—the names 
of Schwarz, Wéolfert, Santos Dumont, Severo, 
Bradsky, Wellman, Morrell, Jones, Zeppelin, 
Lebaudy, Parseval, Gross, &c., are all associated 
with airship disasters, although happily some are 


‘also coupled with the most notable achievements 
of the “‘lighter-than-air” school. The disasters 
we have in mind in connection with these names 
have all been of a serious nature, many of them 
involving loss of life and limbs, and all involving 
‘the almost, if not absolute, total loss of extremely 
|costly contrivances. Lesser accidents, many of 
which have resulted in such damage as to neces- 
sitate complete reconstruction, are also of fairly 
frequent occurrence. Compared with this record, 
that of the ‘‘ heavier-than-air” school is distinctly 
| good ; for, one minor mishaps are numerous, 
its progress has been marred, including last year’s 
f tal accident with the Wright machine in America, 
by loss of life in recent years on only three occasions, 
one of which'is now more remote in time than the 
date to which we went back above in the history of 
the rival school. 

Indeed, the magnitude of the loss, should disaster 
overtake the enterprise, is one of the chief dis- 
advantages of the lighter-than-air machines, but in 
spite of this they are at the present time absorbing 
much interest and money in many of the civilised 
countries of the world. It is the new fashion. 
Interest in the submarine building competition is 
beginning to wane, and so the Government war 
departments of Germany, France, Great Britain, 
the United States of America, Italy, Spain, Austria, 
Russia, and, it is rumoured, others, not wishing to 
be left behind in the race, are busying themselves 
with the construction of dirigible balloons ; fleets and 
aerial navies being glibly spoken of as if all other 
methods of warfare were henceforth obsolete. In 
fact, aerial navy leagues have been formed, and 
even national subscriptions raised to make provision 
for the immediate building of the least number of 
airships that will ensure supremacy on both land and 
sea, it apparently having been accepted as a fact 
that failure to possess such craft spells the national 
doom. 

This excitement, amounting almost to hysteria, 
seems, to say the least of it, to be rather excessive. 
In the most efficient modern form airships can be 
no more than auxiliaries, useful, within limits, for 
scouting and reconnoitering. Even for such service 
they are greatly handicapped by characteristics 
which, unless possible of great modification in some 
at present unforeseen direction, will always prevent 
them from being of any more than questionable 
value. They are, for instance, sadly at the mercy 
of sudden storms, and an airship blown helplessly 
about in the enemy’s territory would be capable of 
rendering but little assistance to its own army. 
From such helplessness even a captive balloon is 
free. Compelled to run before a storm when 
free, at rest these huge craft fare very badly in 
heavy rain and wind unless under cover. The 
problem of successful anchorage in the — has yet 
to be solved, and all experience so far proved 
them to be most unsatisfactory in bad weather. 
Recent losses through these causes have been 
numerous. For instance, the Wellman airship 
was destroyed by a gale. The Lebaudy ships have 
several times experienced misfortunes in making 
descents in windy weather. On November 21, 
1903, one was dashed into a tree and badly 
damaged. Re-built, this airship, after a demon- 
stration which was successful as regards its ability 
to make a journey to a definite destination, was 
destroyed by a storm that overtook it on landing at 
Chalons, on July 6, 1905. The Patrie also met her 
end in the autumn of 1907 through breaking away 
when anchored during astorm. The Dirigible No. 1, 
of the British Army, knocked itself to pieces at 
Sydenham in a gale; while the catastrophe that 
put so spectacular an end to the seemingly promising 
career of the Zeppelin airship was also directly 
attributable to stormy weather. Still more recently, 
the Parseval airship met with an accident from 
stress of weather, making an undignified and hasty 
descent on to the roof of a house, while the Gross 
airship was also, lately, forced to commit suicide by 


from being swept out to sea. The first Russian 
military airship also, some time ago, is reported to 
have broken away in a gale and accomplished a 
voyage which must have been, for the aeronauts on 
board, almost as full of thrilling experiences as was 
the famous voyage, to the Far East, of that 
country’s naval fleet. This airship, we are told, 
bum in turn on to the roofs of four houses, 
knocked down chimneys, and carried away tele- 
oe wires. It only just kept clear of a fire- 
rigade watch-tower, and finally became so en- 


tangled in more wires over the roof of another 





means of the ripping panel in order to save itself | 





building that it had to be rescued by soldiers, as 
the Parseval airship was ignominiously removed 
from its recent Sveedindg'gines on the forest villa hy 
the fire brigade. 

These are matters beyond the control of man, 
and, unfortunately, other risks are added to the 
use of dirigible balloons, which, in time, however, 
ingenuity may largely help to remove. For in- 
stance, loss by fire has figured to no small extent 
in the tale of airship calamities. The craft of 
Wolfert, Severo, and of Jones, recently, in the 
United States, were completely destroyed, in each 
case with fatal results to the aeronauts, by the 
ignition of the of the balloon during a flight ; 
while the scarcely less complete destruction while 
on the ground of Zeppelin’s airship, and of the 
Lovelace airship at Shepherd’s Bush, was also due 
to this cause. To this risk the lighter-than-air 
machines must always remain exposed, though the 
danger may be minimised by reasonable design and 
precautions. 

Risks which, happily, our experience and ever- 
increasing knowledge tend daily to reduce in mag- 
nitude, and which arise mostly from faulty handling 
or design, have in the past been responsible for the 
wreckage of the airships of Bradsky, Santos Dumont, 
and others, including quite recently that of Morrell. 
The latter case was, perhaps, the most glaring 
example of disregard of the lessons taught by 
earlier work elsewhere that the world has seen for 
many years. The airship in question, fantasti- 
cally advertised as the forerunner of a fleet belong- 
ing to the National Airship Company (of ten 
million dollars capital), whose vessels, 1250 ft. 
long, were to cross from New York to London in 
24 hours, was actually 483 ft. long and 34 ft. in 
diameter, without stiffening of any kind, had six sets 
of engines and only a faulty system of suspension. 
Only one result could ibly follow the utter 
neglect of well-known principles shown in the con- 
struction of this airship, and it had not risen far 
on its first trip before it returned to earth for its 
first and last time in a manner which must have 
contrasted strangely with the ceremony and enthu- 
siasm attending its send-off. 

In balloons the question of buoyancy is of 
primary importance, while that of motion in a 
definite direction is only secondary in rank, the 
aeronauts presumably contenting themselves with 
the more or less sporting chance of being able to 
travel as far as desired, and in the intended direc- 
tion. With airships these two characteristics are 
reversed: dirigibility is the main object, and buoy- 
ancy only contributory. However, dirigibility sets 
many restrictions to the possible means of making 
provision for buoyancy. Dirigibility at once sug- 
gests for the gas-bag, for instance, an elongated 
form, instead of a sphere, in order to reduce disturb- 
ance of the air, and consequent resistance to for- 
ward motion. But the elongation of the gas-bag, of 
course, introduces complications. These are mainly 
connected with the maintenance of equilibrium and 
maintenance of shape. Itis scarcely necessary now 
to dilate upon the question of equilibrium. Its 
importance is fully recognised, and provision is made 
for it in sundry ways, such as air ballonets, shift- 
ing weights, water ballast in tanks, and even by 
shifting the car. The question of maintenance 
of shape is scarcely less important, not only in 
order that the resistance to forward motion through 
the air may be kept as low as possible, but also, in 
certain types, in order that all chance of disaster from 
two causes which may arise with elongated balloons 
not fully distended, may be averted. In the first place, 
in a not fully-inflated balloon the gas may rush to one 
end, with the result that equilibrium is destroyed, 
and disaster caused by the balloon tipping on end, 
when probably the envelope would burst. Secondly, 
the balloon may buckle either upwards or down- 
wards, depending upon circumstances, when disaster 
would also result. According to their methods of prc - 
viding for these several contingencies, the ‘‘ lighter- 
than-air ” school is subdivided into advocates of tl:c 
rigid, the semi-rigid, and the non-rigid systems. 

In the Zeppelin airships, the only modern repre- 
sentatives of the rigid system, the balloon is encase: 
in an uncollapsible shell, consisting of a light metal 
framework covered with impervious material. This 
system has much to recommend it. The intericr 
may, for instance, be divided into compartments, 
me containing a gas-bag. At low altitudes, when 
the gas occupies a correspondingly small volun: 
this arrangement prevents it from surging towarc: 
the ends of the vessel. There is, of course, 10 
danger of collapse from insufficient internal pre:- 
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sure. The gas-bag is further relieved of the danger 
of longitudinal collapse from forward motion 
through the air, the pressure due to this being 


taken by the external covering supported by | 


framing. Further, this system allows of the bal- 
loon, the cars, and propelling machinery all being 
rigidly connected, and permits of the line of thrust 
of the propellers being brought much nearer to 
the centre of resistance than is possible with any 
other arrangement. The chief disadvantages of the 
system may be at once cited, lest it appear to be 
faultless. They are, first, that landing is a very 
hazardous operation, and so far has never been 
accomplished on solid ground without some damage, 
descent being always made, therefore, by preference 
on water; and, secondly, in case of sudden storm, 
there is no method of quickly reducing the 7s 
surface and thereby rendering the vessel less 

to damage. 

In the semi-rigid system a gas-bag is used which 
must be kept in shape by its internal pressure, 
with such assistance as it may derive from astiffen- 
ing frame or keel attached to the underside of the 
envelope. The car, with propelling mechanism, &c., 
is suspended below the frame, the centre of thrust 
being some distance from the centre of resistance, 
and connections being only of a semi-rigid character. 
The non-rigid system depends for the mainten- 
ance of the shape of the gas-bag solely on internal 
pressure, and a well-chosen and constructed system 
of suspension. Failure to maintain sufficient in- 
ternal pressure in this system is followed by buck- 
ling, while the only system of propulsion possible is 
still less efficient than in either of the other types. 

In the two last systems the balloons are fitted 
with escape-valves to prevent the internal pressure 
increasing to the bursting limit of the envelope on 
rising to high altitudes, as, for instance, in the new 
Bayard-Clément dirigible, which has two automatic 
valves opening when the internal pressure reaches 
8.35 lb. per square foot above the external. For- 
merly it was difficult to secure an envelope of 
sufficient lightness to stand the strain of the in- 
tornal pressures unavoidable in these airships, but 
these difficulties have been practically overcome, 
in proof of which it may be stated that the Patrie 
rose on one occasion to over 2000 metres without 
bursting, although there was nobody to work the 
hand-operated relief-valves. 

To prevent the diminution of volume of the gas 
emg. the collapse of the envelope on return 
veing made to lower altitudes, bags or ballonets 
inside the envelope are filled with air. For 
these air is supplied as a rule by a fan. Failure 
to supply air quickly enough to such ballonets 
resulted in the collapse, at one time and another, 
of several of Santos Dumont’s experimental air- 
ships. This method of maintaining internal pres- 
sure is due to General Meusnier, who suggested it 
about 1784, though his actual method of application 
was somewhat different to that now most in vogue. 
The ballonets are frequently provided with auto- 
matic relief-valves, set to open at a pressure 75 per 
cent. of that at which the main gas-bag valves are 
set, and also able to be opened by hand. In a vessel 
at which the main bag valves are set at 8.35 Ib. per 
Square foot, the ballonet relief-valves would be set 
at 6.27 lb. per square foot. Thus, on rising, pro- 
vided the ballonet was full at the start, air would 
be expelled from it, and no gas would be lost from 
the balloon until such an altitude was reached that 
the gas, occupying its original volume, and in addi- 
tion that originally occupied by the distended 
ballonet, had reached a pressure of 8.35 Ib. per 
Square foot. It may be mentioned that speeds of 
20 to 50 miles an hour are expected of these 
vessels, and winds of these velocities produce 
pressures of about 3.075 Ib. and 4.428 lb. per 
Square foot respectively, so that there is provided a 
fair marin against risk of loss of shape if the 
handling ‘s all that it should be. 

Although these semi-rigid and non-rigid airships 
have several disadvantages, on the credit side there 
are two considerations which carry some weight. 
The first is that a landing can be effected with 
scarcely »veater difficulty than is experienced with 
the ordinary balloon; and the second, that in the 
event of «a sudden storm while on the ground, 
anchored he envelope can be rapidly deflated by 
means of a ripping panel, and the danger by the 
exposure of an unwieldy object to ales wind- 
squalls thereby avoided. 

A kind of compromise between the semi-rigid 


= th Hon-rigid types exists in airships in which 
© Gas-bag itself is free from rigid stiffening of any 


, 80 as to provide a long keel to which to attach the 


iable | 


kind, but in which the car takes an elongated form, 


suspension wires or cords. This simplifies the sus- 
pension considerably. P 

These systems all have their advocates, and under 
favourable circumstances all types enumerated have 
been able to make a fair showing, some to the 
extent of journeys of 220 miles and more. All the 
tinest efforts, however, have been marred by almost 
immediate loss of the craft concerned. We recently 
described in ENGINEERING the Zeppelin airship and 
some of its performances.* The Parseval airship, 
which was destroyed on September 16 last, was also 
described in ENGINEERING recently.t This vessel 
has been re-built and has made its appearance several 
times since its reconstruction. 

With her Zeppelin ships Germany has had expe- 
rience with the rigid type, and with the Parseval the 
non-rigid, while she has well tested the semi-rigid 
type in the Gross airship which recently met with 
a misadventure. Of the three, the Zeppelin vessels 
certainly seem to have accomplished the most 
notable feats. 

The Gross II. airship has a cylindrical vessel 
with hemispherical after end and a more pointed 
fore end to the gas-bag. A stiffening frame is 
attached to the underside of the envelope. Suspen- 
sion is not by netting, as in balloons, but, as is 
usual in most modern airships, to the material of 
the envelope itself. In the Parseval vessel, envelope 
suspension is employed, and a short movable car 
for trimming, no keel being used., The difficulty 
of successfully attaching horizontal guide-planes to 
the fabric was, it appears, the chief reason for the 
collapse of the Parseval airship ina squall last Sept- 
ember. France is represented by the Lebaudy or 
Patrie semi-rigid ships ; non-rigid airships of the 
Ville de Paris type, with long to o-shaped car ; 
the de la Vaulx, with an unstiffened gas-bag, but keel 
suspended some feet below it; and the Malecot, 
combining the airship and aeroplane, the gas-bag 
108 ft. long by 24 ft. in diameter, having beneath 
it a horizontal plane surface 66 ft. long and 1938 


page 457. Spain has produced a vessel quite unique 
in its way, semi-rigid, and with a gas-bag shaped 
like a bunch of three sausages tied together at the 
ends. The Baldwin airship of the United States 
has an unstiffened gas-bag, with a long car. The 
Knabenschue airship, also of that country, is of a 
similar shape, and after the truly American fashion, 
we are informed that its envelope is made as 
follows :—A first envelope of Japan silk, costing 
1.50 dols. per yard ; then another layer of silk, at 
65 cents per yard, while another quality used in the 
construction costs 50 cents per yard. 

The new French Ville de Bordeaux is similar to, 
but rather smaller than, the Bayard-Clément, of 
which particulars are given below, and which is 
something like the Ville de Paris in shape ; while 
the Colonel Renard, being built for the French 
military authorities, is also similar, except for 
details. The Government is also reported to have 
ordered another dirigible of the Patrie type, 67 
metres in length, and of 4200 cubic metres volume, 
with a 90-horse-power motor. In Switzerland an 
airship of the Patric type has been built, of a 
capacity of 3500 cubic metres, and with a 125-horse- 
power motor. 

The French République is made of ‘ Conti- 
nental” rubber fabric, and the English ship of 
goldbeater’s skin, while the American Baldwin ship 
has a gas-bag of vulcanised rubber-proof material 
capable of withstanding a strain of 60 lb. to 100 lb. 
per inch width. Hydrogen only is used in these 
dirigibles, and the quality of the envelope material 
is such that they have been kept inflated for 
110 days at a time, the small loss occurring in that 
time being easily made good. The petrol-motors 
used are of all makes and sizes, the Zeppelin ships 
having the greatest power, others being provided 
with motors as in the table below. 

Considered all round, the results achieved have 
been rather dearly bought, The catastrophes out- 
weigh the successes, and while the modern types, 
if transitory, may lead eventually to something of 
reasonable value, they cannot at present be said to 
attain to a state of practical and dependable utility, 





square feet in area. 
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oF ELEVEN ImPporRTANT AIRSHIPS, 








BALLONETS, | Morors, 
| ’ | 
-_— | Country. | System. | Length. —- Capacity. | mo mates REMARKS, 
No. | Capacity. | No, | Power 

| | Each. 

J — — ES _. ——<—S}Ss ———— 

ft. ft. cub. ft, cub. ft. 
Airship No. 2 ..| British 8.R. 120 25 70,620 1 es Girth 1 50 
Dela Vaulx . ‘| French N.R. 106.6 21.3 25,000 1 4,250 Toenvelope 1 16 Short car below 

| rigid keel-pole. 
République... ” 8.R. 200 35.5 130,700 1 = ws - Short car. 
Ville de Paris ..| oa N.R. 203.4 34.45 113,005 ua 17,655 me ,) @ Car 1065 ft. long. 
Bayard-Clément)| mS N.R. 184.5 34.5 123,€02 1 38,841 o> 1 aa Car 93} ft. long. 
Malecot .. of 9° S.R. with; 108 24 37,220 2 se 1 23 

, aeroplane 
Gross I. .. ..| German 8.R. 131 39 63,558 v - 7 Pag 35 Short car, 
Gross II. e * S.R. 216 36 158,895 | 2] .. es | 2 75 i 
Baldwin. . ..| USA, N.R. 84 18 18,000 1 | ¥ Net |} 1 20 =| Car 66 ft. long. 
Knabenschue ..|__,, N.R. 112 17.5 a 1 3,500 Toenvelope| 1 25 | Car 62 ft. long. 
Torres-Queredo Spain | SR. | 85.3 | f $3,554 ms # _ 1 24 =| Short car. 





Great Britain, following tentatively in the steps 
of others, commenced with a non-rigid airship with 
girth suspension. The briefness of the career of 
this vessel soon enabled a second experiment to be 
made in a rather more propitious direction, and 
the present vessel is of the semi-rigid type, having 
a rigid frame immediately below the gas-bag. Those 
in > oan of the army airship have not ventured to 
repeat the voyage which put an end to airship 
No. 1, and last year’s craft, though an improve- 
ment, is quite an unknown quantity. Judged by 
other vessels elsewhere, it should be as capable a 
contrivance as some of those pronounced successful 
in other countries. 

Russia’s airship is reported to be of the ger 
type. Italy is busying herself with one for whic 
great things are foretold. It is reported to be of 
2500 cubic metres capacity, 63 metres long, and 
with an 80-horse-power motor. In shape the gas- 
bag is practically hemispherical at the front end, 
swelling to a maximum diameter at about } of its 
total length from the front end. Without parallel 
length the body then tapers off into a long slender 
point, thus having a true stream-line form for 
motion in a forward direction. The vessel is fitted 
with a small car and with two propellers of the 
kind used by Messrs. Crocco and Ricaldoni for their 
hydroplane, illustrated in ENGingERING, vol. lxxxiv., 








* See ENGINEERING, page 130, vol. lxxxvi. 
+ See ENGINEERING, page 275, vol. Ixxxvi. 








We conclude by giving above, in tabular form, 
particulars of some of the more important airships, 
omitting those described in the issues of Enat- 
NEERING already referred to. 





60-HORSE-POWER TRACTOR FOR 
MILITARY SERVICE. 

Amonest the engines entered for competition in 
the trials of tractors for military pu 8, now being 
carried out by the War Office authorities, was one of 
60 brake horse-power, constructed by Messrs. Marshall, 
Sons, and Co., Limited, of Gainsborough. Unfor- 
tunately, owing to unforeseen delays, this engine was 
not completed in time to permit of its being sent to 
the official trials ; but the Sula is of much interest, 
and we are, therefore, glad to be able to publish the 
illustration of it, which we give on page 310, 

The engine is constructed to use paraffin as fuel, 
and it is, as we have said, of brake horse- 
power, that power being spt ws ioe at 750 revolutions 
per minute. It has four cylinders, cast separately, 
these having 7-in. bore by 7-in. stroke, and being 
provided with water-jackets. Both inlet and exhaust 
valves are on one side. The crank-case is fitted with 
four inspection-doors, secured in place by two studs and 
two bridge-bars. Forced lubrication is provided to all 
crank and connecting-rod bearings. 

A supply of 115 gallons of paraffin is carried in two 
tanks under the frame between the hind wheels, and a 
small tank to hold two gallons of petrol, for starting, 
is fixed on the dashboard. The vaporiser consists of a 
long tube passing through the exhaust-pipe, and a 
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THE BARRY TRANSPORTER. 
CONSTRUCTED BY MESSRS. FRASER AND CHALMERS, LIMITED, ENGINEERS, LONDON. 


DUMPING BUCKET 


SECTION AT 8.8. SHEWING 
REVERSING LEVER 


Fig. 5. 








except the final drive is 
enclosed, and runs in oil, 


















































the gear-box bearings being 
amply fed with Sebuieont 
pumped from a drained 
sump, and forced to a pres- 
sure-box, and distributed 
from it by ducts to each 

















bearing. e hind axle is 
































a live one, but the only 
torsional stress it is sub- 
jected to is that due to the 
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use of the winding-drum. 











up the 


suitable blow-lamp is fitted for warmin 
gnition is 


vaporiser when starting without petrol. 
by means of a low-tension magneto. 

The cooling water is carried in a tank above the hind 
axle, prea yay pat the orargem ge g 

y a ump. ing is effec ly by a 
fan and* partly by the ns Sand blast rook the 
silencer, which latter is fitted on the top of the 
radiator-case. Half-compression cocks are fitted to 
facilitate the starting of the engine. 

Power is transmitted to the gearing by a cone metal- 
to-metal clutch. Three speeds of 2, 5, and 7 miles per 
hour and a reverse are provided, there being bevel- 
transmission to the differential shaft, and a final drive 
by spur-gears to both hind wheels. All the gearing 


meer 





The hind wheels are 5 ft. 
6 in. in diameter by 12 in. 
wide, and the front wheels 
are 4 ft. 2 in. in diameter by 8 in. wide, and both are 
constructed with steel rims, cast-steel hubs, and round 
steel tension spokes. A pedal-brake with compen- 
sated connections acts upon two steel drums on the 
differential shaft, and a hand screw-brake is arran 

to work on the inside of the rims of both hind whee 

The frame is made of steel channels 9 in. wes, suit- 
ably braced and gussetted, provided with draw-lugs at 
both ends, and swivelling guide-pulleys for leading the 
wire-rope (100 yards long) from the winding-drum for 
hauling up to a right angle at either side or end of the 
tractor. Spring mounting is provided to both hind 
and front axles, and the steering is of the usual 
traction-engine type. The differential gear is fitted 
with a patented arrangement of locking-gear, which 
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can be worked instantaneously from the driver’s plat- 
form. 

We hope on a later occasion to be able to give an 
account of the capabilities of this engine under varied 
conditions of service. 








THE BARRY TRANSPORTER. 

WHEREVER it is required to handle concentrated 
loads in great numbers and at high speed over distances 
of from 50 to 1,000 ft., transporters can be used with 
great economy; but until somewhat recently, the use of 
these machines was severely handicapped by the 
following limitations. 

It was absolutely necessary that the overhead track, 
on which the carriage supporting the load travelled, 
should be straight from end to end. The whole track 
could be inclined; but if inclined, then the inclination 
had to be the same from one end to the other. 

It was said to be impossible to vary the level of the 
track or corners, but a few years ago the 
invention of the transporter, constructe! by 
Messrs. Fraser and Imers, Limited, 3, London 
Wall, London, E.C., proved how ng these sup- 
posed insurmountable difficulties could overcome, 
and for the first time it was made possible to ave 
the track either straight, inclined, or curved, 0" 
combine all three, and the first machine was put up in 
the midlands at Derby. 

In the rter, the two operating » pes 
are at the side of the track instead of in the centre, and 
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THE BARRY TRANSPORTER; DETAILS OF CARRIAGE AND SELF-TIPPING BUCKET. 


CONSTRUCTED BY MESSRS. FRASER AND CHALMERS, LIMITED, ENGINEERS, LONDON. 








Fig.6. 
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}| HORIZONTAL ROPE GUIDE 
| FOR CURVE. 


by this simple device all the pulleys supporting the 
ropes are clear of the running carriage, and can be 
placed above or below or at the side of the ropes in 
accordance with the alteration-in direction of the 
track. Many other detail improvements were intro- 
duced in this machine, simplifying the working and 
giving the driver absolute control over every part of 
his work ; but it can easily be seen that the possibility 
of carrying the track in any direction was in itself a 
great advance, making possible the application of trans- 

rters in many cases which could not be adopted 

fore. The present form of this transporter is, how- 
ever, far in advance of the machine as first introduced, 
because the experience of actual working has shown 
that other drawbacks common to all transporters could 
be overcome. 

The following are a few of these advances :— 

The ordinary practice is to wind the ropes on drums 
and keep them in tension by the weight of the ‘‘return 
block,” but several difficulties are corisequent on this. 

To overhaul the lifting rope as it is payed out from 
its drum, the return block must be heavy, seldom less 
than 2 cwt., and generally more. The result is that 
difficulty and danger are experienced in handling, 
when hooking or unhooking the buckets, and also, if 
the block is lowered to the und, then the tension 


on the ropes is released, and there is a liability of 
the rope springing off the drum and causing delay 
or damage. In the Barry machine there is no re- 
turn block and no overhauling weight—only a plain 
hook on the end of a chain. The ropes are always 
under a definite tension and‘cannot come off the 
pulleys. The advantages are obvious. Ease and quick- 
ness of handling and no danger to men or ropes. 
The use of a return block, unless this is very heavy, 
only allows of a lifting purchase of 2 to 1, and, 
considcring that the ratio between lifting and travel- 
ling should be about 6 to 1, this is very much too 
low. An engine giving, say, a maximum lifting speed of 
200 ft. per minute would be racing dengueneds to give 
a travelling speed of 1,000 ft. per minute. The Barry 
transporter allows of any multiple between the lifting 
and travelling speeds—generally 5 or 6 to 1. The 
result is that the required engine speed is reduced and 
the life of the engine or motor increased. 

Another point is that, usually, the operating ropes 
are collec on drums, necessitating a special design of 
the Winch to suit every separate case in accordance 
with th length of track and the maximum load to be 
lifted. In the Barry machine there are no such drums, 
the ropes are wales and are wrapped round the 
driving-wheels of the winch ; consequently all winches 
are standardised for the load only, and any existing 
plant can be lengthened, if required, without any 
alteration in the machinery. A further advantage is 
that, as the lifting ue is a single chain, either a grab 
: a bucket can used at-will, and less than 

minutes is sufficient to change from one to the 


ster. Fig. 1, page 314, shows the transporter in 
Cagrammatic form, from which the arrangement of 
the ropes will be easily understood. 

© rope actuating the lift is endless and spliced, 
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and is kept under a light, but definite, tension by a 
weight, the tension being only sufficient to give the 
necessary grip on the driving-wheel of the winch and 
on the driven wheel in the carriage. This rope is 
shown at A in the figure. The rope for travelling the 
load, which may be seen at B, is practically endless 
also, because both its ends are secured in the carriage. 
One end is fixed to the carriage frame, from which it 
passes directly back to the winch; but on its way from 
the carriage the rope passes round a tightening device, 
and after passing round the winch drum the end is 
finally coiled round a small drum which actuates;the 
storage drum of the lifting-chain. Instead of :the 
usual drums, the winch has two driving-wheels, around 
which the operating ropes are wrapped. The wheels 


operating the lifting-chain are connected directly with’ 


the main shaft of the winch, but the wheel governing 
the travel of the carriage can be clutched to the 
lifting-rope wheel, or it can be held still. Between 
these two wheels is a special form of friction clutch 
actuated by a lever. 

If the’wheels are clutched together, they revolve as 
one, and the carriage travels in either direction, carry- 
ing the load. If, however, the travelling-rope wheel is 
held still and the other wheel revolved, the load will 
be lifted or lowered. Between the motive power and 
the winch are two slipping clutches connected by bevel 
gearing to the main shaft of the winch ; these are 
actuated by a lever. This arrangement combines both 
reversing and speed gears. It will, however, be better 
understood by reference to the detail drawings given 
herewith. In these, Fig. 2 is a front elevation of 
the winch, Fig. 3 @ part-sectional plan, Fig. 4 an end 
elevation, aa Fig. 5 an elevation of the reversin 
clutches. Considering first the endless rope whic 
actuates the lifting-gear, this rope is, as before 
stated, shown at A, Fig. 1, and is wound round the 
pulley C, Figs. 2 and- % The tail-rope B, Fig. 1, 

















Fig. 12. 


which is the rope that hauls the carriage, and which 
is also endless, so far as the winch is concerned, passes 
round the pulley D, both these ropes being kept tight 
by the balance-weights E and F, Fig. 1, in order to 
prevent slipping. t will be seen from Fig. 3 that 


the pulley which actuates the lifting-chain receives its 
motion from a shaft driven by an engine or motor 
through two bevel-wheels, and another bevel-wheel 
which is fixed to the pulley C. The bevel-wheels on 
the engine shaft are loose, but can either of them be 
made to turn with that shaft by means of the Hele- 
Shaw clutches G,; depending on which way it is 
desired the pulley C shall turn. These clutches are 
actuated by the lever H. The pulley D, however, 
which controls the travelling-rope, revolves on the 
sleeve I, but can be fiade to revolve as part of the 
pulley C, if desiréd} by being forced against the cone- 
ring clutehJ, which forms part of the pulley C. This 
is the casé when travelling. If the lifting is to be 
xformed alone, the pulley D is held still, the sleeve I 
olding it by means of the cone K. The special fc rm 
of.clutch between the pulleys C and D, to which 
we have before alluded, may seen at K, and it is 
actuated by the lever L through rods and levers, as 
shown. Its action is as follows: Thesleeve I, although 
it is free to slide for a certain distance in a horizontal 
direction, is not free to revolve, being prevented b 
featherkeys. When it is desired to travel the i | 
the sleeve is moved to the right by means of the lever, 
through which action the pulley b is forced into gear 
with the cone-clutch J by the pressure of the spi 
M, and revolves as one with the pulley C. As the s 
of the lifting and travelling ropes are the same, the 
load remains stationary vertically as it is hauled along. 
When the carriage reaches the end of its travel, the 
lever L is moved in the reverse direction and the cone- 
clutch K, attached to the sleeve I, then engages with 
the face of pulley D and withdraws it from the clutch J, 
comprising the springs M. Lifting or lowering are 
then performed, but not travelling. There is a brake 
on the winch at N which is actuated by the foot-lever O. 
The motive power may be derived from any con- 
venient source, such as steam, gas, oil, electricity, or 
strap, and whatever motive power is used, it can rug 
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continually at a governed maximum speed. When the 
lever H is moved from its centre position, one or other 
of the clutches is brought into action and the motive 
power is communicated to the winch smoothly and 
quickly, without any snatch, giving any speed between 
rest and full aed. This makes the driving easy 
and smooth, and is a great advantage over starting the 
motive power from rest. A brake provided on the 
lifting-rope wheel governs all motions. The driver 
has only two levers and a foot-brake to operate, 80 
that the driving is simple and rapid. 

It is, however, in the carriage that the greatest 
advance has been made in this transporter. The 
bucket or grab is suspended by a single chain, which 
passes through a special die at the bottom of the 
carriage and is carried over a pocket chain wheel and 
round an idler to the storage drums. The ket 
chain wheel is connected by gearing to the horizontal 
rope-wheel, round which the endless pera rope is 
wrapped, thus connecting it to the driving-wheel on 
the winch. The other rope has one end fixed to the 
carriage-framing, while the other end, after ing 
round a horizontal idler, is coiled on a small drum 
which is fastened to the chain-storage drum. This end 
of the rope is in direct connection with its tension 
weight, and therefore always tends to make the chain- 
storage drum revolve in one direction. When the 
horizontal rope-wheel is actuated from the winch, the 
gearing will make the pocket chain-wheel revolve and 
wind in or pay out the lifting-chain. As the chain- 
storage drum is under tension from the end of the 
travelling rope, it will either take in or pay out the 
lifting-chain as required. 

The action of the carriage will be better understood, 
however, by reference to the detail drawings, Figs. 6, 
7, and 8, on page 315. There it will be seen that the 
lifting-rope A, Fi . 1, passes round the pulley P, which 
is keyed on to a shaft on which there is a bevel pinion 
gearing with the wheel Q, and so actuates the pocketed 
chain-wheel R, round which the lifting-chain is passed, 
led round an idler, and thence to the chain-storage drum 
8,°as is clearly shown in Figs. 7 and 8. This storage- 
drum has a barrel cast solid with it, round which the 
end of the tail, or travelling, rope B is wound, as shown 
in Fig. 8. The tension on the rope B, caused by the 
balance-weight F (see Fig. 1), causes the chain-drum to 
revolve, thereby winding up the slack of the chain as 
the load is raised, the Bix pen ht F, of course, fall- 
ing slightly during the process. The other end of the 
tail-rope is attached to the carriage at T, Fig. 8. The 
guide-pulleys, which support the ropes A and B, are 
shown at U and V, Fig. 6, and when the transporter is 
arranged so that the carriage travels on a curve, the 
guide-pulleys shown at W and X, Fig. 9, are used. 

For use with their transporters or with cranes, 
Messrs. Fraser and Chalmers make a very ingenious 
form of self-tipping bucket, which we illustrate in 
Figs. 11 and 12, page 315, which are reproductions 
from photographs. Fig. 10 is an outline drawing of 
the arrangement by means of which the tipping action 
is effected. The result is obtained by an automatic 
alteration of the position of the centre of gravity of 
the bucket and of its load with regard to the lifting- 
chain. If Figs. 11 and 12 be examined, it will be 
seen that the end of the yoke to which the chain 
is attached is pivoted to a lever which is free to swivel 
on a pin fixed to the side of the bucket, and above this 
lever there are a counterweight and a pawl which are 
ie wg through the same point to the side of the 

ucket. There is a similar arrangement on the opposite 
side of the bucket. These different pieces we will 
refer to as A, B, and C, the first being the lever 
to which the yoke is attached, the second the counter- 
weight, and the third the pawl, as seen in Fig. 10. If 
we now refer to Fig. 12, which is a view of a loaded 
bucket suspended by a chain, it will be seen that the 
lever to which the yoke is attached is nearly horizontal, 
or as it is drawn to the full lines in Fig. 10. The 
positions of the counterweight B and the pawl may be 
noted. The pull of the chain is now vertical through 
the pin D, on which B and C rotate, and which. is 
firmly fixed to the side of the bucket. The lever A 
having come up against the bosses of B and C, it can 
travel no further, and consequently the bucket and the 
load will rise or fall with the chain. 

Now if we suppose the bucket to be lowered until it 
rests on the ground and the hoisting-chain to be slacked, 


the lever A and the yoke fell away from the position | 
shown in Fig. 10, the former taking up the _posi- | 
tion A!, shown by the dotted lines, and the pawl C | 
If now the chain be | 


falls into the position C' 
tightened, the weight of the bucket and the load 
are suspended on a vertical line which s through 
E!, This movement of the vertical pull of the chain 
to one side is, however, just sufficient to allow 
the céntre of gravity of the bucket and the load 
to pass outside the equilibrium line, and the bucket 
turns over and tips out its contents. In doing so, the 
pin F, which is attached to the side of the bucket, 
pushes over the counterweight B, which, when it falls 
over the centre, strikes with its toe G against the heel 
of the pawl C. The empty bucket rights itself when 
freed of its load, and can now travel back for another 


load, and when it arrives at the place where it is to be 
filled and is lowered on to the ground, the lever A falls 
and releases the pawl C, which, by the superior weight 
of the counterweight B, is forced into the position 
shown in Fig. 11. The bucket is now ready for filling, 
and when this is done, and the yoke raised by the 
lifting-chain, the point H of the lever A comes in con- 
tact with the lower side of B, and raises it until its 
centre of gravity s the centre line. It then falls 
into the position it had before the operation of tipping 
the bucket began, as shown in Figs. 10 and 12—the 
former to the full lines. When the loaded bucket is 
again discharged, the various movements we have 
described are repeated. The hole in the lever A, 
through which the latter is pivoted, is oblong, which 
allows a certain amount of side motion of the lever. 
This has the effect of jamming the pawl and preventing 
it from moving when lifting. The arrangement appears 
to work admirably and gives no trouble whatever. 





‘*GUEST’S LAW OF COMBINED STRESS.” 
To THE Eprtor or ENGINEERING. 

S1r,—In the cor mdence on ** Guest’s law” we notice 
Mr. Laurence B. Turner states (in his letter dated 
February 23, 1909) that combined bending and torque is 
**not susceptible of being commercially tested.” 

May we draw attention to the fact that owing to the 
introduction of the ‘“‘Sphingometer” (see Professor 
C. A. M. Smith’s paper before the Bristol meeting, Insti- 
tution of Mechanical Engineers, July, 1908) it is now 
quite possible to make the above tests, and with an accu- 
racy exceeding ordinary extensometer measurements. 

At the instance of Professor Smith we have recently 
adapted this instrument for making combined compression 
and torque measurements. From experiments we have 
seen at the Kast London College Engineering Laboratories 
we can safely say the instrument gives excellent results. 

We are, Sir, faithfully yours, 
EK. Trnpatt Cook anp Co. 

68, Dawlish-road, Leyton, N.E., March 2, 1909. 


To THE Epitor oF ENGINEERING. 
Srr,—Mr. Turner’s ready acceptance of the views put 


ing, as he, being fully acquainted with all the details of 
the case, is, of course, much better able to judge of the 
real significance of his results than one who, like myself, 
sees nothing but the actual figures. 

With 
two-dimensional stress, Mr. Turner’s correction is, of 
course, perfectly’ just. Provided the principal stresses 
are of the same sign, my remark is quite true, as the 
maximum shear is then one-half the difference between 
the ter of them and the zero perpendicular stress, 
and it was this case that I had in mind when writing the 
paragraph in question. But in the case when the prin- 
ag stresses are of opposite sign, the greatest shear, as 

r. Turner points out, is half the (algebraic) difference 
between them. In neither case, however, is the maximum 
shear /ess than half the (numerically) greater principal 
stress ; and if this statement be substituted for the one 
quoted from my former letter, the rest of the argument 
(so far at least as it refers to purely physical conceptions) 
remains unaltered. 

But the translation of the physical conception into 
symbols needs to be slightly modified, as I assumed, with- 
out investigating the matter sufficiently, that, in the 
particular case of pure shear, the plane of maximum shear 
would still be the plane of yield. In working out the 
value of « (the coefficient of internal friction) Mr. Turner 
has incidentally shown that this is not the case, so that 
the constant 8 of his formula is greater than the maximum 
shear go in simple tension, which appears in mine. In 
the light of the above, it is easy to re-write my argument 
so as to give the correct form of the yield condition as 
used by Mr. Turner; but it scarcely seems necessary to 
occupy your sve by doing so. 

value of « found by Mr. Turner serves to determine 
the angle which the plane of yield makes with the direc- 
tion of principal stress; and if he has his specimens still 
by him, it would be interesting if he would examine their 
surfaces for any indication of these yield-planes, more 
particularly in the case of the group of nine pairs of speci- 
mens which gave differences of maximum shear in the 
neighbourhood of 1050. On the internal friction hypo- 
thesis the angle in question is independent of the par- 
ticular type of stress employed, and should co’ uently 
be the same in both tension and torque, thus providing a 
valuable check on the theory. If there are no surface 
markings at present to be found on the tubes, they might, 
perhaps, be induced by carrying the appropriate loading 
a stage further than was formerly done. 

With regard to Mr. Turner's suggestion that by simp] 
varying # and S we could get a formula covering all 
classes of steels, this is, I think, of the nature of a 
** partial truth.” There is always the possibility of normal 
yield occurring before shear yield, even in the most ductile 
materials, In the event of all three principal stresses 
being equal, no shearing stresses are set up at all, and it 
is difficult to see how yield would occur under hydrostatic 
pressure ; but under “hydrostatic tension,” if I may be 
allowed the phrase, yield would, of necessity, occur sooner 
| or later by direct breakdown of the cohesive forces. e 
body would, in fact, burst. 
| Such a distribution of stress is, of course, almost im- 
possible mechanically, but in the case of brittle bodies 
yield might occur in the same manner under quite ordinary 
systems of load. The maximum shear, being half the 
| difference between the greatest and least principal stresses, 
}can in no case ex in magnitude the numerically 





forward in my letter of the 16th ult. is distinctly gratify- | 


rd to my remark about the maximum shear in | 


greater of these, and it follows that if the normal resist 
ance be less than the shear resistance, the material will 
invariably yield by direct separation. Such material will 
break at once on yielding, as any permanent set involves 
change of shape, which cannot occur without yield in 
shear. The material, in fact, is perfectly brittle. 

If the normal resistance be greater than once, but less 
than twice, that in shear, then in pure torsion the mate- 
rial will yield by shear, but in simple tension by direct 
separation. Such a material might be described as ‘‘ semi- 
ductile.” : 

If the normal resistance be greater than twice that in 
shear, then, as has been previously indicated, the material 
is ductile as regards every distribution of two-dimen- 
sional stress; and it seems best to regard this as the 
criterion of ductility, since, as I have already pointed 
out, no material can, even theoretically, be expected to 
yield by shear in every case. 

By varying » and 8, we should doubtless be able to 
account for the yield properties of any ductile material 
over the range of all ordinary stress distributions, but the 
degree of ductility must still be measured, as hitherto, by 
the amount of deformation of which the material is capable 
between yield and rupture, and it is difficult at present to 
see how this can be directly connected with either yu or 3, 
which simply serve to determine the beginning of yield. 

Yours faithfully, 
J. E. Sears, Jun, 

6, Percy-terrace, Newcastle-on-Tyne, March 2, 1909. 








“THE PROBLEM OF FLIGHT.” 
To THE Epitor oF ENGINEERING. ; 
Sir,—In your last issue I notice that Mr. Wilson's 
statement ‘that a weight of 6 tons was lifted from the 
ground by two screws 27 ft. in diameter each, with the 
expenditure of 80 horse-power,” has been greatly modified. 
Instead of 6 tons—13,440 lb.—it is now 6000 Ib. If Mr. 
Wilson will divide his latest figures by two, the result 
obtained will even then be very far in excess of what can 
be obtained in practice. I quite believe that Mr. Wilson 
makes these wild and inaccurate statements in good faith, 
because I happen to know that he is suffering from a 
couple of excusable maladies, one of which I should be 
pleased to contract—viz., youth and inexperience. 
ours faithfully, 
Horatio PuILLIiPs. 
West Barnham, Sussex, March 1, 1909. 








THE PROCEEDINGS OF THE INSTITUTION 
OF CIVIL ENGINEERS. 
To THE Eprror oF ENGINEERING. 

Sir,—At two consecutive meetings of the Institution of 
Civil Engineers has the subject of the illustrations in the 
Proceedings of this body been raised. After the display 
of a most interesting series of lantern-slides by the author 
of the paper, Mr. Francis Fox, on Tuesday last, suggested 
that the Institution might well, for once, break through 
its rule, and include some of these instructive views in 
the printed proceedings. The applause with which this 
suggestion was received was proof enough that the meeting 
welcomed the idea, and surely it is quite time that a 
beginning of this kind should be made. 

The Institution should be among the first to encourage 
the liberal arts, many of the modern processes having 
been evolved mainly by the efforts of men it claims as its 
sons, and yet we find it, instead, clinging to the most old- 
fashioned methods ible. Only last week Dr. Unwin, 
in his lecture at the Institution, spoke of the possible 
hindrance to progress from excessive zeal for standardisa- 
tion. Surely this is a case in point ! 

Mr. F. Fox suggested that in this respect the example 
of the American societies might be followed. But why go 
to America, when all the p ive bodies in this 
country, as, for’ instance, the Institution of Mechanical 
Engineers, the Institution of Naval Architects, the Iron 
and Steel Institute, and even the Junior Institution of 
Engineers, have employed half-tone illustrations for years? 
The lesson may be bie ractically at home, or, at least, 
at a distance no greater than will carry one to the other 
end of Great George-street. : 

There might yy atm cause for such a change if the draw- 
ings now provided were accurate. As a matter of fact, 
they are, often, hopelessly at fault. This is especially the 
case with illustrations of mechanical engineering subjects, 
for which the process employed is out of date and 
thoroughly unsuitable: Take, for instance, a recent paper 
on motor vehicles. The plates accompanying it bristle 
| with errors. In another paper taken some time before 
| this, working drawings fully dimensioned when originally 
| submitted were reproduced, in spite of protest on the part 
|of the author, with only a few of the less useful dimen- 
| sions inserted, the rest giving place to various useless 
| scales. How useless the latter were may be gauged by 

the fact that the drawings were so minutely reproduced, 
‘that the very shade-lines scaled to over an inch in thick- 
| ness, amounting to a very high percentage of the actual 
dimensions in many cases. I submit that if drawings are 
to be emasculated in this fashion, till they are of little 
service to the mechanical engineer, the Institution would 
find it both quicker and cheaper, and equally effective, to 
use the half-tone process, giving photographs, and not 
drawings at all. This regrettable state of affairs shows 
no signs of improvement. Even the illustrations o! the 
revised proof of the recent paper on marine-turbines con- 
| tains most misleading inaccuracies. — 

I need not labour the point, Sir, in these columns, that 
good illustrations are possible nowadays. And if pos 
sible in a weekly publication with all the stress and worry 
of getting the work out to time, how much — 
should it be for our wealthy Institution to produce ¢\ 
work at the leisurely pace at which its Proceedings 











Marcu 5, 1909. | 


ENGINEERING. 


317 








are published. Mr. Fox suggested “following” the 
American example. No incitement to copy should be 
necessary. * We lead, others follow,” should be the 
appropriate motto of a body often styled the “‘ leading 
Institution of the profession.” Let us hope that their 
sense of what is becoming to the dignity of this august 
body will not prevent the Council allowing the _—— 
ment and amending the Institution’s practice. May we 
be saved from too much uniformity and conformity to 
ancient practice, fast developing, in the case of the Insti- 
tution and its tardy policy, into enormity. 
Yours truly, 
Ourgr DRAUGHTSMAN. 








THE VIBRATION AND WHIRLING OF 
SHAFTS. 
To THE EpIToR OF ENGINEERING. 

Sir,—In your issue of March 13, 1908, I gave a simple 
method of determining the frequency of vibration of 
loaded beams and cantilevers, assuming the simple ty 
of vibration to be that of the shape of the structure under 
its static load, and stated that the theoretical results had 
been tested experimentally in the Laboratory of Applied 
Mechanics, Liverpool University, and found to be, for 
the cases considered, practically exact. 

Professor Morley uses this method in his new text-book 
on ‘“‘The Strength of Materials,” and in a letter to me 
states that, although he saw my letter to ENGINEERING, 
the method was suggested to him by the study of Lord 
Rayleigh’s ‘‘ Theory of Sound,” vol. 1., art. 182, pages 287 
and 288, where the method of equating potential and 
kinetic energies for determining frequencies is used ; and 
by Dr. Chree, who used the algebraic expressions for de- 
flections for the corresponding static loads, though using 
Lagrange’s equations, in determining the whirling speeds 
of shafts in a paper published in the Philosophical Maga- 
zine (May, 1904). 

Lord Rayleigh assumed the algebraic expression for 
static deflections corresponding to a single load in different 
positions in determining frequencies of vibration. 

The natural inference from the method I suggested is 
that the time of vibration of a beam may be expressed by 
the simple relation 

T= 2 W ¥ 
g=WwWy 


in which y is the deflection of the beam at the point at 
which the corresponding load is applied, so that the time 
of vibration may be easily determined from the deflection 
curve in those cases where the angular or rotational energy 
is not Important. 

Now it so happens that the vibration frequency and 
the whirling frequency are practically of the same value 
in many of the cases actually met with in practice ; there- 
fore if the above a is correct, it marks a distinct 
advance on the method given by Dunkerley for determin- 
ing the critical speed of a shaft loaded with a number of 
concentrated loads. 

The method, however, is under investigation at the 
present time in the Mechanical Laboratory of the Tech- 
nical College, Bradford, and has proved true for a shaft 
12 ft. long, 2 in. in diameter, and loaded with ordinary 
sized pulleys in different positions ; the frequency, how- 
ever, of this shaft is not high, being of the order of 240 
per minute. 

In the text-book referred to Professor Morley extends 
the idea to the case of a load at the end of an overhung 
shaft, and shows how the kinetic energy due to the angular 
motion of the attached load should be taken into account, 


and added to the kinetic energy due to simple translatory 
motion. 

This is very good so far as it goes, but he entirely over- 
looks the fact that the angular motion of the mass _in- 
duces an extra bending moment on tho shaft. This 


moment must be equal to the rate of change of the moment 


of momentum of the rotating load in its most displac 
position, ¢.g., equal to 

1 is (3 y 

g T&T \d2z 
ifT is the time of vibration, I the mass moment of inertia 
of the load about a diameter perpendicular to the plane of 
bending, and = is the extreme inclination of the 
shaft at the point of attachment of the load. 

This term will interfere somewhat with the simple ex- 


pression for the frequency that he deduces. 

. He will find that the addition of this term to the bend- 
img moment increases the frequency ; although the in- 
crease is not large compared with the decrease caused b 
the rotational kinetic energy, it certainly cannot be left 


poe out of account in a text-book intended for the use 
W students, 


After an accident the chauffeur frequently evades the 
consequences of his recklessness by flight, and provides 
for his escape beforehand. By day his signboard is soon 
covered with dust, which, with careful consideration, he 
leaves there. By night he not infrequently uses a 
tail-light which is quite inadequate for the purpose 
intended. 

Yesterday evening I saw a large and costly car come 
over the floating bridge at Southampton with a swinging 
tail-light, which threw an excellent red light astern, but 
so very poor a white side light on the number that it could 
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not be read at 10 yards distance. When in motion the 
swing of the lamp caused the number to be illuminated 
om at prolonged intervals. 
he official number and the letters are too small, and 
are placed in one line, making it difficult to read them at 
the best of times. The present system is a farce and a 
make-believe. The letters should be placed above the 
number, and both letters and numbers should be twice 
the size they are (see figure). At night the lamp should 
be inside and illuminate the number, &c., by means of 
a transparency. The light employed should be a strong 
light—say 20 candle-power at least. For instance :— 
Instead of as now, it should be easily legible at 60 or 
70 yards or more, 
Yours faithfully, 
February 24, 1909. J.T.B 








THE LOSS OF THE §.8. ‘*‘ REPUBLIC. ” 
To THE EpritoR oF ENGINEERING. 

Srr,—Judging by Mr. MacPherson’s question to the 
President of the Board of Trade, there seems to exist a 
firm conviction that it is essential to blow-off the steam 
from a sinking steamer ‘‘ to avoid explosion.” 

I should like to ask whether your readers can give any 
confirmation of this theory from their own observation. 
Have they ever seen a salved steamer with her boilers 
injured by over-stress ? 

t would appear desirable to retain the steam in the 
boilers, for the following reasons :— 

1. The engines may be kept running to the last moment. 
(A difference of 200 yards may mean salvation.) 

2. The bewildering noise of escaping steam being 
absent, orders can be clearly heard and tumult avoided. 

3. There is no necessity for men to risk being cut off by 
remaining below. 


Yours truly, 
Cardiff, March 1, 1909. RED. HOVENDEN. 





LLOYD’S AND LLOYD’S REGISTER: 
THE FIRST STEEL STEAMER. 
To THE Epitor oF ENGINEERING. 
Sir,—Referring to your. interesting notice on Mr. 
Mollison’s retirement from Lloyd’s Register, may I ask 
your consideration of a statement in that notice, and 


xed | offer a small item of British steamship history of which I 


have intimate personal knowledge ? 
If you canvassed any commercial community, other than 
a shipbuilding, ship-owning, or marine insurance one, and 
asked for a definition of the difference in functions be- 
tween Lloyd’s and Lloyd’s Register, you would not find 
one man in ten who could tell you the difference, or even 
who knew that there was any difference. I have before 
me a —— British paper and a copy of a en 
r. The former, referring to Captain Inglefield, calls 
im ‘‘the new Secretary of Lloyd's great Shipping Regis- 
ter.” The Chicago paper, in an exhaustive‘article by 
“ Ex-Attaché,” on « Ployd’s Marine Insurance Organisa- 
tion;” which, in the main, happens to be correct, says: 
—-‘*That in classifying and registering ships Lloyd’s use 
various marks oat signs. Thus ships in the first class 
are noted by the distinctive marks ‘ A 1.’” 
Even Mr. Mollison says that the first Lloyd’s surveyor 


It may he pointed out here . ; : : was appointed in 1838. Now it seems to me that the 
that th lahowe of aocuer ee — Ng —— first Lloyd's surveyor was appointed probably 150 years 
for verticslly-loaded structures may be avoided by using a prior to that date, as Edward Lloyd was in business 
graduater! set-square, which allows the bending moment or | !™ London in 1688, and no doubt he and his associates 
deflection diagram to be drawn at once. | would uire the assistance of a surveyor. I presume 


I remain, Sir, yours i 
The T : . M. WALLACE. 
¢ Technical College, Bradford, February 25, 1909. 








MOTOR-CARS AND THEIR NUMBERS. 
en as fo THe Eprror or ENGINEERING. 
“Scan i ithough a writer has declared that ‘a chauffeur 
ledge takes life easily,” there can be no excuse for 
Th. of the land to assist him in the act. 
ee has arrived for the Government Department 
cerned to Issue revised regulations concerning the dis- 


Unguishing letters and numbers on motor-cars. 








that Mr. Mollison was referring to Lloyd’s yy of 
British and Foreign Shipping, for as.early as 1780 the 
pen an of the ey trey & of ney 8 ap oe in 
London the Registry of Britis! ipping, but the present 
system of Claanffication dates from the year 1834, and the 
ister would no doubt —— a surveyor soon after 
that date. Perhaps I should state that “Lloyd's is a 
Society incorporated by Act of Parliament for the carry- 
ing on of the business of marine insurance by members of 
the Society, and for the collection and diffusion of ship- 
pin ~~ ll 
Lloyd’s Register of British and Foreign Shipping is a 
society voluntarily maintained by the shipping commu- 
nity for the classification of merchant vee % 





It may | to the best of 





be that Mr. Mollison really meant Lloyd’s when referring 
to an appointment in 1838, as he does not say ‘‘ Register. 

Regarding the advent of steel-ship construction, I am 
of the opinion that the first vessel built of mild steel was 
constructed on the Tyne, or, at any rate, the first purely 
cargo steamer was. This was the s.s. Ethel, §§4 tons, 
210 ft. 5 in., 30 ft. 2 in. by 16 ft. 5in., built by Charles 
Mitchell, of Low Walker, for Henry Clapham, of New- 
castle. She was designed early in 1877, though not 8- 
tered till 1878, in the name of G. E. Macarthy. he 
engines, by the Wallsend Slipway Company, were com- 

ound, with cylinders 26 in. and 52 in. in diameter by 
B in. stroke. It was, however, Mr. Clapham and Charles 
Mitchell who inaugurated steel construction on the Tyne. 
Mr. Macarthy was ~~ for Henry Clapham, and, I 
think, a relative. Mr. Alexander Taylor and Mr. Dob- 
son deserve credit for the design. Lloyd’s Register 
allowed a 20 per cent. reduction of scantlings from iron 
sizes. 

Yours truly, 
JosePH R. OtpHAM, ex Lloyd’s Agent. 
Cleveland, Ohio, February 18, 1909. 





Coprrr.—Copper stocks on March 1 stood at 44,595 
tons, compared with 45,535 tons a month previously. To- 
gether with that afloat, the total visible supply amounted 
to 52,295 tons. Standard stood at 57/. 7s. 6d. The im- 
ports into England and France from January 1 to March 
1, this year, amounted to 33,870 tons fine, compared with 
40,561 tons in the corresponding period of the previous 
year, Of these imports, 4257 tons came into Liverpool 
and Swansea from Chili. Other countries into Liverpool 
and South Wales were responsible for 12,128 tons, of 
which 2748 tons came from the United States, 1551 tons 
from the Cape of Good Hope, 1908 tons from Australia, 
1683 tons and 1930 tons of precipitate from Spain, 1051 
tons from Mexico. From Australia 4193 tons were 
brought into London, and 1122 tons into the same port 
from Japan. The imports into England and Wales 
amoun to 22,700 tons. Of the 11,170 tons imported 
into France, 8661 tons came from America. The deliveries 
in England and France amounted to 35,502 tons for the 
first two months of the year, some 3646 tons less than 
deliveries in the corresponding period last year. 


Mopern Suir Desicn.—Mr. Leslie Denny, of Messrs. 
William Denny and Brothers, Dumbarton, read a paper 
on this subject on the 27th ult. at the Manchester Associa- 
tion of Engineers. He described in simple terms the 

rocedure adopted, defining many of the standard terms 
2y practical example. He pointed out, for instance, that 
the handiest method for estimating the weight of steel 
and wood is to take as a basis a figure called the ‘‘ cubic 
number,” which is simply the length, breadth, and depth 
of the vessel multipli ther, and divided by 100. If 
the net steel weight and the wood weight be divided by 
this figure, a fractional coefficient is obtained. This varies 
with different types of boats, but quite a common value 
for an ordinary boat is 0.38 for the steel, and 0.14 for the 
wood. For the machinery the common method is to have 
tabulated the number of indicated horse-power produced 

r ton of total machinery weight. This again varies, 
Cine high in the case of fast passenger steamers, and low 
in slow cargo steamers. Five is not an uncommon figure 
for a cargo vessel, about ten for cross-Channel steamers, 
= a much higher figure still for such vessels as torpedo- 

ts. 





Dinner TO Sir Corneiius Dautor.—On Saturday last 
the Chartered Institute of Patent Agents er at the White- 
hall Rooms a complimentary dinner to Sir Cornelius N. 
Dalton, K.C.M.G., C.B., D.C.L., on his retirement from 
the office of the Congione Geasee of Patents, Designs, 
and Trade Marks. In evar * the health of the guest 
of the evening, the Presiden r. William Clark, said 
that Sir Cornelius had filled the rf for years with con- 
spicuous ability, and that they all parted from him with 
= regret. They had learned to look upon him as a 

riend, and found it sad to say adieu. They rejoiced, how- 
ever, that after so many years of strenuous work he was 
still in health, and they hoped he would enjoy many 
yoda leisure. Owing toc in the law, Sir Cornelius 
ad had largely to reconstruct the staff of the Patent Office, 
and in particular the Act of 1902 had greatly increased 
the work, owing to the duty of investigating prior spec’ - 
fications being thrown on the officials, When the d'ff- 
culties of the chai were considered it was wonderful 
that it had been made so easily. Sir Cornelius had always 
extended the greatest courtesy to the Institute, and had 
assisted them to deal with unqualified practitioners. In 
his reply Sir Cornelius acknowledged in the warmest 
terms the help and assistance he had received from his 
staff and from the Board of Trade. Mr. E. Carpmael 
yroposed the toast of “‘The Bench and the Bar,” and Mr. 

liver Imray that of ‘‘ The Guests.” In replying on 
behalf of the officials of the Board of Trade, Mr na J. 
Tennant, M.P., Parliamentary Secretary, Board of Trade, 
said that Sir C. Dalton had in office twelve years ; 
during that time the staff had trebled, the salaries had 
doubled, and the receipts had increased from 223,0001. to 
297,000. Under the new Act there had been (during 
the first nine months of 1908) forty-seven applications 
for restoration of patents, of which nineteen were 
allowed ; 1200/. had been received in fees, and there were 
no appeals. Under Section 26 there had been eleven 
applications, two were withdrawn, there were six de- 
cisions, and no ap Mr. W. Temple Franks, the 
newly-appointed Comptroller-General of Patents, also 
replying for the guests, pointed out that his duties would 


| be largely judicial, and that he would endeavour to carry 


them out in a ape spirit, administering the law justly 
ability. 
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TENDER FOR SIX-COUPLED EXPRESS LOCOMOTIVE; BENGAL-NAGPUR RAILWAY. 


CONSTRUCTED BY THE NORTH BRITISH LOCOMOTIVE COMPANY, 





aN 


3-0F- 


EMPTY - 
IN WORK? ORDER 14 — 


We illustrate this week in our two-page engraving, 
Plate XXV., and on the present and opposite pages, a 
class of six-coupled ten - wheeled tender locomotive 
built for the Bengal Nagpur Railway, by the North 
British Locomotive Company, Limited, at their Atlas 
Works, Glasgow. Figs. 1 to 4, Plate XXV., are of 
the locomotive, and give respectively sectional eleva- 
tions, plans, cross-section, and end view. Figs. 5 to 7 
give various drawings of the six-wheeled tender, while 

ig. 8, page 319, is a general view of the engine and 
tender, from a photograph. 

The first locomotives of this type introduced on 
the Bengal- Nagpur Railway were constructed some 





LIMITED, ATLAS WORKS, GLASGOW. 


Tank ity 3500 Gallons. 
Fad Boat 7 Ions. 


wee ee 


° j 
Ry | 


‘5 Ins. Tank, 


ears at these same works, then Messrs. Sharp, 

tewart, and Co., and the class recently built remains, 
except for certain modifications, ams | as originally 
desi ~ the consulting engineer to the railway, 
Sir John Wolfe Barry, KCB. The principal change 
embodied in the later engines built is in the valve 
gear, the Walschaert gear being now adopted in lieu 
of the Stephenson link motion. 

From the illustrations given it will be seen that the 
locomotive has outside cylinders with slide-valves, 
which are of the Richardson balanced type, above 
them. We understand that a further lot of engines 
are now in hand at the same works, and for the same 





Plates / 
Wide VA 


= TOTAL 
-O TOTAL 4/-8-0 


6-8 Grs.of Buffers 
---—-- 9-53 Buffer Beam ------=: 


railway, with piston valves instead of slide-valves. 
The design of these is so arranged that the various 
attachments of the cylinders, &c., remain the same as 
in the earlier engines, so that piston valves could be 
introduced later, if desirable, into the older engines 
with Walschaert without difficulty. ? 
The cylinders of the locomotive illustrated are 2)". 
in diameter, with a stroke of 26in. The driving- 
wheels are 6 ft. 14 in. in diameter on tread when new, 
and the weight on the coupled wheels 48 tons 8 cwt. 10 
working order. The boiler pressure is 180 lb. per 
square inch. The boiler is designed with a Belpre 
fire-box, and, as regards materials, the boiler and fire- 
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SIX-COUPLED TEN-WHEEL EXPRESS LOCOMOTIVE; BENGAL-NAGPUR RAILWAY. 


CONSTRUCTED BY 


THE NORTH BRITISH LOCOMOTIVE 


COMPANY, 


LIMITED, ATLAS WORKS, GLASGOW. 








box shell are of mild steel, and the fire-box of copper. 


he tubes are of charcoal iron. 


Two No. 10 combina- 


tion injectors are provided. The engine is reversed by 


— ol steam-gear with water cataract cylinder. 
ae P manipulated from the cab by steam-valves and 
iature 


reversing lever with a notched sector plate. 


We give below the principal particulars of this 


engine and tender :— 


Locomotive - 
Gauge ... be nt 
Cylinders—diameter ... 
~_" stroke 
Wheels coupled 
= bogie ... 
Whee]-base— fixed 
a total 
Boiler mean diameter 
* length .. 


» thickness of plates ||, 

» smoke - box, tube - plate, 

: thickness ... te ae 

Fire-box shell— length outside a 

ae ew ae width outside gt bot- 

tom obs os 

- © -« thickness of front 
plate... 


5 ft. 6 in. 
20 in. 
6 ft. ik in 
3 ” 6 ” 
come os 
BE vs 
4 ”° ” 
14 ° 1 °° 
Ps in 
lin 
8 ft. 8 in 
4 ft. 78 in. 











Fire-box shell—thickness of back 


plate dd ie 
a oe thickness of top and 
side kek site 
pe” tee depth at front from 


centre of barrel .. 


centre of barrel ... 
thickness of tube- 

plate a 
thickness of back 


and crown ant 
Tubes—number, 181; outside dia- 
meter 
si length ... 
Heating surface—Fire-box ... 
st na Tubes 
“o ” Total 
Grate area 


Working pressure 


Height of boiler centre from rail 


depth at back from 


plate o- _ 
thickness of sides 





fy in. 
fy in. 
5 ft. 84 in. 


4 ft. 


1 in. and ¥ in. 


Ys in. 
Ys in. 


2} in. 
14 ft. 6 in. 


157.5 sq. ft. 


. 


.. 1545.5 ,, 





. 1708 ” 


32.148 sq. ft. 
180 Ib, per 


sq. in. 
8 ft. 6 in. 

















Weight in working order on bogie ... 17 tons 1 ewt 
Weight in working order on couplec 

wheels ... =" jes Soe Reng 9B 4 
Total weight of engine in working 

order ... = — oa ea 

Tender : 

Diameter of wheels . an .. ft, Sin, 
Wheel-base ai Hi es cl 13 ft. 
Water capacity ... ae . .. 8500 gals. 
Fuel space ice * 7 tons 


Weight in working order 41 tons 8 ewt. 
Locomotive and Tender : 
Total wheel-base = = 49 ft. 9 in. 
», length over buffers . : 50 ., 2. 
» Weight in working order 106 tons 17 ewt. 





NOTES FROM THE UNITED STATES. 
PHILADELPHIA, February 16. 

THE iron and steel trade has weakened within a few 
days. The latest disturbing factor in the steel industry 
is the refusal of the steel-car builders to renew the old 
contract of two years’ standing to supply the steel 
plates for car construction at a givenfigure. The car- 
builders are already in the open market for large quan- 
tities of steel plates. The Carnegie interests which 
had the contract threaten to enter the car-building 
field and build cars on a large scale. Being able to 
furnish their own cars with steel at a lower rate than 
if they had to buy it, they can undersell the steel-car 
builders. It is rumoured the United States Steel 
Corporation will construct a one-million-dollar plant. 
This failure to renew a ten-year contract will give the 
independent interests the opportunity they have been 
anxiously awaiting for years. Steel plants will soon 
come down. Another factor which is threatening the 
supremacy of steel is that concrete is now coming in very 
extensively, to the exclusion of steel, in office buildings, 
viaducts, &c. Bar-iron and bar-steel is now being 
used much more extensively for reinforced cement 
construction ; much of this material is re-rolled scrap. 
Much business is ready to be placed, but it will not 
be hurried, as a reduction in tariff duties will be 
announced within three months. 

Furnaces and mill productions continue at the same 
level, and prices are not showing any material varia- 
tions. The present dull period will continue until all 
uncertainties as to tariff duties are removed: The 
railroads are buying very sparingly, and this policy 
may be long continued. In this event the prospects 
for an improving steel industry. are not bright. This 
possibility, however, is not seriously entertained by 
those most capable of forecasting. 





February 24. 

The American steel market is greatly disturbed over 
a threatening cut in prices of plates, shapes, merchant 
steel, and even steel rails, though the rumour concern- 
ing steel rails cannot be t to any reliable source. 
The United States Steel Corporation is on the eve of 
departing from its long-continued policy of holding 
prices above competitive limits. They have from the 
start only partially induced the Independents to follow 
in their course. The latter have all along been selling 
at their own figures, and have ptanter o in securing 
more of the business than the great corporation was 
willing they should have. The situation is tense. It 
has been exaggerated by the coming tariff reduction. 
Just at present writing the attitude of the great con- 
cern is not known, but there is a belief that there will 
be a further cut in prices than was recently made. 
The effect of this apprehension is seen in the stocks 
market, where both common and preferred havedeclined 
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in price under heavy offerings by many holders. This 
drop has long been anticipated, and it comes at a time 
when numerous new enterprises are being figured upon 
by railroad and ship-builders, and by users pend 
iron for various purposes. The Tariff Revision Con- 
ress will convene on March 15, and its work will pro- 
bly be soon cleared up, so that the business interests 
will know where they stand. 








GRAIN-HANDLING AND STORING. 

At the ordinary meeting of the Institution of Civil 
Engineers, held on Tuesday, the 2nd inst., Mr. James 
C. Inglis, President, in the chair, the paper read was 
‘‘Some Recent Grain-Handling and Storing Appliances 
at the Millwall Docks,” by Magnus Mowat, M. Inst. C.E. 
The following is an abstract of the paper :— 

For dealing with grain imports at the Millwall Docks, 
a granary and equipment has been recently constructed 
at the north-west corner of the Inner Dock, at a cost of 
170,000/, The design adapts itself to the local conditions 
of trade, and the grain is taken direct into store by 
entirely mechanical means. The time occupied in dis- 
charging a ship has thereby been reduced by 50 per cent. 
The installation consists of a dolphin, elevators, silos, 
and granary, and provides for the discharge and weigh- 
ing of 550 tons of in per hour ex-ship, and for its 
delivery either partly or wholly into granary, silo, or 


rge. 

The elevators which come in contact with the ship’s 
hold are of the pneumatic or suction type, adaptable for 
use with small parcels or mixed cargoes, and can be 
worked in conjunction with other discharging operations 
on deck. 

The granary and silo elevators are of the bucket type, 
and, like the band-conveyors, are of two-ply woven cotton, 
impregnated with rubber. hese bands have a total 
length of 2} miles ; they are electrically driven. 

In the waterway there is a dolphin, alongside which the 
ship is moored, This is a wooden jetty of greenheart 
timber, 350 ft. by 24 ft., placed 50 ft. clear of and parallel 
with the quay. its deck are four suction elevators, each 
of 75 tons per hour capacity, corresponding with the 
respective holds of the ship. 

The power is supplied to these elevators by machinery 
placed within the dolphin—viz., two marine boilers sup- 
plying steam to a 900-horse-power vertical compound 
surface-condensing engine, which works four pairs of 
exhauster-pumps, each 46 in. in diameter, with a 60-in. 
stroke—i.e., one pair to each of the four elevator towers. 
These pumps maintain in the grain-receivers on the top 
of the towers a partial vacuum of 7 in. to 10 in. of mercury. 

Flexible pipes connect the receiver with the ship’s hold, 
and the grain is elevated to a height of 80 ft. by the in- 
rushing air, the proportion of air being controlled by 
nozzles with adjustable sleeves. The grain separates 
itself from the air in the receiver, and automatically dis- 
cha through ‘‘ tippers” at the bottom of the chamber 
into hoppers which feed the weighing-machines. These 
deliver through steel shoots into barges, or connect with 
the quay by band-conveyors on bridges spanning the 
intervening water-space. 

There are two floating elevators of a collective output 
of 250 tons per hour. The | praprewe is of the type 
already described, but is placed on steel barges, which are 
capable of being navigated in the dock. 

Jn the quay are four nests of silos for the purpose of 
rapid clearing of grain, and for quick delivery to railway 
trucks. The silos are steel tanks of 10cells each, and have 
a gross capacity of 4000 tons of grain. The external 
dimensions are 40 ft. by 27 ft. 6 in. by 36 ft. deep. ‘The 
underside, which is supported by stanchions of rolled- 
steel joists, is 24 ft. above the railway metals which pass 
below the silos. 

The granary is a brick building, 250 ft. by 100 ft. net. 
It has eleven storage-floors, in addition to delivery-floor 
and basement, affords a floor area of 74 acres, and is 
capable of housing 20,000 tons of grain. ‘ It is divided into 
five compartments by fireproof walls. The floors are of 

itch pine, tongued and grooved. and spiked direct to 
rers bolted in pairs, resting on cast-iron columns. Four 
steelwork towers carry the elevators at the south end of 
the pranery The lower portions of these are enclosed by 
steel plates, so as to ferm “garners” of 100 tons capacity 
each, These provide an auxiliary store in case of emer- 
gency, or when changing the housing sections, thus keep- 
ing the discharge from the ship continuous. 
he band-conveyors within the me and subways 
under the quay number twenty, and the elevators twelve. 
The bands are endless, and are supported at 6-ft. intervals 
by steel rollers on cast-iron standards, tied longitudinally 
by steel angles on each side; their speed is 552 ft. per 
minute. The bands and elevators form a series for mecha- 
nically conveying the grain from the dolphin elevator to 
the roof of the sages , frora which it is distributed to the 
various floors by gravity through pipes provided with 
sleeves and doors for housing and delivery to or from any 
angie thn elivery Gabe tho qual passes through breech 
the delivery floor the grain thro es- 
pipes, over the crutch of sack-weighing saucheien, After 
sacking, the grain is trucked to vans or railwa 
alongside the adjacent platforms, Delivery fens to me 
is effected.by conveying-bands in the subways, which dis- 
charge the grain either in bulk or sack nght over the 
gunwale of the The relative deliveries are :—To 
van, 35 per cent.; truck, 35 per cent.; craft, 30 per cent. 
Small parcels are kept separate on the floors by bulking- 


The grain is amply ventilated, but should it be out of 
condition, there are facilities for turning it. Screening 
plant is also provided. : 

There are twenty-four electric motors, collectively of 





354 horse - power, for driving the various machinery. 
These are controlled from a switchboard in the basement, 
which is in telephonic communication with all parts of 
the granary and dolphin. 





NOTES FROM THE NORTH. 
Giascow, Wednesday. 

Glasgow Pig-Iron Market.—Last Thursday morning 
the pig-iron market was very quiet, but a steady tone 
prevailed. The dealin; counted of 1000 tons of Cleveland 
warrants at 47s. 9d, three months, and the closing quota- 
tions were 47s. 1d. cash, 47s. 34d. one month, and 47s. 94d. 
three months. There were sellers of hematite at 56s. 
cash, but buyers were not quoting. In the afternoon the 
market was a little easier, and some 3000 tons of Cleve- 
land warrants chan hands at 47s. 24d. one month and 
47s. 8d. three mont Closing sellers quoted 1d. down 
at 47s. cash, 47s. 24d. one month, and 47s. . three 
months. Hematite was unchanged at 56s. sellers. 
On Friday morning the tone was weaker, and Cleve- 
land warrants were put through at 46s. 104d. cash, 47s. 
thirteen days, and 47s. 2d. April 12. At the close there were 
sellers at dies. 11d. cash, 47s. 14d. one month, and 47s. tie. 
three months, and the turnover only amoun to 
tons. Hematite was again quoted steady at 56s. cash 
sellers. In the afternoon the market was quiet and 3500 
tons of Cleveland warrants were dealt in at 46s. 10d. 
cash and 46s. 1ld. seven days. The session closed with 
prices unchanged at 46s. 11d. cash, 47s. 14d. one month, 
and 47s. 74d. three months sellers; and hematite was 
also without change at. 56s. cash sellers. On Monday 
morning a better tone prevailed, but business was quiet, 
and only 2000 tons of Cleveland warrants changed 
hands at 47s. cash, and 47s. 3d. one month; closin 
sellers quoted 47s. 04d. cash, 47s. 34d. one month, an 
47s. 9d. three months. Hematite was quoted easier 
at 55s. 104d. cash sellers. In the afternoon the market was 
nominally steady, and 2500 tons of Cleveland warrants 
were done at 46s. 114d. and 47s. cash, and 47s. 84d. three 
months. At the close the quotations were 47s. cash, 
47s. 3d. one month, and 47s. 9d. three months sellers. On 
Tuesday morning Cleveland warrants were firmer, but 
only two lots changed hands at 47s. 3d. one month, and 
47s. 9d. three months. Closing sellers quoted 47s. 1d. cash, 
47s. 4d. one month, and 47s. 94d. three months. Hema- 
tite was again easier at 55s. 9d. cash sellers. In the 
afternoon the tone of the market was stronger, but 
business was once more very quiet. In all only 1000 tons 
of Cleveland warrants were dealt in at 47s. 1d. cash, and 
47s. 44d. one month, and the closing quotations were 
47s. 2d. cash, 47s. 44d. one month, and 47s. 10d. three 
months sellers. Hematite was quoted without change at 
55s. 9d. cash sellers, and there were buyers at 6d. less. 
When the market opened to-day (Wedneday) a steady 
tone prevailed, and 4000 tons of Cleveland warrants were 
done at 47s, 2d., 47s. 24d., and 47s. 2d. cash, 47s. 3d. 
twenty-nine days, and at 47s. 5d. one month. Closin 
sellers quoted 47s. 2d. cash, 47s. 44d. one month, an 
47s. 1 d. three months. In the afternoon the market was 
quite idle and the prices were easier. Cleveland warrants 
were quoted by sellers at 47s. 1d. cash, 47s. 34d. one month, 
and 47s. 9d. three months. Hematite was quoted un- 
changed at 55s. 9d. cash sellers, but buyers were down to 
55s. 14d. cash. The ata are the market quotations 
for makers’ (No. 1) iron:—Clyde, 58s. 6d.; Calder and 
pe oe (ell chirad’ “— 6d.; — 68s. ; 
an tness, 89s. i at w); Gle ock 
{ee Ardrossan), 61s. 6d. ; Shotts (at Leith), 59s; onl Caem 
at Grangemouth), 62s. 

Sulphate of Ammonia.— The sulphate of ammonia 
market is fairly steady at the present time, but the 
demand is somewhat slack. Inquiry is of a very limited 
nature, and the current prices for prompt delivery are 
11, 12s, 6d. per ton Gl] w, and about 11/. 15s. per ton 
Leith. There is practically no inquiry for forward lots, 
and the price ranges round present quotations. Last 
week the shipments from Leith Harbour amounted to 
335 tons. 

Scotch Steel Trade.—The Scotch steel trade shows little 
sign of improvement, but one or two makers are, if any- 
thing, a little better off for work this week. That is 
chiefly on old contracts, and is due to some of the ship- 
builders sending in specifications for material for early 
delivery. New business is very quiet, and inquiries are 
extremely scarce. In structural sections, however, there 
is rather more doing in export, and inquiries are more 
numerous. 

Malleable-Iron Trade.—Practically no change has taken 
place in the malleable-iron trade of the West of Scotland, 
and business generally is of a very poor description. Only 
a limited demand exists, and, coupled with a small in- 
quiry, the outlook is not over bright. The prices being 
offered for shipment lots are exceedingly low. 


Scotch Pig-Iron Trade.—The local trade in ordinary 
brands of Scotch pig iron is rather quiet, but fair quan- 
tities are being delivered to buyers in the south, There 
is little doing in fresh business for the home markets, but 
makers are kept going on existing contracts. The export 
trade is fairly good. Hematite is quiet. 

Shipbuilding.—Affairs in the shipbuilding industry are 
again looking much better, and improvement there will 
certainly have its effect on the steel and iron trades of 
the country. Quite a large number of new contracts have 
recently been fixed up, and when a start m made 
with the building of these new vessels, the general trade 
conditions are likely to get better than they have been for 
some time. The output for the past month was fourteen 
vessels, of 25,775 tons, made up as follows :—The Clyde, 
22,485 tons; the Forth, 1100 tons; the Tay, 1790 tons; 
the Dee, 400 tons. The Clyde total is the lowest for the 





month of February since the year 1897, when the figure was 
13,902 tons. The total for the first two months of the year ig 
43,915 tons, as against 38,056 tons for the corresponding 
period of last year, or over 5000 tons better. The principal 
vessels launched during last month included the turbine. 
steamer Mantua, 11,000 tons, by Messrs. Caird and (o,, 
Greenock, for the P. and O. Company, London ; the 
steamer Craster Hall, 4319 tons, by Messrs. William 
Hamilton and Co., Port Glasgow, for Messrs. Charles G, 
Dunn and Co., Liverpool ; and the steamer Pangan, 300 
tons, by Messrs. Barclay, Curle, and Co., Whiteinch, for 
foreign owners. In addition to new work already re. 
ferred to, Messrs. Fleming and Ferguson, Limited, Pais. 
ley, have contracted to build three hopper steamers for 
the Argentine Government. Messrs. Yarrow and Co,, 
Limited, Scotstoun, have contracted to build a high- 
8 triple-screw turbine-yacht for an American owner, 

he designs are to be supplied by Messrs. Cox and King, 
London. 


NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 

Smoke-Abatement Exhibition.—The Sheffield Federated 
Health Association have done good work in arranging for 
a Smoke-Abatement Exhibition in that city. This was 
opened on Monday last by Sir Oliver ge, who gave 
an interesting address on smoke prevention and the neces- 
sity of obtaining a purer atmosphere in our large industrial 
centres. He was convinced, he said, that ere long we 
should have gas laid on in large quantities for heating and 
cooking pur , and should depend much more on elec- 
tricity for lighting, and gas for heating and cooking. 
He only hoped that at an early day some town or other in 
England would try the experiment of having gas made at 
the coal-pit, where coal was cheap, bringing it to the 
consumer in pipes, as it now brought water and elec- 
tricity, and forbidding the importation of crude coal into 
the town at all. If one town would try the experiment, 
and it succeeded, other towns would imitate it. One or 
two towns, he believed, were already thinking about this. 


Manufacturers and the Smoke Nuisance.—An interest- 
ing feature of the Smoke-Abatement Exhibition was a 
manufacturers’ conference, held on Wednesday, when a 
large number of local steel experts assembled and discussed 
at length the smoke sg Papers were read on 
‘Smoke Destruction,” ‘‘Stoking,” and the ‘‘ Work of 
the Hamburg Manufacturers’ Snoke- Abatement Society.” 
A suggestion to form a National Manufacturers’ Smoke- 
Abatement Association was well received. 


Messrs. William Jessop and Sons.—The annual report o 
Messrs. William Jessop and Sons shows a profit, ication 
a balance of 97641., of 40,2197. The report states that the 
greatly depressed state of trade in the markets of the 
world has a very adverse effect upon the revenues of 
the company. The high prices of fuel and raw materials 
were maintained for some time during the early part of 
the year, and whilst they are at the present time some- 
what lower, they are still unsettled owing to the recent 
legislation. 

Iron and Steel.—There is but little improvement in the 
general situation, and confidence in any forward move- 
ment in the near future has been ly shaken. The 
weakening of the pig-iron market at home, and the un- 
satisfactory industrial situation in America, are not calcu- 
lated to encourage sales. Many people interested in the 
trade, both buyers and sellers, appeared to be convinced 
a month ago that the bottom of the market had been 
touched, and the weakness in the makers’ ition, which 
has recently developed, has aroused much uncertainty. 
Railway business has been unsatisfactory for some weeks 
past. The orders recently placed for the Indian railways, 
chiefly for wheels and axles, have gone to other districts, 
though locally firms have benefited by indents for 
springs. In other branches of the heavy trades busi- 
ness 1s very variable. Orders generally are of a light 
character, and not sufficient to warrant any increase 
in employment. Shipbuilding continues stagnant, and 
firms who deal in joiners’ and engineers’ tools complain of 
a weak market. The recent discussion on high-speed steel 
has proved detrimental to present business. Consumers 
are all ordering trial lots of the new material, and until 
these are tested decline to renew contracts. Considerabie 
reticence is observed by manufacturers as to prices for the 
new steel, but samples are being sold at about 2s. fd. a 
i In the lighter branches a fair amount of work 
1as come in from abroad—France, probably in view of 
the new tariff, having placed orders above the average. 


South Yorkshire Coal.—A brighter tone is noticeable in 
the house-coal market. Pits are working better, averaging 
nearly five daysa week, and the large stocks in wagons have 
been to some extent reduced. The cold weather has stiffened 
prices, and though there is not likely, at this late season, 
to be any advance, the tendency is decidedly upward. 
An increased tonnage of best qualities is going to London 
and the southern market. Prices range from 12s. to 12s. 6d. 
per ton. A heavy business is being done in secondary 
samples, which make from 10s. to 10s. 6d. at the pit. 
Steam coal is going rather better, there being an incre 
demand from the various industrial centres. The market 
price of 8s. 6d. per ton is not always obtained, but the 
shipping trade has been showing signs of activity, and 
during the week a fair tonnage gone to the Humber 
for shipment to Continental ports. Rates for future 
delivery show signs of strength. Best quality slacks move 
freely at a fair price, but lower grades are plentiful, and 
considerable stocks are on hand. 














NorMAND-DresEt.—It is stated that the Augustin 
Normand Shipbuilding Company, Havre, have «i alga- 
mated with the French Diesel Motor Company Bar-le- 
Duc, in French Lorraine, 
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NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 
MIDDLESBROUGH, Wednesday. 

The Cleveland Iron Trade.—Though deliveries continue 
on only a moderate scale, and, owing to the fact that the 
yroduction is in excess of the requirements, stocks are 
increasing, there is a rather better feeling in pig iron, at 
all events, so far as Cleveland pig is concerned, and a fair 
amount of business has been effected this week. That 
there is still some confidence in the future is shown by the 
fact that more is being paid on forward account than for 
prompt business. Thus, whilst 47s. 3d. is the prompt 
f.o.b. price of No. 3 g.m.b, Cleveland pig iron, some fair 
contracts for delivery to the end of June have been made 
at 47s. 9d. No. 1 is scarce, and is quite 49s. 9d., whilst 
No. 4 foundry is 46s. 6d., and No. 4 forge 45s, 9d. 
These are prompt rates, forward quotations being six- 
pence higher. Unsatisfactory accounts continue to be 
given of the East Coast hematite pig-iron trade. Mer- 
chants are slow to take up the iron they bought some time 
ago, and which is now stocked in rather large quantities 
in makers’ yards. Mixed numbers remain at 55s. At 
length values of Spanish ore have been brought down a 
little, but they are still high as com with prices of 
hematite. Several of Rubio, of 50 per cent. 
quality, are understood to have been sold at 16s. ex-ship 
on and there are now a fair number of sellers at 16s. 3d., 
whereas until this week, for some time past, the market 
rate has been 16s. 6d. Freights, Bilbao-Middlesbrough, 
still stand at 4s., and it is said that the lowest quotation 
for 50 per cent. Rubio at Bilbao is 11s. 6d. Coke iscoming 
down in price. The ised market quotation of average 
blast-furnace qualities is 15s. delivered here, but orders 
would readily be accep by some firms at 14s. 9d. 
Foundry -—- for shipment is in the neighbourhood of 
ls. 6d. f.0.b. 


Manufactured Iron and Steel.—On the whole, unsatis- 
factory accounts must be given of the manufactured iron 
and steel industries. Producers of railway material are 
kept well employed, and sheet-manufacturers are busy, 
but many other branches are characterised by slackness. 
So far as finished iron is concerned, it is gratifying to be 
able to report that work has been resumed this week at 
the plate-mills of Messrs. John Hill and Co., but it is 
an unfortunate sign of the times that iron bars and iron 
angles have this week been reduced by 5s. per ton. 
Common iron bars are 6l. 15s.; best bars, 7/. 2s. 6d. ; 
best best bars, 7/. 15s. ; packing iron, 5/. 7s. 6d. to 5J. 10s. ; 
iron ship-plates, 6/. 7s. 6d.; iron ship-angles, 6/. 15s. ; 
iron ship-rivets, 72. 3s. 9d. ; iron we oy 61. 12s. 6d. ; 
iron bellenglatan, 7l. 7s. ; steel 3 . 5s. ; steel ship- 
plates, 6/.; steel ship-angles, 5/. 12s. 6d.; steel boiler- 
plates, 77. ; steel strip, 6/. 7s. 6d. ; steel hoops, 6/. 10s. ; 
and steel joists, 5/. 15s.—all less the customary 24 per 
cent. discount. Cast-iron columns are 6/. 10s, ; cast-iron 
railway chairs, 3/. 10s.; light iron rails, 6. 15s. ; heavy 
steel rails, 5/. 5s. ; and steel railway sleepers, 6/. 10s.— 
all net cash at works. 


Tron and Stecl Shipments.—Shipment returns for Feb- 
ruary are very disappointing. They show a total clear- 
ance of pig iron of 67,487 tons, 58,141 tons having been 
loaded at Middlesbrough, and 9346 tons at Skinningrove, 
as compared with total clearances of 101,286 tons for the 
first month of the year, and 130,488 tons for February, 
1908. Of last month’s Skinningrove shipments, 8266 tons 
went to Scotland, and 1080 tons to Holland. Of the pig 
iron sent from Middlesbrough, 38,285 tons went abroad, 
and 19,856 tons coastwise. Scotland, with 13,556 tons, 
was, as usual, the largest receiver, Italy being second 
with 12,472 tons, whilst Japan imported 5623 tons; Bel- 
gium, 4026 tons; France, 3934 tons ; Holland, 2083 tons ; 
the United States, 2000 tons ; and Germany—at one time 
the largest customer of this district—only 1690 tons. The 
manufactured iron despatched by sea last month amounted 
to 9929 tons-—4723 tons going abroad and 5206 tons to 
coastwise customers, India once more being by far the 
largest buyer with 3052 tons. Of the 29,768 tons of steel 
shipped in February, no less than 23,694 tons went to 
foreign firms, and only 6074 tons to coastwise buyers. 
With an importation of 12,110 tons the Argentine Republic 
was the biggest buyer, India being second with 5082 tons. 


Ship-Repairing.—A fair amount of ship- repairing is 
going on. Smith’s new docks on the Tees are now in 
full working order. The firm have at present in hand 
the Sodo Maru, of Tokyo, and the s.s. Keynham, of 
Goole, with the prospect of a number of other boats 
to follow. Without the facilities of the new dock at 
Middlesbrough the Sodo Maru, which carries general 
cargo and passengers from the Tees, would have post- 
| her overhaul until she reached her home port in 
e apan. 








EvrLoyers’ Hanp-Book on AccIDENTS TO WorK- 
PEOPLY.—A little brochure of some twenty-four pages 
comes to hand from the British Crown Assurance Corpo- 
ration, Limited, 183, West George-street, Glasgow, deal- 
ing witli the question of employers’ liability in the case 
of acy dents to workpeople. This little publication is 
divided into two sections, of which the first consists of a 
series of ‘* Dont’s” for employers. These ly have 
reference to simple rules and safeguards which, though 
many of them appear to be too obvious to need notice in 
this manner, experience has shown are too often neglected. 
Attention to t ese will probably reduce the number of 
accidents, and will certainly reduce the trouble and worry 
arising from such as occur in spite of any feasible pre- 
cautions. The second section is devoted to a series 0! 
notes on the Conpeanation Acts, &c., and gives the im- 
portant facts of the law bearing on this matter in a few 
simply-worded paragraphs, 








NOTES FROM THE SOUTH-WEST. 


Cardiff.—The steam-coal trade has shown rather more 
activity, and quotations have been somewhat steadier ; 
the best large has made 13s. 6d. to 14s. per ton, while 
secondary qualities have ranged between 12s. 6d. and 
13s, 3d. per ton. House coal has shown little change ; 


the best ordinary qualities have made 14s. 6d. to 16s. per 


ton, while No. 3 Rhondda has brought 17s. 6d. to 
17s. 9d. per ton. Patent fuel advanced 3d. per ton. 
Foundry coke has brought 17s. 6d. to 20s. per ton ; and 
furnace ditto, 15s. 6d. to 16s. 6d. ton. As regards iron 
ore, Rubio has made 15s. 6d. to 16s. per ton, upon a basis 
of 50 per cent. of iron, and charges, including freight, 
insurance, &c., to Cardiff or Newport. 


Powell Duffryn Steam-Coal.—The directors of the Powell 
Duffryn Steam-Coal Company, Limited, state that after 
writing off 83,6002. for depreciation there remains a profit 
for the past year of 322,718/. Out of this, the directors 
recommend a dividend and bonus at the rate of 20 per 
cent, per annum, carrying forward 111,931/. The output 
of coal from the collieries for 1908 was 3,020,228 tons. 
Sinkings at Penallta are progressing satisfactorily. No. 1 
pit is down 570 yards, and No. 2 pit 468 yards. The 
surface arrangements are so well advanced that the com- 
pany will be in a position to work them immediately as 
soon as the seams are reached. 


The Swansea Valley.—The steel trade has shown about 
an average activity; the tin-plate trade has exhibited 
continued activity. The bituminous collieries, which 
had suffered from depression, have exhibited rather more 
activity. The production of pig-iron has been fairly well 
maintained. 


Pontypool.—The work of erecting new winding-engines, 
engine-houses, and winding-gear at the Tirpentwys Col- 
liery, near Pontypool, which has been in hand for some 
considerable time, has now been completed, and the change 
from the old to new methods of winding at No. 1 pit has 
been effected. Formerly the pit was worked with the ordi- 
nary single-deck cage for two trams to be wound at a time; 
but the fittings of the present double-decker will enable 
the number of trams in the at the same time to be 
increased to eight ; and intel of winding twenty men 
at a time, as formerly, forty will now be a to descend 
or ascend together. The new winding-engines are of the 
inverted-cylinder type ; the cylinders are 40 in. diameter, 
and the stroke of the engine is 6 ft., the winding-drum 
being 20 ft. in diameter. 


Lianelly.—The tin-plate trade has been rather quiet. 
Some of the collieries Ges been only partially employed ; 
the anthracite market has, however, shown activity, and 
collieries in the Gwendraeth Valley are increasing their 
output. 


Great Western Collicry.—The directors of the Great 
Western Colliery Company, Limited, report a profit of 
69,002. for the past year, and they recommend a dividend 
at the rate of 15 per cent. for the year upon the ordinary 
B shares, carrying forward 27,081/. The output of coal 
for 1908 was 967,417 tons, an increase of 76,564 tons, as 
compared with the previous year. The outputof coke 
was 98,614 tons. With the exception of new hauling and 
ventilating plant, a re-equipment of the Maritime Colliery 
has been completed. The directors have had under con- 
sideration a district of coal lying to the south of the 
Maritime and Penrhiw Collieries ; and having proved the 
coal-field in that direction, as far as possible, they have 
leased the minerals under some 2000 acres of land, and 
propose to sink new pits. 





AEROPLANE TRIAL-GRoUNDS.—At last there are s 
that serious work with aeroplanes is to be attempted in 
this country. Hitherto experimenters have been handi- 
capped in various ways, and though we fear that their 
way will not from this time be made absolutely straight 
anc plain, some at least of the hindrances with which 
they have had to contend are practically removed. The 
acquisition of large experimental grounds by the Aero- 
nautical Society of Great Britain at Dagenham, in Essex, 
and by the Aero Club of the United Kingdom in the Isle 
of Sheppey, should give a considerable stimulus to the 
efforts of the would-be aviators. These grounds are flat 
expanses almost without obstacles, such as trees, buildin, 
&c., and learning to fly should therefore be a quite straight- 
forward process, as is suggested by the rapid progress 
made in the art on the tinent. Lack of suitable 
ground need no longer be an excuse to cover mediocre 
efforts, and, perhaps, this year may see the.country take 
a somewhat more dignifi — in aeroplane matters 
than has as yet fallen toour lot. 





INSTITUTE OF MARINE ENGINEERS.—At the meeting of 
the Institute of Marine ineers, held on Monday, the 
Ist inst., after the reading of a paper by Mr. A. Ross, on 
‘Efficient Circulation of Water in Steam Boilers,” a 
letter addressed to Mr. James Adamson, the _——— 
secretary, by the President and Secre of the Austral- 
asian Institute of Marine Engineers, Wellington District, 
was read by the chairman, Mr. J. McLaren. This letter, 
couched in terms of sincere regard, conveyed from the 
New Zealand body a pleasing compliment in the intimation 
that Mr. James Adamson » by unanimous consent, 
been elected a Life Honorary Associate of the Australian 
Institute of Marine Engineers. The election is accom- 

nied by a decoration, the Gold Emblem of New Zea- 

d, which the High Commissioner for New Zealand, 
a Life Honorary Associate of the Australian body, has 


f | undertaken to — to Mr. Adamson, in recognition of 


his work on behalf of engineers of the Empire, and for 
the kindness extended by him to young engineers visiting 
this country from New nd, 


MISCELLANEA, 


Tue oil used on railways in the United States as fuel 
amounted in 1907 to 18,855,691 barrels. It is estimated 
that 15,593 miles of railway were operated by oil-fired 
locomotives making some 74 million engine miles in the 
year. 


Powers are being sought for the construction of a tunnel 
under the harbour at ton, Mass., U.S.A., to connect 
East Boston with the main city. The Boston and 
Eastern Electric Railway Company are the promoters 
of the scheme. 


The town of Summerland, in the Santa Barbara County, 
California, U.S.A., boasts of the unique distinction of the 
possession of submarine petroleum oil-wells. Many of the 
wells at this place have been sunk on the foreshore, while 
others have been drilled at places some little distance from 
the shore. The derricks are erected on staging supported 
on pen standing in the water. A photograph these 
wells was recently given in the Engineering and Mining 
Journal of New York. 


In an appendix toa paper printed in the Bulletin of the 
American vag gn, gore and Maintenance-of-Way 
Association, Mr. W. C. Cushing, Chief Engineer of Main- 
tenance of Way of the Pennsylvania Lines (South-West 
System), gives a few of the results obtained in the tests, 
recently made by the Pennsylvania Railroad, of pressures 

inst the outer rail on curves. The tests were made at 
rankinville, N.J.,on the West Jersey and Sea-Shore Rail- 
road, on a 1-deg. curve, with electric and steam locomotives. 
Mr. Cushing only ge some of the results with steam 
locomotives, most of them being obtained with an Atlantic 
type of engine of a total weight of 176,600 Ib. and height 
of centre of gravity above the rail level of 73 in. The 
curve was superelevated for a speed of 70 miles per hour. 
At the highest speed attained—viz., 92.3 miles per hour— 
the maximum — against the outer rail was recorded 
as 11,500 Ib. e greatest pressure inst the outer rail 
recorded was 13,000 lb., on a run when the locomotive 
was travelling at a speed of 87.7 miles per hour. For 
both these runs the rails were oy. The figures given by 
Mr. Cushin | considerably, but under dry conditions 
are practically all over 10,000 1b., while with wet rails 
they varied with speeds, between 8,500 Ib. and 11,200 Ib. 








Tue FarrFigLtp SHIPBUILDING AND ENGINEERING Com- 
PANY, Limitrep.—We understand that Mr. Alexander 
Gracie, M.V.O., who for some years has occupied the 
position of managing director to the Fairfield Shipbuildin 
and Engineering Company, Limited, has been elec 
chairman of the company, in succession to the late Dr. 
Francis Elgar, F.R.S. 





ArrsHip EXHrpiTion, FRANKFoRT-MaIN.—An airship 
exhibition is to be held in Frankfort-Main in the course 
of this year, and it is announced that the health resort of 
Scheveningen (Holland) will offer a prize of 1000 fi. (about 
852.) to the airship which reaches that place first from the 
Exhibition grounds. A further prize, to be awarded by 
private enterprise, is also under consideration. 





Persona. — Messrs. Spear and Jackson, Limited, 
Etna Works, Sheffield, have apened new London offices 
at 237, Mansion House Chambers, 11, Queen Victoria- 
street, E.C., with Mr. T. 8. Fenton in charge.—Mr. J. 8. 
Frain states that he has opened offices at 15, Queen- 
street, E.C., where he will act as representative of several 
engineering firms. 





Gio. ANSALDO, ARMSTRONG, AND Co.—We read in the 
Bollettino Finanze, Ferrovie, Industrie, that the Ansaldo 
Armstrong Company, besides four torpedo-boats for the 
Italian Navy, has obtained the order for the turbine- 
propelling machinery for the ‘‘ A” battleship ; they have, 
moreover, been given the order for one of the six mercan- 
tile ships to be built under State subvention, and that of 
the engines for the six ships in question. 





THe Panama Canat.—A board of consulting engineers 
——— at the close of 1908 to make a final examimation 
of the conditions prevailing on the Isthmus of Panama, 
with reference to the construction of the t Panama 
Canal, state that they are satisfied with the dams and 
locks, the lock-gates, and all the other engineering struc- 
tures involved and proposed in the lock-canal project. 
They do not eae find any occasion for c ing 
the type of canal which has been adopted, and they con- 
sider that a change to a sea-level plan would add greatly 
to the cost and time of construction, without compensat- 
ing advantages either in the ee! of the or the 

ety of navigation through it. With res to the 
feasibility and safety of the Gatun dam, the directors are 
satisfied from experiments which have been made, and 
from their own personal examination, that there will be no 
dangerous or objectionable seepage through the materials 
under the base of the dam, and that they are not liable to 
be pushed aside by the weight of the — dam, 80 as 
to cause any dangerous settlement. e cost of the com- 
pleted canal is now estimated at 72,000,000/. This is tly 
in excess of the cost (28,000,000/.) as estimated in 1905 ; but 
the pens point out that the 1905 estimates did not in- 
clude the cost of sanitation, of the zone government, and 
certain payments to Panama and the new Panama Canal 
Company ; nor wasaccount taken four years ago of changes 
in the position of locks, changes in their size, the widen- 
ing of the great Culebra cutting, alterations in break- 
waters, and changes in the route of the Panama Railway, 
all of which have increased construction outlays. The 
engineers see no reason to doubt that the will be 
opened for traffic by January, 1915, and possibly earlier, 





if current conditions are favourable, 
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STEAM-TURBINES OF JAPANESE VOLUNTEER STEAMER “SAKURA MARU.” 
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(For Description, see Page 331.) 
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THE NEW SPANISH NAVY. 


AuttnoucH the contract for the building of the 
new Spanish Navy has not yet been formally signed, 
only one or two details remain to be settled be- 
tween the Spanish - British syndicate and the 
Spanish Admiralty, and these raise no obstacle. 
The broad statesmanlike policy which has charac- 
terised the action of the Ministry of Marine in 
the inception of the scheme, and in the con- 
duct of the negotiations so far, justifies the ex- 

tation that all will be arranged, and that by the 

ginning of April the constructional work will 
have been commenced, towards the realisation of 
long-cherished hopes for the reinstatement of Spain 
in her old position of influence among the naval 
Powers of Europe. In recent years there have been 
many Spanish naval schemes, but these all failed. 
Indeed, it must be confessed that shipbuilders 
throughout the world were beginning to regard 
with indifference each succeeding invitation to 


29|supply designs and tenders to the authorities at 


Madrid, since political influences had so often de- 
feated even the best of such schemes. The project 


329 | authorised by the Cortes in the law of January 7, 


1908, however, carried a fuller promise of being 
realised, because of its completeness, directness, and 
the obvious care with which the general features 

The Minister of 
Marine and his technical advisers showed so much 
discrimination in the choice of types and in the 
balancing of conflicting elements of efficiency that 
there was every evidence that determination would 


337 | be exercised on this occasion in carrying the oft- 
338 post ned hopes of the Spanish nation to fruition. 
n 


the modifications since made there has been 
displayed the same ambition to embody in the ships 
the best features that the latest practice has ap- 
proved, and it is from this standard that we propose 





to consider the designs of the proposed shi The 
scheme includes the construction at Ferrol within 
the next six years of three battleships, each of about 
15,000 metric tons displacement on trial, with 
normal coal supply, and the construction of prac- 
tically a new naval establishment at that port. At 
Cartagena, where also the establishment will be re- 
constructed and brought up to date, there will be 
built four gunboats of 800 tons displacement, three 
to o-boat destroyers of 350 tons displacement, 
and twenty-four torpedo-boats of about 180 tons 
displacement. 

e battleships constitute the most interesting 
part of the work, because they promise to be the 
most powerful ships of their size yet constructed, 
Indeed, Lord Brassey and many other experienced 
naval authorities have for some time been in favour 
of providing some such moderate-displacement 
ships for the British service, and their advocacy of 
the type will be strengthened when the details of 
the new Spanish ships are disclosed. In the 
original invitation to tender, issued in April last 
year, it was set out that the armament should con- 
sist of eight guns corresponding to the British guns 
of 12-in. calibre, and twent; ns of 4-in. calibre. 
Since then the Minister of Srarine has decided to 
adopt guns 50 calibres in length, instead of 45 
pn ath The effect of this change is to increase 
the energy developed by about 30 per cent., and to 
augment the effective range very considerably. At 
the same time it has been decided to place the 
amidship twin gun-turrets in echelon, a practice 
which is being adopted in the new British battle- 
ships of the Neptune class. All eight guns, therefore, 
will fire on either broadside, so that notwithstand- 
ing the great difference in the total displacement of 
the ship as compared with the Dreadnought, the 
attack from either broadside of the new Spanish 
ships will excel the gun power of that ship, because, 
although the number of guns which may be trained 
on each broadside is the same, the Spanish ships 
have the advantage, like the later British Dread- 
noughts, of using guns of 50 calibres in length. 

The Spanish authorities have also decided in 
their modified proposals to adopt hydraulic me- 
chanism for operating the turret guns, in pre- 
ference to electrical gear. In this the Minister of 
Marine has shown prudence, because of the well- 
proved reliability of water-power. It must be 
remembered that all of the Japanese ships in the 
recent war were fitted with hydraulic gun-mount- 
ings by the Armstrong Company, and in no respect 
was there even anxiety regarding their reliability. 
In the event of a breakdown there is no difli- 
culty in discovering the source or cause, whereas 
local short-circuiting in electrical appliances is 
difficult to locate, and, moreover, may cause con- 
flagration. The electric spark is ever an element 
of danger in the region of high explosives. The 
direct action of hydraulic mechanism as opposed to 
the rotary motion of electrical gear is more ap- 
plicable to many operations in gun working. As to 
rapidity of action, no fault has hitherto been found 
with hydraulic gear, while nicety of movement and 
rapidity of reversing have been achieved with 
marked success. There is no evidence establishing 
superiority in respect of weight by the electrical 
over the hydraulic system. 

In regard to the armour-protection of the new 
ships, the details are equally commendable. In 
the modifications in design, published a month ago 
in the Official Gazette of Madrid; there is evidence 
that the Minister of Marine and his advisers are 
thoroughly well informed as to the procedure, at 
least, in the British Navy. Indeed, one finds 
evidence here of the facility with which foreign 
naval attachés get information denied to British 
subjects. The original proposal in connection with 
the Spanish ships was to have a belt varying from 
9 in. amidships to 4 in. at extreme ends, the upper 
edge being 24 in. above the water-line, while above 
this there was to be a strake of armour 7 in. thick 
amidships, also tapering in thickness at the ends. 
In the modifications made it is provided that the 
width of the armoured belt is to be 2 metres 
(6 ft. 63 in.), that the water-line belt must extend 
1.40 metres (4 ft. 7 in.) below the water-line, and 
that the maximum thickness must extend for- 
ward and aft far enough to include the. bow 
and stern barbettes. A still more important 
change is that it has now been decided to have 
explosion bulkheads of moderately thick armour, 
in order to protect the machinery and magazines 
against to o attack. This wil tly increase 
the protection afforded by the cual Soop around 
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the machinery, and by the double bottom, and is a 
system which is being quietly fitted to many ships, 
so that the Spanish authorities here show that they 
are fully alive to the progress being made in other 
countries. The barbettes themselves are to be of 
10-in, armour, There will be heavy shields for 
— the breech and mechanism of the gun. 

n connection with navigation and gun control 
there will be two armoured conning towers. There 
are two armoured decks, one near the water line, to 
protect the stability of the ship, and another to 
coincide with the battery deck ; and as the great 
majority of the 4-in. guns will be placed under this 
battery deck, it follows that they will be protected 
by the upper belt and the armoured deck over them. 
Otherwise shields of 18-centimetre (7 in.) armour 
will be provided, so that in this respect the Spanish 
proposals are at least equal, if not superior, to 
those in the British service. It is also stipulated 
in the modified conditions that all the armour must 
be of the latest process of manufacture adopted by 
the British Admiralty. 

A further important modification has been made 
in respect to speed, which is now increased to = 
knots, as compared with 19 knots in the origina 
proposal, and that, too, without permitting more 
than 1 in. of pressure in the stokeholds. Parsons 
turbines are being adopted in the battleships. The 
displacement still continues at a maximum of 15,000 
metric-tons, equal to 14,763 tons. 

It will be recognised that the modifications made 
greatly increase the fighting efficiency of the ship, 
and one would expect some depreciation of other 
elements of design. The Spanish authorities, in 
attempting to readjust the disposition of weight, 
will do well to set their faces against any reduction 
in the scantlings. It is easy to produce a paper 
ship which in any comparative table establishes 
great advantage largely because all features, notably 
hull scantlings, cannot be tabulated. The tempta- 
tion, therefore, has been, especially on the part of 
the naval construction tirms, to reduce factors of 
safety, but the Spanish Minister of Marine no 
doubt will accept the proposition that the weight of 
hull should not be less than from 37 to 38 per cent. 
of the displacement, as in the Dreadnought classes, 
as it must be considered an irreducible minimum 
unless the designer is allowed to contemplate per- 
petual peace and to neglect stresses which are un- 
avoidable in warfare. 

The change made to accommodate the increased 
fighting power is in respect of radius of action. In 
the original specification it was provided that this 
was not to be less than 5000 nautical miles when 
steaming at economical speed. This has been re- 
duced to 2250 nautical miles, and the fuel for this 
radius must be carried on the normal draught on 
the full-speed trial. Provision, however, must be 
made for carrying coal sufticient to enable the 
ship to steam 5000 miles at economical speed. 
This provision must be pronounced adequate for 
the ships of such a power as Spain. No empirical 
rule can be laid down in respect to radius of action 
for all Powers, as considerations of strategy must 
operate, so that comparisons would be futile. But 
even so, the condition provided in the Spanish ships 
compares favourably with that even in the British 
Navy, where ships must always be on the offensive, 
and therefore must have considerably greater radius 
of action than vessels primarily intended for de- 
fensive tactics. 

The question of the height of gun-platform and 
the freeboard has also had special consideration in 
the modified terms. Admiral Togo’s British-built 
flagship was accepted as a standard in determining 
the conditions, and no better example can be 
chosen, particularly in view of the tests through 
which she has passed. Notwithstanding that the 
Battle of the Sea of Japan was fought under heavy- 
weather conditions, no difficulty whatever was ex- 
perienced in fighting all the guns. The Russian 
ships, on the other hand, with a much higher free- 
board, suffered severely, so that here, as in all 
scientific conditions, the happy mean is preferable. 
It is quite easy to involve danger to stability by 
excessive freeboard, and the case seems to have 
been met by the Spanish Minister of Marine by 
satisfactory compromise. 

As to the smaller craft, little need be said. The 
gunboats are to have a speed of 13 knots, and to 
be fitted with four 75-millimetre and two machine- 
guns, while the torpedo-boat destroyers are to have 
as of not less than 28 knots, and five 57- 
millimetre quick-firing guns and two revolving 


torpedo-tubes, The torpedo-boats are to steam at 





25 knots, and are to have 42-millimetre guns and 
three torpedo-tubes. 

The new naval construction department of the 
Ferrol Works will include carefully-prepared build- 
ing-berths, a wharf with a 10-ton crane for the 
reception of the material, extensive machine-shops 
with the latest tools, and a graving-dock capable of 
taking ships of about 600 ft. in length, about 100 ft. 
in beam, and a draught of nearly 40 ft. An idea 
of the extent of the contract is also afforded by 
the fact that the harbour of Ferrol will be dredged 
to a uniform depth of nearly 28 ft. In the case 
of Cartagena, corresponding improvements will 
be effected. Some of them have already been com- 
menced, and will be completed by the contractors. 
It is in anticipation also to establish geet gen 
works and ordnance works, but actual work on 
these is for the moment held in abeyance. It is an 
open question whether the very heavy capital ex- 
penditure involved in armour and ordnance manu- 
facture will be justified by the future demands of 
the Spanish Admiralty, so that the Minister of 
Marine has wisely deferred the decision in this 
matter until fuller experience is obtained. On 
the other hand, most commendable conditions have 
been specified regarding the training of the staff of 
workmen to meet future demands in shipbuilding 
and engineering. At the outset a large pro- 
portion of the staff must necessarily be instruc- 
tors from the works of the contractors, but the 
intention is obviously, in the lapse of time, 
to create an effective personnel for the reconstituted 
factories, and no better firms could be entrusted 
with the training of such a personnel, as well as 
with the design and construction of the new ships 
and machinery works, than those allied to the suc- 
cessful tenderers, the Sociedad Espanola de Con- 
struccion Navale, Messrs. Armstrong, Messrs. Brown, 
and Messrs. Vickers, who have the co-operation of the 
Parsons Company in connection with the turbines 
for the battleships and torpedo craft, and of MM. 
Normand, of Havre, in connection with the details of 
the torpedo craft. The civil engineering work will 
be undertaken by Sir John Jackson’s firm, and thus 
there is the fullest guarantee not only for sub- 
stantial work, but for the best that engineering 
experience can evolve. Thus alike in the inception 
of the scheme, in the arrangement of the designs, 
and in the choice of responsible agents for the 
carrying of it out, the Minister of Marine and his 
technical advisers are to be congratulated. 








GAS-ENGINES IN CENTRAL STATIONS. 

Because the intrinsic efficiency of internal- 
combustion engines is greater than that of steam 
plant, there are not a few people who look forward 
to the complete supersession of steam by gas in 
the more or less near future. The development 
of large gas-engines during recent years has given 
a certain encouragement to this view, which, more- 
over, is popular in many quarters because it carries 
with it a certain sense of progressiveness and pro- 
phetic insight, highly comforting to those who 
entertain it. Prophecy, however, is always cheap, 
and has never been. more dangerous with regard 
to engineering matters than it is at the present 
moment. The introduction of a practical gas- 
turbine, for instance, would at once modify all our 
ideas as to prime movers, while the discovery 
of some method of obtaining electrical ener, 
direct from fuel or heat would do away very largely 
with the necessity of stationary prime movers of 
any sort. But until the manufacturer and experi- 
mentalist succeed in materialising the possibilities 
which as yet are beyond the visible horizon, it rests 
with the user of plant to serve progress and his own 
interests by obtaining the best article on the market 
for his particular needs. To decide rightly upon 
what is best, neither condemning a thing simply 
because it is new, nor desiring it because it is novel, 
is a continually-recurring problem for engineers. 
Moreover, the responsibility which attaches to the 
decision, in the case of large plants, is by no means 
light. 

The use of large gas-engines in central electric 
generating stations has often been advocated, but 


robably never so fully and, withal, so fairly as by | , 
M ‘ber that savings are always problematical, 


Messrs. Leonard Andrews and R. Porter in a paper 
read quite recently before the Institution of Elec- 
trical Engineers. But we doubt whether the paper, 
or the two nights’ discussion upon it, convinced a 
single station engineer that he would be any better 
off if his steam plant were replaced by gas, or 
decided him to instal gas-engines when he next 





made extensions. To give a definiteness to their 
argument, the authors assumed a station to be put 
down to deal with a maximum load of 8000 kilo- 
watts, and a load-factor of 24 per cent. Good 
bituminous slack with a calorific value of 13,000 
B.Th.U. was to be purchasable at 12s. per ton, 
delivered on site, and water was to be purchased 
from a public supply. For a gas station working 
under such conditions Mr. Andrews proposed 
to instal seven 1450-kilowatt gas-engines, of the 
slow-speed four-cycle double-acting type. Each 
set would be capable of doing 1600 kilowatts on 
overload for two hours, so that in the event of one 
plant being broken down and another laid off for 
overhaul, the remaining five would be able to 
carry the load over the maximum peak. Now 
were equivalent steam plant installed, five 2000- 
kilowatt sets are assumed, each with a two-hour 
overload capacity of 33} per cent. In the gas- 
station four ammonia-recovery producers and four 
non-recovery producers are provided for, with all 
necessary gas-cleaning and other apparatus. The 
total cost of this station is worked out at 176,8751., 
or 17.681. per kilowatt installed, as against 
139,5251., or 13.951. per kilowatt for the steam- 
station ; thus showing the capital expenditure with 
gas plant to be over 26 per cent. greater than that 
with steam plant. 

Before going into the question of running costs, 
with regard to which gas-engine plant is supposed 
to score so heavily, we may offer a few comments 
upon the equipments and conditions postulated. 
In the first place, the discussion is somewhat 
academic, because there is no great likelihood of 
anyone wanting to put down a new generating 
station in this country, starting with 10,000 kilo- 
watts of plant, on a site where there is no water 
supply except that obtainable from public mains. 
The proposition, as it appears to most central-station 
engineers, is rather that they desire to increase 
their existing plant by a few thousand kilowatts 
and wish to know whether it would pay them to 
instal gas or steam. But taking Mr. Andrews’ own 
supposition, his figures are open to serious criticism. 
No one should know better than he the best: sizes 
of gas-engines to use, so we may accept his seven 
sets of 1450 kilowatts to be the best that can be 
done with gas plant. His estimated price of 98,0001. 
for them may be taken as fairly correct for the same 
reason. But, turning to the steam plant, we should 
imagine very few station engineers would put down 
five turbines to deal with a maximum load of 8000 
kilowatts. Mr. E. J. Fox, in the discussion on the 
paper, suggested four machines of 2500 kilowatts, 
and it would not be taking any very extraordinary 
risks to instal only three machines of 3000 kilowatts 
each, for two of these could easily take the load over 
the winter peaks. Mr. Fox’s proposal, however, 
affords ample security, and effects a substantial 
saving in the capital cost both of running plant and 
switch-gear. It would also simplify the operation 
of the station. On the question of the capital cost 
also, the authors appear to place the figures rather 
high for steam-turbines. They take 9875l. as the 
cost of each 2000-kilowatt unit with its condenser. 
Within the last week or two the tenders for similar 
sized sets for the Hammersmith station were pub- 
lished, and the tenders jointly recommended for 
acceptance only amounted to 6776l., the average 
over the whole list being about 77601., or 20 per 
cent. less than the authors’ estimate. At Cardiff, a 
short time previously, the winning tender for a 
2500-kilowatt set, with surface condenser and motor- 
driven auxiliaries, amounted to 67551. This was 
sent in bya firm who have probably built more 
land turbines than any other makers in the country, 
so that it was presumably a profitable price, and 
not submitted at below cost with the idea of 
advertisement. It works out at only 2.71. per kilo- 
watt, as compared with nearly 5/. as given by the 
authors—a very considerable difference indeed. 

Suppose, however, we take the steam plant as 
not purchaseable below 31. 10s. per kilowatt, there 
is a very great margin between this and the 9. 1's. 
per kilowatt given by the authors—no doubt from 
their personal knowledge—as a fair price for the 
alternative gas-engine units. Even if the gas plant 
is more economical in working, one has to —— 
while 
interest on capital expended is as certain as death 
and taxes. e cost of boilers, &c., for the steam 

lant may be balanced against the cost of pr0- 
Seats, &c., for the gas plant, without very serious 
error ; in fact, we think the boiler plant would be the 
cheaper of the two, for some engineers would instal 
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a less number than twenty boilers for 10,000 kilo- 
watts of plant, as the authors propose. 

One or two speakers in the discussion appeared 
to believe in the possibility of gas-engines shortly 
being sold at the same price as steam-engines, and 
argued that there was no valid reason why this 
should not come to pass. Possibly a large gas- 
engine could be built at the same price per ton as a 
big reciprocating engine, but the price per horse- 
power 1s a very different thing. A steam-engine 
makes no idle compression or pumping strokes, 
and works without the violent explosive pres- 
sures that a gas-engine has to withstand. The 
same weight of metal will therefore develop a much 
greater effective power. But there is nowadays 
little point in comparing gas-engines with slow- 
speed steam-engines. What the large gas-engine 
has to face is the competition of the steam-turbine, 
and we doubt whether the most sanguine gas-engine 
maker hopes ever to come down to anything like 
equal capital cost per power. As, moreover, it is 
not particularly safe to develop more than 1000 
horse-power per cylinder in a gas-engine, and 2000 
horse-power is probably the extreme limit advis- 
able, the engine is seriously handicapped in com- 
parison with the turbine, in which these figures 
may be nearly multiplied by ten. 

In a central station reliability is of the utmost 
importance, and under this heading we find the 
most conflicting opinions about gas plant. The 
question of maintenance costs is difficult to decide 
for the same reason. Some enthusiasts, among 
whom we may be pardoned for including Mr. 
Andrews, state that the maintenance of large gas- 
engines costs no more than that of steam-turbines,. 
It is extremely difficult to believe -this, especially 
after contemplation of the lantern-slides of large 
engines shown at the meeting. Whether mainten- 
ance charges are a function of the weight, the 
number of parts, the forees brought into ae. the 
variation of the temperature or stress in the parts, 
or a combination of all these factors, one cannot 
imagine that they can be reduced toeven near those of 
a well-designed turbine. Moreover, in spite of all 
that is said as to reliability, breakdowns constantly 
do occur, and are usually serious. A recent casual 
visit to an iron-works in the North showed that two 
out of the three 1200-kilowatt gas-engines were out 
of service through bad breakdowns. Comparing the 
most general kinds of accidents to the respective 
plants, it should be remembered that a turbine will 
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ever, the steam plant}was oldf{when{the change was 
made, and repairs were naturally heavy. Mr. 
Allen also confirmed the authors’ estimate of 
capital cost of gas plant, stating that it agreed re- 
markably well with close tenders received last year 
for an actual 10,000-kilowatt plant. 

The last and greatest claim made on behalf of 
the large gas-engine is on the grounds of economy. 
Unfortunately, we have practically no data as to 
actual fuel consumption when working with pro- 
ducer-gas under the conditions of an electric-light 
station. With plants of over 2000 horse-power 
working on a steady load, the use of an ammonia- 
recovery plant is profitable, but the capital outlay 
is heavy, and the fuel must be suitable. In fact, 
the user of producers of any type is far more 
circumscribed in his coal market than the steam 
engineer. Moreover, the calorific value of the 
gas obtained is only from 75 to 80 per cent. 
that of the original coal, so that there is nearly 
as great a waste in the producer as in an ordinary 
boiler. This fact is too often overlooked. Again, 
a big gas-engine is no more efficient than a com- 

ratively small one, whereas as turbines become 
vigger the higher is their efficiency. At the present 
day, with a set of 5000 kilowatts, makers will 
guarantee a steam consumption of less than 14 lb. 
per kilowatt-hour. This means well under 2 lb. 
of coal per kilowatt-hour, and everything points 
to even better results than this. There are 
more possibilities of saving evident in steam- 
turbines than in large gas-engines, and if cus- 
tomers were prepared to pay equal prices, man 
of these could be realised. On the whole, we thin 
Messrs. Andrews and Porter have failed to sub- 
stantiate their case for the use of large gas-engines 
and producer plant in central! stations ; or, in fact, in 
any circumstances except where fuel and water are 
dear and the load very constant. Where blast-furnace 
or coke-oven gas is available matters are different. 








MILITARY TRACTOR TRIALS. 

Tue War Office trials for light tractors began on 
Monday, the Ist inst. The essential conditions for 
this competition are that the tractors must draw a 
gross load of 8 tons, and be capable of drawing this 
load 100 miles without taking in either fuel or 
water, while the weight must not exceed 6 tons 
light or 7 tons loaded, with fuel and water. In the 
case of internal-combustion engines petroleum 





The three which have actually started in the 
trials, however, are of such diverse type that their 
running will be watched with interest. They are :— 

No. 3, made by Messrs. D. Stewart and Co., Limited. 

No. 4, made by Messrs. John I. Thornycroft and Co., 
Limited. 

No. 10, made by Messrs. Broom and Wade, Limited. 

Illustrations and particulars of the Thornycroft 
tractor will be found on page 330 of the present 
issue, so that it is only necessary to mention it here. 
The Broom and Wade tractor we also illustrate and 
describe on page 329. 

The Stewart engine is a steam tractor having a 
locomotive boiler placed over the back axle, work- 
ing at 200 lb. pressure, with the fire-door at the top 
of the fire-box. The steam is superheated, and the 
engine is a two-cylinder double-acting compound 
with mushroom valves, worked off a cam-shaft 
between the cylinders. 

Both the Thornycroft and the Broom and Wade 
tractors have internal -combustion engines, the 
former four-cylinder vertical, the latter single-cy- 
linder horizontal. The cylinder in the Broom and 
Wade engine is 8} in. in diameter and 8 in. stroke, 
and gives 25 to 30 brake-horse-power at 800 revo- 
lutions. The vaporiser is of the hot-pot type, and 
enough air is admitted with the petroleum to spray 
the latter, the remainder of the air being admitted 
by a separate valve direct to the cylinder. Ignition 
is by high-tension magneto, and also by coil and 
accumulator. The engine is arranged with the crank- 
shaft across the car. The other two tractors have 
the engine longitudinal, the transmission being 
by bevel and spur gear in the Thornycroft, with 
sliding-gear change-speed, and by worm and wheel 
on the back axle in the Stewart, which has two 
speeds, with epicyclic gear, the top speed being a 
direct drive. 

The Broom and Wade car has three speeds, with 
the gear-wheels always in mesh, put into gear with 
dog-clutches. From the change-speed gear-wheels 
a counter-shaft, having on it the differential gear, is 
driven by a chain, each driving-wheel being driven 
by a pinion and spur wheel. Both the Stewart 
and Thornycroft tractors have universally jointed 
shafts to allow for the motion of the springs, while 
this is allowed for in the Broom and Wade machine 
by varying the depth in gear of the teeth in the final 
drive. The Thornycroft has a centrally pivoted front 
axle, the others have Ackerman type steering-gear. 

The Thornycroft car has the machinery arranged 





WAR OFFICE COMPETITION FOR LIGHT TRACTORS; PARTICULARS OF VEHICLES ENTERED FOR TRIAL. 





Number Number 
of 








Over-all |Over-all 





| | 











a NAME AND ADDRESS 2 tas . : Gross | | 
Sc 7 ~ oO} of Cy- B.H.-P. Ignition. | of Miles +, " » yest el, | \ 
3% or ENTRANT. Sagine. | tinder. gn Speeds. | per Hour. | “@nsth.| Width. Height. wei ght. Pe Boller 
£ | ft. in. | ft. in. | ft. in. 
1 The Acer Company, Ltd., Gros- 475 | LC. 2 25 M.L.T. and 4 | 1t0o7 | 10 4] 7 8 .; & 3 tons Petroleuam—American Royal Day- 
venor-road, Hanwell, W. | A.C. | | 12 ewt. light | 
2 Marshall, Sons, and Co., Ltd., 650 ms | 4 60 L.T. magneto 3 2,5,and7) 16 0; 7 8 10 7| Notex- Petroleum — Russian vaporising 
Britannia Iron Works, Gains- ceeding oil | 
borough | | | 7 tons | 
3D. Stewartand Co.,Ltd.,London- 650 | Steam | 1 H.-P. 40 2 | 7 15 0) 6 6 10 6 |5tons 15ewt Coal—Nixon’s Steam Navigation) Water- 
Road Iron-Works, Glasgow compound 1 L.-P. maximum tube 
4 John I. Thornycroft and Co.,, 975 LC 4or5 40 M.L.T. and 3 14, 44,and) 16 9/ 6 8 10 3 64 tons /Petroleum—S. p. g. at 60 deg. F. 
Limited, Basingstoke, Hants A.C, see | | 820/830 | 
| | Flash, minimum, 78 deg. F. (close)! 
| | | Distillation, 90 vols. r cent. 
| between 302 deg. and 572 deg. F. 
5 John Fowler and Co., Limited, 1000 Steam 2 25 3 | 15 0 5 9 | 10 O | 7 tons Coal — Barnsley Hards, onk = Loco- 
Leeds |compound | | Bretton Colliery | motive 
6 John Fowler and Co., Limited, 1000 LC, 25 to 30 Lamp and 3 13 6 50 9 8 7 tons Petroleum—rock light os 
I eeds | magneto 
7 The Lowea Engineering Com- 850 | Steam | 4L.P. 35 Pe 4tol 11, 6 8 12 0 6 tons Petroleum—rock light Flash 
pany, Limited, Lowca Engine compound) 4H.P. Maximum change- 18 cwt. generator 
_Works, Whitehaven working, 20 speed gear 
8 T.C, AvelingandCo.,Ltd.,Central 600 Lc, 1 20 Magneto and 3 2,44,and7, 13 1 7 0 9 8 6 tons Petroleum 
House, New-street, Birmingham accumulator 19 ewt. . 
9 Messrs, Allen and Simmonds, 775 | Steam 1H.P. 4} nominal ras 3 | 7, fully 49 568 9 6 6} tons Coal—Nixon’'s Steam Navigation | Loco, 
ewe gg Engineering Works, compound 1 1L.P. H.P. loaded 
teading | 
10 Messrs. Broom and Wade, Limi- 600 LC, 1 25 Magneto 3 2,44,and| 13 1 7 0 10 0 4 tons Petroleum—Capel Carler’s and 
ted, Desborough Iron - Works, accumulator | 7 10 ewt. Leonard's ‘‘ Phosbus” 
High Wycombe 
11 Messrs. H. P. Saunderson and Co.,| 420 | LC, 4 40 3 0; 64 8 6 4 tons Petroleum | 


limited, Elstow Works, Bedford | 


Magneto and 24, 34,and 13 
A.C, 7 


1 





Nore.—Engines Nos. 1, 2, 5, 6, 7, 8, 9, and 11 were withdrawn from the competition, leaving Nos. 3, 4, and 10 only for trial. 


Tun very well with a good many rows of blades 
stripped, but a gas-engine will not do much with 
@ broken piston-rod or cracked cylinder. One of 
the Speakers already referred to stated that the 
actual cost of repairs to 200,000 horse- power of 
tarbi ies over four years had worked out to less 
na is. per kilowatt per year. On the other 

nd. Mr. P, R, Allen, of the Castner Kellner 
Alkali Company, mentioned that the total repairs 
toa steam plant, including engines, boilers, 


fconomisers, &., and generating 25,000,000 units 
per annum, had 
replacing this 


amounted to 451. per week. On 
plant by producer gas, the main- 





tenance fell to 


151. per week, Presumably, how- 


must be used, and the engine must be capable of 
being started with this fuel Petrol may be used to 
start with in actually running the trials, but tests 
for starting on petroleum only will be made to 
ensure that the engine is capable of doing this. 

Eleven vehicles were entered, and of these the 
chief particulars are given in the above table. 
Of these eleven vehicles only three actually pre- 
sented themselves for trial, the makers of the other 
eight having either been unable to complete their 
engines in time, or having apparently found such 
difficulty in complying with the conditions as to 
— them to withdraw before the trials took 
place, 


so that practically it all comes between the 
side members of the deep plate frame, while the 
other two have channel steel frames a good deal 
higher off the ground, and have many = of the 
machinery bolted underneath them. e former 
certainly looks much the more substantial con- 
struction, and probably actually is so. It also 
makes the: vehicle look lower, and this effect is 
enhanced by the Thornycroft being considerably 
the longest. While in some ways an advantage, 


a long wheel-base makes a tractor require a greater 
space to turn in. 
The ofticial weights are given in the table which 





will be found overleaf, 
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Weights of Military Tractors. 





| Weight Light; | Weight Loaded; 
/Tanks and Bunkers | Tanks — 


| 
| 
| 





No, 3 Stewart ~ 
No. 4 Thornycroft .. {2 
No. 10 Broom and Wade 





The capacity for fuel and water are :—No. 3: 
4 cwt. of fuel, 80 gallons of water in tank, and 
40 gallons in boiler. This brings the vehicle up to 
the 7 tons limit ; the actual capacity of bunkers is 
13 ewt., and of water-tank 218 gallons. No. 4: 
738 lb. of petroleum, 14 Ib. of petrol, and 21 
gallons of water. No. 10: 328 lb. of petroleum, 
14 |b. of petrol, and 32 gallons of water. 

On the 1st inst. the day’s run was abandoned on 
account of the state of the roads, but a circular 
track was marked out in the yard on which each 
tractor was run for two hours without load. On 
the 2nd inst. an attempt was made to take the 
tractors out for the day’s run, but it was found that 
the frozen snow on the road made this impractic- 
able. All the tractors got their loads successfully 
out of the dépét, but once on the road, where the 
snow had been beaten hard, and the surface was 
frozen, the driving-wheels slipped, and not only 
could no progress be made, but it was impossible 
to prevent the tractors sliding off the road. That 
this was not the fault of the tractors themselves 
was shown by the fact that the large traction- 
engine sent out of the dépdt to assist had also very 
great difficulty in keeping on the road. Studs in 
the tyre would remedy the slipping, but were not 
used on account of the damage to the roads. 

The tractors then returned to the dépé6t and were 
run ten miles round the above-mentioned track with 
half loads. The surface of this track was simply 
rough loose gravel, which was frozen fairly hard in 
the morning when they began running, but got 
very soft towards the afternoon. It was on account 
of the surface that the loads were reduced, as it 
was found that the full load could not be hauled 
owing to the driving-wheels slipping. 

Results of Trials on March 2; Ten Miles Run on 

Track. 


No. of | Speedin | uel | water 
Usec 


Miles per | Track-Stops. 
I 


Engine. Jour. 
Broken gauge-glass. 
None, ; a 
Ignition plug chang 
five ees Big end 
bearing hot and was 
replaced. Water in 
| radiator boiled ; and 
| radiator refilled. 


Although the weather was not propitious for the 
proposed programme, several things were learnt in 
the running. One was the necessity for having good 
clearance round the road-wheels. In the Broom and 
Wade tractor parts of the engine run very near 
the back ook and two men had to constantly 
pick off the frozen gravel that stuck to the wheel 
to prevent damage to these. Convenience of 
emptying and filling with water is obviously a great 
thing, as in winter all radiators, pumps, &c., will 
have to be emptied whenever a tractor is not run- 
ning, to prevent damage by frost. The water in the 
Thornycroft radiator even froze after the engine 
was started in the morning, while the engine was 
running. On Wednesday last, the 3rd inst., the 
unfavourable weather conditions still continued, 
and the trials were restricted, to further runs on 
the track with half loads. Of the results, we shall 
speak next week, when we hcpe also to be able to 
record the carrying out of the original programme 
of the experiments. 


THE PROPERTIES OF MATTER. | 
Tuis year, as the subject of his course of lectures | 
at the Royal Institution, Professor Sir Joseph J. | 
Thomson, F.R.S., has chosen ‘‘ The Properties of | 
Matter.” In opening his discourse last Saturday, | 
Professor Thomson said that in this, his first lecture, 
he pro’ to consider the structure of matter ; 
his second lecture would deal with the properties of 
matter when in rapid motion ; his third with such | 








universal properties of matter as gravitation ; and 
his fourth, fifth, and sixth with matter in the solid, 
liquid, and gaseous state respectively. As for the 
structure of matter, almost from the time when 
men first began to speculate about natural philo- 
sophy, the idea, Professor Thomson said, had been 
held that matter was not continuous and homo- 
geneous. The opposite view—that it possessed the 
properties of continuity and homogeneity-—had 


.|never, he went on, had any real influence on 


physics. This particular view had, indeed, been 
more prevalent some ten years ago than ever before 
in the history of science. It was not, never- 
theless, an easy matter to give a satisfactory and 
really rigid proof of the non-uniformity of matter. 
According to the atomic theory, now almost uni- 
versally accepted, matter as we knew it was built 
up of an extremely large number of very small 
particles, separated by a medium differing entirely 
from these particles in its properties, which medium 
was known as the ether. hat led to the atomic 
theory in the first place was the fact that bodies 
could be compressed, which received a natural ex- 
planation if they consisted of small particles 
separated by empty space. In that case the pres- 
sure simply hewn wn! the particles closer together. 
Again, the fact that one body could be penetrated 
by another could also be accounted for on the same 
hypothesis. In a previous course of lectures, the 
speaker continued, he had shown the penetration 
of matter by particles shot off at great velocity by 
electrical means. On the present occasion he would, 
he said, use electrical means merely to detect this 
penetrability. Using a piece of apparatus consisting 
of a vacuum bulb, having a branch to it in the shape 
of a small platinum tube, the lecturer showed that 
on heating this tube in a Bunsen flame the character 
of the discharge through the vacuum tube was 
entirely altered, due, he said, to the passage of 
hydrogen from the flame through the incandescent 
platinum. 

In a similar way, he proceeded, sodium could 
penetrate glass, and this fact had proved extremely 
useful when it was desired to remove the last traces 
of oxygen from a vacuum tube. Sodium could be 
sent through from the outside, and it then absorbed 
the residual oxygen. Quite recently, moreover, it 
had been proved that other elements could also find 
their way through glass, a circumstance which had 
a very important bearing on the experiments made 
some time ago, with a view to ascertaining whether 
or no there was a change of weight in chemical 
combinations. If the glass vessels used in these 
researches were not absolutely impervious to the 
reagents, matter might be lost by actual passage 
through the glass. Bellati, an Italian physicist, 
had moreover shown that hydrogen could penetrate 
a considerable thickness of iron even in the cold. 
All these instances of the penetration and com- 
pression of matter received their explanation if 
matter generally was full of holes, through which 
the other matter found its way. 

If however, we tried to divide matter to such a 
degree that it lost its properties, it at once became 
apparent that the ultimate particles were exceedingly 
small. Thus Faraday had obtained gold leaves only 


1 : a : 
10,000,000 12- thick, but these showed still the charac- 


teristic properties of gold. Again, tales were told of 
the scent of -musk lasting for centuries in a room, 
though in this connection it should be noted that 
much depended on the degree of ventilation, and 
there was, in fact, a chapel in London in which he had 
every reason to believe the air had not been wholly 
changed during the last seventy years, and in such 
a case the scent of musk might well be retained in 
all its vigour. Still, even so, the long duration of 
the scent was a strong argument in favour of the 
great divisibility of matter. Mr. Strutt, moreover, 
had recently shown that by means of the spectro- 
scope it was possible to detect the presence of neon 
in zyth of a cubie centimetre of air, of which neon 


constitutes woth part by volume. Hence the 


spectroscope could detect of a cubic centi- 


1 
%,000,000 
metre of neon. Put in this way, it might appear 
that the spectroscope was extraordinarily delicate, 


but at the same time, wn — of a cubic centimetre 


contained 10 million million molecules, a number 
much greater than the total population of the globe, 
so that if we possessed no more delicate test than 
this for man, we should never have found out the 
world was inhabited. There was, he went on, an 
extraordinary difference between the difficulty of 





detecting non-electrified molecules, and the ease 
with which electrified ones could be detected. As 
stated, 10 million million was about the smallest 
number of non-electrified particles which could be 
detected ; whilst, when electrified, it was possible 
to detect a single one. 

Professor Tait, the speaker proceeded, had given 
an illustration of the failure of the atomic theory. 
The homeeopathists claim that characteristic pro- 

rties of a salt remained in its twelfth dilution. 

at was to say, a gramme of salt was first dis- 
solved in a litre of water. From this a single 
cubic centimetre was removed, and added to another 
litre of water, which formed the second dilution. A 
cubic centimetre taken from this was added toa 
third litre, and the process in question repeated 
twelve times. Some special properties were still 
claimed for this twelfth dilution. According to the 
atomic theory, however, at the seventh dilution 
a cubic centimetre taken at random might still con- 
tain one or two molecules of the salt, but in further 
dilution the chances were against any particle of 
the salt at all being found in the cubic centimetre 
taken. 

To show the existence of particles much too small 
to be visible, the lecturer added a little dilute acid 
to a solution of hyposulphite of soda. The sulphur 
was then liberated in very fine particles, which grew 
steadily by accretion. At first the particles were 
too small to reflect light, but in a little while the 
solution became opalescent, shining with a delicate 
blue, which colour, he stated, was not that of the 
particles liberated, but resulted from their extreme 
smallness, cigarette-smoke being blue for the same 
reason. Professor Thomson also showed that a 
soap-film, as the liquid drained away, became, just 
before breaking, so thin that it could no longer 
reflect light, yet, nevertheless, the film still retained 
its characteristic properties. 

It was, however, possible, he continued, to 
obtain matter in so thin a film that its characteristic 
properties failed to appear. A drop of oil floated 
on water would, as was well known, spread, 
because its surface tension was less than that of 
the water. Every surface film of a liquid was ina 
state of tension, but the oil-film did not pull with 
the same tension as pure water, and was hence 
dragged out and extended by the greater surface 
tension of the water. If, however, the drop of oil 
added were sufficiently minute, the phenomenon in 
question did not occur, the film produced being so 
thin that it could not show its characteristic pro- 


perties. Nevertheless, if the film was only Tans 


millimetre thick, it showed these properties in all 
their completeness. 

A more indirect, but possibly more stringent, 
method of reasoning, by which the atomic struc- 
ture of matter was first established, originated with 
Cauchy, who, observing that light of different 
colours traversed glass at different speeds, argued 
that the glass must have a structure. Spectral 
colours were differentiated by their wave-lengths, 
and glass had a different ‘‘speed limit” for each 
colour. To enforce this limit it must possess some 
kind of scale with which to distinguish between 
the different wave-lengths; and were the glass 
structureless and continuous, one part of it exactly 
the same as another, it could not differentiate 
between the different colours. Hence, Cauchy 
argued, itmust possess a structure. Unfortunately for 
his argument, however, light had a period as well 
as a wave-length, so that the scale by which the 
glass differentiated between lights of different 
colours might be in time rather than in length. 
In fact, it was now known that the dispersion of 
light in passing through glass was due to the 
latter possessing a ‘‘ structure in time.” That such 
a ‘‘structure in time” might have a great effect on 
the transmission of impulse, Professor Thomson 
showed, by means of Kelvin’s ‘‘ Wriggler,” which 
consisted of a series of laths fixed at their centres to, 
and equally spaced upon, a wire, one end of which 
was suspended from the ceiling of the lecture-hall. 
The lecturer showed that if the lowest lath were 
rapidly vibrated in a horizontal plane about its 
centre, only the laths immediately above it were 
affected, no impulse travelling up the wire to the top; 
whilst if the rapid vibration of the lowest lath ws 
replaced by a slow one, the whole string took up 
the motion, the oscillations of the topmost being 
equal in amplitude to those of the lowest. 

Resuming, the lecturer said Cauchy’s argumen! 
was applicable to other phenomena free from tie 
ambiguity involved in the case of the dispersion «! 
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light. He showed that the broken filament of an 
ordinary incandescent lamp, if set in vibration, con- 
tinued to oscillate for a long period, but on admitting 
air to the bulb, became almost dead beat. To restore 
its freedom of vibration, the vacuum must, he said, 
be re-established, and the pressure at which the 
damping vanished varied enormously with the 
size of the vessel. The larger the vessel the lower 
must be the pressure before the vibration would be 
maintained. Ina very small vessel a reduction of 
the pressure to 4 or ; atmosphere sufficed, but 
in an ordinary lamp-bulb it must be reduced to 
cata" Hence it appeared that gas behaved one 
way in a small and another way in a large vessel. 
Cauchy’s argument was therefore applicable, and 
the gas must possess some scale to distinguish be- 
tween the two. 

Matter being endowed with a structure, it was 
necessary to find some means of estimating the size 
of its ultimate particles. This had first been done 
by Thomas Young about a hundred years ago, 
whose investigations, though published in the 
Proceedings of the Royal Institution, had been 
entirely forgotten till unearthed quite recently by 
Lord Rayleigh. Thomas Young was the first to 
give a numerical estimate of the size of the atoms 
and of the distance over which they could influence 
each other, His method was based on the fact 
that water possessed a surface tension, so that to 
increase the surface of a given mass of fluid re- 
quired an expenditure of energy. Young imagined 
arod of liquid, and that then this rod was pulled 
in two, just like a test-bar. By such a process 
the extent of surface was increased by twice the 
original cross-section of the rod. The value of 
the surface tension being known, the energy thus 
added to the liquid was also known. Young assumed 
that this energy was derived from the tension 
needed to pull the block in two, multiplied by the 
least distance at which the two surfaces of separation 
were distinct. It might, Professor Thomson con- 
tinued, be thought that water had very little tensile 
strength, the mech ‘* weak as water” being pro- 
verbial, and hence very little energy would be needed 
to divide the rod. . Young, however, estimated the 
traction needed as 20,000 atmospheres, or as much 
as the tensile strength of the strongest steel as 
usually determined. This estimate of Young’s was 
remarkably far-sighted, since it was now known 
from experiment that water had a considerable 
tensile strength—viz., 10,000 atmospheres, or half 
Young’s estimate. To illustrate the tensile strength 
of fluids Professor Thomson showed a barometric 
tube 45 in. long completely filled with mercury by 
Lord Rayleigh five years ago, and ‘in which the 
liquid still remains suspended from the top of the 
tube by its own tensile strength. He also showed 
Berthelot’s experiment, in which a sealed tube 
almost filled with alcohol, at ordinary temperatures, 
is heated until by the expansion of the fluid the 
alcohol completely fills the tube. On subsequently 
cooling the alcohol still completely fills the tube for 
a considerable time, and gives way finally quite 
suddenly. In making a preliminary experiment 
that inorning the lecturer mentioned that the ten- 
sion of the liquid had been sufficient to crush the 
tube containing it. 

_ Returning to Young’s method of estimating the 
intra-molecular distance, Professor Thomson said 
that if » were the liquid tension, and d the least 
distance at which the molecules could influence 
each other, the work done (per unit area of cross- 
section) in separating the rod.of liquid was p d, 
whilst the surface energy of the fluid was increased 
by the amount 2 ¢ per unit of cross-section, where t 
was the known’value of the surface tension. Hence, 


A ing the work done to the increase of energy, 
we had 


pd=2t, 
and from this Young concluded that the distance 
—— the molecules was $0,000,500 of an inch. 
‘he value now generally taken as the distance at 
which one particle could exert an influence on an- 


other was, he said, 10-* centimetres. 





THE STRENGTH OF PIPES AND 
CYLINDERS. 
By C. A. Smrrn, B.Sec., Assistant Professor at the 
East London College, University of London. 


Se the course of experiments’ made at the East 


which show that :— 





ondon College, the writer has obtained results| gs 





1. A simultaneous compression and torsion lowers 
the yield-point of a material. 

2. The elastic failure of a 1-in. solid steel speci- 
men takes place at about the same value of shear 
stress, whether the stress be pure torsion, pure 
tension, pure compression, or combined torsion and 
compression. 

3. With ordinary commercial mild steel (such as 
is used for crank-shafts) ‘‘ the elastic limit ” effect 
in tension, torsion, and compression is probably 
due more to a fault in the manner of applying the 
load to the material than to any fault in the 
material itself. 

4. A copper tube, when subjected to compound 
stress, gives evidence of failure by shear. 

Space will not permit of a detailed account of the 
experiments. The sphingometer* was used through- 





torsion. The object of this note is to show how this 
new aspect of the elastic failure of a ductile material 
affects tubes and thick cylinders. 

Fig. 1 shows the section of a thick cylinder. 
Take an elementary piece of material de fg. It is 
usually assumed that the material will fail by 
reason of either of the principal stresses p, or 
py Shown in the diagram. It is now suggested 
that tite material fails at the elastic limit by reason 
of the shear stress 

— Pe + By 





2 
The general expression for the failure of a mate- 
rial by shear is that the shear stress = (p, + p, ) 
sin 6 cos 6. This is a maximum when @ = 45 deg. 
The curve of maximum shear will therefore 





always at 45 deg. with the radius. 








Fie. 3. 


out. It may be mentioned that improvements have 
now been made in the instrument. A change in 
length of one half-millionth of an inch can be noted. 
If required, it would be easy to note smaller changes. 

The experiments give a different result to that 

si ted by the late Lord Kelvin. Mr. McFarlane 

e experiments upon pianoforte wire for Lord 
Kelvin’s classical article upon ‘‘ Elasticity.” Lord 
Kelvin concluded that as a tension lowers the tor- 
sional yield-point, a compression would raise it. In 
the experiments made by the writer the application 
of a compression load was found to lower the 
yield-point. A solid 1-in. mild-steel specimen 
failed at the yield-point under a torque. With com- 
pression only a similar specimen failed at the 
yield-point at (for all practical p ) 13 tons. 
Guest’s law says it would fail at approximately 
13 tons; St. Venant’s theory says 8 tons; and 
Rankine’s assumption says 6.5 tons. With com- 
bined compression and torsion on solid specimens 
the writer has obtained results which show that 
Rankine and St. Venant are not supported by 
results, while Guest is. 

The experiments lead one to believe that Guest’s 
law—demonstrated by Guest with tubes for torsion 
and tension—applies to the case of compression and 

* See Proceedings of the Institution of Mechanical 
Engineers, July, 1908: ‘“‘A Method of Detecting the 
Bending of Columns, including a Description of the 
i ter,” by the author. is paper will be found 





reprinted on page 253 of the last volume of ENGINEERING. 





Fic. 4. 


WFrom Fig. 2, if SRis a tangent to the curve, 
let O P = R, the radius, OR = R + 6R. 
Then 
PQ=QR=8R=RS0. 


éR 
o*s = 690. 
R 
In the limit 
dR 
— =. 
R” 
Integrating, we have 
log R = 0+ ¢, 


which is the equation to a logarithmic spiral. 

c is a constant which will give us different 
surfaces displaced through an angle equal to the 
value given. For practical ay op) the effect of 
the shearing stress appears to be of great import- 
ance in hydraulic cylinders, crank-shafts, &c. 

The Failure of Tubes.—The writer was supplied 
some months ago, by the kindness of the Broughton 
Copper Company, Limited, with certain copper 
tubes for test purposes. These are their standard 
1-in. tubes. ie successfully subjected about half- 
a-dozen of them to a test exactly similar to that 
shown diagrammatically in Fig. 1. The walls of 
the tubes were, of course, much thinner. There 
was no end thrust on the tube. The shape of the 
fracture shows that the material fails along some 
such line as b, d (Fig. 1), and not along the 
direction of either p, or p,, Figs. 3 and 4 are re- 
productions of photographs showing respectively an 
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elevation and a section of one of the copper tubes 
tested in this fashion. 

In carrying out these experiments a closely- 
fitting plunger is pa in the tube, one end of 
the latter being plugged, and the length of tube 
between the plug and the plunger being filled with 
wax. The plunger is fitted so as to enable the 
tube and plunger to be placed under the tension 
machine. The material is subjected to an hydraulic 
test, the plunger pressing on the wax inside the 
tube. As the load is put on the machine the tube 
is under two principal stresses, as shown in Fig. 1. 
The plunger moves down the tube—there is clearly 
no end tension. 

The apparatus used in the above test is simple, 
and the writer ventures to express the hope that 
manufacturers of tubes will find it more easily to 
carry out than the usual tube tests. 

The case of the cylinder subjected to external 
pressure has also been studied under the assumption 
that it will fail according to Guest’s law. Dr. Chree 
has argued that if a solid sphere be subjected to a 
uniform hydrostatic pressure, a consideration of the 
state of affairs shows that Guest’s law fails. It 
has never been demonstrated by experiment that 
our usual interpretation of Hooke’s law is rigidly 
true. Engineers assume that the law is a law of 
simple interest. It is feasible that it is a law of 
compound interest, in which case it would require 
an infinite pressure to make (as Dr. Chree suggested 
would be done by a finite pressure) the solid sphere 
vanish. There is in this infinite-pressure ra 
something analogous to the law for gases. 

The writer begs to thank the authorities of the 
East London College for the facilities for conduct- 
ing the tests, and also Mr. Warren (one of the 
students) for his assistance. The tests have been 
in progress for about eighteen months, but the 
difficulties of ensuring axial loading in compres- 
sion, and the evolution of the sphingometer (used 
in all measurements), has occupied the greater part 
of the time. 








NOTE. 
MunicipaL Evectriciry AND COMPETITION. 


SeverRAL months ago the Glasgow Corporation 
received an unpleasant shock by the announce- 
ment that a company, called the North British 
Electrical Power Syndicate, Limited, proposed to 
invade the municipal preserves by offering to supply 
electricity at considerably cheaper rates than the 
Corporation could quote. We referred to the 
matter in our issue of November 20 last, and 
pointed out that the pn was entirely legiti- 
mate and likely to be of considerable benefit to 
those consumers fortunate enough to be within 
range of the company’s operations. It is proposed 
to lay mains along the various railway lines enter- 
ing the city, and to supply such consumers as can 
be reached under these conditions. Thus every 
factory with a railway frontage or siding could 
obtain current from the company, who, not having 
to incur the exorbitant expense of Parliamentary 
powers, and being managed by business men, could 
supply on extremely favourable terms. The scheme, 
in short, leaves nothing to be said against it, and 
its prospects of success may be gauged by the op- 
position it has received from the municipal autho- 
rities. One would have imagined the latter would 
have welcomed any proposition calculated to promote 
the interests of the industries within their area ; 
but this is not typical of the municipal mind. The 
City Electrical Engineer, Mr. Lackie, with virtuous 
indignation, has denounced the company as pirates, 
and called on all right-minded men to condemn 
the scheme. The interests of the consumer, which 
are supposed to be the whole object of municipal 
enterprise, do not seem to enter into con- 
sideration. The latest act, of the Corporation is 
to approach the Board ot Trade, asking the latter 
to promote a Bill in Parliament to prohibit any 
unauthorised person from selling electricity. The 
Town Clerk of Glasgow headed a deputation to the 
Board with this object, and had an interview with 
Mr. H. J. Tennant, M.P., the Under-Secretary, 





on Tuesday last. Mr. Tennant apparently gave 
them rather cold comfort, pointing out that the 
average man wished to get a cheap, uniform, and | 
reliable supply of electricity, and therefore he | 
would naturally prefer to have dealings with a| 
municipal authority in preference to a company | 
such as the one in question. This is, no doubt, very | 
flattering to the Glasgow authorities, but it is hardly | 
what they want. Although they possess an equip- | 
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ment of 50,000 horse-power, and an output of 
59,000,000 units per annum, they are apparently 
afraid of meeting a little company, whose opera- 
tions are confined to the borders of a railway 
line, in fair competition. They, moreover, have 
too just an appreciation of the light in which 
the average man regards municipal service to 
derive much hope from Mr. Tennant’s arguments. 
However, they were given an alternative to the 
policy of trusting the consumer, Mr. Tennant 
suggesting that they should bring a test case into 
the Courts, to see whether railway companies 
may legally lay mains along their lines. The 
general legal opinion is that railway companies 
have a perfect right to do this, and it would be a 
great misfortune if the Courts held otherwise. If 
municipal undertakings of the magnitude of that 
at Glasgow cannot supply as cheaply as small com- 
panies, the interests of the public demand that the 
Corporation, rather than the company’s scheme, 
should be dealt with. 








Ruopes’s Drrecrory oF PASSENGER STEAMERS, 1909. 
mdon : George Phillip and Son, Limited, 32, Fleet- 
street, E.C. [Price 2s. 6d. net.]|—There is not much new 
to be said about this volume. At a rough estimate the 
directory contains particulars of sume 2600 passenger 





steamers in service in all waters of the world. The parti- 
culars given as a rule include the names of the owners, the 
builders, date of construction, leading dimensions, tonnage, 
passenger accommodation, type of engines, horse-power, 
speed, &c. Several half-tone illustrations are included 
in the book, under one of which we notice a slight 
error in the title of the steamer of which a view is given, 
one of the well-known ‘‘ Empress” boats of the C. P. R. 
being styled the ‘‘ Express of Britain. ” 


Strate Trapinc.—French rs are much excited over 
a rumour to the effect that the War Department is likely 
to undertake shortly the construction of heavy automobile 
wagons. That department, it appears, asked private 
builders some time ago to design types of such wagons for 
experimental purposes, a request which was met with 
great readiness on their part. It is now stated that a 
scheme is on foot for transforming several of the factories 
belonging to the War Department with a view to render 
them suitable for the construction of heavy automobile 
wagons. The private builders naturally complain that 
the State, after receiving their designs, should start manu- 
facturing cars. This mode of acting, say the Frence 
papers, would be absolutely unheard of, and all the more 
madmissible, seeing that no excuse whatever can be given 
for it, not even that of the State interests, for it has been 
abundantly proved that a State manufactures at higher 
cost than do private works. All this, however, is perfectly 
true, but one is apt to forget that the Socialistic dogma 1 
that the State should be the only employer of labour, and 
what the Socialists want the present French Ministers are 
afraid to refuse. 
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25-HORSE-POWER TRACTOR FOR MILITARY SERVICE. 
AND WADE, LIMITED, ENGINEERS, HIGH WYCOMBE. 


CONSTRUCTED BY 





WE illustrate above an 8-ton paraffin motor-tractor, 
constructed by Messrs. Broom and Wade, Limited, 
of High Wycombe, which is now undergoing the War 
Office trials. The requirements laid down for the 
guidance of the manufacturers were that the tractor 
should be capable of hauling a gross load of 8 tons at a 
maximum speed of 7 miles per hour, and be capable 
of ascending gradients up to | in 10 on ordinary roads. 
The tractor is of fair size, being 12 ft. 2 in. long and 
7 ft. wide over all, with a wheel-base of 8 ft. 5 in. ; the 
gauge of the wheels is 6 ft. from centre to centre of 
the tyres. 

Steel channels form the frame, there being a single 
plate across the middle which carries the engine and 
gear-box. The steering-gear is of the Ackerman type, 
consisting of.a bell-crank hung beneath the frame. 
The long vertical arm, shown is linked to the axle- 
arms, while a, screw in frgnt of the driver actuates 
the short arm. The paraffin and petrol tanks are 
placed beneath the driver’s seat, and all the mecha- 
nism for driving, suchas the clutch-gear, brake-pedal, 
change speed and reversing levers, spark-controlling 
levers, &c., are placed in front. The levers for regu- 
lating the amount of water that is admitted with the 
air, in order to prevent pre-ignition, are also there. 
This water is necessary, on account of the high com- 
pression used. 

As will be seen by.the illustration, the frame is 


carried on springs.’ It will also be noticed that the 
rear ends of the front springs are not linked to the 
frames, but carry a transverse spring, which sup- 
ports the frame in the middle. is facilitates the 


tilting of the front axle on rough roads. What also 
helps this is that one of the attachments of the axle to 
the springs is a swivel joint. 


The rdinary traction - engine type steel wheels 
jag 


are used, the rear wheels havin onal spokes. 
aa are both free on the axle, which revolves with 
em. 


The gear-ring of the left-hand wheel is not 
attached to the wheel-boss, but to a loose distance- 
plece on the hub, and the wheel is driven through the 


usual | :king-pin. The winding drum is also driven 
from the gear-ring by a ssovells locking-pin, which 
allows of the paying-out of the rope, whether the 
tractor is moving or not. Three brakes are fitted, 
= are independent. The first is a band-brake on 


chain-pinion shaft ; it is for ordinary use, and is 





MESSRS. 





BROOM 


actuated by a foot-pedal. The second is also a band- 
brake, but is in the spider of the differential, and is 
actuated by a screw, while the third is a block on 
the inside of the rim of the right-hand driving-wheel. 
A screw operates this last brake from the driver's 
seat. 

A single-cylinder engine of the internal-combustion 
type is used, the internal diameter of which is 84 in., 
and it is adapted for burning paraffin or crude oils. 
Starting the engine is effected by petrol, or by a blow- 
lamp, if preferred, and a patented form of vaporiser 
is used, which, it is stated, gives very complete com- 
bustion. The accelerator, by which the engine is 
controlled, is attached to the driver’s seat, and the 
sparking is by electric ignition. The piston is turned 
and ground and is fitted with two Ramsbottom’s 


rings. 

Vanadium steel is used for the crank-shaft, which is 
turned all over and runs in phosphor-bronze bearings. 
The connecting-rod also is of the same kind of ‘steel, 
and has extra large brasses and bush for the gudgeon- 
pin. The vanadium steel used has a tensile strength 
of 75 tons per square inch, and an elongation of 25 

rcent. in 2in. Mechanical lubrication is adopted 
bor the whole of the engine, and all cams, &c., are 
enclosed in an oil-tight box, which, however, can be 
easily opened. 

The whole of the gear-wheels are enclosed in an oil- 
tight box, and are arranged to give respectively speeds 
of 7, 3, and 2 miles per hour ahead, and 2 miles per 
hour reverse. They are actuated by a solid clutch, 
the wheels being always in mesh. The engine transmits 
its power to the gear-box through a metal-to-metal 
clutch, which is fitted with a spring-drive, which 
enables the clutch to pick up smoothly. 

The locking of the differential, so that one road- 
wheel cannot slip without the other, is effected by 
means of three pawls which are carried on one of the 
differential wheels, and can be dropped into corres- 
ponding recesses in the spider. A ring, which can be 
moved along the axle, keeps the pawls in or out of 
action while revolving, the ring being moved from the 
driver's seat. The back wheels are 5 ft. 6 in. in 
diameter, 1 ft. wide ; front wheels, 4 ft. in diameter, 
8 in. wide ; horse-power of engine, 26; revolutions of 
engine, 700 per minute; weight on back wheels, 
3 tons 1 owt.; weight on front wheels, 1 ton 12 ewt. 





THE THORNYCROFT TRACTOR. 

Tuer Thornycroft tractor entered for the War Office 
trials is designed on the general lines usual in vehicles 
driven by internal-combustion engines—that is to say, 
it has a vertical four-cylinder engine in front under a 
bonnet, with the axis longitudinal, which drives a 
cross-shaft through bevel gear. From this a second 
cross-shaft is driven by spur gear, giving three changes 
of speed, the final drive being by gear on to the live 
axle. Of the illustrations of the engine which we give 
on page 330, Figs. 1, 2, and 3 show an elevation, plan, 
and end view respectively, the plan having the canopy, 
bonnet, &c., omitted, so as to show the machiner 
more clearly. Fig. 4 is a reproduction of a photograp 
of the complete vehicle. 

he engine has four cylinders, 6 in. in diameter, 
with a 7-in. stroke, and will maintain 40 brake horse- 
power at 700 revolutions per minute when running on 
paraffin. It follows the usual lines of petrol-motor 
construction, having the cylinders cast in irs, 
mechanically-worked valves all on one side, forced 
lubrication, and centrifugal water-pump. The upper 
half of the crank-chamber is, however, specially 
arranged with large doors, so that the big end bear- 
ings can be’ adjusted or replaced, or, if necessary, the 
pistons and connecting-rods completely withdrawn, 
without disturbing the cylinders. Both high-tension 
magneto and low - tension magneto ignition are 
fitted. The carburettor is arranged to use either 
yaraffin or petrol, the foriner being the normal 
fuel. It consists of a single jet, with two float- 
chambers, a two-way cock serving to connect the one 
desired. This cock is actuated lees the dashboard, 
and can be used to control the fuel-supply to the jet. 
When using paraffin the carburettor is heated by the 
exhaust gases. It can either be heated by a lamp for 
starting, or the engine can be run on petrol until the 
exhaust has heated it enough to vaporise the paraffin. 
In the illustrations A, A are the paraffin-tanks, holding 
og each, while B is a petrol-tank holding two 

ons. 
o The water-tank D is placed well above the engine, 
and the water is cooled by the radiator C, which is 
composed of seven coils, so arranged that should one 
of them get damaged, it can easily be put out of action 
by being plu at each end. 

A friction-clutch of the multi-disc type transmits 
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40-HORSE-POWER TRACTOR FOR MILITARY SERVICE. 
CONSTRUCTED BY MESSRS. JOHN L THORNYCROFT AND CO., LIMITED, ENGINEERS, LONDON. 


Fig.1. 
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the power to a shaft carrying the sliding-piece 
which drives either of the bevel pinions EE by ae | 
clutches. These pinions are permanently in mes 
with the bevel-wheel F on the second motion shaft, 
the one giving the forward motion and the other the 
reverse. The change-s gear is of the usual sliding 
type, the wheels, 1.1, 2.2, and 3.3, giving respectivel 
che fret, second, and third, speeds of 1}, 42, and 
miles an hour. The pinion 1 can be slid into gear 
with the wheel H to drive the winding-drum K. A 
shaft L with universal joints to allow for the spring 


G, 


| motion connects the third motion shaft to the final | are5 ft. 8 in. diameter by 12 in. wide ; tront wheels, 
drive, which is by cast-steel gear. The back axle is 3 ft. 6 in. in diameter by 8 in. wide. A foot-brake is 
of the traction-engine type, with the final drive and | provided, acting on a drum on the counter-shaft, and 
differential outside the bearings, these being entirely | a screw-down hand-brake acting on shoes on the inside 
enclosed in a substantial cast-steel casing. | of the back wheels. 

The back axle slides in horn-blocks, the weight being| The frame is of the vertical rans 
carried by grasshopper springs arranged so that the | that the counter-shafts rough holes in it, the 
height of the chassis is readily adjustable by the nut| bearings being bolted direct to the frame, and not 

bolt M. The front axle is pivoted in the centre, | being carried on brackets. A suitable canopy covers 
and thesteering-gear is of the usual traction-engine type, | the whole vehicle, and the exhaust-silencer is made in 


late type, arranged so 





}with a worm-driven barrel and chains. The back wheels | the form of a funnel passing through it. 
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THE JAPANESE VOLUNTEER TURBINE STEAMER “SAKURA MARU.” 
CONSTRUCTED BY THE#MITSU BISHI DOCKYARD AND ENGINE WORKS, NAGASAKI. 











Fic, 1, THe STEAMER LEAVING NaGASsAKI, 


SPP ODP ELT 59 


_ -- 


Fic. 2. Tue Mryvasara Borers, 


‘RING the Russo-Japanese ‘War the want of | of this association was the founding, in 1905, of the 
‘ese merchant steamers adaptable as auxiliary | Imperial Volunteer Fleet for the organisation of auxi- 


cruisers was fully recognised, and the lesson was subse- | liary cruisers which could, to some extent, be self-sup- 
\uently foreed home by the Imperial Marine Associa- | porting as merchant ships in times of peace. Upon the 


Aduiral Prince Arisugawa. 








tion, founded in 1899, under the patronage of H.I.H. | advocacy of Baron Goto, the Minister of the Communi- 


The result of the efforts | cation Department, then the Viceroy of Formosa, the 
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Formosa Vice-Regency promised to grant the yearly sub- 
sidy of 26,000/., on the condition that the first steamer 
built should run between the mainland and Formosa. 
More than half the fund for the first steamer was raised 
among the Formosans. The order for the first steamer 
was Awe with the Mitsu Bishi Dockyard and Engine 
Works in May, 1906, the vessel was comple in 
October, 1908, and now the management, during peace, 
has been entrusted to Messrs. Osaka Shosen Kaisha, 
who have run the steamer as a mail and nger 
express my I between Kobe and Keelun from the 
beginning of the year, under the auspices of the For- 
mosan Vice-Regency. 

This vessel, of which we publish illustrations on this 
page and on page 322, is interesting, not alone because 
she is the first of the Japanese mae tear ships, but 
because she is the first ship fitted with turbines 
made in Japan. The particulars of the vessel are as 
follow : 


Length between perpendiculars ... 335 ft. 
Breadth a bat 43 ,, 
Depth ... ot as ‘ 31 ft. 6 in. 
Gross tonnage ; ae - 3200 tons 
Draught : y ae 17 ft. 
Displacement a mt sé 3880 tons 
Horse-power ... Ae abe = 8500 
S on trial ai “ ™ 21 knota 
Machinery ... “ ow ... Parsons’ marine 
turbine 
Boilers... a se oa ... Miyabara water- 
tube 
Number of special first-class pas- 
sengers aaa aa i io 4 
Number of first-class passengers... 28 
et second-class passengers 42 
aa third-class passengers 240 


As may be seen from Fig. 1, above, the Sakura 
Maru has a cut-water stem, elliptical stern, two pole- 
masts, with small signal-yard on the fore-mast, and 
two elliptical funnels. e rate of speed being high, 
the lines of the vessel were made very fine, and, with 
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her graceful shear, she presents a very smart appear- 
ance. 

As regards her fitness for cruiser work in war time, 
there are seven water-tight bulkheads, and these, with 
the water-tight bunker bulkheads, subdivide the vessel 
into eleven compartments. To afford protection 
against gun-fire, all the machinery is placed under the 
water-line, and the water - tight coal-bunkers arranged 
along the sides of the machinery compartments. 
Rudder, steering-gears, and communication apparatus 
are under the water-line. Prevention of fire is effected 
by dispensing with woodwork as much as possible, 
and by having all the maim fire-service pipes below the 
water-line. Provision is made for the carrying of two 
6-in. guns, six 12-pounders, two 20-in. search-lights, 
while wireless telegraphy, magazines, naval boats, and 
other accessories for war service are arranged for. 

There are four decks—boat-deck, shelter-deck, spar- 
deck, and main deck. The boat-decx extends about 
180 ft. amidships, and forms a promenade for passen- 

ers. At the fore end of this deck there is a large 

Cees (see Fig. 1) for the quarters of the navigating 
officers, with one special room for the first-class 
sengers. The roof of this deck-house forms the flying- 
bridge. On the boat-deck there are, as shown in 
Fig. 1, six 26-ft. lifeboats, four of which have Axel 
Welin’s patent quadrant davits, by means of which 
speed in working is obtained by the exertion of little 
force. They are also fitted with shifting-chocks, per- 
mitting the boats to be chocked either fully inboard 
or along the extreme outer edge of the deck. Extra 
heavy davits are fitted for naval launches. There is 
also a search-light platform aft on the boat-deck. 

At the forward end of the shelter-deck there is a 
small deck-house, as shown in Fig. 1, which contains 
a companion-way and lamp-room, and serves as a 
shelter for two cargo-winches, About amidships there 
is a large deck-house, with an entrance-hall to the 
dining-saloon, and the companion-way leading to the 
state-rooms on the deck below. Ample natural light 
is provided in the way of the staircase by a large 
stained-glass skylight. On the central wall there isa 
large teak frame with bronze plaque bearing over 600 
names of principal subscribers to the fleet. In general, 
the fittings and decorations of all the public rooms are 
of neat and simple character. On this deck there are 
the dining-saloon, which seats thirty-four persons at 
small tables, a reading-room, the smoking-room, and 
groups of state-rooms, with convenient baths, lava- 
tories, &c. Forward of the engine - casing there is 
commodious accommodation for the chief engineer, 
and at the aft end an upper cold chamber with con- 
nection to a similar room on the deck below. A large 
steel deck-house erected on the extreme aft end of 
the shelter-deck is laid off at the fore end as a cargo 
winch-house, and at the aft end as the hospital, and 
between these is placed the second-class smoking-room. 

The spar-deck from stem to stern is covered. The 
petty officers and third-class passenger accommoda- 
tion is at the fore end. The extreme aft end is devoted 
entirely to the second-class passenger accommodation, 
with a dining-saloon to seat twenty-eight persons. 
A notable point in connection with the state-rooms is 
that all the fold-up lavatories are fitted with the 
builders’ patent ‘‘ Hygene” vessel. The necessity for 
some other receptacle than the wash-basin for the pur- 

nose of cleansing the mouth and teeth has been a long- 

Fett want by all who have travelled on board ship, and 
the addition of this handy little vessel fitted on the 
side of the fold-up lavatory should be much appre- 
ciated. 

For about 145 ft. amidships the main deck is given 
up for the entire breadth of the ship to the turbine- 
room, boiler-rooms, coal-bunkers, workshop, dynamo 
and refrigerating machine-room. Forward of these 
there are sailors’ and third-class stewards’ quarters, also 
third-class pantry, the remaining portion of the fore 
‘tween decks is entirely used for third-class passengers. 
The aft *tween decks 1s also fitted out for third-class 
passengers, in addition to the large space devoted to 
the mail-rooms and store-rooms. 

A complete installation of 2% wees. plant for the 

reservation of fresh provisions has been supplied by 
ome. J. Hall and Co., Dartford. The electric gene- 


rating plant consists of two sets of combined engines 
and dynamos of the compound type, either one of 
which is capable of generating and supplying current 
for lamps — to some 620 candle-power, three- 


cluster cargo lamps of 200 i. each, and for 
all signal- lamps, motors, fans, &c. The current is 
transmitted by insulated cable of high conductivity, 
all wiring being done on the double-wire distribution 
box system. The switchboard instruments are of the 
moving coil type. Seventeen pan overhead electric 
fans are distributed among the public rooms, and over 
forty small ball-socket portable fans among the first, 
second, and third-class accommodation, 

Each compartment has an outlet and inlet venti- 
lator, and these are placed at opposite ends to produce 
a continuous current of air. In the third-class accom- 
modation the foul air is exhausted through trunks led 
under the beams and by means of powerful electric fans. 

As regards the machinery for working the ship, the 





steam windlass was supplied by Messrs. Harfield and 
Co. ; steam warping-capstan with horizontal engines by 
Messrs. Clarke, Chapman, and Co. ; cargo winches by 
the builders; the under-water-level steering-ge ar, 
with telemotor and controlling-rods in duplicate, by 
Messrs. Caldwell and Co. ; engine-room telegraphs, 
steering and docking telegraphs, by Messrs. J. W. 
Ray and Co.; direction tell-tale and revolution-indi- 


cators on the flying-bridge, by Messrs. Chadburn and | 


Son; and Graham’s marine-type loud-speaking tele- 
phone and speaking-tubes. 

The turbine propelling machinery is of the Parsons 
type, having the three-shaft arrangement now usually 
adopted for merchant steamers, with one high-pressure 
turbine coupled to the centre line of shafting, and one 
low-pressure ahead and an astern turbine incorporated 
in the same casing, coupled to each wing-shaft. Each 
line of shafting drives one solid Stone’s manganese- 
bronze propeller. The turbines of the Sakura Maru 
are the first set designed and manufactured by the 
builders since they obtained the right for manufactur- 
ing the Parsons turbines in Japan, Korea, and China ; 


-|and on page 322 there is a view (Fig. 3) of one of the 


low-pressure and astern rotors in a lathe by Messrs. T. 
Shanks and Co., Johnstone, and an illustration (Fig. 4) 
of one of the high-pressure turbines under steam test 
in the shop. 

The rotor-wheels are cast steel, the spindles of 
forged steel of special quality, and the casings of 
cast iron. The blades are of hard-drawn brass, and 
are fixed in rotors and casings, in accordance with 
Parsons’ usual design. The adjusting-blocks, which 
are incorporated in the turbines, are so constructed 
that they can be readily adjusted while the tur- 
bines are running. The handles of all starting and 
manceuvring valves for ahead and astern turbines are 


accessible from the starting-platform at the forward | 
end of the engine-room, and are operated entirely by | 
hand, so that one engineer can have entire control of | 


the whole machinery. With this arrangement the port 
and starboard turbines are capable of being worked 
ahead or astern independently of each other and of 
the high-pressure turbine, the latter rotating idly 
when ramragee. | 

A governor working in conjunction with a throttle- 
valve is fitted at the forward end of the turbine bear- 
ing. It isdriven by worm-gear from the rotor-spindle. 
The governor on each shaft is arranged to act indepen- 
dently, and to close the throttle-valve in the event of 


the shaft breaking, or the speed of the turbines exceed- | 


ing the limit at which the governors are set, owing to 
the propellers racing in a sea-way. Chadburn’s patent 


tachometers and tell-tales are fitted to the forward end | 


of each turbine, and are so arranged that the engineer 
on watch can, from the apr ys ye see not only 
the direction of rotation of each shaft, but also the 
rate of revolutions of each shaft. 

The condensers—two in number—with steel-plate 
shells, are placed in the wings of the ship. Parsons’ 
patent vacuum ‘‘ Augmenter” is fitted to each con- 
denser. Water is circulated through the condensers 
by two independent centrifugal pumps of the builders’ 
make, and there are two sets of Messrs. Weir’s twin- 
air-pumps of the latest type. 

A surface feed-water heater has been fitted, with 
filter, and two pairs of Messrs. Weir’s double-acting 
feed-pumps. Each pair of these pumps is capable of 
supplying the boilers when the turbines are exerting 
their full powers. Two of Weir’s direct-acting pumps 
are fitted for supplying oil under pressure to the tur- 
bine bearings, one of these being a stand-by. 

The distilling plant includes two evaporators, together 
capable of producing from sea water 30 tons of fresh 
water per 24 hours, and two distilling condensers 
having a combined output of 2240 gallons of pure fresh 
drinking water per day. The engineers’ workshop is 
fitted with drilling-machine, shaping-machine, screw- 
cutting lathe, grinder, &c., driven by electric motor. 

The boilers are arranged in two compartments, each 
of which has a separate funnel, and in each compart- 
ment there are fitted three Miyabara’s patent water- 
tube boilers,* the invention of Vice-Admiral-Engineer 
Baron Jiro Miyabara, the late engineer-in-chief of the 
Imperial Navy. The boilers, which are illustrated on 

e 331, work under forced draught on the closed stoke- 
old system. Air is supplied by two fans, each driven 
by an independent double-acting steam-engine. The 
ases exhaust into two large elliptical funnels. The 
unnels are double, the spaces between the inner and 
outer funnels being utilised for ventilating the boiler- 
rooms and stokeholds. One of See’s ash-ejectors with 
donkey pump is fitted in each boiler-room. For 
harbour duty two steam ash-hoisting engines are 
provided. 

The full-speed trial of the Sakura Maru was run on 
September 26, 1908, over the measured 3.458 sea-mile 
Government course. Results of the six runs are as 
follow :—First run down, 21.171 knots ; second run 
up, 21.390 knots; third run down, 21.280 knots; fourth 
run up, 21.538 knots; fifth run down, 21.316 knots ; 
sixth run up, 21.688 knots. The mean of means speed 





* See ENGINEERING, vol. lxxvii., page 550. 


| on the six runs was 21.393 knots ; the guarantee speed 
| ° 
on trial was 21 knots, 

The vessel has been constructed under the super- 
vision of Captain-Constructor Dr. Sakurai and Dr. 
| Shin, members of the constructive committee of the 
Imperial Volunteer Fleet. 








INDUSTRIAL NOTES. 

THE monumental report of the Poor Law Commis- 
sion is the most important and far-reaching in character 
of any Blue-Book that has been issued for a long period. 
| The we Report is vast and sweeping in its recom 
| mendations, but the Minority Report goes farther still. 
| But vast and momentous as are the changes suggested, 
| the difficulties to be faced are not so great as those in 
the early ‘thirties of last century, when the present 
Poor Law system was created. Then Poor Law 
relief was given all over the country as a supplement 
to wages, the latter thereby being kept low. The 
opposition to the new system proposed was great, 
being led by the Times newspaper, and by its proprietor 
in the House of Commons. The reports of that Com- 
mission, and of other Commissions that followed, 
together with the great ability and tenacity of the 
Secretary to the Poor Law Commission at last triumphed 
over all opposition. The antagonism to the workhouses 
was great—they were then termed ‘‘ Bastilles,” as the 
literature of the period shows. There was an oppor- 
tunity for the revision of the whole system in the early 
’seventies when the Poor Law Board was dissolved, 
and the Local Government Board instituted in its 
stead ; also when the great Blue-Books on Local Taxa- 
tion appeared, and Goschen’s two Bills were laid on the 
Table of the House of Commons. But vested interests 
again intervened, and the Bills were lost. The Blue- 
Books remained to tell the story of increased and 
increasing expenditure. 
| Both reports—majority and minority—agree that 
| the whole system of poor-law relief shall be changed. 
| Workhouses, as at present administered, are condemned 

and doomed ; poor-law guardians are to be abolished. 

| There is to be special accommodation for the young, the 
|aged, the sick, and the mentally feeble. The term 
| **poor law” is to be no longer employed, and the 
| term ** public assistance ” is to be substituted for poor- 
law relief. A national scheme of labour exchanges is 
to be instituted, with labour colonies for the workless. 
|The ‘‘won’t-works” are to be accommodated in 
** Houses of Detention,” where suitable labour will be 
rovided for them. And, lastly, there is to be provision 
| for closer co-operation between public assistance and 
private charity. The majority also concur in recom- 
mending ‘‘ that the President of the Local Government 
Board shall be raised to the status of a Secretary of 
State.” There are important proposals as to unemploy- 
ment and the training of boys under fifteen years of 
age, and subsequently by technical education. 

The Minority Report asks for a Minister for Labour ; 
also for National Labour Exchanges, to be compulsorily 
used by employers. The following proposals are also 
made :—That no one be employed under fifteen years of 
age, and under eighteen they are to be employed only 

hours per aches there must be reduction of hours 
of railway, tramway, and omnibus workers, if not to 
48, to not longer than 60 hours per week ; the Govern- 
ment to provide 4,000,000/. per annum for employment 
purposes for ten years ; compulsory insurance against 
unemployment to. be instituted, and the Government 
to subsidise trade unions that give out-of-work benefit, 
others to be provided with work ; relief to be given 
without disenfranchisement ; vagrants to be kept in 
detention colonies. The foregoing brief synopsis of 
the chief recommendations shows how far-reaching the 


proposals are. 


The duty and responsibility of arranging interviews 
for pa 2 vr matters with Ministers aa Members 
of the Government continue to be relegated to the 
Parliamentary Committee of the Trades Union Con- 

ss, as during the past forty years. The General 

ederation of Trades does not interfere. The Labour 
Party in the House of Commons take part as intro- 
ducers usually, and as speakers otherwise, if such 
Members form part of the delegation as representa- 
tives of the es affected, or as members of the Par- 
| liamentary Committee. The deputations are organised 
early in the session, so as to influence legislation. 
| The one dealing with the proposed Shop-Hours Bill 
| came before the Home Secretary, who stated that lic 
| would be glad if time could be found for the discus- 
| sion of the Truck Report. On the “‘living-in” system 
the evidence adduced was very conflicting. The con- 
fectionery trade represented to the Home Secretary 
| that special treatment was required for that trade, as 
| a large proportion of the work—40 per cent. itwas stated 
| —was done in the evening. 
| The deputation to the Board of Trade urged tl 
| question of over-crowding in workmen’s trains, anc! 
the subject of industrial life insurance. The Parlia 
mentary Secretary stated that both subjects were en- 
| gaging the attention of the Board, and a measure deal. 
| ing with insurance was being prepared. On the subject 
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of over-crowding the Board was in communication 
with the railway companies with a view to lessen or 
obviate the difficulty. 

Deputations to the Secretary of State for War and 
to the First Lord of the Admiralty dealt with the em- 


was aslight improvement. On the Mersey also things 
were better. n the miscellaneous iron, steel, and 
other metal trades generally the proportion of unem- 
ployed was 5 per cent. In none of them was trade 
described as ‘‘ good,” in most branches it was ‘‘ bad.” 


a of military bands in competition with civilian | In builders’ ironmongery and general hardware it was 


nds. Both Ministers declared that they did not 
unfairly compete, and that if the public wished to hire 
an army band they had a right to do so. The First 
Lord of the Admiralty defended the ‘‘ bonus system ” 
in the dockyards, as no abuses were proved to exist. 
As regards wages, the men employed were not engaged 
as mechanics, but as skilled labourers ; if the latter 
were treated as the former, the men would be out of 
work more frequently than under the present system. 
He said that the workmen must recognise the need for 
concessions on their side as well as on the part of the 
Government. This is true all round, with private 
employers as well. 

The Prime Minister received a deputation on the 
subject of compulsory attendance at evening continua- 
tion schools up to the age of 17, and of the compulsory 
reduction of the hours of labour up to that age. 
Mr. Asquith was sympathetic. He felt that it was a 
grave question. The streets do more to demoralise 
boys and girls than even early employment. But the 
difficulty is how to sweep them into the schools, and 
keep them there from 14 or 15 up to 17 years of age. 
With all its faults, the old apprenticeship system had 
a restraining effect. 





The last report of the Boiler-Makers and Iron-Ship- 
builders tells the same sad tale of unemployment. But 
the conditions were a little changed. The total on 
donation benefit rose from 2139 to 8696, but those 
signing the vacant-book fell from 6871 to 1161. The 
net decrease of unemployed was 864 of all grades, 
while the net decrease on the funds was 647. There 
was a decrease of 210 on sick benefit, and an increase 
of three on superannuation. The expenditure for the 
month was 18,6197. 19s. 8d.; the increase over the 

revious month was 7927/. 17s. 10d. There was a net 
ecrease in membership of 295. The worst feature in 
the case of the unemployed members is that a large 
number of them had drawn their full benefit before the 
present year dawned. Few trade unions experience 
such sad fluctuations as that of the Boiler-Makers and 
Iron-Shipbuilders, and few give such large benefits, 
though in some respects these are now reduced. The 
calls upon the central fund in the month of January 
amounted to 10,915/., or 2728/. per week. In Feb- 
ruary, so far as the date given, it fell to 1545/. per 
week. Sympathy is expressed by the council at the 
reduction of benefits, but it is pointed out that it 
was inevitable. There does not appear as yet any 
material revival in this branch of trade, though some 
orders of considerable tonnage have been placed, and 
in some places preliminary work has commenced. It 
will take some time to get the shipyards into full 
swing, even where large orders have come booked. 


The report of the Associated Iron-Moulders of Scot- 
land shows that the state of trade had not improved in 
tke previous month ; it was, indeed, worse than in any 
month of the past year, by reason of temporary stop- 
pages on account of the weather, as well as trade 
depression. The outlay on idle benefit was large. The 
complaint is that there are no signs of improved trade, 
notwithstanding all reports and rumours to the con- 
trary. Wherever the men out of work go they are 
met by the words ‘‘no hands required.” The drain 
on the funds has been such, together with a decrease 
in contributions, that it is hinted that some re-arrange- 
ment is needed as to contributions in order to stand 
the strain. In this report is published the official 
return as required by the Registrar under the Trade 
Unions Acts, 1871 and 1876. The total income was 
26,118/. lls. 6d.; the expenditure, 56,980/. Os. 6d.; 
the balance in hand at date was 60,314/. 13s. 3d., most 
of it in good investments. 








_ There does not appear to be any real improvement 
in the iron and steel trades as yet. The markets seem 
to be in a state of suspension. Buying is confined to 
small parcels for immediate use, for the most part, in 
nearly a!! districts. The latest returns to the Labour 
Vepartment of the Board of Trade show fewer furnaces 
in blast, but in the tin-plate and sheet-steel works 
there was an increase. There was also some improve- 
ment in the iron and steel works. It is to the iron and 
steel-usiig industries that we must look for improve- 
ment, and these show no increased activity. In the 
engineering trades the proportion of unemployed union 
men was 13.1 per cent. Th all the chiel centres the 
percentaes were large, but the largest were in the 
shipbuil:ing centres.. The inland towns were not 
much be‘ ter off. At the ordnance works at Newcastle, 
and at the turbine works at Jarrow, employment was 
fairly gi... The shipbuilding trades were even worse off 
than en, neering, the proportion of out-of-work union 
men being 23 per cent. e proportions in some dis- 
tricts w.-re as high as from 30 to 40.4 per cent. On the 


Tyne, the Clyde, Belfast, and the South Coast there 





mostly ‘‘ slack” to ‘‘ bad.” It will require a good deal 
of revived activity in all the above iron, steel, and 
other metal-using trades before the producers and 
manufacturers can expect a largely increased demand 
for manufactured iron and steel. Still, it would appear 
that there are indications of revival in sections. 


The Labour Members in the House of Commons 
were not fortunate in the ballot for places for either 
Bills or motions. But they moved an amendment to 
the address, on unemployment. This was entrusted 
to Mr. George N. Barnes, ex-secretary of the Amalga- 
mated Engineers. The Labour Party in the division 
was able to take into the Lobby three times its own 
numerical strength in the House. This affords striking 
evidence of the deep interest taken in the question 
raised—of finding work for willing workers. 
Board have 
made further grants to the distress committees in 
various localities. 





principle, and a scheme for that purpose was laid before 


feature—it is to be retrospective for a 
bring in those who have worked in the firm for the 
period selected and covered, The employés are to run 
no pecuniary risk, and the profits are to be allotted in 
proportion, according to grade and earnings. The 
firm has one great advantage over Sir C. , ae 
company. By it one class of materials are used, and 
the goods produced are also of one class. In the 
shipping and engineering firm, the grades are more 
varied, the men are highly skilled, belonging to various 
trades, and the materials used are of greatly varying 
character, and costly in production. The extension of 
profit-sharing schemes shows the growth of the collec- 
tive principle in bargaining over individual contracts. 





The seventeenth annual conference of the Indepen- 
dent Labour Party, to be held in Edinburgh at Easter- 
tide, is likely to be lively. There are on the agenda 
some 340 resolutions, nine of which refer to the posi- 
tion of the Member for the Colne Valley in relation to 
the Labour Party. Some call for the discontinuance 
of his salary unless he si 





At a delegate meeting of the representatives of the 
various trade unions whose members are engaged in the 
shipbuilding trades, held in Newcastle on Saturday 
last, it was announced that the members had decided 
by ballot to accept the provisional agreement entered 
into by the Employers’ Federation and the officials of 
the unions. The figures are not yet to hand, but it 
suffices to know that the agreement is ratified. 





The awards of the umpires in the coal trade are 
adverse to the miners, both in Scotland and South 
Wales. In the former the reduction is 6} per cent., to 
date from last Monday, March 1. In South Wales the 
reduction is 5 per cent., to date from March 1. It is 
said that the suggestion of the coal-owners for a further 
reduction shortly was not encouraged by the inde- 
pendent chairman of the Conciliation Board. 





A short time ago the ‘‘doublers” in an Oldham 
cotton-mill managed, by a strike lasting a few days, 
to screw out of the employers 5 per cent. in wages. 
Last week, however, the strike was renewed, the 
alleged reason being that several employés were dis- 
charged ; then the whole left work as a protest. 





the lace trade at Nottingham, which, it is feared, may 
lead to an extended strike. It is rather on the lines 
of the strike of the card-room hands in Lancashire. 





Mr. Justice Lawrence describes the Trades Disputes 
Act, 1906, as the most ill-drawn, inartistic, and un- 
grammatical Act of Parliament that he had ever come 
across, 





An ARGENTINE Raitway Dirricutty.—The Central 
Northern mtine Railway, from Jujuy to La Quicca, 
is constructed at one point at the foot of a mountain, and 
it is liable accordingly to be cove: with mud when 
heavy rains wash masses of soil down the mountain’s side, 





a goods train was thrown off the rails. 


Messrs. Lever Brothers, of ‘‘ Sunlight” soap fame, | 
have decided to adopt the co-partnership profit-sharing | 


s the constitution and pro- | 
mises to conform to the decisions of the Labour Party. | 


THE CUTMORE ‘“ PHONE-HUSH.” 


RECENT improvements in telephone exchanges have 
necessitated the adoption of transmitting and receiv- 
ing instruments at the subscribers’ premises which 
have not met generally with the same approval as the 


| former instruments, in which there was combined both 
| receiver and transmitter. 
| measure due to the absence of any means of conduct- 


This disapproval is in some 


ing a private conversation in a room while connected 
to a subscriber at the other end of the wire. Whena 
telephonic conversation is in progress there is the 
great drawback in not being able to disconnect tem- 
porarily the subscriber from the transmitter, without 
cutting him off at the exchange, so that delicate points 


| of negotiation may be discussed with some one in the 


room ; examples might be given, but the advantage is 
so obvious that it will at once be conceded. It is con- 
tended that with the new central-battery instrument 
all that is necessary is to place a hand over the trans- 
mitter mouthpiece ; but, apart altogether from the 
crudity of such an arrangement, and of the extreme 





evidence is aon in the fact that the Local Government | is quite ineffectual, as it is im 
en sanctioning numerous loans, and have | strument as it is, to ensure absolute certainty that 


the employés at a meeting held last week. The scheme | 
appears to be well and carefully worked out, and the | 
employés enthusiastically adopted it. It has one novel | 
riod so as to | 


A dispute has occurred in a section of employés in | U 





‘urther | inconvenience of it, there is the fatal objection that it 


ible, with the in- 

















the diaphragm will not transmit the conversation in 
progress. 
In order to prevent anyone at the other end of the 
wire overhearing any private conversation taking 
lace, there is being introduced by Messrs. H. A. 
tmore, of 30, Great St. Helens, London, E.C., an 
ingeniously contrived and very neat accessory to the 
ordinary central-battery telephone instrument, and of 
this we give an illustration on this page. This consists 
of a small nickel-plated framework, which is screwed 
to the instrument between the mouth-piece of the 
transmitter and the transmitting diaphragm. In front 
there is a press-button or key which operates a bell- 
crank lever at the back, as shown in our illustration. 
This bell-crank lever forces up the disc or shutter to 
close the aperture between the mouth-piece and the 
diaphragm. Of itself, this probably would not entirel 
revent the diaphragm from transmitting the sound, 
Pat there is, in dition to this disc, a slightly 
-shaped spring, which moves igen automatically 
with the shutter, and engages with a central projection 
or post on the diaphragm itself, so that the diaphragm 
is, by the action of the thumb through the bell-crank 
lever, held by making slight contact only, thus sus- 
pending for the time all vibration, and therefore trans- 
mission. A spiral spring is fitted to the lever, so that 
immediately upon the release of the thumb, the clip 


| and shutter return to their normal position, leaving the 


| transmitting part of the instrument free. 


| 
j 





This occurred some few days ago, and for considerable | have been discovered at a depth of 1766 ft. at 
distances the line was covered to a depth of 3 ft., so that Livadavio, in the territory of Chubut, Argentine Re- 





We have 
tried this on two of our telephones, and found that it 
fits easily and is effectual. 
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THE FORBES WATER-STERILISER. 

THE importance of purity of water supply is to-day 
fully acknowledged, but in spite of the recognition of 
the fact the teachings of science on this point are still 
too frequently ignored. The toll of life paid annually 
as the result either of lack of knowledge, of careless- 
ness, or of deliberate recklessness, in connection with 
the use of water, though diminishing, is still large. 
The world in general lags, of necessity, behind the 
progress of science. A community over-zealous to 
adopt every new idea ends with wasteful extravagance, 
and finds itself before long in financial difficulties. 
Nevertheless, in certain matters, neglect to benefit by 
the latest teachings of science is little less than criminal. 

Since epidemic after epidemic has been traced to 

impurity of water supply, every precaution should 
be taken to ensure satisfactory conditions in this 
public service. With water of which the condition 
or source is unknown, too much care cannot be taken 
if it is to be used for household purposes. But even in 
communities having all the advantages of regular sup- 
arg the risk of contamination is not absent. Wells, 
0th shallow and deep, not infrequently become tem- 
porarily contaminated, sometimes, perhaps, after heavy 
rain, from surface drainage or from the percolation of 
water through insufficient depth of soil to afford proper 
filtration. Or, again, contamination may arise from 
water from a long distance away finding its way to the 
well through fissures. In ordinary times the distance 
may be great enough to rid it of dangerous bacteria ; 
but after rain these cracks may be flushed out, drain- 
ing off into the well, and dangerous conditions will 
obtain. If then, with all the care and precaution 
which usually accompanies permanent work, water 
supplies are not free from a certain risk, it is only logical 
to take additional care when the source of supply is 
altogether beyond the consumer’s knowledge. 

In America much of the water saniied te towns is 
notoriously bad. In our colonies, and especially in 
tropical countries where the household servant troubles 
little about many of the matters on which Europeans 
lay considerable stress, the lessons have been sha 
and plentiful. The freedom from illness of a small 
body of individuals in the midst of a stricken com- 
munity has frequently been noted, and on investiga- 
pra pc to be due to extraordinary care with 
regard to the water in the house. The freedom from 
enteric of the Japanese troops during the Russo- 
Japanese war was attributed to their use of boiled 
water, and every traveller, and nearly every house- 
holder we might say, now knows the value of the 
sterilisation of water. In brief, such sterilisation has, 
under many circumstances, become a necessity accord- 
ing to our twentieth-century ways of living. 

‘he trouble of boiling all water is considerable, 
however, and not infrequently involves greater insist- 
ance and more constant supervision than can be given 
to the matter by the head of thehousehold. The pro- 
cess,, moreover, renders the water tasteless and insipid, 
so that upboiled water is preferred, in spite of the 
risk. This insipidity is due to the loss, during boiling, 
of the gases contained in the water, and it is desirable, 
therefore, that, if treatment be undertaken, the process 
should be convenient, and also should, if possible, 
preserve, in the water, the gases without which it is 
objectionable to the taste. 

An apparatus designed to meet both these require- 
ments has been brought out in the form of the Forbes 
water-steriliser, now being introduced to this country 
by Messrs. L. Lumley and Co., America-square, 

inories, E. This apparatus has already met with 
success here, while in the United States it has been 
largely taken up. It is made in a number of sizes, 
ranging from small 3-gallon per hour sterilisers up to 
500 gallons per hour, so that it is suitable in one form 
or other for the smallest household and the large 
establishments. It may be worked by means of oil, 
gas, or other fuel, or by steam. 

In Figs. 1, 2, and 3 we give drawings of the 75-gallon 
size. Of these figures, 1 and 2 give sectional elevations, 
and 3a plan of the apparatus. This particular apparatus 
is shown arranged for working with exhaust steam of 
lass than 51b. pressure. The apparatus, as shown in our 
illustrations, consists of four essential parts—namely, 
an inflow-water column, an outflow column, a heater, 
and the main body of the apparatus. In describing 
the apparatus, it will, perhaps, be most convenient 
to follow the course of the water through it. The 
water enters the float-valve chamber A, Fig. 1, and 
flowing down the column on the top of which this 
chamber is fitted, passes, by a short length of hori- 
zontal pipe, into the main y Bof the apparatus. 
This, termed the ‘heat exchange,” is similar to a 
feed-water heater, and consists of a shell containing 
a set of tubes. The inflowing water passes among 
the tubes, and, rising in the cylindrical shell, reaches 
the same level at which it stands in the float-chamber A. 
By the time that it has arrived at this level it has also 
flowed over the weir C and down into the heater D. 
This heater consists of two shells, one within the other, 
and communication exists between the annular space 
between them and the innermost space E, at the lower 





end of the heater. The result is that when water flows 
into D it rises in the space E until it reaches the level 
in the float-chamber, when, for the time being, no more 
water will flow into the apparatus, the float-valve 
cutting off the supply. 

The lower end of the heater D is formed of a casting, 
into which are fitted several pairs of tubes. As will 
be seen in Fig. 1, the outer tubes are closed at the 
upper end, while the inner, open at both ends, pass 
through the division wall in the casting and communi- 
cate with the space below it. The exhaust steam is 
brought from the supply-pipe to a pressure-regulator 
(not shown), and after passing through this is admitted 
to the lower space in this heater base. It then travels 
up the inner tube and down the outer again into the 
heater base, but this time to the upper space shown, 
and is then led away to a steam-trap. During its pas- 
sage the steam gives up its heat to the water in the 
space E, which is thus raised to boiling-point. As 
soon as this point is reached the water rises in the 
narrow neck F’, and, bubbling over the lip, flows into 
the hot-water pan G. From here it flows down the 
tubes into the base of the main body B and into the 


Fig.t. “1 Fig.2 




























































































outflow column shown in Fig. 2. The water rises in 
this until the weir at the top is reached, when it over- 
flows, and passing down the annular space runs out 
into the storage tank. By means of this outflow 
column B is kept full of water, unless purposely 
emptied by drain-cocks provided for that purpose. 
Ordinarily the level in the storage tank will rise to the 
same as that in the column. he two columns, that 
for the inflow and for the outflow, are set, with regard 
to the body B, 90 deg. apart (see Fig. 3), with the 
heater D between them. For purposes of clearly illus- 
trating the various parts they have been disposed 
differently in our figures. 

The apparatus is thus of very simple construction, 
and the principles on which it works are no more com- 
plicated. We have pointed out that water passes into 
the pan G when it boils. As soon as boiling ceases the 
water falls in the neck F, to the level of that in the 
float chamber A. Thus only boiled or sterilised water 
can pass into the pan G, down through tubes in B and 
out through the outflow column. In this manner the 
apparatus is automatic and no unsterilised water can 
get into the storage tank. Further, the boiling water 
in descending through the tubes in B, gives up its heat 





to the inflowing),water, so that when this raw water 

ets to the heater D it requires very little heat to raise 
it to the actual boiling point, while, on the other hand, 
the outflowing water has its temperature lowered 
from boiling point to within a very few degrees of that 
of the inflowing water. The supply of water is auto- 
matically regulated, according to the amount of the 
water passing from the heater D into the panG. As 
soon as this transfer ceases the float-valve cuts off the 
water. All that is needed, therefore, to start such an 
apparatus is to turn on the steam supply cock, or, in 
the case of one worked by a flame jet, to light the 
burner. 

Since the heat transfer is so complete, .the differeice 
in temperature between the inflowing and outflowing 
water being only from 5 deg. to 10 deg., the actual 
amount of heat needed to do the boiling is small. The 
fuel costs are therefore very low, and it is stated that 
with coal at 18s. per ton, 100 gallons may be sterilised 
for a farthing. With gas at 3s., 100 gallons will 
cost 2d. for sterilisation. The cost is thus trifling. 
The apparatus, besides using gas, oil, or steam, may 
be arranged for electric heating or for alcohol, or, with 
an additional part, for wcod burning. It is therefore 
suitable for all conditions, for use in isolated bungalows 
in the tropics, for use by troops in the field, a special 
army pattern mounted on a carriage having been 
supplied to the United States army; or it may be 
employed on a large scale as a permanent appliance in 
hotels, schools, barracks, &c. The process of boiling 
continues for so short a space of time that only very 
little of the contained gases are given up. For this 
reason, the water, after sterilisation in this apparatus, 
is quite as palatable as any raw water. Very hard 
waters become softened to some extent in the process. 
As it is now accepted that a temperature of less than 
boiling point is sufficient to destroy the dangerous 
bacilli, this process allows even a margin of safety. 

As regards materials, the steriliser is made of copper 
and tinned brass throughout, with the exception of the 
main base, which is not in any way in communication 
with the water. This is of iron. The tubes which 
form the inflow and outflow columns are of 16 and 20 
B.W.G. seamless brass. The body B is made up of 
tubes of brass and a shell of copper, the whole, for 
protection, being enclosed in a casing of planished 
iron. For cleaning purposes the tubular portion of 
the main body is arranged so as to be easily removable 
and capable of being completely withdrawn from the 
shell. This, however, is only possible with the smaller 
sizes having tubes of comparatively short length. In 
the 75-gallon and other large sizes the tubes are too 
long for this to be conveniently done, and they are 
permanently fixed in the bottom tube-plate. The top 
pan G is easily removed in these sizes by taking 
off the screw-collars on the tube ends, and the water 
space in B may then be cleaned and inspected. Just 
below the pan G will be seen a plate, through which 
the tubes pass. This is a distance or positioning plate. 
It is serewed down to lugs on the main top casting, and 
holds the tubes in position when the pan G is being re- 

laced. The plate maybe lowered to the bottom of B, to 
acilitate inspection, but not removed. The collecting- 
pan at the base of B is likewise of brass, tinned. The 
apparatus is fitted with convenient drain-cocks and 
es with blow-through piping and connections for 
sterilising the whole interior at intervals with steam. 

We mentioned above that the apparatus was suit- 
able for army use. The army pattern has a nominal 
capacity of 150 gallons per hour, but may be worked 
at the rate of 400 gallons per hour. At the former rate 
the difference between the inflow and outflow tem- 
perature is about 8 deg. Fahr.; at the latter rate 
about 23 deg. Fahr. This apparatus, when worked to 
its utmost, burns about 13 lb. of anthracite per hour. 
Mounted on a wagon, the whole weighs, full, 5200 lb., 
the treads of the wheels being 614 in. apart, and the 
wheel-base 77 in. The over-all length, excluding the 
pole, is 11 ft. 2 in. 





Spon’s ArcHiTectTs’ AND Buripers’ Pocket Pkick- 
Book. 1909. London: E. and F. N. Spon, Limited, 
57, Haymarket. [Price 3s. net.]— This. useful little 
pocket-book is so well known as scarcely to need descrip- 
tion. The fact that it has reached the thirt -sixth edition 
is sufficient proof that it is a serviceable little work. 
In the present edition it is a book of over 550 thin paper 

the bulk of which are divided into three sections. 
YM these, the first is a section of memoranda. This 
section contains a mass of information on points and 
matters architects and builders constantly have tv deal 
with. Besides dealing with figures relating to design and 
constructional details, this part of the book supplies 
notes on legal questions, on building laws, and contracts. 
‘The section is contained in 355 pages of matter, and forms 
quite an encyclopedia. The subjects are alpha- 
betically, the leading words being in heavy type, and cross 
references being provided. The second section of the 
book forms the price-book portion. In this the mat\-r 1s 
arranged after the manner of a Bill of Quantity, 1” 
trades. A subsequent section provides a compr:/ieD- 
sive —_ to = — of the “ . pee we t te 

ill probably be by no means the least useful p>" 
of this pocket-book. 
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ELECTRICITY AND ITS APPLICATION TO 
THE REDUCTION OF WASTE.* 


By ARNOLD B. Gripiey, Middlesbrough. 


Tux particular application of electricity you are asked 
to consider this evening—viz., its effect on the reduction 
of waste—is a very wide one, and in order to forestal 
.ible criticism of a certain kind it is necessary to 


38 . 
explaia at once that the endeavour to make the various 
points mentioned hereafter is based upon conditions 


as they exist in this part of England, and this immediate 
district in particular, where electricity is available from 
public sources and at reasonable prices. re. 

For reasons chiefly legislative, the use of electricity 
for power purposes on the North East Coast was not 
really attempted on scientific lines until after the intro- 
duction of the early Power Bills in 1900. These power 
Bills extended the areas of supply, and enabled the genera- 
tion and supply of electricity ‘or power purposes to be dealt 
with on more comprehensive lines. tween 1900 and 
1905 steady progress was made, and during the sub- 
sequent three years development has proceeded at an 
accelerated rate. During the past eight years a revolution 
in power production and utilisation has been quietly 
brought about. On Tyneside, electricity has practically 
superseded steam, and large undertakings, such as the 
North Eastern Railway Company (for their electrified 
railways and workshops), Messrs. Armstrong, Whitworth 





and Co., Messrs. Swan, Hunter and Wigham Richardson, 
and practically every other power-using company have 
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discarded private electrical generating plant, and both gas 
and steam direct-driven plant, and inv hooemns purchasers 
of their electrical requirements. 

Before dealing with the particular heads under which 
waste can reduced, it is necessary to put before you 
a broad general statement explaining why it is possible 
to supply electricity from large public power-stations 
and a widely-spread distributing network of mains more 
cheaply than it can be generated by the user by means 
of his own plant. It is sometimes said by a power-user— 
say the owner-or manager of a colliery—that he cannot 
see how it is possible for the wholesale producer to supply 
him with current from a power-station twelve or twenty 
miles sway at-so low a price as he can produce ‘it from 
coal beneath his feet. Where are two main principles 
governing centralisation—viz., decreased capital expendi- 
ture per kilowatt and the effect of diversity factor—the 
Statement of which at once answers this question. The 
colliery owner puts down, say, 500-kilowatt or 1000-kilowatt 
sets, and for reserve pu 334 per cent. or, perhaps, 50 

Tcent. more plant than he requires to use at any one time. 
n the large central power-stations, on the other hand, 
units of 5000 or 7000 kilowatts capacity are installed. 
It is at once obvious that in capital cost and running 
cost the big supplier has the advantage. You will admit 
that plent can ~ bought more cheaply per kilowatt in 

units than small, and that coal and steam con- 
sumption per unit generated are lower in: large units 
than in small; moreover, the cost of oil, stores, labour, 
repairs, <c., must also be less. If to these advantages 
you add the privileges enjoyed by the large power-pur- 
chaser of having a duplicate mains system through 
which his supply is transmitted, and several generating 
Stations from which such supply is derived, it does not 
Seem to be difficult to give satisfactory reasons for the 
advantages to be gained by purchasing instead of pro- 
ducing. The case of supply to a colliery is perhaps the 
Most difficult for any power-supply eutnetey to tackle, 


* Abstract of paper réad before the Cleveland Insti- 
tute of Engineers, January 11, 1909, 
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and if it be possible to justify purchase instead of produc- 


tion in such a case, then it should be less difficult to con- 
vince the heads of all other industries that the principle 
advocated is sound. There are no less than forty-five 
collieries in this district where power is already being 
urchased, or where definite arrangements have already 
m made for such to be obtained from an outside source. 
Waste of Capital Expenditure.— Where a variety of 
undertakings are being supplied, there is a wide diversity 
in the times at which they make their respective demands 
on the power-station. Experience on the North-East 
Coast definitely proves that works whose installations 
te 120,000 kilowatts can be supplied by 40,000 
kilowatts of plant run at the power-stations. The demands 
of all these works, if made at the same moment, would 
probably be 70,000 to 90,000 kilowatts, and if their own 
plants were installed, plus, say, 33 per cent. for spares, 
about 106,000 kilowatts of plant would have to be pur- 
chased. The cost r kilowatt would probably be 
approximately 30/., taking both large and small installa- 
tions, and including land, buildin plant, &. (In 
London the average capital cost per kilowatt of the sixty 
odd existing generating stations 1s between 50/. and 60/.) 
The total capital expenditure on private plants would 
therefore reach 3,180,000/. In the case of the supply 
authority, allowing again 334 per cent. reserve mom | 
53,000 kilowatts only would be required ; and pricing the 
capital cost of these at 20/. per kilowatt, due to the pur- 
chase of larger units, less land and much less building 
material, the total cost would be 1,060,000/., or a saving of 
2,120,000/, There are still not yet electrically operated 





The saving of labour in the absence of coal and ash- 
handling, shunting, &c., is a considerable item in some 
works. 

Waste of Coal, Oil, Water, and Stores.—The savings 
possible by the concentration of electric-power produc- 
tion in large central generating stations are of real im- 
portance, in the matter of coal and water especially. 

In a paper read by Mr. Charles H. Merg: before the 
Iron and Steel Institute during their recent visit to 
Middlesbrough, he pointed out that if all the colliery 
owners in this district purchased their power from an 
outside source, 1,750,000 tons of coal per annum, worth, 
say, 500,000/., would be freed for sale. , 

ot long ago the decreased consumption of coal in 
many of the works of this neighbourhood was brought 
home to the author. The ws power-supply company 
considered that they were being charged excessive freights 
on the carriage of coal from the mines to the power- 
stations. The matter was taken u t 
Eastern Railway Company, who ashes to be supplied 
with a list of the power-consumers. Although the object 
of the application was obvious, the list was sent, and 
at a subsequent interview at York, it was pointed out 
by the railway company’s representatives that whilst 
in every case the coal delivered at the several works 
during the previous years had been considerable, it had 
fallen to little, and in many cases to nothing at all, since 
the introduction of a public supply of electricity. More- 
over, the coal consumed at the power company’s stations 
was far less than the previous aggregate consumption of 
the list of works supplied. 
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in this district installations aggregating 
nearly 200,000 horse-power, or, say, 
150,000 kilowatts. orking out the 
capital saving on the same basis, we 
get 4,770,000/. saved in generating plant 
in the district. Out of this we have, 
of course, to allow for the cost of the 
transmission and distribution mains 
and plant ; and if we assume that these 
cost nearly 2,000,000/., there is a saving 
of something of the order of 2,750,000/. 

Where any works are situated within 
reasonable distance of the network of 
public supply mains, the only cases 
where isolated plants may ' justified are those like 
small collieries with less than fifty coke-ovens, or small 
iron works with only a limited amount of waste heat or 

Here there may be just sufficient waste heat or gas 
ioe sttten-abeieg or gas-engine purposes with which to 
provide for the consumer’s power requirements, and it 
can be at once admitted that it is almost as difficult, if 
not, indeed, im: ible, for the opt ug authority to 
compete in such cases as it is in saw-mills, where waste 
wood is the fuel. Where there is, however, a reasonable 
surplus of waste heat, either in the form of steam or gas, 
co-operation is desirable—if not, in fact, essential—if the 
best commercial results are to be attained. This will be 
dealt with more fully at a later stage. Apart from such 
cases, it will be somewhat difficult to bring forward any 
instance in which the capital cost of electrical plant is not 
cheaper than steam, ane, or oil-driven machinery, if a 
proper margin of stand-by plant is allowed for. It is, of 
course, obvious that in works where capital has alread 
been spent on private plant, it is more difficult to submit 
comparative balance-sheets which show figures in favour 
of the adoption of a purchased supply, as interest on the 
capital cost of plant already purc has to be taken 
into account. Each case of the kind has to be considered 
on its merits, but where new works are being established 
on a green field, then the purchase of electricity is a sound 
proposition. There is, moreover, a good deal in the 
— ney that the production of power, being a 

ighly technical and special business, should be left to 
specialists, it being necessarily but an auxiliary to the 
main business of the average manufacturer. 

Waste of Labour.—But few words are necessary under 
this head. It takes no more staff to operate 7000-kilowatt 
turbo-alternators than it does to look after 500-kilowatt 
sets. If fourteen machines are being operated in fourteen 
different stations, it follows that labour is wasted. Again, 
electric motors need no attention except a visit of inspec- 
tion now and then, and the refilling of bearings with oil 
every few weeks. There are installations in this district 








ting over 1000 horse-power in motors of various 





sizes, the whole of which are looked after by one man. 
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The saving in water consumption is also of sat 
importance, and has hitherto not attracted public atten- 
tion. It is, nevertheless, a fact that the consumption 
of water by the works consumers of the Newcastle and 
Gateshead Water Company has fallen substantially since 
the electrification of so many industrial undertakings 
on the Tyne. In this immediate locality, where the water 
supply is F 6 nbbocame by a joint undertaking of local autho- 
rities, and financed by ratepayers’ money, the matter is 
one of even greater importance ; for if it is possible to stay 
the increasing consumption. and so postpone the threatened 
large capital outlay on additional reservoirs, &c., it is 
obviously an advantage to the large population in the 
three towns. Apart from the saving possible by the ces- 
sation of a elie of steam plants, it is interesting to 
note the effect which the electric power company’s ex- 
haust-steam turbine stations have on the question. The 
consumption of water at me tame agg A works for pig beds 
and general purposes is considerable, but this is being sub- 
stantially reduced by the condensation of steam which, 
after it has done its work in the turbines, is handed back 
to the ironmaster by the power company in the form of 
water. 

From the foregoing it will be seen that the savings pos- 
sible in reduced coal and water consumption are of great 
importance. To a lesser extent reduction in oil and stores 
consumptions are the result of centralisation. These 
savings are so obvious as to need no further comment. 

Waste of Space.—The amount of land required to accom- 
modate boiler-houses, engine-rooms, flues, chimneys, coal 
and ash-handling plant, cooling towers or ponds, and rail- 
way sidings, is frequently a serious matter where land is 
expensive, or where existing works are shut in on all sides, 
and no further land is available to permit of business 
expansion. In such cases the small amount of space 
required by electric motors, and the facility with which 
they can be placed on walls or overh beams and 
girders, provide the only way in which further ground 
space is procurable, and in some instances this factor 
has made the adoption of purchased electricity com- 
pulsory. 

Waste of Rates, Taxes, and Insurances.—It has already 
been shown how large outlays in capital expenditure 
can be saved, and it therefore follows that substantial 
assessments for rates and taxes can be avoided. Simi- 
larly, savings are possible in boiler, fire, accident 
and workmen’s insurances, where boilers, engines, build- 
ings, &c., do not exist, and where fewer men are 
employed. This is almost always lost sight of when a 
manufacturer is comparing his own costs with an offer 
from an outside source, because in the majority of cases 
the accountant’s department, who allocate invoices for 
rates, taxes, and insurances, generally debit them to 
the genera] establishment charges of the company, 

Waste of ‘“‘ Waste.”—It is not proposed to go into this 
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particular subject exhaustively, as it is one which would 
require a whole evening’s consideration. It is admitted, 
however, that there is being wasted in this district at the 

resent moment a large volume of potential energy in the 


orm of exhaust steam, waste heat, or combustible gas. | p 


This is largely due to the fact that there has hitherto been | 
ro real market for surplus power, so that the owners of it | 
have not found it commercially sound to spend the capital 
necessary in order to enable it to be utilised, and also 
because no works, where a large amount of waste heat is 
available, has a power load of sufficient magnitude or 
constancy to enable the continuous supply of energy which 
can be generated from waste heat to be fully, or anything 
like fully, utilised. In the case of coke-oven installations, 
for example, where the quantity of surplus gas given off 
is more or less regular, or of blowing-engines, where the 
steam derivable from the exhaust is als» more or less 
constant, and assuming the installation of generating 
— sufficient to utilise this gas or steam, it seldom— in 
act, never—happens that the works power requirements 
are such as will keep the generating plant fully employed 
throughout the 24 hours, day and night, week-days, 
Sundays, and holidays, all the year round. It therefore | 
follows that either some of the gas or steam must be | 
allowed to go to waste, and a portion of the generating | 
plant stand idle or partially employed only, or an arrange- 

ment made with the wholesale power-supplier for the dis- | 
posal of the surplus current that can be generated. In | 
other words, it is only by such co-operation that the ideal 

of getting as near 100 per cent. Reddacter as possible 

becomes feasible ; and it is to reach this ideal that all 

sroducers of electrical energy are constantly ving. 
tt will probably be admitted that this is an economically 

sound and correct policy, and that any arrangement tend- | 
ing to defeat it is wrong. 

It will be seen that a network of mains 
from Blyth in Northumberland to Loftus in Cleveland. 
The cables from Blyth run through the eastern portion 
of the Northumberland coal-field, a Tynemouth | 
and North Shields into Newcastle. They cross the | 
river vid4 the high-level bridge, and in at Wallsend | 
to Hebburn. The main cables south come through | 
Jarrow, Boldon, Hylton, Silksworth, Easington, then | 
through the East Durham coal-field in a fairly straight 
line to Billingham ; thence they run through Stockton, | 
across the bridge at Thornaby, and so into Middlesbrough, | 
through which town duplicate cables are laid to Grange- | 
town, and from there in loops into the iron-mines district. 
Another route from Newcastle runs along the main 
road from Gateshead to Durham, passing through Birtley 
and Chester-le-Street. From Durham a_ 20,000-volt | 
cable connects the northern systems with the southern 
system at the Weardale Power Station. You will | 


now spreads 


observe that these two main lines, running north and | 
south, are interconnected from west to east at ee] 


ints, such as, for example, Durham to Easington, 

Jhester-le-Street to Hylton, Birtley via Washington to | 
Southwick, besides other loops and tributaries. A further | 
interconnection will be made from Spennymoor to Castle 
Eden, and another from the existing main system at 
Hartlepool to the East Durham trunk main, so that there | 
will be duplicate routes from the Tees to the Tyne, by | 
means of which current can be supplied from the south | 
to the north, or vice versd. The chief power-stations are 
Carville, Philadelphia, Neptune Bank, Blaydon, Heb- 

burn, Grangetown, Newport, and Weardale ; all these | 
stations are in operation. Others under construction are 

Dunston, Bankfoot, and Tees Bridge. The main regulat- | 
ing coal-fired stations are at Carville-on-the-Tyne, and at 
Grangetown in the Tees district. The waste-heat stations | 
at Seton, Weardale, Newport, Bankfoot, and Tees | 
Bridge are, or will be, run at their full capacity day and | 
night, the coal-fired stations being ready to deal with | 
such load as these stations are unable to supply, and also 
with peak and other loads which may arise owing to the 
partial cessation of a waste-heat station due to temporary | 
interruption in supply of waste heat or gas, as the case 
may be. 

The foregoing general description will enable you to 
grasp the ways and means of disposing of the electricity 
which can be generated from waste heat. Although 
there is being supplied at the moment from the south to 
the north = twelve times the amount of current 
sold by the Middlesbrough Corporation, this is only about 
5 per, cent. of the current required by the Newcastle 
and Durham Power Companies. The demand in those 
companies’ areas is still growing at a rapid rate, so 
that taking into account the market there, in addition 
to the large future requirements in our own district, it 
is evident that there is now no difficulty in disposing of 
as much current as can be generated from waste heat 
in this district. The waste-heat owner can therefore take 
advantage of an assured market. In addition he can get 
the current he requires for his own use as cheaply as, if 
not cheaper than, it would cost, him to produce it Paced 
—capital expenditure beiny taken into consideration. 
Apart altogether from the question of the saving in capital 
expenditure, and interest and depreciation cha’ 
thereon, a reliable stand-by supply is secured owing to the 
fact that each waste-heat station 1s linked up to the trans- 
mission system, which is fed from several power stations. 
This is obviously a better position to bein than to be de- 
pending upon only one source of supply. Moreover, there 
1s certainly some difficulty nowadays in getting away from 
the fact that the erection of further isolated generating 
stations in districts where it is possible to get cheap supply 
from, or to co-operate with, a large supply authority is 
unsound ; and even in the very few cases, such as have | 
already been indicated, where there is just sufficient waste | 
heat to provide for the waste-heat owners’ requirements 
and leave practically little or nothing to spare, it is desir- 
able to adopt the same type of current and periodicity as 
is commonly used in the district. Nearly every com- 





|are met by the fact that the waste-heat stations are 


| owner, and carefully considered by him, that has not been 


| with the general arguments put forward, make out a 


| show in the former case an ave 


| outsiders. 


| ** As’ 


mercial undertaking is striving to extend its activities, | per unit, and in ‘‘ B’s” case to 0.988.. Therefore, whilst 
and where extensions have to be dealt with, and part, if | each makes the same demand on power-station plant, the 


not the whole, of the additional power requirements pur- | 
chased from an outside source, it is desirable to be able to | 
rocure electric power of the same periodicity as is used | 
in the works. 

It may be argued that the erection of several waste- 
heat stations near the source of waste-heat energy defeats 
the claim put forward as to the advantages to be derived 
from centralisation. It is true, of course, that in a large 
coal-fired station such as Carville, and the new coal-fired 
station in course of erection at Dunston, the advantages 
of installing big units, such as 7000-kilowatt sets, are | 
obvious, and that the installation of smaller units in | 
waste-heat stations, which is unavoidable, has corre- | 
sponding disadvantages, as not only must the capital | 
expenditure per kilowatt of plant installed be higher in 
the latter case, but the staff required to operate several 
smaller stations must be larger, and more expensive 
than in one or two large central stations. The answer 
to this argument is that these admitted disadvantages 


run at constant full load, so that there is a very large 
number of units generated per kilowatt of plant installed 
over which to spread the inc capital and operat- 
ing charges, and, further, that the existence of such 
stations at different points of the mains network tends to 
reduce distribution losses. The objection to the small 
station is therefore to a great extent cancelled ; and, more- 
over, the economical radius of distribution, which some 
experts would shorten, is lengthened. In the absence of 
figures—which it is, of course, inexpedient to supply— 
it can, however, be stated that in no case has a proposal 
on co-operative lines been submitted to a waste-heat 


ultimately accepted. It is asserted that this fact, together 


strong case in favour of co-operation, and the conservation 
of waste made possible thereby ; and if any further argu- 
ment were needed, it is supplied by the diagrams which 
show the result of co-operation at the Newport Iron 
Works of Sir B. Samuelson and Co., Limited, and the 
works of the Weardale Steel, Coal, and Coke Company, 
Limited. [These diagrams, which we do not reproduce, 
of over 200,000 units 
generated per week, of which only 12,000 were required by 
the waste-heat owners, leaving the balance to be sold to 
In the Weardale Works nearly 300,000 units 
were generated per week from waste heat, of which only 
25,000 were required by the owners.] Of course, it does 
not follow that so much would be available for outside use 
from every co-operation—or should we now more correctly 
call it co-partnery ?—scheme, but in practically every 
case a large surplus would be available. 


APPENDIX. 

What is a Reasonable Price ?—The writer of a paper of 
general interest is usually twitted with the fact that he 
uses general arguments to support his case, but does not 
bring forward figures. The use of figures in dealing with 
the cost of electricity is almost universally misunderstood, 
owing to the bad habit into which electric-power engineers 
and others, both producers and consumers, have drifted by 
reducing calculations to cost per unit. In the production 
of electricity for power purposes the cost per unit by itself 
conveys nothing of any material importance, and it would 
be a great step gained if this fact were grasped and 
admitted. You often hear a power-user say that he buys 
or produces his current for so much—say #d. per unit. 
Another power-user may regret that he cannot purchase 
his own requirements at aks price. The price per unit 
conveys nothing unless accompanied by a definite state- 
ment as to lcad-factor, and supplemented by details, such 
as total annual consumption, &c. By “‘load-factor” is 
meant the ratio between the units actually consumed and 
those which would have been consumed had the user’s 
maximum demand been used continually all the year 
through. For instance, a demand of 100 kilowatts, if 
made continuously throughout the year of 8760 hours, 
would result in 876,000 units being consumed, and a load- 
factor of 100 per cent. given. If the same demand were 
made, but the plant run only half the number of hours, 
then the load-factor would be 50 per cent., and soon; 
?d. per unit may in one case be a reasonable price, and in 
another an exorbitant one. It is this fact which is lead- 
ing all suppliers of electricity for power purposes who 
really appreciate the economics of electric supply produc- 
tion to avoid the quotation of flat rates, as on may so 
be unfair both to the consumer and producer. A 
cha ich is framed to cover, first, the capital and 
fixed costs, and, second, the running or variable costs of 
giving the supply, is sound to both parties. For it must 
be remembered that owing to the fact that electricity 
cannot be economically stored, and that it has, therefore, 
to be produced as and when required, the cost of provid- 
ing the means of supply is generally by far the larger 
portion of the total cost. 

This applies to the producer whether he produces from 
a private generating station or from a large public central 
supply station. Let us follow this up for a moment, and 
for the suke of example assume the case of two power- 
users, each of whom requires to drive, say, 1000 kilowatts 
of rhotors. the one day and night except at week-ends, 
and the other for 54 hours per week. ‘‘ A” has a load- 
factor, therefore, of, say, approximately 75 per cent., 
and ‘‘B” of 25 per cent.; in other words, ‘‘ A” uses 750 
units per hour, whereas ‘‘B” uses only 250. Ina year 
consumption would probably be about 6,570,000 
units, and ‘ B’s” only 2,190, Now let us assume that 
each has a generating-station of 1500 kilowatts capacity, 
which has cost 40/. per kilowatt, or 60,0007. Fifteen per 
cent. on this sum for interest and depreciation equals 


pt ages A 





9000/. per annum. In ‘“‘ A’s” case this works out at 0.329 


capital charges per unit in the one case are only one-third 
of what they are in the other. Now let us assume ‘hat 
the costs of turning out this current are 0.3d. fer unit in 


| ** A’s” case, and 0.35d. in ‘‘ B’s,” owing to the latter's 


lower rate of consumption. The total costs are therefore 
0.629d. per unit to ‘‘ A,” and 1.023d. per unit to “B.” You 
may vary the capital cost of providing the supply and say 
it can be done for less if you like, but the principle 
remains the same, and “ B’s” fixed charges must be three 
times more than ‘A’s.” You will therefore see that 
capital cost is of paramount importance, and that there is 
a great difference hetween demand and rate of consump. 
tion. In Fig. 1, page 335, curves are shown which graphi- 
cally illustrate this. As has been said before, the rate per 
unit conveys no fact of importance unless the load-factor 
is stated. It is, indeed, misleading. There are consumers 
deriving their supply at 0.55d. per unit who bring more 
profit to the producer than others paying 1jd. per unit, 
and you can easily see how this may be so. {tis only 
fair, therefore, for the purchaser to debit himself with, if 
he generates, or to pay, if he purchases, a definite lump 
sum to meet capital charges, entirely apart from the 
amount of current consumed. This would be satis. 
factory enough if a motor installation could be run 
at a regular load year in and year out, but trade 
fluctuations and an extending business make this impos. 
sible, and at times the demand is reduced, and at pr ead 
it has necessarily to be increased. These varying condi- 
tions are met in cases where power is purchased by a 
tariff based on a fixed charge per kilowatt or electrical 
horse-power demanded—which demand is not ‘‘ peak,” 
but an average taken over half-hourly periods—plus a 
running charge per unit consumed, as, for example, 1/. per 
electrical horse-power demanded per quarter, plus 0.3 or 
0.25 of a penny per unit. It will interest you to know 
what is the average price per unit at different load-factors 
under the operation of such a tariff, and the figures have 
been worked out and are shown in Fig. 2. You will see 
at a glance what an important effect load-factor has upon 
the average price per unit obtained. If a flat rate of, say, 
#d. per unit were charged, the supplier would lose heavily 
im the case of a 25 per cent. load-factor consumer, and 
the 75 per cent. load-factor consumer would pay a most 
extravagant price. In average cases the tariff quoted 
would enable the purchaser to secure current at a reason- 
able price. Where works are situated some considerable 
distance from the network of mains, and the consumption 
is variable, it may be necessary to increase both fixed and 
running charges ; whilst in other cases, where the rate of 
consumption is above the average, the running charge 
may permissibly be somewhat reduced. The point to 
grasp, however, is that while each case must necessarily 
2e considered on its merits, a tariff which automatically 
adjusts demand and rate of consumption is fair and rea- 
sonable to both producer and consumer. 








Furness Rattway.—Mr. W. 8. Whitworth, the Furness 
Railway Company’s engineer, has tendered his resignation 
to the board, owing to ill-health. The resignation has 
been accepted, and Mr. Whitworth, who has been with 
the company for thirty-seven years, will shortly retire 
from its service. 


ComBINED PHonic TELEGRAPH AND TELEPHONE—The 
Telephon-Fabrik, late Berliner and Co., rlin, have 
introduced a simple combined phonic telegraph and tele- 
phone outfit, especially designed for army use and on 
railway construction and similar operations. This port- 
able apparatus requires only one wire; the call is made 
by phonic telegraphy. Magneto calls are frequently too 
faint on noisy sites and when the line is not in its 
best condition, while the siren signals will be heard, 
and such combinations have the advantage that the 
direct-current Morse or other telegraph signals will not 
interfere with the high-frequency alternating currents 
of the hummer and telephone. Such systems are, in fact, 
suitable for the signal service on light railways ; only the 
chief stations will need to communicate with one another 
by telegraph, while the telephone will suffice for the ter- 
minus to keep in touch with way-side stations and un- 
trained attendants. The chief novelty in the Berliner 
apparatus is the hummer, which forms a closed cylinder, 
24 in. long and less than 1 in. in diameter, which may be 
held in any position. The cylinder contains two coaxial 
electromagnets. The armatures, iron discs, are attached 
to the common core-rod of the electromagnets, which 
forms the axis of the cylinder; the ends of this rod 
rest in flat_spiral springs fixed close to the caps of the 
box ; and the one pointed end of the rod bears against 4 
pa contact of a flat spring. The shell of the cy- 
inder consists of soft iron, which is slotted to minimise 
the Foucault currents. When excited by direct currents, 
this apparatus acts as a current-interrupter; the two 
dises and the rod connecting them will swing to and 
fro in the direction of the longitudinal axis, and the 
suspension of the rod by the springs renders these oscil- 
lations independent of the position in which the cy- 
linder is held. The cylinder is placed inside the tele- 
hone-holder tube an pocencs R there with a double 
ey. The operator carries the telephone on a strap 
on his breast; the microphone is p against his 
ear. When he hears the call, he lifts the telephone up, 
and in doing this presses the double key. returning the 
call and closing the circuit for his reply. There is nothing 
novel in these of course. But the frequency of the 
hummer can be adjusted, the key is also provided with 
a contact for loud speaking, and there are other devices 
for securing good hearing on the field. The telephone and 
microphone fit into a little leather case, and the whole 
outfit for a field station, instrument plus battery, can be 
carried in a box suspended from the shoulders. 
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BOILER EXPLOSION NEAR KIRKCALDY. 


A FORMAL investigation under the Boiler Explosions 
Acts, 1882-1890, has been conducted at Kirkcaldy by the 
Board of Trade as to the cause and circumstances of a 
boiler explosion which occurred on September 22 last at 
the West Mine of the Dundonald Coal Company, Dun- 
donald, near Kirkcaldy, and by which one person was 
killed and several injured. The Commissioners were Mr. 
J. M. Croome, K.C., legal adviser to the Board of Trade, 
and Mr. J. M. Croome, engineer, Leith. Mr. R. 
M‘Laren, Inspector of Mines, was also present. Mr. 
Inglis, solicitor, appeared for two of the directors of the 
Colliery Company ; Mr. Gorrie, solicitor, for Mr. Thom- 


son, the late manager; Mr. Stevenson, solicitor, for Mr. | 


Andrews, manager just previous to the explosion; Mr. 
Napier, solicitor, for Messrs. Bryce. boiler-makers, who 
had executed repairs to the boilers ; Mr. Machain for the 
Engine-Keepers’ Association and for the representatives 
of the deceased man ; and Mr. Arnott for the Pilot Insur- 
ance Company, with whom the Dundonald Collieries were 
insured. fore the investigation commenced all these 
gentlemen visited the West Mine, where the explosion 
occurred, and the Commissioners made a careful inspec- 
tion of the exploded boiler, and inquired into various 
matters, such as the water supply, &c., which might 
affect the inquiry. 

On the Court assembling, the first witness called was 
Mr. James Jenkins, manager for Messrs. James Car- 
michael and Co., boiler-makers, Dundee, who stated that 
a Galloway tube had been removed from the furnace-tube, 
and the opening simply blanked up. This, he thought, 
would affect the strength of the boiler and seriously 
weaken the furnace. 

The next witness was Mr. George Simpson, engineer at 
the Victoria Works, Dunfermline, who said that the 
boiler which had exploded was formerly used at the 
Victoria Works, and had been removed to make room 
for one to work at a higher pressure. It was sold to the 
Dundonald Coal Company. While under the care of 
witness the boiler had always been in good condition. 

Mr. A. Peacock, engineer-surveyor to the Board of 
Trade, said ‘he had visited the colliery shortly after the 
explosicn, and made an examination of the exploded 
boiler. It was made of good metal, and there was not 
much scale in it. The pressure-gauge, he found, was 4 lb. 
slow on 60 lb.—the working pressure. He came to the 
conclusion that the furnace-tube had collapsed for lack of 
strength, and that the pressure at which the boiler was 
worked had been excessive. The investigations he had 
made did not indicate that the explosion had been caused 
by overheating, as scale was still adhering, unbroken, to 
the plates on the water side, while on the fire side the 
black soot was still there. Had the tube been overheated 
he would have expected to find bare metal on both sides, 
and it would probably have been of a reddish colour, 
which was not thecase. He found that a couple of Gallo- 
way tubes had been removed from the furnace-tube an 
the places closed up, and this, he thought, had an effect 
on the strength of the boiler and weakened it, perhaps to 
the extent of 25 per cent. They had to counterbalance 
the want of these tubes by an additional thickness of 
metal, and for the pressure of steam used in this case a 
boiler with the plates of that thickness would not be built 
without the support of such tu The Galloway tubes 
were devised to promote circulation, but they materially 
increased the strength of furnace-tubes, although it was 
debatable as to what degree this was the case. Witness 
did not know why the two tubes had not been replaced 
after being removed. The plates were in good condition 
and there had been very little wasting by corrosion. He 
considered that the collapsing pressure of the furnace-tube 
was 56.8 lb., and the boiler had been working at 60 Ib. 
pressure. He would not be at all surprised to learn that 
the tube collapsed at 641b. pressure, for this was certainly 
a dangerous pressure. 

_By Mr. Stevenson: The boiler had been fed with very 
dirty water, but witness did not think that this would 
make it more liable to burst unless the furnace-tube had 
been altered in shape. It could deteriorate the boiler, 
inasmuch as it might lead to over-heating and distortion. 

Mr. Seaton, engineer-surveyor to the Board of Trade, 
London, said that he considered the explosion was due to 
weakness of the furnace-tube, so that it could no longer 
resist the ordinary working pressure. The sole cause was 
weakness, and witness was absolutely satisfied that it was 
not due to over-heating, and that shortness of water had 
nothing whatever to do with it. Even with new furnaces 
the boiler was not fit to stand a working pressure of 60 Ib., 
and when new 45 lb. was as much as it was worth. Dirty 
water had been used, and this was injurious, but the 
cutting out of the Galloway tubes had seriously weak- 
ened the furnace-tube and led to the explosion. 

By Mr. Napier: The removal of the Galloway tubes 
would have the immediate effect of weakening the boiler, 

ut that was only one of the causes of the explosion, in 
his opinion. 

By Mr. Croome: Witness thought that 20 Ib. would 
have been the safe working pressure, and 45 Ib. was as 
7 2s should have been used when the boiler was new. 

_ Mr. J. M. Thompson, colliery manager, Bowhill Col- 
lieries, said he was a partner in the Dundonald Collieries, 
and manager until March of last year. He heard that 
the two Loilers were for sale, and, after seeing them and 
taking for granted that they were all right, bought them. 
Mr. L:yce, boiler-maker, irkcaldy, told him that the 
Pressure on the boilers had been 55 lb., and said he had 
examined them particularly with a view to buying them 
for himself. Witness did not remember asking whether 

ey were insured. He knew they were twenty years 
old, aud had been recommended the maker. He 
could not say what Mr.-Bryce ore | to sell the boilers 


at, but witness beat him down to 75/. for the two, and con. | were a bargain, but Mr. Thomson was as free to buy new | 





| sidered he had got a bargain. .He could not say what 


| price would have been got for the boilers had they been 
purchased for old metal. After they had been fixed in 
position at the colliery, he could not say whether they 
were tested, for he left the matter with Mr. Bryce, who 
| had a free hand; but the pressure was fixed at no more 
than 45 lb. In 1907 it was increased to 55 lb., and from 
information he had from an expert he knew the boiler 
would stand it. The feed-water did not contain an ex- 
cessive amount of scale. Some time after the boiler had 
been set to work one of the Galloway tubes leaked, and 
Mr. Bryce examined it, and thought the better plan would 
be to take the tube out al ther and puta plate over 
the opening thus made. itness knew that this had 
r done in other places, and thought the rule now was 
| rather not to put in these tubes ; he knew of cases where 
7 had not been introduced. 
7 


Mr. Macfarlane : Witness knew that it was usual to 
insure boilers, but his firm did not du so at the time. It 
was not because he thought the insurance company 
would not allow a higher ure than about 45 lb. that 
they were not insured. f terme were being made 
for all the boilers to be insured together when they were 
all fixed. 

Mr. Andrew Bryce, boiler-maker, Kirkcaldy, said he 
saw the advertisement of the sale of the two boilers at 
Dunfermline, and went to see them. They were at work, 
and he went and saw the last reports upon them. He 
thought the pressure shown was 50 lb. in one case and 
55 lb. in the other. He offered 40/. for the two boilers. 
Witness advised Mr. Thomson to buy new boilers, but 
said that these two boilers were in a good state of preser- 
vation, and that he should obtain the insurance company’s 
reports. He was asked to remove the boilers to the 
colliery, but was not sure whether he fitted them up or 
not ; but he did not apply the hydraulic test or fix the 
steam pressure. His men removed two Galloway tubes 
from the boiler. In his opinion nothing in the formula 
showed that such tubes strengthened a boiler. He thought 
that shortness of water was the cause of the explosion, 
and did not think that a pressure of 60 Ib. would cause it. 

By Mr. Stevenson: When the Galloway tube was cut 
out in 1907, witness was not aware that the boiler was 
working above its capacity. He never saw the gauge 
beyond 50 Ib. pressure. 
| y Mr. Gorrie: Witness was Mr. Thomson's adviser 
at the time of the purchase of these second-hand boilers, 
but he never thought they were being worked at an unsafe 
pressure. 

By the Commissioner: Witness told Mr. Thomson 
that a pressure of 45 lb. was plenty, but it should not 
exceed 501b. He thought the furnace crown was patchy 
and needed repair, but did not consider there was any ris 
of an explosion so long as there was water in the boiler. 

Mr. Gilbert Andrew, who succeeded Mr. Thomson as 
manager at the colliery, said that the feed-water was 
very dirty. When he took hold, nothing was said to him 


d| about where the boilers came from or the price, and he 


only had information from Mr. Seaton after the explo- 
sion. After the explosion, Mr. Bryce told him that it 
was a bad business, and was the result of buying a lot of 
scrap, but he added that he thought it was a pure case of 
want of water, but had changed his mind after making an 
inspection of the boiler. itness heard about the re- 
moval of the Galloway tubes after the explosion. He had 
found an excessive quantity of dirt in the boilers, the 
incrust on the bottom of one of them would be 7 in. or 
8 in. thick, and they had to take a pick to it. His inten- 
tion had been to get these boilers out and put others in. 
He had reported two of the boilers at one of the pits as 
dangerous to human life. The first time the boilers were 
cleaned, after he took over the management, he found 4 to 
5 tons of mud in one of them. He then turned his mind 
to improving the water supply, and took the source from 
the burn. When he first heard of the explosion he thought 
it was due to want of water, but after he knew the history 
of the boiler, with the existing incrustaticn on the plates, 
he changed his mind. 

Mr. Christie, underground manager, under Mr. Thom- 
son, referred in his evidence to the raising of the pressure 
on the exploded boiler, and said that nothing wes done 
to ascertain whether the boilers were fit for the pressure. 
The Galloway tube was leaking, and Mr. Bryce was sent 
for and removed it, as he was generally the one who ad- 
vised about the condition of the boilers. 

Mr. David Skinner, until recently employed at the Dun- 
donald Colliery, said he received a call from a boiler 
inspector who told him that the boilers at the mine were 
in such a state that no one knew the pressure they were 
working at. The inspector appeared to be in a “ terrible 
state” about the boilers, and said they were not safe. 
Witness mentioned the matter to Mr. Andrew, the 
manager. 

After evidence had been given by several engine-men 
and others who had been employed at the colliery, a boiler- 
maker, Archibald Glass, spoke to taking out one of the 
Galloway tubes about two years previously on Mr. 
Christie’s instructions. He thought the removal of this 
tube would tend to weaken the furnace-tube. 


an inspector at the pit last July, but he never made any 
report to him about the boilers, though he understood he 
asked Skinner to remove some weights from the safety- 
valve. 

Mr. J. Hamilton Meikle said he was part owner of the 
Dundonald Colliery. Mr. Thomson had a perfectly free 
hand to purchase what was required, and no check was 
put upon him. During Mr. Thomson’s managership the 
capital expenditure on machinery and plant, from July, 
1904, to March, 1908, was, roughly, 7000/. Witness knew 
| nothing about the purchase of the second-hand boilers, as 


| it was a matter outside his province. He assumed they 





Mr. James Gould, engineer at the colliery, said he saw | 


lant as he was to buy second-hand plant. After 

r. Andrew became manager, attention was turned to the 
question of boiler insurance, and an insurance company 
was told to look the boilers over. Shortly after the 
explosion the boilers were insured. 

After evidence had been taken from several other 
witnesses, James Stark, retired boiler-maker, said he had 
been engaged sixty years at boiler-making, and was 
formerly foreman boiler-maker to the Fife Coal Company, 
where he had 112 boilers under his charge, six of these 
being Cornish, and all the others Lancashire. He had 
the superintendence of them all, and they all had Galloway 
tubes. He thought that Galloway tubes did not strengthen 
a boiler 5 per cent. The Fife Coal Company’s boilers 
were all insured, and were inspected every year. He had 
frequently taken Galloway tubes from boilers, and the 
insurance company never called in question their removal, 
but allowed them to work the boiler at the same pressure 
as before. The removal of the Galloway tube in the 
present case could have had nothing to do with the 
collapse of the furnace. 

Mr. Thomas Smith, boiler-maker and manager to the 
Steel-Pipe Company, said he had examined the exploded 
boiler. He found that the crown of the furnace-tube had 
collapsed, and that there was a rent in the plate about 
5 ft. in length, extending te the front of the boiler. . It 
was not easy to form an opinion as to the cause of the 
collapse, but he thought it was due to overheating and 
excessive pressure. 

Mr. David Mitchell, boiler maker, Kinghorn, said he 
was foreman boiler-maker with Messrs. Scott, Limited, 
Kinghorn. he previous week the boiler inspector 
ordered him to remove a Galloway tube from the boiler 
at their works, and told him that it would not deteriorate 
the boiler by taking the .tube out, and it would not be 
necessary to reduce the pressure. 

The taking of evidence having been at length closed, 
the presiding Commissioner, on the fifth day of the 
investigation, proceeded to deliver judgment. In giving 
answers to the various questions submitted to the Court 
by the Board of Trade, he stated that the boiler was 
built in 1875 by Messrs. Carmichael and Co., Dundee, 
for a working pressure of 45 1b. per square inch, for Messrs. 
Inglis and Co., Dunfermline, the price being 390/. It was 
worked by them to 1904, and in September of that year it 
was, along with another boiler of similar size and con- 
struction, purchased by Mr. Thomson, a partner of and 
manager for the Dundonald Collieries, Cardenden, Fife. 
The price paid for the two boilers was 75l. It was 
then set up and worked at the colliery from January, 
1905, to mber, 1907, at a pressure of 45 lb. to 
47 lb., after which it was worked at 60 lb. to 65 Ib. 
until September 22, 1908, when it exploded with fatal 
results. Itwas asked: ‘‘ After being set to work at the 
mine, were proper measures taken by Mr. John Thomson 
to ensure that the ordinary working and general manage- 
ment were entrusted to a competent person or to com- 
petent persons?” The answer was that competent firemen 
were employed, but proper measures were not taken to 
ensure that it was fed with proper water, or that it was 
properly cleaned out and examined by a competent person 
at sufficiently frequent intervals. Proper measures were not 
taken to ensure that it was worked under safe conditions. 
In answer to a question as to repairs, the Commissioner 
said that two Galloway tu had been removed, as they 
were burnt through and leaked, but new tubes were not 
put in nor was any compensation introduced in place of 
the support of the removed tubes. The holes in the flue 
had been only plated over, and the Court considered that 
the removal of the tubes from the furnace flue contributed 
to the colla by increasing the unsupported length of 
the flue. e boiler had not been submitted to hydraulic 
test after the tubes had been taken out. Mr. Andrew, 
when he became manager of the collieries, took proper 
and adequate measures to uaint himself with the 
general condition of the boilers at the mine, and to ensure 
that the ordinary working and management were entrusted 
to a competent person, and he also took measures which 

reatly improved the quality of the feed-water. But he 

idnot take proper measures to ensure that the exploded 
boiler was being worked under safe conditions. he ex- 
plosion was due, not to overheating from shortness of 
water or excessive scale, but solely to over-pressure, the 
the furnace-tube being too weak to withstand the strains 
to which it was subjected. 

The owners of the Dundonald Collieries, Mr. Thom- 
son and Mr, Andrew, were to blame in varyi 
for the explosion. The Court considered that Mr. om- 
son was primarily to blame. He recklessly worked the 
boiler at a pressure 20 lb. in excess of what it was 
originally constructed for, when both its and condi- 
tion indicated the prudence of making a uction rather 
than an increase in the pressure. He failed to have the 
boiler properly inspected by any competent person, and 
to have a safe working pressure assigned. ihe Court, 
therefore, ordered Mr. Thomson to pay the sum of 40/. 
towards the costs and eugene of the inquiry. 

The Court also thought the owners were to blame. 
Mr. Meikle had given his evidence in a very straightfor- 
ward manner, but they could not accept the position that 
the owners of a colliery were not responsible for seei 
that their capital was used in acquiring plant which coul 
be worked with safety to their employés. When without 
technical knowledge themselves, it was the more necessary 
that they should call in expert advice and assistance, and 
see that their boilers were duly ins: by an indepen- 
dent and competent person. r. Thomson ceasing to 
be ma: r, and it coming to the knowledge of the owners 
that the boilers were not inspected, they failed in their 
duty in not having an iemendinge inspection carried out. 
The Court ordered the owners, conjointly and severally, to 
Pay 25. towards the expenses of the inquiry. 

ir. Andrew, the Commissioner said, was also to blame. 
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His first duty in takin 
or eight large boilers, a 


over the management of seven 
ut which there was no reliable 
information as to the safe working pressure, was to get 
them examined by a competent man. He was not entitled 
to assume that the boilers were being worked at a safe 
pressure, and he ought specially to have been on his 
guard after he found out how faulty some of them were, 
and when he saw the way in which the levers of the safety- 
valves were loaded with miscellaneous weights. It was 
quite true that he set about getting the boilers insured 
and inspected when he was appointed ma r, and it 
was also true that he had greatly improved the quality 
of the feed-water and the cleaning of the boilers, 
and his vigorous action was very praiseworthy and 
commendable; but the fact remained that at the end of six 
months, after he had taken over the ma ment, the 
exploded boiler had not been examined, and Mr. Andrew 
continued quite ignorant as to whether it was working at 
a safe pressure or not. In doing so he took a risk which 
he had no right to take, and the Court therefore ordered 
him to pay 15/. towards the expenses of the inquiry. 

With regard to Mr. Andrew Bryce, boiler-maker, Kirk- 
caldy, whose evidence was most unsatisfactory and in 
— way unreliable, the Court had some difficulty in 
absolving him from blame. His twofold position, of at 
one time the unbiassed adviser, at another the boiler-maker 
on the outlook for work, was, to a large extent, incon- 
sistent and equivocal. The Court were satisfied that in 
the first instance he misled Mr. Thomson by informing 
him that the boiler could be worked to 55 Ib. pressure, 
and they did not believe that he applied the hydraulic 
test. r. Bryce had a free hand as to the making of 
repairs to the boiler during Mr. Thomson’s managership. 
On the other hand, the pressure when the boiler was first 
set to work, and down to December, 1907, was 45 lb. to 
47 lb.; and it was doubtful whefher the increase of pres- 
sure to 601b, was brought to Mr. Bryce’s knowledge. The 
Court were willing to give him the benefit of the doubt, 
especially as Mr. Andrew admitted that when he became 
manager he did not rely on Mr. Bryce for advice about 
the boiler. The Court did not make any order as to costs 
in his case. 

The inquiry, which occupied five days, was then closed. 








Heysuam Harsour ; Mrptanp Rattway.—The figures 
for some official tests of the Mond gas plant at Heysham 
Harbour, installed in connection with the electric supply 
for the Heysham branch of the Midland Railway, have 
lately been published. The gas plant is of 1000 indicated 
horse-power, and the fuel used small bituminous coal. 
On the first test of one 250-brake-horse-power engine at 
half-load the fuel gasified per brake horse-power hour 
amounted to 1.82 lb., and i a second test at full load, 
1.29 lb. The fuel gasified per kilowatt-hour amounted in 
these two tests to 2.68 lb. and 1.87 lb. respectively. A 
test on two engines at half-load showed that 1.37 Tb. of 
fuel was gasified per brake horse-power hour, and at full 
load 1.28]b. For the two engines the fuel gasified per 
kilowatt-hour amounted to 2.03 lb. at half-load, and 
1.85 lb. at fullload. These figures are stated not to include 
the fuel required for driving auxiliaries. The result is 
said to be 10 per cent. better than was guaranteed by 
ee contractors, the Power-Gas Corporation, Stockton-on- 
Tees. 


GERMAN MINING IN 1907.—The mining statistics for 
Germany and Luxemburg, which is included in the Zollge- 
biet, show that the coal production of 1907 was the highest 
ever reached, the total of 143,185,691 tons exceeding the 
previous maximum of 1906 by 4.4 per cent. There was, how- 
ever, a decrease of the coal mined per collier from 268 tons 
to 263 tons in 1907. The average price of coal went up by 
9 per cent., and the total coal produced was valued at 1394 
million marks. The increase in the imports of coal was, 
however, far larger than that in the | mg the im- 
— rising by 48 per cent. to 13,721,549 tons, of which 

treat Britain supplied most, sending 4,351,000 tons more 
than in the previous year, while the imports from Austria 
decreased. The temporary scarcity of coal further stimu- 
lated the demand for lignite or brown coal, of which 
62,547,671 tons (11 per cent. more than in 1906) were pro- 
duced ; the total value of the lignite, 131,494,000 marks, 
exceeded that of the previous year by 19 per cent. Taking 
coal and lignite together the consumption per head of popu- 
lation had risen from 2662 kil mmes in 1900 to 3: 

kilogrammes in 1907. Graphite-mining is confined to 
Bavaria, which produced 4033 tons—a little less than last 
year ; 29,398 tons of graphite had to be imported, chiefly 
from Austria-Hungary and Ceylon. The asphalt pro- 
duction rose by 8 per cent. to 126,647 tons. Petroleum 
also showed an increase of 30 per cent. in production, 
106,379 tons in 1907, and of 7 per cent. in value, 66.33 
marks per ton. The iron market declined in the last 
quarter of 1907. The total output of iron ores rose by 3.6 
per cent, to 27,697,182 tons, aad as the average price in- 
creased too, the total value improved by 16 per cent. to 
119,186,000 marks. For zine the year was unfavourable. 
The output rose by 1.2 per cent. to 208,195 tons, but the 
value fell by 11 - cent. to 96,573,000 marks; the zinc 
imports says Sear Spain and Australia) amounted to 
184,703 tons. e lead production also went down, from 
150,741 tons to 142,271 tons, the price rising from 338 
to 382.92 marks, however ; the vee of the total lead 
mined increased by 6.8 per cent. Copper fared similarly ; 
the production diminished by 1 per cent. to 31,946 tons, 
but the price went up by 11-per cent. to 1733.91 marks, 


so that the total value increased by 9 per cent. in spite of | 


a decline of prices in the = pee of the year. The 
a of copper per h of population diminished 
from 2.47 kilogrammes in 1906 to 2.43 kilogrammes. The 
production of copper ores, 771,227 kilogrammes, showed a 
very slight increase, 





| Brothers Dynamo Works, Limited, Queen Anne’s Cham- 


| gear for tramways and railways, switches, fuses, &c., con- 


CATALOGUES. 
Tue Damier BULLETIN for January, 1909, contained, 
among other articles, one on “ +} or Cars.” This was 
by Messrs. W. Morgan and E. B. Wood, and described 


tests made on springs at the Daimler Works. Diagrams | reg’ 


of results obtained are given. 

The Machine-Tool Company, Limited, London-road, 
Nottingham, have issued a fresh list of new and second- 
hand engineers’ plant. This is mainly devoted to machine- 
tools, &c., but also contains particulars of engines, boilers, 
cranes, &c. 

A price-list of wrought-iron tubes and fittings for gas, 
water, and steam, and of iron and steel lap-welded boiler 
tubes, &c., with driving points and other matters, is to 
hand from Messrs. John ole Limited, Wednesbury, 
Staffs. 

Brill?’s Magazine, published by the J. G. Brill Com- 
pany, Philadelphia, Pa., , is largely devoted to 

.A.Y.E. cars for American city systems, to a tramcar 
road-sweeper and other types of vehicles recently turned 
out by this firm. 

A pamphlet lately issued by the Reo Motor-Car Com- 
pany, Lansing, Michi n, U.S.A., consists of extracts of 
reports of journeys all over the world made in Reo cars, 
and is illustrated with little views of these cars in many 
countries. 


Messrs. Edward Le Bas and Co., Dock House, Billiter- 
street, E.C., have sent us a pamphlet containing illus- 
trations and descriptive matter concerning the Blaw 
collapsible steel centering. This is suitable for the con- 
struction of concrete sewers, pipes, culverts, bridges, &c. 


Messrs. Firth Blakeley, Sons, and Co., Limited, Thorn- 
hill, Dewsbury, Yorks, ae, recently published a list of 
new and second-hand gas apparatus, including exhausters, 
washers and scrubbers, purifiers, meters, gas-holders, 
valves, &c., coke-breakers, engines, and other plant. 


Mr. Albert Brauckmann, 16 and 17, Barbican, E.C., 
sends us circulars of the products of Mr. F. W. Busch, 
Ludenscheid, Germany, for whom he is agent. These 
products are electrical accessories, such as 7 roses, 
connecting-boxes, hand-lamps, simple pendent fittings, 
knife-switches, &c. 

A circular from Messrs. Holden and Brooke, Limited, 
Sirius Works, West Gorton, Manchester, relates to their 
patent ‘‘Swivel” injector, in which the overflow and water 
connections can be swivelled to any angle to suit fitting 
up, and there locked. The injector is very simple in 
design. Prices are given. 


The J.-L. Manufacturing Company, Limited, Johnson, 
Lundell Works, Southall, Middlesex, have just issued a 
catalogue of J.-L. motors. This consists of a series of 
tables giving particulars and prices of their standard sizes 
of motors for continuous current of 4 to 75 brake horse- 
power, for 250, 440, and 500 volts. 


The circular of Messrs. H. E. Moss and Co., of Liver- 
pool, contains particulars of a large number of steam- 
ships of all sizes from about 6000 tons downwards. Pas- 
senger and cargo vessels are listed, while paddle-steamers, 
dredgers, yachts, tugs, trawlers, &c., are also well re- 
presented. 


From Messrs. Matthew Wells and Co., Hardmann- 
street Oil Works, Manchester, we have received a pam- 
phlet on oils for large gas-engines. This contains, among 
other matter, a reprint of a report made by Mr. Michael 
Longridge and Professor J. T. Nicolson on the condition 
after twelve months’ working of a 600-brake-horse-power 
gas-engine at the Staley Cotton Mill. 


Messrs. A. Reyrolle and Co., Limited, Hebburn-on- 
Tyne, have sent us a circular descriptive of their dividing- 
boxes and sealing-bells for various types of cables. The 
dividing-boxes are designed to suit voltages up to 20,000. 
A circular of their drum ty direct-current motor- 
starters is also to hand, these Faing designed for various 
horse-power ranging up to 100, 


Messrs. Dean Brothers, Steam-Pump Works, Indiana- 

lis, Indiana, U.S.A., have sent us a small catalogue 
illustrating and describing condensing plant made by 
them. The pamphlet is mainly devo to pumps of 
single and duplex, horizontal and vertical types for 
condensers, or vacuum production in vacuum pans, &c. 
Jet and surface condensers are also dealt with. + 


A catalogue is to hand from Messrs. Ernest Scott and 
Mountain, Limited, Newcastle-on-Tyne. This is a well- 
illustrated production, dealing with all manner of elec- 
trical plant turned out by the firm, such as generators, 

ing plant, hauling and winding machi- 





switch-gear, pumpin 
nery, &c. ithe book’ is supplemented by tables, &c., 
relating to the transmission of power, &c. 


aye ope No. 41 from The Crane Company, of Chicago, | 
t 


deals with valves and fittings forammonia working This 
small book deals with valves, fla pipe - fittings, 
gaskets, ey wae joints, dein” and numerous | 
other parts for such installations. Matter is also included 
on the strength of pipes, and other subjects, while at the | 
end of the book are some 30 pages of tables, of service in 
making refrigeration calculations. 


We are in receipt of a catalogue from Messrs. Siemens 


bers, Broadway, Westminster, S.W., made up of several 
separate pamphlets filed in one cover. These all refer 
to railway material, such as line material, collecting 


trollers, single-phase motor-car and locomotive equip- 
ment. The lists are well illustrated and prices are 
included in the information given. 





Messrs. J. Blakeborough and Sons, Brighouse, York- 
shire, have lalely sent us the second section of their 
catalogue of water-works appliances. This deals wit!) 
filter-bed fittings, wept | ee, &c. The filter. 
bed fittings include adjustable filter outlets, weir-gaug 
ulators, &c., while the sand-washers are of the conic:! 
and other types, including Pettit, Garside, and Webster’. 
patent washer of zig-zag form. A ‘‘turnover” filter for 
water treatment is also illustrated and described. 


Messrs. F. L. Smidth and Co., Vestergade 33, Copen- 
hagen, Denmark, whose London office is at Palace Chau, 
bers, 9, Bridge-street, S.W., have sent us a pamphlet of 
grinding machinery, such as their ‘‘ Kominor” ball-mil!s 
and tube-mills. Another pamphlet consists of a paper 
read before the Association of German Portland Cement 
Manufacturers by Mr. P. Larsen, on ‘* Recent Technica] 
Developments in the Cement Industry.” This paper is 
well illustrated. 


Messrs. Wellman-Seaver and Head, Limited, 47, Vic- 
toria-street, London, 8.W., have recently issued a well 
printed pamphlet on open-hearth charging-machines. In 
this pamphlet the advantages of such machines are set 
forth and several patterns illustrated. These patterns 
include a high-ground type and a low-ground type and 
overhead types. The icibteun illustrations are repro- 
ductions of photographs of machines in use at various 
British works, such as Messrs. Steel, Peach, and Tozer, 
— Bolckow, Vaughan, and Co., Messrs. Jas. Dunlops, 

c. 


The Engineering Supplies, Limited, 28, Victoria-street, 
Westminster, S.W., se recently issued a pamphlet 
descriptive of Steinle’s steel mercury thermometers and 
pyrometers. These are dial instruments and in some 
patterns are fitted with recording mechanism using a 
paper ribbon. The instrument consists of a flat steel tube 
coiled to a spiral, with a closed mercury receptacle at its 
lower end. The expansion of the mercury within this 
receptacle and spiral tube causes the tube to unwind. 
The connection between the mercury container and the 
spiral tube may be of any length up to 50 yards. Tem- 
peratures up to 950 deg. Fahr. may be taken. 





WIRELEss TELEGRAPHY ON THE GREAT EASTERN RAIL- 
way ComPany’s STEAMERS.—The Great Eastern Railway 
Company have given orders for the whole of their 
steamers on the Harwich-Antwerp service to be fitted 
with the same system of wireless telegraphy as is on their 
Hook of Holland steamers. 


INTERNATIONAL ELECTROTECHNICAL COMMISSION. —It 
will be remembered that at the recent meeting of the 
International Electrotechnical Commission the question 
of an International unit of light was brought forward. 
It was decided that the committee of each country should, 
in dealing with this matter, endeavour so to arrange 
matters as to suit both the gasand the electrical industries. 
The British Committee has now appointed a sub-com- 
mittee, consisting of Dr. R. T. Glazebrook, F.R.S. 
(chairman), Dr. 8S. P. Thompson, F.R.S. (British delegate 
to the Commission), Professor C. V. Boys, F.R.S. (as 
official representative of the Gas Referees), and Mr. J. W. 
Helps, M. Inst. C.E. (nominee of the Institution of Gas 
Engineers). Work has been in progress at the National 
Physical Laboratory, and it is expected that the sub- 
committee will, before long, issue a report on the subject. 


THE IMPERIAL INTERNATIONAL EXuHisition, LONDON, 
1909.—In connection with the: forthcoming Imperial 
International Exhibition, to be opened in May at Shep- 
herd’s Bush, London, a committee of engineers has been 
formed to manage the British Electrical Section. Already 
space has been acquired by the representatives of the 
German, Swiss, and American electrical industries, and 
about. 16,000 square feet has been ‘offered by the Exhibi- 
tion authorities for the British Electrical Section, with 
additional space up to one-third more, free of all rental 
charges, for the Fistorical, educational, and_ scientific 
sections of the electrical exhibit. It is hoped that a good 
representative British Section will be possible, and appli- 
cations for space or suggestions regarding the organisation 
of the section should be addressed to the Committee of 
the Electrical Section. 


University CoLtEce, Lonpox.—In the annual report 
of the work of University College, London, recently 
issued, it is stated that the rearrangement of the engi- 
neering department is now almost completed. In the 
department of electrical engineering the old lecture-room 
has been converted into a p serves Beene and the machi- 
nery moved into it has made room for larger and more 
modern plant in the original room. New switchboards 
have been added, and another room is being equipped for 

hotometry. In the Research Laboratory the equipment 
includes additional radiotelegraphic apparatus and appll- 
ances for making high — Special courses were gy - 
in radiotelegraphy and telephony to _ post - graduate 
students, veal attending cn the Post Office de- 
partment. A donation of 50/. was received during the 
past year by Mr. A. F. Yarrow for the provision of appa- 
ratus in the mechanical engineering Snares. _Asum 
of 410/. was also received from the Past Engineemng 
Students’ Committee, also for new equipment of the eng'- 
neering departments. The original papers and publica- 
tions from the scientific department of the College, printed 
in the calendar for 1908-9, include several from the 
departments of applied mathematics, physics, and me«}s- 
nical, electrical, and municipal engineering. 
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“ENGINEERING” ILLUSTRATED PATENT 
RECORD. 


ComperteD By W. LLOYD WISE. 

SELECTED ABSTRACTS OF RECENT PUBLISHED SPEOIFI- 

CATIONS UNDER THE ACT OF 1907. 

The number of views given in the Specification Drawings is stated 
in each case ; where none is tioned, the Specification is not 
illustrated. 

Where inventions are communicated from abroad, the Names, &c., 
of the Communicators are given in italics. 

Copies of Specifications may btai © Se Peat Qin, Ot 
ranch, 25, Southampton Buildings, Chancery-lane, W.C., at 

the uniform price of 8d. 

The date of the advertisement of the acceptance of a Complete 

Specification is, in each case, given after the abstract, unless the 
Patent has been sealed, when the date of sealing is given. 

Any person may, at any time within two months the date of 
the advertisement of the ti of a Complete Specification, 
give notice at the Patent O, of opposition to the grant of a 
Patent on any of the grow mentioned in the Act. 


AGRICULTURAL APPLIANCES. 


3359. H. J. Mesehali, Gainsboro Thrashing- 
Machines. {6 Figs.) ‘ebruary 14, . thrashing - 
machines as generally constructed there is a difficulty in main- 


taining efficient lubrication of the inside bearings of the shoe 
cranks and shaker cranks, as these parts are not easy of access, and 
the oil-cups can only be replenished when the machine is at rest. 
The object of the invention is to provide a simple and effective 
means of continuously lubricating the parts referred to, so that the 
machine may be worked for several days without replenishing the 
supply of oil to these parts. The lower part of the ring is eon- 
structed with an extension or strap a@ for bolting to the wooden 
connecting-rod in the usual way. In this lower part of the bear- 
ing is a cavity or well b for holding a supply of oil, and leading 
from this cavity to the surface of the crank-pin are ports or open- 
ings c, c, through which the oil is circulated, due to the action of 
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the crank. Extending from the oil-well to the outer ends of the 
bearing are other openings d, d, through which the oil returns to 
the oil-well after passing through the bearing, and thus a con- 
tinuous circulation of oil is maintained. Underneath the oil-well 
is a boss with a threaded hole e, suitable for receiving a screwed 
plug or tap for drawing off the oil when it becomes thick, and for 
affording access to the oil-well for cleaning-out purposes. The 
upper portion, or cap, of the bearing f, which is secured to the 
lower half by bolts in the usual way, is provided with a threaded 
hole g to receive an oil-cup or suitable plug, and the oil which is 
fed in through the opening g runs down through oil-grooves formed 
in the inside of the bearing, and is retained in the oil-well b. 
When the machine is in motion, the action of the crank causes the 
oil in the cavity to be agitated and thrown upwards, so that the 
wearing surface of the crank-pin is efficiently and continuously 
lubricated. (Accepted December 9, 1908.) 


ELECTRICAL APPARATUS. 


16,910. E. Schattner and R. Amberton, London. 
Prepayment Electricity Meters. [5 Figs.) March 17, 
1908.—This invention relates to Pe on eoyey meters of the electro- 
lytic type. According to the first part of this invention, use is 
made of a displacer, which may consist of or may carry one or 
both of the electrodes, and this displacer is so arranged that it is 
lowered into the electrolytic cell when each coin or token is in- 
Serted into the meter so as to raise the level of the electrolyte by 


rv 1. : Fig.2. 





























-| when it is desired to empty the latter. 


a resistance, which may conveniently take the form of a ome f 
One of the electrodes contained within the chamber ¢ is made 
slightly longer than the other, so that when the electrolysis is 


chamber c, and sufficient of the electrolyte is decomposed to ex- 
the shorter electrode, the circuit will not be at once broken, 

ut the resistance will be increased, so that the lamps in the circuit 
will be dimmed for some time before being finally cut ie be they 
will be as soon as the electrolyte is decomposed sufficiently to 


the displacing body, is connected by a flexible connector 
to the coin-operated mechanism, which may be, as shown, in 
the form of a slotted cylinder divided into halves on a line 
at right angles to its axis. Round one of these halves the flexible 
connector is wound, while the other half, which carries the operat- 
ing handle, is provided with a spring which returns it to the initial 
— after each operation. The coin forms the connection 

tween the halves, and, when inserted and the handle turned, 
causes the flexible tor to be w und, so as to lower the 
electrode e into the electrolyte by an amount which is determined 
by the value of the coin. The level of the liquid in the cell in the 


construction shown is thus raised by a definite amount, which is 





large compared to the downward movement of the r é. 
The circuit being complete th h the cell, electrolysis ns and 
used until the li level is 


continues so long as current is —s 
lowered, so as to break circuit of the shorter electrode, as above 
mentioned. (Accepted December 16, 1908.) 


GAS ENGINES, PRODUCERS, HOLDERS, &c. 


, and Kynoch, Limited, 

ig.) March 24, 1908.—The 
object of this invention is to provide an improved float-feed 
arrangement for automatically controlling the supply of water to 
the vaporisers of suction-gas producers. A is the generator, B 
the vaporiser, and C the scrubber. The water used in the 
apparatus is contained in the cavity D under the firegrate, in the 
annular space F formed by the body of the vaporiser B and the 
central gas-pipe G, and in the shallow dish H formed in the top of 
the vaporiser. The quantity of water in the cavity D under the 
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firegrate is regulated by means of the valve I, which is actuated 
by the float J through a lever and rod. The float J is contained 
in a small water vessel M, which is connected to the water space D 
by the pipe N, so that the flow of water through the valve I into 
the cavity D is determined by the quantity of water in the cavity 
D. The quantity of water in the annular space F is controlled in 
a similar manner by means of a valve actuated by a float P con- 
tained in a water vessel connected to the annular water space F. 
The quantity of water in the shallow dish H is also similarly 
controlled by the float S in a small water vessel connected to the 
shallow dish H. (Accepted December 9, 1908.) 


Limited, and M. Robson, Smeth- 

ucers, (3 Figs.) June 6, 1908.—This in- 

vention consists of improvenients in gas-producers. In carrying 
the invention into effect, the applicants émploy, in addition to, or 
in combination with, an ordinary dust-separator, a dust-receiving 
box or receptacle, and means for shutting off or temporarily closing 
the communication between the dust-separator dust-receiver 
a is the dust-separator, 
which is of the ordinary construction, the gas from the generator 
entering at the opening a2, and impinging on the division-plate b, 
by which it is directed downward, as indicated by the arrows, 
the gas passing under the bottom edge of the division-plate b, and 











ascending on the other side of the said division-plate, passing to 
the scrubber through the opening a*. To the lower end of the 
dust-separator a a dust-receiver or collecting-box ¢ is attached. 
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an amount which takes a quantity of current to decompose it 


equivalent to the value of the coin or token, the 


movement of the dis placer is large com 

movement of the displacer. The meter ts arranged 

able casing a re late of o veltameter coll posed of a vessel 

+, “Ving connected to it by means of a tube a small chamber c. 
chamber contains two electrodes, between which is connected 








; rts being so | 
Proportioned that the rise in level of the electrolyte with each | 
to the downward d is arranged. 

within a suit- 


The gas, in descending the front half of the separator, carries the 
dust therewith, and the dust, under the influence of gravity, con- 
tinues its motion into the Leprengee yes or oo ec. In od 

ipe or way constituting the lower end of the separator a, a valve 
nis : § which ‘6 normally o When it is desired to 
remove the accumulated dust from the box or receiver, the valve 
d is first closed, so as to permit the continuous working of the 
gas- ucer and engine or engines in connection therewith, and 
a lid or door closing an opening in the side of the box is removed 


leave the longer electrode exposed. The electrode ¢, which forms | 


| 


between the electrode ¢ and the two electrodes in the | 


} 
| 





or opened, and after conte ont re-closing the box, the valve d 
is again opened. (Accepted mber 16, 1908.) 
Limited, 


. Kir Hulett, and . 
"s. . Rm Graaties: 
(2 Figs.] December 24, 1907.—This invention relates to 


for washing or scrubbing coal-gas, for the purification of the same, 
and to that class of such a) us provided with a series of bays 
or Re pe ys in which washing discs or dev each com- 
posed of a series of bundles or sections built up of me’ other 
plates, bars, or the like, are rotatably mounted. According to 
this invention, the discs, instead of being independently mounted 
upon a shaft, are mounted thereon in pairs which are connected 
at,the centres or bosses by a gas- which extends through 
the usual walls between the two discs. a indicates the casing or 
shell of the apparatus, and 6, b!, b2 the peewnene therein forming 
the bays, cl. d, d! are the discs rota in the said bays, and 
which are connected in accordance with this invention. In order 
to effect the connection of the bosses ¢, ¢! of the discs, the adjacent 
surfaces are formed with flanges f, f to abut on their ends 
as shown in Fig. 1, the said flanges having on their inner circum- 
ferences lugs, through which bolts are for connecting the 
adjacent flanges together. With this arrangement it will be under- 
stood that the gas which enters the bay c passes from the outer 
circumference of the disc d and over the wetted surfaces thereof 
into the boss e, thence through the connecting passage formed by 
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_ Fig. 2, 
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the flanges f, f into the boss e! of the second disc d@, through 
which disc the gas flows outward towards the circumference, and 
thence down between the plain sides of the disc d! and the walls 
of the 4 into an adjacent pair of bays, and soon. In order to 
prevent the passage of the gas between the partition b! and the 
outer circumference of the flanges f, f, the latter are turned, as 
far as is necessary, and a packing-ring of babbit metal, lead, or 
other material suitable for forming a joint is placed on the said 
turned portion of the fianges f, f and secured to the partition b!. 
In order to provide for readily taking out and the 
bundles or plates which form part of the disc with as little dis- 
turbance to the apparatus as possible, the casing a is formed with, 
at the top of each bay, a manhole ¢ (normally closed by a cover) 
a enough to allow of the of the bundles through it ; 

the bundles, which at their inner ends are supported upon the 
bosses ¢, ce! in the usual manner, each carry at the outer end a 
transverse rod or bolt j, which is through and extends 
beyond the sides of the bundle, and rests in notches in the side- 
plates of the disc, as clearly shown in the drawing, instead of 
resting upon the bundle and ing through holes in the side- 
plates as heretofore. Independent bolts are provided for holding 
the bundles in position. e transverse bolts tig tt serve for the 





attachment of chains or the like, as shown in . 1, for lifting the 
bundles out of, or dropping them into, position in the disc. 


(Accepted December 16, 1 ) 
GUNS AND EXPLOSIVES. 


5889. A. F. Petch and F. Deneen, Westminster. 
Apparatus. [1 Fig.) March 17, 1908.—This inven- 


tion relates to apparatus for inserting ammunition into the 
chambers of guns, and is especially applicable for inserting powder 
charges into the chamber of a gun r the projectile been 
rammed by means of a more powerful rammer of usual construc- 
tion or by any other usual means. A represents the rear end of 
the gun, B is the loading-arm attached to the rear end of the 
slide or carriage ay a the gun, C is the rammer, of usual 
type, carried on the loading-arm, and D is the tray in which the 
ammunition is placed in position ready for grey into the gun. 
The charge-inserter made in accordance with this invention con- 
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sists of links E, F,and G. Of these, E and G are pivoted, towards 
their lower extremities, to the loading-arm at H, I, and at their 
upper ends are jointed to the link F at K and L. The lengths of 
the links and the 2 of the pivots and joints are so arran; 

that when the link G is rotated about its axis the lower end of the 
link F is constrained to move alone. an approximately straight line 
from the position shown in full lines to the position shown in 
dotted lines. The links E and G may be duplicated, the pairs of 
links being mounted co-axially on the pivots H and I on opposite 
sides of the loading-arm, and jointed to the link F at the joint 
pins Kand L. The lower part of the link F is preferably forked 
to clear the rammer C, the two sides of the fork, when the charge- 
inserter is fully withdrawn, being one on each side of the rammer- 
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head, The link G may be operated by hand or = 4 suitable power, 
but the mechanism is preferably arranged in such a way that it is 
not necessary to reverse the hand-lever, valve, controller, or the 
like in order to withdraw the charge-inserter from the breech of 
the gun after the powder has been pushed ins The link G is 
shown as — operated by an hydraulic cylinder Q, the ram of 
which is cau to traverse in the cylinder by a controlling-valve 
of any ordinary construction, operated by a hand-lever. 
is connected to the lever G by means of the bn. gary 8 and T, 
which are jointed to the link G and to a fix in on the load- 
ing-arm. ‘It is obvious that with this construction one stroke of 
the ram R will effect an out and return stroke of the charge- 
inserter, the le-links taking up the position shown dotted 
when the charge-inserter is fully withdrawn. (Sealed February 18, 


1909") 
MOTOR ROAD VEHICLES. 


1761. W. N.S Ez. B. and F. Harris, 
London. Motor Vehicles. {1 Fig.) January 25, 
1908. In vehicles propelled by a combination of electrical and 
mechanical. power, it has hitherto been customary to use a petrol- 
engine, or other prime mover, in combination with a dynamo 
and one dr .more electric motors, or a petrol or other engine and a 
machine, whieh may be either a dynamo or motor acco ig to the 
road and load conditions, nsed in connection with a secondary or 
storage hattery. In this Invention, the latter system is employed. 
A petrol-engine 1 is directly connected’to the rotating field 
magnets of a dyno-motor 3 through a flexible coupling in such 
manner that when the engine 1 is in operation its movement will 
he communicated to the field-magnets. The field-magnets 2 are 
both shunt and series wound. e armature of the dyno-motor 
3is actuated by current derived from a sto battery 6, the 
normal direction of rotation of the armature being contrary to 
that of the field-magnets, and the speed of the armature being 
governed by a controller. The armature is mechanically con- 
nected to a double-acting clutch 8 in such a manner that when the 
clutch is moved in one direction it is placed in mechanical con- 
nection with the shaft 9, cornected to the differential gear and 


6 


ie ram 



































27 


((75)) 


countershaft. When the clutch is actuated in the other direction 
by the operation of the pedal 15, the shaft 9 and driving gear con- 
nected thereto are disconnected from the armature, the other 
end of the clutch then engaging the sprocket-wheel 16 in such 
manner that the movement of the engine 1 is communicated to 
the armature by means of the gear-wheels 17, 18, countershaft 19, 
sprocket-wheels 16 and 20, and the chain 21. e field-magnets 
and the armature will then be driven from the engine 1, the dyno- 
motor 3 then becoming a dynamo or generator, returning current 
to the battery 6. The operation of the pedal 15 opens the supply 
valve 22 of the engine 1. The valve 22 is also opened by the 
movement of the controller handle 26, which controls the series 
fleld-windings of the magnets 2 in such manner that when said 
series field - windings are in use the valve 22 is fully opened. 
When the series field-windings are not in use, or when the clutch 8 
isin connection with the shaft 9 and the driving gear of the 
vehicle, the valve 22 is kept partially closed by the action of the 
spring 27, in such manner that the engine 1 operates at less than 
its full or normal speed, full speed being attained only when the 
valve 22 is fully opened by the operation of the clutch 8, or con- 
troller handle 26, as hereinbefore described. (Sealed February 18, 
1909.) 


PRINTING AND ALLIED MACHINERY. 


6427. G. F. Read and F.G. Lougee, London. Trim- 

Stereotype Pla [4 Figs.) March 23, 1908.—A 
known form of machine for trimming the edges of stereotype 
plates, linotype slugs, and the like comprises a table adjacent to 
the trimming-wheel or cutter, and a sliding oye 
gauge, by means of which the work to be trimmed is pushed up to 
the cutter to the requisite extent as determined by a rough 
adjustment stop on the table and a fine adjustment stop carried 
by the gauge. The present invention oe these 
features, and consists in the special construction and arrange- 
ment of gauge-stops hereinafter described. a is a table for sup- 
porting the plate or slug to be trimmed, On the table a is a 

















collar hk. & isa spring surrounding the spindle i, and compressed 
between the back of the fixed collar A and the front of a collar 
on the le. By means of the spring k the inclined surfaces of 
the h j and collar h are kept in close contact. By rotating 
the spindle i by means of the wheel J, the inclines of the head j 
are caused to ride up the inclines of the fixed collar h, and by this 
means the head j may be set so as to constitute a finely adjusted 
abutment to contact with the fixed stop. In Fig. 1 the fixed stop 
and fine adjustment stop j are shown slightly apart. In Fig. 2 
the spindle « has been slightly rotated to advance the head j in a 
forward direction. (A December 16, 1908.) 


RAILWAYS AND TRAMWAYS. 
18,216. The 8.P. (Suchostawer Patents) Syndicate, 
rr Baa London. tact 


ps (3 Figs.) August 31, 1908.—This invention 
relates to that system of electric traction on railways and tram- 
ways in which the current is —— to the cars from metallic 
studs, with which collectors on the cars make contact, and the 
invention particularly refers to the structure or mounting by 
which the contact studs and the switch mechanism are carried. 
In the figures, A is the surface stud of iron, set in a block B of hard 
insulating material, such as vitrified brick, granite, hard wood, 
or other suitable material, flush with the paving between the rails. 
C is an iron plunger free to move upwards when attracted by A, 
and by such movement actuating the switch mechanism D, which 
puts the stud into electrical connection with the line-wire E. F 
isa cast-iron frame of 4 section, in the web of which a circular 
hole allows the passage of an insulating tube F! enclosing the 
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plunger. The block B is contained and supported by F, which 
transmits any pressure on the block to the substructure of the 
tramway. Lugs formed on the sides of F receive the slotted ends 
of tie-bars G, the other ends of which are attached by nuts to the 
rails H. The pick-up magnet on the car is represented by N, 8. 
The magnetic flux passes from the pole N to the stud A, the 

lunger C, the frame F, and back to the divided pole 8, so that 
the r-gaps in the magnetic circuit are reduced to the minimum 
requisite for hani | and electrical insulation. Even 
in the extreme case of the switch-chamber being filled with mud 
or water, the guard-ring action of F will prevent the stud being 
electrically charged to a dangerous pressure. The top edges of the 
frame F are kept below the paving level, in order that on curves 
on the line the collectors depending from N may not come in con- 
tact with F, which would result in a short circuit. (Sealed Feb- 
ruary 11, 1909.) 


STEAM ENGINES, BOILERS, EVAPORATORS, &c. 


14,120. H. G. Small, and Small and Parkes, Limited, 
Manchester. e-Packings. [3 Figs.) July 3, 1908.- 
This invention relates to an engine packing of the combined metal 
and soft type, and its main object is so to construct and dispose 
such a packing and its constituent parts as to render it practi- 
cally suitable for use with engines actuated by superheated steam 
or other high-temperature gases. A is the stutfing-box, and B 
the gland of any usual or convenient construction. C is the 

iston-rod. Upon the piston-rod are placed metallic rings D 
ihre in the example illustrated), each of which is internally 
cylindrical to fit upon the rod, and is formed externally with two 
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at sides, Each ring is also transversely and tangentially 
divided %o as to be composed of three parts. Rings of soft or 
fibrous packing E are placed between the rings D and upon their 
convergent sides, It is evident that when the soft packing is 
compressed by the gland being screwed down, such compressed 
soft packing pressing on the convergent sides of the divided 
rings D will cause such rings to closely embrace the rod C, and 
the packing as a whole will fit closely upon the rod and within 
the stuffing-box. In the rings shown, the convergent sides meet 
at an angle of about 90 deg., but this angle may be varied within 
limits which enable the pressure of the soft king to force the 
rings on to the rod. (Accepted December 2, 1908 ) 

1918. R. H. Parsons, London. Turbines. [1 Fig.) 
January 28, 1908.—This invention relates ‘to turbines of the 
compound-impulse type work with steam or other compres- 
sible fluid. In such turbines there are a number of compart- 





groove b in a guide g, in which slides - -ended stud ¢ of the | 
stop d, which can be secured in any desi position by screwing | 
down a nut. This stop d forms a rough adjustment for the | 
advance of the gauge f which slides on the guide g, and is 

in a forward direction by the abutment d. To adjust the forward 
movement of the to greater nicety than can be obtained by 
the manipulation of the stop d, the said gauge is fitted with the 
following device :—In the forward end of a tubular fitting attached 
to the , in line with the stop d, is secured a h, the 
front of which’ is furnished. with inclined steps. i is a spindle | 
situated within the tubular fitting and pe one the collar 
A. This spindle ¢ has attached to it a head j which is formed at 
the back with inclined steps corresponding with the steps of the 


ments, in each of which run one or more rows of movin 

blades. The compartmenté are separated by diaphragms provid: 

with nozzles or ports, by means of which the steam is expanded 
down to the pressure existing in the succeeding stage and 
directed on to the blades in that stage. According to the pre- 
sent invention, these ~——e are cast integrally with the 
outer casing and are of short radial width, approximately filling 
the short annular space between the casing and drum or rotor. 
They are provided with nozzles or ports adapted to generate 
velocity in the steam and direct it at a suitable angle, the nozzles 
or ports in the diaphragms being open on the side adjacent to the 
drum. This minimises } and tends to the guidance of the 
steam so that it shall perform useful work. The divisions 


| event of contact no harm is done. Where the nozzles cd) not 
extend around the complete circumference of a diaphragm, the 
intermediate arcs between the drum and the casing are provided 
with labyrinth or other approved packings. The turbine-wh«e] 
is fixed on a shaft b, and runs in a casing which opens along a 
horizontal diameter. Steam enters the annular port e, which 
extends partly or completely around the casing. Steam passes 
from e to the interior of the casing by means of nozzles f, in \. hich 
it acquires velocity due to expansion, and by which it is directed 
on to the first row of moving blades. In the turbine shown. the 
| velocity of the steam acquired by the first expansion is taken out 
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by means of two rows of moving blades g and k, between which 
is a row of fixed bladesh. After passing through the blading of 
the first stage, the steam is left with little or no velocity. It 
then passes through nozzles / from the first to the second stage, 
acquiring velocity in so doing, and being directed on to the blading 
of the second stage. These nozzles in this invention are open on 
the side adjacent to the wheel a to minimise leakage losses by 
compelling the-leakage steam to follow, the direction of that flow- 
ing through the nozzles 1, The steam acts on the blading m, n, 0 
of the second stage, as on that of the first stage, and then passes 
away to the exhaust p. (Accepted November 18, 1908.) 

26,407. Drummond, Sur L e 
Blast-Pi [5 Figs.] November 29, 1907.—This invention 
relates to blast-pipe nozzles for locomotives of the kind in which 
pivoted semicircular flaps or wings are provided, so that the 
width of the nozzle many be adjusted between desired limits to suit 
the conditions of load and gradients, and secure more efficient 
and economical working. The object of the present invention is 
to provide an improved arrangement wherein the semicircular 
flaps or wings are pivoted between two vertical parallel side 
wings, in lieu of being located within a surrounding casing, and 
are actuated from the cab of the locomotive, so as to work in 
conjunction with an indicating device, as hereinafter described. 
As shown, the blast-pipe nozzle comprises two movable semi- 
circular wings A placed between two vertical parallel side wings 
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B. The movable wings A are mounted on pivots, and are ar ranged 
to be worked from the foot-plate of the engine by means of & 
hand-wheel and rod attached to levers hereinafter referred (0, 50 a8 
to late the opening and closing of the two movable wings A, 
and thus obtain adjustment of the width of the nozzle. The 

is screw-threaded in proximity to the hand-wheel, and <nyages 
with a correspondingly screw-threaded boss in a bracket er 
to the front of the cab of the locomotive, the other end of sal 
rod being connected to a pivoted lever which actuates out 
ably guided rod H attached to lever and link connections |, - 
The fink I) is connected to an arm J on a rock-shaft j, while 
another arm J1 on the same shaft is connected to a bar / my 
arms k adapted to operate the arms A! of the pivoted wings 4 





leakage 
between the nozzles may be reduced to as fine an edge as prac- 
ticable where they come adjacent to the drum, so that in the 


(Sealed February 11, 1909.) 
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THE HISTORY OF LAND MEASURE- 
MENT IN ENGLAND. 
By Wirrip Arry, M. Inst. C.E. 

Tue English system of land measurement has 
come down to us from the Romans, and their words 
ager =acre, and Pertica=perch still remain in our 
nomenclature. The jugum or jugerum of the 
Romans was defined in the same manner as our 
acre. Pliny says: ‘‘Juguin vocabatur, quod uno jugo 
boum in die exarari posset,” which signifies ‘*‘ The 
jugum was the area of land which could be ploughed 

y a pair of oxen in one day.” In Andrews’s Latin- 
English Lexicon it is stated that the Roman jugum 
was a rectangular area 80 yards long by 40 yards 
broad, or 3,200 square yards, whereas our acre is a 
rectangular area 220 yards long by 22 yards broad, 
or 4,840 square yards. Probably this great differ- 
ence arises from the fact that the Romans in Italy 
used oxen for draught animals, while at the time 
when our acre was fixed we probably used horses. 
And it is likely that at the same time our ‘ - 
were better made than theirs were formerly. The 
Latin word ‘‘ Pertica,” from which our word ‘‘perch” 
was derived, means a pole in its most general sense, 
and in its special signification was a measuring-rod 
with which the grants of land were measured out to 
the soldiers. It has exactly the same meaning as 
our words ‘* rod” and ‘‘ pole.” 

The fundamental units of land measurement are 
the furlong and the acre. Both of these are natural 
units. The furlong, or furrow-long, is the greatest 
length of straight furrow which a pair of draught 
animals can plough, when working advantageously. 
And the acre is the rectangular area of land, one 
side of which is the furlong, which the same animals 
can plough in a ne, day, when working ad- 
vantageously. The perch is a derived unit, very 
convenient for measuring and setting-out land areas: 
it is one-fourth of the other side of the rectangular 
area which contains the acre. 

The reason why in advantageous ploughing the 
furrows should be as long as possible, provided 
always that the draught animals are not exhausted 
or distressed, is that when the furrows are short 
there are a great many of them to the acre, and a 
large proportion of the whole time is lost in turning 
the plough at the landings or ends of the furrows. 
Thus, in ‘‘The Book of the Farm,” by Henry 
Stephens, a table is given of the time lost when 
working with different lengths of furrow, from 
which it appears that in ploughing an acre on ridges 
of 78 yards in length the time lost by turnings, in 
ploughing 10 hours with a 10-inch furrow-slice, is 5 

ours 11 minutes ; whereas, if the acre be ploughed 
with ridges of 212 yards in length, the time lost by 
turnings is only 1 hour 564 minutes. Therefore in 
this case the time saved by using the longer furrows 
is 3 hours 144 minutes. 

It is easy to see from the definitions that both the 
furlong and the acre would vary very much under 
different conditions. The draught animals might 
be horses or oxen, the ploughs might be of rude 
construction or of improved construction, and the 
iand might be heavy land or light land. These and 
other conditions would affect the furlong and the 
acre very materially. And, therefore, for purposes 
of legislation, it was necessary to fix the conditions. 
In England, at any rate when the area and sha 
of the acre were fixed by statute, the draught 
animals were for the most part horses, and the land 
assumed would no doubt be good average corn-land, 
such as would now be regarded as fairly heavy land. 
-With these conditions it had no doubt been long 
established that the length of the furlong was about 
220 yards, and that the width of the strip of land 
which could be ploughed in a fair working day was 
about 22 yards. Asaconvenient unit for measuring 
the land, as well as for setting-out the headlands 
and ridges of the ploughing, a land-pole or perch 
having a length of one-fourth the width of the 
rectanvular strip, or 5} yards, was adopted. And 
the acre was then determined by statute to be a 
rectanyular piece of land of such dimensions that it 
should contain exactly 160 square perches. The 
furlong was subsequently determined to be 40 
perches in length, so that the width of the statute 
acre wis 4 perches. And thus the primary or funda- 
mental shape of the acre was a strip of land ten 
times ; long as it is broad, as in Fig. 1, annexed. 

The « arliest statute dealing with land measure- 
ment which has come down to us is the famous 
statute ‘‘ De Admensuratione Terre,” 33 Edw. L., 
4D. 1505. In this curious statute the acre is 


define: by its length and breadth in perches for 70 





different proportions of length to breadth, the 
length changing by 1 perch at a time, and the 
corresponding breadth being given as computed, so 
that in every case the product of the length and 
breadth amounts to’ 160 squaresperches. And the 
length of the perch is defined to be 5} yards. Thus 
the area of the acre is strictly defined by this 
statute. This statute appears to have been sufficient 
for many years, but it had at last become necessary 
to fix the shape as well as the size of the statute 
acre, and in a paper by Mr. Agard, dated 
Noveniber 24, 1599, it is stated as follows :—‘‘ The 
table in the Star-Chamber made in the 12 year of 
Henry VII. by sundry of the Council by Commission 
setteth down, that an acre should be XL pole in 
length and 4 pole in breadth: but how many feet 
the pole should contain it mentioneth not.” This 
was followed by the Act of Elizabeth Anno 35, 
cap. vi., which runs as follows :—‘‘ No new. build- 
ings shall be erected within three miles of London 
or Westminster. One dwelling-house in London, 
Westminster, or three miles thereof, shall not be 
converted into more. No inmates or undersitters 
shall be in the places aforesaid. Commons or waste 
grounds, lying within three miles of London, shall 
not be enclosed. A mile shall contain eight 
furlongs, every furlong 40 poles, and every pole 
shall contain sixteen foot and an half.” This Act 
defines both the furlong and the mile. It had not 
been necessary to use the furlong as a unit for the 
definition of the acre ; the derived unit, the perch, 
was sufficient for that purpose. But the furlong 
took its proper place as a natural unit of great 
importance when it was wanted as a stepping-stone 
for the definition of the mile. The history of the 
mile is mentioned later on. 

Although the size and shape of the statute acre 
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were accurately defined by the Acts above quoted, 
yet there is abundant evidence that in most parts of 
England, for long after the date of the Acts and 
down to comparatively modern times, there existed 
local and customary values of the perch, and 
consequently of the acre (for the acre always 
contained 160 square perches), according to the 
nature of the land. Thus in ‘*The Workes of 
Edmund Gunter” (1653), one of the problems 
which he deals with is: ‘‘ Having the content of a 
superficies after one kind of perch, to find the 
content of the same superficies according to another 
kind of perch.” In John Worlidge’s Mystery of 
Husbandry (1681), ‘‘ An Acre is one hundred and 
sixty square Lug, or Perch of Land, at sixteen 
foot oa a half to the Perch ; but of Coppice Wood 
eighteen foot to the Perch is the usual allowance. 
But an Acre is sometimes estimated by the pro- 
portion of seed used on it ; and so varies according 
to the richness or sterility of the land.” And in 
‘*The Schoolmaster’s Assistant,” by Thomas 
Dilworth (1764)—‘‘Q. Is the Pole, or Perch, always 
of the same length? A. No. Q. What is the 
difference? A. Five Yards and an half are the 
Statute-Measure for a Pole or Perch ; but for Fens 
and Wood-lands it is customary to reckon 18 feet to 
the Pole ; and for Forests 21 feet.” And in ‘‘ The 
Complete Farmer: or A General Dictionary of 
Husbandry” (1769), we find, under the article 
‘* Acre,” the following definition :—‘‘ Acre,” a 
superficial measure of land, containing, accord- 
ing to the statute, one hundred and _ sixty 
square poles, or perches of sixteen foot and a half 
long. But this measure does not prevail in all parts 
of ciel: for though one hundred and sixty 
square poles or perches are allowed to be an acre, 
yet the length of the pole varies in different 
counties, and is generally called customary 
measure. Thus the customary perch in Stafford- 
shire is 24 feet. In the forest of Sherwood 21. In 
Herefordshire the perch of walling is sixteen foot 
and a half ; but a perch for digging twenty-one feet. 
Old farmers also estimate the acre of land by the 
proportion of seed used in sowing it; by which 
means it must vary in proportion to the fertility or 
barrenness of the soil ; and hence in many counties 
of England they have two sorts of acres, distin- 














guished by seed-acres and statute acres.” From 
this: it would appear that rates, taxes, and other 
charges were levied upon the land at a uniform rate 
per acre. But since it would obviously be unfair to 
rate marshes and woodlands at the same figure per 
statute acre as good corn-land, the acre was increased 
for the poorer land in such proportion that the 
incidence of the charges per acre x es be the same 
allround. And this increase of the acre was effected 
by lengthening the perch for the poorer land, as 
above stated. Thus a statute acre as set out by a 
perch of 16} feet, and a forest acre as set out by a 
perch of 21 feet, would be as in Fig. 2, annexed, 
where the shaded part represents the statute acre, 
and the outer boundary the forest acre. And the 
areas would be in the proportion of the square of 
164 to the square of 21, or as 272} to 441. 

In early times, and probably down to the time of 
Edmund Gunter, whose first book was published 
in 1623, the only accurate method of measuring 
land was by means of a wooden rod or pole, cut to 
the length of the perch. The perch-pole would, no 
doubt, be subdivided by halves, quarters, eighths, 
and sixteenths, down to the thirty-secondths of the 
perch. And for the simple process of setting-out 
and measuring rectangular land areas, this unit 
would be fait): convenient. But the perch is a 
short unit for land measurement, and the process 
would be rather slow. And for the measurement of 
fields of irregular shape the arithmetical reductions 
would become intolerably cumbrous and trouble- 
some. It was necessary to seek for a more con- 
venient unit, and the width of the statute acre— 
viz., 22 yards—would naturally suggest itself for 
the purpose. But the adaptation of this unit of 
22 yards, now known as the chain, was undoubtedly 
due to Gunter. In his book, Ed. 1653, he gives 
a table for the use of the chain, composed of 100 
links, which he called ‘*‘ Centesmes,” and shows how 
this method of measurement would facilitate the com- 
putation ofareas. One of his problems is : ‘‘ Having 
the length and breadth of an oblong superficies 
given in chains, to find the content in acres ;” and 
he proceeds to say: ‘‘ It being troublesome to divide 
the content in perches by 160, we may measure the 
length and breadth by chains, each chain being 4 
perches in length and divided into 100 links, then 
will the work be more easie in Arithmetique.” 
Gunter, and no doubt others, had noticed that, by 
a happy accident, the length of the statute acre is 
ten times its width; if, therefore, the width be taken 
as a unit and be called a chain, the area evidently 
contains 10 square chains; and if the chain be 
divided into 100 links of equal length, the square 
chain would contain 10,000 square links, and the 
acre would contain 100,000 square links. And 
thus, by measuring in chains and ‘‘ centesmes,” or 
links, or decimals of a chain, the area result 
appears in acresand decimals of an acre. Nothin 
more simple than this could be devised, an 
nothing more has been needed for ordinary land 
measurement up to the present time. 

It will be instructive to compare the results of 
modern ploughing with those of ploughing at the 
time when the statute acre was established. And 
the curious thing is that there is practically no 
alteration. An acre ploughed is a day’s work 
for a pair of horses now as it was then, though the 
conditions are altered very considerably. From 
‘*The Book of the Farm,” by Henry Stephens, it 
appears that an ordinary size of furrow-slice is 
10 in. broad by 7 in. deep, and that the length of 
ridge considered best for horses in draught is 270 
yards. With these conditions it is found that the 
rate of the horses is 14 miles per hour, and the 
area ploughed in a working day is almost exactly 
1 acre. ith a furrow-length of 270 yards, the 
width of the acre would be 17.926 yards; so 
that in good modern practice the acre is 270 
yards long by 17.926 yards wide, as against 220 
yards long by 22 yards wide, which was the prac- 
tice at the time when the statute acre was fixed, 
It is quite intelligible that the furrows should be 
much longer in modern practice than formerly : 
cogmes | the horses are stronger and better cared 
or, and the ploughs are certainly greatly improved. 
But it is not clear why, with these improved con- 
ditions, the area ploughed in a day should not be 
greater than formerly. Probably the explanation 
is that the horses are Letter cared for now ; they are 
not driven so fast as formerly, and their working- 
day is shorter. But the permanence of the acre— 
i.e., of the area ploughed in a day—during so many 
centuries is certainly very remarkable. 

The mile is a Roman measure, It was the mille 
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passuum of the Romans, which is estimated at 
1618 English yards, or 142 yards less than the 
English statute mile. It had long existed as a 
unit of length in England, though probably a very 
variable one, without any reference to the length of 
the other land measures. But it is a useful unit 
for road measurements, and its square is a useful 
unit for measuring the area of large districts, and 
when it became necessary to fix the relation that 
should exist between the various measures of the 


Kingdom, the English, with their natural predilec- | 


tion for the binary scale, found no difficulty in 
determining the length of the statute mile at 
8 furlongs, or 1760 yards, as defined in the Act of 
Elizabeth 35, cap. vi. 

There seems to be no reason to doubt that, 
during the Roman occupation of Britain, the acre 
would be the unit of land measurement—i.e., the 
area of land that could be ploughed by a pair of 
draught animals in a working day. This was the 
Roman system, and they would naturally import 
it into Britain, especially as there were probably 
no native units of land measurement to be sup- 
jlanted. But the Saxons evidently abolished the 
_ system, and introduced their own measures 
for land, the principal one being the ‘‘ hide” of 
land. The hide of land seems to have been the 
quantity of land, made up of proportions of arable, 
hay, and feeding land, which was sufficient for the 
maintenance of a man and his family. It commonly 
consisted of about 100 acres, but just as in the case 
of the acre in later times (as already mentioned), 
and for probably the same reasons, the area of the 
hide varied very greatly in different parts of the 
country. There is an interesting note concerning 
the Saxon measurement of land in the paper already 
quoted by Mr. Agard, dated November 24, 1599, as 
follows :—‘‘ Yet the certainty of measuring of lands 
came not until the realm was under the tribute to 
the Danes, which was, as Walter Witlesey, the 
monk of Peterborough, writeth, in the 30 year of 
King A®thelred, ‘qui misit nuncios Danis, dicens 
quod vellet iis teibutem dare, ut a rapinis desis- 
terent, illi consenserunt, et dabatur iis tributum, 
quod est 36 millia librarum argenti’: for the levying 
whereof thé realm was admeasured, and the money 
levied per hidas. . . . And so in infinite places also, 
antequam terra hidata fuit, by which it appeareth 
that lands were first measured by hides.” The 
hide is frequently mentioned in Domesday Book 
and during the reigns of the early Norman Kings, 
but gradually fell into disuse, and had become obso- 
lete by the time of Henry II. It is evident that the 
Normans had re-introduced the acre system of 
measurement, which, no doubt, they had brought 
with them from Normandy, and had abolished the 
hide. ; 


WATER-POWER PLANTS IN SWEDEN 
AND NORWAY. 

Tue large amount of water-power available both 
in Sweden and in Norway opens out great possi- 
bilities of industrial development in many different 
directions. The last few years have witnessed a 
steadily increasing exploitation of these resources, 
to which reference on more than one occasion has 
been made in our columns. According to recent 
investigations and calculations,* Sweden can render 
evaliaite an amount of water-power of about 
4,000,000 horse-power, of which about 400,000 
horse-power, or 10 per cent., will have been turned 
to account when the plants now in course of construc- 
tion are completed. The corresponding figures for 
Norway are 5,000,000 and 500,000 horse-power. 
Owing to the widely- varying and often peculiar 
natural conditions prevailing in both countries, the 
hydro-electrical power plants are of many different 
types, suitable for heads from less than 3 ft. up to 
3290 ft. and to deal with quantities of water up to 
9900 cubic feet per second. 

A description of a few of the more important of 
these plants, completed, under construction, or 
about to be taken in hand, may, therefore, be of 
some value to our readers, and we have chosen 
the following power-stations as illustrating some 
different types :— 








Turbine Horse- Feet- 
ower. 
1. Jissefors, Sweden 
2. Frykfors, Sweden \ 
3. Yngeredsfors, Sweden... 8,250 
4. Vamafos, Norway 75,000 H 
5. Tya palpi 73,000 3290 
* Sven Liibeck, Vattenbyggnadsbyran, Stockholm : 
Les chites d’eau Scandinaves et leur avenir (La Houille 
Blanche, Juillet, 1908). 


4,000 





It may here be mentioned that at Jéssefors the 
turbine chambers have, for the first time in Scan- 
dinavia, been entirely made of reinforced concrete ; 
at Frykfors it was necessary, during construction, 
to resort to cofferdams for 33°ft. water pressure ; 
at Yngeredsfors, in spite of the great head, the 
turbines have been placed in open cylindrical wells. 
Vamafos is calculated for the largest quantity of 
water in Scandinavia, and has involved the largest 
dam construction, while in the Tya scheme the head 
is one of the greatest in the world. 
|__ All these plants have been designed by the 
| Vattenbyggnadsbyran, Stockholm; this company 
| has also superintended the erection of the Swedish 
installations. 

In order to throw additional light upon the 
activity going on in Scandinavia as regards the 
utilisation of water-power, we reproduce in Fig. 1, 
below, a map of Sweden and Norway, in which are 
marked the locations of a number of power-stations, 
completed or in progress, which have been designed 
by the firm above mentioned. 
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The references to the map, Fig. 1, in Sweden, 
are as follow :— 


S. Four power-stations (now under construction), each 
of about 4400 horse-power, and with a head of 31 ft., 
intended for power transmission to towns in Southern 
Sweden. 

H. Hemsjé (completed), 4000 horse-power, with a head 
of 50 ft., for power transmission to towns. 

T. Torsebro(under construction), 3000 horse-power, with 
a head of 33 ft., also intended for power transmission to 
towns. 

G. 7 (completed), 24,000 horse-power, with a 
head of 72ft. The turbines are of 4000 horse-power, 
placed in open iron-plate cylinders and reinforced con- 
crete. Power transmission for various purposes, 

F. Forshult (under construction), 9000 horse-power, 
with a head of 43 ft. 

U. Untra (to be started this year), 32,000 horse-power, 
with a head of 46 ft., intended for power transmission to 
Stockholm, a distance of 85 miles. 

R. Ringdalsfors (under construction), 5000 horse-power, 
with a head of 60 ft. 

N. Norrforsen (projected), 80,000 horse-power, with a 
head of 170 ft. (two stations). 

V. Vakkokoski (likely to be started this year), 27,000 
horse-power, with a head of 60 ft., intended, among other 
purposes, for electric traction on the State Railway sec- 
tion Gellivare to Ofoten. This will probably be the most 
northern water-power plant in the world. 


The references to Norway are the following :— 


S. Svelgfos (see ENGINEERING, vol. lxxxvi., page 184), 
(completed), 40,000 horse-power, with a head of 160 ft.; 
intended for the nitrate trade. 

R. Rjukanfos (under construction), 144,000 horse- 
power, with a head of 1020 ft., also intended for the 
nitrate trade. 

T. Toke (projected), 150,000 horse-power, with a head 
of 925 ft, 








O. Otra (projected), 38,000 horse-power, with a head of 
5 ft. 


K. Kinservik (projected), 60,000 horse-power, with g 
ee ted), 110,000 h 
. Aura (projected), orse - power, 

plants, with Es of 2060 ft. and 360 ft. e 

It being, of course, out of the question here to 
deal with all these plants, we shall confine ourselves 
to the five types of plants first enumerated. At 
this point we may mention that reinforced concrete 
is being more and more used in Sweden in water- 
power plants. Reinforced-concrete chambers, half- 
cylindrical, 6 in. thick, with 27 ft. water pressure, 
have been constructed at Gullspang (G on the map); 
at Torsebro (T on the map) similar open turbine- 
chambers are being constructed ; and, finally, an 
imposing forebay of reinforced concrete has just 
been built at Ringdalsfors (R on the map), where 
1400 cubic feet of water per second is distributed 
into six pipe-lines. 

I,—J6ssEFors. 


This power plant was commenced in the autumn 
of 1906, and completed in the spring of 1908 ; it is 
situated in Western Sweden, close to the Norwegian 
frontier. The Jésse River there forms a fall of 
about 26 ft., with a quantity of water varying be- 
tween 300 and 7300 cubic feet per second. By 
means of a dam, regulating a considerable lake 
immediately above the power plant, it has, however, 
been possible to build a power station to deal with 
a maximum of 780 cubic feet per second. 

The dam (Fig. 2) is comparatively short, and has 
been built of granite laid in cement, in the form of 
a curve across the valley. Four outlets served for 
the escape of the water during the construction of 
the dam. For the discharge of the high waters 
there are thirty wooden gates, 3.3 ft. wide and 
10 ft. high, divided into five sets, and operated by 
hand. Further, the dam is provided with a movable 
spillway, having a free width of 16.5 ft. for letting 
through the ice. Necessary arrangements have also 
been made for the passage of fish and floated timber. 

The power-house (Figs. 3 to 5) is situated at one 
end of the dam, resting upon the rock, and built of 
brick on a foundation of concrete and stone. The 
turbines for the generators have double wheels with 
horizontal shafts, and are placed in open chambers 
of reinforced concrete, half cylindrical in shape, 
with walls 10 in. thick. The inner side has a pro- 
tective stone lining at the water-line ; the depth of 
water in the chambers is about 20 ft. 

The main turbines, of which there are three, each 
develop 600 horse-power, and are direct connected 
to the generators, e turbines driving the exciters 
are located as shown in Figs. 3 and 5, and are sup- 
plied with water through a sinall conduit from a 
separate inlet. The spent water from all the 
turbines passes into a common discharge-tunnel 
blasted in the rock. The machinery hall contains 
three three-phase alternating-current generators 
and two exciting sets, hydraulic governors, travel- 
ling crane, and switchboard. 

e electric current is generated at 7000 volts, 
and is transmitted at that pressure to a neighbour- 
ing wood-pulp mill and to the borough of Arvika, a 
distance of about 4 miles. 

The cost amounted to 320,000 kr. (18, 0001.) for 
the building work, &c., and for the machinery to 
about 120,000 kr. (66001.), which averages about 
260 kr. (14.31.) per installed electric horse-power. 
The plant develops a total of 1700 electric horse- 


power. 


in two 


II.—F ryxkrors. 

This electric power plant, designed for a total of 
4000 horse-power, is situated on the Nors River, in 
the province of Vermland, near the outlet of the 
Fryken Lakes ; these lakes are about 45 miles long. 
The level of the river has been raised by means of 
a dam to that of the lakes, and the dam also serves 
for regulating the run-off from the lakes, increasing 
the minimum quantity of water from 530 to about 
880 cubic feet per second. 

The dam (Fig. 6, page 344) has its lower part built 
of concrete lined with stone ; it rests upon the rock, 
which at the site forms a deep cleft. The whole 
length of the dam above the concrete wall consists 
of a series of gates, with a free width of 3 ft. and 
a height of 13ft. There are twenty-nine gates which 
are supported by iron frames and moved by a o-ton 
winch, travelling along the whole length of the dam. 
The latter is provided with the necessary arrange 
ments for letting fish through, and with an out let 
for timber, with a sill adjustable according to the 
level of the water above. _ 

The building of this dam presented some diffict-ty. 
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The power-station was already built, and in order to| The engine-room contains, besides the generators, 
keep this running, a cofferdam 33 ft. high had to | hydraulic governors, a travelling-crane, the switch- 
be constructed, with a view to raise the upper water | board, and low-tension apparatus, while the trans- 
level and also to further ensure the water-flow | formers and high-tension apparatus are placed in an 
through an existing wooden pipe 11.5 ft. in dia-| upper storey. The electric current is transmitted 
meter (Fig. 6). While the work was proceeding, | to the town of Karlstad, at a 34,000-volt pressure, 
for the Klarafors and other works ; current being 
aR also delivered to the same system from a water- 
S power plant at Dejefors, on the Klara River. 

? The cost of the buildin ; amounts to 640,000 kr. 
(35,000/.), and of the machinery (so far only 3 units 
are installed) to 230,000 kr. (12,6001.), equivalent 
%, to about 240 kr. (13.2/.) per installed electric horse- 
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front side is drained by unglazed earthenware pipes, 
which join in a collecting-pipe with its outlet on 
the down-stream side. for letting the water 
through during the time of building there were six 
outlets at the bottom of the dam, lined with granite, 
and closed, when necessary, by logs of oak. 

The concrete used for the dam was of different 
mixtures, and consisted of cement, sand, shingle, 
and broken stone in varying proportions, according 
to the position in which it was to be used, the 
strongest concrete being used in the four ver- 
tical arches. The stone facing of the overflow 
dam has well stood the wear and tear ; 300,000 


power. The power plant belongs to the Frykfors| pieces of timber have passed over it in about a 
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the water, owing to unusually heavy rainfalls, | Company, but is rented by a power-distribution 
overflowed the original dam, Fig. 6, and rose | company. 
to such a height that it made its way over the | III.—YNGEREDSFORS. _ 
cofferdam, which, however, stood the strain. This| During the years 1905-7 a power-station and dam 
cofferdam consisted of strong iron-shod wooden | have been constructed at the Yngeredsfors, on the 
frames, which were placed in the stream and| River tran, there being an almost perpendicular 
anchored by means of ropes and tackle (see Figs. 7 | fall of 33 ft. The river banks above the fall being 
to 9, page 344). high and steep, the water level could be raised con- 
The power-station (Figs. 10 and 11, on the same | siderably ; the head was thus increased by 26 ft. to 
page) utilises a head of 27 ft., and has a total of | a total height of 59 ft. 
4000 horse-power, divided upon 4 units. The out-| The main features of the lant are:—A dam 
let has been blasted in the mountain, and over it/| across the river on the crest of the steep rocky ridge, 
has been built a concrete vault, which supports the | and at the northern end of this dam, and in direct 
turbines and the granite walls between the separate | connection with it, a water-intake and a power- 
turbine-chambers. These latter are constructed with | house. ; 
grooves for stop-logs, racks, and gates in the order| The dam, 33 ft. to 40 ft. long, is curved, the 
here enumerated. Each chamber contains a main | radius being 660 ft. The material is concrete, with 
turbine, and the two central ones have also each a} a cover of granite on the most exposed parts. The 
turbine fr the exciters, all with vertical shafts. The | bottom consists of gneiss, which has been cut out to 
generator turbines have double wheels, the exciter|a depth of 3 ft. e dam is built partly as a solid 
turbines single, all directly connected by leather | overflow dam of vertical arches and granite but- 





couplings with the generators in the engine-room. | tresses, with thirty-two wooden gates, divided into 
The water from the turbines passes through a tunnel | four sets, with needles in two of them ; finally, 


tasted in the rock, and then in an open canal into | where it adjoins the southern shore, it is built as 
e river, 


an ordinary gravity dam, The whole dam on the 








fortnight, when at times there was only 4 in. of 
water above the sill, without causing the slightest 
damage. The concrete work was carried out with 
some difficulty, as the complicated reinforced con- 
structions often had to be carried out at a tempera- 
ture of 16 deg. to 17 deg. Celsius below zero (3 deg. to 
1 deg. Fahr., working up 3500 cubic feet of con- 
crete per 24 hours. Operations were continued 
night and day, and occupied about 300 men. A 
special concrete mixing plant had been built at the 
site, and the whole quantity of concrete used for 
the dam, intake, and power-house amounted to 
about 14,000 tons. Swing-cranes were used to a 
considerable extent ; they were worked from a 
temporary hydro-electric power-station of about 
100 hemegenee. This station also supplied power 
to the concrete-mixing plant and to several pumps, 
besides current for electric lighting. The concrete 
cost at the factory 16 kr. per cubic metre (about 6d. 


per cubic foot), and, including trestles, stamping, 
and finishing, the cost rose to 24 kr. to 26 kr. per 
cubic metre (about 9d. per cubic foot). The dressed 
stone, laid in cement in the stone buttresses, cost 
22 kr. per cubic metre (about 8d. per cubic foot). 
The cost of oven rock-blastings amounted to about 
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5 kr. to 6 kr. per cubic metre (about 2d. per cubic 
foot), and that of the tunnel blastings to 14 kr. 
(about 5d. per cubic foot). 

The three generator turbines are of the double 
Francis type. Each turbine runs at 250 revolu- 
tions per minute, and develops 2750 ap Sih tg ; 
the two turbines for the exciters each develop 110 
horse-power at 475 revolutions per minute. The 
turbines are direct-connected to the generators. 
As an important amount of power had to be trans- 


Fig. 6. POWER HOUSE 
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to Mélndal, a distance of 56 miles, by two sets of 
mains on separate poles, each line having three 
copper wires of 0.22 in. diameter. The line is divided 
into three sections by switching-towers in which 
the sections can be switched out. 

In laying out the line, rising ground has been 
avoided as far as possible, to reduce the danger 
by lightning. The line is also located at a proper 
distance from the coast, to avoid the effects of 





strong storms and salt in the atmosphere. Where 
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mitted a considerable distance, a pressure of 
40,000 volts was decided upon, at that time only 
used at one or two places in Europe. The gene- 
rators each produce 2400 kilovolt-amperes, three- 
phase alternating current, at 4000 volts. The 
current from each generator is conveyed to three 
oil transformers placed in the storey above the 


ec. 


Swedish Electrical Works has now taken measures 
to supply these poles, whereby the cost has been 
considerably reduced, and for future line construc- 
tions it has been decided to use iron poles. With 
branch lines to the towns of Varberg and Kungs- 
backa the 40,000-volt lines of this power-station 
will form a total length of 75 miles. The loss in 
the line with a 5000-horse-power load, and cos @ 
0.8, amounts to 10 per cent. At the end station 





there are water-cooled single-phase transformers of 
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Frykrors Power PLaAnt oN THE Nors River, SWEDEN. 





engine-room, and transformed up to 40,000 volts. 
Each generator forms, with its transformers, a 
separate unit. 

‘he power is transmitted from the power-station 


it crosses the Viskan River there is a span of 600 ft., 
for which distance the line consists of phosphor- 
bronze cables having a cross section of 25 square 
millimetres, and attached to strong iron pillars. 
A similar kind of suspension is used over railway 
crossings. For the remainder of the line the poles 
are of fir, not less than 6 in. in diameter at the top. 
The cost of the line, with copper at 86l., and all 
charges included, amounted to about 3201. per 





mile. No suitable bids for iron poles were avail- 
able at the time of construction, but the Society of 


6000 kilowatt-volt-amperes normal capacity, redue- 
ing the voltage partly to 10,000 volts, intended for 
distribution at a distance, and partly to 800 volts 
for distribution in the immediate vicinity of the 
transformer station. 

The cost of the power plant has amounted, for 
building work, to 39,0001. ; for electrical equipment 
in the power-station, to 20,0001. ; equal to 59, 0001., 
making 71. 16s. per installed transformed up «lec- 
trical horse-power. ae 

An auxiliary station has been built at Var'«rg; 
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intended to be used when there occurs lack same distance from the sea (the Christiania Fjord). 

— at the main station. It contains three TV.—Vamaros. | Immense quantities of timber are floated down the 

steam-turbine dynamos, each of about 3000 effective| This important water-power plant belongs to the Glommen, owing to which circumstance special 

h horse-power. The consumption of coal is guaran- | large company exploiting Birkeland-Eyde’s process — had to be paid to the construction of the 
plant. 

The water-power plant at Vama is intended to 
utilise the power of the Vamafall and the rapids 
above it, giving a total fall of about 90 ft. over a 
distance of about 3} miles. The main features of 
the plant are shown in the plan, Fig. 12, an- 
nexed. On the right bank of the river a spillway 
has been excavated, intended to discharge the 
high water and form a passage for ice and timber. 
| A gravity-section dam will be constructed across the 
river at the upper end of the Vamafos. Bottom 
outlets in the bed of the river serve for letting 
| through the water during the construction. Between 
| these outlets and the left shore are located the 
intake chambers for the pipe-lines ; these are carried 
along the down-stream side of the dam to the 
power-station immediately below the dam. The 
minimum flow of the Glommen at Vamafos is 
2800 cubic feet per second ; during the maximum 
high-water period it amounts to 125,000 cubic feet 

r second. Through the regulation of the Lake 

josen, which work has now been decided, the 
quantity of water available will be so increased 
that the plant could be designed for taking 9900 
cubic feet per second. The dam will be provided 
with arrangements to allow a future utilisation of 
a further 2000 cubic feet when the power-station 
is enlarged. 

The water-level above the dam, corresponding 
with the varying water-flow in the river, has been 
so calculated that the water-level at the upper 
end of the rapids remains unaltered. The Ait. 
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: ference between the permissible high and low-water 
= level will in consequence be 30 ft., which difference it 
is proposed to reduce to 20 ft. by lowering the high- 
es Tue Vamaros Power Piant aT THE GLOMMEN River, Norway. water level. The variation of the water-level be- 
; neath the power-house amounts to 33 ft. The 
: = not to exceed 1§ 1b. per effective horse-power-| of nitrate manufacture, and the work was started | gross head with a flow of 10,100 cubic feet per 
our ai continuous working under full load. The| last winter. Vamafos is situated on the Glommen, | second (when 9900 cubic feet are reckoned to be 

cost of the auxiliary station works out at 6l. 13s. 5d. | the largest river in Norway, at a distance of about available for the Se oa is 86 ft.; at the 
. per hor-power, ! 20 miles from the town of Sarpsborg, and at the | greatest high-water leve', and full load at the station, 
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it is 75 ft. In the former case the loss of head 
within the plant amounts to 14 ft., and the head at 
the turbines becomes 844 ft. 

The power-station is to contain ten turbine gene- 
rator units, which, with 9900 cubic feet per second 
and a head of 844 ft., will produce 75,000 turbine 
horse-power. Under ordinary circumstances 9 units 
will develop the full load, whilst at the reduced 
head at high water all 10 units will be required, 
whereby the water consumption will be increased to 
12,200 cubic feet per second. 

The river outfall (Fig. 12), besides discharging 
the high water, is also to serve as a passage for the 
immense quantities of timber floated down. It 
consists of a canal blasted in the rock on the right 
side of the river. The gradient of the bottom 
nearest the dam is lin 3. The average ient is 
otherwise 1 in 20. The width of the canal is, at the 
dam line, 310 ft., but is gradually reduced to 82 ft. 
in the down-stream end, so that when the speed of 
the water is increased in rushing down the canal, 
the water depth requisite for floating the timber is 
constantly maintained. Floating generally takes 
place at flood, but can also be effected at low water, 
when it is necessary to be sparing of the water then 
available. For this purpose a smaller channel is 
excavated in the bottom of the outfall, and towards 
this channel the bottom of the great canal slopes for 
the purpose of collecting the water. This deeper 
channel is lined with timber covered with iron plat- 
ing. The whole had to be built very strongly and 
carefully in order to resist the wear and tear of the 
water and the timber. 

The bulkhead at the head of the river outfall con- 
sists partly of an overflow dam and partly a needle 
dam Figs 12 to 14). Communication between both 
sides of the spillway is maintained by a suspen- 
sion bridge, illustrated in Fig. 17, page 345. The 
main dam across the river (Figs. 15 and 16) has a 
maximum height of 110 ft., and is built of con- 
crete and stones on a solid rock foundation. The 
crest of the dam, at the part which adjoins the 
power-station, has been given a greater height, so 
as to afford protection to the station in case of an 
unforeseen rise of the water-level. The rock under 
the dam is drained through two channels along the 
dam from which the water is led partly direct to 
the down-stream side and partly to an inspection 
tunnel which runs through the whole length of the 
dam. The up-stream side of the dam is provided 
with drain-pipes, from which the water is led off in 
the same way, and in which provision has been 
made for inspection. 

The section of the gravity dam has been con- 
structed for an upper water-level 3 ft. above calcu- 
lated high-water ord, with simultaneous high-water 
level below the dam, and on the assumption of an 
overturning moment on the up-stream side of the 
dam representing 15 tons uplift per foot of the 
length of the dam. 

The lower portions of the right part of the dam, 
including the bottom outlets, were erected during 
the winter. The bottom outlets, Figs. 12 to 15, 
are seven in number, circular, 15} ft. in diameter, 
and lined with iron plating. They served for the 
discharge of the water during the construction of 
the left part of the dam and the power-station, 
after which they were closed with gates built of 
steel beams and iron plate. The question has been 
raised as to whether two or three of these bottom 
outlets should be provided with operating machi- 
nery, so that they cculd easily be worked when the 
water-level rose above the dam, thus facilitating 
the lowering of the upper water-level at least down 
to the sills of the intake chambers to the pipe-lines, 
in view of eventual repairs to the dam. — The gates, 
however, would have had to be made easy of 
access for repairs ; the total cost would have been 
excessive, and it was found that the advantage 
thus attained would not have justified the outlay. 
Tunnels are constructed in the dam as shown. 

The intake-chambers aye twelve in number, and 
are located on the left-hand side of the dam (Figs. 
12, 13, and 16). The intakes are divided by means 
of walls of reinforced concrete, between which ice- 
racks are placed. Outside these racks are grooves 
for iron stop-logs, by means of which the intakes can 
be closed even with a water-level above the dam, up 
to 6} ft. over normal water-mark, when the flow is 
10,100 cubic feet per second. The stop-logs are 
operated by means of a travelling-crane. The gates 
in front of the intake-pipes have a free width of 14 ft. 
and a height of 16} ft. The depth of the bottom sills 
beneath the high-water level is 40 ft. The gates 
are made of iron, of a special design, characterised 


by the retaining-plate being concave towards the 
water, its vertical edges being joined by a number 
of horizontal stays and bracing placed between 
the plate and the stays, to stiffen the whole con- 
struction. Each gate weighs 6tons. The operating 
of the gates, which run on steel rollers (Stoney 
system), is effected by means of an electric motor, 
movable on a track along the covered operating 
stands. In order to prevent the gates from being 
fixed through cold, their housing is carried down 
beneath low-water level. Experience shows that 
when the temperature is not too severe, ice forma- 
tion does not take place atadam. At the worst 
only the roller which is at the water-level might 
become temporarily fixed through the formation 
of surface ice. 

The inflow-pipes to the turbines in the power- 
station (Fig. 16) are run straight through the dam 
from the intake chambers; then they follow the 
down-stream side of the dam, into which they are 
half inserted, down to the substructure of the 
power-house containing the turbines. The pipes 
are built up of ,°; in. to 4§ in. riveted iron plates 
and have an inner diameter of about 14 ft. At 
their upper end they are provided with air-pipes, 
which are carried up through the dam, while at 
their lower end they have outlets to a channel which 
at high water, when the lower parts of the conduits 
are under water, can be made dry for inspection 
and repair. 

The power-station and the dam have a common 
foundation of concrete ; the power station super- 
structure is of brickwork. ‘The great variations 
in the tail-race water-level have led to the installa- 
tion of turbine generator units with vertical shafts, 
in order to raise the engine-room above the high- 
water level. The chambers containing the turbines 
are made capable of resisting the outer water pres- 
sure by means of vaulted outer walls. The outflow 
conduits, which are built in the concrete foundation 
and are lined with iron plating, can at any water- 
level be closed by pontoon-logs, built up of iron 
plates and beams, and moved by a travelling-crane 
along the down-stream side of the station. 

The generator-room occupies the greater part of 
the superstructure, and is for the present intended 
to contain ten generator units. Two further units 
can be installed later if required. This room is 
served by a 40-ton electrically-driven travelling 
crane. The switchboard is placed on a gallery 
along the back wall, towards the dam. In the part 
of the building behind the switchboard, forming 
three storeys, all further electrical equipment is to 
be fitted. 

The turbines are constructed with two wheels 
and for a speed of 250 revolutions per minute. 
The exciters are direct-connected to the ends of the 
shafts above the large generators. 

The cost of the whole plant, including the cost 
of regulating the lakes, hydraulic constructions, a 
short transmission line to the projected nitrate 
works, roads, and house buildings, is calculated at 
about 7,000,000 kr. (400,000/.). 

The chief engineer who supervised the work was 
Mr. S. Kloumann, one of the directors in the nitrate 
company. 

(To be continued.) 
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Switchboard Measuring Instruments for Continuous and 
Polyphase Systems. By Joun C. Connan. London: 

E. and F. N. Spon, Limited. [Price 5s. net.] 

THE expressed object of Mr. Connan in preparing 
this work is to furnish a small volume dealing with 
the design and construction of switchboard measur- 
ing instruments now in common use. He makes 
no claim to originality in the text, the substance 
of which has been collected from papers read before 
learned societies or published in journals and maga- 
zines, a complete list of such papers being given 
in an appendix. The volume, however, will 
serve a useful purpose in that it brings into short 
compass a large amount of information, and pro- 
vides a ready means of instruction regarding the 
| different types of switchboard instrument. e 
author classifies instruments according to the prin- 
|ciple on which each is based, and discusses each 
‘class separately. First he takes the magneto- 
| dynamic principle, which gives moving-coil am- 
| meters, voltmeters, and leakage-indicators. Next 
comes the electrodynamic principle, under which 
we find moving-coil instruments with air-core and 
with iron-core, and induction instruments with shift- 














ing field and with revolving field. The electro- 
magnetic principle gives rise to various instruments 
having moving iron, all of which are discussed. 
Chapters are also devoted to the electrothermic 
principle, which covers hot-wire ammeters and 
voltmeters ; the electrostatic principle, so largely 
used in voltineters ; and the principle of resonance, 
on which frequency meters using a vibrating reed 
are based. The scheme adopted by Mr. Connan is 
to describe in each chapter the construction of each 
type of instrument based on the principle there 
considered, and then to give an outline of the theory 
of the instrument. At the same time many prac- 
tical points bearing upon design and details of con- 
struction are indicated, and the errors to which 
each type of instrument is subject are discussed. 
Diagrams of connections and illustrations of typical 
instruments, and of their more important parts, are 
liberally given throughout the text. 


The Design, Construction, and Maintenance of Sewage- 
Disposal Works, being a Practical Guide to Modern 
Methods of Sewage Purification. By Hucu P. Raikes, 
Assoc. M. Inst. C.E. London: Archibald Constable 
and Co., Limited. [Price 16s. net.] 

Tus practical treatise by an engineer on the 

problems of sewage disposal will be welcomed by 

engineers, because the general treatment of the 
subject had too much been left to chemists and 
bacteriologists. As it is well established that the 
purification of sewage is essentially due to living 
organisms, we have had to rely on the bacteriolo- 
gist in the first instance. The services of the 
chemist are called in to prevent any nuisance 
arising from the sewage, and they are, moreover, 
required because the purification of trade wastes 
complicates the direct sewage-disposal problems. 

But it is, of course, the engineer who has to plan 

and to carry out works which will effect the sewage 

disposal. Now we possess excellent monographs 
on such problems from the pens of engineers. But 

a comprehensive work, dealing with the whole 

subject from the engineer’s standpoint, had not so 

far been published in the United Kingdom, although 
this country has long been leading in these matters. 

We have then to ask ourselves whether the 
volume is of any practical value to the engineer, 
and also to the councillor and citizen who may have 
to vote on projects concerning sewage disposal. 
That question will be answered in the affirmative. 
In conjunction with Mr. J. Edward Willcox, 
M. Inst. C.E., the author has been engaged in this 
special branch of engineering for fifteen years, and 
he has evidently made a careful study of the English 
literature on the subject. 

The treatise is a well-printed octavo volume of 
414 pages, illustrated by seventy-two figures, almost 
exclusively taken from the actual sewage works of 
the United Kingdom. In the introductory chapter 
the author acknowledges the excellent work done 
since 1888 at the experimental sewage station of the 
Massachusetts State Board of Health at Lawrence, 
and in the experimental station at Columbus, Ohio, 
since 1904 ; he refers to the four reports issued by the 
Royal Commission on Sewage Disposal appointed in 
1898, at rather unnecessary length, since the ques- 
tions crop up again in subsequent chapters ; pro- 
ceeds to a classification which the next chapter 
repeats in detail, and passes to testing for bacteria 
and putrescible matter, and to other matters, to 
which the last chapter of the book returns. With 
Chapter I., ‘‘ Alternative Methods of Treatment 
and Preliminary Considerations Affecting the 
Design and Construction of Works,” the author 
enters upon a systematical exposition, and the 
general arrangement deserves praise. Lists of 
the authorities consulted are printed at the end 
of each section ; we find their names, moreover, In 
the carefully compiled alphabetical index. The 
authorities most frequently quoted are the reports 
of the Royal Commission just mentioned and of 
other commissions, and the publications of W. J. 
Dibdin, G. J. Fowler, T. W. Harding, and W. H. 
Harrison, G. Reid, 8. Rideal, W. D. Scott Moncrieff, 
and J. W. D. Watson. The other chapters are 
entitled :—‘‘ Diffusion in Tidal Waters,” ‘ lriga- 
tion and Land Filtration,” ‘‘ Removal of Matter in 
Suspension by Screening and Treatment in Tanks, 
‘‘ Chemical Precipitation and the Dispos! of 
Sewage Sludge,” ‘Filtering Media for Bacteria 
Beds,” Contact Beds and their Operation, ~ ‘ °™ 
colating Filters,” ‘‘ Alternating Methods of Con- 
struction and Working,” ‘‘ Distribution over Pei- 
colating Filters,” ‘‘ Separation and Disposal of St«rm 
Waters,” ‘‘ Purification of Liquid Trade Waste-, 
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and ‘‘ Maintenance and Management of Sewage- 
Dis} osal Works.” 

This last chapter emphasises, first, that the 
sewage-works manager should be a man both of 
theoretical and practical knowledge and experi- 


ence, and, secondly, the importance of central con- | 
trol, such that one man in a central office can | 


take and analyse samples from any portion of 
the work, regulate the number of filters in opera- 


tion, and have records automatically registered | 
before him. The method by which Mr. Raikes, in | 
conjunction with Mr. G. Kent, is proposing to | 


carry this out in the Hanley Sewage Works (septic 
tanks and about 12 acres of percolating-beds) is 


explained. The preceding section, on ‘‘ The Waste | 
Waters of Works,” quotes sixteen pages from the | 


Rivers Pollution Prevention Act of 1876, and 
explains the leading features of the purification, 
wisely leaving chemical specialities to chemists. 
The disposal of the storm-water, the floods pro- 
duced by heavy rains, foul with the street-refuse, 
receives full consideration. Sewage-distributing 
machinery, materials for beds—burnt clay, coal, 
coke, gravel, clinker, granite, sandstone, slag, 
saggars (smashed pottery), and slate—are well de- 
scribed, so far as space permits; and the engineer 
will find the information as to dimensions, capacity, 
working, and some notes on costs, which he wants. 
We have no doubt that the book will make friends. 
The author regrets that some mistakes and repeti- 
tions are inevitable in a book of this description. 
We have noticed repetitions. We have also noticed 
the author’s preference for long sentences. His 
average page consists of two or three paragraphs, 
each paragraph forming one sentence, and we have 
counted up to nineteen lines in a paragraph, punc- 
tuated merely with commas ; semicolons and full- 
stops are very scarce. The introduction of type- 
writers has not improved the style of our fe of 
Since this treatise is not to be read aloud, how- 
ever, the trying sentences do not matter much. 
Our summary of the contents will show that Mr. 
Raikes has covered the field so far as it interests 
the engineer, and the reader will feel that he is 
being guided by a man of practical experience. 





Handiuch der Ingenieurwissenschaften in fiinf Teilen 
Part III. Der Wasserbau. Edited by J. F. BuBENDEY, 
G. Franzius, A. Friintine, TH. Korwn, Fr. KRevter, 
Tx. Renpock, and Ep. Sonne. Vol. XIII. Ausbau 
Von Wasserdften. Second Division. By Tu. Koruny. 
[Price 30 marks.] Part V. Der Eisenbahnbau. Edited 
by F. Loewe and H. ZimMERMANN. Vol. I. Einleitung 
und Allgemeines. Bahn und Fahrzeug im Allgemeinen. 
By ALFRED Brrk. [Price 6 marks.] Vol. III. Gleis- 
Verbindung. By E. Borst and R. Ancer. [Price 
11 marks.] Leipzig, 1908: Wilhelm Engelmann. 

WE notice three more volumes of the ‘‘ Hand-Book 

of Engineering Sciences in Five Parts,” to which we 

have drawn attention on several occasions. The 
first of the volumes before us forms the conclusion 
of the book on the ‘‘ Construction of Water-Power 

Plants,” to which we referred in our issue of 

May 29, 1908. The author is again Stadtbaurat 

Th. Koehn, of Berlin - Grunewald. The large 

octavo volume of about seven hundred pages brings 

the total of Volume XIII. up to 1232 pages of 
subject-matter, illustrated by 467 text figures and 

84 plates. The volume also contains the carefully- 

compiled alphabetical subject-matter index, which 

yet should have been supplemented by a name- 
index. The plants dealt with in this division are 
the works of the Niagara Falls Power Company, of 
the Niagara Falls Hydraulic and Manufacturing 

Company, and of the Michigan Lake Superior Power 

Company at Sault Ste. Marie ; the Lech Electricity 

Works at Gersthofen, near Augsburg, of the Elec- 

tricitats A.-G., vormals W. Lahmeyer and Co.; the 

Municipal Electricity Works of Stuttgart at Mar- 

bach on the Neckar; the well-known electricity 

works at Rheinfelden on the Rhine (described as a 

favourite type, with recent additions, of course) ; 

the U:ft-Talsperre (which we fully described in 

197): and the dam of the River Queiss, near 

Marklissa (to which we also referred in the just- 

Mentioned article). There follow twelve pages 

Summing up the chief data of fifty-five new plants. 
Many further particulars of all these plants are 

contained in the subsequent sections which deal 

With the special features of hydraulic installa- 

tions, weirs and locks of different types, dams, 

artificial lakes, tunnels, conduits, pipe systems, 
turbin« ‘, power-houses, and their electric equip- 
ment (this section by Mr. J. Laufer), electric trans- 
mission lines, tariffs for hydro-electric power and 
light, and the management of such works. A good 


|deal of what may have been missed in the first 
| division of the volume will be found in this second 
concluding division ; and we notice, of course, also 
prominent features of plants which are not described 
at length. The roller dams of the Bridge Works, 
Gustavsburg, near Mainz, which seem to give satis- 
faction wherever installed, are only mentioned in 
an appreciative note on the addenda page. 

The two other volumes, both second editions, con- 
cern Railway Construction. The first of the two, a 
book of 210 pages, illustrated by 125 text figures, is 
the work of Professor Alfred Birk, of Prague ; to the 
first edition of this volume, Professor Kreuter, of 
| Munich, had contributed. The other volume, the 
third of this Part V. of the series, a book of 304 
pages, illustrated by 243 text figures and five plates, 
is the joint work of Chief Engine-Inspector Eduard 
Borst, of the Bavarian State Railways, and of Bau- 
inspektor Richard Anger, of the Prussian Railway 
Department; the previous editions of this volume 
had had Professors F. Loewe, of the Technical 
High School at Munich, and Georg Meyer, of the 
Berlin Technical High School, as authors. Pro- 
fessor Alfred Birk deals with the history of 
railways ; with locomotives and carriages and 
their motion over the track ; the straight track, its 
curves and gradients; the resistances encountered, 
wind resistances, and with other features in a 
general way, explaining the principles, types of 
engines, and general design of gauges, curves, bogies, 
buffers, &c., rather than giving particulars.. We 
find more mathematics than technical details. The 
table of contents and the alphabetical name and 
subject-matter index cover two pages each. That 
many details are left to subsequent volumes we sce 
from the work of Messrs. Borst and Anger, who 
confine themselves entirely to track construction, 
points and crossings, turn-tables, and _transfer- 
tables. As Part V., ‘‘ Railway Construction,” is 
to consist of nine volumes altogether, we have no 
doubt that the whole subject will receive adequate 
consideration ; but the collective treatise will become 
large. Messrs. Borst and Anger do not give an 
index—merely a table of contents. Literature lists, 
limited to special publications, are added to the 
different sections, as in the other volumes. Refer- 
ences to periodicals might be more frequent, though 
they may be reserved for future volumes. On the 
whole, we endorse our previously-expressed high 
opinion of these publications. 
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Ro.iine-Stock- on THE CANADIAN Paciric Raltway.— 
In the six years 1902-8 the Canadian Pacific Railway 
put into service no less than 659 new locomotives, 842 new 
passenger coaches, and 25,190 freight cars, at an aggregate 
cost of about 74 millions sterling. 
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TORPEDO-BOAT DESTROYERS FOR THE 
BRAZILIAN NAVY. 


THE torpedo-boat destroyer illustrated by Plate 
XXVI. and the engravings on es 348, 349, and 352 
is the first of ten destroyers Sled by the Brazilian 
Government from Messrs. Yarrow and Co., Limited, 
of Glasgow, of which two have been completed and 
commissioned and are now stationed at Rio de Janeiro, 
the Para being commanded by Captain F. Perry, 
of the Brazilian Navy, and the Piauhy by Captain 
Fontin. 

These vessels seen several unique features for 
destroyers. The Yarrow patent boilers are fired from 
both ends, and thus the illustrations published on 
page 352 are specially interesting. There isa refri- 
gerating installation for cooling the magazines, and 
the living spaces—a great advantage in warm climes. 
The Marconi wireless telegraphy installation is fitted. 
The accommodation for officers and crew is, as shown in 
the plans on Plate XXVI., unusually spacious. 

The Para, the prototype of the class, is 240 ft. long by 
234 ft. beam, a as will be seen from the illustrations, 
is generally similar in appearance to the British 
** River” class of destroyer, but whereas the contract 
speed for the British boats was 254 knots, that of the 
Para and her nine sisters is 27 knots. 

The hull is built of high-tensile steel in all parts 
in which longitudinal strength is important, and the 
rivets used in these parts are of the same strength as 
the plates they connect. There are nine water-tight 
bulkheads from the keel to the upper deck, dividing 
the vessel into ten main compartments. There are in 
addition eleven sub-divisional bulkheads below the 
lower deck. The disposition of compartments below 
the main deck is as usual in this class of vessel, and 
is clearly shown in the longitudinal section and plans 
on Plate XXVI. The compartment right forward 
(see Fig. 1) is not used, and is kept absolutely water- 
tight. The second compartment is the chain-locker. 
The third and fourth compartments are used as fire- 
men’s and crew’s quarters, and below there are here 
the electrical, naval, and gunners’ stores, the torpedo- 
head magazine, the 4-in. magazine and shell-room, 
47-millimetre magazine, the provision-room and fresh- 
water tank. The fifth and sixth compartments are 
the boiler-rooms, and here there is a cross bunker at 
the forward end and wing bunkers at each side of both 
boiler-rooms (Fig. 6). The next compartment is the 
main engine-room (Fig. 7), with an access-door leading 
to the auxiliary engine-room immediately abaft (Fig. 5). 
Under the auxiliary engine-room is the stern gland 
department, which is also fitted as an engineer’s store- 
room (Fig. 1). 

The officers’ quarters (Figs. 1 and 5) consists of a 
ward-room aft, 14 ft. long by 21 ft. wide, with a 
pantry adjoining and communicating, and has accom- 
modation for ten officers. The furniture in this room 
and in all the officers’ rooms is of polished mahogany. 

The fittings in the living-spaces and store-rooms are 
made of metal wherever possible, so as to minimise the 
risk of fire. On the port side there are three separate 
double-berth cabins for officers, two of them being 
about 8 ft. 6in. by 7 ft., and the third somewhat 
larger. On the starboard side is the commander's 
cabin, with a w.c. opening from it, and abaft this is 
the officers’ bath-room and w.c. A skylight is fitted 
over the centre of the ward-room for light and venti- 
lation, and a cool-air supply from the refrigerating 
installation is led into all the above-mentioned living- 
rooms. 

Forward, on the starboard side on the upper deck 
(Fig. 4), a separate cabin is divided off for six engineer 
officers, and another separate cabin for four petty 
officers. On the port side there is arranged a separate 
two-berth cabin as a sick bay. Immediately abaft the 
conning-tower a fireman’s bath-room is arranged. The 
galley is built at the forward end of the boiler coaming, 
as shown in Fig. 4. 

The chart-house is above the galley. The forecastle 
deck is extended aft, so as to afford direct communica- 
tion with the chart-house, as shown by Fig. 2. Imme- 
diately behind the chart-house is the Marconi wireless 
telegraphy cabin, which is completely insulated with 
3 in. of cork on the sides, roof, and floor. There is 
communication with the chart-rocm by a sliding scuttle. 
Above the chart-room is the bridge and search-light, 
as shown in Fig. 2. 

The compartments below the officers’ accommodation 
aft are the 4-in. magazine and shell-room, 47-millimetre 
magazine, commander’s store, and ward-room store. 
Next to the officers’ accommodation is the bread-room, 
and the aftermost compartment is fitted up as an 
| engineer’s store. Under the forecastle deck, the space 
immediately above the chain-locker is fitted up as a 
paint-room. 

It will be seen from the section that the natural 
| ventilation required by the tropical climate in which 
| these boats will run has necessitated the adoption of 
much larger cowls than is usual in vessels of this type. 





|The air supplied to the forced-draught fans in the 


stokehold is taken in through doors in the 3 of the 
e large 
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cowls formerly used, These cowls were found difficult 
to handle, and were easily damaged, and it is found 
that little, if any, additional work is thrown on the 
fan engines by the substitution of the doors. 

The boat is electrically lighted throughout, the 
dynamo and engine being of the Siemens-Brotherhood 
type, and the search-light projector is fitted. with a 
Sautter Harlé gold-plated mirror. All the navigation 
lanterns, compasses, and telegraphs are electrically 
lighted, and provision is also made for review illu- 
mination. 

The armament consists of two 4-in. Armstrong quick- 
firing guns, one being placed upon the conning-tower, 
and the other upon a raised platform aft. On the main 
deck are four 47-millimetre Armstrong guns. There 
are also two 18-in. Armstrong to o-tubes. The 
disposition of the guns is shown in Figs. 1, 3, 4, and 6. 
The calibre of the two larger guns necessitated the fit- 
ting of an Armstrong electric ammunition-hoist for the 
forward gun. Each shot-hoist communicates direct from 
the 4-in. shell-room to a convenient position at the back 
of the gun, and a full supply of ammunition can be 
readily maintained. The ammunition supplied to the 
smaller guns is handed up as usual. e 4-in.-gun 
magazine is aft, under the officers’ quarters. The refri- 
gerator plant for keeping cool the magazines and crew’s 
spaces consists of a Hall’s No. 5 carbonic-anhydride 
machine, working in connection with two thermo-tanks 
by the Thermo-Tank Company. seat J 

The refrigerating-machine is placed at the after end 
of the engine-room, and the thermo-tanks are 
one in the second crew’s space, and the other in the 

ge leading to the ward-room. The brine-pipes 
connecting the machine to the forward thermo-tank 
are very heavily insulated where they pass through 
the boiler-rooms. The cool air from each thermo-tank 
is delivered by the electrical fan in the thermo-tanks 
into the magazines or cabins by a complete arrange- 
ment of trunks and controlling-valves, and the arrange- 
ment is such that any of the three following results 
may be obtained :—(1) The air can be drawn from the 
compartment in which the thermo-tank is placed, 
passed through the cooler down into the magazine, and 
returned to the compartment ; (2) the air can be drawn 
from the magazine, passed through the cooler, and 
returned to the magazine ; or (3) the air can be drawn 
out of the compartment in which the thermo-tank is 
placed, passed through the cooler, and delivered to the 
various officers’ rooms and crew’s spaces. The torpedo- 
head magazine and the 4-in. magazines and shell-room, 
also the 47-millimetre magazines, both forward and 
aft, are heavily insulated with cork and felt, and com- 
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letely lined with teak, so that when the temperature 
om been reduced by the refrigerator a comparatively 
small amount of work has to be done to maintain the 
low temperature. 

The wireless telegraphy installation was supplied by 
the Marconi Company, and the aerial lines from the 
mast to the special jigger aft are shown on the illus- 
tration. The Marconi rotary converter is placed in 
the auxiliary engine-room close to the dynamo, and 
the Marconi apparatus for transmitting and receiving 
messages is in the cabin immediately ove the chart- 
house. ; 

Another new feature in this vessel is that she carries 
a motor pinnace, which will doubtless prove a great 
convenience to the officers. The steering-gear is by 
Messrs. Napier Brothers, and is of the geared type, 
connected to the steering-engine by shafting, with a 
wheel for steam-gear on the bridge, and another in the 
conning-tower, the wheel aft being actuated by hand. 
The anchors are of the Lenox stockless type, and are 
stowed in the hawse-pipes. 

With regard to the installation of main and auxiliary 
machinery, it will be seen, by reference to the longi- 
tudinal section and plan of the boat (Figs. 1, 5, and 6) 
that there are, as mentioned before, two Yarrow 
patent boilers fired from each end, designed for 8000 
collective indicated horse-power. As these boilers are 

laced in the mid-length of each compartment, there 


if a stokehold at each end—that is, four stokeholds— 
,each being fitted with a fan for forced draught, driven 


by an engine of the enclosed type, fitted with forced 
lubrication, and made by Messrs. Allen, of Bedford. 
At the after end of each boiler compartment there is 
placed one of Messrs. Weir's ooeliens feed-pumps, 
and a feed-heater for dealing with the main feed. 

In the main engine-room are placed two sets of four- 
cylinder triple -expansien engines balanced on the 
Yarrow, Schlick, and Tweedy system, the cylinders 
being arranged in the following order from the for- 
ward end :—Low-pressure, high-pressure, intermediate- 
pressure, and low-pressure. The link motion is of the 
usual type, with twin-bar marine pattern links, with 
all parts which are liable to wear constructed in such 
a manner that adjustment can be made. Steam and 
hand all-round reversing-gear is provided. The air- 
pumps are two in number—one for the starboard 
engine and one for the port, each worked by rocking- 
levers and linksoff the forward low-pressurecross-heads. 

The condensers are of brass with brass tubes, two 
in number, and are placed in the wings (Fig. 8, on 
page 349). There are two circulating-pumps and en- 
gines are placed at the forward end of the condensers 








(Figs. 1 and 7), and arranged to circulate the water 
through the condensers once. Auxiliary air-pumps 
are not fitted, as it has been found that in vessels of 
this class these pumps are a source of trouble ; instead 
there are fitted two small steam-ejectors, with suctions 
connected to each condenser, so that the condensers 
can be kept drained when the main engines are 
standing and a few auxiliary engines running. 

At. the forward end of the engine-room (Fig. 8) there 
are placed two large combined feed-filters and hot- 
me one for each set of main engines, and the main 
air-pumps discharge into these tanks, the greater part 
of the grease contained in the feed-water being inter- 
cepted screens covered with flannel. On the out- 
board side of each of these tanks is fitted a Weir's 
main feed-pump. It draws from them and delivers 
straight to the boilers without the usual automatic 
feed-regulating apparatus, which is an extra natn weed 
tion and a souree of danger, as even the best regulators 
are liable at times to stick, especially when the rate of 
evaporation is suddenly varied from that at which the 
regulator was adjusted to deal. Then in all proba- 
bilit those in the stokehold who have relied on the 


regu tor, and ignored the water-gauge, will find them- 
selves 


in véty serious trouble. he method of adjust- 
ing the feed in these vessels is carried out by 4 
hand-regulating valve placed on the discharge side 
of the feed-heaters, and no trouble whatever 1s 
experienced in maintaining a uniform working level in 
the boilers. At the forward end of the engine-room 
an evaporator and distilling plant, by Messrs. Caird 
and Rayner, is fitted ; also a fire and bilge pump. As 
before mentioned, the refrigerating plant is placed at 
the after end of the engine-room. ; : 

The auxiliary engine-room (Fig. 5) contains an alr- 
compressor, made by Messrs. Brotherhood, for charging 
the torpedoes ; here also are the steam steering-eng'ne, 
dynamo, and switchboard, 

All the necessary tanks for oil and waste, and rack* 
for spanners and tools, and the most of the spare gear 
are arranged in the main engine-room. : 

The pumping arrangements throughout the ship 
consist of steam-ejectors and hand-pumps, and bilge cir- 
culation from the main circulators in the engine-room. 

On page 349 is illustrated (Figs. 8 to 13) the form of 
joint adopted by Messrs. Yarrow for compensating fot 
the expansion of long lengths of steam-piping, and for 
changes of form due to the elasticity of the hull » _ 
in a seaway. In the vessels under description one ° 
these joints is fitted at each boiler. The usual form 
of expansion joint, arranged for direct push, is liable to 
seize, and become inoperative. Some few years back 











MarcH 12, 1909. ] 


ENGINEERING. 








; 349 





the late Sir Edward Harland proposed an ex ion 
joint much on the same lines as the one herein illus- 
trated. The expansion-joint adopted by Messrs. 
Yarrow and Co. takes the form of a bell-crank lever, 
and movement due to expansion is compensated for 
by a twisting motion, which is not liable to jam, as 
was the case with the old form having asliding motion. 
Not only does this form of joint take up the expansion 
of piping due to heat, but it is of great value when 
adopted in vessels of light construction, for the reason 
that any working that does and should take place in 
these light hulls when in a seaway is not transmitted 
to the pipes in such a way as to set up serious stresses. 


Figs 
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It will be noted that this joint has been designed with 
a view to double security against blowing out when 
under pressure. Thus at each swivel-end there are 
not only two safety stay-bolts with ball-faces, but, in 
addition, there is p' below the stufting-box of the 
gland a form of bayonet joint, so arranged that when 
the fitting is in position the lugs cast on the stuffing- 
box portion and on the pipe portion of the fitting coin- 
cide with each other and form an efficient stop. 

As already stated, the greatest point of interest in 
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connection with the machinery installation of these 
vessels lies in the boilers, which are illustrated 
fully on page 352 by cross and longitudinal sections 
(Figs. 14 and 15); and it will be noted that there 
is a totally independent furnace at each end of the 
boiler, and the division between the furnaces is 
formed by a brick wall, which has for additional 
Support three field-tubes connected to the steam-drum. 
The brick is built around these tubes, so that they 
are protected from the highest temperature of the fur- 
naces. The fire-brick wall is built up to the under side 
of the steam-drum, and out at each side ; the lower 
portion of this wall is built in such a manner that an 
air-space is formed between the bricks at the back of 
each furnace, and air circulates through this on 
its Way (o the air-nozzles, which thus supply heated, 
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instead of cold, air to the furnaces above the fuel. 





| _Serew-caps are provided at the bottom end of each 
| of the field-tubes for cleaning purposes. It will be 
| noted from Fig. 15 that these caps are placed so that 
they are of easy access ; it is only necessary to remove 
| the hand-hole doors fitted on the plates inning the 
bearer for the centre brick walls. 

Safety air-doors and protection-boxes are fitted to 
these boilers, so that, in the event of a tube bursting, 
it is not possible for steam and flame to enter the 
stokehold. An important feature in this boiler is that 
complications in the matter of boiler mountings, pipes, 
and fittings is greatly reduced, as it is only necessary 
to place the main and auxiliary steam stop-valves, 
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and the main and 
auxiliary feed-valves, 
scum -valve, and 
blow -out valve and 
water-gauges, at one 
end of the steam- 
drum. If, on the 
other hand, boilers 
of the usual t had 
been fitted, these fit- 
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tings, with connecting pipes and joints, &c., would 
have been duplicated, with the accompanying addi- 
tional number of steam and feed joints to maintain 
in an efficient condition. 

Weight is also saved by adopting the boiler fired 
from both ends, in that there are only two steam-drum 
ends and four water-pocket ends, against four of the 
former and eight of the latter, with two of the usual 
type of boilers employed. There is also a saving in 
weight due to two back casing-plates not being 

uired. 
ith boilers arranged in the compartments as in the 
above vessel, the comfort of the firemen is inc 5 
for it is well known that with a common stokehold be- 
tween two boilers it is impossible for the firemen to 
find a place away from the radiation of the boilers in 
front of and behind them, which in a tropical climate 


is unbearable at times and naturally reduces the effi- 
ciency of the stokehold staff. 

With regard to economy, consumption trials have 
been made, and results show an improvement over 
the usual class of Yarrow boiler with single furnace. 

The official full-power trial of this vessel was carried 
out in the estuary of the Clyde on September 15, 1908, 
in the presence of the Brazilian Naval Commission. 
Six runs were made over the measured mile at Skel- 
morlie as follows :— 























. | | | } 
No. } -vnnad Vacuum! Air. — Time. —_ Remarks. 
1. Le F h.m.s. 
1 207.5 | 25.6 1.5 | 325 2 16 6 26.354 |Goingsouth. 
2 202.5 | 25.7 | 1.25 | 330.75 |2 18 027.068|Means of re- 
3 212.5 25.5 1.84 | 335.25 2 11 8 27.314) volutions 
4 212.5 25.6 1.81 | 386.25 2 10 527.586; & speed are 
5 207.5 | 25.9 | 1.26 | 334.5 [2 10 827.523\runrightout 
6 202.5 26.1 | 1.09 | 332 \2 11 7 27.834 |Going north. 
Mean 
of |}207.5 | 25.7 | 1.29 
Miles } 








Mean of means of revolutions, 334,319 ; speed, 27.364 knots ; 

slip, 14.9 per cent. 

For three hours the mean revolutions were 333.04 

r minute, and the mean speed 27.259 knots. On 
Deotember 18, 1908, a consumption trial was run at a 

of 14 knots, and the radius of action worked 
out at 3692.7 knots. 

The Para and the ten sister vessels are being con- 
structed under the supervision of the Brazilian Naval 
Commission, of which His Excellency Admiral Duarte 
Huet de Bacellar is the Chief. All technical matters 
concerning the hulls have been settled by Captain A. 
Rosauro de Almeida, Chief Naval Architect to the 
Commission, assisted by Lieutenant Godofredo A. da 
Silva ; and all technical matters connected with the 
machinery have been under the control of Captain 
Bartholomeo Francisco de Souza e Silva, the Chief 
Engineer to the Commission. A great deal of the 
success of these vessels is undoubtedly due to the 
assistance the firm has received from the Brazilian 
authorities. We may state in conclusion that the 
Rio Grande do Norte, the fifth vessel of the series, was 
successfully launched by Messrs. Yarrow on Tuesday 
last, the 9th inst., the christening ceremony being per- 
formed by Madame Rosauro de Almeida. 





ENGINEERS IN THE NAVY. 
Tue following is the document dealing with the posi- 
tion of naval engineer officers, to which we have referred 
in our article on page 357 of the present issue :— 


Statement of the Disabilities wnder which the Enginecr 
Officers of His Majesty's Navy Labour, which They Con- 
sider Should be Removed, and the Reforms which They 
Regard Essential to the Proper Organisation of their 
Department for War. 

During the past half-century the remarkable develop- 

ment and extension of engineering science, in its applica- 

tion to ships of war, have enormously increased the 

and fighting power of the Fleet, and have rendered the 

engineering branch of the ~~ Navy a most important 

factor in the defences of the pire. 

The engineer officers of the Royal Navy have long 
realised that their status is not commensurable with their 
great and. ever varying responsibilities, and that in the 
soeermenee of their duties they are confronted with 

ifficulties so great as to constitute a serious defect in 
the organisation of the Fleet for war. 

The maaan | for improvement of their ition has 
been im on the Admiralty both by the engineer 
officers themselves and also by the emphatic protests of 
those institutions which represent the great engineering 
cee of this country. The re tations so made 

ve resulted in a thorough reorganisation of the traini 
of officers and men of the Fleet as set forth in Lord 

Selborne’s Memorandum of December, 1902, and in Lord 

Cee ae of me three years 7 

n both documents the importance of the engineering 
branch, as affecting the fighting efficiency of the Fleet, 
has been fully recognised, and the provisions of the new 
scheme of ep | for all future officers constitute an 
admission of the fact that the distinctions now existing 
between officers of the engineer and military branches 
revent that co-ordination of these two branches of the 

Service which is essential to efficiency. 

Lord Selborne stated that the new scheme of training 

would not be complete if it did not include changes in the 

present system, so desi as to harmonise, as far as 
possible, with the spirit of the future organisation. 

Briefly, the alterations made in and since 1902 are :— 
(1) The granting of semi-military titles. 

(2) A slight acceleration of promotion. 

(3) A small improvement in , 

(4) Facilities for earlier retirement and the institu- 

tion of four good-service pensions, 


1. Consists in the adoption of a purely courtesy title, 
which, however, carries with it absolutely no disciplinary 
powers, and merely by i fact that engineer 
officers exercise military functions without possessing the 
attributes of military 

2. Engineer officers, as a whole, are still much older. 
rank for rank, than officers of the military branch 
have to serve for much longer periods before they obtain 








promotion to higher rank, us ap engineer-lieutenant 
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is not promoted to engineer-commander until he reaches 
the age of 37 to 39 years, and even at this age he is not 
agen the pay of his rank, this being delayed until he 
as served a further period of four years. ‘Phe yp agaee | 
of the lieutenants of the military branch attain the ran 
of commander at 31 to 34, and at once obtain the full 
y of their rank. A still greater disparity exists in the 
pe mond ranks, the difference being always to the dis- 
vantage of the engineer officer. i 
3. This concession has not yet been completely carried 
out. Table C of Lord Selborne’s Memorandum gives the 
lowest rate of pay of engineer-commander as 24s, per 
diem ; yet, as stated in (2), engineer-commanders are com- 
pelled to serve for four years in that rank on the same 
Pay as if they had not been promoted. 
he present engineer officers receive lower rank and 
y, age for age, than the officers of the military branch. 
t is, however, a noteworthy fact that the engineer 
officers of the future are to be placed on an equal footing 
with other officers of the military branch in the matter of 
rank, and are to receive further advantages as regards 


y. 

4. The present engineer officers nise the fact that 
these concessions have effected some slight improvement 
in their conditions of service. 

The engineer officers feel most strongly that their 

resent status and powers still leave much to be desired, 
use none of the concessions enumerated above have 
affected, even in the smallest degree, the vital question— 
viz., their power, necessary to control effectively the large 
numbers of ann of the engineering department who act 
under their direction in the engine and boiler-rooms of 
His Majesty’s ships. They desire to emphasise the fol- 
lowing points, the settlement of which they firmly believe 
to be of first importance, and essential to the attainment 
of the highest efficiency in their department and in the 

eet. 

A. The engineer branch should be included in the 
military branch of the Service. 

Engineer officers, being responsible for the machinery 
which brings the Fleet into action and supplies the motive 
power for fighting the guns and launching torpedoes, 
cannot logically be classed as non-combatant. ne Sel- 
borne Memorandum of 1902 made such classification 
obsolete. 

B. Engineer officers should be vested with disciplinary 
powers in their own department. 

Their duties and responsibilities involve the direction 
and organisation of large numbers of petty officers and 
men. In time of war it will be absolutely necessary to 
endow them with such powers. 

C. The rank, titles, and distinctive uniforms of engineer 
officers should be consistent with their legitimate position 
as combatant officers. 

D. The engineer branch should be represented on the 
Board of Admiralty. 

The personnel of the engineering branch of the Royal 
Navy numbers about 36,000, being nearly one-third of 
the total sea-service establishment of all departments in 
the Fleet ; also the value of machinery and stores, and the 
cost of upkeep, form a very large item in the total expen- 
diture of the Fleet. 

E. Representation on courts martial. 

When an officer or man of the engineer department is 
tried by court martial for a technical offence, at least one 
engineer officer of superior rank should be a member of 
the Court. Courts martial would then be more competent 
to deal with technical offences committed in the engine- 
room department. 

F. Signature on reports. 

Engineer officers consider that reports on technical 
subjects affecting their department should bear the signa- 
ture of the engineer officer concerned. 

G. Numbers, employment, and status of senior officers. 

The numbers of engineer-admirals and engineer-captains 
combined amount to only 3 per cent. of the total number 
of commissioned officers of the branch, and very few engi- 
neer-commanders can ever expect promotion to higher 
rank, owing to the very small number of engineer-cap- 
tains allowed. At least twice the present number of engi- 
neer-captains should be borne, and these could be usefully 
employed to fill responsible positions now held by engi- 
neer-commanders—e.g., assistants to engineer-in-chief, to 
engineer manager of dockyard, and to naval attachés ; as 
engineer inspectors and overseers on Admiralty staff ; 
as engineer officers in charge of torpedo dépéts, &c. The 
engineer officers desire to point out the disabilities under 
which many engineer-captains labour. The responsi- 
bilities of an engineer-captain in a fleet as principal 
technical adviser to the admiral, require that he should be 
borne in the flagship and be accommodated there, or in any 
other ship to which he may be temporarily transferred, in 
a manner befitting his rank. 

H. Institution of a school of engineering. 

The rapid developments in the machinery of modern 
ships necessitate the introduction of a methodical system 
whereby officers may be instructed from time to time in 
the latest and most up-to-date appliances. It is considered 
that courses of engineering instruction should be regularly 
given to officers, and that the nucleus of a school of engi- 
neering should be at once formed for this purpose, and 





ultimately be extended for the instruction, not only of 
officers, but also of petty officers and men of the engineer | 
department. 
e Admiralty, 4 the adoption of the scheme for the | 
reorganisation of the training of future officers, have | 
fully justified the contention ee for so long by the | 
present engineer officers) that the engineer branch is | 
essentially a combatant branch. Under this scheme, the | 
engineer officer of the future will be an officer of the | 
military branch vested with those powers of control now 
denied to the existing engineer officers. 
What the present officers regard as necessary is, that 


they should be officially recognised as combatant officers ; 
that they should be vested with disciplinary powers over 
the men of their own department (subject always to the 
authority of the captain of the ship), and that they should 
have conferred upon them rank, titles, and uniform 
identical with those to be granted to the future officers 
who will be trained by them. 

Many years must necessarily ae before the present 
engineer officers can be replaced by the new officers, and 
if combatant rank and status (together with all that these 
terms imply with regard to disciplinary powers, titles, 
and uniforms) are necessary to the engineer officers of the 
future, they are no less essential for those of the present. 

Unless reforms are speedily decided upon and carried 
out, the British Navy will present one of the most curious 
and unworkable anomalies in its history—viz., the young 
engineer officer entered under the new scheme will possess 
status and disciplinary powers over the engine-room per- 
sonnel supefior to those by the head of the de- 
partment in which he is serving. ; 

The engineer officers affirm, contrary to some views 
that have been put forward, that the highest training and 
knowledge are necessary for the engineering branch of the 
Navy ; and as the future engineer officers have already 
started their training under the existing engineer officers, 
it must be fatal to the ultimate success of the scheme to 
allow it to be seen that engineer officers still hold a posi- 
tion of inferiority. 

If the military control, which is now regarded by every 
engineer in the Service as a necessary factor of efficiency, 
were granted, it would prove an incentive to the present 
officers to further, to the best of their ability, the engineer- 
ng totes of the new officers. 

e engineer officers consider the reforms suggested to 
be essential to the proper performance of their duties and 
the full ition of their responsibilities. Their sole 
aim is the efficiency of their department, and they main- 
tain that the removal of the disabilities under which they 
now labour, and the couferment of combatant rank, are 
absolutely necessary for the attainment of maximum effi- 
ciency in the organisation of the Fleet for war. 








THE VIBRATION AND WHIRLING OF 
HAFTS. 
To THE Epitor oF ENGINEERING. 


Str,—The letter of Mr. W. M. Wallace in your issue | } 


of March 5, 1909, raises two points with regard to a 
simple approximate method of determining the frequency 
of transverse vibrations of loaded beams. 

The first point is the history of the application of this 
method ; your correspondent quotes my letter to him 
giving the references to the sources which first brought 
the method under my notice. I think it would be of 

eater general interest to give briefly a portion of the 

istory of the method, which is not so new as Mr. Wallace 
supposes, but which has hitherto received little notice in 
English text-books. 

In 1849 Homersham Cox* found the deflection of a rod 
due to the impact of a moving mass by equating the 
potential, or strain energy, to the kinetic energy before 
impact, assuming the curve of deflection to be of the same 
—_ for a static load. St. Venant,+ in 1865-66 and 
su uently, used the same principle, and greatly ex- 
tended it, applying it to the calculation of frequencies ; 
and a memoir by Boussinesq,+ published in 1874, gave a 
general proof of the method. In addition to Lord 
Rayleigh’s ‘Theory of Sound,” references to the method 
occur in English in various papers in the Philosophical 
Magazine by Chree, Garrett, and Morrow. Probably as 
a result of St. Venant’s works, the method appears in 
J. Resal’s ‘‘ Résistance des Matériaux,” where its approxi- 
mate character is pointed out, and illustrative examples 
are worked out both for transverse and longitudinal 
vibrations. 

The second point in Mr. Wallace’s letter is a criticism 
of an approximate calculation, in my new book, ‘‘ Strength 
of Materials,” of the frequency of vibration of a bar fixed 
at one end and free at the other, and carrying a heavy 
single load. Hesays I entirely overlook an extra bending 
moment induced by the angular motion of the load. 
Mr. Wallace is quite mistaken, as will be evident if I 
quote the introductory words of Article 162, on page 396 : 
**. , . in the present article a very closely approximate 
method of calculating the frequency of the fundamental 
vibration applicable to loaded or unloaded bars is given. 
This method consists in equating the strain energy which 
the bar would have in its static deflected position under 
the same load to the kinetic energy which the system 
would have in passing through its mean or undeflected 
position when vibrating throughout its length with the 
same period and with an amplitude equal at every point 
to its static deflection at that point. This arbitrary 
assumption as to the amplitude of vibration is not strictly 
correct, particularly for the unloaded bar, but gives a very 
nearly correct result by a simple calculation.” 

The extra bending moment (and strain energy) is evi- 
dently outside the arbitrary assumption I have chosen to 
make; besides making a quite insignificant change in 
the frequency in all practical cases, the supposed correc- 
tion would, under the circumstances, be quite wrong, and 
contrary to the premises of my approximate solution. 

In applying the principle of the equation of potential 
and kinetic energies, it 1s, of course, possible to assume 
different algebraic expressions for the deflections ; small 
differences in the assumed forms lead to trifling differ- 
ences in the calculated frequencies, but it should be 
recognised that in any case the assumed algebraic form is 
only an approximation, and some forms are simpler to 





* Cambs. Phil. Soc. Trans., vol. ix., 1850. 
t+ See Pearson’s ‘‘ History of Elasticity.” 





deal with than others. Dr. Chree,* restricting his assumed 
deflections only to an algebraic type, used for this case 
two different assumptions. The first, taken from Lord 
Rayleigh’s book, is based on dynamic considerations, and 
takes account of the extra bending moment mentioned 
above ; the second corresponds to the statical deflection, 
as in my book. Anyone interested in the matter can 
obtain the modified frequency given by the first assump. 
tion as follows :—Using the usual notation, and taking - 
for the extreme value of the deflection (y) at the free end, 


(x = 2), 6 for the extreme value of z at the free end, 


for the radius of gyration of the load W about its axis 
perpendicular to the plane of vibration, let the time of 


vibration be denoted by T = 27 


position, neglecting the mass of the beam and gravita- 
tional forces, the bending moment is 


. Ww 
E1gy-— p*[z(l — x) + k* 
2 
eige-Be[- (14 $) oar] 
E1y=Wpl 2 (1 ) +a oF] 


Inserting the terminal values 
EIe=™ pe (25 62) ; 
g 2 


Elz = p(t 


WwW 
y = (ZV (32-10) + (2 \ wo-2- 
y= (7) 2-19 + (FG) eo-2a, 


g 
the equation to the assumed type of deflection curve. 
Eliminating @ am. z (which are proportional) from (1) 


and (2) 
(We rs 12E ‘) (Ser 3 tnt) es 36 (Ft) 
g B 9g l R 
a quadratic equation in p?, one root of which (in prac- 
tical cases the smaller) determines the frequency of lateral 


vibrations, and the other corresponds to a vibration of 
high frequency controlled by the rotational inertia of the 
oad. 


In the most deflected 


x? 
he 
é 


2 
Po 
6 


+ v0) ; 
2 


Hence 


It is curious to note that Mr. Wallace’s supposed cor- 
rection is also in violation of his own account of this 
method set out in the opening sentence of his letter in 
your issue of March 5, 1909, in the words ‘“‘ assuming the 
simple type of vibration to be that of the shape of the 
structure under its static load.” 
Yours faithfully, 
ARTHUR Mor ry. 

University College, Nottingham, March 8, 1909. 








“TRIALS OF A STEAM-TURBINE PLANT.” 
To THE EpiTor OF ENGINEERING. 

Sir,—The description of the Brush-Parsons turbine 
plant at Littleborough, in your issue of February 26, is 
interesting, not only as a very full account of a turbine 

lant in a mill, but also because it is probably one of the 

rst tests to be published of a steam-turbine in which the 
pressures and temperatures are given at the beginning 
and end of several of the expansions, thus enabling the 
efficiency of the superheat to be traced in the different 
— Taking the figures given on page 301, the 
following results have been calculated :— 


| 
Heat Available Heat Utilised 
per Pound in per Pound in 


Efficiency 
Ratio. 


Expansion. 


0.845 
0.462 
0.333 
0.758 
0,625 





First .. ‘ 
Second oi a 
Third and fourth .. 
Fifth and sixth 

The whole . 


29.9 
34 


40.4 
119.9 
224.2 

Beyond the fact that the superheat disappears in the 
5th or 6th expansion, the quality of the steam in the ex- 
haust pipe is not known, except by calculation. The heat 
utilised in the first four expansionsis at once determined 
by the condition of the steam at the end of each of these 
expansions. The total quantity of heat utilised is also 
known from the steam consumption. The difference 
gives the heat utilised in the 5th and 6th expansions, 
and from this the dryness of the steam in the exhaust- 
Pipe can easily be found. ; 

ith regard to the efficiency ratios, they certainly 
show a variation which was hardly to be expected. The 
shorter blades and denser steam of the Ist expansion can 
hardly be neutralised by the higher superheat to such an 
extent as the figures indicate. It is, of course, possible, 
such are the peculiarities of superheated steam, that 
minute icles of water are present in the steam during 
the 3rd and 4th expansions; but, judging from the 
marked improvements in the 5th and 6th expansions, 
which can hardly be altogether due to greater blade length 
and less dense steam, it may be that the designers have 
been less successful with the middle expansions than with 
the first and last ones. The practice that is sometimes 
adopted of designing turbines for saturated steam, W itha 
constant efficiency ratio, and then using superheated 
steam, and taking the economy as a gift from the gods, 
evidently does not give the best results, and it is apparent 
that a sianehneiell atom turbine must be designed for 
superheated steam. This is further confirmed by sca'ing 





* Philosophical Magazine, May, 1904, 








ee! 





MARCH 12, 1909. | 


ENGINEERING. 


35! 











the“diagram, {Fig. 8, and{taking ‘values of {diameter? x 
number of stages, and comparing them with the values of 
heat utilised and heat available. _ 

It may be pointed out that, the over-all efficiency ratio 
is 0.625, and not 0.579, as stated in line 128, the error 
being in line 127, which should be 145 B.Th.U. per indi- 
cated horse-power per minute. 

Another point of interest is the table given in the 
Appendix. As is well known, in a reciprocating engine, 
the rate of increase of economy for a lower back pressure 
decreases practically all the way from a non-condensing 
cycle, the “‘rate of increase” being, for all practical pur- 
poses, the efficiency ratio. In order to try this point with 
a turbine, the following figures have been deduced from 
the Appendix :— 


' 








Heat Steam per : 
foes Anal, Indicated Heat _ Efficiency | Superheat. 
Vacuum. ; Horse- | Utilised. Ratio. | Deg. Fahr. 
| ©. Power Hour. 
28.29 365.5 11.80 | 215.9 0.590 152 
27.10 338.9 12.48 204 0.602 154 
26 323.6 13.12 193.9 0.599 158 
25.15 | 312.7 13.75 | = 185.1 0.582 159 
24.05 | 300.3 14.20 179.2 0.597 162 
23 | 285.1 14.82 | 171.7 0.602 | 144 
22 | 282 15.07 =| 168.9 0.598 | 159 
21 275.3 154.41 | 165 0.600 | 161 





From this it is seen that the efficiency ratio is as near 
constant as ordinary errors of observation would allow it 
to be. To show that the slight variation is not due to 
the variation in the superheat, the last column has been 
added. The best vacuum is 1 in. from the barometer, 
and thermodynamically it would be possible to reduce 
thisconsiderably. The real question is, however, whether 
it would pay to do it nny, 

Yours faithfully 
Ernest R. Brices. 
60, Cadder-street, Pollokshields, Glasgow, March 8, 1909 








‘“*GUEST’S LAW OF COMBINED STRESS.” 
To THE Eprtor OF ENGINEERING. 

Sir,—A correspondent has written me for further 
figures re the tests alluded to on page 327 of your last 
issue. They may be of interest to your readers. 

Four solid and unannealed steel specimens were cut 
from the same length of material. Each specimen was 
1 in. in diameter on length of 4 in. measured. The tests 
were :— 

1. Torque only ; yield-point noted. . , 

2. Torque and compression of 5 tons ; yield-point 
noted. 

3. Torque and compression of 8 tons; yield-point 
noted. 

4. Compression only ; yield-point noted. 


1% 1% ----- GY ------ 1% 1% 





e 





i to the Inch 


(70) 


For the four tests the Guest and Rankine values are, 
for failure at yield-point : — 


Test Guest Value ; Shear Rankine Value ; 
No. Stress in Pounds, Principal Stress, 
1 18,680 18,680 
2 18,900 26,020 
3 18,350 30,250 
4 18,700 37,400 


I enclose a rough sketch of standard specimen used. I 
think that the tests show in favour of Guest’s law. 
Although the greatest difference is 3 per cent., even this 
may be accounted for. But that is not very much as com- 
pared with the Rankine value. 

Yours truly, 
C. A. Smrru. 

East London College, University of London. 








THE PROPERTIES OF MATTER. 
To THE EprToR OF ENGINEERING. 

Str,—As a tly interested reader of your scientific 
articles, I should feel much indebted to you for a few words 
of elucidation as to one or two points in your report on 
Professor Sir J. J. Thomson’s recent lecture on the above 
subject. These points have more direct relation to what 
you say about ‘‘ Cauchy’s argument” in the third column 
of page 326, and you might be able to enlighten my dark- 
ness by answering the following questions :— 

1. What is meant by a “structure in time”? 

2. Is it asserted, or denied, that the actual velocity of 
red light along its wavy path of propagation is the same 
as that of violet light ? 

The usual illustrations given in text-books when com- 
paring red and violet light lead one to think that the 
amplitude of the waves for both isthe same. It appears 
to me that the amplitude of light waves should be 
taken into consideration. ave-lengths are usually indi- 
cated in these text-book diagrams, and distinction made 
for those of red and those of violet light relative to their 
respective wave-lengths, or time-periods, but the ampli- 
tudes are in both cases shown to be the same. Now, 
surely it would ap to the lay mind that violet has to 
traverse a greater h of actual path than red light, 
since two waves (roughly) of violet hght take up as much 

t, measured 


time as one wave of red light. Ye as 

the pro agation of either kind of light in a plane normal 
tothe direction of the ray, the rate of progress is said to 
be the same for red or violet waves. Granted this to be 
the cace, one would surely think that a particle of violet 





light must rush"along its more’densely{wavy path quicker 
than a red icle, to enable it to keep abreast of 
the latter, if both waves are of the same amplitude. If 
this is not so, we must take it, I presume, that the 
amplitude of the violet waves is much less than the 
amplitude of the red waves, and on this point I have 
hitherto absolutely failed to find any straightforward 
statement in any of the many and excellent text-books 
which are at my dis 1. I should thank you, there- 
fore, for a reply, which you may append to this very letter 
if you deem it important enough to insert in your next 
issue. 

With regard to the experiment with the broken fila- 
ment in an exhausted or air-filled bulb, this may he done 
by anyone somewhat easier. Take an ordinary incandes- 
cent lamp and hold it in your hand, which is sufficient to 
set the carbon filament rapidly vibrating, and then turn 
on the current. The vibration will immediately cease, 
and the filament stiffen out into almost rigidity, until 
the current is turned off again. This fact hasa great deal 
to do with the circumstance that incandescent lamps sus- 
pended from vibrating floors, walls, railway-carriage 
ceilings, &c., have a much shorter life than lamps attached 
in a rigid and quiescent position, and hence the desira- 
bility of giving steadiness to the filament by special 
interior supports, &c., to the same. 

Yours truly, 
ALBERT ALFRED Buss. 

‘* Barrowdale,” 22, Egerton-road, Chorlton-cum-Hardy, 

Manchester, March 7, 1909. 

[We believe that in using the term “ structure in time” 
Professor Thomson wished to imply that ultra-violet rays 
would pass through glass as pres» as ordinary light rays 
were it possible, whilst maintaining their aed wave- 
length, to reduce their periodicity to that of, say, sodium 
light. With respect to our correspondent’s second ques- 
tion, it is not possible to speak of the velocity of a wave 
along its ‘“‘ wavy path” of propagation. It is what he 
calls the wavy path which is the actual wave itself. Ina 
deep-sea wave, for instance, it is the oy that moves on, 
and has a velocity of transmission. e actual particles 
of water, on the other hand, merely oscillate about, or 
rotate around their original positions. As to the amplitude 
of the waves, this is independent of the wave-length and 
the periodicity. In ordinary sunlight, however, the ampli- 
tude of the violet rays is certainly only a mere fraction of 
that of the red, and particularly of the ultra-red rays. The 
experiment our correspondent describes with an incan- 
descent lamp is not quite equivalent to that described by 
Professor Thomson, in whose experiment the vibration of 
the filament was stopped by letting in air. The damping of 
the vibration in our correspondent’s experiment appears 
to have been due to the turning on of the current, and 
hence must be attributed either to electrical or thermal 
causes.—Ep. E.] 





WAR OFFICE LIGHT TRACTOR TRIALS. 
To THE EprTor OF ENGINEERING. 

Sir,—Having received numerous inquiries as to why 
we withdrew from the Aldershot trials, and having seen 
certain statements in the Press to the effect that we were 
unable to complete our steam-tractor in time, we should 
esteem it a favour if you would allow us to state, through 
the columns of your paper, the exact position. 

Firstly, we did not withdraw from the trials; and, 
secondly, our tractor was completed in time. Knowing, 
however, the extreme importance of the whole matter, 
and realising the necessity of rehearsing the severity of 
the tests, we felt it imperative to carry out a series of 
tests on our own ground. Unfortunately, this for the 
moment has been entirely impossible, hence our non- 
arrival at Aldershot. The statement that we had with- 
drawn would suggest either that the tests laid down by 
the War-Office authorities were unfair, or that we 'were 
unable to meet them, which is not the case. Our tractor 
was completed, but our inability to carry out a full-dress 
rehearsal compelled us to adopt what we considered the 
wiser course, and wait. 

Yours truly, 
Tue New Lowca ENGINEERING ComPANy, 
o w _~ - 
‘ecIL WALTON, Managing Director. 
Whitehaven, March 8, 1909, 





THE NUMBERING OF MOTOR-VEHICLES. 
To THE EpitoR OF ENGINEERING. 

Sir,—A correspondent this week refers to the difficulty 
of distinguishing the registration numbers of motor-cars. 
It has often occurred to me that the studding or embossing 
the tread of one of the tyres with the distinguishing marks, 
or the owner’s name even, would give an infallible clue 
by which a car could be traced, as, whether the road were 
wet or dusty, a tolerably clear print would mark its 


e. 

Feilure to keep the marks in good order could always 
be noted by constables, and it would be as incumbent to 
have them so as to have ordinary mar 

Such a reform is, I venture to think, advisable in the 
interests of respectable motorists and other road-users. 


T am, Sir, yours ow. - 
ENTISH MAN. 


DEVELOPMENTS IN MARINE SAFETY- 
VALVES. 


Ps 








To THE Eprror oF ENGINEERING. 

S1r,—We would propose, with your permission, to offer 
some comments on Mr. Hamilton Gibson’s article in your 
issue of February 26. The lem which Mr. Gibson 
by his experiments, as recorded in his article, has sought 





to solve is very old, and while it has become more acute 
with the increase in size of safety-valves, and, perhaps, 
ae age vo with the adoptiom of grouped valves of the 

esign shown, we are not aware of actual failure to get 
over the accumulation test with properly designed and 
constructed valves. We assume that the valves in this 
instance were of abnormal diameter, though Mr. Gibson 
does not state the size, and apparently the ingenious 
device adopted has served the purpose of getting the valves 
through the accumulation test ; but, of course, this is not 
the end of the duties of a safety-valve. It is clear that 
the duty of a safety-valve demands that it should be “safe,” 
and, in the first place, we contend that the balancing 
dise described in this article, even if made only a work- 
ing fit, will have a tendency to stick. To any engineer 
who has opened up a safety-valve after a period in use 
it will be evident that very considerable dirt will accumu- 
late, while if very loosely fitted in the cylinder, or by wear 
and tear becoming so, very considerable steam will pass 
through in most objectionable fashion to the atmosphere, 
which further makes for greater accumulation of dirt on the 
top of the dise, or, indeed, probably bringing the pressure 
of waste steam on the back of the disc again, and so back 
where you started. 

Mr. Gibson does not say why he discarded the “ time- 
honoured” lips, but this, of course, is apparent, for there 
is something more required in a safety-valve than that it 
should open—it must also be able to shut; but it will be 
evident to any one with a knowledge of the working of 
safety-valves that in thus discarding these he must Live 
thrown away considerable power to do exactly what he 
wants done—viz., to open the valve wider, the result being 
to leave the valve with no compensation against the in- 
creased power of the spring as the valve rises. Further, 
this balanced valve must be very accurately made as to areas, 
and remain thus accurate, for it is quite certain that, as 
Mr. Gibson says, “‘if the diameter of the balancing disc 
is made larger, an augmented lift will be obtained.” 
Mr. Gibson, in making this latter statement, surely has 
not given the matter full consideration in the light of 
the other function of a safety-valve. In conclusion, 
we may say that the late Mr. George Cockburn, 
the well-known expert in safety-valves, laid it down 
as a rule that safety-valves to be safe must be simple, 
and as far as possible without parts liable to stick, 
and in the course of his experiments during forty years 
discarded many such devices in favour of the “time 
honoured” lips. The Manchester Boiler Insurance experts 
are of the same opinion on the point of simplicity, and it 
would be interesting to hear their views on this device, 
From their known views on safety-valve construction we 
rather fancy they, like ourselves, would hardly admit 
that this device is an advance in marine safety-valve 
design. 

We are, dear Sir, yours faithfully, 
A. CocKBuRN AN} Co, 

Glasgow, March 5, 1909. 








THE PROCEEDINGS OF THE INSTITUTION 
. OF CIVIL ENGINEERS. 
To THE Eprror or ENGINEERING. 

Sir,—Your correspondent, ‘‘ Chief Draughtsman,” is 
evidently one of those young hot-heads who have no 
respect for the established order of things. Why urge 
these, what, save the mark, he considers, reforms? If his 
advice were acted on, one of the few remaining links with 
the ow left us in this confusingly kaleidoscopic age 
would be severed, and the Proceedings of the Institution 
of Civil Engineers would become quite unrecognisable. 
I, for one, would deplore any change. New processes or 
customs would be altogether out of keeping with the 
Institution. Its building is, and ought to be, a stately fane 
of departed heroes, On the few occasions on which I come 
to town I still find “ee t in making a pilgrimage thither 
of a Tuesday evening. know of no p where a more 
comfortable hour or so can be spent, dreaming of old com- 
panions among the great men whose portraits figure on its 
walls. I am proud to say that during my long connection 
with the Institution I remember only two or three occa- 
sions where the serenity of the proceedings were disturbed 
7 the ill-befitting levity on the part of members present. 

ot se, | its portals, one from all the rush of 
modern life and whirl of traffic to a dignified tranquillity 
hallowed by old and dear associations. It is this dignity 
and these memories which endear the Institution to me. 
Why spoil this delight by introducing changes, with an 
absurd idea of =y~ 4 abreast with the times. There is, 
alas, little enough left now to connect us with our youth 
and the times of former great men. Let us, rather than 
conform to the degeneracy of these latter days, guard 
jealously what of stately dignity and of old customs are 
still left to us. 

Your correspondent takes his pseudonym from the 
drawing-office ; I will do so likewise and sign myself 

** ANTIQUARIAN.” 








Tue INstTiITUTION OF MecHANICAL ENGINEERS; BRYAN 
Donkin Funp.—We have received particulars from the 
Secretary of the Institution of Mechanical Engineers of 
the conditions governing the award, to be e in 1910, 
of grants in aid of original research in mechanical i- 
neering, from the Bryan Donkin Fund. award— 
the first available from the fund—will be made in Feb- 
a. next, and the sum to be distributed amounts to 27/. 
Applications for grants should be sent in to the Council 
during the current year. The conditions governing this 
fund include a provision for the award of interest there- 
from once in three years, and, failing deserving applica- 
tions, the balance available is to ey Bowe to aiding the 
Research Committees of the Institution, being distri- 





buted in such proportions as the Council think proper. 





[Marcu 12, 1909. 
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Last week Messrs. Allen, Son, and Co., Limited, of 
Bedford, gave a demonstration of their small enclosed 
oil-engines, half-a-dozen of these being shown at their 
works running on various duties. hose exhibited 
were built with either one or two cylinders, and givin 
severally about 24 or 5 brake horse-power. Sectiona 
views of a single-cylinder engine are shown in Figs. 1 
and 2. The cylinder is 5-in. bore, with a stroke of 6 in., 
and the engine develops 5 horse-power at 750 revolu- 
tions per minute. The valves are mechanically operated, 
the inlet being vertically above the exhaust. In the 
pocket between them the striker for the low-tension 
magneto-ignition works. A valveless oil-pump, worked 
by an eccentric on the crank-shaft, forces oil to the 
main bearings, from one of which it s by means 
of a drilled hole to the crank-pin, and thence up the 
centre of the connecting-rod to the gudgeon-pin. The 
vaporiser for the paraffin is shown separately in Fig. 3. 
It is bolted against the inlet and exhaust ports. To 
start the engine, the vaporiser must first be heated, and 
this is done by means of the blow-lamp, the triple burner 
of which is seen in the illustration. When sufficiently 
hot the lamp is extinguished and paraffin turned on. 
The flow of paraffin is controlled by a needle-float valve, 
and passes to the jet shown in section. The suction of 
the engines draws the spray round the spiral passage, 
and so to the inlet valve. This passage is surro 
by a jacket, through which the exhaust gases pass, and 
hence its temperature is maintained sufficiently high 
to vaporise the oil. 

The other details of the engine will be sufficiently 
clear from the drawings. A governor is mounted on 
the half-time shaft, and the magneto is driven from this 
shaft through skew-gear. A heavy outside fly-wheel 
is a feature of all these engines, which are in con- 
siderable use for driving dynamos, pumps, &c. The 
external appearance of a single-cylinder engine direct 
es to a small pump is shown in Fig. 4. We 
understand that Messrs. Allen, Son, and Co., Limited, 
have supplied numerous sets for these purposes in the 
Colonies and abroad, 








Tue Hometanp Hanp-Booxs : CHELMsFoRD.—This 
hand-book, No. 67 of the series, published at 6d. by the 
Homeland Association, Limited, Chandos Chambers, 15, 
Bedford-street, Strand, W.C., has been written by Mr. 
H. G. Daniels, and is illustrated with photograp by 
Mr. J. A. C. Branfill. It describes the town, and gives 
data on interesting excursions to be made around it and 
further afield in Essex. It contains information and 
addresses for the convenience of motorists, and notes 
which will be found useful by visitors who intend making 
a stay of some duration in the town, 
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30-IN. CRANK-AXLE LATHE. 


WE illustrate in Figs. 1, 2, and 3 on page 356 a 30-in. 
centre motor-driven crank-axle lathe, which has been 
specially designed for roughing and finishing locomotive 
crank-axles. it has been constructed by Messrs. James 
Spencer and Co., Chamber Iron Works, Hollinwood, 
Shasbusten, for the Indian State Railways. The fast 
headstock is treble geared, and is fitted with a steel 
spindle, which runs in parallel gun-metal bearings, 9 in. 
in diameter by 14 in. long in the front neck, and 6 in. 
in diameter by 94 in. long in the back neck. On the 
front end of the spindle there is a large flange, to 
which a face-plate 5 ft. in diameter is bolted, an 
internal gear-ring being attached to the back of the 
face-plate. This ring is clearly seen in Figs. 2 and 3. 
The spindle is driven by a 15-horse-power variable- 


speed motor, which is carried on a bracket at the |! 


be seen in 
through spur 


back of the fast headstock, and ma 
Figs. 2and 3. The drive is transmit 
gearing, as shown in Fig. 2. There are six changes o 
gear, worked in conjunction with the speed-regulator, 
which give a very large range of variation in speed to 
suit different diameters and classes of work. The 
sliding-gears for giving the changes are moved by 
racks and pinions, and interlocking devices are pro- 
vided to prevent the possibility of any two sets being 
in gearat the same time. A suitable reversing motion 
is also provided, so that the sliding and surfacing 
feeds can be worked in either direction. 

The loose headstock is of the box form, and is fitted 
with a steel spindle 6 in. in diameter, adjustable by a 
screw which is actuated by gearing and a cross rea 
A split binding arrangement is provided for the spindle. 
The loose headstock is adjustable along the bed by 
means of a pinion and ratchet lever. 

The bed of the lathe is of box form. It is 19 ft. 
long, to admit 9 ft. between the centres, and has square 
edges for the guides. These guides are 4 ft. 6 in. wide 
across the top by 20 in. deep, and one end of the bed 
forms a tank for lubricant. The bed carries two 
saddles, each having independent hand and _ self- 
acting sliding motion from a fixed screw 44 in. in 
diameter, and a revolving nut. On each saddle 
there is a compound slide - rest at the front, 
which has full swivel, and a narrow in - cutting 
rest at the back. These in - cutting rests can be 
tixed on the front slides of the saddles when the com- 
pound rests are removed. A self-acting surfacin 
motion is provided to each saddle, the front and bac 
rests being worked by independent screws. 

The self-acting sliding and surfacing motions are 
worked from a shaft carried along the front of the 
bed, and cannot be in operation at the same time. A 
positive-feed gear-box is provided, which has four 
changes of speed, which can be operated without stop- 
ping the lathe. The four changes are worked in 
conjunction with the ordinary arrangement of change- 
wheels between the spindle and the gear-box, so that, 
with four trains of wheels and the gear-box, sixteen 
changes of feed are available, giving a traverse ranging 
from three to seventy-two cuts per inch. These 
various changes are indicated on an index-plate fixed 
in a prominent position near the gear-box. All the 
searing is machine cut, and the feed-gears are of 
orged steel, and all the wheels are guarded where 
necessary. 

With the lathe are also included : four slides, each 
fitted with case-hardened jaw, which is adjustable by 
screw ; fixed stay for bed, with four slides to admit up 
to 12 in. in diameter; rotary pump for lubrication, 
with pipes and fittings to each rest ; also the requisite 
overhead driving apparatus and screw-keys. 








Conrracts.—The International Time-Recorder Com- 
any, 151, City-road, London, E.C., inform us that they 
te received an order for sixteen automatic time-recorders 
for the Italian Government.— Messrs. Hubert Davies and 
Co., Johannesburg, have just entered into a contract for 
the supply of three 3000-kilowatt turbo-generators_com- 
lete with surface condensing plant, with the East Rand 
ines. These are being supphed by Messrs. Willans and 
the alternators being manu- 


Robinson, Limited, Rugby, 
3. Dick. Kerr and Co.—We under- 


factu by Messrs. 


stand that, in addition to many orders recently received | 4 


from abroad, Messrs. Smith, Wincott, and Co., 53, 
Waterloo-street, Glasgow, have obtained a contract for 
new gas-fired furnace plant .rom the North British Loco- 
motive Company, Limited, in connection with alterations 
at their Queen’s Park Works. This order includes the 
erection of ten forging, five plate-heating, one bar-heating, 
and a number of case-hardening furnaces, as well as 
chimneys and a battery of gas-producers.—Messrs. John 
I, Thornycroft and Co., Lisnited, have recently shipped a 
four-cylinder 105-brake-horse-power petrol- ffin motor 
for the marine department of the Dutch t Indies, a 
47-53-brake-horse-power set and drawings of a boat to be 
built under license at Batavia, several sets for New Zea- 
land, and 30-36-brake-horse-power motor for a launch for 
the Port Health sogeeteens, Calcutta.—Messrs. Andrew 
Barclay, Sons, and Co., Limited, Caledonian Works, Kil- 
marnock, have lately received an order for an Oddie- 
Barclay high-head ram-pump for the Nitrate Company, 
Limited, Chili. 





NOTES FROM THE NORTH. 
Gtascow, Wednesday. 

Glasgow Pig-Tron Markct.—Last Thursday morning the 
pig-iron market was steady, and Cleveland warrants were 
done at 47s. 44d. and 47s. 4d. one month. The turnover 
amounted to 4000 tons, and closing sellers quoted 47s. 14d. 
cash, 47s. 4d. one month, and 47s. 9d. three months. In 
the afternoon there was little doing, and only 2000 tons of 
Cleveland warrants changed hands at 47s. 1d. cash and 
47s. 4d. one month. At the close cash iron was unchanged 
at 47s. 14d. sellers, but the other positions were a shade 
firmer at 47s. 44d. one month and 47s. 9}d. three months 
sellers. On Friday morning the tone was weaker, and 
Cleveland warrants, to the extent of 1500 tons, were 
dealt in at 47s. 14d. ten days, and 47s. 3d. one 
month, Closing sellers’ quotations were 47s. cash, 47s. 3d. 
one month, and 47s. od. three months. Hematite was 
quoted at 55s. 9d. cash sellers, and there were buyers at 
5ds o three months, but no business was recorded. In 
the afternoon business was again quiet and the market 
weak. The dealings consisted of 2000 tons at from 47s. 2d. 


f | to 47s. 14d. one month, and closing quotations were easier 


at 46s. 11d. cash, 47s. 2d. one month, and 47s. 74d. three 
months sellers. On Monday morning there was no im- 
provement in the market, and the total turnover con- 
sisted of one Cleveland warrant at 47s. 6d. three months. 
Sellers’ closing quotations were 46s. 10)d. cash, 47s. 1d. 
one month, and 47s.7d. three months. At the afternoon 
session the dealings were again limited to one Cleveland 
warrant at 46s. 11d. cash, and the closing prices were the 
turn firmer, at 46s. 11d. cash, 47s. 2d. one month, and 
47s. 8d. three months sellers. On Tuesday morning the 
market continued to be very quiet, and some 1500 tons 
of Cleveland warrants were done at 46s. 104d. cash, 
with sellers over. The closing quotations for the other 
positions were 47s. 14d. one month, and 47s. 7d. three 
months sellers. The downward tendency was again in 
evidence in the afternoon, when 1000 tons of Cleveland 
warrants changed hands at 46s. -_, cash and 47s. 54d. 
three months. The close was dull, with sellers quoting 
46s. 10d. cash, 47s. 1d. one month, and 47s. (id. three 
months. When the market opened to-day (Wednesday) 
Cleveland warrants were very quiet, and no transac- 
tions of any kind were recorded. The closing prices 
were nominally steady at 46s. 94d. cash, 47s. Old. one 
month, and 47s. 6d. three months sellers. At the 
afternoon session the tone of the market was easier, 
and Cleveland warrants were put through at from 
46s. 8d. to 46s. 84d., to 46s. 7d. to 46s. 74d. cash, at 
47s. May 4, and 47s. 44d. three months. The turnover 
amounted to about 4500 tons, and sellers’ closing quota- 
tions were 46s. 8d. cash, 46s. 11d. one month, and 47s. 44d. 
three months. The following are the market quotations 
for makers’ (No. 1) iron :—Clyde, 58s. 6d.; Gartsherrie, 
59s.; Calder and Summerlee, 59s. 6d.; Langloan, 68s.; 
and Coltness, 89s. (all shipped at Gl w); Gien rnock 
(at Ardrossan), 61s. 6d.; Shotts (at Leith), i canton 
(at Grangemouth), 62s. 

Sulphate of Ammonia.—There has been little change in 
the position of sulphate of ammonia within the past week, 
and quotations are practically unaltered. The current 
prices are 11/. 12s. 6d. per ton Glasgow, and 11/. 15s. per 
ton Leith, both for prompt delivery. Theshipments from 
Leith Harbour last week amounted to 251 tons. 


Scotch Steel Trade.—No improvement can be reported 
in the general conditions of the Scotch steel trade, and 

roducers are finding new business very difficult to obtain. 

he outlook is, perhaps, a little brighter, but until speci- 
fications are more plentiful and the competition less oes 
little change can expected. A fairly good inquiry 
exists for sections required for structural work, and some 
of the makers of this class of steel are moderately busy. 
The general export trade is quiet. No change has been 
made in the last official list of prices. 


Malleable-Iron Trade.—The malleable-iron trade of the 
West of Scotland has not improved to any extent, and 
orders are only for small quantities. No distance ahead 
can be seen by the majority of the makers, who are still 
finding some difficulty in Lintee their works running 
regularly. 

Scotch Pig-Iron Trade.—The demand for the ordinary 
brands of Scotch pig-irgn-fordecal requirements remains 
vena although goodly quantities continue to be sent 
to England. The export trade is fairly good, and some 
considerable quantities have recently been fixed up for 
spring shipment. Inquiries are presently in the market 
for several large lots for export. No change has taken 
place in hematite, which is reported as rather quiet. 

Shipbuilding.—An order has just been placed with 
Messrs. William Simons and Co., Limited, rear ly by 
the British Government for a very powerful suction- 

redger. This vessel is to be em loved in the improve- 


ment of the port of Lagos, West Africa. 








Ex.ectricAL TRADES BENEVOLENT INsTITUTION.—We 
understand that a festival dinner in aid of the above In- 
stitution is to be held at the, Whitehall Rooms, Hotel 
Metropole, on March 30. Sir Wm. H. Preece, K.C.B., 
F.R.S., has consented to preside. Particulars ma 
obtained from the secretary of, the Institution, Ridler- 
place, Holland-street, Blackfriars, S.E. 


MECHANICAL FILTRATION OF WATER.—The Water Ex- 
amination Committee of the Metropolitan Water Board 
recently recommended that experiments on mechanical 
filtration should be carried out, at a cost estimated by the 
Finance Committee not to exceed the sum of 2650/; 
This estimate includes 2500/. for installation, of which 
1180/. is the estimated cost of four filters, and a sum of 
150/. as the working expense for twelve months. 


NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 

National Smoke-Abatement.—- A conference of repre- 
sentatives of local authorities interested in smoke-abate- 
ment was held on Monday, in connection with the Smoke- 
Abatement Exhibition in Sheffield. Representatives 
attended from most of the principal cities and towns 
throughout the kingdom, indelion London, Birmingham, 
Manchester, Darlington, Middlesbrough, and Bradford, 
and as far north as Kendal. The most interesting dis- 
cussion arose on a paper by Mr. L. W. Chubb, secretary 
of the London Coal-Smoke-Abatement Society, on the 
powers, duties, and difficulties of local authorities in abat- 
ing smoke nuisances. Mi. Chubb urged that it was greatly 
to be regretted that the department of the State entrusted 
with the duty of compelling local authorities to enforce 
the provisions of the Public Health Act had hitherto set 
an example of disobedience in persistently refusing to 
exercise the powers which Parliament had placed in their 
hands. Where the local authority deliberately chooses 
to defy the law and neglect its duty it had hitherto 
been able to do so with impunity. He asked if it was too 
much to hope that Parliament would give its attention to 
this important subject, and clothe local authorities with 
the further powers they needed for protecting the purity 
of theatmosphere. At the close of the conference a reso- 
lution was sed establishing a committee, consisting of 
representatives of local authorities, manufacturers, and 
voluntary associations, to consider the question of smoke- 
abatement and take steps to put the movement on a per- 
manent national footing. 


Hadtield’s Stecl-Foundry Company.—The annual report 
of Hadfield’s Steel-Foundry Company shows profit for 
the year of 72,554/. 13s., which, with 20,535/. 10s. 2d. 
brought forward, makes {3,090/. 3s. 2d. A dividend at 
the rate of 174 per cent.—the same as last year—is 
declared, and a balance of 27,090/., or some 6500/. more 
than last year, carried forward. The directors announce 
that Lord Claud John Hamilton has joined the Board. 


Messrs. Vickers Sons and Maxim.—The directors of the 
above company to-day announce a dividend at the rate of 
10 per cent. for the year. This compares unfavourably 
with last year’s dividend of 15 per cent. 


Hull Coal Returns.—The official returns for the past 
month relating to the coal traffic at Hull show a decrease 
compared with last year, though for the first time for 
many months there is an increase in the foreign ship- 
ments. Of the tonnage received during the month— 
355,728 tons—foreign ports took 143,050 tons, and coast- 
wise ports 69,102 tons, leaving over 140,000 tons required 
for bunker purposes at the port. The decrease, com- 
pared with February of last year, is 66,944 tons, of which 
total 46,628 tons is due to the loss of the London gas-coal 
contracts, which were supplied from the port a year ago, 
so that the traffic is somewhat normal if the exceptional 
business with the Metropolis is eliminated. The foreign 
ports show an increase of about 9000 tons over a year ago, 
which is entirely due to the continued increased buying 
from Austria. There is still a heavy decline in the trade 
with Germany, though slightly increased traffic was sent 
through the Dutch ports. 


Iron and Stecl.—A general slackness of tone and absence 
of anything approaching activity continues to characterise 
the iron and steel trades of the city. The large East End 
firms are no better off than their less wealthy colleagues, 
and all are canvassing keenly for even the smallest orders. 
Contracts which would not have been looked at a year or 
so are eagerly snapped up at prices which leave but a 
small margin of profit. The unsettled condition of affairs 
in the United States, it is admitted, has much to do with 
the position. So far there has been no indication of any 
pressure in export business from that country, but it 1s 
regarded as by no means improbable. The market in raw 
material is very weak, and makers find consumers by no 
means eager to accept even their contract quantities. The 
quarter looks like closing in an almost more aoe 
condition than it opened. In the lighter branches en- 

ineers continue to show interest in the new high-speed 

rands. Railway economies continue to advance the 
price of old steel rails, which are to-day 75s. a ton, as 
compared with 60s. a very short time ago. This is wholly 
due to shortage in sifpplies. 


South Yorkshire Coal.—Business in hard coal continues 
to improve, and larger mre ee vy are being sent to the 
ports on contract account. Stocks have been lowered con- 
siderably, and though in several cases collieries have re- 
duced prices in order to get rid of their surplus, as the 
time for forward business draws nearer there is less dis- 
position to adopt this course. Shipping business for ex- 
_ to the Continent and for bunker purposes is steady. 

as coal is moving with freedom. t quality slacks are 
in strong demand, and good prices are obtained for prompt 
supplies. With Lancashire, business is brisk in this line. 
| Medium qualities are unchanged, but smudge slacks are 
| plentiful. In the house-coal trade business continues 

risk. Pits are working full time, and at some collieries 
practically all stocks in wagons have disappeared. Mer- 
| chants’ stocks, both in London and the provinces, appeaT 
to be low. Prices are stiff, best qualities making 12s. 3d. 





be | to 12s, 6d. per ton, and secondary 10s. 3d. to 10s. 6d. per 


| ton at the pit-mouth. 





S1x-CoupLep Ten- WHEEL Express Locomotive Fok THE 
Bencat-Naepur Raitway.—In our two-page engre\ ng 
with last week’s issue the working pressure of this locc- 
motive is stated to be 160 Ib. per square inch. Actually, 
the pressure is 180 Ib. per square inch, the figure being 
correctly given in the account of the engine and table on 

| pages 318 and 319. 
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NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 
MIDDLESBROUGH, Wednesday. 

The Cleveland Iron Trade.—Very unsatisfactory and 
discouraging accounts are given of the pig-iron trade 
just now. usiness is practically at a standstill, and it is 
difficult to discover 4! grounds for belief that a change 
for the better is at hand. There are, however, some 
sanguine traders who predict improvement in the near 
future. The facts, however, that production is consider- 
ably in excess of requirements, that shipments, as well as 
inland deliveries of pig, are on only a very moderate scale, 
and that values of Cleveland iron are the lowest for nearly 
four years, are very discouraging features of the situation. 
Cleveland iron this month is being sent into the public 
warrant stores at the rate of close on 1000 tons per work- 
ing -day, and makers’ stocks of both Cleveland and 
hematite pig are increasing. Shipments of pig to date this 
month average 2508 tons per working-day, as com 
with 3205 tons to the same date last month, and 4862 tons 
for the corresponding part of March last year. Both makers 
and merchants are now pressing sales of No. 3 g.m.b. 
Cleveland pig iron at 47s. f.o.b., and some of the latter 
would sell at 46s. 9d. No.1 is 49s. 6d. ; No. 4 foundry, 
46s. 3d.; and No. 4 forge, 45s. 6d. As a rule, makers 
adhere to 55s. for Nos. 1, 2, and 3 East Coast hematite 
pig, but there are second hands who would gladly sell at 
54s. 9d. Spanish ore is quiet, but steady. Rubio of 
50 per cent. quality remains at 16s. ex-ship Tees, and 
freights, Bilbao to Middlesbrough, are 4s., whilst the 
price of Rubio at Bilbao is 11s. 6d. Coke is plentiful, and 
demand for local consumption is only moderate. Average 
blast-furnace qualities are offered freely at 15s. delivered 
here, and, as a matter of fact, 14s. 9d., and even less, 
would be accepted by some firms. 


Manufactured Iron and Steel.—The various branches 
of the manufactured iron and steel industries present few 
new features of moment. Whilst some departments con- 
tinue very actively employed, others are characterised by 
extreme slackness. The reductions made last week in 
quotations for iron bars and angles do not appear to have 
induced any buying. Principal market quotations stand: 
—Common iron bars, 6/. 15s.; iron ship-plates, 6. 7s. 6d. ; 
iron ship-angles, 67. 15s.; iron ship-rivets, 7/. 3s. 9d.; steel 
bars, 6/. 5s.; steel ship - plates, 6/.; steel ship - angles, 
Bl. 12s. 6d. ; steel strip, 67. 7s. 6d. ; steel hoops, 61. 10s. ; 
and steel joists, 5l. 15s.—all less the customary 24 per 
cent.; cast-iron railway chairs, 3/. 10s.; light iron rails, 
Gl. 10s. to 62. 15s. ; heavy steel rails, 5/. 5s. ; and steel 
railway sleepers, 67. 10s.—all net cash at works ; and iron 
or steel galvanised corrugated sheets, 24 gauge, in bundles, 
12/. 10s. f.0.b.—less the usual 4 per cent. 








Tue Institution or Civi, ENGINEERS: STUDENTS’ 
Meetincs.—At the meeting held at the Institution on 
Friday, March 5, at 8 p.m., Mr. E. G vegrove, 
Stud. Inst. C.E., read a paper on ‘Slips in Railway 
Earthworks,” Mr. Frederic Shelford, B.Sc., M. Inst. C.E., 
being in the chair. The author dealt very fully with the 
causes and effects of actual slips occurring on railways in 
this country, and described some of the methods employed 
in repairing them and preventing further movement. e 
meeting was well attended, and a discussion followed 
the reading of the paper, in which Messrs. J. Segrave, 
C. G. Cotton, J. Barber, G. Ingram, H. C. A. Thieme, 
and C. J. Guttmann took part. 





Tue S.J. Cemine-Rosr Creat.—We have received 
from Messrs. Veritys, Limited, of King-street, Covent 
Garden, W.C., a sample of a ceiling rose for open electric 
wiring—t.¢,, wiring which is fastened by cleats above the 
surfaces of walls and ceilings, instead of being drawn into 
conduit or carried in wooden ducts. Wiring of this 
nature is very cheap and accessible, and largely used 
abroad. The ceiling-rose contains no metal whatever, 
except the two screws which hold it together and in place; 
the ends of the flexible wire are bared and twisted, one 
round each lead, at a place bared for the purpose. The 
porcelain cover of the rose nips the whole together, and 


solder is a The arrangement appears perfectly | Co,, Li 
ers' 


good, and we understand that large installations have 
een wired with these cleats, and approved by the insur- 
ance companies. The saving of labour as compared with 
the ordinary method is considerable. 





Steam Triats or H.M.S. “ Témératre.”—The Témé- 
raire, the third vessel of the Dreadriqnght type built in 
H.M. Dockyard, Devonport, has just completed her 
Steam trials satisfactorily. She is 490 ft. long, 82 ft. wide, 
and at 27 ft. mean draught displaces 18,600 tons. The 
horse-power necessary to drive her at the designed s 
of 21 knots per hour was 23,000. On trial, both the power 
and the speed desired were excelled, and the boilers easily 
maple’ the steam required. The propelling machinery, 
with boilers complete, was constructed by Messrs. R. and 
W. Hawthorn, Leslie, and Co., Limited, at their St. Peter's 

Vorks in Newcastle-on-Tyne. The machinery is of the 
turbine ‘ype, in accordance with the Hon. C. A. Parsons’ 
tents. It is arranged for driving four screws. The 
re of the latest improved large-tube Yarrow type, 
= trials consisted of a 30-hours’ cruise at low power ; a 
%0-hours’ trial, arranged so that the machinery might be 
one xt various powers, ranging from the lowest to over 
~,000 horse-power ; a 30-hours’ trial at seven-tenths the 
a power; and an 8-hours’ full-speed trial. In 
addition to the above, exhaustive stopping, starting, steer- 
ng and astern trials have been successfully completed, 
and the vessel has returned to the dockyard for the pur- 
aa of making preparations for gunnery-tests, which will, 
1s anticipated, take place in about a fortnight’s time. 





NOTES FROM THE SOUTH-WEST. 

Cardif.—Labour difficulties have occasioned some ex- 
citement in the steam-coal trade, and it has been difficult 
to arrange for prompt shipment in connection with new 
business. The best yf rm rm een steam coal has ranged 
between 13s. 9d. and 14s. ad ton, while secondary — 
ties have made from 12s. 6d. to 13s. 6d. per ton. House 
coal has remained steady at former rates ; the best ordi- 
nary —— have been quoted at 14s. 6d. to 16s. 6d. = 
ton. No. 3 Rhondda large has made 17s. 6d. to 17s. 9d. 
per ton. Foundry coke has brought 17s. 6d. to 20s. per 
ton ; and furnace ditto, 15s. 6d. to 16s. 6d. ton. Patent 
fuel has shown scarcely any change. j= regards iron 
ore, Rubio has made 15s. 6d. to 16s. per ton, upon a basis 
of 50 per cent. of iron, and charges, including freight, 
insurance, &c., to Cardiff or Newport. 


The Swansea Valley.—The outlook for the bituminous 
coal trade is considered to have improved ; disputes at 
the Copper and Clyne Valley Collieries have been 
amicably and satisfactorily adjusted. There has been a 
satisfactory output of pig iron. A slight improvement 
has been noticed in the steel trade. The tin-plate works 
have been generally busy. 


A Prosperous Colliery.—The directors of the Penrikyber 
Navigation Colliery Yenc imited, recommend a 
dividend for the past year at the rate of 15 per cent. per 
annum, carrying forward 20,065v. 
the company’s ordinary shares for the past ten years come 
out as follows :—1899, nil; 1900, 25 per cent. ; 1901, 10 per 
cent.; 1902, 6 per cent.; 1903 and 1906, 5 per cent.; 1904, 
nil ; 1905, 24 per cent. ; 1907, 124 per cent. ; and 1908, 15 per 
cent. The profit realised in 1899 was 22,938/.; in 1908 
the corresponding total was 70,920/. 


Welsh and Belgian Coal.—In tenders received last week 
by the administration of the Belgian State Railways for 
locomotive coal several Welsh firms participated—viz., 
Messrs. T. Beynon and Co., at 9s. 11d. per ton ; Messrs. 
Morgan Wakley, Limited, at 10s. 3d. per ton ; Messrs, 
Vivian and Co., at 10s, 9d. per ton; Messrs. Evans and 
Reid, at 10s. 10d. per ton; Messrs. Clay and Co., at 
lls. 2d. per ton ; and Messrs. Pyman, Watson, Limited, 
at 1ls. 7d. per ton. These tenders were all for type 4 
coal. The Associated Belgian Colliery owners ok 
at 9s. per ton. 


Bristol Docks.—For the year ending April, 1910, Bristol 
Docks will require a rate in aid of 154,000/. The corre- 
ponding demand for 1908-9 was 123,000/. 


Swansea.—The annual meeting of the Harbour Trustees 
was held on Monday. Sir Griffith Thomas referred to 
the past year as a record in the history of the harbour. 
The imports and exports formed a record—viz., 5,839,531 
tons; the revenue—a record—229,038/.; the profit —a 
record—37,995/.; and the surplus in hand —a record— 
109,278/. This proved that what the trustees had been 
doing for the past ten years had been pn | for the 
great development of the port. Ten years the Prince 
of Wales Dock extension was completed. e deepening 
of the North Dock entrance and the making of the new 
South Dock entrance were effected in 1902. © was quite 
certain that but for the improvements in those docks it 
would have been impossible for them to carry on the 
present trade; therefore the expenditure made upon 
them, although large, had been justified. As rds 
new dock works, the three gates of the new lock weal be 
ready for use in April, and the water would rise to the 
bottom level before May 1. The dock could well be 
opened by October. As rds impending labour trouble 
in the Welsh coalfield, Sir Griffith said he sincerely hoped 
that wise counsels would prevail between masters and men. 


The ‘‘ Bellona.”—The Lords of the Admiralty have 
approved of the unarmoured cruiser Bellona bein 
launched from Pembroke dockyard on Saturday, Marc 
20. The Bellona was laid down June 15, 1908. 


Avonmouth.—At a meeting of the Bristol City Council on 
Tuesday, the Docks Committee submitted terms for the 
lease of plots of land round the ag 7-2 rey at Avon- 
mouth to Messrs. Shearman and Co., Limited, engineers 
and ship-repairers ; and to Messrs. G. K. Stothert and 
imited, engineers and shipbuilders. The plots are 
each 1000 square yards in extent, and they are to be 
leased at rentals increasing from 25/. to 75/. per annum. 





Tuer INSTITUTION OF MECHANICAL ENGINEERS: GRA- 
DUATES’ ASSOCIATION.—At a meeting of this Association, 
held at the Institution, Storey’sGate, Westminster, 8S. W., 
on Monday last, the 8th inst., at 8p.m., Mr. E. B. Ellingtow, 
Vice-President, in the chair, a peper entitled ‘‘ Producer 
Gas ” was presented by Mr. G. H. J. Cruse, and read by 
the author. Mr. M. G. Duncan opened the discussion, in 
which the following uates took : — Messrs. 
A. B. E. Cheeseman, Stacy Hatfield, P. Petrie, A. D. 
Salway, 8S. A. Smith, and H. de Whalley. 





PrrsonaL.—Messrs. Theodore Butler, Limited, of 149, 

een Victoria-street, E.C., have become the representa- 
tives in Europe of the Standard Scale Supply Company, 
of Pittsburg, U.S.A.; the Rogersford Foundry and Ma- 
chine Company, Philadelphia ; the W. N. Durant Com- 
vany, Milwaukee, Ohio; the Buckeye Manufacturing 
face, Louisville, Ohio ; the Oswego Tool Company, 
Oswego, N.Y.—The Schmidt Superheating Company, 
Limited, have opened a technical office at 28, Victoria- 
street, Westminster, S.W., for their locomotive and 
marine superheating systems. Mr. H. A. Stenning, M.I 
Mech. E., has been appointed to the locomotive at 
ment, and to the marine, Mr. A. F. White, M.I.N. 
M.I. Mech. E. 


The dividends upon | N.Y 





MISCELLANEA. 


TuE proposed taxation of electricity and gas in Germany 
has called forth a most serious protest from the Union of 
German Manufacturing Engineers, in conjunction with 
innumerable similar protests from industrial, techni 
scientific, and municipal bodies. It is pointed out that 
the German export of machines, which at present 
amounts to an annual aggregate of over 20,000,000/., 
would suffer considerably through the proposed new 
taxation. 

The Baltimore and Ohio Railroad has compiled figures 
showing the number of failures of its signals in the last 
seven years. Wegive the principal figures below showing 
the number of correct movements per failure and the per- 
centages of failures :— 


| 
Year .. . . [1901 1902) 1908. 


Correct. movements | 
R -wd failure. . . .| 1581 :4460)4856'6085 10,621 13,843 17,852 21,204 
Failures “se * * 0.32| 0,11/0.10| 0.09 0.08 | 0.04 | 0.04 | 0.02 





1904 1905 | 1906 | 1907 1908" 


° Six months of 1908. we 


An account is given in the New York Engineering 
News of the work done by an electric navvy, built by 
the Vulcan Steam-Shovel Company, of Toledo, O., for 
the Chautauqua Traction Company, of Jamestown, 
af is machine weighs about tons, and has a 
car-body 27 ft. long and 6 ft. 8in. wide. The shovel 
is of 14 cubic yards capacity, with a clear lift of 12 ft. 
A cut 26 ft. wide can be made with the machine, 
which can deliver within a distance of 21 ft. Gin. from the 
centre of the track. Its equipment includes three motors 
—one of 75 horse-power for hoisting the shovel, one of 
30 horse-power for slewing, and a 30-horse-power motor 
for forcing the shovel up against the working face. These 
are variable-speed direct-current motors working on 600- 
volt current. In material consisting of gravel, sticky 
clay, and sand, this machine has worked at the rate of 
66.6 cubic yards per hour. The work of firemen is, of 
course, dispensed with, and a crew of four men is suffi- 
cient. Including the wages of the men, which ran; 
from 33 to 15 cents per hour, and cost of electricity, oil, 
waste, &c., the cost per hour for this machine is recorded 
as 1.10 dols., or 1.64 cents per cubic yard. The hoisting 
motor is provided with magnetic controller and circuit- 
breaker, to prevent burning out if the shovel should 
encounter material too hard for it to work. 








GrerMAN MerauLurey.—Orders for rolled iron and 
finished products which the Laurahiitte Company has 
now in hand represent a value of about 600,000/., as com- 

red with 500, 0004. at the commencement of the year. 

lar work is thus assured to the company for several 
months, although, in consequence of the low prices 
paving. the profits realised for the t six months 
gee of those of the previous half-year by nearly 





Our Locomotive Exports.—The new year has = 
rather poorly for our locomotive export trade. The value 
of the locomotives exported in February was 183,054/., as 
compared with 161,917/. in February, 1908, and 220,4664. 
in February, 1907. This was due to a contraction of the 
demand for British locomotives in South America, which 
only took ess to the value of 60,8791. in February, as 
compared with 34,666/. and 416,564/. in the quetpenting 
months of 1908 and 1907 respectively. The coloni 
demand for British locomotives moved on as follows in 
February :— 


Colonial Group. eer 1909. Feb. ” va Feb. 's 1907. 


South Africa .. oe 4,759 1,469 644 
India .. ~ as 46,382 60,213 53,371 
Australasia + ve 50,763 5,625 1,141 


motives were exported to the value of 429, as com- 
pared with 439,560/. in the first two months of 1908, and 
606,113/. in the first two months of 1907. South America 
figured in these totals for 147,243/., 115,689/., and 416,564/. 
respectively. 


In the two months ending February 28, this year, loco- 





INSTITUTION OF CIVIL ENGINEERS: MANCHESTER Asso- 
CIATION OF StuDENTs.—The twenty-second annual dinner 
of this Association was held on Wednesday, the 3rd inst., 
at the Grand Hotel, Manchester. The President, Colonel 
H. T. Crook, was in the chair, and about 120 students and 
ee were present. Amongst the latter were Mr. J. C. 

nglis, President of the Institution of Civil Engineers, and 
the Mayor of Salford. In the absence of Major-General 
R. M. Ruck, the chairman replied to the toast of ‘‘ The 
Imperial Forces,” and a letter from Major Ruck, in 
which he referred to the scheme for obtaining engineers 
as Royal Engineer reserve officers. He was sure that a 
course at Chatham would be of material benefit to young 
engineers, especially to those whose work would take 
them to the Colomes. Mr. Inglis, in replying for the 
‘*Institution,” also referred to this scheme, and was 
pleased that the selection of ineers they had made was 
satisfactory. A second indent for a further fifteen officers 
had been received from the War Office. He wished to 
assure the Association of the deep interest taken by the 
parent Institution in these allied associations, and he 
was pleased to learn that the Manchester section was in 
such a flourishing condition. Mr. Inglis also mentioned 
that he was the first student to become President of the 
Institution. The chairman, in his reply for the Asso- 
ciation, referred to the successes of the Manchester stu- 
dents, three of whom had obtained prizes, and one of 
—— had received a commission in the Royal Engineers 

rve. 
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CANADIAN NorRTHERN KaiLway.—This system now ex- 
tends from Lake Superior to a point west of Edmonton, 
at the beginning of the foothills of the Rocky Mountains. 
It is proposed to utilise the Yellow Head Pass, through 
which the Grand Trunk Pacific line will also be built. 
Instead of going to the north-west after crossing the 
Rocky Mountains, the Canadian Northern will extend to 
the south-west by the valley of the North Thomson to 
Kamloops, on the main line of the Canadian Pacific 
ayetem. From Kamloops two routes are being considered. 
One is by way of the Fraser, on the side opposite to that 
on which the Canadian Pacific Railway is located, and the 
other is somewhat east of the Fraser. 





AMERICAN PeTroLEUM.—The production of petroleum 
in the United States last year is estimated by the Ameri- 
can Geological Survey at 177,500,000 barrels, as compared 
with 166,000,000 barrels in 1907. The value of last year’s 
production showed a greater proportionate increase, the 
price of oil having advanced in California, while it re- 
mained steady in other fields, except the Gulf. The 
greatest advance in production occurred in Illinois, the 
increase for 1908 being 3,000,000 barrels as compared 
with 1907, or fully 33 per cent. In California last year 
the petroleum interest was enabled to report increased 
production, larger consumption, higher prices, extended 
shipments, and diminished stocks; it is needless to add 
that fields of operations were extended. The production 
of crude ao fia oes in California in 1908 was 45,000,000 
barrels, and showed an increase of about 12 per cent. as 
compared with 1907. Production declined generally in 
the Appalachion and Lima-Indiana fields, but the mid- 
continental field held its own. In Colorado the produc- 
tion of the Florence and Boulder fields was steadily main- 
tained in 1908, and much interest was exhibited in the 
new Rangely field in the north-western part of the State. 
Unusual activity was exhibited last year in the erection 
of smal] refining plants in Kansas and Oklahoma ; some 
of these plants are designed for taking off light products 
from petroleum and selling the residuum for fuel oil or 
for use on roads. Production fell off last year in Texas. 
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E. Coenen, uM. “Inst. C.E., will occupy the chair. 

Tue ROYAL METEOROLOGICAL Socrery.— Wednesday, March 17, at 
7.30 p.m., at the Institution = ped Engi neers. A lecture will be 
delivered on “ Wind Waves in and Snow,” by Dr. 
Vaughan Cornish, F.R.G.S. The le at will be illustrated by 
lantern-slides from photographs taken by the lecturer. 

Tue Royat Society or Arts.— Wednesday, _¥ 17, at 8 p.m. 
“The Musical Aspect of Drums,” by Gabriel G. Cleather. Sir 
Charles Villiers. Stanford, M.A., Mus. D., D.C. ae LL.D., will 

preside. e paper will be illustrated by short. selections trom 
oe works of the Great Masters, with the assistance of Mrs. Stanfeld 
Prior at the pianoforte.) 

Tue LiverPoot Eneinegrine Socisty.—Wednesday, March 17, at 
8 p.m., at = —. Institution, Colquitt-street, when a r will 
be read by . Sisson, M.I, Mech. E., entitled ‘‘ The Governing 
of Poe he, Engines Actuated by Expansive Fluid.” 

Tue INSTITUTION OF MECHANICAL Enoineers.—Thursday, March 
18, at 8 p.m., instead of March 19, as previously announced. 
Paper tobe read and discussed :—‘ Experiments upon the Forces 
Acting on Twist-Drills when Operating on Cast Iron and Steel,” 
by Mr. Dempster Smith, Associate Member, of the Municipal 
School of T logy, hester, and Mr, R. Poliakoff, of the 
Imperial Technical Institute, M 

& INSTITUTION OF ELROTRICAL ENGINEERS: GLASGOW SECTION. 
—Friday, March 19, at the rooms, 207, Bath-street, Glasgow, at 
8 p.m., ordinary general meeting. Paper :—‘‘ Notes on Safety 
of Working Electrical Plants in Coal-Mines,” by Mr. Sidney A. 
Simon, Associate Member. 

Tue Roya Instirvrion or Great Briraww.—Friday, 
9p.m. On “ Experiments at High Temperatures and Pressures,” 
by Mr. Richard Threlfall, M.A., F.R.8. Afternoon lectures next week 
at 3 o’clock.—Tuesday,, March 16. On “The Evolution of the 
Brain as an Organ of Mind,” by Professor F. W. Mott, M.D., 
F.R.S., F.R.C.P., Fullerian Professor of Physiology, R.I. ( ture 








March 19, at 





IV. )_ Draredas, ‘March 18. On “ Recent Advances in Agricultural 
Science,” r. A. D. Hall, M.A. (Lecture II.)—Sat ,» March 
y On *‘ : Feepertine of Matter,” by Professor ‘Sir J.J. 1omson, 


M.A., LL.D., Sc.D., F.R.S., M.R.L, Professor of Natural Philo. 








sophy, R.L "(Lecture IV.) 
~ READING - Cases. —Reading - cases which will twenty - six 
number * ENGINEERING,” may be had of the Publisher or of any 
newr” Price 6s. each. 


“ENGINEERING. 


FRIDAY, MARCH 12, 1909. 











THE FUTURE OF NAVAL 
ENGINEERING. 


TuE consideration of the Navy Estimates by Par- 
liament next week will offer opportunity for the 
discussion of all topics affecting naval efticiency. 
There is first the motion to get the Speaker out 
of the chair, a procedure preliminary to going into 
committee, and on this motion almost any subject 
can be brought forward. For many reasons it is to be 
regretted that the ballot has given precedence to a 
‘little navy” amendment, because the discussion 
can only be academical, and the result a foregone 
conclusion, We should have preferred precedence 
to be given to some of the questions vitally affecting 
the efficiency of the Fleet, and, by preference, the 
subject of the position of engineers in the Navy. 
This touches the fighting power of the Navy at all 
points, as the present position is anomalous, and a 
source of possible weakness. History has many 
examples of failure in war owing to the absence 
of an absolutely perfect understanding between all 
the officers responsible for action. We do not 
for a moment think that the engineer officer or the 
military officer would willingly do anything to jeo- 


355 | pardise the issue of an engagement. But when there 
,| exist conditions which are conducive to possible 


misunderstanding, or which may create grave doubt 
as to the respective duties and responsibilities of 
rtment, it cannot be said 
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365 | status and disciplinary 
7 | personnel superior to those possessed by the head 





in an action. The situation has been intensified by 
the entry of the new engineer officer, who will have 
wers over the engine-room 


36s | of the department in which he is serving. A state- 
ment of the case, clear in exposition and temperate 
in tone, has been prepared for circulation to 
Members of Parliament in view of the forthcoming 


"| career of the lieutenant (E.). 





debates. We publish this statement in full on 

349 of the present issue, and we commend it to the 
consideration of all anxious for we interests of the 
Service. The facts stated carry their significance, 
and establish a case for a comprehensive change in 
the position of the present engineering officers in the 
Navy. There is, therefore, no need to dwell upon 
this phase of the question here. 

The situation in respect of the officers of the future 
is no less serious. As has been clearly explained in 
previous articles, the scheme of 1902, with the addi- 
tions and amplifications of 1905, discontinued the 
entry of naval engineer officers as a distinct class, and 
ordained that, on the disappearance in course of time 
of the present officers, engineering duties would be 
carried out by specialised naval lieutenants (E.), and 
that the latter, on promotion to commander, might 
resume deck and fighting duties, and eventually 
be able to rise to the ranks of captain and admiral. 
Although experience of the training of the goog: 
officers of the future is reassuring so far as the 
general rewult is concerned, the opinion is de- 
veloping acy that naval engineering as a 
profession, as distinct from a trade, will become 
extinct. In the course of a few years it will no 
longer be a branch of the service, but only one of 
the many duties undertaken by the general body 
of executive naval officers, the necessary personnel 
being found from among them by the same methods 
which provided those who for years have carried 
out special gunnery, torpedo, and navigational 
duties. It is the opinion of many, who founded 
their belief on the fact that as the lieutenant (E.) 
will be a naval officer, engaged only for a time 
on engineering duties, (1) the real working of the 
machinery department will become absorbed by the 
artificers and mechanicians, who in time will agitate 
for improved status, &c., thus opening up the 
question again; and (2) the naval spirit of the 
lieutenant (E.) will clash with the civil spirit of 
the men under him. 

To fully understand the contention of the first 
statement, it is necessary to trace once again the 
In common with all 
officers, he enters Osborne College, and after two 

ears there is transferred to a similar institution at 
tmouth. The instruction received at both these 
establishments is of a general nature, embracing 
~ | seamanship, engineering, navigation, gunnery, &c., 
and is not planned with a view to his eventually 
serving in one particular specialised branch. As 
midshipman and sub-lieutenant his instruction and 
duties follow on the same diverse lines, his work 
afloat, now being entered upon by the first of the 
youths being trained under the new system, 
will partake of that of the sailor, engineer, and 
artillerist. After about 54 years’ sea service, he 
will be ordered to prepare himself as a specialist, 
in this case as a lieutenant (E.), either in accordance 
with his own wishes or as selected for him by the 
Admiralty. He will then proceed ashore to undergo 
a further course of about twelve months at one of 
the dockyards, his studies being limited to engi- 
neering. On the conclusion of this he will join a 
commissioned warship as lieutenant (E.) Having a 
rank and status and disciplinary powers far exceed- 
ing those of existing engineering officers, entered 
under the old system and in positions of greater 
responsibility, there is grave danger to efficient 
administration. 

He will be brought into contact, with the higher 
ratings of the mechanician, artificer, and stoker 
branches, chiefly petty and warrant officers, all 
elderly men, who have passed the whole of their ser- 
vice career in the engineering department, and who 
are the most expert and highly-paid men in the ship. 
Under the system of distinct naval engineer officers 
the position of these ratings was one of importance 
and responsibility, especially in small ships; but 
how much greater in those res will it become 
when ultimately they have only the ‘‘sea officer with 
a mechanical training” in command over them ? 
However keen the lieutenant(E. )may be, and though 
he may be actually capable of exercising the neces- 
sary supervision, it is only natural that he will be 
regarded by these men as but an amateur in engi- 
neering, whose instruction in that subject has been 
superficial, and whose capabilities must not be 
placed under too great a strain. No doubta number 
of lieutenants (E.)—especially those who intend to 
remain as permanent specialists—will, from sheer 
ability and strength of character, force those under 
them to ise their work and technical know- 
ledge. But it is to be feared that many will not be 
able to turn their intermittent engineering training 
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to such good account; and while recognising the 
long experience, great knowledge, and splendid 
character of the engineering petty and warrant 
officers, they will ually = Be. the grip of things 
to pass out of their hands into those of the latter. 
Further, the Admiralty seem to have purposely 
given colour to this view, as in one of their publi- 
cations they expressly state that the work of the 
lieutenant (E.) is to be chiefly ‘‘ observational.” 
There are many who remark, ‘‘ Precisely so—and 
nothing else.” Since machinery is becoming more 
and more complicated, requiring more and more 
scientific knowledge and practical experience in its 
efticient maintenance and satisfactory running, any 
change tending to deterioration in the skill and 
resource of those responsible must be condemned. 

As a counter-argument against this line of reason- 
ing, it may be urged that no such trouble has been 
experienced in regard to the lieutenants (G.) and 
(T.). They are the gunnery and torpedo experts of 
the ship, and do not delegate a particle of their 
position to the gunner, seaman-gunners, &c., under 
them ; therefore why should the lieutenant (E.)? 
But the conditions are not similar. The gunnery 
and torpedo ratings are specialised seamen in the 
same manner as the lieutenants (G.) and (T.) are 
specialised sea officers. But the leading men in 
the engine-room are not specialists in the same 
sense ; their training and experience have not been 
grafted on to other subjects, but have been con- 
nected with and centred in engineering, and that 
alone. If a new branch of ‘‘ gunners” was estab- 
lished, consisting either of men solely trained as 
such, or who had entered the service from private 
firms as finished craftsmen, then the conditions 
would be alike, and it is possible that such men 
would be more fitted to instruct the lieutenant (G.) 
than to follow his guidance. 

Should such a state of affairs as we have fore- 
shadowed eventually come to pass, it would closely 
resemble the conditions which existed for some 
years subsequent to the introduction of steam pro- 
pulsion in the Navy, when the responsible engi- 
neers were fitters and mechanics, mostly recruited 
from the workshops in which the engines had been 
constructed ; nen often with but little education, 
and who could only rise to the rank of warrant 
officer. But as steam navigation increased, both in 
the number of steam warships and their horse- 
power, these men appreciated their position, and 
agitated for improved status and higher pay. 
Although such recognition was for a time strongly 
opposed by the ‘‘ sailing ” officers of those days, the 
upward progress of the men who controlled the ma- 
diame could no more be held back than the advance 
of mechanical science itself. The result was the 
institution of the commissioned rank of naval engi- 
neer, with suitable emoluments and position in the 
service. But now, after an existence of many years, 
the disappearance of this class has lately been de- 
cided upon; their work to be carried on by the 
executive line of naval officers in the person of the 
lieutenant (E.). But it is only a logical conclusion 
to assert that if these new specialists are not as 
well fitted and trained for their special duties, as 
were the officers whom they displace, the real con- 
trol of the machinery will again revert to the skilled 
mechanics and fitters, who, without doubt, will be 
prompted by the same motives, and act in a similar 
manner, as their predecessors. 

As regards the second statement—viz., that the 
naval spirit of the lieutenant (E.) will clash with 
the civil spirit of the men under him—a little con- 
sideration should be given to the disciplinary con- 
ditions which have to be conformed to by the 
seamen and by those in the engine-room branches. 
On deck smartness, discipline, and drill are un- 
doubtedly necessary, and by many are considered 
as the very breath of naval life; and very properly 
so, as the greater portion of the work of the naval 
fighting man is of an artifivial nature, and needs a 
stimulus, for, with the exception of those whose 
duties are actually necessary for the navigation and 
routine of the ship, which employ but few, his 
time is taken up in preparing himself for the day 
of battle. It is the same with the fighting branch 
of the Army, all drills, manceuvres, &c., are purely 
preparatory, and the duties of neither the soldier 
nor the sailor are the same as those of men whose 
daily task consists of work which it is essential 
for them to complete. In other words, they are 
students ; and as it is very advisable, though not 
actually imperative, for them to study, self-restraint 
or discipline has to be brought to bear. Experience 
proves that when the period of preparation gives 





way to one of stern reality, drill, discipline, &c., 
have a tendency to disappear, as in war a fleet or 
army, though infinitely Satter fighters, are never 
quite so ‘‘ smart” as in time of e. 

But as regards those employed in the engine- 
room and stokehold, they have not entered the 
service to prepare themselves for anything ; they 
are there to carry out certain duties for the pro- 
— ventilating, lighting, &c., of the B cm 

eir test of ability is not only on the day of battle, 
it is occurring every hour in one shape or another. 
For them no artificial stimulus need be provided ; 
they have sufficient in the fact that certain essen- 
tial work has to be undertaken and carried through 
to enable the fighting man to become efficient. To 
further facilitate the process of tuition or prepara- 
tion of the latter, instruction is given to him by 
means of verbal orders or drill, but there is no 
more need for a stoker or artificer to work by 
‘* words of command” than there is for the cook or 
sick bay attendant to do so. These conditions have 
always been recognised, the men in the engine- 
room have never been trained to exhibit, nor has 
their work ever demanded, that military discipline 
and smartness which is so conspicuous a feature of 
the seaman branch. But the lieutenant (E.) will 
differ from the naval engineer officer of old in being 
firstly a naval officer, and secondly an engineer ; 
whereas the other was a thorough marine engineer 
who happened to be serving in the Navy. The 
lieutenant (E.), imbued with the naval spirit, may 
therefore be inclined to expect from those under 
him the same discipline, &c., that he has always 
experienced in the executive branches, and those, 
therefore, who maintain that the smooth working 
conditions which have always existed between the 
officers and men in the engine-room will disappear 
on his advent have undoubtedly a certain foundation 
for their arguments. 








LONDON BOROUGHS AND ELECTRIC 
LIGHTING. 

OF all the hundreds of committees which between 
them manage the affairs of the Metropolis, there is 
none which, in general, shows a greater sense of its 
responsibilities than the Finance Committee of the 
London County Council. This Committee practi- 
cally holds the purse-strings of London, for, subject 
to the formal decision of the County Council itself, 
the Committee permits or refuses every large item 
of expenditure on municipal objects within the 
County of London. Over and over again has it 
tried to check the worst extravagances, both of 
its sister-committees and of the various borough 
councils, and has done its best to preserve the credit 
of London, in spite of the unpopularity with certain 
parties which its efforts have entailed. It is a 
thankless task to delay the realisation of the various 
kinds of promised millennium on the unsympathetic 
grounds of finance, so that Londoners owe all the 
more gratitude to a committee who endeavour to 
protect municipal activity against its own enthu- 
siasm, and lead it in the way of sound economics. 

In the early years of electric lighting it was 
customary for the Metropolitan borough councils to 
obtain loans for their undertakings .which were 
repayable after a period of forty-two years. A 
large amount of capital was borrowed on these 
terms, which appear to have no particular sanctifi- 
cation, except that forty-two years was the maxi- 
mum period for which a company could carry on 
its business before the option of purchase could be 
exercised by the local authority. Now as no single 
item of the undertaking, excepting the ground it 
stood on, would last for anything like this length of 
time, it is clear that long before the loan would be 
paid off the whole of the original tangible assets 
would have vanished. Hence, at the end the 


used up by a previous generation, and long since 
scrapped. Hampstead alone, we believe, among 
the borough councils realised the unsoundness of 
this, and voluntarily made provision for paying 


off its capital expenditure in twenty-five years. | 
The forty-two years’ limit was sanctioned on the | 
| renewals of plant is so small, although upwards of 
| twelve years has elapsed since the commencement 
(of the undertaking. The Committee has several 


understanding that the cost of all renewals neces- 
sary during the currency of the loan should be met 
out of revenue (or the rates), and not made the 
subject of further loans. This was all very well 
on paper, but it involved the necessity of the 
borough councils laying aside large sums for reserve 
or renewal funds, to replace obsolete and worn-out 
plant. The utter inability to earn these sums, not 
to speak of the political temptation to allocate any 





small credit balance ‘‘to the relief of the rates,” 
made the reserve funds generally a farce, and the 
position of the undertakings was anything but 
sound. 

Towards the end of 1906 the Finance Committce 
of the present London County Council took ste}s 
to deal with the situation, and, admittedly, not 
before action was needed. The Committee, first of 
all, recommended the Council not to grant any 
more forty-two-year loans, but to vary the period 
of repayment according to the estimated life of the 
assets. This was certainly a move towards sounder 
finance, though we wish the estimation of life had 
been a little more in accordance with facts. For 
freehold land it is sixty years; buildings, fifty years ; 
mains, thirty years; boilers, engines, generators, 
accumulators, and other plant, twenty years ; and 
meters, ten years. Except in the case of the land, 
no one will dispute that the various items will have 
vanished from any well-conducted undertaking 
before the expiration of their official life. How 
many engines and generators put down in central 
stations in 1889 are to be seen there now? How- 
ever, circumstances are better than they were, but 
there are, of course, many undertakings still having 
unpaid loans borrowed under the old conditions. 
The Finance Committee could naturally enforce no 
new regulations in such cases, but have continually 
pointed out the necessity of a strong reserve fund 
to meet renewals and obsolescence, and urged 
certain of the boroughs to either arrange to pay off 
their loans before the statutory period, or to 
strengthen their reserve funds. 

One of the local bodies which has many times 
received admonishment of this kind from the 
Finance Committee is the Islington Borough 
Council. Islington has a single-phase alternating- 
current station, with a plant capacity of 5100 kilo- 
watts. The maximum load on the feeders is less 
than 3500 kilowatts, and to deal with this there are 
no less than 12 generating sets, including a Willans- 
Dick-Kerr turbo-unit of 1500 kilowatts. The other 
11 sets have reciprocating engines of an average capa- 
city, therefore, of only 330 kilowatts each. The 
undertaking showed a surplus of nearly 2000]. on 
last year’s working, but 2.6d. per unit charged to the 
general rates for public lighting is one of its means 
of obtaining this surplus. The average price for 
public lighting of all the other Metropolitan local 
authorities is only 1.65d. per unit. Two or three 
years ago, under the last Council, Islington charged 
no less than 3.31d. per unit for public lighting, and 
as this accounted for a full third of the gross 
revenue of the undertaking, it was computed by the 
district auditor that the rates were contributing no 
less than 7000/. per annum for the benefit of the 
electricity accounts. This, however interesting, is 
beside the present point. 

As we have shown above, the borough has a quite 
small undertaking with a very great deal of anti- 
quated plant. It started supply in January, 1896, 
and the position at March 31, last year, was as 
follows :—The capital expenditure up to that date, 
according to a report of the Finance Committee of 
the London County Council presented last week, 
was 454,9701. (of which 1083]. had-:been met out of 
reserve fund). This, it may be remarked, is nearly 
901. per kilowatt of plant installed. The amount of 
borrowed money repaid was 52,752I., the reserve 
fund was 14,475l., and the amount applied to re- 
placements, or new capital expenditure, including 
the 10831. referred to above, was 22811. Thus the 
total provision made for the repayment of loan, 
or the equivalent thereof, was only 69,508/., or 15 
oe! cent. of the capital expenditure. If the Council 

ad adopted the terms of repayment now in force, 
from the commencement of the undertaking, the 
provision made would have been something like 
129,5821., or 29 per cent. of the capital. Thus the 


ratepayers would be paying for plant purchased and | Council has only arranged to repay something like 


| half of what it should have done on terms which are 


certainly easy, taking into account the average life 
of electrical plant. 

The Finance Committee therefore point out to 
the County Council that the present position is 
most unsatisfactory, seeing that the provision for 


times been in communication with the Boroug!i 
Council with regard to the matter, and has urged 
them to strengthen their reserve fund, so as to be 
able to pay off the outstanding loans at the end 
of the estimated life of the plant. This is the 
only course compatible with sound finance, and 
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every year it is delayed the more difticult becomes 
the task of adopting it. The Islington Council say 
that to do as the Finance Committee desire would 
entail a heavy burden upon the rates, and as the 
upkeep of the mains and machinery was charged 
to revenue, they see no reason for altering their 
present policy. In January of this year the Com- 
mittee again approached the Islington authorities, 
and asked them to furnish information which would 
allow the probable life of the larger items of the 
plant to be estimated, so that the approximate date 
when heavy expenditure would have to be incurred 
might be forecasted. The Islington authorities 
decline to give this information, and the Finance 
Committee call the attention of the County Council 
to their attitude. The Council have no power to 
demand the information, nor can they insist on an 
adequate reserve being put by, but they can make 
their own conditions when granting any further 
loan, and it is hinted that this will be done. One 
thing is certain, and that is that there are some bad 
years ahead for the Islington ratepayers. The 
sums borrowed for electric lighting have got to be 
repaid, and it looks very much as if the repayment 
will fall on the rates when the assets which repre- 
sented the loans have found their place on the 
scrap-heap. The longer matters go on as they are 
the worse will the situation become, and should the 
rates of London ever be equalised, the inhabitants 
of the well-managed boroughs will have to pay for 
Islington’s thriftlessness. 

Another case where the Finance Committee has 
intervened—and, fortunately, this time with effect— 
is in connection with the Marylebone undertaking. 
The capital expenditure of this undertaking is over 
2,000,000/., and it possesses 12,000 kilowatts of 
modern turbo plant, as the station only started 
running in August, 1905. To earn interest on such 
an enormous capital, the Borough Council naturally 
endeavours to increase its output by every possible 
means, and public lighting always affords an attrac- 
tive field for municipal electricity works. At 
present Marylebone supplies practically no public 
lamps except the eighty-seven arc-lamps along 
Oxford-street, and for these it obtains 1.56d. per 
unit. The Council now proposes to light certain 
other streets electrically, and has applied to the 
London County Council to sanction a loan of 
8000]. for the purpose. The streets are at pre- 
sent lit by incandescent-gas burners, which were 
substituted for flat-flame burners at a cost of 
11,187/. five years ago, when the illumination 
was increased fourfold. The Gas Light and 
Coke Company, who supply the gas, but. do not at 
present maintain the lamps, offer to do both these 
offices at an inclusive dma of 83011. a year for 
194 lamps, and to provide 50 per cent. greater 
illumination than the proposed electric lamps would 
give. The Electricity Committee of the Borough 
Council proposed to charge 73501., but for equal 
illumination to that of the gas lamps the charge 
would have to be increased to about 9000/. Taking 
all things into consideration, the Finance Committee 
are strongly of opinion that the loan should not 
be sanctioned, and their recommendation to the 
Council to that effect was adopted without dis- 
cussion. The grounds for the recommendation were 
that every effort should be made to limit capital 
expenditure to cases in which it is absolutely 
necessary, particularly as the Marylebone under- 
taking will probably have to incur further expen- 
diture in order to be able to comply with its statu- 
tory requirements. Moreover, the Finance Com- 
mittee do not admit that the profits expected from 
the outlay would necessarily exist, and point out 
that even if they did, the change would destroy a 
great part of the present assets representing the 
capital spent in changing to incandescent burners a 
few years ago. Moreover, the lighting of the 
streets in question is admittedly adequate at pre- 
sent. These are cogent reasons, and in acting 
upon them the Finance Committee have once more 
Justified the restraint which they exercise over the 
expenditure of the minor bodies which manage 
metropolitan affairs. 








THE DAYLIGHT-SAVING BILL. 

A coop many of the public appear just now to 
be considerably exercised in their minds as to the 
merits or demerits of the so-called Daylight-Saving 
Bill, which was read for the second time in the 
House of Commons on Friday last. It is singular 
that this measure should be regarded as a serious 
piece of legislation, and it certainly says much for 


the persistency and push of those responsible for it 
that they should have secured what at first sight 
appears to be responsible support in so many 
quarters. That such support has been received can 
only be accounted for by the want of knowledge on 
the part of a vast body of influential people as to 
the broad conditions of trade and Leet in this 
country. 

Put briefly, the change proposed by the Bill is 
that on the third Sunday in April in each year 
all clocks shall be put forward one hour, so that 
noon may fall at what would, under present con- 
ditions, be 11 a.m. On the third Sunday in 
September this process is to be reversed, the 
present normal noon being restored. The two 
changes would thus take place on dates which would 
be not earlier than the 15th and not later than the 
21st of the months named ; for the present year 
they would occur on April 18 and September 19, 
and as these days are respectively the 108th and 
262nd days of the year, the change of noon would 
be in force for 154 days. The advocates of the Bill 
claim that everybody would thus have 154 hours 
more daylight placed at his disposal for recreation 
or other purposes, 

To enable the effect of the change to be more 
readily appreciated, we give herewith a diagram 
showing the times of sunrise and sunset plotted for 
every tenth day in the year, the vertical interval 
between these lines thus giving the length of the 
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day, which can be read off from the scales of hours 
at the ends of the diagram. The times plotted are 
those corresponding to the latitude of Greenwich. 
For more northern latitudes the differences be- 
tween the lengths of the winter and summer days 
would be greater ; thus, for the important manu- 
facturing districts some 200 miles north of London 
the days about midwinter would be some 14 minutes 
shorter, and those about midsummer over 40 minutes 
longer, than shown by the diagram. Between the 
108th and the 262nd day there is marked on the 
diagram a strong dotted line one hour above the 
normal noon-line, this being the summer noon-line 
proposed by Mr. Willett and his associates. 

So much for the features of the Bill for which so 
much is claimed. To read many of the arguments 
of its advocates, one might imagine that the present 
hours of labour and recreation were fixed by strict 
enactments, and that they could not be modified 
without fresh legislation. As a matter of fact, 
however, they have varied as the state of society 
and the habits of life have varied, and as they now 
stand they may be considered as those affording the 
greatest convenience to the greatest number of those 
forming the various classes to which they apply. Of 
course, there are—and always must be—certain 
individual cases in which a modification of the hours 
of work would afford greater comfort of living ; but 
such cases cannot be dealt wifh by legislation, and 
they can only be reduced in number gradually and 
by mutual concessions. 

The population of a nation like ours is made up 
of an enormous number of grades; but for the 
purposes of the present question it may be con- 
venient to regard it as made up broadly of four 
classes—viz.: (1) The so-called ‘*‘ leisured classes,” 
who, in virtue of their independent circumstances, 
are practically free to select their own times for 
any work or amusement to which they think fit to 
devote themselves ; (2) those engaged in professional 





and mercantile pursuits, whose hours of work vary 


greatly amongst themselves, but which—as the 
results of long experience—have been chosen to 
secure the most satisfactory results ; (3) the great 
artizan class, including miners, and workers in 
factories of all kinds ; and (4) the agricultural class, 
including those engaged in other open-air occupa- 
tions. Now which of these classes is to be benefited 
by the new Bill? 

As regards the first—and, comparatively speak- 
ing, small—class it is evident that legislation of 
the kind proposed would be utterly without effect. 
The habits of various members of the class may, 
and do, differ considerably ; but it may safely be 
assumed that the actual times selected for rising 
and retiring to rest, for meals, and for other occu- 
pations, are those which best suit the individuals 
concerned, and they are not likely to be altered on 
account of any orkiieany change of the clock — 
nor is there any reason why they should. We have 
said that this class isa comparatively small one, but 
its requirements affect a vast body of workers more 
or less dependent upon it, and it therefore exercises 
an important influence on the hours of certain 
classes of labour. 

In the case of the second—and very important— 
class the conditions are very similar, although for 
different reasons. While a member of the first class 
selects certain hours for certain things, in order 





to satisfy personal yee a member of 
the second class will make a similar selection 





in order to secure the greatest success in his 
special calling, and the selection in the latter case 
will not depend solely upon the nature of the 
calling itself, but will be modified by the surround- 
ings amidst which the pursuit is carried on. The 
hours of a fashionable West End physician and 
those of a country doctor vary considerably, and 
so, of course, do those of shopkeepers carrying on 
the same trades in different districts, while mer- 
chants, bankers, and others have to adapt their 
office hours to the numerous requirements of both 
foreign and home trade, of which the ‘‘ man in the 
street” has practically no knowledge whatever. In 
all these cases the present arrangements may be 
regarded as embodying the result of long experi- 
ence, much consideration, and the smoothing away 
of difficulties by negotiations and concessions. To 
arbitrarily upset such conditions by legislation would 
be most disastrous. In saying this we quite recog- 
nise the claim of the advocates of the Bill that the 
alteration effected would really be one in name 
only, that actually all times would vary together, 
and that everything would go on smoothly as before. 
Such a contention is, however, utter nonsense. No 
legislation could force all the classes of @ nation to 
unanimously alter their habits in the way proposed ; 
and even if this impossibility were nied - 
sible, there would remain other nations to be dealt 
with. 

We now come to the third class—a class which 
the Bill may be regarded as especially intended to 
benefit, and the members of which are undoubtedly 
entitled to every consideration. The present hours 
of labour for those forming this class vary through 
such a wide range in the various trades that it 
would be impossible to deal with them in detail in 
an article like the present, and we will confine our 
remarks, therefore, to the case of the enormous 
number of workmen whose hours of labour (except 





on a yg! are from 6 a.m. to 5 p.m., with 
| intervals for breakfast and dinner.. The time at 


360 


ENGINEERING. 


[March 12, 1909. 








which a man must rise in order to be at work by 
6 a.m. will vary considerably according to the 
facilities for living in the immediate neighbour- 
hood of his factory, &c.; but for the present 
purpose we will assume it as averaging 5.30 a.M., 
a time which is certainly not unduly early. 
Now, in the latitude of ndon the sun does 
not rise before 5.30 a.m. until the 96th day of 
the year, while it ceases to rise at that time on the 
255th day, so that for 95 days at the beginning and 
110 days at the end of the year—a total of 205 days 
— it is necessary to get up before sunrise. Let us 
now see what would be the conditions under the 
proposed Bill, assuming the changes of time to 
occur on the dates which would apply to the cur- 
rent year. For the first 108 days the conditions 
would be the same as at present, the rising on 95 
days being before, and from the 96th to the 108th 
days after, sunrise. On the 108th day the time for 
rising would be changed to what is now 4.30 a.M., 
as shown by the line A A on the diagram ; but the 
sun does not rise before 4.30 until the 125th day of 
the year, so that for 16 days the time of getting up 
oul again be before sunrise. At the end of the 
summer the effect of the new law would be more 
striking, as the sun ceases to rise before 4.30 on the 
216th day of the year, and from that day to the end 
of the year the man would have to rise before the 
sun, making a total of 95 + 16 + 149 = 260 days 
of the year to which these conditions would apply, 
against 205 under existing circumstances. Those 
facts and their bearing upon health and comfort 
should be taken into full account by everyone desir- 
ing to come to a fair decision on the new proposals. 

As regards the end of the day, our diagram shows 
what may at first sight appear a tempting extension 
of the daylight hours for recreation, &c.; but as 
regards the artizan class generally it is very doubtful 
if those hours would be as beneficial as the sup- 
porters of the Bill expect them to be. Ona hot 
summer’s evening 8.30 is not an attractive time at 
which to retire to bed, yet such retirement would 
be necessary if a working man desired to get eight 
hours’ rest, as shown by the line B B on the 
diagram. 

Claims are made that the new arrangement would 
reduce the use of artificial light in factories; but 
the great bulk of such factories now close at 5 p.m., 
or 1 hour 57 min. before sunset on the 108th day 
of the year, and 1 hour 8 min. before sunset on 
the 262nd day of the year, so that it is difficult to 
see where the great saving is to be effected, as far 
as the afternoons are concerned. For the morning 
hours the effect of the alteration would be the 
reverse of that claimed, as on the 108th day the 
sun would not rise until 3 minutes after commenc- 
ing work, and on the 262nd day not until 41 minutes 
after starting, conditions which in many factories 
would necessitate the use of artificial light in the 
earlier hours, where none is now required. These 
figures are for the latitude of London. 

Lastly, as regards the fourth of the classes above 
mentioned—namely, those concerned in agricultural 
pursuits or other outdoor labour. Respecting this 
class little need be said here. Everyone familiar 
with agriculture knows well that the hours of labour 
must be fixed by something very different from Acts 
of Parliament. The hours must vary not only with 
the time of year, but with the weather, the char- 
acter of the produce (both animal and vegetable), 
the mature of the soil, the propinquity to markets, 
and an endless number of other matters with which 
no general legislation can effectively deal. Tosup- 
pose that on certain days in the year all agriculturists 
could be compelled to start farm labour one hour 
earlier than on the day preceding is little better than 
childish. . Inasmuch, however, as there appears to 
be no effective means by which the Bill, if passed, 
could be enforced in any case, it is, perhaps, 
unnecessary to dwell on this point further. 





THE PROPERTIES OF MATTER. 

In opening his second lecture on the above 
subject at the Royal Institution on Saturday last, 
Professor Sir J. J. Thomson, F.R.S., said that on 
the last occasion he had explained how Thomas 
Young had been the first to calculate the greatest 
distance at which one elementary particle of matter 
could exercise a pull on another atom. This 
estimate of Young's was founded on the principle 
that the work done in breaking a column of water 
was to be found stored up in the energy of the 
free surface of the liquid. If in this calculation we 
made use of the value of the cohesion of the fluid 





as now known, we got, he said, about 100,000,50008 
of a centimetre as the distance over which mole- 
cular forces could extend. This estimate, Professor 
Thomson went on, was confirmed in a very remark- 
able way by other lines of argument. For instance, 
the laws governing the reflection of light from a glass 
surface were not the same as those associated with re- 
flection from metals, and a film of silver could be de- 
posited on glass so thin that the laws of reflection 
still remained those appropriate to glass, and it was 
not until the film of silver reached a certain definite 
thickness that the reflection became purely metallic. 
Again, as mentioned in the previous lecture, a film 
of oil on water must also be a certain definite thick- 
ness before it exercised its characteristic property 
of lowering the surface tension. Another value of 
the distance over which molecular action extended 
could be thus obtained, and the values deduced by 
all these various methods clustered round the figure 


1 é 
of 100,000,000 centimetre. 


The lines of argument above set forth gave, he 
proceeded, not the size of the molecule, but the 
distance over which one could exert a great 
influence on another. Some further assumption 
was necessary before any very definite meaning 
could be assigned to the size of a molecule. Ac- 
cording to one view, that of Boscovich, the mole- 
cules were mere centres of force, and thus all 
it was necessary to know was the distance at 
which this force became notable. If, however, we 
adopted the most definite and hard-and-fast view 
of matter which had yet been put forward—that 
of the pioneers of the kinetic theory of gases—a 
very definite meaning attached to the size of the 
molecules. According to this theory, a gas con- 
sisted of an immense number of hard, spherical, 
and perfectly elastic particles moving in all 
directions at a great velocity, and only influenc- 
ing each other by virtue of their mutual colli- 
sions. On this view the distance at which one 
particle could affect another was equal to its 
radius, and hence the size of the molecule was 
equal to the range of molecular action. The kinetic 
theory of gases, Professor Thomson went on, had 
greatly promoted progress in physics. He would 
not say that it sufficed to account for all the pro- 
perties of matter, but many could certainly be 
explained by it. In the theory it was assumed 
that the lighter molecules moved faster than the 
heavier, the average speed of the hydrogen molecule 
at 0 deg. Cent. being 170,000 centimetres per second, 
and that of air about 43,000 centimetres. Though 
the molecules had this high average speed, they did 
not actually travel far ina second from their original 
position, since their direction of motion was being 
constantly changed by collisions with other mole- 
cules. Each, therefore, described a zigzag path, 
turning back on itself and doubling about in every 
conceivable direction. The problem of their motion 
used to be known in his undergraduate days, Pro- 
fessor Thomson said, as that of the ‘‘ drunkard’s 
walk.” That was to say, how far from his starting- 
point would a ‘‘toper” get if at every step he lost 
all sense of his orientation and started off again in 
a perfectly arbitrary direction. Of course, if a large 
number of such individuals were started, each would 
get a different distance from his starting-point, but 
the average distance was what was wanted. In the 
human example, if each went a yard at each step, 
then in 1760 seconds the average distance reached 
from the starting-point would be 


J 1760 yards, 
42 


Similarly, in the case of the molecules of air, 
which had an average speed of about 40,000 centi- 
metres per second, the average distance from its 
starting-point reached by each in a second was not 
40,000 centimetres, but 6.5 millimetres. 

The average actual distance travelled by a molecule 
in a second could be determined by measuring the 
rate of diffusion, and from this the average length of 

th between successive collisions could be calcu- 

ted. The chance of a particle of hydrogen, dif- 
fusing into air, getting through the molecules in its 
way depended on the distance which separated the 
latter. If, for instance, these completely filled the 
cross-section of a tube of 1 centimetre area, through 
which the diffusion took place, no particle of hy- 
drogen could get through. Actually, however, 
there were voids through which the gas could 
diffuse, and from the measured rate of diffusion 
it was ible to calculate the dimensions of the 
molecule. 





All these different methods, Professor Thomson 
said, led to very similar results, and some of the 
accepted values for the molecular dimensions were as 
follow :— 


Hydrogen 

Helium 

Water fee a 
Carbon monoxide ... 
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Oxygen 
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Ethyl chlorine 
Carbon dioxide 
Ethylene 


x 10-8 cm, 


” 


” 


Pe bt POS bet bt et et tt 
PRESSRSEESSE 


~ 
= 
= 


Wun nhnnnnnnn 


The total range of values was, it would be scen, 
very small in comparison with the changes in the 
density of the different molecules. 

Quite lately, Professor Thomson went on, the 
kinetic theory had received a remarkable illustra- 
tion by the discovery that the Brownian movements 
of small particles were due to molecular collisions, 
It had long been known that small particles in a 
liguid, if examined by a microscope, were never at 
rest, and for long these movements had constituted 
a great mystery. It was now, however, certain that 
these particles acted just like gaseous molecules, 
and their movements were due to the battering they 
received from the molecules of the liquid in which 
they swam. These movements were well shown by 
the so-called ultra-microscopic methods by which 
the microscope could reveal the presence, though 
not the shape, of particles beyond its true limit of 
definition. 

By a work of enormous labour, Professor Perrin, 
of Paris, had, the speaker said, actually proved that 
these particles moved with the same speed as if they 
were molecules of a gas. This he did by finding 
the pressure under which they existed. The den- 
sity of the particles, or the number present in 
unit space, was proportional to this pressure, 
and Professor Perrin had actually counted, layer by 
layer, the number of these particles in a column of 
liquid. Each layer was subject to gravitation, and 
hence the pressure to which each was subject was 
increased by the weight of the layer above. He 
found, using ultra-microscopic methods, that the 
number in each layer was exactly what it should 
be if the particles as a whole were considered to 
constitute a gas. It was thus now known that the 
Brownian movements served as a large-scale model 
of the molecular agitation of a gas. 

In addition to knowing the size of these particles, 
Professor Thomson went on, it was desirable to 
know something as to their structure, particularly 
as there were 70 or 80 different kinds of matter, 
which it would be intolerable to believe were each 
and all specially created. The mast fundamental 
theory as to the structure of matter was that 
due to Helmholtz and Kelvin, in which it was 
assumed that the various elements differed, not 
in the material of which they were composed, 
but in the way in which this material was moving. 
A certain fluid—viz., the ether—in motion, on 
this hypothesis, constituted matter, the different 
varieties of which were differentiated by the 
character of this motion. To illustrate the way 
in which movement could modify the properties of 
matter, the lecturer showed that a chain, hung 
over a pulley, became rigid and elastic when the 
latter was set in rapid rotation. A limp disc of 
mee similarly mounted on a revolving shaft simi- 
arly became rigid, whilst a heavy fly-wheel, sus- 
pended on gimbals at one end of a long arm resting 
on a pivot, and carrying at the other end a counter- 
weight, when set in rapid rotation, resisted motion 
round the pivot in one direction, but not in the 
other, its rotation having conferred on it a certain 
sense of direction. ; 

On the Kelvin-Helmholtz theory matter consisted 
of ether endowed with a particular kind of motion 
—viz., a rotary one—and owed all its properties to 
this fact. It was essential, therefore, that if matter 
were uncreatable and indestructible, that the etheric 
motion must be of a kind which could not be 
started or stopped. The ether was therefore con- 
sidered as a perfect fluid, which could only exert 
force perpendicularly on any surface immersed i: It. 
A cylinder dipped in such a fluid would therefore be 
subject to forces, all of which passed through its «x18, 
and hence had no moment, and thus the cylinder 
could not be set spinning by the forces to whic! it 
was ex If set in rotation by other means, it 
similarly could not be stopped by the reaction of the 
fluid. Hence, if a vortex were once started in the 
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ether, it would be permanent. The lecturer illus- 
trated here some of the properties of vortex rings 
by means of the smoke-box, and by dropping coloured 
ink into water, the well-known smoke-rings being 
formed in the one case, andcorresponding liquidrings 
in the other. Matter, according to the theory under 
discussion, was, he said, built up of such vortex rings 
in the ether. This theory was the most fundamental 
yet started, the hypothesis made leaving nothing 
‘‘to play with.” Every property of matter had to be 
deduced from this one assumption, and the mathe- 
matical difficulties were enormous, particularly in 
determining whether a particular arrangement was 
or was not stable. ence the theory must be 
regarded as an ideal to which physics might ulti- 
mately develop, something easier to work with and 
less abstract being necessary in the meantime. This 
was provided by the electrical theory of matter, which 
would, he said, be discussed in his next lecture. 








MILITARY TRACTOR TRIALS. 

Ix dealing last week (vide page 325 ante) with 
the trials of light tractors for military service now 
in progress at Aldershot, we mentioned the intended 
run for the third day of the trials (Wednesday, the 
3rd inst.) had to be abandoned, like those on the 
first and second, on account of the slippery state 





TABLE I.—ReEsvu.ts or Runs 


and water on ordinary roads to be made, it was in 
many ways a very severe test of the mechanism, 
and, in fact, both the drivers and owners of the 
tractors were very glad when it was over, and they 
got on to the road. As has been mentioned, the 
track was of gravel, which was very uneven, and 
rough as well as soft, and it was ascertained by 
dynamometer test that the resistance was quite 
250 lb. to the ton, or equivalent to an incline on a 
good road of about one in eleven. The amount of 
work required to run the distance of 274 miles 
round the track was, therefore, the equivalent of 
climbing a hill over 13,000 ft. high on a good road. 
To run continuously at this power is no mean test, 
and the fact that the track was a comparatively 
small circle made it distinctly worse. Every prac- 
tical motorist knows that a car will go up a much 
steeper hill if it is straight than it will if the road 
curves, as in the former case the differential does 
not turn. One hundred and sixty-five rounds of 
the track had to be made for the 27} miles, the 
track being only about 290 yards round. 

The net result of the trials on the track were 
principally that the Stewart and Thornycroft cars 
could take 4 tons at from 3 to 34 miles an hour over 
ground so soft that the resistance was 250 lb. per 
ton, while the Broom and Wade car ran at about half 
this speed—i.e., 1} to 1? miles per hour. Asagainst 


on Track, MarcH 2 AND 3. 












































| 
Marcu 2; 10 Mines; Drawine | MarcH 3; 15 Mies; Drawine | SumMary oF REsuLTs 
4-Ton Loap. 4-Ton Loap. | MARCH 2 AND 3. 
bas. Ree ree a. 8) ie Ke 7 
NAME OF TRACTOR. z 3 | 3 | 3 | Hy | Bs Le 32 Ess 
~ " 7 |, | a2 | Ds a |o al. = 
Bilge) 2B) 2) 8 |sbi sd) 2 1g | os | Se lees | Ses 
2 is5|s85 / 8 a BP | Be | 8 eh | sh le | 22s 
a |e ~ a D & ie ee = is 
miles) Ib. | gals. | h. m.| miles | Ib, | gals. | h. m. Ib. Ib. Ib. Ib. 
. hr. } p. hr. 
No 3, Stewart .. .-| 3.6 |500 208 =| 0 10.5) 3.07 784 241 1 @ 3.28 51.4 177.5 12.85 44.4) 
No. 4, Thornycroft .. --| 3.75 | 93.5 0.5 0 3.02 116; 3 0 57.5) 3.31 8.4 1.2 2.1 0.3 
No, 10, Broom and Wade .. 1.72 | 76.4 23 2 Sit 1.5 102 | 16 \° 13 | 1.58 7.1 15.6 1.77 3.9 














* Although this amount was required to fill the radiator at night, it is doubtful whether it was really used, as the radiator 


probably had an air-lock in it, and was not filled full in the morning. 


t Including 1 hour 20 minutes for lunch. 


Details of Stops and Repairs on Track, March 2. 


No. 3, Stewart : Broke gauge-glass in tank. 
No. 10, Broom and Wade : Ignition-plug changed five times. 
was refilled. In dépét at night fitting new lubricator and 


Big end bearing ran hot, and was replaced. Radiator boiled and 
atvending to big end. 


March 3. 
No. 3, Stewart : a from condenser to funnel and from water-pump to boiler replaced, as burst by frost. High-pressure 


valves adjusted. 


No. 4, Thornycroft : Bridle on first-speed pinion taken off, ground, and replaced. Lock-nuts on worm-shaft of steering-gear 


tightened up twice. 


No. 10, Broom and Wade: Fuel and water-tank replaced, as they had worked forward. During run needle-valve adjusted. 
Lubricator and igrition constantly attended to by mechanic walking alongside. Radiator refilled. 


TasLe IJ.—Resutts or Runs oN Roap, Marcu 4 AnD 5. 
































Resuits, Marcu 4.—FRmM.ey AND Back, 10 Mices; | Resvuvts, Marcu 5.—FRiMuky AND BAck, 11 MILRs ; 
Loap, 4 Tons. 1LL Loap, 8 Tons. 
a: —___—______— 
Name or TRACTOR, | | Fost | Water | nee Water | 
U | U 
Fuel | Water | } Fuel | Water | Used per | 
Speed. | Used. | Used. | Pet Net | per Net | Stops. | Speed. Used. | Used. | Per Net | Net Ton- Stops. 
Ton- | Ton- | | Ton- Mile. | 
| Mile. | Mile. | Mile. > 
miles | Ib. | gallons Ib. | Ib, | | miles | Ib. | gallons| Ib. Ib. hr. min. 
per hour per hour } 
No. 3, Stewart .. ..| 606 | 434 | 118 14.47 39.33 0 2.37 402 112 6.09 16.96 1 2 
No, 4, Thornycroft --| 6.68 32.8 0 1.09 | 0 0 2.44 73.15 0 111 0 | 0 @ 
| | | mins. 
No. 10, Broom and Wade| 3.62 | 48.3 | 8 1.61 2.67 | 2 1.69 67.4 23 | 1.02 3.48 0 5 
| | 
Details of Stops and Repairs, March 4. 
No. 3, Stewart : Dro one of the universal coupling-pins ; did not stop, but ran slower. 
No. 4, Thornycroft : Re-made joint on grease-pipe. 
No. 10, Broom and Wade: Bell-crank operating lubricator altered to give longer stroke. Extra washer put under exhaust- 


valve spring. Broken exhaust-valve replaced. Cotter-pin lost from air-valve and replaced. Pin for cam-roller bracket 
renewed. Cam-roller for half compression of new design put on. Magneto adjusted. 


Details of Stops and Repairs, March 5. 


No. 3, Stewart : Fusible plug replaced. Stopped for water on 
No. 4, Thornycroft : Cleaned 

_ erential locked. 

No. 10, Broom and Wade : Differential locking-gear dismantled 


of the roads. In place of the day’srun on the road, 
each vehicle was run on the track with half load, 
as on the second day, the run consisting, however, 
of 15 miles instead of 10. The results are given in 
Table [., annexed. 

On Thursday, the 4th inst., the fourth day of the 
trials. the roads were still very bad in the morning, | 
and the tractors were, therefore, in given a run 
round the track, but this time a for 24 miles. | 
The track by this time had got so soft and bad as | 
to be almost impassable, even with half loads. 

This made a total of 274 miles running on the | 
track, and there is no doubt that although it did | 
not euable any tests of the consumption of fuel | 


road. 
float-chamber. Differential locking-gear broken owing to turning sharp corner with dif- 


and sent to shops for repair. 


‘this, the Broom and Wade was somewhat the most 


economical, using about 15 per cent. less fuel than 
the Thornycroft. The weight of fuel consumed by 


\the Stewart car was over six times that of the 


Thornycroft and seven times that of the Broom and 
Wade car. The water consumption of the Thorny- 
croft car was negligible, that of the Broom and 
Wade was about 14 gallons per mile, and of the 
Stewart 18 gallons per mile. 

In running round the track both the Thorny- 
croft and Broom and Wade cars ran on their first 
and second a as it had enough slope to enable 
them to get their second in for part of the way round, 
while the first had to be used for the softer parts 








and the uphill. The Stewart car ran round on its 
top speed, apparently, however, using a considerable 
amount of high-pressure steam in the low-pressure 
cylinder, and the constant running in this manner 
seemed to be rather hard on the engine. 

On the afternoon of the fourth day (Thursday, 
the 4th inst.) the tractors were run with half loads 
to Frimley and back—10 miles. The roads were 
then in fair condition, most of the snow having 
melted, and good pre was made, the results 
being given in Table II., annexed. It. will be seen 
that, although the roads were soft and heavy, the 
Thornycroft car maintained an average speed of 
over 6$ miles an hour, and the Stewart car over 
6 miles, drawing a load of 4 tons. 

On the fifth day (Friday, the 5th inst.) an attempt 
was made to do the run to Odiham, &c., which was 
on the programme, but there had been over 20 deg. 
of frost in the night, and this had made the roads 
so slippery that it was considered impossible to get 
over the hills. The run was therefore abandoned, 
and the tractors went to Frimley and back over 
nearly the same course as the previous day, the 
distance being 11 miles, the full load of 8 tons 
being, however, hauled. As the sun got power, the 
ice on the road thawed where the sun shone on it, 
but wherever the road was in shadow it remained 
very slippery. While there is nothing on the run 
to call really a hill, the road undulates slightly, and 
at the slightest rise, where the road was in shadow, 
difficulty was experienced with slipping. The 
results are given in Table II., and it will be seen 
that the speeds are by no means high on account of 
this. In a great many cases it was found im ible 
to pull the load at all, and it was left behind and 
pulled up afterwards with the rope. The Thorny- 
croft and Stewart cars again made nearly equal 
speeds—the former very slightly the better, while 
the Broom and Wade car was distinctly slower. 

Saturday, the 6th inst., according to the pro- 
gramme, was to have been an off day, but owing to 
the small amount of road-work which it had been 
possible to do during the week, a run was made 
to Hartford Flats and back, the results of which 
are given in Table III. This day began with rain in 
the early morning, which turned to heavy driving 
snow and then to rain again. The roads were there- 
fore covered with 2 in. or 3 in. of slush, underneath 
which there was generally 1 in. or 2 in, of ice. 
Altogether the conditions were about as unplea- 
sant and unfavourable as possible, both for the 
tractors and their drivers. On this day a s 
trial was made over a level mile at Hartford Bridge 
Flats, the results of which are given in Table IV. 
It will be seen that in spite of the very heavy state 
of the roads the Thornycroft attained a — of 
nearly 7 miles per hour, drawing its full load of 
8 tons. 

The principal lessons from the week’s running 
are those connected with the very severe weather. 
The roads for the greater part of the time were 
covered with ice so slippery that it was often not 
easy to stand on. There was generally a severe 
frost in the night, and frequent snow in the day- 
time. Unfortunately, there were technical and 
legal difficulties in doing what would certainly be 
done in war, and what is frequently done in daily 
work—applying studs to the tyres. The consequence 
was that on the icy roads the tractors were prac- 
tically helpless. The theoretical objection to using 
studs is, of course, that they damage the roads, but 
the extent to which they do so is certainly greatly 
exaggerated. In order to make the tractors haul 
their loads perfectly satisfactorily it would only 
have been necessary to have studs projecting an 
inch or less, and these need not have been sharp. 
Traction engines in such weather use such studs, 
and, asa matter of fact, they do not damage the 
roads at all, as they grip on the ice with which the 
road is covered, and often do not even touch the 
road surface. Further, it is customary in frosty 
weather to fit horses’ shoes with spikes far longer 
than the depth of stud necessary to a tractor, and 
these spikes are quite sharp. "These undoubtedly 
do very great damage to the road, and often cut it 
all to pieces. Further, putting the studs into the 
tractor wheel is a very short job, and they can 
therefore be put in to get over a slippery bit, and 
then taken out, whereas this is not practicable with 
the spikes on a horse’s shoes. In fact, it is a 
hopeless legal anomaly that it would not be legal to 
have a wheel with horse-shoes fixed on it, though it 
is perfectly legal for these to be used on a horse’s 
feet. 

Had studs of any kind been used, there is no 
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doubt that the tractors would have taken their full 
loads without the very smallest difficulty, and at 
a good rate of speed. As it was, they slipped 
a great deal both on Friday and Saturday, the 
5th and 6th inst.. and a good deal of roping 
had to be done. There seemed to be consider- 
able difference, however, in the tendency of the 
different machines to slip, and it is rather curious 
that the Broom and Wade car, which had the 
least weight on the back axle, slipped distinctly the 
least. The difference in back-axle load between it 
and the Thornycroft car is abouta ton, yet the Broom 
and Wade car took its load up inclines considerably 
steeper than some on which the Thornycroft car had 
to use its winding-drum and rope. The wheels of 
the two are practically the same, and, as far as could 
be seen, the reason appeared to be that the Broom 
and Wade engine was of less power, and would pull 
evenly down to a lower speed of the road-wheels 
than the Thornycroft engine. The Stewart car, 
unfortunately, had the bars on the driving-wheels 
very much closer together than those on the other 
two tractors, as the makers had misread the legal 
requirements in this respect, and the result was that 
no real comparison of the slipping of the steam- 
tractor and the internal-combustion engine could 
be made, as the want of space between the bars 
obviously handicapped the former very much. 

The great advantage of having the connection 
for the winding-drum worked from the driver's 
seat was very clearly seen when it came to roping. 
In the Thornycroft car this is worked by the same 
change-speed lever as the gears, as will be seen from 
our illustration last week. This proved so conve- 
nient that the driver never made the least attempt 
to pull his load if the wheels showed the slightest 
tendency to slip, but immediately drop it and 
hauled it upafter him. The drivers of the Stewart 
and the Broom and Wade cars, on the other hand, 
whose connections to the winding-drum were less con- 
venient, preferred to put sacks, chains, stones, &c., 
under the wheels, or use any means to pull the load 
rather than have to connect their winding-gear. 
Although under normal conditions, roping will not 
have to be done nearly as much as on these slippery 
roads, yet in a country with many short steep hills 
there might be quite a lot, and the loss of time 
from inconvenient connections very serious. It 
should therefore be a sine qué non that this con- 
nection should be worked from the driver’s seat. 

In the Thornycroft car the differential gear can 
also be locked from the driver’s seat, and this saves 
a considerable amount of time where there are slip- 
pery patches over which it has to be locked for a 
short time. This arrangement avoids the necessity 
of ever running over a good holding surface with the 
differential locked, but the locking-gear should be 
strong enough to do so if necessary. This was 
shown in the trial, as the driver of the Thorny- 
croft car forgot he had his differential locked, and 
going round a sharp corner on good holding ground 

roke the locking gear. The freedom from slipping 
in the Broom and Wade car suggests that an ex- 
tremely low first speed would be an advantage in a 
tractor simply to obtain a very even turning moment 
at a very low travelling speed, to avoid slipping on 
hills. 

The difficulties with frozen connections and burst 
pipes shows very clearly that this point will have 
to be well considered, In the internal-combustion 
engine there should be no difficulty in arranging 
that the whole of the water can be drained out of 
the system by one drain-cock or plug; but this point 
must be carefully considered, so as to ensure that 
there are no pockets in the pipes or radiator where 
water can lie. In this case there would probably 
be no great difficulty in emptying the water every 
night on active service ; alternatively, non-freezing 
liquid could be used. In the case of steam, also, 
the various parts must be made so that they can be 
readily drained; and this is not nearly so easy, on 
account of the great number of connections. In this 
respect the traction-engine type of tractor would 
have a great advantage, as all the parts, includin 
the feed-pump, &c., are grouped on the boiler, on 
if this is left with the fire banked, they will be 
kept warm. 

ot only was last week’s work a great trial for 
the tractors, but it was an even still greater trial 
for the men. What with frost, snow, rain, sleet, 
and wind, the weather was about as trying as 
possible, while running round a circular track was 
very wearying for all concerned. For those in 
charge of the tractors there were the endless 
small worries of running in competition machines 





which were practically untried, and for the com- 
mittee, and those responsible for carrying out the 
crials, the great difficulties of testing the tractors 
when the original programme could not be carried 
out atall. Itsays a great deal for all concerned, 
especially for Captain Bagnall Wild, and the officers 
under him, that everything worked so smoothly 
and without friction, and it is very greatly to the 
credit of the crews in charge of the tractors that 
each of them completed every day’s run. 

On Monday, March 8, the run on the programme 
was carried out, for the first time since the beginning 
of the trials. This was a circuit of 324 miles through 
Farnham, Alton, Odiham, and back to the dépét 
(Table III.). During this run a timed hill-climb was 
held, the hill being 2200 yards long, with a rise of 
300 ft., the mean gradient being therefore 1 in 22. 
Parts of it were very much steeper than this, how- 
ever, the stezpest part being about 1 in 10. The 
road was very soft and heavy, and the steepest part 
was still covered withsnow. In fact, the resistance 
of the road surface must have been about 200 lb. 
per ton, as it was found that a truck would not run 
down-hill on the steepest part. None of the tractors 
could take its load up owing to the wheels slipping, 
and roping therefore had to be resorted to, which 
made the speed slow even in the Thornycroft car, 
which arrived at the hill and did its climb soon 
after lunch. The Stewart and Broom and Wade cars 
took much longer over the run, and consequently 
did not get to the hill-climb till after dark. By 
that time it had also begun to freeze, and although 
this made the road surface harder, it was also more 
slippery. There is no doubt, therefore, that they 
were distinctly somewhat handicapped as compared 
with the Thornycroft car. Roping in the dark 
proved difficult, and the Stewart got its truck bogged 
at the side of the road, so that it had to be hauled 
up by a traction-engine. The further results are 
given in Table V. 

TABLE III.—Results, March 6. Run to Hartford Bridge 


Fuel per Net 
Ton-Mile. 

Water per Net 
Ton-Mile. 


Speed. Miles 


ae 


Ib. 
No, 3, Stewart 2.4 862 | 
No. 4, Thornycroft ..| 3.07 |117.4 | 0.78 0.89 
No. 10, Broom and Wade 1.95 111.55) 24.25 0.85 


Results, March 8. Farnham, Alton, Odiham, and Back, 
324 miles. 

-.)| 281 924 410 4.73 | 21.03 5 39 

..| 4.77 142.385) 0O 0.73 0 1 38 

127.5 38 | 0.65 1.95 | 1 


No. 3, Stewart . 
No. 4, Thornycroft 
No. 10, Broom and Wade} 2 33 


Details of Stops and Repairs. March 6. 
No, 3, Stewart: Burst gauge-glass on separacor ; broken differ- 
ential locking-gear ; re-made pump-joint. 
No. 4, Thornycroft : Differential locking-gear replaced in dépdt 
in 35 minutes. 
TaBLe IV.—Speed Trial on Hartford Bridge Flats, 
March 6. Heavy Snow in a Slushy Condition. 





Time. 


7 min. sec. miles per hour 
No. 3, Stewart -| 12 184 4.9 
No. 4, Thornycroft. . .-| 8 59.8 6.7 
No. 10, Broom and Wade..| 27 15 | as 
TABLE V.—Hill-Climb, March 8. Length, 2200 Yards ; 
Height, 300 Feet. 
..|Got truck-bogged ; pulled up by trac- 
| tion-engine 
1.76 


Speed. 


Name. 


No. 3, Stewart 
142 415 | 
52 | 

—_—$<—_ $$ — _ | ——— _ _ = 

Details of Stops and Repairs, March 8. 

No. 3, Stewart : New filter-cloth to separator; halted for want 
of steam eight times on road, and many times on hill-climb ; joint 
of intercepting-valve re-made on road ; cylinder packing ‘ blowing.” 

No. 4, Thornycroft : Fuel feed choked at jet three times ; lubri- 
cator adjusted. 

No. 10, Broom and Wade : New differential locking-lever fitted ; 
accumulator charged and rep! 

On Tuesday, the 9th inst., a run of 33} miles 
was made, the course being to Farnham, then a 
long climb to the top of Hindhead, and down to the 
bottom again on the Godalming side. The chief 
results are given in Table VI. After this the 
tractors were timed for 3 miles up the hill in, 
the total rise being 530 ft., and the mean pie wor} 
therefore about 1 in 30, with a maximum of about 
lin 15. As will be seen from Table VII., the Stewart 
car did much the fastest time on this, and, in fact, 
came up the hill at a speed nearly double that which 
she averaged on the day’s run. The roads were 
rather heavy, and the Thornycroft car appeared 


No, 4, Thornycroft. . 


No. 10, Broom and Wade... 123 0.61 





to have toTuse its bottom gear for practically the 
whole of the hill ; its performance would probably 
have been much better if it had had four speeds. 


TaBLeE VI.—Results of Run. March 9. 





Miles 


Water per Net 


Total Fuel. 
Total Water, 
Fuel per Net 
Ton-Mile. 
Ton-Mile. 
per Hour. 


| Speed, 


Stops. 





Ib. gals. 
.| 921 448 
..} 1831) 0 
40 


te 
rs 
te? 


No. 3, Stewart 

No. 4, Thornycroft 

No. 10, Broom and Wade 157.4 
Details of Stops and Repairs. March 9. 

No. 3, Stewart : Adjusted differential locking-gear ; repaired 
fan-spring ; pump-cover joint re-made ; cleaned engine cam-shaft ; 
stopped for want of steam several times. 

o. 4, Thornycroft : Inlet-valve tappet lever broken; valve 
repaired as automatic with spring borrowed from motor-car; 
difficulty in starting after ro mp J engine for a restive horse, 
after long run down hill, probably due to flooding. 

No. 10, Broom and Wade: Clutch-lever spring replaced ; petro. 
leum feed-pipe cleaned. 


TaBLE VII.—Aill-Climb up Hindhead. 
Yards ; Height, 530 Ft. 


Length, 5280 





Name. Speed, 


miles per hour 





min. 8 
No. 3, Stewart . 37 : 
No. 4, Thornycroft. . .. © 46 
No. 10, Broom and Wade .. 118 17 


' 


2.6 
1.5 


"We shall next week deal with the final days of 
the trials, and the lessons to be derived from the 
whole series. 








OSMOTIC PHENOMENA AND THEIR 
MODERN PHYSICAL INTERPRETA- 
TION. 


In the discourse on ‘‘Osmotic Phenomena and 
their Modern Physical Interpretation,” which Pro- 
fessor H. L. Callendar, M.A., F.R.S., of the Royal 
College of Science, South Kensington, delivered at 
the Royal Institution on Friday, the 26th ult., a 
very difficult and important subject, on which a great 
deal has been written of late, was treated in a 
remarkably lucid manner. Professor Callendar did 
not trouble his audience with much experimental 
detail, but demonstrated the chief points of his 


‘|arguments by means of experiments, of which his 


assistant, Mr. Chapman, and Mr. Heath, of the 
Royal Institution, took charge. 

When Abbé Nollet, Professor Callendar said, in 
opening his discourse, found that a bladder contain- 
ing alcohol, upon being immersed in water, would 
absorb water so greedily that it would burst, people 
were satisfied with the explanation that alcohol hada 
thirst for water. The experiment illustrated the 
fundamental property of all animal and vegetable 
membranes of allowing some substances to pass 
through them more easily than others. The mem- 
branes were freely permeable to water, but prac- 
tically impermeable to certain substances in solu- 
tion. This. property of semi-permeability was 
of the greatest importance to biologists, and 
had chiefly been studied by them. But those 
membranes could not withstand large pressures. 
Traube succeeded in producing semi - perme- 
able membranes by precipitating a copper salt 
solution with ferro-cyanide of potassium in such 
a way that the precipitate formed in the pores 
of an earthenware pot, for example. With sucha 
membrane Wilhelm Pfeffer made the first quanti- 
tative measurements of the osmotic pressure—at 
Bonn, about 1875. He found that sugar solution 
would absorb water through the membrane until 
the pressure in the pressure-gauge fixed in the 

t containing the solution reached a certain height. 
This osmotic pressure was one atmosphere for solu- 
tion of sugar containing 15 grammes of sugar per 
litre, two atmospheres for 30 grammes, and in- 
creased proportionally to the strength of the solu- 
tion and with rise of temperature at the same rate 
as a gas at constant volume. Van’t Hoff then 
showed that the osmotic pressure of a dilute solu- 
tion should thermodynamically be the same as the 
pressure exerted by a number of molecules of gas 
equal to those of the dissolved substance in a space 
equal to the volume of the solution, that it should 
be the same for all solutions of equal molecular 
strength, and that the osmotic pressure followed 
the laws of gas pressure. 

But Pfeffer—a botanist—had only experimented 
with pressures of a few atmospheres, and when 
higher concentrations and higher pressures were 
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tried, the gas laws would no longer hold. In 1905 
Morse and Frazer succeeded in perfecting the ferro- 
cyanide membranes so as to remain impermeable 
to sugar solutions at pressures of more than 20 
atmospheres. Their first experiments seemed to 
favour the gas law, if they took as the volume of the 
liquid that of the solvent (not that of the solution). 
But their very careful later experiments displayed 
discrepancies, and gave, for instance, nearly the 
same pressures at: O deg. and at 24 deg. Cent. 
About the same time Lord Berkeley and E. J. 
Hartley conducted similar experiments with more 
suitable apparatus and with the utmost care, attain- 
ing pressures of more than 100 atmospheres.* The 
observed pressures greatly exceeded in all cases 
those calculated from the gas law. Lord Berkeley 
endeavoured to represent the deviations from the 
gas law by formule of the Van der Waal type with 
three disposable constants, and he tried fifty for- 
mule. But the gas-pressure analogy did not re- 
present all the results satisfactorily. 

On the vapour-pressure theory, to which Pro- 
fessor Callendar passed, osmotic equilibrium de- 
pended on equality of vapour pressure, and not on 
an imaginary pressure which the particles would 
exert if they were in the state of gas. The vapour 
pressure of a substance was, the lecturer said, a 
definite, most fundamental and useful property. 
How it was determined was shown on Dalton’s lines. 
The upper closed JY limbs of a Y-tube, previously 
filled with mercury, were half emptied by lowering 
the mercury receptacle. On the top of the one limb 
was a funnel provided with a stop-cock. By quickly 
opening the stop-cock and closing it at once again 
some ether was admitted into the vacuum in the 
one limb, and this process was repeated. The 
mercury was depressed until the volume was satu- 
rated with ether vapour; further addition of ether 
did not raise the vapour pressure any more. 
Equality of vapour pressure was one of the simplest 
and most general equilibrium conditions. Ice 
and water could exist together, without change, 
only at 0 deg. Cent., at which their vapour pres- 
sures were the same. Below the freezing-point, the 
vapour pressure of water was greater than that of ice. 
Water and ice could exist separately within certain 
limits. But if the two were put in communication, 
the mobile vapour passed over from the water at 
higher pressure to the ice at lower pressure until 
equality of vapour pressure was restored by change 
of temperature, or until the whole of the water was 
converted into ice. Professor Callendar repeated 
the Wollaston cryophorus experiment in illustration 
of this point. A long tube, ending in two bulbs, 
contained, in the one bulb, water, and besides that 
only vapour; when the other bulb was dipped into 
liquid air, the evaporation from the water was so 
rapid that the water itself froze in 30 seconds. 

In the case of ice and water equality of vapour 
pressure could also be restored by a suitable increase 
of pressure. Lord Kelvin had shown that the 
vapour pressure of water (or of any other liquid) 
was increased by pressure, the ratio of the increase 
of vapour pressure d p to the increase of pressure 
dP on the liquid being simply equal to the ratio of 
the densities of the vapour and liquid, or inversely 
as their specific volumes v and V ; hence VdP = 
vdp. This was merely a special case of Carnot’s 
principle, and was deduced by assuming the impos- 
sibility of perpetual motion. Maxwell and Poynt- 
ing had taken the matter up, and Poynting had 
shown, in 1880, that when a mixture of water and 
ice was subjected to pressure, the vapour pressure 
of the ice must be increased more than that of the 
water, as the ice had the greater specific volume. 
Some of the ice, therefore, would melt and the 
temperature fall, until the vapour pressures were 





again equal, This was demonstrated with the aid 
of a steel cylinder filled with a mixture of ice and 
water at 0 deg. Cent.; when pressure of 100 atmo- | 
spheres was applied, the temperature went down to 
—0.8 deg., and when the pressure was released the 
temperature rose again ; the measurement was made 
with a thermo-couple. 

_Sunilar considerations, Professor Callendar con- 
tinued, applied to the equilibrium between a solu- 
tion and the pure solvent, or between solutions of 
different strengths. The vapour pressure of sugar 
solution p” was always less than that of water yp’, 
and the ratio p”/p’ depended simply on the concen- 
tration, diminishing regularly with increased con- 





“x We should refer our readers to ENGINEERING, vol. 
XxXxll., page 150, as to these apparatus and researches 
On Osinotic pressures, . 


| as the holes were not wetted, the so 


_ water vapour could pass freely. 


centration, but not on the temperature. If separate | faces of the solution would rapidly bulge out as the 
vessels containing solution and water at the same | vapour condensed upon them, and the pressure on 
temperature were placed in communication, water-|the solution would increase until condensation 
vapour would immediately pass from the water to | ceased, when the vapour pressure of the solution 
the solution, and would condense in the solution ;| would have been raised to equality with that of the 


the immediate effect was to produce 2 agg | of | pure solvent. 
his | the mechanical pressure - difference which 


vapour-pressure by change of temperature. 


The osmotic pressure was simply 


must 


was shown with the aid of the apparatus of which | be applied to the solution in order to raise its 


Fig. 1 is a diagram. 
containing water, the other a solution, were con- 
nected by a horizontal branch provided with two 
stop-cocks and a branch leading to a charcoal bulb. 
Into each tube dipped a thermo-junction ; when 
the stop-cocks were opened, so that the vapour 
could pass through the connecting-tube, the galva- 
nometer, in circuit with the thermo-junction, at 
once marked a fall of temperature in the water- 
tube. This took only a few seconds, and the vapour 
pressure then remained practically uniform. 

The vapour pressure was so important, the 
lecturer continued, because vapour was so mobile 
a carrier of latent heat. The first effect was gene- 
rally a change of temperature; but if the tem- 
perature was kept constant, a change in concentra- 
tion followed, and it would look as if the dissolved 
substance moved towards the hotter end, while, 
in reality, the vapour moved towards the colder 
end. In explaining osmotic pressure as a neces- 
sary consequence of vapour pressure, there were 
difficulties which had greatly retarded progress. 
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How could pressure be applied in the ice experiment 
without condensing the vapour? Vapour, it would 
be answered, existed in the liquid all the time in 
the shape of free particles, while the other pe - 
ticles were sluggish. How, it might further be asked, 
could an insignificant difference of vapour pressure, 
amounting to 0.001 atmosphere in the sugar solu- 
tion at Odeg. Cent., be the cause of an osmotic 

ressure of 100 atmospheres, 100,000 times as great ? 

he answer was, that the equilibrium did not 
depend at all on the absolute magnitude of the 
vapour pressure, but only on the work done for a 
given ratio of expansion. Indirectly the smallness 
of the vapour pressure might have a great effect in 
retarding the attainment of equilibrium, especially 
if other vapours were present. Thus mercury had 
a very low vapour pressure at ordinary pressure. 
In a charcoa ]vacuum mercury evaporated rapidly, 
however, and when a bulb containing such invisible 
vapour was locally cooled by rubbing liquid air on 
it, a black mirror of mercury became visible, which 
disappeared again when the glass was heated ; this 
was demonstrated. 

The membrane which separated solvent and 
solution was like a sieve. Professor Callendar 
showed that a sieve with fine holes would float on 
water even when loaded, because surface tension 
prevented the water from forcing its way through 
the holes. But when he poured water on the top of 
the sieve so that it rushed into the holes and wetted 
them, the sieve sank. Fig. 2, he said, represented 
the pores, one-millionth of an inch in diameter, of a 
membrane, separating sugar solution, say at 100 


atmospheres from water at 1 —- As long 


ution could not 
get through (unless the opposite pressure applied 
exceeded the respective osmotic ear but the 

e capillary sur- 


| 





Two tubular bulbs, the one | vapour pressure to that of the solvent. The osmotic 


work required to force a gramme-molecule of the 
solvent out of the solution was the product of the 
osmotic pressure P by the change of volume U of 
the solution per gramme-molecule of substance 
abstracted. In the state of vapour-pressure equili- 
brium this osmotic work P U must be equal to the 
work which the vapour could do by expanding from 
the vapour pressure p’ (pure solvent) to p” (solu- 
tion), or approximately RU = R@ log (p’/p”). 
That formula was well known to every engineer. 

From this point of view the osmotic pressure of 
a solution was not a specific property in the same 
sense as its concentration, density, or vapour- 
pressure, because it merely represented the mecha- 
nical pressure required under certain special condi- - 
tions to produce equilibrium of vapour pressure, 
when neither temperature nor concentration were 
allowed to vary. One might as well speak of the 
‘*osmotic temperature ” of a solution, meaning the 
difference of temperature required to make the 
vapour pressure of a solution as high as that of 
the solvent. A solution had a higher boiling-point 
than the pure solvent. We observed that elevation 
of the boiling-point, but no one would regard the 
elevation as a fundamental property. Further, a 
solution had a lower freezing-poimt than the pure 
solvent, and Raoult’s law told us that this lowering 
depended upon the number of molecules dissolved 
and was equal tothe ratio of the number n of mole- 
cules of the solute (the substance dissolved) to the 
number N of molecules of solvent in the solution, 
at least for dilute solutions. 

As direct measurements of the osmotic pressure 
were exceedingly difficult, Professor Callendar pro- 
ceeded, we generally relied on vapour-pressure 
determinations, and Lord Berkeley and others had 
conducted parallel osmotic-pressure and vapour- 

ressure. measurements. But much remained to 
»e done. In the (modified Ostwald-Walker) appa- 
ratus of Lord Berkeley, which gave very accurate re- 
sults, air had to be aspirated slowly through vessels 
containing solvent and solution, and the losses of 
weight to be determined ; one experiment required 
a week. Professor Callendar had tried to avoid 
this difficulty by his vapour-temperature balance. 
The temperature of solution and solvent, con- 
tained in an apparatus of the type of Fig. 1, were 
adjusted until, on opening the tap in the connect- 
ing branch, there was no flow of vapour from one 
to the other. The temperature difference was then 
observed, and the vapour pressures of the solvent 
being known, the ratio of the vapour pressures of 
solvent and of solution could be calculated. When 
the differences were very small the change of tem- 
perature was difficult to observe, unless the appa- 
ratus was carefully exhausted, and it was, there- 
fore, better to observe the direction and magnitude 
of the vapour current by means of his vapour-cur- 
rent indicator, illustrated in Fig. 3. 

Professor Callendar had constructed this appa- 
ratus ten years ago. It might appear to be a 
lunatic idea to dilute the effect to be measured, 
which we could measure by Rayleigh’s method, 
thousands of times ; but his apparatus was exceed- 
ingly. sensitive to very small differences, and its 
deflections were proportional to the pressure dif- 
ferences, more strictly than with any galvano- 
meter. The apparatus consisted of two hori- 
zontal cylinders of glass, joined by two vertical 
tubes or columns, about 3°ft. in height, and the 
branch tubes as indicated in the diagram. The 
lower tube contained solvent (e.g., woledh, the upper 
some solution ; forthe demonstration sulphuric acid 
had beentaken. The vapour current would be indi- 
cated by a delicately suspended vane, the deflections 
of which were read off by the aid of a mirror, 
within less than one thousandth of a millionth of an 
atmosphere. The pressure difference actually mea- 
sured was that between the air in the two vertical 
columns, one of which would be drier than the 
other, because the one was saturated with the 
vapour of the solvent, the other with the vapour of 
the solution. Moist air was lighter than dry air 
in the ratio of 9:14. In the diagram the right- 
hand column would contain the damper, lighter air, 
and a circulation therefore be set up in tl direc- 
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tion of the arrows. To start the demonstration 
with the model exhibited Professor Callendar 
sucked at the open end of the tube, keeping the 
three-way cock first closed ; on opening it the 
mirror was deflected. Afterwards he blew into the 
tube, and the deflection was to the other side, be- 
cause the previously lighter air in the right-hand 
column was now heavier, owing to the exhaled 
carbon dioxide. Temperature differences, he ex- 
plained, were first. equalised by means of platinum 
thermometers. 

In his concluding words Professor Callendar had 
just time to allude to the bearing of these researches 
upon molecular constitution, in which chemists are 
most interested. We only mention that similar 
simple laws as for. aqueous solutions hold for mix- 
tures of two indifferent substances, but that the 
relations become complex when the various ingre- 
dients react with one another. 








NOTES. 
THe Presence or Ark IN CONDENSERS. 

In a paper recently read before the Liverpool 
Engineering Society, Mr. D. B. Morison empha- 
sised yet once more the great importance of keeping 
air out of the condenser if the highest fuel economy 
is to be attained either with reciprocating or tur- 
bine machinery. Ordinary fresh water, he stated, 
contained ¢ i} per cent. of air measured. by volume, 
but the condensed steam withdrawn froma condenser 
by a water-pump only 0.5 to 1 per cent. of its 
volume, a proportion which was raised to 2 per 
cent. if it was withdrawn by an air-pump. If this 
water’ was not sprayed or otherwise violently 
agitated, but allowed to flow into a feed-tank, 
and pumped thence by a float-controlled pone, 
the degree of aeration was, he said, not appreciab. 
increased, so that when it was afterwards passed 
through a feed-heater, the liberation of air was 
almost nil. In actual practice, however, large 
volumes of air were often liberated in the feed- 
heater, but this air, he stated, had been forced 
into the water as it passed through the common 
ram-pump, and none of it was in solution in the 
water as it entered this pump. In modern steam 
ships there was, he continued, either a float 
controlled feed-pump or an air-collecting feed- 
heater, so that the air which actually entered the 
boiler was too little to have any appreciable effect 
on the efficiency of the condenser. 
in the latter got in, therefore, by leakage partly 
through the glands on the low-pressure cylinder ; 
but if the auxiliaries exhausted into the condenser, 
the air thus entering was very largely augmented. 
By proper care, he continued, the air-leakage could 
be cut down to such an extent that the opening of 
an air-hole jy in. in diameter into a well-designed 
condenser would not affect the vacuum attained, 
the reserve capacity of the air-pump being sufficient 
to deal with this amount of leakage. 


‘ Dew-Ponps. 

In an interesting paper read before the Society of 
Arts on Wednesday evening, the 3rd inst., Mr. 
George Hubbard, F,R.1.B.A., makes the suggestion 
that not a few areas, now deserts, may be made in- 
habitable by the formation of dew-ponds on the 
lines of those constructed by Neolithic man on the 
summits of the South Downs. Since no surface 
streams exist on the chalk, the downs would have 
been uninhabitable had not some genius amongst 
our prehistoric ancestors hit upon the device of the 
dew-pond. As the name implies, the dew-pond is 
fed by dew, and not by springs or by rain. However 
primitive man chanced to devise so ingenious an 
application of physical laws, unravelled only during 
comparatively recent years, is a mystery. As de- 
scribed by Mr. Hubbard, the dew-pond was 
formed by hollowing out the earth for a space far 
in excess of the apparent requirements of the pond. 
The whole of this area vas then thickly covered 
with dry straw, which in turn was covered with a 
layer of well-puddled clay, particular care being 
taken to extend this over the margin of the straw. 
Such a dew-pond, constructed in a suitable position, 
will gradually fill with water by the condensation 
of dew from the air. The layer of straw, being an 
excellent non-conductor of heat, isolates the clay 
coating above it from the earth below. As a con- 
sequence, after sundown on a clear night, this coat- 
ing oo cools by radiation below the saturation- 
point of the adjacent air, with the result that dew 
is deposited, and collects at the bottom of the 
hollow» The quantity of water thus obtainable is 


The air found | 





very considerable, and according to Mr. Allcroft, as 
quoted by the lecturer, a dew-pond may rise 2 in. 
in level in a single foggy night in January, and in 
five nights a rise of 8 in. has been recorded. In 
early summer the same pond collected 3$ in. of 
water upon five nights of heavy dew. Mr. Hubbard 
stated that ancient dew-ponds appeared to be 
successful only when constructed on a chalk bottom, 
a fact which he attributed to the absence of earth- 
worms, which alone permitted the straw to remain 
dry. He suggested, however, that with other for- 
mations g results might be obtained by laying 
a concrete or asphalt foundation under the straw, 
and he stated that a successful dew-pond had lately 
been constructed at Gibraltar, ensuring that fortress 
a supply of pure water. Here a large area of rock 
was covered by corrugated iron isolated from the 
earth below by a wooden backing. The iron is an 
excellent radiator, and has little capacity for heat, 
so that it is rapidly cooled after the sun sets. Similar 
methods would, Mr. Hubbard suggests, be success- 
ful in the Transvaal, where, though little or no 
rain falls during the months of June, July, and 
August, the dew-point in early morning is never 
10 deg. below the air temperature. Trees, Mr. 
Hubbard stated, obtain a considerable proportion 
of their requisite water supply by making use of 
the same principles as are enbalin’ in the construc- 
tion of a dew-pond. The leaves present an 
enormous area. to the air, and are at the same 
time, exceptionally. well insulated from the ground, 
the heat conductivity of their stems and of the 
branches and bark generally being extremely low. 
The leaves’ are good radiators, and readily cool 
down enough to cause the deposit of drops of dew. 
These collect and drip off the point of the leaf on 
to others below, which add also their own supply 
of condensation, so that a continuously augmenting 
stream is passed on from leaf to leaf, and drops to 
the ground just over the extremities of the roots, 
which commonly extend as far underground as the 
branches do above. 


CALORIMETRIC ConTROL OF CoaL SUPPLY AND 
CONSUMPTION. 


Last Monday a Smoke-Abatement Exhibition was 
closed at Sheffield, where it had been opened a 
week previous, and Dr. R. Lessing, consulting 
chemist, of Southampton House, High Holborn, 
read a paper on ‘‘ The Calorimetric Control of the 
Supply and Consumption of Fuel,” before a con- 
ference of local authorities, held in connection with 
this Exhibition. Dr. Lessing urged that coal should 
be bought and sold, like other minerals, on the 
basis of a scientifically sound evaluation. The 
United States fuel experts had proposed, he said, 
that coal should be sold by thermal units, not by 
ight, and as the result of a suggestion made 

esident Roosevelt to the Advisory Board 


we 
by 
on Fuels and Structural Materials, specifications 
had been drawn up for the supply of coal for 


the Government. The specification exacted a 
certain standard as regards constituents and heat- 
ing values ; suppliers had to observe certain fairly 
wide limits, within which the price was regulated 
by a sliding scale. For every 2 per cent., more or 
less, of B.Th.U. which the coal contained, a bonus 
or a penalty of 2 per cent. was incurred; the 
penalty for ash contents ranged from 2 to 18 per 
cent. The Interborough Rapid Transit Company, 
of New York, based premiums or penalties on the 
price at the rate of 1 cent. per ton for a variation 
of 50 B.Th.U. In Germany a minimum calorific 
value of the coal had, as rule, to be guaranteed in 
coal contracts. The tests uired for such evalua- 
tions were not difficult. A great deal naturally 
depended on sampling, but that difficulty applied 
to all testing. here mechanical conveyors were 
employed, one bucket each revolution was emptied 
into a sampling-bin, which would hold 1 ewt. or 
2cwt. The whole bulk of the bin was crushed and 
divided into four parts, two of which were rejected, 
and this a was repeated until 5 lb. or 10 Ib. of 
coalwereleft. These were sent inair-tight receptacles 
to the testing laboratory. Here the moisture was 
determined by drying for 24 hours at 105 deg. Cent., 
and the contents in ashes by burning the coal— 
finely ground up already for the moisture test-—in 
a platinum dish. Very useful was also a coking 
test carried out in a covered platinum crucible. 
These tests constituted the ‘“‘approximate analysis.” 
The ultimate ‘‘ elementary ”’ analysis was not, as a 
rule, necessary ; but a calorimetric test was desir- 
able. Modified forms of Berthelot’s bomb calori- 
meter, suggested by Donkin, Cook, and others, 





notably the Mahler-Kroeker calorimeter, were still 
the best. The last-mentioned type consisted of a 
cylinder of mild steel lined inside with platinum or 
enamelled ; this protection of the pct sear neces- 
sary, because the combustion was effected with the 
aid of oxygen under a pressure of 25 atmospheres, 
which oxidised the nitrogen to nitric acid. The cover 
of the cylinder was screwed down on leaden joints 
and provided with two tubes. One gramme of coal 
was placed in a platinum or porcelain boat and 
ignited by means of an iron wire heated by the 
current from a battery. The bomb was placed in the 
calorimeter vessel containing 2.25 litres of water 
(about half a gallon). The determination could be 
relied upon within nearly 0.1 per cent., or on an 
average within 18 B.Th.U. 


CurngEsE Mernops oF Rartway Construction. 


From. time to time news has been published in 
the daily Press of a rather disquieting nature re- 
garding the jeopardising of British interests in 
some of the railway undertakings in China. None, 
we think, has portrayed so unfortunate a condi- 
tion as that published by the Times, on Tuesday 
last, from its Peking correspondent. This had 
reference to the state of the Shanghai-Hang- 
chow-Ningpo Railway, in which some 14 millions of 
British capital has been invested. The loan agree- 
ment for this line was signed on March 6, 1908, the 
contracting parties being, on the one hand, the Wai- 
wupu and the Yuchuanpu, and on the other the 
British and Chinese Corporation, Limited. The line 
runs from Shanghai, through Fenchingchen, to Kah- 
singfu, thence-to Hushu and Hangchow, and thence 
from Chiangkan to Ningpo, altogether 238 miles of 
line. - The original agreement provided for the 
appointment of a British engineer-in-chief, and for 
the purchase of materials in the open market, but, 
other things being equal, the preference to be 
with English manufactures. If materials were pur- 
chasable in China, other things being equal, they 
were to be purchased there, in order to encourage 
Chinese industry. This original agreement, which 
left, apparently, the main control in the hands of 
the Yuchuanpu—for the British engineer was to be 
under this Board of Communications or the manag- 
ing director appointed by it—-was brushed aside by 
an Imperial edict of April 15 last, when permission 
was given for the construction of the under 
private, instead of official, management. The 
result seems to have been deplorable. 109 miles of 
track are laid between Shanghai and Chientang, 
and over 71 miles of this trains are now running. 
However, even on this portion much work re- 
mains to be done. The British engineer-in-chief 
has no authority, and is not permitted to inter- 
fere with the work; with what results may be 
imagined when it is stated that only Chinese are 
employed on the work, many of them having no 
previous engineering knowledge. The individual 
in charge of the Kiang-su section has only a rudi- 
mentary knowledge of such work. The man at the 
head of the Che-kiang section spent one year at a 
college in California, where his name probably 
figures honourably in the roll of appointments ob- 
tained by past students. He is the son-in-law of 
the president of the company. This same president, 
who is a man apparently well versed in the analects 
of Confucius, has appointed a favourite student of 
his as engineer in control of another 20-mile section, 
in spite of complete lack of engineering training. 
These methods of making appointments have led 
to the natural results of work. Native rails 
of obsolete section are used, spiked to soft- 
wood sleepers that are quickly destroyed. Each 
director orders rolling-stock in turn, so that, as 
may be expected, there are many more varieties 
than are required. But the most interesting 
points are connected with bridge-building by these 
‘‘engineers.” In one instance a bridge was built 
on land, owing to the difficulty of throwing the 
— across the stream, and a diversion channe! was 
then cut for the river, to make it pass under the 
This, it must be admitted, is ingenious. 
In another case, difficulty being experienced in 
making a midstream pier for a bridge, the expe- 
dient of making an island in the middle of the 
river was adopted. Having made an island, the 
pier was built on it. This kind of work in connec- 
tion with streams as deep and swift as many of 
the Chinese rivers are, and liable as they are to 
change their courses, is nothing less than remark- 
able, as it might be thought their ancient skill 
with masonry structures would prevent the adoption 
of such extraordinary methods. 


bridge. 
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‘‘HYDROPLANES” OR ‘‘ SKIMMERS.”* 


VESSELS which greatly reduce their displacement when 
travelling at high speeds are generally called ‘‘hydro- 
planes,” but this name is not altogether satisfactory, as 
the surfaces on which they glide are not always planes. 
To call such vessels “gliders” or ‘‘skimmers” has been 
suggested as more appropriate, but the former title sug- 
gests smooth motion, and this is not always a charac- 
teristic of their behaviour. Im this paper, therefore, 
the latter word will be used to describe boats which at 
high speeds are heavier than the water they displace. 
‘‘ Skimmers” are very ancient, and are still used by some 
of the inhabitants of islands in the Pacific, in what must 
be their simplest form. A single slab of wood, rounded 
at the edges, is employed,.and supports a man where huge 
waves form a sufficient slope to enable him, assisted by 
gravity, to attain the necessary start. After the start 


Fic. 3. 
the man will even assume a standing attitude on the 
board which skims along before the advancing wave. 
fhe problem of making a boat glide steadily on the 
Surjace of the water is not an easy one. Steadiness can 


probably be gained by using a number of planes, but this 
18 likely to increase the frictional resistance. When a 
number of planes are used to support a given load, each 
must be of less length than when only one is used. 
The triction per unit of surface being greater for short 
Suriaces, it 1s improbable that a smaller total surface will 
be sufficient, and the necessary wer uired for a 
Given speed must be greater. r. Froude’s opinion 





* A paper read by Sir John I. Thomyesot, F.R.S., at 


& tiecting of the Motor Yacht Club, on Thursday, 
March 4, 1909, ‘ 








was that the best results could be obtained from a 
single plane, but this must maintain a particular angle 
to the water surface. About the year 1872 he made 
a model, in which three surfaces were attached to a 
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surface as the s was increased, and the centre of 
| gravity apparently overhung all natural support, as shown 
in Fig. 1. It is evident that this effect can only be pro- 
du by the pressure on part of the surface Tendl, voll 
than that of the atmosphere. The author had made some 
experiments to illustrate this with a model, the bottom of 
which was, for the most part, a simple plane, but at the 
after end the surface could be turned to a slight angle, 
and the result was that in some cases the model even 
jumped clear of the water surface. When the bottom 
surface was left flat throughout its length, the model 
glided smoothly over the water ; but when the tail part 
was bent down, the model promptly dived. A_photo- 
graph taken of this operation, a little too late to show the 
model, clearly showed the hole in the water where it dis- 
appeared. These experiments seemed to show that the 
| endwise vertical section of the bottom of a skimmer should 


| model that the front pase lifted entirely above the water 























Fig. 4, 


frame, and towed in such a position that the wake of 
either of the three did not interfere with the water on 
which any one of them had afterwards torun. Mr. Froude 
proved by theory that the angle the plane should have to 
the line of motion should be such that the resistance 
due to surface friction should be equal to the resistance 
due to gravity, or the horizontal component necessary to 
balance the weight of the vessel on the incline of the 
supporting surface. This inclination he found to be about 
1 in 17, so that the total resistance amounts to about 1/8.5 
of the weight or displacement of the vessel. This friction, 
however, depends on the value to be attached to the 
surface friction, and this also varies with the quality of 
the surface and the length of the surface rubbing. This 
inclination is therefore not a definite angle. 

Mr. Froude found, when experimenting with the Ramus 


Fic. 6, 


be a straight line; although « hollow curve would seem 
to promise a more even distribution of pressure on the 
| bottom. 

In a boat intended for skimming or sliding on the sur- 
face of the water with the least possible disturbance, there 
are a number of elements to consider. Unfortunately, 
| these do not all lead to the same proportions of design. 
| In the first place, the lifting force depends on the amount 
of surface and on the speed ; while the friction for a cer- 
tain amount of surface will decrease with greater length. 
The speed at which skimming will commence, however, 
increases with the ng. his limit should naturally 
be kept as low as possible. Below a certain velocity, the 
performance of a skimmer model is very bad, owing 
to the formation of large waves, which allow the stern 





| of the vessel to fall and greatly increase the angle of 
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the planes, thus rendering it more difficult for the 
vessel to mount to the surface and skim. This difficulty 
may be lessened by (1) extending the amount of supporting 
surface, or (2) ucing the weight of the vessel, the sur- 
face remaining the same. The great strength necessary 
to withstand the shocks to which this kind of boat is sub- 
jected, renders reduction of weight difficult. A boat very 
wide and short in shape leads to excessive air resistance, 
and this resistance becomes quite an important factor at 
speeds of about thirty miles an hour. For this reason too 
great a width must be avoided. 

The wave formation, when a skimmer is moving below 
the skimming phase, resembles that of an ordinary vessel, 
but the waves are larger in proportion to the size of the 
vessel, and diverge at a wide angle. Some photographs 
taken during recent experiments by the author, on a 
Ramus model, and pelle eee on page 365, illustrate this. 
Fig. 2 shows the model used, and the lines by which it 
was drawn along. It will be seen that the boat is fitted 
with a cross-piece, or bar, to which the lines are attached. 
The lines join some little distance ahead and astern of 
the boat, to form a single tow-line. Fig. 3 is an illus- 
tration of the Ramus model at low speed, showing the 
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appears to plough a channel, into which the stern falls, 
and with increase of s the resistance rises ver 
rapidly, although the form of stern would appear well 

pted to cel this result. The lines of the Gyrinus pro- 
duced by vertical longitudinal sections rise very gently, 
and terminate in a sharp angle; therefore there is no 
surface which can suck the water up, and, by so doing, 
reduce the pressure below that of the atmosphere. 

The growth of resistance in a skimmer differs from 
that in an ordinary boat in a very marked manner: it 
rises very rapidly at first with increase of speed, but when 
the condition of skimming is established, it may even fall 
temporarily, and afterwards only rise very slowly, so 
that the power required only increases a little faster than 
the velocity. This is well illustrated by the diagram, 
Fig. 7, below, in which the resistance of the Gyrinus and a 
skimmer of the same weight is plotted, in which case the 
curves cross at about 17 knots. The boat form is much 
the better for lower speeds, while above the point where 
the resistances are equal the advantage is greatly in 
favour of the skimming model. 

“* Experiments were made with the Gyrinus model, towed 
backwards, to illustrate the clinging of water to the 
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without forcing, it will fail to giveany support. It isevident 
that the air under a vessel to serve this purpose must have 
a pressure above that of the atmosphere. 

n askimmer in which the water rubs directly on the 
bottom surface, the centre of pressure is always forward 
of the centre of area; but in a vessel in which the 
support is due to air in a hollow, it must coincide 
with the centre of gravity of the area of the hollow. 
It is much more van mus to have such a de- 
finite centre of support than the ever-shifting posi- 
tion of the centre -§ the lifting force due to contact 
with the water surface. The practical difficulties, how. 
ever, to be overcome in producing a type embodying this 
principle are many. Care must be taken, for instance, to 
avoid disturbing the water surface by the surfaces which 
must surround the hollow containing fhe air. If this be 
not done, waves will form and increase the rubbing sur. 
face, besides taking up energy in their formation. With 
a model the author designed to overcome these difficul- 
ties the resistance had not proved very small, but it 
was observed that the wake of the model indicated very 
little disturbance of the water surface. This model was 
very wide and nearly circular in plan, and it skimmed 
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primary waves and echoes. The contrast is great when 
the same model is made to travel fast. This is’ shown in 
Fig. 4, and here it will seen that the volume of the 
waves is much less and the angle of divergence is small. 
At still higher speeds the motion of the water becomes 
unsteady. Fig. 4 incidentally shows the house from which 
the author’s experiments were conducted. It contains a 
winding-drum for the tow-line, fitted with recording 
—— 

Skimmers are near relations to flying-machines, and 
although smooth water would appear to form a definite 
plane on which to travel, a boat of this kind, when 
moving at high speed, is not content to be limited to 
motion in two dimensions, but tends to oscillate vertically 
and jump from the water surface, and under some condi- 
tions to dive below. The skipping action has been already 
referred to above, the-author’s model having been fre- 
quently made to leave the water temporarily in this way, 
at relatively high speed. 

The position of the centre of gravity is very important 
to get'the best result. In the models he had tested, im- 
provement appeared to take place as this was moved aft 
it to the stage when skipping or flapping commences. 
This dancing motion, if allowed to develop, may become 
dangerous, but the best results seem to coincide with its 
commencement. 

It has been suggested that the motor-boat Gyrinus* lifted 
to some extent, and so reduced its displacement, like a 
skimmer, but the photographs of the boat at full speed 
clearly show that such is not the case ; for while the bow 
is nearly at the same level at rest or speed, when moving 
fast, the stern is much lower. The fore part of this boat 





* Through the courtesy of Messrs. John I. Thorny- 
croft and Nee : oo d, we -— per to reproduce a 

oO of the Gyrinus at full s rig. 5, 365), 
pecerers in Figs. 8, 9, and 10, oad the uleo of this 
su ul motor-boat. Her length over all is 22 ft. 6 in. ; 
breadth, 5ft. 4m. ; and draught amidships, 8 in. This 
boat differs from most boats of her class. Her bow 














rounded form of stern, which the bow then represented ; 
and although this gave no trouble at ordinary speed, the 
effect at extreme speéds is surprising. The real stern lifts 
and the bow is depressed until the vessel makes a large 
angle with the line of motion (Fig. 6), as was found to be 
the case when Mr. Froude towed the Ramus model. 

It is often supposed that air passes under skimmers, 
but thisisonly hkely to take place when the water surface 
is broken. It is well known that a jet of water impinging 
on a surface, even at an acute angle, does not all pass 
under in the direction of the jet. A small part at a point 
near to the surface has its motion reversed. his re- 
versal renders the of any air between the jet and 
the surface impossible. If, however, the surface of the 
moving water is broken or churned into foam, then that 
inixture of air and water will pass along the surface. 
What will be the effect of this seems uncertain, but the 
late Lord Kelvin was thoroughly of opinion that the fric- 
tion of this mixture would ter than that of solid 
water. The form of boat used by M. Fauber is adapted 
to eject any air from under it, and, perhaps, from this 
some advantage was obtained which tended to balance 
the loss which might be expected to arise from the use of 
so many short skimming surfaces. 

The author also’ tried models intended to carry air 
under them in a hollow. This construction is favourable 
to high speed, for the angle of the surface rubbing on the 
water can be considerably reduced by the adoption of this 
plan, so reducing the resistance due to gravity on the 
incline. At the same time the friction due to air on the 
supporting water is much less than that due to water on 
a solid ; and if the air could be carried with the model, the 
power required to force it under would be small and 
would only amount to that necessary to make up waste. 
It may be safely taken that when air goes under a vessel 





consists of comparatively full water lines, although the 
buttock lines are quite fine. The stern is quite flat, an 
finishes in a sharp angle, so that there cannot be any 
drag from the water, as mentioned in the paper. This 
boat has had a most succcessful racing career, winning 
the International Race for 8-metre boats last year. 


djof the lock have been comple 





at quite a low velocity. It may be interesting to state 
that this form of model was made in 1873. A similar 
model was towed from a launch at about 8 knots; this 
speed was more than sufficient to make it rise to the 
surface. When air was forced under it, the resistance 
was ony reduced, but it was never very low. At the 
best it fell to a value of about one-quarter the weight 
of the model.. At a lower speed—about 5 knots—a 
ter resistance was recorded. 
It has often been pro to force air under a vessel 
of ordinary form, and Ericson is said to have tried this, 
but found it was not a success. In a skimmer, however, 
if the air can be carried with the model for the most — 
there must be an advan in this system, and perhaps 
it might also be used with advantage in very shallow 
vessels, not intended to skim, but having a very large 
surface of bottom, and not requiring the air to be pumped 
against much head of water. 





Brietan Coat Movement.—The exports of coal from 
Belgium in January were 399,770 tons, as compared with 
364,084 tons in January, 1908. In these totals the exports 
to France figured for - 308,162 tons and 280,814 tons re- 
spectively. The imports of coal into Belgium in January 
were 407,436 tons, as compared with 365,223 tons in Jan- 
uary, 1908. The following were the principal imports :— 
Source. Jan., 1909. Jan., 1908. 

tons tons 
201,413 152,579 
France. . oe oo BX 38,780 47,137 
Great Britain. . es a 151,686 154,118 
German coal accordingly gained ground considerably in 
Belgium in January of this year. 


Germany 


ImmInGHAM Dock.—Good progress is being made with 
the construction of the deep-water dock at Immingham. 
Of the 40 acres of excavation to be done, 18 acres have 
been completed. The south-west wall of the dock, some 
2350 ft. long, is practically finished ; being built of con- 
crete 25 ft. in Eickaten, while the south-west arm or 
extension, 1250 ft. by 350 ft., is well advanced. The 
whole 2350 ft. of the main wall will, it is expected, be 
available in eighteen months for coal traffic. Seven 
hoists, each equipped with the most modern hydraulic 
machinery, are being provided. The construction of the 
lock or dock-entrance is proceeding rapidly. Adjoin- 
ing the lock there are to be two graving-docks for 
ship repairs, and the walls of these have alread) been 
constructed. The two protecting piers at the entrance 
, and one is to be 
provided with a coal-hoist for bunkering. The lock 
proper is to be 850 ft. long by 90 ft. wide. A light railway 
to connect Grimsby and Immingham is being |) hed 
forward, and will be opened in June. 
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INDUSTRIAL NOTES. 


Never before in the history of this country, and, 
consequently, never among the nations in the world, 
has there been evinced such a desire to improve 
the condition of the masses as now. This isshown ina 
variety of ways—by legislation, by Orders in Council, 
and by departmental rules and regulations, under 
various Acts, chiefly by sanction of the Home Office 


and the Local Government Board. All find support | 


in con; s and conferences, in public meetings, in 
the pulpit, on the platform, and in the public Press. 
The movement cannot be said to be sectional ; for the 
Government, representing the electorate of the nation, 
local bodies, representing the ratepayers, and all sorts 
and conditions of men—and women—support it. The 
general movement alluded to includes efforts to improve 
the condition of the young and ill-fed in our schools, and 
also the education of boys and girls after the elemen- 
tary school age, together with technical instruction, 
so as to fit them for the battle of life. But there is a 
danger in all this activity, lest we go too fast—in 
seeking to do too much at one and the same time. The 
legislative, local, and social machines move slowly, and 
too great a speed may end in wreckage, stoppage, and 
reaction. 





The debate on unemployment and old-age pensions 
lost dignity by the interruptions to which the Presi- 
dent of the Local Government Board was subjected by 
some members of the Labour Party. According to Mr. 
Burns, the proportion of willing and really worthy 
workers was extremely small in comparison with the 
shiftless who came and went, not on labour bent, but 
upon change of scene and on the look-out for food and 
shelter. The discussion on old-age pensions was more 
to the point, and some amendment of the Act is pro- 
mised by the Government. Such alterations as may be 
useful and necessary will no doubt be made in the 
course of the session, but large demands must be futile 
in face of the anticipated deficit in the revenue. It is 
to be hoped that very strict inquiries will be made into 
the many cases there have been of the pension having 
been given to people quite unqualified to receive it. 





Afforestation has been advocated for at least seventy 
years, by the old Chartists and Land Reformers, from 
1838 to recent years, and now by the Labour Party 
and by the recent Royal Commission. The Com- 
mission suggested that 9,000,000 acres should be dealt 
with and afforested in a period of eighty years. It is 
asserted that at the end of that period the State 
would own a property worth 500 millions sterling— 
nearly 100 millions in excess of the cost in creating it, 
after allowing 3 per cent. interest annually on that 
cost. These were the figures pep by Mr. Rider 
Haggard, the great novelist, and an ardent supporter 
of afforestation, at the ange of a on 
** Arbor-Day ” at the Garden City at Letchworth. 
It is stated that upwards of 100,000 trees had been 
planted, and at the a 3000 were added. This 
is an experiment worth watching. The trees selected 
vary, each avenue has a distinct variety, such as 
limes, sycamores, mountain ash, &c. In the hedgrows 
and coppices there is a ter variety. One idea of 
the directors is to teach the art o tree-planting, 
another is to teach the children, boys and girls, how 
to protect trees, not to injure them—both much- 
needed lessons, the latter not inferior in importance 
to the first. Mr. Rider Haggard stated that, after a 
period of forty years, the clear profit to the State 
would be 17,000,000/ to 18,000,000/. a year. Employ- 
ment would be permanently found for 18,000 men, as 
a help to reduce unemployment. He commended the 
scheme in its entirety as ‘‘a notable and lasting 
memorial” of State help. 





The Ironworkers’ Journal for the current month 
gives an excellent report of the fortieth annual meet- 
ing of the Northern Board of Conciliation and Arbitra- 
tion for the Manufactured Iron and Steel Trades of 
the district covered. It is in itself a great triumph 
for the Board to exist for forty years, and to arrange 
labour disputes without. strikes and with very little 
friction. The Board was established in 1869, mainly 
as the result of a great strike and general lock-out in 
1865, lasting many weeks, ond a general strike in the 
following year—1866—which lasted several months. 
In those days rioting was frequent, and often the 
military were call out, sometimes with fatal 
results. The history of the Board during the last 
forty years is encouraging for the cause of peaceful 
Setticment of labour disputes, for no serious dispute 
has arisen to break its harmony. Yet it has had to 
pass through periods of depression as well as of 

rosperity, but the wages have been adjusted fairly 

y the standing committees, or, in case of failure, by 
the Board. It is significant that during the latter 
half of last year—1908—the standing committee only 
met twice, for the transaction of formal business only, 
as there were no cases to be dealt with. Wages were 
reduced by the seale for the last two months of the 
year, but this was restored at the end of the year for 





the two first months of this year. The steel-mill men’s 
wages were reduced 24 per cent., but these had not 
recovered at date of the report. Both the chairman 
and vice-chairman agreed in the opinion that trade 
was about to revive. The wages, as per scale, for the 
Midlands remain unchanged at 8s. 6d. per ton for 
eg and for mill and forge men in proportion. 

he Journal reports two law cases, one of which up- 
held the sac ess of workmen’s contracts with em- 
loyers, and penalties for the breach thereof by the 
ormer. The other was on the right of an employer 
to deduct ‘‘ subs.” from a workman’s wages. 





The report of the National Union of Boot and Shoe 
Operatives shows that there was little change in the 
state of trade as compared with the previous month. 
What little change there was proved favourable. Dis- 
ote in the month were few and of little importance. 

n one case the dispute was referred to arbitration, 
and satisfactorily settled ; in another a cessation of 
work was intimated, but had not taken place at the date 
of the report. The Board of Arbitration in the Hinckley 
district an important resolution, favourable 
generally to the operatives, with gy to temporary 
stoppages—it was unanimously. The rules of 
the rd of Trade as to consideration of disputes 
under the ‘‘ Panel” system are given in full, and the 
appear to be fair and equitable to the parties concerned. 

TO is re as regards the ‘‘ Northampton 
Clickers’ Statement ;” the two executives agreed to a 
provisional arrangement, but while the employers’ 
executive had plenary powers, the operatives’ represen- 
tatives had not. This caused regret, and means that a 
ballot will be necessary. The report speaks favour- 
ably of the proposals as ‘‘ broad and generous.” 


The Durham Miners’ Monthly Circular deals, firstly, 
with the terrible Stanley calamity, with a death- 
roll of 168. The one bright spot in that sad disaster 
was the heroism of the would-be rescuers, in which 
two Labour members and others distinguished them- 
selves. ‘‘At the earliest moment there were no 
scarcity of numbers, nor any shirking from the post 
of danger,” is the testimony of Mr. John Wilson, M.P., 
who was among the volunteers. The Circular justifies 
the decision of the Conciliation Board as regards the 
reduction in wages; the markets determine the prices. 
The Compensation Committee had to deal with fourteen 
fatal cases, eight non-fatal, and two medical referee de- 
cisions. Of course, the Stanley disaster does not come 
into this report. The facts and decisions are all given. 








It must be admitted that the conference of the re- 
presentatives of employers and operatives in the 
cotton trades, held at the Board of Trade, under the 
presidency of Mr. Winston Churchill, last week, was 
most satisfactory. It could only be preliminary, for 
the object of the conference was to inaugurate a 
system of computation as a basis for the settlement 
of wages, so as to prevent the recurrence of strikes. 
After the speech of the President of the Board of 
Trade, the following resolution was carried unani- 
mously :—‘‘ That this conference is of opinion that it 
is advisable that some equitable scheme should be 
adopted for the future automatic regulation of wages.” 
This was a recognition of the principle. Subsequently 
the representatives of the employers and operatives 
met and discussed the questions before them, with 
the result that the following resolution was carried 
unanimously :—‘‘That this joint conference of em- 
ployers’ and operatives’ representatives unanimously 
agrees to recommend to its respective executives that 
future conferences be held in Manchester, under the 
chairmanship of a gentleman to be appointed by the 
Board of Trade, after consultation with the employers’ 
and operatives’ representatives.” The conference ended 
with a cordial vote of thanks to Mr. Churchill. The 
conclusions arrived at show that the parties concerned 
have resolved to evolve a scheme for the objects in- 
tended, and the men in whose hands lie the solution 
of the problem are such that we can well anticipate a 
wise settlement at no very distant date. The subject 
is an intricate one. It concerns mp | operatives of 
varying grades. The interests are not always identical. 
But the difficulties will be faced by competent men 
whose desire is the welfare of the great cotton industry. 





The report of the Railway Department of the 
Board of Trade upon the establishment and working 
of the conciliation boards set up by the agreement 
entered into on November 6, 1907, has been issued as 
a Blue-Book. It deals with the creation of such boards, 
and, on the whole, the work done is, or may be con- 
sidered, satisfactory. Originally,the provisional agree- 


ment was initiated by the representatives of eleven of | 


the principal railways, and of the trade unions affected, 
under the presidency of Mr. Lloyd George. Subse- 


quently, thirty-five other companies gave in their | 
esion, subject to modifications in certain clauses on | 


matters of detail, as in the case of the Scottish com- 
panies. The North-Eastern Company are outside, under 
a scheme of their own. The position thus created is, 
so far, satisfactory, for the report states that the con- 





ciliation scheme in operation covers 97 per cent. of all 
the railway employés. The total of the assenting 
companies is 48 under the scheme, to which must be 
added the North-Eastern Company, though on a dif- 
ferent plane. The only companies outside are small, 
<7 employing under 200 railway employés. Those 
will doubtless fall into line with the larger companies, 
in so far as the conciliation scheme operates. In all, 
169 boards had to be elected, necessitating 425 elec- 
tions ; of these, 416 were completed, 850 representatives 
being chosen. The number of candidates was 1608. 
In 130 divisions there were no contests, the candidates 
pom | returned unopposed. The total number of 
eligible voters was about 270,000; of those, 77 per cent. 
voted. No case of victimising is reported. Altogether, 
the result is most ounaantiatios it reflects credit upon 
all concerned. To the general public the outcome 
ensures peace in the railway world. 





A grave crisis has arisen in the South Wales and 
Monmouthshire coal-fields, which it is feared may result 
in a general strike and lock-out. The initial trouble in 
the dispute was between the mai ment of the Aber- 
aman Colliery of the Powell Duffryn Company and 
about 100 men, in one seam, about wages. As the 
miners refused to accept the company’s terms, some 
1800 men were locked out. The Miners’ Federation 
declare that the action of the company is intended to 
force a fight, with the view of compelling the men 
to comet a new wage agreement before the Eight- 
Hours Act comes into force on July 1 next. his 
may or may not be the case, but it is put forward in 
the manifesto of the Miners’ Federation Council, issued 
preparatory toa Miners’ General Conference to con- 
sider the situation. The men generally are not in a 
mood to accept reductions in wages, though it is 
acknowledged that prices have gone down, as is shown 
in the Durham Miners’ Monthly Circular ; but the men 
aver that the contract prices accepted in some cases 
were not justifiable. In the Federation Manifesto it 
is stated that the company with whom the dispute 
originated had realised in profits in the last five years 
nearly 500,000/. more than the total capital invested 
in the concern. This may or may not be true, but the 
fact of the Federation Council making such a state- 
ment will have the effect of strengthening the men’s 
opposition to any proposed reduction beyond the 5 per 
cent. recently awarded by the umpire to whom it was 
referred. It would be 3, Boe thr if a great coal strike 
and lock-out should take place, just at atime when a 
hoped-for revival in trade is expected, for coal is a 
great factor in all manufacturing industries, more 
especially in the iron, steel, engineering, and ship- 
building trades. 





The Sweated Industries Bill of the Government is 
fairly short and concise, consisting of a dozen clauses. 
In this brief compass is contained the legislative 
machinery for dealing with the worst industrial 
conditions under which males and females work in this 
country. Its object is to establish wages boards, with 
power to fix minimum rates of wages to be paid in 
particular trades. The boards thus created will act in 
areas or districts to be determined by the Home Office. 
They will be com of an equal number of employers 
and employed, of not less than three or more than five, 
with an impartial chairman, to be elected by them- 
selves, or appointed by the Secretary of State. The 
boards can fix both time and piece-rates. The enforce- 
ment of the regulations is to be by factory and work- 
shop inspectors, and penalties for infringement of their 
decisions are imposed. For the present only three 
trades are included—tailoring, dress-making, and shirt- 
making. It is an experimental piece of legislation, 
and, if carried, will be watched with interest by all 
concerned and by the general public. There is a 
wide difference of opinion as to the policy involved, 
and only the grave evils of the sweating system can 
justify it. 





The balloting for the shipping trades agreement 
resulted as follows':—For, 14,514; against, 9563— 
majority, 4951. This is so far satisfactory, but one 
could wish that the minority were much smaller. When 
the men’s trusted representatives have thrashed out 
the proposals in conference, and agreed to recommend 
them, the rank and file might well trust them. 





There has been no perceptible sign of improvement 
in the iron and steel — os at date of writing. All 
parties seem to be waiting for something to turn up. 
On the Tyne and North-East Coast generally the con- 
dition of the shipbuilding and marine engineering 
trades is deplorable, thousands of skilled Workmen 
being idle. Others trades, more or less dependent, are 
also in a state of stagnation. 





The industrial death-roll in 1908 is thus given by 
the Home Secretary :—In mines, 1343; in quarries, 92; 
and in factories and workshops, 1042. These figures 
do not include the loss of life in the mercantile marine, 
or on railways. 
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THE TRANSMISSION OF POWER BY 
ROPES.* 


By Epwin Kenyon, of Dukinfield, near Manchester. 


Or the many problems which accost the engineer in the 
discharge of his manifold duties, that of transmitting the 
power developed in the prime mover to the. otherwise 
inert machinery is by no means the least important. The 
question of how to bring about the most serviceable 
application of the force of steam or other power is one of 
the highest importance. Though surrounded by much 
complexity, and although the title of this paper infers a 
settled conviction and definite pronouncement in relation 
to that system of power transmission which we are to 
discuss, any evidence in its favour not founded upon the 
principles of comparative analysis would scarcely be 
admissible. 

It therefore behoves us to investigate, as carefully as 
the time at our disposal permits, the relative merits, as 
revealed in practice, of other established methods. The 
difficulties tting the path of the investigator when 
dealing with comparative methods needs but the mention 
to be appreciated, but it is not necessary to wade through 
all the combative arguments which a while ago flooded 
our technical journals with regard to frictional losses, 
almost to the exclusion of other, may be, equally im- 
portant issues. 

Originally, when rope transmission was in its infancy, 
when its capabilities were less understood than now, and 
before cotton supplanted harsher fibres in the manufac- 
ture of ropes, spur-gearing was looked upon as the standard 
of both efficiency and economy. The rope-drive was 
merely tolerated, not because it pao any pecuniary 
advantages, but on account of its being less noisy and cum- 
bersome, from the fact that with it hese is neither grind 
nor backlash, and heavy shafts are not necessary vo convey 
the powers to the various storeys of a mill. It was thought 
that rope-driving was the greatest sufferer from frictional 
losses, which belief was maintained with great persistency, 
though the actual amount of these losses was estimated 
within a wide range. From 7 to 10 per cent. was, how- 
ever, rded as a fair valuation. 

Practical tests, however, before long showed the fallacy 
of such ideas, and the driving of. mills through spur- 
gearing gradually gave place to the adoption of rope- 
drives, and great economies were effected im cotton-mills 
where the former method was changed for the latter. 
The application of rope-driving to cotton-mills was 
followed by its adoption to other branches of the textile 
industry, and also to the driving of large rolling-mills. 

When compared with belts, ropes have some distinct 
advantages, one of these being that, with the latter, creep 
or slip is much less, and the drive is more positive. The 
existence of this quality has been proved expert tests 
taken at a cotton-mill in the Manchester district where 
ropes had taken the place of belts for driving. ring spinning- 
frames by means of fast and loose pulleys.. The groove 
action of rope-pulleys also acts in opposition to centrifugal 
force, whick latter is so potent a Sone in belt-driving. 
Ropes ‘can, therefore, be run at a much higher velocity 
than belts. Few cases of rope transmission exceed a 
velocity of 5000 ft. per minute, presumably because 
of the necessity for specially constructed pulleys ; but 
such as do, totally disprove the theory of centrifugal 
detractions at high velocities; nay, rather reveal a 
larger ratio of increase than the figures declare. There 
are cases of ro running satisfactorily which have 
a speed of over Fo00 ft. per minute. A recent report 
from’ the engineer of a rope-drive in Scotland suggests 
an easy transmission of 100 horse-power for 14-in. ropes at 
7000 ft. per minute, and also volunteers the opinion, 
upon a wide experience of rope-driving, that at this 
velocity the ropes will last quite as Jong as when running 
at 5000 ft. per minute. 

All things considered, the only workable corollary to 
any proposition directed towards the solution of this 
question appears to be that of fixing upon such a formula 
as will provide an ample, though not extravagant, margin 
of safety against collapse to individual ropes in fair-sized 
installations, and that shall not exceed the capacities of a 
good quality of rope, giving to superior makes the benefit 
of extended durability. In the absence, therefore, of finer 
adjustment, the table annexed is now submitted with the 

test confidence, seeing that it conforms to the regular 
ndings of engineering practice. 

Thus, following down the column of figures under 1} in. 
in diameter, it will be found that the ratio of power is 
represented as 10 horse-power for every 1000 ft. per 
minute. Therefore we con but to take off the two 
terminal ciphers in the velocity‘column and the remainder 
is the progressive power, whith finishes at 70 horse-power 
for 7000 ft. These columns, althoagh equally progressive, 
are based on comparative sectional areas. It will be 
observed that mention is made of good three-strand cotton 
ropes. The reason for this distinction will be given when 
nt with the question of make and material. 

With regard to the relative cost of ropes and of belts, 
pooetent experience has shown a very great advantage in 
favour of the former, and the advantage is more marked 
in the case of thin ropes, say {' in. in diameter, such as 
are used for driving hght machinery, like ring spinning- 
frames. 

Besides the cases mentioned, there are many other 
directions in which rope-driving may be adopted with 
advantage, particularly where the electrical transmission 
of power 1s concerned—for coal-washing machinery, 
for colliery fans, brick-making machinery, and the like. 
It may, however, be as well now to pass on to the prac- 
tical details, on which so much of the success of rope- 
driving depends. 

* Abstract of paper read before the South Wales 
Institute of Engineers. 
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Table of Horse-Powers which Good Three-Strand Cotton 
Driving-Ropes will Transmit (Allowing a Good Margin 
of Safety), Running upon Pulleys not Less than Thirty 
Times their Respective Diameters. 
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Rope-driving may be said to be divided into two 
systems, known as the American, or continuous system, 
and the English, or undivided system ; and if these be 
examined, the relative value of each in its effect on the 
ago principle involved will be understood, not simply 

y theoretical deduction, but by practical experience. 
The Continuous Rope System.—The continuous or 
‘** American ” rope system—viz., that of winding one long 
rope as many times round driving and driven pulleys as 
there are ag to fill, and carrying it across the whole 
width of both by means of a ‘‘ sliding” jockey pulley sus- 
tained at the required angle—may possess certain advan- 
tages under special conditions, as, for instance, the driving 
#f paper-making machinery by a series of expanding rope 

ulleys so arranged as to permit a variation at the driving 
ine of about 4 in. in their respective diameters. But 
under the ordinary conditions governing power trans- 
mission the comparative imperfections of the method are 
so pronounced that numerous installations have mn 
transformed to multiple ropes, with most beneficial 
results, 

Grain-Elevators.—One typical undertaking will doubt- 
less suffice to a 4 the causes which lead to similar 
transformations. When first erected, a large installation 
of grain-elevators was driven by continuous manila ropes 
(fitted up by the American firm who supplied the machi- 
nery) from a main shaft receiving its power through 
multiple cotton ro from two pairs of compounded 
engines, thus affording excellent tentative conditions. 

The most noticeable feature in the working of the con- 
tinuous drive was the irregular rope tension. The trailing 
= appeared to reach its highest tension immediately 
after leaving the “‘ jockey,” and gradually to slacken down 
with every succeeding lap of the pulleys until the circuit 
was completed, es the operation so long as rota- 
tion continued. Similar irregularities may be observed 
in continuous vertical drives, with the exception that the 
slack falls away in corresponding gradations from the 
bottom of the lowest pulley. 

The strain consequent upon attempting to regulate the 
tension by a weighted carri attachment, lateral pres- 
sure upon the grooves due to deflections from the straight 
driving path, and other influences, soon told upon both 
durability and efficiency. Separate cotton ropes were 

adually substituted for continuous manila, until the 
original cumbrous system almost entirely disappeared. 

reat detriment to the general adoption of con- 
riving is that of haying to place dependence 





tinuous 


upon one splicing and the entire stoppage of a drive in 
the event a collapses until the tedious pro of replave- 
ment is completed ; whereas with ‘‘ multiple” driving, a 
good reserve of power being generally allowed, an acci- 
dent to one of the ro means only running without it 
probably for the remainder of the day. , . 

Casing of Pulleys.—An important consideration often 
omitted when arranging for rope-driving is the casing 
the sides of pulleys with sheet-metal or boards, with- 
out which the displacement of air by the arms of large 
high-speed pulleys adds materially to the profitless load, 
In the absence of data from which to ascertain the 
starting-point of economy by such arrangements, it may 
be as well to submit: the opinion of three well-known 
engineers who have had considerable experience in rojpe- 
driving. One firm recommends the casing of all pulleys, 
small or large, on the ground that by so doing a saving of 
50 horse-power in 1000 may be effected. Another advo- 
cates casing pulleys 7 ft. in diameter and overrunning at 
a peripheral velocity of not less than “4000 ft. While 
still another firm advises casing all sizes, but declares eco- 
nomy to be noticeable on large high-speed a 

Mint Diameter of Smallest Pulley.—The item which 
appears most naturally to offer itself first for consideration 
in our specification is the bending and consequent gripping 
capability of the rope itself. Soon after cotton came into 
use for main driving-ropes it was discovered that a three- 
strand rope of this material would cling firmly to a pulley 
thirty times its own diameter, but would gradually relax 
its hold as the relative diameter decreases from this stan- 
dard. Subsequent practice ng the validity of this 
conclusion beyond the possibility of doubt. 

Proportionate Durability of Ropes on Large and Small 
Circumferences.—Too much importance can scarcely be 
attached to the relative proportions of pulleys and ropes, 
for it is absolutely certain that both driving force and 
durability suffer most materially from the non-observance 
of the thirty-diameter regulation, and that nothing, not 
even space restriction, has gone so much against the suc- 
cessful application of ropes to the driving of dynamos, or 
transmission from high-speed motors, as a persistent 
effort to get below this natural limitation. Therefore, 
instead of adding to the burden of the drive by employing 
an abnormal quantity of thick ropes to make up for grip 
depreciation when large pulleys prove impracticable, it 
is a better to divide the total bulk nominally required 
into the necessary number of smaller ropes. 

Arc of Contact.—Before dismissing the consideration of 
pulley diameters it will be well to notice another phase 
of the same question—viz., that which deals with the are 
of contact. It needs but little reasonin <i iy that rope 
contact reaches its maximum when both pulleys are equal 
in size ; but when unequal the utmost quantity realisable 
is that carried by the smallest pulley, whether it be driver 
or driven. The full value of this assessment, however, 
also depends upon centre distances, as may be readily 
infe by reference to the two diagrams (Figs. 1 and 2), 
With the two circles farthest apart it will be seen that the 
arc of contact secured to the smallest one is 157 deg., while 
with the circles at close quarters the arc of contact is 
reduced to 125 deg., making a difference of 32 deg. between 
the two positions. 

Short Centres.—For evidence of the fact that by adding 
sufficient rope to make up for deficient contact driving 
may be successfully accomplished when pulleys are 
almost touching, we need only refer to: this reproduction 
of an engine in Dundee (Fig. 2) from which spur-gear 
was removed and rope-pulleys fixed upon the same 
centres, permitting a oleae of only 8 in. between the 
rims, 360 horse-power being thus comfortably transmitted 
with sixteen ropes 1}? in. in diameter. At a mill in the 
North of France the pulleys are so close that a finger 
would scarcely pass between them. 

Trailing m of Ropes.—The arc of contact is also 
affected by the position occupied by the trailing span of 
the ropes, which, when above the ag undoubtedly 
gives the maximum bearing surface. Thi 





is position is 
not always attainable, nor is it in all circumstances de- 
sirable. For example, an erratic delivery of power or 
variable load may set up oscillations in the responsive 
ropes of such violence as to fling them entirely off 
the pulleys. Now if the direction of rotation is so 
arranged as to bring the trailing span below the pulleys, 
any tendency on the part of the ro to wander from 
their appointed track 1s:held in check by the pull on the 
tight side, while gravitation tends to control the vibra- 
tions on the slack side. 

Loss due to reverse driving may for safety be calcu- 
lated as the difference between the average of 170 deg., 
acknowledged in the table of borse-powers, above, and the 
are of actual contact, whioltis-usually measured from the 
tangent point of a curve ‘whee depth (from a straight 
line drawn along the bottom of the pulleys) is one-tenth 
that of the distance from centre to centre of the shafts and 
the taut portion of the rope stretched across the top of 
the pulleys. This di m (Fig. 3) presumes upon the 
hevicontel position. ith oblique driving the same ten- 
dencies do not prevail. 

Long Centres.—The eqptiguity of rope-pulleys just men- 
tioned gives rise to suggestions bearing upon the opposite 
extreme ; that is, as to the greatest distance at which 
power may be transmitted with unsupported ropes. Again 
referring to the diagram (Fig. 3), it will be readily ob- 
served that in underdriven installations centre distances 
are governed by the size of the pulleys employed, and 
should allow sufficient clearance between the ultimate 
slack of the trailing span (viz., 10 per cent. ofthe cen‘res) 
and the tight portion of the ropes. Over-driven inst illa- 
tions obviously permit a greater latitude, and centres may 
be—in fact, are—pretty successfully extended to distances 
of overside 100 ke without intermediate support. In 
lengthy drives of this sort it is, however, necessary to 
provide against. the extra stra imposed by the « tual 
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weight of the ropes by strengthened shafts and bearings. 
Should the distance prove too great for one span, rather 
than merely sustaining the ropes midway, it is far better 
to divide and drive forward from intermediate pulleys. 
Centre distances in ordinary mill-driving seldom exceed 
90 ft., and these are usually fixed in an oblique direction, 
as represented in Fig. 4. 

Sustaining Pulleys Fixed at Unequal Distances.—In 
cases Where ‘sustaining pulleys are found necessary, it is 
always advisable so to distribute them along the drive 
that the intervals between the centres shall not be 

ual. 

“The sketch of a tunnel drive at a large timber works in 
Scotland (Fig. 5) represents one of the best examples of 
this class of driving known to us, and well explains the 
reason for such inequalities. The centre distances in this 
instance read as follows :—From fly-wheel to pulley de- 
flecting ropes into the tunnel 16 ft., from this to the first 
set of sustaining pulleys 15 ft. 6 in., between these and 





Fig.1. ARC OF CONTACT 








able angle, while the slack is carried 5 ow one revolving 


upon the horizontal axis, as shown in Fig. 6. 
Corner-Driving.—What may be designated corner- 
driving is accomplished by means of guide-pulleys rotat- 
ing freely—that is, allowing sufficient play to follow the 
slack either up or down—upon a vertical shaft. e 
grooves of such guide-pulleys require to be turned deeper 
than ordinary, or the ropes may fall away. A much better 
way, however, is to extend the shafts so that the guide- 
ulleys may be used in the same manner as for angular 
riving. 


for out-of-parallel driving, with the object of inducing 
the rope to catch on and slide down the side having the 
greatest inclination from the vertical, until it reaches the 
true driving tion. There are, however, other equally 

tent considerations which appear to have been over- 
looked in the application of such grooves—viz., the one- 
sidedness of the pressure and the impossibility of even 
impact. Referring to Fig. 9, it will be observed that 
when the rope the centre of the driving pulley 
—the smallest—the line of impact runs parallel with the 
track of the grooves at whatsoever angle the pulley may 

xed, 


Guide-puileys as a rule are made too small for the ropes | be fixed 


they have to carry, and on that account they (the ropes) 
suffer considerably from overstrain in passing sharp 
curves, 

As already stated, the hurt to a rope is due more to 
the bending than the driving strain ; therefore the thirty- 
diameter rule should be applied to all auxiliary as well 
as to primary and secondary pulleys, for the reason that 


ig. 4.L0NG CENTRES ORDINARY MILL ORIVE) 











Fig.9 . SHOWING DIRECTION OF ROPE. 
—— 


the second set 29 ft., and from the second set to the 
driven pulley at the far end of the tunnel 22 ft. The 
oscillations due to starting the engines, or the sudden 
removal of the entire ] of 225 horse-power, are thus 
antic:pated ; and the possibility of synchronisation ao 
the hole track is entirely obviated by altering the lengt' 
of th» beat and breaking up the rhythm to such an extent 
that the initial wave-like movements quickly diminish to 
mere rippling disturbances. On this account the ropes 
have never been known to leap the grooves. 

Anndar Driving.—There is no class of power trans- 
miss’ nm which lends itself better to the treatment of what 
may ‘ considered awkward conditions than rope-driving. 
Wit! the aid of guide-pulleys any angle may be nego- 
tliat! or corner-turned. But as it is impossible to cover 
all th» varied conditions which aceost the engineer, one 
or two suggestions may point the way to the solution of 
other simi jar difficulties. When transmitting power to 

{ts set in an angular position, whether resting upon 
the sine plane or whatever tion or angle they may 
assuric in relation to each other, the tight side of the 
rope -hould be directed by the pulley deflected to a suit- 














a small arc of contact affords no greater easement than 
if the ropes occupied half the circumference. 

Shafts Slightly Out of Alignment.—When shafts are only 
slightly out of alignment ropes will direct themselves 
without the aid of guide-pulleys, but to what extent this 
angularity may be carried depends largely upon centre 
distances and pulley diameters. For example, under 
what may be considered good conditions—say with centres 
not less than three times the average diameter of the 

ulleys—a deflection of 7 deg. might be ventured upon. 
x hould the angle of deflection from the parallel prove too 

t to be treated in the above-mentioned manner, the 
rive may be split up into two or more spans by the intro- 
duction of intermediate shafts and the angle divided 
between them. Anangle of 15 deg. was thus successfull 
negotiated in a drive represénted by the sketch (Fig. 7). 
It should be stated that the grooves in all the pulleys 
were turned to an angle of 50 deg., and rather more rope 
applied than would be considered necessary under ordinary 
itions. 





Tilted Grooves.—Tilted grooves similar to the series 
shown in Fig. 8 are sometimes brought into requisition 





Wide-angled and well-polished grooves appear to best 
answer the requirements of this class of driving, while 
absolute smoothness throughout can scarcely be too strongly 
insisted upon, seeing that the ropes must graze the ter- 
minals in passing to their work. 

Long keyways cut in both shafts are a decided advan- 
tage in the arrangement of awkward drives, as they permit 
the movement of pulleys to their most effective working 
position, which may only be discovered by practical 
tes 


its. 

Driving with Crossed s.—When it is necessary to 
transmit power to and from shafts revolving in opposite 
directions, the friction at the crossing-points may be con- 
siderably lessened by running the ropes in pairs, with the 
tight of each travelling together, while the slack passes 
with slight pressure at the off side. 

This arrangement also makes it possible to run a pair 
of ropes on double-grooved pulleys. If more than two 
ropes are employed, it is, of course, necessary to allow 
sufficient space Leptesa the pairs to permit the free 

of the . +. trailing aoe, which also travel 
m unison (see Fig. 10). Therefore with four ropes a 
crossed drive will require six grooves, a six-rope drive 
ten grooves, and so on. A better method still is to fix 
separate two-grooved pulleys for each pair of ropes. 

Half-Crossed Rope-Driving.—Fig. 11, page 370, illustrates 
the application of ropes to half-cross driving, which may be 
either vertical or horizontal. In the latter position ro 
are often used to convey power from the vertical spindles 
of water-turbines to shafts running at right angles. The 
method of adjustment is practically the same as that 
adopted for belts—1.e., as to the leading side following a 
direct line from pulley to pulley, while the working side 
is drawn away at an angle governed by the relation of 
shaft centres with pulley diameters. 

Vertical Driving.—Some years ago we were called in to 
advise upon a case where, in order to overcome the effect 
of gravitation, a pe dicular had been transformed 
into an oblique drive ' the introduction of an auxiliary 
pulley having double the number of grooves. Findi 
this nothing but an absorber of power, it was discard 
with the result that the slack of the rope maintained an 
even curve when running, after the manner displayed in 
Fig. 12. A similar drive in the North of Ireland was 
originally constructed upon the continuous system with 
a cent: tension pulley. This, giving endless trouble, 
was conve into a multiple-repe drive, and the 
power is now most effectually conveyed from the base- 
ment up to the fourth storey of the mill. We gene- 
rally abtee perfectly vertical drives to be well roped, 
particularly if the bottom pulley happens to be the 
smallest, and to have moderately acute grooves, not ex- 
ceeding 40 deg. 

Driving with Fast-and- Loose -Pulleys.-——Hitherto 
we have confined our attention to what may be designated 
main driving, either from the engine or from the line 
shafts. Now let us proceed a step further and discuss the 
equally important question of driving machinery when 
the motion is not constant. By an arrangement known 
as fast-and-loose rope pulleys (which my firm introduced 
and patented many years ago) ropes have superseded 
belts in many of our cotton-mills. 

In a mill where this system of driving may be said to 
have met with its first t success, the power is entirely 
transmitted by ropes _ a central shaft running the 
whole length of the room, thence both ways along a series 
of ring spinning-frames (erected at right —w with the 
shaft) and over guides down to the encased driven pulleys 

By this means a much longer horizontal 
than vertical is secured for the ropes, which, owing 
to the weight between the sustaining points, are main- 
tained at an easy driving tension. 

At another mill, where the above-named conditions 
have not been observed, inasmuch as the vertical span 
is longer than the horizontal, it is necessary not only 
to use slightly thicker ropes, but also tightening arrange- 
ments on the guide-pulley fixings. When a slow start is 
required, a shallow V-shaped intermediate groove is turned 
on the fast sheave, in which the rope gains a revolution 
before passing to its work. 

The effort required to —_ the rope in and out of gear 
is very me oy indeed, and when running between smooth 
and rounded prongs which take the curve of the pulleys 
as per sections > ah above the grooves (Fig. 13), the 
momentary friction need scarcely be consid a damag- 
ing factor in the life of the rope. Nor does the fact ofthe 
loose groove standing higher than the fast one militate in 
any way against the sensitiveness of the action. 

The ropes used in the mill first mentioned are }{ in. in 
diameter only, and are doing the work of 3}-in. wide 
leather belts. Many of these ropes have al y run for 
close u five years. Nor is the use of fast-and-loose 
rope-pulleys restricted to spinning-frames. They are 
used most effectively in bleach-works, in mechanics’ shops 
for milling machinery, mortar mills, and other classes of 
machinery. 

Grooves,—Before dismissing the purely mechanical side 
of the question, a most im nt item still awaits our 
careful consideration—that is, the construction of grooves. 
The fact that when loads are constant the trailing span 
curves by its own weight down upon or away from the 


near the floor. 
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pulleys, according to the direction of rotation, and is 
ejected, so to speak, without any disturbance or apparent 
effort, also that a cotton rope may be pressed as tightly 
as possible round the entire circumference, and will yet 
fall away immediately the ends are liberated, pretty con- 
clusively demonstrates the futility of seeking easement in 
curvatures to match in some measure the roundness of 
the rope itself. 

Curved-Sided Grooves.—Curved-sided grooves, similar 
to this sketch (Fig. 14), having proved not only a hindrance 
to driving force, but also a stimulus to that destructive 
rolling action which is the very antithesis of good practice, 
should therefore always be discouraged. 

Revolving Ropes.—The above-mentioned convolutions 
do not, as a rule, take the circuit of the pulleys, but are 


~, om 


Fig.i3. FAST AND LOOSE PULLEY GROOVES 
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GROOVES. 
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Fig 15. HOW TO SET OUT A 
GROOVE OF 40 DEGREES. 
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|upon the semi-circle with which grooves generally ter- 
| minate, when grip is considerably weakened and slipping 
supervenes, the true indication of which is heated pulley- 
rims, 

How to Set Out a Groove of 40 Deg.—Without appealing 
to the protractor, a 40-deg. groove may be set out as per 
illustration (Fig. 15). 

First let a circle of equal diameter represent the rope, 
draw the vertical aad borieental centre lines, the chord 
A B of the arc. A B then is the position measured down- | 
wards from the centre of the rope of the centre for round- | 
ing the bottom of the groove, and when doubled along the 
vertical line points the apex of the inverted angle, the | 
arms of which cut through the circle at B B, and also 
through the upper horizontal line at CC. These two points | 
mark the centres for the radii of the flange terminals, if such 
are required, and also indicate the thickness of the metal. 

Flangeless Grooves.—Finding that superposed flanges do 
not contribute in any way to better transmission, but 
rather prevent the rope falling direct into its working 
position if the driving 1s at all unsteady, besides crippling 
any extension in the direction of a larger diameter, many 
| engineers are now adopting flangeless grooves, which are 
| set out in precisely the same manner, only that the angles 
/are extended and simply rounded off at the terminals, as 
| shown in the section (Fie. 16). 

The pitch is gained by measuring from centre to centre 

| of mid-feathers along the horizontal line passing through 

the circle, and this multiplied by the number of ropes, 

| adding the thickness of two apices to represent the extra 

metal uired for outside flanges, will give the total 
width of the pulley. 





Fig. 16. FLANGELESS GROOVES. 
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usually conducted along the trailing span to the point of 
seizure where -the periphery in actual contact at the 
moment is held and carried forward. Nor are they always 
constant, but are sometimes so erratic that ropes will fix 
themselves for a period and then roll over, to be com- 
pressed at another point, until their sections become 
irregular polygons. 

When the rolling action is continuous, the whole surface 
of the ropes so acted upon becomes perfectly round and 
bright, as distinguished from the rougher pss aero of 
their fellows, This deleterious action is not always avoid- 
able, even in angular grooves, unless they are moderately 
acute. Hence one of the reasons for recommending 
grooves of not more than 40 deg. Whatever the cause, 
it is computed that the life of a rope is reduced by at 
least one-third when it revolves. 

Angular Grooves.—Curves being disallowed there remains 
only thé angular groove. Undoubtedly every rope has its 
most suitable groove angle, but, as the providing of a 
range of templates to agree with every advance in size 
would, — prove more inconvenient than advan- 

mus, two leading angles have been fixed upon for all 
driving-ropes—viz., 40 deg. for thosé above 1} in. in dia- 
meter, and 30 deg. below that size ; excepting, however, 
the small bands used for driving cotton ae. Rooetatabie 
in. in diameter and even less, when angles as sharp as 
5 deg. are brought into requisition. In setting out a 
groove it should always be borne in mind that a rope is 
to all intents and purposes an elastic wedge, and reaches 
its highest driving capabilities when it is compressed to 
the pe of the groove itself. This cuniform ought, 
therefore, always to be anticipated, for if the sides of the 
groove are merely shown as tangents to the circle repre- 
senting a given diameter of rope, there is always the 
danger of making the groove too shallow, so that when 
com ion takes place the rope is liable to find its wa 
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Setting§{Out a 30-Deg. Groove (Fig. 17).—The only altera- 
tion in the above method when drawing a 30-deg. groove 
is the length of the measuring line, which, instead of 
being represented by the chord A B, is extended to a 
point where a line resting at 45 deg. from the centre of 
the rope (Fig. 16) intersects the circle at C (Fig. 17). The 
line (B C) measures the depth of the groove, ate repeated, 
points the inverted apex of the angle. 

Grooves for Carrier Pulleys.—Grooves having no power 
to transmit, but which are merely used to bear up or con- 
duct ropes out of the straight driving path, should be so 
constructed that they (the ropes) may rest easily at the 
bottom, while the mid-feathers open outwards. e pitch 
of these grooves should, of course, correspond with the 
transmitters to which they are tributary. 

Plaster Casts of Grooves.—When templates of existing 
grooves are required, the quickest and surest way is to 
take plaster casts, the grooves being previously well 
greased. These give more readily measured definitions 
than may be secured by attempting to cut pieces of 
timber, tin, or other available material to the desired 
shape, which serve rather to perplex than to guide the 
judgment in the selection of suitable ropes, particularly 
when the pairs do not agree, although respectively in- 
tended to represent the grooves of driving and driven 


pulleys. 
(To be continued. ) 





Lieut Rattways Act, 1896.—The Board of Trade 
have recently confirmed the under-mentioned Order made 
by the Light Railway Commissioners :—Merrivale Light 
Railway ler, 1909, authorising the construction of a 
light railway in the county of Devon, from a junction 
with the Princetown ilway near King’s Tor, in the 





ish of Walkhampton, to Merrivale, in the parish o' 
hitchurch, 





to the bottom, or, what is almost as detrimental, wor 


CATALOGUES. 

Two circulars from the Atlas Resilient Road Wheels, 
Limited, 37, Cross-street, Manchester, relate to light cast- 
steel wheels with detachable or fixed rims, suitable for 
motor or horse-drawn vehicles. 


Messrs. J. B. Hamilton and Co., Limited, 110, Cannon- 


| street, London, E.C., have sent us a price-list of ‘‘ Unica” 


pinions, and a circular in which is given an illustration of a 
‘* Unica” pinion after running for over 46 million revolu- 


| tions, and still in quite good condition. 


Messrs. Wallach Brothers, Limited, Royal London 
House, Finsbury-square, E.C., have issued lately a cata- 
logue of a great variety of articles, ranging from brushes 
and small tools to pumps, rescue apparatus, pulleys, 
cables, ropes, hose, gauges, valves and cocks, portable 
forges, &c. 


Messrs. W. T. Henley’s Telegraph Works Company, 
Limited, Blomfield-street, London Wall, E.C., have issued 
a little price-list of their standard dividing-boxes, &c., in 
which the main cable is held by a simple conical lead 
bond, being closed by the screwing down of a cast-iron 
grip-piece. 

Messrs. Lassen and Hiort, 52, Queen Victoria-streect, 
E.C., have lately sent us a pamphlet on *Scientitic 
Water Purification.” This deals with the general ques- 
tion of water-softening, and describes the method of 
treatihent and the apparatus advocated by the firm. 


Messrs. Robey and Co., Limited, Lincoln, have pub- 
lished a small sectional catalogue devoted to their drop- 
valve winding-engines. In this pamphlet their drop- 
valve reversing rand over-winding gear is described. 
Indicator-cards showing very good diagrams are repro- 
duced. The range of cut-off with this gear is up to 90 per 
cent. of the stroke. 


The Wheeler Condenser and En prasting Company, 
West-street Building, New York, iY. U.S.A., have 
lately issued a copy of their bulletin, devoted almost 
entirely to the Edwards air-pump and its action. Steam- 
driven pumps are illustrated of various types—single, 
twin, and triplex patterns—while other sets are shown 
electrically driven. 


A copy of a hand-book on ‘‘Renold Driving-Chains 
and Their Use” comes from Messrs. Hans Renold, 
Limited, Manchester. This excellent little book, full of 
interesting information on chain-driving, we have referred 
to before in these columns, while it will doubtless be 
remembered that the subject of chain-driving was dealt 
with recently in ENGINEERING, when Messrs. Renold’s 
new works were described. 


Mr. Jens Orten-Béring, 74, Victoria-street, London, 
S.W., has issued a phamphlet on the Zodel-Voith and 
B.B. flexible couplings, for direct ey for instance, 
electrical machinery by gas-engines. The coupling con- 
sists of two discs, each fitted with rims cut into segments, 
One rim is of larger diameter than the other, and the 
smaller fits into the vay The coupling is effected by 
lacing a wide belt over the corresponding segments of the 
inner and outer rim. 


A catalogue from Messrs. H. W. Ward and Co., Li- 
mited, Lionel-street, Birmingham, describes and _illus- 
trates the firm’s four-spindle automatic machines for 1-in., 
1}-in., and 2-in. bars. The machine is driven by one belt 
only. The headstock is cast solid with the bed and carries 
a revolving cylinder, in -which are arra’ the bearings 
for the four spindles. The radial tool-slides are controlled 
by cams, which are, of course, adjustable. The machines 
are capable of turning lengths of 4 in., 44 in., and 6 in., 
according to size. 


A circular from Messrs. T. Sugden, Limited, 180, Fleet 
street, London, E,C., describes this firm’s patent super- 
heaters adaptable to Lancashire, Cornish, and dry-back 
boilers, and also for independent firing. In these headers 
of mild steel and solid-drawn steel U-tubes are employed. 
The tubes are inserted in the headers in sets of four, a 
small hand-hole cover being provided in the headers over 
each group of ends. These simple superheaters have 
been installed in a number of plants at home and abroad, 
including orders for India, South Africa, &c. 


A pamphlet from the Back-Steering Traction and Non- 
Skid Tyre Syndicate, Limited, 114, Wormwood-street, 
E.C., is devoted to a description of various forms of rear 
steering vehicles or tractors. Two tractors are shown 
arranged so as to be able to turn in their own length. One 
is of such a form that a coach or carriage may be attached 
behind, the rear wheels of the tractor taking the place of 
the ordinary leading wheels of the carriage. This forms 
a six-wheeled contrivance, of which the first pair are 
driving-wheels, and the central pair steering-wheels. The 
non-skid a: ment consists of a solid rubber tyre with 
rope on either side of the rubber tread. 








Ture BumLpING OF SUBMARINES IN France.—The build- 
ing of British submarines proceeds in a much more satis- 
factory way than that for the French Navy. 1 he 
Moniteur de la Flotte states that the last submersi)les 
provided by the Budget of 1905 will not be ready for 
service before the end of 1910; that those of 1900, of 
which none is as yet launched, will not be ready till S il 
and 1912; that those of 1907 and 1908 will naturally follow 
thereafter, and cannot be tried till six or seven years af ter 
being laid down. If new ones are being ordered, a 
delays must increase. In order to reduce them, it wou! 
be necessary to increase the pérsonnel of the workmen at 
the arsenals of Cherbourg, Rochefort, and Toulon, whi h 


f | would be contrary to the often-expressed wishes of Par! 


ment, 
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AN EXPERIMENTAL HYDRAULIC 
CYLINDER. 


By Professor E. G. Coker, M.A., D.Sc., of the 
‘City and Guilds of London Technical College, 
Finsbury. 

One of the most useful appliances in an hydraulic 

laboratory is some form of reservoir in which a 

steady head of water can be maintained for an 

indefinite period, and it has been very usual to 
build a tank, of square or circular section, having 
suitable openings. for attaching pipes, orifices, 
nozzles, meters, and such-like apparatus, upon 
which experiments are to be made. In early forms 
these reservoirs were built with an open top, and 
while this was very convenient for some pur- 























Co., which has been installed for about twelve 
months, As there was no need to provide for 
experiments on a large scale, it was possible to 
construct the cylinder of quite moderate dimensions. 

Fig. 1 shows a front elevation, and Fig. 2 a part- 
sectional side elevation of the cylinder, which is 
about 12 ft. long and 30 in. in internal diameter, 
having a smooth interior and built to withstand a 
working pressure of 120 lbs. per square inch. The 
shell consists of three rings of boiler-plate yy in. 
thick, butt-riveted circumferentially and Yongi- 
tudinally, with countersunk rivets on the inner 
face. The ends are closed by cast-steel covers, 
bolted to angle-iron rings on the main body. The 
top cover is dished for purposes of strength, and 
is provided with a central flanged opening A for 
a 4-in. main, which connects the cylinder to a 
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poses, the head of water was so limited that, in| 
later designs, cylinders have generally been con- 
structed with closed ends and capable of withstand- 
mg pressures of considerable magnitude. On 
account of the great weight when full, such 
cylinders usually rest directly on a solid foundation 
in « vertical position, although occasionally they | 
are placed horizontally. In either position, the 
cylinder cannot well’ be arranged for vertical 
Je _and for apparatus requiring a vertical con- 
ection, 

The writer, therefore, in designing a reservoir 
for ‘he hydraulic laboratory at the City and Guilds | 
Te: ‘nical College at Finsbury, decided to hang the 
*y’"Jer In a vertical position, so that its lower face | 
_ i be available for vertical jets, and be entirely | 
*h ‘t supports, and it was decided to arrange for | 
& horizontal opening as well. These main features 
were kept steadily in view in the preparation of the 
detail drawings and 
Was constructed by 


ification, and a cylinder 
essrs. Davey, Paxman, and | 
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tank of 5,000 gallons capacity on the roof about 
70 ft. above. There are three auxiliary openings B 
in this cover, which are intended for use as occasion 
arises, for the insertion of thermometers and the 
like. The top of the cylinder is directly lighted by 
aglass oof built over it, and the cylinder is‘ sup- 

rted from an angle-iron ring set a few inches 
xelow the top, and resting on a steel framework, 
which latter is supported by a wall on one side and 
a steel girder on the other. The lower cover is 
shown in section in Fig. 2. It is perfectly flat on 
its upper side, and is provided with a number of 
strengthening ribs on the lower side to prevent de- 
formation. The cover is recessed to receive a plate- 
valve, which latter is shown in cross-section by 
Fig. 3, and in plan by Fig. 4, on page 372. This 
plate-valve V turns about a vertical axis, 3 in. 
distant from the axis of the cylinder, so that when 





shaped, and the operating mechanism consists of a 
sector 8S bolted to the valve and meshing with a 
worm W on the shaft E, which latter passes through 
a stufting-box and is provided with a hand-wheel. 
In order to change an orifice ‘under the full head, an 
arrangement used by Professor Bovey at McGill 
University has been adopted. This consists of a 
screwed cap C provided with a box-spanner, the 
free end of which passes through a stuffing-box J. 
The cap is screwed into the central opening in 
the bottom cover, after the plate-valve has been 
brought to the closed position. The orifice plate O 
is then brought immediately over the spanner, so 
that this latter can be pushed up to engage the 
orifice plate, unscrew it, and lower it into the 
cap C. The valve is then turned back into its first 
position to allow of the removal of the orifice plate 
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and the insertion of another. In this way orifices 
may be changed with very little loss of time and 
without any loss of water beyond the insignificant 
amount required to fill the cap. Owing to the 
curved body of the cylinder, the device Showited 
above cannot be used for changing the orifice plates 
for a horizontal jet, and the arrangement for this 
opening has been carried out in the following 
manner, as illustrated in Fig. 5, page 372, which is 
a sectional plan through the broken line E, F, G, of 
Fig. 2, and by Figs. 6 and 7, which show the details 
of the cover-plate P in sectional elevation. A cast- 
ing I, riveted to the cylinder, has a recessed cover- 
plate P shaped to the internal surface of the 
cylinder, and provided with a screwed opening to 
receive the various orifice plates O. At some 
distanee above there is a horizontal shaft H, the 
ends of which pass through stuffing-boxes 8,B. A 
worm-wheel W is keyed on to one end of the shaft, 
and is in mesh with a worm W,, on a vertical shaft 
V provided with a hand-wheel below, so that, by 
turning this latter, an arm A keyed to the shaft H 
can be turned until the cup-leather of the stopper I 
closes the opening and allows a change of orifice 
plates to be made. As soon as this change is accom- 
plished, the arm is turned back to its highest position, 
to prevent interference with the flow. The cylinder 
can be used for small heads up to 12 ft. by means 
of a pipe A, Fig. 2, which leads from the main into 
the lower cover. For heads from 12 ft. to 70 ft. a 
connection is made with the 4-in. main from the 
roof tank by opening the valve J. For higher 





the valve is turned, an opening in it can be wen 
over the central aperture in the cover. The valve 
V turns in a gun-metal packing-ring R suitably 





heads up to 260 ft. the roof tank is cut off, and a 
pressure-pump supplies water direct. 
For experiments requiring colour bands, an 
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opening O has been made at the level of the 
vertical orifice, so that a tube conveying colour can 
be inserted in the jet. There are also two other 
similar openings at the same level for the insertion 
of thermometers, stirrers, or other apparatus. 
The photograph, Fig. 8, shows the cylinder with 
both horizontal and vertical jets issuing from 
orifices of 2 in, diameter. This view also shows the 
worm-gear for controlling the orifice openings 








WATER-POWER PLANTS IN SWEDEN 
AND NORWAY. 
(Concluded from page 346.) 
V.—Tya. 

THE west coast of Southern Norway is remark- 
able for its unique natural conditions. Deep, narrow 
bays—fjords—penetrate far inland, and round these 
rise gigantic mountains, the steep sides of which at 
many places look down almost vertically into the 
bays. Some of the fjords are continued inland by 
deep valleys, which rise towards the mountain 
ranges, and through which the water from the 
mountain region is carried down to the sea. In 
this part of Norway, south-east of the mightiest 

lacier-covered mountains of the country, the 

ostedals and Jotun mountains, the Lake Tyin is 
situated, at a height of 3550 ft. above the sea. The 
water from the lake is discharged in a westerly 
direction through the River Tya into the Lake 
Aardalsvand, situated 12 ft. only above the sea, and 
from whence the water flows to the Sognfjord, south 
of the mountains referred to. 

The water-power in the falls and rapids in this 
river belongs to the Badische Anilin und 
Fabrik, Ludwigshafen, and is intended to be used 
for the manufacture of nitrate. 

Lake Tyin, the area of which is 13 square miles, 
is situated at a distance of 12 miles from the 
Aardalsvand (see Fig. 18, opposite). About 2 miles 
beneath Tyin Lake the river forms the Lake Torol- 
men, at a height of 3450 ft. above the sea. Beneath 
this lake the river receivesseveral tributaries, among 
them the Mansberg River, from the Lake Mans- 
bergvand, and a tributary from the Lake Biskop- 
vand. After the river has run down to Vee, a 
place about 1} miles from the Aardalsvand, there 
remains only 120 ft. head of fall down to the latter 
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lake. The length of the Aardalsvand is nearly 
6 miles, and the distance from its lower end to the 
Sognfjord is only half-a-mile. Lake Tyin is en- 
tirely surrounded by steep rocky shores. Boating 
is confined to a motor-boat for tourists, running in 
the summer. Along the Valley of the Tya River 
steep mountains rise to a height of 3500 ft. to 
5000 ft. Everywhere the country from Tyin down 
to Vee consists almost exclusively of the bare rock. 
Close to Tyin and Torolmen Lakes the rock is of a 
phyllite formation, further down it is continued of 
sparagmite slate and granite. Below Vee the 
formation is stone, sand, and clay. 

The climate is mild at the Sognfjord, which is 
free from ice during all the year, and the Aardals- 
vand can also be kept open during the winter with- 
out much trouble. Higher up the mountains the 
climate becomes colder, the Tyin is free from ice 
for only about three months in the year, and the 
mauntains round the lake are always snow-peaked. 
The rain and snow falls are considerable, and as is 
the case everywhere in the Norwegian mountainous 
regions, the water in the rivers is as clear as crystal 
and free from all impurities. 

Careful investigations have proved it advisable to 
place the nitrate works at Vee, with transport by 
railways and ferries to the Sognfjord. All the falls 
between the Lake Torolmen and Vee are intended 
to be developed later into one water-power scheme. 
The necessary regulation of the extremely varying 
quantity of water in the Tya River can be brought 
about without difficulty by requisite storage ponds, 
using mainly for this purpose the Tyin Lake. The 
falls between the Tyin and the Torolmen Lakes 
cannot be exploited with advantage. The water 


Soda | intake of the plant has therefore been placed at the 


Torolmen, whence the water is led through a tunnel 
in the mountains south of the river to a forebay 
above Vee, from which the water is brought down 
to the power-station at Vee through pipes. 

The catchment area of the Tya River by the out- 
let of the Tyin is 71 square miles; this area is 
increased to 78 square miles at the outlet of the 
Torolmen. In order, however, to increase the 
power of the plant it is proposed to enlarge its 
natural drainage area by some smaller districts, 
from which the run-off rushes down into the Tya 
below the Torolmen. In the Mansberg River a 
suitable intake is being provided to an artificial 
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channel, which takes the water along the mountain 
slopes from the river to the Torolmen. South of 
the Tya the water from three mountain brooks is 
taken in directly in the intake tunnel of the plant 
(see Fig. 18). By these arrangements the plant 
will, more or less, utilise the run-off from a catch- 
ment area of about 88 square miles. 

The storing-up of the water which is necessary 
for the regulation of the run-off is principally done 
in the Tyin, where storage can be effected at the 
lowest cost ; the other lakes contribute only to a 
limited extent comparatively. The tapping of the 
water from the different lakes is done in the follow- 
ing manner. During the winter almost the whole 
quantity of water required of the power-station is 
taken from the Tyin ; from the district below the 
Tyin no run-off of any importance can be reckoned 
with, and the water stored in the other lakes is 
already drawn out. When the melting of the snow 
begins, the run-off from the districts. below the 
Tyin (17 square miles) increases, the tapping from 
this lake is reduced in proportion, and at last the 
Tyin may be entirely closed. When, later, the 
run-off from the lower districts increases, the 
superfluous water is stored up in the small lakes in 
this district. When the run-off is diminished, at 
first these small storage ponds are called on, and 
then the water stored in the Tyin, from which the 
tapping is increased more and more in the course 
of the summer and the autumn. Through these 
arrangements the storing of water in the small 
lakes is of short duration, and the tapping from 
these lakes takes place in the summer—a desir- 
able feature. During the winter the drawing of 
water from the lakes cannot be relied on, owing 
to snow and ice; the management of the dams 
would also give some trouble during that season. 
The tapping taking place as stated, the small 
lakes need only be looked after during the summer, 
when the mountains are accessible, the regulati: n 
being confined to the Tyin during the winter. At 
present the level of the water in this lake only 
varies 2 ft., but for the purpose of storing up the 
water a control of 19 ft. is proposed. The storage 
in the Torolmen is also intended to include water 
from the Tyin and the Mansbergvand, whereby 
the handling of the regulating dams at these lakes 
would be considerably simplified. : 

Calculations have shown that with a storage «| 
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water as*mentioned, the quantity, of {water con- 
trolled rises to 3.1 cubic feet per second per square 
mile of the catchment area, which signifies an 
equalising of the run-off, not only during a single 
year, but also for a series of consecutive years. 
The limit has here been attained for practical regu- 
lation, inasmuch as proportionately r storage- 
basins would be needed were regulation to 
carried further. The quantity of water constantly 
available for the power-station, and according to 
which the station has been planned, is 9} cubic 
yards per second in round numbers. 

The average water-level in the Torolmen is 





canals an ice-sheet of 3} ft. in thickness has been 
reckoned with. The regulation dam is shown in 
Figs. 19 and 20. 

The tunnel intake (Figs. 21 and 22, page 374) is 

rovided with racks, and the tunnel inlet can there 
| be closed with shutters and stop-logs. An air-vent 
|is provided behind the gates for the purpose of 
letting air into the upper part of the tunnel when 
the gates are closed, and the water-level decreases 
| behind them. In order to prevent the ice from 
‘entering the intake chamber the water is let in 
| through an opening at some distance beneath the 
|low-water level in the Torolmen. The intake is 
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the limit where increased efficiency cannot be gained 
with financial advantage (value of the power about 
20 kr. (Jl. 2s.) per horse-power and year) by in- 
creasing the area with an accompanying reduction 
of the friction loss. In solid rock the tunnel is 
excavated with 10 square yard cross-section, in slate 
rock with the practically smallest section—5 square 
yards. In the solid rock the rough surface of the 
reck is smoothed as far as possible, and the fissures 
filled up with cement mortar. It has also been 
deemed advisable in the curves to face with con- 
crete the tunnel wall which forms the outer side of 
the curve, for the purpose of reducing the friction 
loss and the eddies arising in the bends. The part 
of the tunnel excavated in the slate rock is lined 
with concrete. This has been done behind movable 
iron shuttering, which was moved forward as the 
concrete lining proceeded. 

The plant is designed for a constant load on 
the turbines in the power-station, and the friction 
losses have been calculated as equal to a loss of head 
of 74 ft. in the tunnel. When arranging the tunnel 
and the forebay the possibility was contemplated of 
both increasing the output of the power-station by 
10 per cent., and'reducing it by 10 per cent. with- 
out any loss of water from the forebay. With a 
greater reduction of the load it is proposed to dis- 
charge the water in excess over a spillway in the 
forebay. With 10 per cent. increase of the load the 
friction losses correspond to a head of 90 ft., and 
with 10 per cent. reduction to one of 60 ft. In the 
former case the water-level in the forebay will be 
3330 ft., provided there is low water in the Torol- 
men, and in the latter case 3370 ft., provided 
there is high-water level in the lake. 

These calculated friction losses must be looked 
upon as approximate only, as the condition of the 
tunnel walls cannot be ascertained beforehand. It 
will, therefore, be necessary after the completion of 
the tunnel to arrive at the actual friction losses 
through careful experiments, for which purpose 
water will be let through the tunnel, and measured 
over a provisional spillway at the forebay. Should 
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3426 ft.. and the nozzles at the Pelton wheels in 
the power-station are 138 ft. above the level of the 
sea. The total head which the power-station uti- 
lises is consequently 3288 ft., one of the largest 
heads in the world. The friction losses have been 
calculated to reach 74 ft. in the tunnel and 144 ft. 
in the pipe-lines, so that the effective head amounts 
to 3070 ft. With a turbine efficiency of 78 per 
cent., and a generator efficiency of 96 per cent., the 
effective power at the station amounts to 70,000 
electric horse-power. 

The crection of the dams and the excavation of 
the canals necessary for the regulation of the lakes 
Were comparatively easy and low in cost. Special 
ee had to be ‘taken for the protection of 

© regulating-gates against ice and snow. In the 


protected against cold and snowstorms by means 
of a solid wooden superstructure. 

The intake tunnel, sections of which are given 
in Figs. 23 to 25, is 39,000 ft. long; near the 
Torolmen Lake it is driven through slate rocks 
(about 8500 ft.), and afterwards through solid rock. 
In plan the tunnel consists of straight sections con- 
nected by curves. Where site adits have to be 
blasted, it is laid as near the surface as the con- 
dition of the rock allows. It should be mentioned 
that the tunnel is exposed to a considerable water 
pressure, which increases from the intake towards 
the forebay. It is, further, executed with the 
same grade from the intake to the last adit nearest 
the forebay. 

The cross-section of the tunnel has been chosen at 





|the head losses prove smaller than calculated, it 
| may be necessary to elevate the spillway. Should 
they prove larger than calculated, they can be re- 
pi by adequately smoothing the bottom of the 
tunnel with a thin concrete lining, and this wouid 
‘also have the advantage of carrying away easily to 
a sluice-way opening all small stones and pieces of 
|concrete that might enter the conduit. As it is 
| impossible in any case to arrive at an exact result 
|in calculating the heights of the water-levels, the 
| forebay has been so constructed that there a certain 
range is provided for. The upper level can rise to 
3378 ft., and the lower sink to 3322 ft., above 
| the sea. 
In the adit which is excavated nearest the fore- 





_ bay, a sluice-way opening will be installed. The 
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NORMAL SECTION OF CONFLUENCE TUNNEL IN SLATE ROCK. 
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OUTER WALL SECTION. 


tunnel will, further, be provided with covered 
vertical wells for inspection, through which the air, 
carried along by the water, can escape, and through 
which also, ty varying the water-level in the shaft, 
the air can both be let in and out. 

The great variations in the water-level made it 
expedient that the forebay should be entirely 
excavated in the rock and then divided in three 
vertical wells (Figs. 26 and 27). By this arrange- 
ment the basin also obtains a protected position, and 
the excavated wells can be provided with insulat- 
ing roof constructions, affording protection against 
the formation of ice in the wells. It may pos- 
sibly be advisable to heat the superstructure some- 
times. It is also of importance that the waste-way 


being one distribution-well communicating with two 
gate-wells. The intake tunnel opens into the dis- 
tribution-well. In this the flow of water is divided 
between two tunnels, through suitable concrete work 
in the bottom of the well, leading to the two gate- 
wells. These tunnels can be closed by vertical head- 
gates, which, when desired, can be shut from the 
power-house ; they can also be made to fall down by 
cutting off the electric current from the closing 
arrangements of the gates at the power-house. The 
spillway of the forebay is also provided in the dis- 
excavated from the forebay be always kept free tribution-well at an elevation of 3378 ft. above the 
from ice, The purpose of the forebay, Solies iden well protected against snow and ice. By means 
distributing the water between the pipe-lines, is | of the two above-mentioned tunnels the water is led 
also to safely discharge the superfluous water | from the distribution-well to the gate-wells, from 
coming through the tunnel when the power-station | the bottoms of which it is brought further through 
is partly or entirely unlcaded. The forebay is not|short tunnels to the pipe-lines. These “ pipe- 
erected on a level with the surface of the Torolmen, | tunnels” are closed by means of cylinder-gates, 
on account of the considerable fall losses in the | which here are considered to be particularly suit- 
tunnel. With 10 per cent. reduction in the effect | able on account of the high water pressure to which 
which the power-station is intended to generate, they are exposed. They do not require much 
and consequently by 10 per cent. less flow of water | power for working, and their construction is simple. 
in the tunnel, the water rises to the edge of the | hey can also be worked from the power-house ; 
forebay. If the load on the power-station is they would close automatically, owing to the greater 
further reduced, the flow of water in the tunnel speed of the water, should there occur any fracture 
will not be diminished, and the superfluous water | in the pipe-lines; and would also fall down, should 
must consequently be discharged at the forebay.| any accident to the electric lifting arrangements 
A sudden and complete stopping of the power- \take place. The gates are protected against the 
station would consequently mean the dealing with possible formation of ice, &., by a wooden roof 
about 9} cubic yards per second. and double vertical ice-racks, which can be lifted 

The forebay consists of three vertical wells, there | and cleaned. At the closing of the gates, or on a 








ap Estimated Water 

op Level for 10% 

:— Reduction in the 

ik Power Stations’ 
Output 











CIZZS¢GSEETS I Wit i2 B46 IM” 


NORMAL SECTION OF TRIPLE 


fracture in the conduit, air is brought into the pipes 
through good-sized air-wells. Inasmuch as it is of 
the greatest importance that the water should not 
freeze in these air-vents, they have not been made 
of steel pipes, standing free in the gate-chambers, 
but as wells in the concrete lining of the forebay, 
without any plate-lining. Should there, however, 
arise any danger from ice formation, a layer of oil 
could be poured over the water surface in the air- 
wells. The rock walls in the three wells of the 
forebay, as also their connection tunnels, are lined 
with concrete round the cylinder gates, and pro- 
vided with a stone apron. The forebay is covered 
with a concrete roof, with asphalt lining and sand 
covering. Within this superstructure there is also 
a wire-drum, with a motor for working a cable-car 
from the power-house. 

It has been considered advantageous to make the 
pipe-lines, which are 6000 ft. long, perfectly straight 
in plan between the forebay and the power-house. 
The | ooge (Figs. 28 and 29) are placed as far as 
possible on projecting parts of the mountain, 
whereby the best protection is obtained against 
stones, water, and snow rushing down the moun- 
tain slope. In elevation, the pipe-lines, as far as 
me follow the irregularities of the moun!ain; 
they consist of straight sections from 170 ft. to 
400 ft. long. Bare rock is found almost every- 
where along the lines. Small accumulations of 
stones are found in three places, but these have | wen 
removed, so that the pipes can everywhere be pled 
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the power-house and the forebay, and partly for the 
transport of pipes, when a length may have to be 
replaced. For the inspection of the conduit, stone 
steps are laid in the pipe-trench on one side of 
the conduits, and an iron ladder placed upon one of 
the pipe-lines to make them accessible during the 
winter. 

The three pipe-lines are extended straight 
along the power-station, whereby difficult anchor- 
ages are avoided, which otherwise would be required 
by bends in the main conduit. Each pipe-line 
sends out four branches, and its diameter is re- 
duced according as these branch-pipes divert the 
water. The straight lengths are seamless steel 
pipes, the branches being made of cast steel. In 
calculating the thickness of the material for the pipes 
and forged pieces fitted both outside and inside the 
power-house, the permissible strain has been fixed 
at 80 per cent. of the values which have been fixed 
for the pipes in the remainder of the plant. For 
the laying and anchoring the pipe-lines along the 
»ower-house, and considering the extent of the 
beet water pressure on the pipe-lines, a great, 
continuous reinforced concrete framework has been 
built in connection with the power-house. Expan- 
sion joints cannot with advantage be inserted 
between all the anchoring joints in this concrete 
foundation ; but expansions had to be equalised in 
the material, wherefore it was necessary to reduce 
the variations of the temperature to the smallest 
— amount by means of insulation. The 
»ranch-tubes along the power-house are provided 
with mechanically-operated gate-valves, housed in 
a superstructure of concrete. In order to prevent 
the freezing of the water which remains in the 
valves, the valve-chamber is heated by warm air 
from the generator-hall. 

In the generator-room of the power-house (Figs. 
30 and 31, page 375) there are six turbine generator 
units, placed in a row, with their shafts parallel 
with the longitudinal axis of the station, which 
arrangement has been chosen on account of the size 
and construction of the units. A small outlet 
canal, which can be closed in cases of repair, leads 
from each turbine-wheel to a common tail-race for 
the whole power-station. The warmth produced 
by the generators is diverted through canals in the 
concrete substructure from the generator holes to 
the common tail-race by means of motor-operated 
fans, one for each generator. 

The substructure of the power-house is built in 
the gravel ground, and is formed of concrete and 
stonework. The outlet canals are subjected to the 
intense wear and tear of the discharge water from 
the turbines and from the relief-valves. In such a 
valve the water is let out in a ring-formed jet, which 
is broken beneath the valve, and then hits the 
water-level below. The walls of the outlet canals 
are protected by a lining of cast steel and iron 
plates, and at the points where the tear is most 
violent renewable pieces of case-hardened iron 
are used. At the outlet to the common tail-race a 
wall is inserted, in order to form a water-basin 
under the turbines and the relief-valves. It had 
also been proposed, as an alternative, to arrange 
the turbines along a common outlet canal; this 
would have simplified the diversion of the water, but 
would have made the supply to the turbines more 
difficult, and would have increased friction losses. 

Of the six units which are to be installed, five 
units will be able to develop at full load the total 
of 70,000 electric horse-power. Each generator 
unit is consequently calculated for a normal turbine 
duty of 12,170 horse-power with an effective head of 
3070 ft. and 375 revolutions per minute, and a maxi- 
mum effect of 14,600 horse-power. 

The exciters are direct connected to the main 
systems, and are so dimensioned that four of them 
will be able to deliver exciting current for 70,000 
electric horse-power. The penstocks to the tur- 
bines are inside the power-house, and provided 
with hydraulically-operated valves, which, like the 
gate-valves, are provided with by-passes. 

The cost of the whole plant, including regulation 
of the lakes, building constructions, mechanical 
equipment in the power-station, temporary power- 
station, houses and roadways, have been calculated to 
amount to approximately 9} million kr. (525,000/.). 





New Sree. Works 1n Luxemsurc.—The Eich Union, 
le Gallais, Metz, and Co., at Eich, in Luxemburg, have 
decided to build their own steel works. The new works 
will be located at Dommeldingen, and the electro-steel 
»rocess will be adopted according to the Rochling-Roden- 
fue method. 





THE NAVY ESTIMATES. 


Se.vom, if ever, has such an intense interest 
been excited in ‘the Navy programme of any Govern- 
ment as that which at present prevails in connection 
with the proposals for the forthcoming financial 
year. It was well known that a sharp differ- 
ence of opinion existed within the Cabinet, and 
that those responsible for the maintenance of the 
Navy experienced considerable opposition to the 
acceptance of their estimates, while in Parliamen- 
tary circles there were even more cringeety eeneen 
forces. The Estimates, as issued, indicate that a 
compromise has been attempted, and as they are 
signed by the whole of the Board of Admiralty, 
‘*My Lords” must be responsible for the result. 
With the reception of the estimates we deal on page 
387 of the present issue, and we may confine our- 
selves here to a general summary of the proposals. 

From such review we cannot dissociate a considera- 
tion of the programmes of other Powers, in view of 
the acceptance by the Prime Minister of the two- 
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Power standard, plus 10 per cent. This standard, 
too, was, by a supplementary explanation, defined 
as equality with ‘‘the two next strongest Powers, 
whatever they may be, and wherever they may be 
situated,” with a 10 per cent. margin. The United 
States and German navies are unquestionably 
‘the two next strongest Powers,” and it becomes, 
therefore, important to consider alongside of the 
British Estimates the provision made for the 
forthcoming year in the United States and in Ger- 
many. For convenience of comparison, we have 
set out the results in diagrammatic form. Fig. 1 
shows the total expenditure per annum since the 
beginning of the century. It will be noted that 
there has been an advance in the British Votes from 
about 30,000,000/. for 1900-01 to the 35,142,000/. 
for next year, but the total reached 36,859,000/. in 
the year ending March, 1905, the expenditure for 
this and the preceding year being considerably 
augmented under almost all heads, and notably in 
connection with the repair work, with the supple- 
menting of stores in all departments, and with the 
provision of arrangements consequent upon the new 
system of training of naval cadets. Following upon 
this there was a steady diminution until the year 
ending with March, 1908, when the Estimates 
reached a total of 31,250,0001. The decrease was 
largely due to shipbuilding, to the depleting of 
stores, and to a general economy resulting from 
various reforms carried out. These reforms are, in 
large measure, highly creditable to the Sea Lords of 


|the Admiralty, but there has been growing an un- 
,comfortable suspicion that an undue part of the 
economy was a consequence of the using up of 
stores and the deferring of replenishment, especia!ly 
in guns, ammunition, and torpedoes. i 

While these violent fluctuations have been in 
progress the German naval authorities have been 
moving forward with increasing rapidity, as is 
shown in the diagram, Fig. 1. In the five years 
from 1900 to 1904, including the two years of 
/maximum expenditure, the average total for Britain 
| was just under 33 millions sterling, while for the 
subsequent five years, ending with the financial 
| year 1909-10, the average works out at 32.7 millions. 
| There has thus been no increase, while the average 
|in the case of the German Estimates has increased 
| from under 10 millions in the first five to 15 millions 
| per annum in the second five years of the decade. 
Our expenditure for the next year is only 2,823,000). 
greater than in the current year; the German 
estimates are 3,400,0001. greater than the current 


, year, and have steadly increased in ten years from 


200 a4, 190 1oH1 1912 "3 
10 to 20 millions. In the case of the United States 
there have been considerable fluctuations, as is shown 
by the diagram, but the general trend has been 
distinctly upwards, and in ten years the total has 
advanced by about 10,000,000/.. When we combine 
the total expenditure for all naval purposes by Ger- 

|many and the United States, we’ tind, as shown in 
the diagram Fig. 1, that ‘‘ the two next strongest 

| Powers” are to spend nearly 47,000,000/., or 
| 22,000,000/. more than ten years ago, while our 

Vote has only increased from 30,000,000l. to 

| 35,000,000/. The average for the five years ending 

| 1910 is for the two Powers over 38 millions per 
annum, as compared with our 32.7 millions. We 

are often told that the British Fleet is exercised to a 

much greater extent than that of any other foreign 

Power, and, this being so, it becomes more difticult 

to believe that the matériel of the British Fleet is 

maintained at the same high degree of efficiency as 
| that of Germany or the United States, in view of 
the fact that these Powers are spending together 

4l. for every 3/. spent by the British Government. 

Turning to the details of the British Estimates, 
we find that the number of men is to be maintained 
at the same level—128,000-—as last year, while ten 
years ago the total was 112,429. This compara- 
tively small increase is no doubt explained by the 
fact that the modern ship depends much more 
largely on mechanism than formerly, and that the 
fighting power per unit of the crew is enormously 
greater, owing to the concentration within each 
ship of greater gun-power. Thus the present- 
day battleship has doubled the offensive power of 
the battleship of ten years ago, although the com- 

plement has not been increased. In other words, 4 

couple of 12-in. guns, mounted in a barbette, does 

not require anything like a proportionate increase 

in personnel as compared with the 9.2-in. gun, or 4 

couple of 6-in. guns, in a ship of ten years ago ; 8° 

that the augmentation of guns in the primaty 
battery has tended to a decrease in the personnel 
necessary for a fighting ship. The striking power 
per mile of line-of-battle is being greatly increased 

—38 12-in. guns per mile, against 21 in earlier 

ships*—and thus the fighting line may be reduced 

in length, and consequently in its demands on 

—— Although the numbers of officers and men 

ave not greatly increased during the decade, there 


* See ENGINEERING, vol. Ixxxiii., page 5¥. 
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TABLE I.—STATEMENT SHOWING THE NUMBERS BORNE AND THE ACTUAL EXPENDITURE ON BRITISH NAVAL SERVICES 














FOR THE YEARS 1900-1 TO 1907-8 (INCLUSIVE) AND THE ESTIMATE FOR 1908-9 AND 1909-10. 
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r% 1. 2, 3. e's 6. @ oTE 8. 9. 10. 11. 12, 13, 4. i. | ae . 
eo —S— EE a a, {| —_——__—— a —— —— > a 
ss 2 Be =. & a Shipbuilding, Repairs, Main- | 4 ar H | 
, 55 be. 9 rs ¢ > Hi et z= 
™) oe ge 23% = | Ss e¢) 38 | matt 5 4\2 '3 | Sg | 88 BE | & 
s ss aq ($23 32 | $2 1/38) BE | <3 x 25 es | & ~£ a; &s E . & 
| o° ss |se@cl 3 c> ee! @ See. I. | geo yy, Sec. HE 2&5 = & ee Oar Ze me $<¢4 93) 
é & ss $0 eo q 5k oe 5 “ ec. I. ont: So = ge EE 33 5 ss if = 
3 Ss§ 25 | sBe e | oe Per Matériel. — $5 5 $s 3 cE} i Be igs rt 
Z zoe -- ia sis Z = | sonnel. * Work. Z e mt) a z Zz S* z= ‘| «& 
£ £ | #2 £ £ £ | £ £ £ £ £ £ £ £ & £ 42 \2 £ 
1900-01 112,429 5,507,086 | 1,888,313 | 216,001 17,095) 90,777 \61,414 221,288 | 2,621,021 | 4,944,954 6,931,654| 3,531,189 | 870,070 528,948 270,011 | 768,901 | 1,123,278 339,899 60,314 6316) 20,998,520 
1901-02 117,116 5,805,498 1,882,295 | 206,926 17,083} 94,771 \63,295| 246,243 | 2,701,937 | 5,323,163 | 6,794,326 | 3,837,271 | 962,723 | 489,769 | 284,570 | 775,370 1,147,861 | 344,317' .. 3807 30,981,315 
1902-03 121,870 6,075,015 | 2,022,613 | 243,007 18,183) 96,764 (62,381 | 264,171 | 2,848,812 | 4,425,818 | 7,601,950 8,252,152 | 1,064,174 412,676 298,744 | 780,900 | 1,165,850 353,817 69650) 31,003,977 
1903-04 125,948 6,356,710 | 2,363,431 | 254,706 14,290) 110,999 /68,714 | 287,454 | 3,043,217 | 4,719,033 |10,832,371) 3,065,059 1,440,200 | 496,626 309,863 | 791,617 | 1,191,713 | 357,010 6464 35,709,477 
1904-05 130,490 | 6,785,785 | 2,410,030 | 283,164 14,409) 137,745 |68,133 | 378,879 | 3,019,571 | 5,260,189 10,071,514 | 3,615,816 | 1,551,630 530,268 329,149 805,888 1,219,841 | 375,615 2055) 36,859,681 
1905-06 127,667 6,835,909 | 2,157,427 | 265,457 13,279] 151,076 |73,083 385,060 | 2,625,285 | 4,905,075 | 7,781,483) 2,858,131 | 1,798,635 | 497,529 342,201 | 832,798 | 1,229,008 | 397,750 2565, 33,151,341 
1906-07 127,431 7,064,837 | 1,865,904 | 253,274 12,857| 155,705 62,328 346,291 | 2,490,448 | 3,002,134 | 8,388,514/ 2,725,468 | 1,759,972 404,174 347,034 | 840,779 1,276,138 | 384,596 1554) 31,472,087 
1907-08 127,228 7,025,029 | 2'036,956 | 254,442 12,879] 160,198 60,342 351,495 | 2°717,202 | 3,345,921 7,452,262 2,106,795 | 2,453,573 | 359,012 357,686 857,668 | 1,820,856 | 375,292 3548) 31,251,156 
1908-09* 128,000 7,129,700 | 2,286,400 | 258,700 13,900} 167,000 66,000 368,300 | 2,936,200 | 4,157,000 7,220,700) 2,048,700 | 2,306,700 409,200 370,200 868,800 1,334,600 377,400 .. | $2,319,500 
1909-10* 128,000 7,280,200 | 2,416,800 | 258,700 12,700] 159,300 67,300 367,000 | 3,148,200 | 4,392,100 8,278,300) 2,381,000 | 2,916,300 438,800 378,200 | 890,200 1,387,800 | 369,800 35,142,700 
! 
* Estimate. 


is an advance from 5$ millions to 7} millions sterling 
in the wages, &c., of the officers, as is shown in 
Table I., which gives the sum of each vote for the 
past ten years. Victualling and clothing have | 
also increased, especially in recent years, an 
increase which is explained by the fact that 
‘“‘stocks of victualling stores purchased in pre- 
vious years have been drawn upon without re- 
placement during the last three financial years. 
The amount by which the Vote was relieved in the 
current years was 100,000/. There are no more 
surplus victualling stores left to draw upon, and 
100,000/. extra is therefore required to provide for 
the corresponding —s by cash purchases next 
year.” We congratulate the First Lord of the 
Admiralty upon his candid statement. The medical 
establishments show no change, educational ser- 
vices a slight decrease, and the scientific services an 
increase, which is only natural. We are glad to 
note a decrease in the Vote for Martial Law, as it is 
suggestive of a higher standard of excellence in 
personnel. There are other automatic increases, 
due to natural expansion : These include 8000/. on 
the Admiralty Vote, 21,4001. on the Half-Pay Vote, 
and 53,2001. on the Naval Pensions Vote ; but there 
is a decrease of 76001. on the Civil Pensions Vote. 
Chief interest, however, centres round the Vote 
for Shipbuilding, Naval Armaments, and Works, 
which together account for nearly two-thirds of the 
total expenditure, and involves, year by year, 
automatic increases in practically every other 
vote. Under all these wh wom there are increases ; 
indeed, they account for nearly the whole of the 
2,823,0001. advance as compared with the current 
year. The amount to be spent under Vote 8, 
which includes repairs and the maintenance of 
ships and engines, is 15,818,6001., which compares 
with 14,313,9001. in the current year. This total 
of 15,800,0001. is to be divided between the 
dockyards and contractors’ works. The dockyard 
vote for wages—in other words, for personnel—is 
3, 148,2001., the largest in any year since the begin- 
ning of the century, and 212,000/. more than in the 
preceding year. The number of workers is in- 
creased to 29,951, as compared with 28,568 in the 
current year. At the same time there is to be 
disbursed for matériel in connection with dockyard 
ships 4,392,1001., a total considerably less than in 
the early years of the decade, but 235,000/. more 
than in the current year. This total, of course, 
includes propelling, auxiliary, and gun-working 
machinery for such vessels as are being built in the 
dockyards. The vessels building and projected by 
contract will involve the expenditure of 8,278,3001. 
A large part of this Vote 8 is for repair and main- 
tenance work, the total under this head for the next 
financial year being about 2.9 millions sterling. 
_In connection with the construction of new 
fighting ships, the sum allowed is 8,885,194/. This 
is 1,540,0001. more than in the current year. If 
to this be added the vote for naval armaments, 
wh ch this year totals 2,381,000/., we arrive at a 
total of about 11,260,0007. for additions to the 
fighting fleet. This is really the figure which 
—— to be compared with the vote by the United 
States for “additions to the navy,” and by Ger- 
many for ‘new construction.” In the diagram, 
Fig. 2, we have set out the figures for all three 
nations under this heading. It will be seen that the 
vole for the British Navy has, during past years, 
fluctuated between 10 millions and over 15 millions 
sterling, the latter figure being recorded for the 








year 1904-5. The average annual sum for the earlier 
half of the decade was 13,600,000/., and for the later 
half is 11,400,000/. Since 1905 there has been a 
steady decrease, and in the current year the total 
falls below 10,000,000 sterling. We have for the 
coming year an increase of about 2? millions sterling. 
This is so far satisfactory, but must be regarded as 
quite disproportionate when comparison is made with 
the s' y advance in the vote for new construction 
and ordnance for the German fleet. The average 
for the first half of the decade was under five mil- 
lions, and for the second half is over 7,150,000/. 
In other words, Germany, in the earlier years 
of the decade, spent about five millions sterling 
on'new mnnitions of naval warfare, and during 
the past four years, when our total was diminish- 
ing, the Kaiser’s Government has doubled its 
vote. Thus, while in 1906-7 Germany spent 
5,300,000. to our 12,400,0001., they will during 
the next twelve months spend 10,800,000/. to our 
11,260,000/. In the case of the United States there 
have been considerable fluctuations. Four years 
ago, when trade was booming and revenue high, 
naval expansion was at a greater rate than at the 
— moment, so that the total for the United 

tates is now considerably less than in former 
years; but there is no diminution in the ambi- 
tion of the American people to possess a powerful 
navy. As soon as reviving trade increases revenue, 
the chances are in favour of a renewed and 
quickened expansion of naval expenditure. But 
even if we take the United States diminished vote, 
and combine it with that of Germany, we find 
that these two nations together are spending to-day 
nearly 3,000,000/. more on additions to their fleets 
than is Great Britain, their combined total for the 
next twelve months being about 14,000,000/—from 
two to three millions sterling more than in the 
two preceding years. It is difficult to see how the 
efficiency of; our.-naval power can be maintained so 
long as the expenditure on new construction is 20 
ow cent. less than that of the ‘‘ next two strongest 

‘owers. 

Provision is made for the laying down of four 
battleships, six protected cruisers, 20 destroyers, 
and a number of submarine boats, ‘‘for which 
latter half a million sterling is allowed,’ but in the 
estimates for next year only 102,000I. is included. 
One battleship will be built at Devonport and one 
at Portsmouth, two of the cruisers at Pembroke, 
and two submarine boats .at Chatham. The re- 
mainder of the work will be given out to contract. 
The battleships will probably be of the Neptune 
class, of which a description has already appeared 
in ENGINEERING (see. page 253 ante). Two of the 
cruisers will correspond to the Bellona class—385 ft. 
long, 41 ft. 6in. beam, and of 3360 tons displacement 
at 13-ft. 6-in. draught, when with 18,000 horse- power, 
develo by turbines, the speed will be 25 knots. 
The others are likely to resemble the “City ” type, five 
recently ordered cruisers—430 ft. long, 47 ft. beam, 
displacing 4800 tons at 15 ft. 3 in. draught, when, 
with 22,000 horse-power, the speed will be 25 knots. 
But these four new ships will not be laid down until 
November of this year, as only 25,0001. is to be 
spent upon each—only a very small fraction of their 
cost. There is intention also to defer the building 
of the destroyers, as for the twenty only 109,118/. 
is ear-marked. Thus only with the battleships 
and with the two Pembroke cruisers will substan- 
tial progress be made. On each of the two 
battleships to be given out to contract, 518,486/. 


j will be spent during the coming financial year ; on 
each of the dockyard battleships, 268,000/. ; on one 
of the Pembroke cruisers, 177,762/., and on the 
other 112, 9991. 

The most remarkable feature of the Estimates is 
the notification that, ‘‘in addition to the above, His 
Majesty’s Government may, in the course of the 
financial year 1909-10, find it necessary to make pre- 
paration for the rapid construction of four more large 
armoured ships, beginning on April 1 of the follow- 
ing financial year (1910). They therefore ask Parlia- 
ment to entrust them with powers to do this effec- 
tively ; such powers would enable them to arrange 
in the financial year 1909-10 for the ordering, col- 
lection, and supply of guns, gun-mountings, armour, 
machinery, ys materials for shipbuilding, thus 
making possible the laying down on April 1, 1910, 
of four more ships, to be completed by ~ aaah 1912.” 
No provision is made in the money vote for this 
work ; but a supplementary estimate could be intro- 
duced, The ships are evidently to be given out to 
contract, and there seems no doubt whatever of the 
work being undertaken before April, 1910. 

The following table shows the position of the 
vessels on the building list :— 

TABLE II.—Ships Building and Projected. 

















In Dockyards, By Contract. 

Ma | ae es oe 

— é.|3y esl &.| Se les 
8g /*2 88/82 | <8 88) 4 
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Armoured ships .. 3 2 2; 2 | 6*! 15 
Unarmoured cruisers 2 2| - 5 | 4/18 
Special destroyer = 1 — |- 1 
Torpedo-boat destroyers — 8 16 | 20 aa 
Torpedo-boats .. i a. —| 6 SL 6 
Submarine boats. . 2 2 2 13 | 2 i 





* Assuming the four supplementary ships be put in hund. 
+ Not decided. 


In preparing our diagram, Fig. 3, which shows 
the strength of the British Navy and of the two 
next strongest Powers at each month during the 
next four years, we have assumed that these 
four supplementary vessels will be laid down on 
ae 1, 1910, and will be completed in April, 1912. 

ne time allowed for the building of Dreadnoughts 
is assumed ‘at two years in the case of Britain and 
also in the case of Germany, and at three years in 
the case of the United States. This is the only 
safe course, because it is now admitted that Ger- 
many can build battleships as quickly as Britain. 
No British battleship, excepting perhaps the 
Dreadnought, has been built within two years ; 
and as has been time and again pointed out, the 
Dreadnought was hastened at the expense of other 
ships, perhaps also at the expense of efficiency. On 
this question of the time necessary for construction 
the First Lord has made an admission :— 


The estimated time for the completion of a battleship is 
now taken as two years; but this period does not cover 
the whole time during which work is being done in 
ss wee ry — and in Cy menenerre of 
certain — the ship’s equipment, such as gun-mount- 
ings. ree months’ notice in advance ought 4 be given 
to contractors to ensure —— within two years from 
the date of the order of the hull ; and if an exceptionall 
heavy demand were to be made on the contractors, muc 
longer notice would be required. The actual date of 
“‘laying down” can, indeed, be postponed for some time 
without delaying the final completion of the ship, pro- 
vided that work is proceeding in the manufacture of guns, 





gun-mountings, machinery, and armour, and that the 
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materials for the hull are all collected at the yard ready 
for immediate building. It is on an estimate of time in 
which allowance is made for these facts that the period 
of construction of a battleship is reckoned at two years. 


There are three screw and one paddle-tug, two 
self-propelled and six towing lighters being built 
in the dockyards, and a large paddle-tug in course 
of construction at Clydebank. During the next 
financial year it is proposed to lay down two tugs 
and a steam mooring-lighter at Chatham, and to 
give out to contract a tug, a steam mooring-lighter, 
a hopper barge for ashes, and two floating docks. 
Regarding the two last, for which 11,2321. and 
19,4001. respectively are included as a first instal- 
ment, the First Lord says in his statement :— 


The Board are giving careful attention to the possibility 
of constructing floating-docks for the repair of men-of-war 
of various sizes. The idea, of course, is no new one, but 
the serious want of dock accommodation for our biggest 
ships on the East Coast, and the long time that the con- 
struction of permanent works on shore is bound to take, 
justify an exhaustive investigation of the question, 
whether the provision of floating-docks at certain of our 
ports would not be an advisable step. Floating-docks 
possess the great advantage of mobility, and for torpedo 
craft they could probably be used with safety at several 
ports where they are much needed. There are, however, 
unquestionably great difficulties in the use of floating- 
docks for the repair of big ships. On the English coasts 
the large rise and fall of tide makes the safe pogo of 
floating-docks in close proximity to a dockyard or a ship 
building centre a very serious problem, and the depth of 
water needed is so great that a considerable amount of 
dredging would be necessary in many localities. 


An examination of the details of the Estimates 
brings out many facts which are specially interesting 
to our readers, while at the same time indicating 
how a large part of the Votes for additions to the 
Fleet are made up. We give in Table III. the sums 


Tas_e III.—Sums Voted for Various Works. 


1 
1909-10. | 1908-09. | 1907-08. 
Material for dockyard work— £ | £ £ 
Metals and metal articles .. .. 974,400} 920,500; 505,000 
Electrical, torpedo, &c., apparatus, 460,200 | 439,000 | 365,300 
Fuel for Fleet we pat .. 1,748,800 |1,822,000 | 1,480,000 
Contract work— 
Propelling machinery ‘3 .. 8,028,577 |2,264,408 | 2,499,502 
Auxiliary machinery * ; 170,968 | 216,970| 132,755 
Pear aie? vf .. 1,954,922 {1,257,074 | 1,830,352 
Armour on on va 997,164 |1,249,666 | 986,451 
Gun-mountings and air-compress- | 
ing machinery rs Za .. 1,646,739 |1,737,082 | 1,858,210 
Shore machinery... - ... 225,000 | 250,000, 130,000 
Naval armaments | | 
Guns... - “ ‘“ ..| 711,000} 570,000 690,000 
Projectiles and ammunition ..| 770,000 | 700,000} 875,000 
Torpedoes and gun-cotton.. ..| 268,400 | 209,000; 307,000 
Small-arms .. ee a .| 211,700} 185,000 | 114,000 
! 








voted for various purposes. The First Lord of the 
Admiralty in his statement admits that the stores of | 
guns and ammunition have recently been seriously 
depleted. 

In Vote IX., for armaments—i.c., guns, ammunition, 
&c.—again part of the increase is caused by the necessity 
for cash purchases of stocks of stores, of which for some 
years there has been a surplus to use up. Last year this 

‘ote was relieved in this respect by the utilisation of | 
certain stocks, without replacement, to the extent of | 
200,000/. There will still be a remaining surplus of stoc | 
to the value of 105,000/, next year, so that nearly 100,000/. | 
out of the total increase of 332,300. is required under this | 
head. The balance of the increase is due in the main to | 
the enhanced cost of the guns and ammunition for the | 
new ships about to be built. 

As compared with the current year, the Vote for | 
guns (711,000/.) has increased by 141,000I., and as 
compared with the past year by 21,0001. No state- | 
ment is made as to the number of guns or calibre 
of guns to be ordered, but it is noted in a memo- | 
randum that the new 12-in. breech-loading gun of 
50 calibres has satisfactorily carried out range and 
accuracy trials with improved ballistics over former 
guns, and that ‘an improved 4-in. breech-loading 
high-velocity gun has also been introduced, and has | 
proved very satisfactory.” In respect to projectiles | 
and ammunition, for which 770,000I. is ear-marked, | 
the increase is 70,000/., but the total falls short of the 
allowance for the past year by 105,000/. The same 
remark applies to the 268,400/. for torpedoes and 
gun-cotton, the increase being 59,4001. as compared 
with the current year, and the decrease, as com- 
_— with last year, 39,0001. It will be noted, 

urther, that the Vote for metals for dockyard use 
is close upon 1,000,0001., and 53,900/. more than in 
the previous year. On electrical, torpedo, and 
other apparatus 460,000. is to be spent—21,200/. | 
more than in the current year. The amount of | 
fuel for the Fleet is greater, because, although the | 
Vote (1,748,000/.) is 73,7001. less, the price per ton is 





considerably lower than in the previous years, The | 
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contractors’ work under the various heads shows an | 
increase of about 1 million sterling ; the greater part 

is for the hulls and propelling machinery of ships, | 

the former of which accounts for nearly 2,000,0001., ere pe Re 
and shows an increase of 697,0001.; the latter, 

which exceeds 3,000,000/., being 764,000]. greater and is 252,000/. less than in the current yea! if 
than in the current year. In the case of armour, |the four supplementary ships be ordered, an in- 
however, the Vote is again brought under 1,000,0001., | creased vote for armour must be arranged for latex 
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amount of light repair work is carried out, 
as a concession to ‘‘the sister isle,” 30,0001. is 
ear-marked, leaving 49,4001. out of the total of 
110,0001. to complete the work. Malta extensions, 
recently described in ENGINEERING (see pages 2, 
71, 106, and 239 ante), take 30,0001. to complete, 
and 51,0001. is provided for work on the breakwaters. 
For dredging at Portsrfiouth 30,0001. is to be dis- 
bursed, and for a new joiners’ shop 11,0001, Coal- 
ing facilities at various ports are to be improved. 
Steps have been taken to provide a new coaling 
dépét at Devonport, which will be equipped with 
grab-transporters, similar to those which have given 
excellent and economical results at Portland. ese } 
were recently described in ENGINEERING (page 37 
ante). A number of specially suitable colliers have 
been continuously engaged on time charter through- 
out the year, and have materially contributed to 
the efficient coaling of the Fleet in home waters. A 
scheme has been approved for the reclamation of 
land, and erection of coal-sheds, on the Kowloon 
side of Hong Kong, which will provide for the 
more efficient and economical storage of coal at the 

rt. Welsh coal stores are to be provided at 
apanese ports, which will obviate the hiring of 
fleet colliers on the China station. ° 

We may conclude our summary of the Estimates 
by making one or two extracts from the First 
Lord’s statement :— 4 
. Cordite.—Oooling machinery for the cordite magazines 
in the year, This also must apply to the Vote for| tractor, the work will no doubt be expedited. This | on board His Majesty’s ships has now been provided for 
gun-iountings, which is 1,646,000l., being 90,0001. | bonus corresponds with that in the contract for | *!! completed battleships and cruisers which are likely to 


i than’ 3 be retained on the active list, and for all ships und . 
less than in the current year, and 212,000l. less| Rosyth recently let (see — ante). Here the | 7° re. om Pde ar wed and fox Op - J. ap iow 





~~ in the past year. total cost is put at three millions, but for the first attention has been paid to the safe storage of this pro- 
ote 10, for works, harbours, docks, &c., totals | year’s work only 120,0001. is voted. New magazines | pellant, and to the elimination of any lots the stability of 
2,916,3001., an increase as compared with the current | on a newly-acquired adjacent site are to be built ata | which may have deteriorated under . _ _Improve- 


ear of 61¢ aris A ments in the methods of manufacturing the i ients 
h $10,000. This is due to the new lock at | cost of 143,0001., but for them only 10,0001. is voted. parr ccta sth, «neh «Rag which sapetloocehenttiots oe 


ortsiouth and the new naval base at Rosyth, |The next important works are at Dover ; 90,000l. |) 0° . eae wed 
while 641,700. has had to be found for the comple. | is to be spent within the financial year, which will | Covgannely cutereated thas then: open cute rill send 
tion of large works under the Naval Works Loan | leave 128,0001. of the total of 3,495,0001. yet to be | to secure greater stability and better keeping qualities in 
Acts—a sum 261,0001. more than in the current provided before completion. The extension of the | the finished product. : ; 
year. For the new lock at Portsmouth, which is to | dockyard at the Cape, nearing completion, absorbs py or ego ee, wie od F arsed ose rr tng Mh eae 
cost 40), 0000. yap 65,0001. for machinery, a| 130,000,; the development of Gibraltar yard will | fe; are redunlly | Bde “dike with wn ve cakte ont 
Sum of 150,0001. is voted ; but as a bonus for early | be finished by the spending of 17,2001. ; on the dock- | sjevating and tonkedng control-gear. These alterations 
competion has now been arranged with the con-| lengthening at Haulbowline, where a moderate | will enable further improvements in accuracy of fire with 
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these guns to be obtained. The gunnery trials of the 
Invincible have taken place this year, and are interesting 
from the fact that this is the only ship in the Service 
having the 12-in. guns worked by electric power. Several 
of the 6-in. twin mountings and one or two of the older type 
of 9.2-in. mountings have had some of the operations 
carried out by electric power, but in this case the whole 
of the operations connected with loading, training, and 
elevating the 12-in. guns is performed by this power. 

Oil Fuel.—Experimental work. connected with the 
burning of oil fuel is still in at Haslar, and the 
instructional work carried out at that establishment and 
on board Fisgard IV. and Surly, has been this year 
supplemented by instructional work in the Home and 
Channel Fleets, and satisfactory a is being made. 
A number of storage dépéts at the Home and Mediterra- 
nean ports will be completed and brought into use during 
the coming year. Steps have been taken to provide 
supplies of oil fuel either in our own tank barges, or by 
] contract, at certain ports around the coast, to meet 
the requirements of the several torpedo flotillas. Tenders 
are about to be invited for a new tank steamer to meet 
the increased need for oil fuel of the destroyer flotillas. 

Machinery.—The practice of making the principal parts 
of the main and auxiliary machinery interchangeable, as 
a whole, in vessels of the same class, has been continued, 
and is being followed where practicable in all vessels at 
present building or contemplated. The turbine propelli 
machinery fitted in the Dreadnought, Indomitable, an 
other ships, and in recent destroyers and torpedo-boats, 
continues to give satisfaction, and propelling machinery 
of this type is being fitted in all ships now under construc- 
tion. The special destroyer Swift, ordered in 1905-6, has 
carried out numerous preliminary speed trials, but has not 
yet obtained her contract speed. The difficulties to be 


overcome in a vessel of such novel type are exceptional, 


pe it is hoped this will be done satisfactorily at an early 
ate. 


There remain several important points, full con- 
sideration of which we must defer until a future 
issue. One of these is the interesting fact that the 
Admiralty propose to carry out experiments, and to 
construct an aerial vessel. Another has reference 
to the redistribution of the Home Fleet. There 
will be sixteen fully-manned battleships in the 
Home Fleet, formed in two divisions, one ultimately 
composed of Dreadnoughts, and the other of vessels 
of the King Edward VII. class; and associated 
with these will be six battleships of the Atlantic 
Fleet, which will be based on Dover as well as Bere- 
haven, making a total of twenty-two fully-manned 
battleships in the home waters. A fourth division 
will be made up of ships with nucleus crews, and 
behind these, reserve ships. In addition there will 
be ten fully-manned armoured cruisers in two 
squadrons, and four armoured cruisers, formerly 
attached to the Atlantic fleet, in a third division 
with many nucleus-crew ships. With five cruisers 
employed at sea on training service, ten attached 
cruisers and scouts and forty-eight destroyers, this 
home squadron will be the most powerful fleet 
yet organised, and it will be under the command 
of Admiral Sir William May. In respect to the 
nucleus crews arranged, the First Lord expresses 
his high appreciation of the state of efficiency 
maintained, alike as regards machinery and gun- 
fire. The question of the position of the engi- 
neers in the Service is only mentioned, and credit 
taken for the improvements in the pay, pensions, 
and conditions of retirement for engineer ofticers. 
It is stated that the arrangements for the trainin 
of boy-artificers and mechanicians have been carri 
out, and satisfactory reports continue to be re- 
ceived of both classes as soon as they are drafted 
to sea. 





SEARCHLIGHT FOR COAST DEFENCES. 

Tue essential feature of a search-light is, of course, 
its power or brilliancy. As is universally recognised, 
the attainment of a greater range for the searchlight 
can ly now be arrived at by increasing the power 
of the arc, and all efforts on the of searchlight 
manufacturers have been in the direction of increas- 
ing the diameter of the reflector. The mechanical 
stren; of the mirror, a no less important feature, 
has, however, also to be taken seriously into con- 
sideration, and with a viev' to increase the durability 
of searchlights, glass mirrors are being gradually 
superseded by metallic ones. Glass mirrors have 
always formed the weak point in the working of 
aneditehla : their manufacture also is surrounded 
with many complications, which grow in extent far 
more rapidly the increase in the diameter, 
and notwithstanding all the precautions taken in the 
manufacture and the annealing of glass mirrors of 
diameters ranging up to 4 ft. 10 in., such, for example, 
as Mangin and parabolic mirrors, these are not per- 
fectly uniform and equally hard throughout. Para- 
bolic glass mirrors ex ing 4 ft. 10 in. in dia- 
meter have been adopted in some few cases, but they 
run great risks of Soe by fracture. 
Not only are they liable to e unserviceable by 





the shock of the smallest projectile, but when the 
searchlights are located near the batteries, thie con- 
cussion set up by gun-firing is often sufficient in itself 
to cause them to fracture. Should the door, more- 
over, be opened in bad weather by any chance, and 
water or a gust of cold damp air come in contact with 
the heated mirror, this is almost sure to break. 

The introduction of relatively untarnishable metallic 
mirrors in the manufacture of searchlights, therefore, 
marked a development in this branch of ee 
Present tactics demand that a searchlight should 
remain with its beam masked for periods of varying 
duration in the course of the night, and this is greatly 
facilitated by the use of a metallic mirror. When 
using glass mirrors the conditions are different, and 
it is difficult to work the searchlight satisfac- 
torily after some length of time during which the beam 
of light has been masked, since the heating of the 
mirror increases greatly when the beam is inter- 
cepted. With glass mirrors the heat retained is, in 
any case, much ter than it is with metallic mirrors, 
the conductivity for heat of glass being very low, 
and this acts to the detriment not only of the silver- 
plating, but of the glass itself. As a glass mirror 
rises to a high temperature, it runs the continual 
risk, as aforesaid, of becoming damaged by a sudden 
inrush of cold outside air. 

The higher conductivity of a metallic mirror prevents 
the latter from becoming bent to any marked degree, 
even after standing for several hours with the beam 
masked. Moreover, a metallic mirror becomes less 
heated than a glass one, 7 reason of its property of 
reflecting the less refrangible, that is to say, the ultra- 
red and the red and yellow rays of the spectrum, 
which are the hottest rays. Experience has shown 
that with a metallic mirror searchlight the reflector 
does not exceed a moderate temperature, however 
long it has been working. The reflecting coating of 

old does not undergo any marked change as the 

irect result of a high temperature, or of its ulterior 
consequences. These characteristic features operate 
in favour of metallic mirrors, and are the more marked 
the greater the diameter of the searchlight. 

In + * our preceding issues (see ENGINEERING, 
vol. 1x page 559) we gave a very interesting 
illustrat. .ticle, entitled ‘‘Improvements in the 
Construction and Manufacture of Parabolic Reflectors,” 
by Mr. Sherard Cowper-Coles, in which he describes 
his electrolytic process of manufacturing metallic 
mirrors. In that article the disadvantages attending 
the manufacture and the use of glass mirrors were 
also fully dealt with. 

The drawbacks of glass are, of course, now generally 
admitted, and we illustrate in the view, Fig. 1, 
page 378, a new type of large-diameter searchlight 
with metallic mirror, brought out by Messrs. Sautter, 
Harlé, and Co., now Harlé and Co., Paris. This has a 
diameter of 6 ft. 6 in., and is, we believe, the first 
one built of this size. The mirror is in one piece, of cut 
and machined metal, ——— gilded, and burnished by 
the company’s special processes. The optical qualities 
of this metallic reflector are said to be equal to those 
of the best plated-glass mirrors hitherto made; the 
beam has a longer range and penetrates further than 
that from glass mirrors in foggy or damp weather. 
Should the search-light be struck by a projectile or 
a splinter from an explosive shell, and the mirror 

jierced, there is no noticeable decrease in the beam of 
fight, provided the lamp is not broken. This was 
proved by an actual experiment made recently on a 
metallic-mirror searchlight which was fired at by 
infantry men. A similar experiment was carried 
out with an electrolytic mirror made by Mr. §. 
Cowper-Coles, when in his case also the parallelism of 
the rays was but little affected by the damage from 
the firing. 

The searchlight is further illustrated in Figs. 2 to 6, 
the references to which are the following :— 


A. Metallic untarnishable patent mirror. 
B. Horizontal automatic, or hand-worked, quick-lighting 


lamp. 

Focussing hand-wheel. 

Sight for obtaining an image of the crater. 

Screen reproducing the image of the crater in a plane per- 
pendicular to that of D. 

Fixed glazing. 

Small dvor for lamp. 

Metallic roller curtain. 

Motor for operating curtain. 

Crank for operating curtain by hand. 

Rack for giving the search-light the required inclination. 

Hand-wheel for inclining the searchlight slowly. 

M. Hand-wheel for slow rotation of the searchlight. 


The two motions, by hand or by power, can be 
carried out simultaneously or separately without special 
clutch connections. 

N. Handle for disconnecting the inclination mechanism, for 
motion by hand. 


ly 
O. Handle for disconnecting the rotation mechanism, for 
id motion by hand. 
t= 
containing the electric motors, -reduci' ar, 
and cut-offs. rails _— 


R. Pivoted front axle. 
8. Fixed rear axle. 
T. Drawbar hook. 
U. Truck for 

V. Hook for cou 


PReae mom poo 


ng the lamps. 
ing-on the truck, 





X. Manhole in searchlight casing. 
Y. Incandescence lamp used for fitting up the horizontal 
searchlight arc-lamp. 
Z. Incandescence lamp switch. 
a. Rod for regulating from the outside the positive carbon, 
The 6-ft. 6-in. searchlight illustrated is provided, 

as will have been noticed, with electric apparatus for 
lateral training and elevation, and for operating the 
masking-screen for eclipsing the beam completely. The 
screen falls down in front of the searchlight, and is 
rolled up at the top of the latter on a drum fitted with 
ne. The station for operating the search-light 
electrically can be located in a suitable site at any 
distance from the latter. When the carbons in use 
are burnt out, the lamp can be replaced in a few seconds 
by a reserve lamp fitted with fresh carbons ; this ex- 
ena of lamps is effected from the truck, as shown 
in the view, Fig. 1. Due regard has been had to 
compactness, and the total height of the searchlight, 
with its base, is just over 10 ft., counted from below 
the rail-flange. The base has been designed for running 
on a 39-in. track. 








THE LATE Mavor E. L. ZaLinskt.—The death of Major 
E. L. Zalinski is reported as having occurred in New 
York on Wednesday, the 10th inst. Major Zalinski was 
born in 1849, in Poland. When he was four years old his 

rents removed to America. He served in the Civil 

War on the staff of General Miles. He subsequently 
became Professor of Military Science at the Massa. 
chusetts Institute of ‘Technology. He was the inventor 
of the pneumatic dynamite torpedo-gun, and also devoted 
a good deal of attention to submarine mine-work. He 
also designed an entrenching-tool, a ramrod bayonet, and 
invented a telescopic-sight for artillery. 


WIRELESS TELEGRAPHY ON TRAINS.—A New York tele- 
gram to the daily Press, dated February 28, reports 
that experiments in the-use of wireless telegraphy on 
board trains have recently been made with the famous 
Twentieth Century Limited Express, on the Lake Shore 
and Michigan Southern Railroad. The experiments were 
made between Buffalo and Chi , receiving-stations 
being installed at Cleveland, Toledo, Elkhart, and Chicago. 
The instruments on the train were arranged in the buffet- 
library car. . The results are said to have been satisfac. 
tory, messages havin m received from the train at 
all these stations, while messages of stock news, &c., were 
transmitted from them to the train. 


Execrriciry 1N Cotton Miits.—A paper on this 
subject was read before the Liverpool Engineering 
Society recently by Mr. W. Hoult, who described the 
various Pa employed in the manufacture of yarn 
and cloth, and pointed out the advantages of electrical 
driving in certain cases. For ring-spinning a single- 

repulsion motor allowed the speed variation of the 
rame necessary to equalise the tension on the yarn, thus 
enabling maximum spinning speeds to be attained. 
Mules, the author considered, should be driven in groups 
of six at least. ms were best driven by a small three- 
phase motor to each, the efficiency of small Siemens loom- 
motors of 0.33 horse-power being 73 per cent., or, if fitted 
with ball-bearings, 82 per cent. Individual driving was 
strongly recommended for all cotton machinery, with the 
exception of mules and, possibly, carding-engines. 


Execrric WELDING oF Tram Raiis.—On page 823 of 
our eighty-fifth volume we called attention to a new 
system of welding which was brought out by the Fusion- 

felded Metals, Limited, of 56, Victoria-street, West- 
minster, 8S.W., by means of which high-s steel could 
be welded on to high-carbon steel or mild steel, the weld 
being effected by means of copper which was fused into 
the joint while surrounded by a reducing compound ; 
the temperature necessary being obtained from a furnace 
at a temperature of about 2200 deg. Fahr. A similar 
process has recently been brought out, which has been 
— tothe welding of steel tramway rails, the heat in 
this case being derived from an electric current instead of 
from a furnace. The system adopted is practically what 
is known as the ‘‘ Thomson process” of electric welding, 
combined with the process of fusion welding, and rails by 
this method can be welded together in position on the 
road. The adjacent ends of the rails are placed in vt 
tion, and around the ends is placed a steel box in which 
a composition is rammed, as in a foundry box. Over 
the top of the joint between the two rails is placed 
a piece of copper which is covered entirely with the 
composition. each side of the box the rails are 
held by a pair of heavy copper clamps. Each pair of 
these clamps form one terminal of the secondary winding 
of a transformer, the winding being formed of one massive 
turn of copper. The switch is placed in the primary 
circuit, and an alternating current is necessary for the 
work. When the switch is closed a strong current 18 
caused to flow across the welding-points, which are 
thereby raised to white heat, but the current can be 
regulated to give any desired degree of temperature. ‘The 
time sopahied to e the weld is from 15 to 25 minutes. 
It is said that the gas formed by heating the composition, 
together with the temperature at the joint, causes the 
copper to run into a liquid state, and to penetrate between 
the two rails and form the weld in a similar way to that 
previously described. The joint is said to be a true weld, 
and not merely adhesion. The heating apparatus is sus- 
pended over the rails by means of a crane, which runs on 
the track. The power may be taken from the overliead 
trolley wire, and tetrabewe | from direct current to alter- 
nating current by means of a converter. This syste 1s 
controlled by Mr, J. Lord, Globe Works, Thorp-street, 


Birmingham, 
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NOTES FROM THE NORTH. 
Giascow, Wednesday. 

Glasgow Pig-Iron Market.—Last Thursday morning the 
pig-iron market was flat, and the business was limited to 
1500 tons of Cleveland warrants at 46s. 6d. cash, and 
47s. 3d. three months. Closing sellers quoted 46s. i 
cash, 46s. 10d. one month, 47s. . three mon 
In the afternoon the tone was a e firmer, but onl 
one lot of Cleveland warrants changed hands at 46s. 7d. 
cash. When the session closed the quotations were 46s. 8d. 
cash, 46s. 10}d. one month, and 47s. 4$d. three months 
sellers. On Friday morning firmness again prevailed, 
but the turnover in Cleveland warrants only amounted 
to 1500 tons at 46s. 8d. cash, and 47s. 4d. three months. 
The closing quotations were 46s. 84d. cash, 46s. 114d. one 
month, and 47s. 54d. three months sellers. Hematite was 
dealt in to the extent of 1000 tons at 55s. cash, with 
buyers over, and sellers at 3d. more. At the afternoon 
session, although the market maintained a firm tone, no 
business of any kind was recorded. The closing prices 
for Cleveland warrants were 46s. 9d. cash, 47s. one month, 
and 47s. 6d. three months sellers. Hematite was quoted 
steady at 55s. 3d. cash sellers. On Monday morning 
Cleveland warrants were rather easier, but dealing was at 
a standstill. At the close there were sellers at 46s. 8d. 
cash, 46s. 11d. one month, and 47s. 5d. three months. 
Hematite was also a trifle down, there being sellers at 
5ds. 14d. cash. In the afternoon the market was very 
weak, and Cleveland warrants were done at 46s. 3d. cash, 
46s. 44d. three to seven days, 46s. 54d. fourteen days, 
46s. 4d. ten days, and at 46s. 6d. one month. The turn- 
over amoun 
46s. 34d. cash, 46s. 6d. one month, and 46s, 114d. 
three months. On Tuesday morning Cleveland - war- 
rants continued to decline in value, and some 2000 
tons were put through at 46s. cash and 46s. 8d. three 
months. he dulness was evident at the close, when 
sellers quoted 46s. cash, 46s. 3d. one month, and 
46s. 8d. three months. In the afternoon the tone was 
almost unchanged, and 1500 tons of Cleveland warrants 
changed hands at 46s. cash. Closing quotations were 
just a shade firmer at 46s. 1d. cash, 46s, 34d. one month, 
and 46s, 9d. three months sellers. When the market 
opened to-day (Wednesday) a steady tone prevailed, but 
no dealing of any kind was recorded. Cleveland warrants 
were inchned to harden, and closing sellers quoted 
46s. 14d. cash, 46s. 4d. one month, and 46s.-9d. three 
months. Buyers of hematite were in the market at 
55s. 1d. one month, but sellers were naming 55s. 44d. 
In the afternoon Cleveland warrants were again steady, 
and the transactions, which only amounted to 1500 tons, 
were at 46s. 1d. cash and 46s. 4d. one month. At the 
close there were buyers over at 46s. 1d. , and. sellers 
at 46s. 14d. cash, 46s. 44d. one month, and 46s. 94d. three 
months. The putes: Ba the market quotations for 
makers’ (No. 1) iron :—Clyde, 58s.; Gartsherrie, 58s. 6d. ; 
Calder and. (all ckipted ot Gg enw} Glen 3; and yn 
ness, 87s. 6d. (all ship at w); Glengarnock (at 
Ardrossan), 61s. 6d.; Shotts (at Leith), 58s. 6d.; and 
Carron (at Grangemouth), 62s. ; 


Scotch Steel Trade.-—The Scotch steel trade has lately 
exhibited no sign of improving, and the prevailing con- 
ditions are about as bad as they have Som for some 
considerable time. Several rolling-mills are idle owing to 
the scarcity of specifications, and yet the order-books of 
some of the producers are fairly well filled. The onl 
departments which are at present anything like well 
employed are those turning out structural material. A 
healthy business has m going on in these sections for 
some time back, but a shght check has been felt this 
week, as some of the buyers have given orders to reduce 
deliveries. The general export trade must again be 
reported as quiet. Official prices are unchanged. 


Clyde Shipbwilding.—Orders for new vessels continue 
to be booked slowly by Clyde shipbuilders, and a much 
better feeling is evident in many of the yards. The ton- 
nage recently booked amounts to quite a respectable 
figure, and further improvement in this direction is anti- 
cipated at an early date. Messrs. Russell and Co., Port 
Glasgow, have received an order from Messrs. Robert 
Mackill and Co., Glasgow, for a steamer of about 7500 
tons. The same builders have also booked the contract 
for a large steamer of about 8800 tons for Messrs. Gow, 
Harrison, and Co., Glasgow.—The Australian Govern- 
ment have accepted the joint tender of Messrs. William 
Denny and Brothers, mbarton, and the Fairfield 
Shipbuilding and Engineering Company, Govan, for the 
construction of two to ra Sry destroyers at a cost of 
82,500/. each. One of these vessels is to be completed in 
fourteen months, and the other one in fifteen months, and 
the materials for a third destroyer are to be prepared in 
a year. The latter vessel, which is to be built in sections, 
will be constructed on the Clyde, and then taken down 
and shipped to Australia, where she will be again put 
toget ler. —It is reported to-day that Messrs. Scotts’ Shi 
building and Engineering Company, Limited, Gaines. 
have secured an order to build and engine a steamer of 
over 7000 tons for the Clyde Shipping Company. This 
Vessc! 1s intended, it is stated, for the firm’s Eastern trade. 








NOTES FROM SOUTH YORKSHIRE. 
7S SHEFFIELD, Wednesday. 
Missrs, William Jessop and Sons, Limited. — At the 
; ma meeting of shareholders in Messrs. William 
vessop and Sons, Limited, the chairman, Mr. A. J. 
eae pointed out that as a steel concern in Sheffield 
they were more heavily interested than any other concern 
m the American market, and it had been the worst 


Th. ket in the world during the last twelve months. 


the 


were not able ‘to make up in other markets for 
ieavy shrinkage in the Ameriean’ trade, conse- 


to 4000 tons, and closing sellers quoted | Ord 





quently they had to face an altogether abnormal and 
unprecedented shrink in the turnover of the com- 
pany. They would, perhaps, ask him whether the state of 
affairs was likely to be better in the future. So far this 
year had been disappointing. There had not been the 
a they all expected, but there were some signs 
of better things. For instance, in the month of February 
they sent nearly twice as much to America as in the 
corresponding month of 1908, and their order-sheet from 
that country was more healthy. In one department, 
where they made a speciality, they were full of orders for 
the next three months. One of the influences which held 
trade back was the suggested new tariff in America. 


Messrs. Vickers Sons and Maxim.—The annual report 
of this firm is eloquent of the widespread character of the 
difficulties that have beset the iron, steel, and engineeri 
trades during the past year. Net fits are given at 
416,845/., as compared with 768,525/. last year, and 
879,905.—the high-water mark of the firm—in 1906.. The 
company recommend a dividend of 10 per cent., compared 
with 15 per cent. last year, the carrying over of 186,672/., 
against 211,076/., and write no off goodwill and 
patent rights, as against 150,000/. in 1907. 

Iron and Stecl.—There has been little activity in the 
iron and steel trades during the week, and business has 
tapered off to an even greater extent than usual at the 
end of the quarter. The iron market is quiet and feature- 
less, and the position of makers is weaker than ever. 
Stocks are accumulating, largely owing to the unwilling- 
ness of consumers to accept deliveries, while prices are 
in a very unsatisfactory state. Cutting in rates continues. 
ers are few, and inquiries show no probability of any 
early improvement. ngineering and building trades 
are providing but little work for the lighter trades. One 
of the brightest features is the practical certainty of a 
considerable amount of work during the year for the 
Sheffield armament firms. The estimates show the abso- 
lute necessity of the immediate placing of armour-plate 
orders, and as under any conditions these must be shortly 
followed by substantial additions, armour-plate manu- 
facturers are now assured of more employment for their 
plant than has been their experience he years past. The 
same hopeful conditions of affairs exists with the projec- 
tile and gun-houses, who are assured of good orders at an 
early date. 


South Yorkshire Coal.—There has been considerable un- 
rest in local coal circles for some little time, but now that 
the South Wales trouble: is likely to be satisfactorily 
settled, business is resuming normal proportions.- The 
pits are working well, ave’ g five days a week. The 
recent severe weather has done wonders for the house- 
coal trade, which has been very heavy. Sales, however, 
are to meet immediate necessities, and the accession of 
warm weather would mean a rapid drop. Merchants are 
only placing orders to meet their present needs, and values, 
while firm, show no material alteration. Best ange 4 
softs are quoted at from 12s. to 12s. 6d. at the pits, wit 
secondary sorts from 10s. 6d. per ton. In steam coal 
there is no disposition on the part of owners to book far 
forward at present rates. The export trade is only mode- 
rate for the season, but supplies are moving on contract 
account with more freedom. Gas coal is quiet, local col- 
lieries having come out somewhat badly in the placing of 
new contracts, Coke is selling quietly, but slacks find a 
good market, 


NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 
Mippiessroucn, Wednesday. 
The Cleveland Iron Trade.—A quiet, dull feeling still 
prevails in the iron trade, and at the moment the outlook 
must be described as discouraging. It is difficult to 
= i 2s much pry! situation ep Bas, t — 
ith the output ig iron a good in excess of re- 
i oe both at makers’ yards 





quirements, stocks, and in the 
public warrant stores, continue to increase, and the 
stocks are now very considerable. Deliveries of pig are 
on only a limited scale, this month’s shipments being very 
disappointing, but the clearances by sea are expected to 
show improvement in the closing daysof the month,: In- 
quiries on Continental account are much below what 
is customary at this season of the year, when sales 
to foreigners are usually extensive. e buyer abroad, 
however, is very cautious in his dealings just at pre- 
sent. Home consumers are also backward. Values 
of Cleveland pig are lower than for nearly four years. 
No. 3 g.m.b. is obtainable at 46s. 3d. f.o.b. ; whilst No. 1, 
though somewhat -scarce, is 48s. 9d., and the lower quali- 
ties are freely offered—No. 4 foundry at 45s. 6d., and 
No. 4 forge at 45s. Any inquiries on forward account 
elicit quotations rather above the fo ing, but under 
existing circumstances very little inclination to do business 
ahead is shown. Very unsatisfactory accounts are given 
of East Coast hematite pig. Buying 1s ata standstill, and 
several firms of makers are in a most unenviable position. 
Producers declare that present market rates are unprofit- 
able, but there are no indications of any early improve- 


ment. Though 55s. is lly named for Nos. 1,2, and 
3, no r « ae would experienced in placing. orders 
at 54s. 9d. 


Manufactured Iron and Steel.—There is little new to 
report concerning the manufactured iron and steel indus- 
tries, ucers of railway material are well off for work, 
and sheet-manufacturers are also busy. Shipbuilding 
material is in only moderate request, yet it is gratifying 
to find some slight increase in the demand for steel plates, 
the production of which is slightly more than it was at 
the beginning of the year. The extent of the demand is 
small compared with that of the past, but as time goes on 
there may be a continuance of the increase. Recent com- 
mencement to build a few vessels on the Northern rivers 


should create something of a demand for plates and 
angles in the near future, Common iron bars are 6/. 15s. ; 
packing-iron, 5/. 10s.; iron ship-plates, 6/. 7s, 6d.; iron 
ship-angles, 6/. 15s.; iron ship-rivets, 7/. 36. 9d.; steel 
bars, 6/. 5s.; steel ship - lates, 6/.; steel ship - angles, 
51. 12s. 6d.; steel strip, 6/. 7s. 6d.; steel hoops, 6/. 10s.; and 
steel joists, 5/. 15s.—all less the customary 24 per cent. 
discount, while cast-iron railway chairs are 3/. 10s. ; light 
iron rails, 62. 10s. to 61. 15s. ; vy etecl veil, Ot. ©. ; 
and steel railway sleepers, 6/. 10s.—all net cash at works. 
Tron or steel galvanised corrugated sheets, 24 gauge, in 
bundles, stand at 12/. 10s. f.o.b.—less the usual 4 per cent. 


Coke.—Local consumption of coke is shrinking some- 
what, and with lessened demand prices are falling. 
Average blast-furnace qualities are now down to 14s. 6d., 
delivered here. 


Foreign Ore.—Spanish ore is easier, with little or 
nothing Fomine just now. Quotations are based on 16s. 
ex-ship Tees for 


ubio of 50-per cent. quality. 
NOTES FROM THE SOUTH-WEST. 

Cardiff.—The demand for steam coal has: been some- 
what limited, and has been peety & early shipment ; 
holders have, -however, maintained late quotations with 
ae as they anticipate a amount of new busi- 
ness. The best large steam has made 14s. to 14s. 3d. 
per ton, while secondary qualities have brought 12s. 6d. 
to 13s. 6d. per ton. House coal, patent fuel, and coke 
have shown scarcely any change ; the best ordinary 
hold coal has been quoted at 14s. 6d. to 16s. per ton, 
while No. 3 Rhondda has brought 17s. 6d. to 17s. 9d. 
per ton. Foundry coke has made 17s. 6d. to 20s. per ton, 
and furnace ditto 15s. 6d. to 16s. 6d. per ton. Asregards 
iron ore, Rubio has realised 15s. 6d. to 15s. 9d. per ton 
upon a basis of 50 per cent. of iron and charges, including 

freight, insurance, &c., to Cardiff or Newport. 


Dowlais.—Rather a better tone has prevailed here, both 
the iron and steel works and the collieries having had a 
larger output. Both the Goat Mill and the Big Mill 
have been running regularly, and there has been a fair 
demand for light and heavy steel rails, as well as for fish- 
plates and other finished goods. Steel sleepers have been 
made to a substantial extent for Indian lines. 


Welsh Coal Exports.—The ex of coal from the six 
rincipal Welsh ports—Cardiff, New rt, Swansea, Port 
albot, Neath, and Llanelly—in the first two months of 

this year were as yo i 2,772,605 

tons; coastwise, 471,574 tons; total, 3,244,179 tons. 

Newport—foreign, 719,536 tons; coastwise, 117,817 tons ; 

total, 837,353 tons. Swansea—foreign,. 434,110 tons; 

coastwise, 32,426 tons ; total, 466,536 tons. Port Talbot 

—foreign, 196,062 tons; coastwise, 21,971 tons; total, 

218,033 tons. Neath—foreign, 45,145 tons; coastwise, 

38,409 tons ; total, 83,554 tons. Llanelly—foreign, 28,242 

tons; coastwise, 6530 tons; total; 34,772 tons.’ The 

aggrogate exports of the six. ports for the first two months 
of this year were accordingly :—Foreign, 4,195,700 tons ; 
coastwise, 688,727 tons ; total, 4,884,427 tons. 


Newport Transporter Bridge.—Mr. H. A. Reed, ane of 
the inspectors of the Local Government Board, has held 
an inquiry at Newport with reference to an application 

the Town Council for authority to borrow a further 
11,3002, in respect of the Newport transporter bridge. 
The town clerk explained that the Council asked for a 
term of fifty years for repayment, the bridge was 
rather a nF te on the town, as it was erected somewhat 
in advance of actual requirements, The estimated cost 
of the bridge and approach-roads was 90,000/., and that 
sum had already been raised. But there were a number 
of extras above the estimate, which necessitated further 
expenditure. 


Engineer Students.—The Cardiff Association of Students 
of the Institution of Civil Engineers has just held its 
fourth annual dinner, under the presidency of Mr. W. 
po 5 city engineer. Am those preseat were the 
Lord Mayor of iff, Mr. J. C. Inglis (President of the 
Institution of Civil Engineers)» Mr. W. D. Wight 
(President of the South Wales Institute of Engineers), 
and Dr. Tudsbery. 





house- 








ADMIRAL-SUPERINTENDENT OF PorTSMOUTH DockYARD. 
—The Secretary of the Admiralty announces the follow- 
ing appointment :—Rear-Admiral A. G. Tate to succeed 
Vice-Admiral C, G. Robinson, C. V.O., as Admiral-Super- 
intendent of His Majesty’s Doekyard st Portsmouth, to 


date May 9. 
‘of D8 


Copprrr.—On Tuesday, March 16, the stocks of 
renga ape, a A hy oD 
tons in the past fortnight. e visible supply was 
52,355 tons, 60 tons more than the amount a fortnight 
ago. Imports, however, to date, are 10,251 tons Ww 
the quantity for the ing period of last year, 
and deliveries are 6284 tons less. . Imports for this year, 
to date, amount to 40,374 tons fine, and deliveries to 
41,721 tons. Standard co was quoted: on the 16th 
inst. at 54/. 17s. 6d. cash. e chief decreases in imports 
are found in American copper into France, reduced to 
9627 tons to date this year, compared with 15,540 tons of 
the corresponding o year. American into 
Liverpool and Swansea also show a drop of nearly 6000 
tons. American shipments, in fact, into the six chief 
countries of Europe are this i only about 50 per cent. 
of the shipments in 1908, Board of Trade reports 
for January and February show the imports into Great 
Britain to have been 3048 tons in 1909, and 8467 tons in 
1908. The consumption in Great Britain in these two 
— is reported as 13,471 tons in 1909 and 13,734 tons 
in 
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TEN-COUPLED MINERAL LOCOMOTIVE; SWEDISH 


CONSTRUCTED BY THE NYA AKTIEBOLAG, 


MOTALA WERKSTADS 


STATE RAILWAYS. 


MOTALA, SWEDEN. 








A tyrr of locomotive recently introduced on to the 
Swedish State Railways for handling the ore traffic on 
the line between Lulea and Narvik is illustrated in the 
figure above. The grades on this line are heavy, and 
from the particulars given herewith it will be seen that 
these ten-coupled locomotives are of very powerful 
design. They have been built for the State Railways 
hy the Motala Werkstad Nya Aktiebolag, Motala, 
Sweden. 

The engines are of the simple type, with Schmidt 
superheaters. The cylinders are 27} in. in diameter, 
and the stroke 24} in. They are outside the frames, 
and the steam-chests are above them. It will be seen 
that tail-rods are used for the pistons, and that the 
link motion is of the Walschaert type. Among other 
equipment the locomotive is fitted with the New York 
air-brake, a Michalk forced-feed lubricator, steam 
sanding-gear, snow-plough, &c. The tender is mounted 
on two bogies, which have cast-steel frames. 

We give below, in tabulated form, the chief parti- 
culars of this engine and tender :— 

Locomotive : 
Cylinders, diameter 
BS stroke .. 
Wheels, diameter ; 
Wheel-base, rigid... 
“A total engine 
Heating surface, tubes .. 
ot fire-box 
total ... 
superheater 


700 mm. (274 in.) 
640 ,, (243,. ) 
1.300 m. (514 in.) 
2.9 m. (9 ft. 6 in.) 

.. 580m. (19 ft.) 

...183 sq. m. (1970 sq. ft.) 

ee ee ng 

196 ,, (2110 ,, } 
57.5 ,, (620 ,, ) 

OM eRe ow ) 
12 kg. (170 lb. per 

sq. in.) 


Grate area ... 
Working pressure... 


Weight of engine 
order... a 
Tractive power 
Tender : 
Water capacity 
Coal capacity 


Weight in working ‘order 


in working 
3 83.5 tons 
20,000 kg. (44,000 Ib.) 


...20 cub. m. (4400 gals.) 
a 4 tons 
45 ,, 


Total length of engine and tender, 
over buffers = es wl 
Total wheel-base of engine and 
tender * sas “9 ... 14.8 m. (48 ft. 6 in.) 
Total weight of engine and tender, 
in working order es 


19.8 m. (65 ft.) 


128.5 tons 





TURRET LOCK-NUT. 

Ir is a very general practic? among engine-builders, 
when designing connecting-rod ow J of the marine 
type, to use double lock-nuts for the bolts, allow- 
ing the ends of the bolts to project some distance 
beyond the nuts, the projecting ends being turned 
down to a somewhat smaller diameter than that of 
the bolts. A shoulder is thus formed which is flush 
with the end of the lock-nut. A hole is then drilled 
in the bolt up against the shoulder, and a split-pin 
is inserted, in order to prevent the nut backing off 
altogether. This device, however, does not prevent 
the nut loosening ; and in the event of the nut coming 
loose, even half a turn, knocking may be caused in 
the brasses. 

As a means of overcoming this drawback, the Turret 
Lock-Nut and Bolt Company, of 1, Clement’s Inn, 
Strand, London, W.C., have brought out the device 





which we illustrate below, the advantage of which, 
it is claimed, is)that it is impossible for the nut to 
come loose. The illustration explains itself. The 
top of the nut is reduced in diameter, and six or 
more holes, equally spaced from centre to centre, are 
drilled radially through this reduced part, so that a 
—— can be put through. The end of the bolt is 
slotted for some distance down, and when the nut is 
screwed up it is tightened, so that two opposite holes 
come in line with this slot, so that the pin may pass 
through. The length of the slot is sufficient to 
allow a movement of the nut equal to half the dia- 
meter of the bolt. Or, bolts can be made with two 
slots at right angles, which allow fine increments of 
aljustment to be made. The nut is only tapped up 


to the level of the top of the flats, the part through 
which the pin passes being bored out to rather a 
larger diameter than the outside of the thread of the 
bolt: This is done because it has been found that 
otherwise the slot has a tendency to close, when the 
nut is screwed on, and grip the pin. 

In addition to the advantages mentioned, it may be 
said that there are no sharp corners on the nut to 
injure the ere or catch clothing, and the slot at the 
top of the bolt is always in view, whereas in the case 
of the castle nut the hole drilled through the bolt is 
hidden by the nut. The slot also can be held by a 
screw-driver and the bolt prevented from turning, if 
necessary. These nuts give very fine adjustments ; for 
example, in a 1-in. itworth nut with two slots, 
each adjustment gives 0.005 in. We understand that 
large numbers of these nuts have been supplied to one 
of the leading engineering firms in this country. They 
are made in all standard sizes from } in. to 2 in. in 
diameter. 








Propossp Harpourn Works 1N TurRKEY.—A project is 
receiving consideration to transform the roads of Panderma 
into harbour, in view of the probable traffic likely 
to result from the contemplated extension of the Smyrna- 
Soma railway to Panderma vid Balikesri. With a good 
service of steamers between Panderma and Constantinople 
the distance between this city and Smyrna could then be 
covered in some 14 hours. e Turkish Government has 
decided to furnish the Dedeagatsch roads with a large 
breakwater and to undertake other works which will 
make it a safe harbour, 





SIMPLON PROTRACTING ADJUSTABLE 
SET-SQUARE. 

We have, from time to time, described in our pages 
various ingenious drawing appliances made by the 
Simplon Manufacturing Company, of 6a, Dalton-road, 
Barrow-in-Furness, many of which are now in exten- 
sive use. Below we illustrate one of the most recent 
of the devices of this kind turned out by the firm. 
It has been designed to simplify the operation of 
drawing varying angles, the time sconpted in which, 
with the ordinary protractor, is very considerable, if 
accuracy be desired. Our illustration explains itself. 
It will & seen that the instrument consists of a base- 
ie or straight-edge, on the upper face of which is 

xed a circular segment, which is graduated in angles 
at its periphery, and within these graduations a 














circular slot is cut. At one end of the straight-edge 
is hinged a set-square which lies in the same plane as 
the straight-edge under the segment. One edge of 
the set-square can be set to the graduated are of the 
segment, while the lines of the angles corresponding 
thereto can be drawn along the other sides of the set- 
square. A small locking-bolt, provided with a nut, 
is carried by the set-square, and passes up through the 
slot, as shown. The instrument is made of blue-tinted 
celluloid, the nut and hinge-piece being of electro- 
plated brass. The appliance is very simple and con- 
venient to use, for any inclined lines can be drawn to 
any other set of lines at right angles without reversing 
the square. 








“Tue Soura WALES CoAL AND Iron ComPANIEs, 1:0.” 
Cardiff: Published by the Business Statistics Pub- 
lishing Company, Limited. 12, James-street. [Price 1s. 
net.}—This small pamphlet contains particulars of the 
South Wales coal and iron industry. e information is 
mostly of a financial character, though in a few instances 
particulars of output and a few facts concernin the pits 
owned by the various companies are given. About half 
the South Wales coal is exported, and, of the remainder, 
one-half is used in British ships and the rest by inland 
consumers. Although not arranged to show the magnitucle 
of the trade, the information in this booklet is sufficient ‘0 
convince anyone of its importance, and the itude of 
the operations of the companies of which rticulars are 
given. The matter includes particulars of capital, & , 
and summaries of the last balance-sheets available at da‘ 


| of publication, 
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BARLOW’S LIFT-GEAR. 
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On page 661 of our seventy-sixth volume-we de- 20-TON LOCOMOTIVE CRANE 
scribed and illustrated a very handy and ingenious ; v 


form of electric hoist suitable for working a cage 
between two floors. Since that time, although the 
principle on which the lift works remains unchanged, 
improvements have been made in the arrangement of 
the different parts, so as to make the complete appa- 
ratus more compact. 

The lift as now made, is illustrated by the engrav- 
ings annexed, Fig. 1 being a side elevation, and Fig. 2 
an end elevation of the gear. It will be seen that the 
mechanism is quite simple. A motor A drives a worm 
which is contained in the box B, the worm gearing with 
a wheel, which is shown dotted in Fig. 1. This wheel 
is keyed to a spindle, on which there are two pinions 
(also shown dotted in Fig. 1) gearing with the wheels 
Cand D. One of the spokes on each of these spur- 
wheels is enlarged to carry a pin, on which revolve 
a number of sheaves, as shown at E, Figs. 1 and 2. 
The pins which carry the sheaves are p diame- 
trically opposite each other on the two wheels, and 
round each set of sheaves a steel rope is wound. 
This rope is also carried round a similar set of 
sheaves, shown at F. The end of the rope from one 
side is led off to the cage, and the end of the rope from 
the other side to the cage counterweight. If two 
cages are used, one rope goes to each <— The other 
end of each rope is fixed as shown at G, Fig, 1. 

It will be seen that, when the gear is run, the 
sheaves which are mounted on the spur-wheels are 
carried round with the wheels, approaching, or receding 
from, the fixed sheaves F, as the case may be. This 
tightens or relaxes the ropes between them as in hy- 
draulic-lift gear, thereby raising or lowering the cage, 
which moves up as the counterweight descends, and vice 
versi. The sheaves naturally have two dead points 
with regard to the sheaves F, and these points corres- 
pond with the highest and lowest positions, or the 
stopping-points, of the cage. The motor, therefore, 
practically starts and stops with no load, and the 
speed of the cage ually increases till it reaches a 
maximum about half-way between the two dead points. 
Another advantage is that the gear always runs in one 
direction, and no reversing is necessary. The cage 
also cannot overrun. Other sources of power besides 
electricity may, of course, be used, but an electric 
motor, arranged as shown, forms a very simple and 
efficient drive. Owing to the very small starting 
torque required, alternating motors, single phase, may 
be used. The apparatus is made by Barlow’s Patent 
Lift, 237, Per Ra mu poctiating London, W.C. 








Cowrracts.—Among recent orders the Phenix Dynamo 
Manufacturing Company, Limited, Bradford, have ob- 
tained contracts for two 300-kilowatt motor generator sets 
for the Cardiff Corporation ; one for 240 motors varying 
in size from 4 to 50 horse-power, for the Birmingham Cor- 
poration ; besides an order for 42 three-phase motors 
averaging 10 horse-power each for a Belfast flax-mill, &. 
—Messrs. William Simons and Co., Limited, Renfrew, 
have received from the British Government an order for 
a large suction dredger for work in connection with the im- 
ae ement of the Port of West Africa.—Messrs. 

eliman, Seaver, and Head, Limited, 47, Victoria- 
Street, S.W., inform us that the Wellman rolling-furnace 
recently supplied to Messrs. is-Metz Company 
was one of 20 tons capacity, and not 90 tons, as stated in 





Our issue of February 26, page 280. 


WE illustrate on page 386 a heavy locomotive 
steam-crane, which has recently been constructed by 
Messrs. John H. Wilson and Co., Limited, of Birken- 
head, and erected by them at His Majesty’s dockyard 
at Devonport. 

The crane is intended to deal with working loads of 
20 tons at a radius of 42 ft., and to travel with these 
loads when the latter are suspended at right oni to 
the track. When lighter loads up to 5 tons are lifted, 
the jib can be used at a radius of 55 ft. The carriage, 
frames, and jib are of mild steel, and the gearing 
throughout is made of cast steel. The superstructure 
revolves on a live ring of steel rollers. 

The following motions have been provided for :— 
Lifting and lowering, revolving, luffing with full load 
suspended from 4 ft. radius to 20-ft. radius, and 
travelling with full load suspended. In acco ce 
with Admiralty practice, the crane was tested in all 
movements with 30 tons at 42-ft. radius, and 74 tons 
at 55-ft. radius. The speed of lift for 20-ton loads is 
50 ft. per minute, and for the 5-ton loads 100 ft. per 
minute. Whenslewing the speed is 200 ft. per minute 
with 20 tons suspended. 

The crane is fitted with two sets of double-cylinder 
engines, which work at a steam pressure of 100 lb. per 
squareinch. One of the sets is to work the lifting and 
travelling gear, and the other set the luffing gear and 
revolving gear. The engines, boiler, and machinery 
are enclosed in an iron house with large glass windows, 
but this house is not shown in our illustration. 

What is particularly striking about this crane is its 
great radius ; but as the gauge of the rails on which it 
runs is 14 ft., there is a good leverage to counteract 
this ; moreover, the weight of the crane in full work- 
ing order being 150 tons, there is a large moment tend- 
ing to prevent tipping. 





THe New Daimiter Enoine.—The Daimler Motor 
Company, Limited, Coventry, have issued a well-made 
cardboard working model of their new type of motor-car 
engine, in order to familiarise their customers with its 
internal arrangements. The model makes the action 
aaa clear, and is a most creditable piece of work. 

t is priced at 1s. 6d. 





THE LATE Proressor W. C. Kernot.—The death is 
announced as having occurred at Melbourne, of Professor 
W. C. Kernot, M.A., M.C.E. (Melb.), who occupied the 
Chair of Engineering in Melbourne University. Mr. 
Kernot was born at hford, Essex, in 1845, and when 
he was six years old was taken out to Australia by his 
parents. After schooling at Geelong, his education was 
continued at Melbourne Cniversity, where he graduated 
in 1864 with honours. He was connected with the water 
works of Geelong and Coliban, but kept in touch with 
the University, at which he subsequently became lecturer 
on surveying and civil engineering. In 1883 he was 
appointed to the Chair of Engineering, and he alwa 
took great interest in the affairs of the University. In 
1887 he placed at the disposal of the University the sum 
of 20001. for the endowment of scho ips in physics 
and chemistry. He took the initiative also in providing 
a metallurgical department, giving 10001. towards its 
foundation expenses. He was employed by the New 
South Wales Government as a member of a Commission 
on Railway Bridges, and by the Tasmanian Government 
on a similar subject. He was admitted to the Institution 
of Civil Engineers as a Member in 1901. 




































































Fig. 2 
Babe eae ' 
: 4 
| 
| 
- 
! 
' 
we . 

‘ " | r 
‘ » Wy 

! ‘ht the 

1a om meme Fd 

| £ T sera z 
i fa 
i | 
7 c » 
4-4 em a, - yo eee __ > 


NOTES FROM THE UNITED STATES. 
PHILADELPHIA, March 10. 

Durtinc the past three days more orders have been 
booked for iron and steel material than during the 
entire month of February. The bulk of these orders 
are from small consumers, and quick deliveries are 
stipulated. This proves what has been known all 
along, that stocks are practically exhausted, and that 
as new work comes in raw material will be wanted for 
it as quickly as it can behad. There is quite a disturb- 
ance in prices. In some few lines prices will probably 
be advanced before the close of the week. In some 
there will be a further decline. Steel billets, which 
sold at 26 dols. a ton fora long time, are now selling at 
23 dols. at Pittsburg for both Bessemer and open- 
hearth. Sheet and tin-plate will be redu to 
25.50 dols. for delivery within a radius of about 100 
miles. 

Structural material will shortly be actively dealt in, 
and the price is down to 1.30 or as low as 1.35. Prices 
for structural material have not been yet definitely 
fixed. Tin-plates are steady at the old rate of 3.70 dols. 
a box. Sheet and tin bars have been reduced 2 dols. 
a ton. Merchant steel is quoted at 1.20, which is a 
cut of 6 dols. a ton from former prices. This is very 
close to cost of production, and it is probable that a 
reaction to a higher level will shortly take place. 
Bar iron is sold at 1.40, which represents a cut of 
2 dols. a ton from recent prices. Even this price has 
been shaded a trifle. Steel pipe has been cut 10 dols. 
perton. The largest pipe works in the country is being 
operated at about 60 per cent. of its capacity, and this 
cut was made in order to induce buyers to place their 
orders and enable the larger mills to work a little 
closer to capacity. The steel-rail contract for the 
New York Central lines, just placed, amounts to 
101,000 tons. Of this amount, 20,000 tons are to be 
delivered this month, and the balance between now 
and August 1. Pig iron is not selling, and prices are 
weak. Basic would sell well if consumers were, ready 
to move, but. they are awaiting developments with a 
view of buying to better advantage than is possible at 
the present time. The entire market is in a very un- 
settled condition, and there is no telling what a single 
day may bring forth. There is more confidence now 
that the Tariff Revision Congress will soon be at work ; 
and while it is not definitely known just what the 
reductions will be, it is pretty generally known about 
what shadings will be made. 








TEMPERATURE COEFFICENT OF THE ELecTRO-CHEMICAL 
Equtvatent.—In his silver voltameter work Lord Ray- 
leigh made certain observations which seemed to suggest a 
change of the electro-chemical equivalent with temperature 
amounting to 10—-° gramme-equivalent per deg. Cent, As 
such a dependence would be almost fatal to the electro- 
chemical theories, and to the electron theory, F. Kohlrausch 
and H. Weber have reinvestigated this problem, starting 
from the assumption that two solutions of the same salt— 
various alkali salts were tried—at different temperatures 
should give rise to chemical reactions at the contact sur- 
face. ly in the case of potassium iodide did they 
observe certain peculiarities which might be due to a 
pwr in the temperature coefficient. Such a change 
should, in accordance with Faraday’s law, be the same 
for all ions. ‘The experiments yield the possible value 
0.6 . 10-7, which ate be far too small to be detected 
with the aid of the balance, 
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‘*THE VIBRATION AND WHIRLING OF 
SHAFTS.” 


To THE Epitor oF ENGINEERING. 

S1r,—Professor Morley’s letter in your issue of March 12 
shows the results of some recent research in this interest- 
ing subject ; but, so far as my last letter is concerned, I 
do not feel that it requires me to alter any particular. 

Surely he knows that he is quite wrong when he states 
that I contradict myself, for in no case have I made the 
assumption under disvanion respecting the form of the 
deflection curve where the rotational energy is worth eon- 
sidering. y mind is quite clear on that point, as I 
contend that the induced bending moment 1s an effect 
which disturbs this form. ’ 

It is well known that the exact form of the assumed 
deflection curve does not affect the frequency to any 
extent within wide limits ; for instance, if ore assumes 
the =. of a vibrating ‘cantilever with a uniformly dis- 
tributed load in its extreme deflected position to be a 
straight line, with the correct deflection at its free end, 
the error in the calculated time of vibration is only about 
3 per cent. In the case under discussion, of a cantilever 
with a load at the end, it is the deflection of this end 
under the static load which is a measure of the stiffness 
of the elastic structure. y 
_ If there be an added bending moment due to rotational 
inertia, this deflection is affected, and ‘also, therefore, the 
apparent stiffness of the cantilever; and to e an 
assumption ‘which neglects this effect for the sake of an 
approximation is hiding from view a very important 
action in the theory of the ‘subject unless what that 
assumption involves is distinctly stated. In this case the 
assumption is made to cover several examples, in the first 
of which the moment is obviously insignificant, whereas 
in the last example it may be important to any extent. 

The matter the relation between the vibration and 
whirling frequencies is one which is usually treated in a 
peculiarly irritating manner by authors of text-books, for 
they usually lead one through the consideration of the 
various causes which late the vibration frequencies, 
and then suddenly pitch one right into the subject of 
whirling, without making the least attempt to give a 
physical interpretation of the relation of whirling to 
transverse vibration, One knows from actual experience 
that there is usually very little difference between the 
frequencies, but what exactly accounts for that little 
difference remains obscure. 

Is it due to the gyroscopic moments of the rotating 
masses on the shaft LS ba are in phase with the bendin, 
moments induced by the rotational inertia already refe 
to, and which vary harmonically in the same manner? 
Whirling end be regarded as two transverse vibrations 
differing in phase by a quarter of a period. If so, then 
the difference in the frequencies of whirling and vibration 
is accounted for by an additional bending moment on the 
shaft, which is approximately double the moment due to 
the rotational inertia when the shaft is simply vibrating, 
since the moment of inertia of the usual mass on a shaft 
about the axis of revolution is, roughly twice the moment 
of inertia about a diameter. 

Tt is the absence of any clear exposition of this relation- 
ship which makes it imperative that the various actions 
on the shaft should be kept constantly in the view of the 
student, 

T remain, Sir, yours truly, 


W. M. Wattace. 
Bradford, March 13, 1909. 








STEAM-BOILER DESIGN. 
To tHe Epitor or ENGINEERING. 

Sir,-I now send you a few particulars respecting my 
experiments on heat transmission in steam boilers, whic 
I omitted in my letter of February 19. 

My last experimental ap tus consisted of a fire- 
brick-lined furnace, 1 ft. high, and having 1 square foot 
area of grate. On one side the furnace was open to the 
tube chamber, which was 1 ft. high, 6 in. wide, and 1 ft. 
long in the direction of the smoke-box. 

e tubes’ were Field tubes, 72 in number, 1 ft. long, 
? in. outside diameter, 20 gauge, staggered about oo 
apart, and pendent from an open cistern of water, which 
was mage at a constant Jevel. The sides of the cistern 
were splayed out and made very high to prevent the water 
from splashing over. 

The smoke-box was provided with a chimney and blast- 
pipe, the steam for which was supplied by a separate 

oiler, 

The fire-box being lined with firebrick on three sides 
and roof, and 140 lb. of best Welsh coal burnt per hour, 
the temperature was very high, and yet the hand could 
be placed on the smoke-box without discomfort at a dis- 
tance of only 1 ft. from the furnace, practically the whole 
of the heat having been absorbed by the thirteen rows of 
small staggered tubes. 

I cannot remember the weight of water evaporated per 
hour, but the amount of steam was very great, the larger 
portion of which was generated from the first few rows 
of tubes. 

Assuming that 10 lb. of water was evaporated per hour 
per 1 lb. of coal from and at 212 deg. Vrahr., 140 Ib. of 
coal burnt per hour, about 14 square feet of heating sur- 
face, works out at about 100 Ib. of water evaporated per 
hour per square foot of heating surface. Should any of 
your readers wish to repeat this experiment, I will send 
you a sketch of the apparatus above described. 

With nee to the use of very high steam pressures, 
gun-metal boiler fittings must not be used, as 1 know to 
my cost. Tool-steel answered very well, but I should 
think 20 per cent. nickel steel would be preferable, on 
account of its incorrodibility. 

Of course, screw-down valves were used for everything, 
including the very small ones for ascertaining the water- 





level, water-gauges being out of the question, 
although, perhaps, mica could be ‘ 

For the engine, flat slide-valves with the pressure 
relieved from the back, also piston valves, were failures, 
but poppet-valves worked all right. . 

For internal lubrication, beeswax and tallow in equal 
ae eee answered very well, but, no doubt, heavy 

ydrocarbon oil would be preferable. 

A peculiar feature noticed in every trial made was the 
increasing ‘rapidity with which the pressure-gauge went 
up after the pressure had exceeded 300 Ib. 

This was attributed, rightly or wrongly, to the smaller 
proportionate quantity of heat required as the pressure 


went up. 
Yours faithfully, 
Horatio PHILLIPS. 
West Barnham, Sussex, March 9, 1909. 








DEVELOPMENTS IN MARINE SAFETY- 
VALVES 


To THe Eprror or ENGINEERING. 

Sir,—The letter of Messrs. A. Cockburn and Co., of 
Glasgow, appearing in your issue of March 12, comment- 
ing on my short article on safety-valves, raises a number 
of interesting tical considerations, and I shall be very 
glad if you'will grant me space to describe more fully the 

——— I claim. ; . 
t must not be overlooked that there isa vast difference 


between a safety-valve which blows directly into the atmo- | 





At this instant the boiler pressure immediately under the 
valve, and under the lip where it is escaping, as from 2n 
amnular nozzle,-is less than normal, and the pressure in 
the box above the valve, being static, acts downwards on 
an area ag omy by the full diameter over the lip, 
Consequently, down the valve drops on to its seat again. 
Instantly the waste-steam pipe relieves the pressure above 
the valve, the static boiler pressure under the valve 
reasserts itself (Fig. 2) and the valve flies open ready to 
repeat the cycle. e result is clearly indicated in the 
majestic, deep, organ-pipe note that one associates with 
the imminent departure of an ocean liner “getting up 
steam.” Our musical friends could probably tell us how 
many times per second the valve is hammering on its 
seat. And the state of the valve-faces when opened up 
bears eloquent testimony to the severity of the bombarii- 
ment. The action is not unlike that of a -water-rain 
working in the bed of a running stream, and discharging 
water to a height, only it is ten times more rapid and 
destructive. o wonder that careful superintendents 
insist that safety-valves must never be allowed to blow off, 
and that the accumulation test is looked upon as a wicked 
regulation, to be avoided or sneaked through with as little 
damage to the valve as possible. 

When ‘‘forcing” ceases, and the boiler pressure drops, 
the waste-steam passages are usually ample to carry off 
what little steam is being genera without any appre- 
ciable rise of pressure above the valves. It is then being 
discharged practically into the open air. But the small 
amount of escaping steam acting under the valve-lip 


DIAGRAM ILLUSTRATING ‘CHATTERING’& RESTRICTED LIFT 
DUE TO PRESSURE ON TOP OF VALVE. 
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DIAGRAM ILLUSTRATING STEADY LIFT 
WITH FULL OPENING FOR DISCHARGE 
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Pa and one which discharges into a waste-steam pipe 
that may be any tung up to 50 ft. long, including bends. 

To the first class belongs the usual type of locomotive 
safety-valve, where the lip on the rim is undoubtedly of 
advan in pgm | a quick full opening, and the ready 
escape of steam results in a steady hiss or roar. 

Marine safety-valves, however, work under entirely 
different conditions. Not only are they much larger 
usually than the valves on the most powerful locomotive, 
but they discharge into a closed box opening into a long, 
and oftentimes tortuous, waste-steam pipe. Now con- 
sider what happens. When the boiler is a forced, as 
during an accumulation test, the valve opens momentarily, 
say 4 in., and the pressure in the box (momentarily) rises 
to 20 per cent. or 30 per cent. of that in the boiler (Fig. 1). 





Sea { 


exercises a baneful effect in preventing the tight closure 
of the valve until the boiler pressure has dropped con- 
siderably below the normal. Think what this means on 
a trial trip where full boiler pressure is required for a 
number of hours, and where loss of water is to be kept 
within limits. The smart engineer will tell off a man to 
watch the safety-valves, and tap them down as soon as 
they blow ; otherwise he will lose 5 to 10 per cent. of 
ressure and a corresponding amount of fresh water before 
e can turn round. : 

This preamble, though trite, will help the practical 
man to appreciate the significance of Messrs. Cammell 
Laird’s experiments. Referring again to Fig. 4 (page 295 
ante) and to Fig. 3, herewith, it will be seen that the 
balanced valve opens and closes absolutely independent 
of any fluctuation of pressure in the valve-box, being 
actuated solely by the boiler pressure and the load on the 
spring. But that is not quite all. As the valve lifts 
kere is still the slight local diminution of pressure under 
the valve, and the augment of load in the spring due to 
compression, both of which tend to restrict the full 
opening of the valve, and consequently give rise to some 
accumulation. ; 

Obviously, therefore, there is a certain diameter of 
balance-dise over and above the diameter of the valve 
which will give just that increased lift required to neu- 
tralise the diminution of pressure and the augment of load 
above-mentioned, and result in a positive minimum of 
accumulation, while still retaining the advantages I have 
enumierated—viz., a steady lift, no hammering or clat- 
tering, and practically no drop. In fact, the valve 1s 
operated not so much by difference of pressure, as by rate 
of evaporation, the opening varying instantly and auto- 
matically with the amount of steam being discharged at 
each moment, the only stipulation being that the steam 
shall be at or slightly above the blow-off pressure. 

As to Messrs. Cockburn’s objection to any departure 
from the rules laid down by the late Mr. George Cock- 
burn, the well-known expert in safety-valves, it must be 
borne in mind that we are dealing with bigger boiler 
units, and with higher rates of evaporation than ever 
before. Also there is no chance of juggling with oil fuel, 
as with coal, in making an accumulation test nowadays. 

I would credit the late Mr. George Cockburn with the 
ability to advance with the times, were he still alive, as I 
will do myself the credit of asserting that every one of 
the objections mooted by Messrs. Cockburn (and others 
not mentioned, and; perhaps, not yet guessed by them) 
have been anticipated and investigated by Engineer-Co1- 
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mander Liversidge and myself in making these experi- 
ents. 

ra ne must distinguish in this connection between a mere 

shop test—#.e., a pressure test—and a ‘‘rate” test, such 

as one gets from a boiler under working conditions fitted 

with its own safety-valve. : 

Of course, set hepa depends on actual experience 
with such fittings for a reasonable time on service. 

Over forty valves fitted with the balance-disc have 
been running for nearly a year under the severest possible 
conditions. 

Some of these have been opened up recently, and while 
there are the usual slight deposits here and there in the 
box, the cleanest parts of the fitting are the edge of the 
balance-dise and the internal surface of the balance- 
cylinder. This is accounted for by the fact that the disc 
cannot touch the cylinder, being fitted with a definite 
clearance all round, though no greater than the usual 
working clearance of the spindle in the cover. Whilst, 
therefore, the amount of steam escaping to the atmosphere 
is small, its action tends to scour the cylinder bore, and 
prevents grit adhering or accumulating. The mouth of 
the cylinder is bored with a slight taper, so that when the 
valve is relieving the boiler at the maximum rate of eva- 
poration, the escape is practically nil, and certainly no 
greater than with an ordinary valve. 

To watch the working of these valves on a full-power 
run is most interesting. Knowing that the boilers were 
working steady at a pound or two within blow-off, I have 
noticed first one and then another waste-pipe show a white 
feather, which has quickly disappeared. No sound was 
audible ; pon | one of a group of valves, being a shade 
light, had just “‘ floated” quietly, and closed again. The 
pressure-gauge on the boiler never flickered, and the engi- 
neers below continued to carry on with a full head of 
steam, and no lost water. 

I do not know how this appeals to readers ; but to me, 
having watched it repeatedly and critically, it appears to 
be as near perfection as one need hope to attain. At any 
rate, it isa welcome change from the usual consternation 
and fuss caused by a boiler blowing off on a full-power trial. 

I find I have not given the sizes of the safety-valves 
described in my first article. They were 3% in. in dia- 
meter, and the four 61,000 Ib. of steam per hour 
within the specified limit of accumulation. I should be 
interested to hear of any ordinary pattern safety-valve of 
the same dimensions giving an equal output. 

Yours faithfully, 
J. Hamiiton GIsson. 

Birkenhead, March 15, 1909. 





“THE PROCEEDINGS OF THE INSTITU- 
TION OF CIVIL ENGINEERS.” 
To THE Eprror oF ENGINEERING. 

Sir,—No doubt there is something to be said in favour 
of the remarks of ‘‘Chief Draughtsman” on the subject 
of the illustrations incorporated in the Minutes of the 
Proceedings of the Institution. I would, however, 
‘cea’ canny” regarding any proposed additions in the 
matter of photo-prints, as these volumes are quite fat 
enough already. No doubt our capable committee and 
the secretarial staff take due note of any useful criticisms 
on subjects connected with the well-being of the Institu- 
tion. 

I, however, strongly deprecate the reactionary and 
“antiquarian” spirit of your correspondent in your issue 
of the 12th inst. I wonder whether we are expected to 
take him seriously, or whether he is, after all, only in a 
phase of second hot-headed youth. 

As one having left his hot-headed youth behind him, 
but yet along way off the dreaming stage, I would plead 
for it to be borne in mind that, in the burning words of 
our Charter of 1820, we are a “‘society for the general 
advancement of mechanical science, and more particularly 
for promoting the acquisition of that species of know- 
ledge which constitutes the profession of a civil engineer.” 
Therefore, although our Institution may be, or ought to 
be, ‘a stately fane of depa: heroes,” it is not, nor 
was ever intended to be, either a mausoleum or a place 
of repose for idle dreamers. Certainly not on Tuesda 
evenings, when the theatre is crowded with men of all 
ages, most of them thirsting for the advancement of their 
knowledge, and many at the same time eager to add their 
testimony to the general total of professional experience. 

If the corporate members of the Institution had in past 
days heen constrained todo no more than rd our 
_ Stately dignity” and ‘‘old customs,” our weekly meet- 
ings during the session would, no doubt, by now be 
characterised by senile wails over the degeneracy of tube 
railways, horseless vehicles, ugly bri unesthetie 
Sewage works, &c., foisted upon a decadent public by un- 
attached practitioners who had no use for dreams. 

Yours faithfully, 

March 15, 1909, Siema. 
—_—— dl 

. To THE Eprtor or ENGINEERING. 

“in, —T am astonished that ‘“Antiquarian” should have 
made such admissions in ag columns. Not many men 
woud own to visiting the Institution for the special 
purpose of having an hour’s ; although, once there, 
the temptation may be very t. Even this week at a 
meeting, Pree an to some: extent by the levity ‘‘ Anti- 
quar in” deplores, one 2 petiones was ean pe audibly. 

r. 


th,.veen you and me, Mr. Editor, I believe I could place 
f.... “rrespondent of yours. There are not many to pick 
y'\, for the number of members who habitually 


through the Tuesda: evening 
great, I assure ponte. 
pain of exposure, i 


meeti is really not v 
But I will salir dase hime the 
that he may come to see that 


the objects of the Institution cannot be furthered by 
nothing. Advancement and pro- 
in our charter, can only suggest 


dreaming and doi 
motion, words uy: 


M4 9 


progress. ‘ Antiquarian’s” idea, however, seems to be 
that the gubtivedion of reverential inaction is the chief 
excuse for the existence of the Institution. 

I, Sir, am quite as willing as any to “ praise famous 
men and our fathers which t us,” but it is not with 
this object that ‘‘ contributions to the funds” to the 
amount of some 25,000/. annually are made by members. 
The Institution is, after all, a sort of glori mutual 
improvement society, and exists for the — of for- 
warding the interests of living members in affairs which 
can be better carried out collectively than individually. 
It is for this reason that so many of us would like to see 
the Institution become actively engaged in work, 
naturally more easy to such a body than to individual 
experimentalists. 

ut, Sir, if ‘‘ Antiquarian” sleeps on Tuesday evenings 
when the Institution does show some signs of life, let me 
implore him not to go near the building during the day- 
time, or, on entering the stately marbled atrium, sur- 
rounded by grim shrouded spectres, he would undoubtedly 
become a permanent victim to sleeping sickness, to the 
great inconvenience of the staff on duty, as I am not 
aware of any ambulance being kept on the premises. 
Exactly why the interior donk be made so depressing 
in the daytime I have never been able to discover. Clubs 
are cheerful and attractive, but at the Institution the 
stair-carpet is then covered with t, and the marble 
statues with linen covers, with most mournful effect. 
Marble is not very perishable, and in the neighbouring 
Abbey they do not find it necessary to preserve the 
sculpture work with covers. Fancy what would be the 
effect there of putting all the effigies inlinen bags! This, 
however, is a donate. 

To refer for a moment to the point I originally raised, 
may I draw attention to the not infrequent occurrence in 
the Proceedings of such words as these :—“‘ The paper 
was accompanied by drawings, from which the plates and 
the illustrations in the text have been prepared, and by 
photographs.” If many authors think it worth while to 
send in pho phs, it may be taken that some interest 
attaches to them. This is proved to be the case by the 
pleasure afforded by the frequent exhibition of lantern- 
slides at the conclusion of papers read at the meetings, but 
which are afterwards completely lost to the members. 

Cuizr DRAUGHTSMAN. 








WATER-HAMMER IN STEAM-PIPES. 
To THE Epitor OF ENGINEERING. 

Str,—The general consensus of opinion in regard to 
water - hammer in steam - pipes, as brought out in the 
correspondence in your paper, seems to attribute the 
phenomenon to the motion of water in the pipe set up by 
the incoming steam, and various explanations of the 
discrepancies between this theory and actual results are 
attempted. 

May I put forward the suggestion that the conditions 
for auteehemabes in steam-pipes are akin to those of the 
atmosphere accompanying a thunderstorm. 

The steam in the former case, and the air in the latter, 
being supercharged with moisture are in a very unstable 
condition, so that a very slight disturbance of pressure 
suffices to start violent condensation, the in of the 
surrounding fluid to fill the consequent vacuum, forming 
in one case the so-called ‘‘ water-hammer,” and in the 
other the thunderclap, the reverberation of which is 
responsible for the splitting of steam-pipes, just as the 
thunder will break windows, and discordant vibrations 
will split a bell. 

In neither case is a blow or pressure the cause of the 
disaster, but the vibration. 

It would be interesting if experiments as to electrical 
discharge in the case of steam-hammer bear out the 
analogy further. , 

’ Tam, Sir, 


ours truly. 
Broxbourne, March 9, 1909. W 


. GLEVRIN. 





“TRIALS OF A STEAM-TURBINE PLANT.” 
To THE EprTor OF ENGINEERING. 

Str,—In your issue of March 12 you publish a letter 
from Mr. Briggs with reference to the trials of the steam- 
turbine plant at Greenvale Mill, in which he points out 
that the over-all efficiency ratio is 0.625, and not 0.579, 
as stated in line 128, the error being in line 127, which 
should be 145 B.Th.U., &c. I think it is quite evident 
that Mr. Briggs, in making his calculations, has taken 
the upper limit of pressure and temperature between the 
throttle-valve and fret row of blades, whereas the writer, 
with a view to conforming, as far as possible, with the 
recommendations of the Committee of the Institution of 
Civil Engineers, used the figures in lines 104 and 105. If 
Mr. Briggs will obtain a copy of the Committee’s report 
and use the formula given on page 88 for superheated 
steam, I think he will find there is no error in line 127, 
and ‘that the over-all efficiency of the turbine as published 
is about correct. 

- t ion of the plant would your correspondent 
debit with the loss between the emergency valve and first 
expansion, if not the turbine? 
Faithfully yours, 
Grorce B. Storie. 
Station Buildings, Maclure-road, Rochdale, 
March 18, 1909. 





“THE DAYLIGHT-SAVING BILL.” 
To THE Epitor oF ENGINEERING. 
Sir,—I have read with t interest your able and 
convincing article on the Daylight-Saving Bill. - It has 
always seemed to me Oe ee 





work necessitates early rising year round, - The 
Bill would only benefit the commercial classes; and it 





ome to me om o- npevastin = = equally aeroed 
y the passing of a short Act providi ‘or the opening o' 
public offices and banks at one eae Sat the statutory 
times <p | the summer months. To effect this by the 
ae of millions of clocks and watches is (to my mind) 
a x 
Your obedient servant, 
Immo 8. ALLEN. 
London Institution, Finsbury Circus, E.C. 





To THe Eprror or ENGINEERING. 

Sir,—With reference to the article on the Daylight- 
Saving Bill in your last issue, surely it is neither fair nor 
correct to talk about the pega fy going to ona 
summer evening at 8.30 p.m. e whole point of the 
Bill is that that time be made 9.30 p.m. 

G.M.T. is Pay an arbitrary arrangement, and only 
coincides with the true time—+t.e., sun-dial time—twice 
in the year, so that one may argue that we never “go to 
bed” (except twice in the year) at true time, with equal 
fairness, already. 

With regard to northern towns, and Glasgow in parti- 
cular, we have the actual working arrangement, or nearly 
so, of what the Bill would effect for London. June 
21 the sun sets at 9.4 p.m. here, at London it would set 
at 8.19p.m. Now what is the universal comment of the 
Londoner in Glasgow during summer—generally as fol- 
— :—‘*What ‘grand’ long evenings you have ‘up’ 

ere.” 

I am aware that the sun rises about the same time at 
Glasgow as London, and that the large difference is due 
as much to northern latitude as westerly longitude, and 
artificiality of time ; but if rising before the sun be un- 
healthy, it surely shows that Class I. in the article under 
consideration has secured ‘‘the most satisfactory results ” 
at the expense of the working man already, for on any 
account he must rise before the sun for a greater number 
of days than after. 

To my mind the Bill is an illustration of that con- 
servatism peculiar to the British race, for if longer day- 
light be required during the recreation hours of man, why 
not open all Government and iness offices one hour 
earlier —_ certain months, and retain the old time? 
This I know from experience is in vogue in several firms. 
A very cursory consideration of the matter shows that 
to secure the greatest amount of daylight throughout the 
year we should “rise” and “‘ retire” as many hours before 
as after true noon, and this the Bill tends to effect. 

Should the Bill become law, Scotland will be somewhat 
over-dosed with long evenings, for in all towns of any 
import the sun will not set before 10 p.m. in June. But 
the Bill never will become law. 

Yours faithfully, 
‘* Londoner who is looking forward to Scotland’s 
long June aa 
C. H. Fiynis, A.C.G.1. 
Inglislea, Bearsden, Glasgow, N.B., March 15, 1909. 





Tue Institution or Civit Enoinerrs.—The seven- 
teenth James Forrest Lecture will be delivered at the 
Institution of Civil Engineers on me yt April 26, at 
8 p.m., by Colonel H.C. L. Holden, R.A., FRS. the 
subject being ‘* Road Motors.” 





PersonaL.—Mr. A. W. Nye asks us to mention that 
his address has been chan; from 110, Cannon-street, to 
Capel House, 62, New Broad-street, E.C.—A branch 
office of the London Supply Department of the British 
Westinghouse Electric an ag; eons Bg pl 
Limited, has been opened at 27, Chancery-lane, W.C.— 
Messrs. Barlow and Chidlaw, Limited, Pendleton, Man- 
chester, have opened a London office at St. Stephen’s 
House, Westminster, with Mr. H. J. W. Oxlade, M.I. 
Mech. E., in chai of the London and South- rm 
districts. —Mr. G. W. M. Boycott, Assoc. M. Inst. C.E., 
has commenced a consulting practice connected with 
tunnelling, deep-water diving-work, &c., with an office at 
19, Old n-street, Westminster, S.W.—Mr. James 
Donald has opened an office at 17, Victoria-street, West- 
minster, 8.W., where he will carry on a practice as a 
i’ naval architect.—Mr. Jens Orten-Béring, 72 
and 74, Victoria-street, Westminster, who has been con- 
nected with many important hydraulic power plants, has 
made arrangements with Messrs. Willans and Robinson, 
Limited, Rugby, to manufacture water-turbines to draw- 
ings, &c., supplied by him. 





CoNFERENCE ON Roaps AND Mortors.—The Conference 
on Roads and Motors, which is being called by the County 
Councils’ Association, will be held on Thursday, Friday, 
and Saturday, April 29 and 30 and ~ 4 in the H 
of the Institution of Civil Engineers, the Institution of 
Mechanical Engineers, and the Surveyors’ Institution, 
sectional meetings being held on the first two days, and a 
full meeting, at which alone resolutions will be put, on the 
last day. Belper is President of the Conference, and 
Colonel Dixon (Chairman of the Cheshire County ae), 
Chairman of the Committee} and among those who will 
take the chair at the various sectional meetings will be 
Sir Archibald Buchan-Hepburn, Bart., Sir Henry Fair- 
fax-Lucy, Bart., Mr. Tonman Mosley, Mr. C. D. Rose, 
M:P., Mr. A. H. Scott, M.P., Sir Strachey, Bart., 
poke on Se Viscount Valentia, C.B., om Between 

orty ai ty papers on various aspects 0’ e subject 
rill; be printed and eirculated to members of the - 
ference beforehand. County ils, municipalities, and 
Many societies interested in road matters have 


fs yw ty 
a number of = “er 








Cr sae ee while a 

uls, have also joined. am 

‘official representatives or of private individuals, should be 
sent in as soon as ible, with the fee ‘om per head), to 
Mr. G. Mon Hosvia, Secretary to the nty Counciis’ 
Association, Caxton House, Westminster, 8.W. 





ENGINEERING. [MarcH 19, 1900. 








20-TON LOCOMOTIVE. STEAM-CRANE. 
CONSTRUCTED BY MESSRS. JOHN H. WILSON AND CO., LIMITED, ENGINEERS, BIRKENHEAD. 


(For Description, see Page 383.) 












































ev 


' 


meee 


Yin 














(‘egg abng vas ‘uoydisosaq 10g) 
“MODSVYTS "NVAOD ‘SUMUNIONG ‘CULINTI “AYAYUVH ‘V GNV ‘D ‘SUSSAIN AD GALOAULSNOO 


SXYOLOU ANIGYUNAL ADAVT ONINAAL AOA AHLVTI 














TIAXX GLV Td ‘6061 “61 HOUVW “‘ONIMAANIONG 

































































‘008A “092-2 











eS a poo MOI way br; 








SeO7PPVs LOADS} pido. a 

































































——_s 


iNET MEET) 
































chiatiiebiiediniaiiinengaceen ieee 











MARCH 19, 1909. ] 


ENGINEERING. 


387 





AGENTS FOR “ENGINEERING.” 
Australia : Gordon and Gotch, Melbourne; Sydney; Brisbane ; 
Semnes ond Benton, Svteee, N.S.W. 
Go, Townsville, North orth Queensland. 
Australia. 
Victoria. 


38u tions and Advertisements, Librairie B. 
53bis Quai des A Also for Adver- 
tisements, Agence Havas, Bourse. 

Gsrmany, Berlin: A. and Co., 13, Unter 
: ares te, G. L. Daube & Co. 

: FL A. 
Malscdee H. elberger. 

r Cal Thaoks Spink, Co. 

INDIA, cutta : er, 

Bombay : Thacker and Co., Limited. 

Iraty: U. Hoepli, Milan, and any 

LIVERPOOL : = r, rods ah, 

MANCHESTER : eywood, 

Nw : Gordon and , Limived, Welling- 
ton, Auckland, and 

Norway, : Cammermeyer’s Boghandel, Carl Johans 
Gade, 41 and 43. 

: H. A. Kramer and Son. 

Sourn Arrica: Central News Limited, Head Office— 
Johannesburg ; and Pre' Town, Port Eli 
Bloemfontein, and and | a 
Bookstalls South Africa, Also Cape Town: 
Wm. Dawson Sons, 31, -street. 

meet -~crytyr Fr sg 

Unrrgp States, a gt W. H. Wiley, 43, East 19th-street. 

Holmes, 957-968. Monadnock Block. Sole 


Agents for PA. S«m in the United States :—Morse 
In ional Agency, 19, West 34th-street, New York. 


ADVERTISEMENT RATES. 


for advertisements is three shillings for the first four 
r, and ttpence for each additional line. The line 











The 
lines or 
ave) 
for 


guaran Terms f ae 

and on the inside soem, The 

are 2 in. deep and 9 in, wide, Bae iviaibh divi into ase in. 
in wid! anes meet 
= in baanesaenaie aaa teed. 

cae ep Rap tet mae 
rent week's issue must be delivered not later than 
Sp.m. on Thursday. In consequence of the necessity 
for going to press early with a portion of the edition, 
alterations for standing advertisements should be 
received not later than 1 p.m. on Tuesday in each 





SUBSCRIPTIONS, ‘HOME AND FOREIGN. 


“ ENGINEERING ” can be supplie direct from the Publishers 

post free, for twelve months rates, payable in 

advance :— 
For the United Kingdom............ 
For Oanada— 








21 9 2 
11 
ri 16 0 6 fa-76 


£1 is ° 
£2 


For all other places ‘abroad— 
Thin 


paper — 
Thick 


When Fore aeons am are had by ioe Orders, 
advice should ane 


All accounts are payable to ** “ENGINEERING,” swage te 
crossed “ Union of London and Smith 


Cheques should be ‘s Bank, 
Limited, Branch.” Post-Office Orders should be 
made payable at ord-street, Strand, W.C. 


Offices for Publication and Advertisements, 
35 and 36, Bedford-Street, Strand, London, W.C. 
TsiecraPHic Appress—** ENGINEERING,” LONDON. 
TELEPHONE Numpser—3663 GERRARD. 











CONTENTS. 
PAGE || PAGE 
An Experimental Hydraulic “Trials of a Steam-Turbine 
Cylinder (IUustrated). . Wives esetccttuess 385 
Water -Power Plants in ‘The Daylight-Saving Bill” 385 
Soeiee and Norway (Il- 2 Navy Debate in lia- 
on 1] MMOMG 2. ccc ccccsccccoce 
The Navy Estimates (With Lessons from the Trials of 
i a, eae 376 'y Tractors ........ 
Searchlight for Coast De- |The Panama Canal ........ 


fences (Illustrated) 
Notes from the North. 
Notes from South York- 


the Northern Counties .. 
No — from the South- 


|The British Submarine Boat 


cbiveousbbeulbreegere 381 **A12” on Haslar Beach — 
Ten-Coupled Mineral Loco- (1Uustrated) ............ 
motive: Swedish State || Concrete and Masonry Dam 
Railways ([llustrated)- .. 382|| Construction............ 
Turret Lock-Nut (JUus.) .. 382 Lathe for Turni 
Simplon ry eee | Adjust- Turbine vs fuss Ds 
able Set-Square (JUus.) . Industrial Notes .......... 


Bi trlow’s_ Lift-Gear (lus. i 333 The Transmission of ee 
2U-Ton Locomotive Crane by Ropes (IUustrated) . 
(lilustrated) 


eseivcceveses 383 Experiments upon the 
Notes from the United ‘orces Acting on Twist- 
gg SD nonce rcnnsecdicess Drills when rating on 
“The Vibration and Whirl- Cast Iron and Steel (Jl- 
ing of Shafte” .......... lustrated) .............. 
Steam-Boiler Design ...... 384 The Physical Society . of 
Developments in Marine | BORRGR 0.00 0'es - wer ss 08 
«, Bafety-Valves (Illus.) .... 384 Explosion of an Intercept- 
The nstitution of Civil | ing Tank...0............ 401 
Engineers”... .......... 385 || Catalogues ................ 402 
Water-Hammer in Steam- | ENGIngeRine Patent Record 
PIplies Sorensen sete se 385 | Tiustrated) .........-.. 403 


With a Two-Page Plate of a LATHE FOR TURNING LARGE 
TURBINE ROTORS. 


387 |as a SN ssscorsgy danger. 


NOTICES OF MEETINGS. 


Tus Norts-East Coast INSTITUTION OF ENGINEERS AND Suip- 
BUILDERS.—Friday, March 19, Soul Beeieny. in the Lecture 


of the Literary and Philosophi -road, New: 
en mais 7 Mr. J. * Allan will HY to discussion on 

*The oe Sdrckinestn® ty Pipes. on “The 
Sotentian Education A hae = y J.J. Welch. 
Paper on “‘Noteson the Strenath of Seed Seecl Wa Tight Bulkheads,” 
by Mr. A. J. Murray. 


Tue STarrorpsHiRE IRON AND Street Instrrurs. — Saturday, 
March 20, at 7 p.m., at the Institute, Dudley, Mr. T. Reid 
read a paper on *« Utilisation of Surplus Gases from Blast- 
Furnaces and yoo 4 in Gas- 

, March 22, at 8 p.m. 


F ARTS. 
: «Steam: Turbines,” by r. George Gerald Stoney, 
M. Inst. C.E. (Lecture L).—Wedn > tee 4, 
‘‘ Afforestation and Timber Planting in Great Britain 
- by John Nisbet, D.Oec., late 

e Right Hon. Sir Charles W. Dilke, Bart., M.P., 
Thursday, March 25, at 4.30 p.m. Indian Section : - 
in Seatiore Sade. by Mr. ag ey Superintendent, Eth- 

ic Survey, ras. e Right Hon. Lord Ampthill, 
Gl t G.C.8.L., will preside. 

Tue SURVEYORS’ INSTITUTION. —Monday, March 22, at 8 p.m. A 
discussion will take place on the paper od at the last meeting on 
“Giant London,” by Mr. J. George Head, Fellow. 

Tue I[NsTITUTION oF OrviL ENGINEERS. — 

Paper to be read :—‘ Construction and be of Roads,” 
by Mr. — Mallock, F.R.S. Students’ visit, Wednesday, 
——- 24, to Messrs. Gillett and Johnston’s Steam Clock Factory, 

roydon. 

THE INSTITUTION OF ELECTRICAL ENGINEERS.—Thi » March 25, 

AD me at the Institution of Civil Engineers. Paper on “The 

ical System of the London County Council ‘Tramways,” by 
un J. H. Rider. 

Tue Roya. Inetrrvrion or Great Barra. iter, March 
9p.m. On “Recent Results of Astronomical Research,” by 
Arthur Stanley rie sh B.A., M.8c., F.R.A.8. Afternoon 
tures next week at 3 0’ . March 23. On “The Evo- 
lution of the Brain as an ye of Mind,” by "ot Prysdoiory, F, W. —_ 
M.D., F.R.S., F.R.O.P., Fullerian Professor of Ph 

J. Thomson, M.A., LL.D., F.R.S., M.R. 
Natural Philosophy, RL Leotare ¥, ) 


(Lecture V. .)}—Thuraday, March 25. On “ Aerial 
Tas PuysicaL Society or Lonpon.—Friday, March 26, at rrr 


ive Man 


8 p.m. 


and Practice,” by Professor G. H. en sap Sc. D., F.R. sot 
try = March 27. On ‘ hee x: ies of Matter, * ni Pretumer 


be | 2% the Imperial College of Science, Seaperial | Institute-road. 


Kensington. ‘‘ Note on the Production of Steady Electric Oscilla- 
tions in Closed Circuits, and a Method of T Radiotelegraphic 
Receivers, by Professor J. A. Fleming, D.Sc., F.R.S., and Mr. G. 
B. Dyke, B.Sc. “‘ The Effect of an Air- Blast upon the Spark-Dis- 
charge of a Condenser C by an Induction-Coil or Trans- 
former,” by Professor J. A. Fleming and Mr. H. W. Richardson, 
B.Sc. “On the Action between Metals and Acids and the Condi- 
tions under which reg causes Evolution of Hydrogen,” by Mr. 
8S. W. J. Smith, M.A., 

THe JUNIOR Nbeeceetiocuae oF Enernerrs.—Saturday, March 27, at 
3p.m. Visit for the inspection of the electrification "plant, &c., of 
ad South London line of the London, Brighton, and South Coast 

way. 








~ ‘READING - Casns. _ 
numbers of “ ee 
newsagent. Price 6s. each. 


ENGINEERING. 


FRIDAY, MARCH 19, 1909. 


cases which will hi wenty six 
Few he had et the Pubicher or tome 











THE NAVY DEBATE IN PARLIAMENT. 


Tus’ week’s Navy Debate in the House of 
Commons truly reflected the national anxiety 
noprding the grave naval situation. The interests 

cone were forgotten. The keynote uttered 
by t' irst Lord of the Admiralty was that ‘‘ the 
safety of the Empire stands above all other con- 
siderations.” His speech in introducing the debate 
was candid and statesmanlike, giving some pro- 
mise of a fulfilment of the requirements of the 
case. Whether this promise will fructify a 
early to meet the threatened challenge of our 
naval supremacy time alone can tell. The evi- 
dence rendered it imperative that the naval ex- 
pansion of Germany should be fully recognised 
At the same time there 
equate expression, alike on the part of the 
Gavel and of the Opposition leaders, of 
Germany’s right to take such steps as the Kaiser's 
Government consider necessary in the interests of 
their industrial and colonial development. The 
Prime Minister said that ‘‘ diplomatic intercourse 
between us now is open and friendly, and we see 
no reason why it should not continue to be so,’ 
But the motive actuating the German Government 





3% | in preparing for advance is at least equally opera- 


tive in the case of Britain, so that it is possible to 

é | consider definitely our relative itions without 

for the moment assuming that either navy is being 

prepared in an unduly competitive spirit, or with 

the intention of measuring strength at any future 
ri 

Pee have said that Mr. McKenna’s statement 


308 
soo | W288 candid, and, as he recognised the aaah ef 


of the past, and realised that the Government 

in some measure, failed to acquire fult information 
the progress of naval shi buildi abroad, 

there is ho Vor the the future. ere is, however, 

the uncomfortable suspicion that in framing the 





Navy Estimates, which we review in another part 





of this issue (page 376), financial conditions were 
mee dominant consideration rather than the imme- 
> gg, uirements of the Navy. It is true that 

enna stated that ‘‘no matter what the 

sow the safety of the country must be as- 
sured.” The Prime Minister enforced the same 
view, but, nevertheless, the facts, as admitted by 
the Admiralty, justify the criticism that instead 
of the Government asking for sanction, without a 
money vote, to make preparation for laying down 
on April 1, 1910, the second quartette of ships, 
these four shi a. to ty definitely in- 


| cluded in the mme, with a substantial 
money vote o <a & them. It is an open secret 
that the first draft p mme of new construction 


included more than the four ships to be put in 
hand before the autumn ; and it is accepted further 
that the arrangement of four definite and four 
“hypothetical” ships, as finally adopted, was a 
concession to a large number of Mem of Par- 
liament who took a benevolent view regarding 
the attitude of foreign governments and the 
of ships for foreign navies. 
yaaa ra our _— of the details of the 
Navy Petimates, the actual facts are worthy of very 


careful consideration. Mr. McKenna, in apolo- 


at gising for the enormous total. of the Estimates, 
Jeo. | Pointed out that such charges as half 


itpay and pen- 
sions upon our Navy Vote were debited to the civil, 
ott | and not to the navy, accounts in Germany. This 
further establishes the gravity of the rapid a ep 
roach of the German total vote to the Britis 
evel. To com one year’s expenditure with an- 
other may not be quite accurate, as it does not allow 
for fluctuations, so that, as pointed out elsewhere, 
the comparison of the ave annual total of the 
first and second quinquennia nial p riods of the current 
decade is more reliable. is average in the 
case of Britain shows a decrease from 33 millions to 
32.7 millions sterling, and in the case of Germany 
an increase f-om 10 to 15 millions sterli Again, 
for new ships, armour, and armament the British 
average has decreased from 13.6 to 11.4 millions 
sterling, while the German average has increased 
from 5 to 7.15 millions sterling. ese facts carry 
their own significance. Although we may in this 
country achieve a higher economy in manufacture 
than in Germany, the difference on this score is far 
from explaining the undoubtedly rapid advance of 
German naval construction. 

When we come to consider the actual work 
accomplished for the respective Powers, we find 
even fuller corroboration of this higher rate of 
naval progress in Germany in recent years. The 
Germans have steadily added to their cruisers, 
while we omitted this type of ship, until the issue 
of the ies grag for the current year and next 
year, wW in this respect must be considered 
satisfactory. We have, too, realised the necessity for 
more comprehensive work in torpedo craft, surface 
and submersible. But in ‘‘ capital” ships, which, 
after all, must be the dominant factor in defence as 
in attack, we are in an unsatisfactory position. On 
page 376 of this issue there is a di which is 
almost self-explanatory. On this diagram points 
have been placed to show the date of completion 
of successive British Dreadnoughts, of German 
ayaa, a4 and of Dreadnoughts for Germany 
and the United States combin The gradients 
of those lines connecting these spots show at a 
glance that German progress is greater than ours; 
and unless there is more decisive action than is 
contemplated in the programme of compromise now 
issued by the Admiralty, the German line will, in 
1912, attain the same, if not a greater, altitude than 
the line of British Dreadnoughts. 

We began building the first Dreadnought in 1905, 
and the great advance in offensive power embodied 
in the design caused other naval authorities to pause 
in order carefully to consider the efficiency of the 
new type. The principles involved have been uni- 
versally accepted; but the prescience of our naval 
designers gave us an advantage in time. 
however, has immensely profited. A consequence 
of the revolution in design is that, as Mr, Takcanes 
said, ‘‘ there will come a day when, by an almost 
automatic rocess, all a of an earlier type than 
the Dr ought will be relegated to the scrap- 
heap.” This is inevitable under any condition; but 
the date of obsolescence is hastened by the advent of 
the new ty This, however, is only an incidental 
question, e main issue is the relative strength of 
modern ‘‘capital” ships now and in the future. Ger- 
many made compensation for. the delay involved in 
evolving a ship embodying the new principles intro- 


Germany, 
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duced in the Dreadnought; they laid down four 
battleships in 1907, and two cruisers and three 
battleships in 1908. That was the proclaimed 
proportion of their comprehensive scheme. 

Those who made it their business to watch the 
progress of foreign warships learned that Germany 
advanced the work provided for 1909—four ‘‘capital” 
ships—and actually prepared for the vessels in the 
autumn of 1908. Mr. McKenna admits that the 
Admiralty were not early apprised of this fact. 
The Prime Minister now admits that he spoke in 
reference to these ships as ‘‘a paper programme ” 
at a time when ‘‘orders were given, materials 
collected, and, it may be, that in one or two cases, 
yossibly in more, ships were actually laid down.” 

Jpon being asked when he did know that, the 
Prime Minister replied; ‘‘ We knew it, or heard it, 
at any rate, in the autumn—I think in November, 
and it was in view of that most grave and, to us, 
not only unforeseen, but unexpected state of things 
that we had to reconsider our programme of the 
present year.” Mr. McKenna almits that ‘there is 
still difficulty in ascertaining precisely how matters 
progréss in rye This is a grave impuning 
of our Naval Intelligence Department, for the 
information was, and is, obtainable. We do not 
claim any special credit for the fact that in our 
issue of November 6, 1908 (page 621), we gave the 
information which was only then obtainable by 
the Admiralty, and we published it then after veri- 
fication. We quote from this article :— 

In 1907 Germany laid down four Dreadnoughts. Three 
of these have been launched at Wilhelmshaven, Bremen, 
and Stettin respectively ; the fourth will be launched 
very shortly from the Germania Works at Kiel. The 
first two are in a fairly advanced stage, and all will 
certainly be completed by the summer of 1910. Orders 
were issued a month or so ago for three more battleships 
of the same class from the yards at Wilhelmhaven, Bre- 
men, and Kiel. These or are to be meee early in 
1911, and are to replace the Oldenburg, Siegfried, and 
Beowulf. Preparations have alrealy been made for lay- 
ing down two more early in the year; one of them, it is 
understood, at Stettin, and the other in a Govern- 
ment yard. These should be completed probably in the 
autumn of 1911, certainly early in 1912, which allows in 
each case from 2} to 3 years for construction, as compared 
with two years and three months for the British ships. 
This is giving Britain an advantage which a full know- 
ledge of the relative building facilities of the two countries 
scarcely justifies; but we desire to take the most moderate 
view. A cruiser comparable with our Invincibles was laid 
down a year ago at cg another has recently been 
ordered from the same yard. A third will be ordered 
early in the coming year. For a time some contended 
that we were not entitled in this country to reckon 
German ships until they were ordered, and on this plea 
our assumption that two battleships and a cruiser will be 
ordered early next year may be criticised ; but as definite 
preparations are being made, and as the general pro- 
gramme has been advanced rather than delayed, there is 
full justification for accepting the view that the German 

“Fs are determined to carry out the plan in its entirety. 
erefore nine ships have been laid down within two 
years—seven battleships and two immense cruisers—and 
three more will follow in a month or so. 

Since this was written a fourth vessel has been 
arranged for. Both the Government and the Oppo- 
sition accept the view that by May of 1911 German 
will have eleven Dreadnoughts and that we sha 
have twelve. By July Germany will have thirteen, 
for all these vessels have been commenced. Even Mr. 
McKenna admits that, of the ships belonging to the 
1909-10 programme, one has been laid down, the 
material for two more has been collected, and the 
armaments are in course of construction. He has 
no information as to the fourth. There is justifica- 
tion for the belief that the four will be completed 
by July, 1911. That would make thirteen ships for 
Germany. So far we have only ordered twelve 
Dreadnoughts, and even with the two which are to 
be laid down next July we shall only have fourteen 
to Germany’s thirteen. When one considers the 
possibilities of delays by strikes, &c., it will be 
recognised that even our one-Power standard is 
seriously jeopardised. The position in eg imme 
with the two-Power standard shown in the diagram 
on page 376 is still more serious. 

Mr. Asquith said that when the Government had 
brought home to them the state of the case—which 
was indicated in Enorngerina by the quotation 
above given from our issue of November 6, 1908—it 
was a great s 


And yet the Government continue to proceed on the 
same hypothesis. Pourparlers seem to have been 
exchanged between the British and German Govern- 
ments. Mr. Asquith says that ‘‘we have had a 
most distinct declaration from them that it is not 
their intention to accelerate their programme.” 





rise, ‘‘ the falsification of one of the | 
hypotheses on which we had hitherto proceeded.” | superior to those of Germany. 


‘*It was not a pledge in the sense of an agree- 
ment between the two countries,” and he ‘‘ should 
not accuse the German Government of anything in 
the nature of bad faith if they alter their intention.” 
At the present moment there is a strong party 
in the ichstag which has agreed to support 
the Government in accelerating the programme. 
The. German Government is as susceptible of 
patriotic influences as any British Government, 
so that, as the declaration is not an agree- 
ment, and may honourably be departed from, the 
Government must develop their policy in the in- 
terests of our national safety without reference to 
it. Our position in the summer of 1911 will be 
most unsatisfactory, even if Germany does not 
accelerate her programme, unless eight new British 
ships are laid down within the course of the next 
six months. If Germany repeats this year her 
procedure of last autumn, and lays down, or pre- 
pares for, the four ships of 1910, as is considered 
possible by Mr. Balfour, she will then have at the 
end of 1911 seventeen Dreadnoughts to our sixteen. 
It is not without the bounds of possibility by ad- 
vancing the succeeding year’s programme for her to 
have, as Mr. Balfour stated, twenty-one battleshi 
in March, 1912, as compared with twenty by the 
British Navy, even provided all of the eight British 
ships now projected are then completed. 

Even accepting the Government view that Ger- 
many will not have in November, 1911, more than 
thirteen ‘‘ capital” ships, while we shall then have 
sixteen, the situation is most unsatisfactory. What 
becomes of the two-Power standard, with its 
10 per cent. margin? The situation will not stand 
examination. If Germany combined with almost 
any Continental Power, our supremacy would dis- 
a r. Moreover, there are always the powerful 
Brazilian battleships, and, although the patriotism 
of the two great naval construction firms who will 
complete them soon will ensure our Government pre- 
ference in the event of negotiations for their sale, 
the vessels, when delivered next year to Brazil, might 
go for a very favourable price without our ever 
knowing of it. Again, the Argentine has recently 
obtained tenders for two ‘‘capital” ships, which 
will probably be built in this country, but may be 
constructed in Germany. In any case they should 
be available in the summer of 1911, and might 
also give an advantage to Germany by their pur- 
chase. It is perfectly obvious, judged from what- 
ever standard, that the Navy Programme of this 
year absolutely fails to meet (in 1911) the con- 
ditions essential to our national supremacy, as 
atcepted by the Prime Minister and his predecessors 
—a 10 per cent. margin over the next two strongest 
Powers. 

The whole case, it is true, stands or falls upon 
the acceptance of Germany’s capability of maintain- 
ing the high rate of production. One strong feature 
of the debate was the acknowledgment of this 
capability. Mr. McKenna expressed ‘“‘ respectful 
admiration for Germany’s administrative and pro- 
fessional efficiency.” Mr. Balfour referred to the 
‘*immense and unprecedented development of Ger- 
many’s powers of turning out these great battle- 
ships,” and the Prime Minister stated that there 
had « ‘been such an enormous development in Ger- 
many, not only in the provision of shipyards, or slips 
on which the fabric of a ship can be built and repaired, 
but, what is still more serious, in the provision of 
the gun-mountings and armaments of these great 
monsters.” Asa matterof fact, theGovernment must 
be aware that Messrs. Krupp have recently spent 
more than two millions sterling in developing their 
ordnance factories, and that they can now produce 
per annum over 60 turret mountings for a pair of 
11-in. or 12-in. guns. In this they have been en- 
couraged by definite guarantees by the German 
Government. The Dreadnoughts are being built 
in seven separate yards in Germany, and an eighth 
capable of building such ships is now being com- 
pleted. These yards have a total of eighteen 
slips available for ‘‘capital’’ ships. The capacity 
of these yards is known to be thirteen ships per 
annum. 

In this country we have undoubtedly sufficient 


| producing facilities, if they were only utilised. Our 


nancial resources also ought to be immensely 
In addition to this, 
there is the fact that the present is a most oppor- 
tune time for laying down new ships, because prices 
have never been lower. Indeed, the First Lord, in 
his Memorandum, points out that a great saving 
was effected in connection with the ordering at the 
present time of the five cruisers of the ‘ City” 





class. But above and beyond all is the dominant 
consideration of the ‘‘ sahety of the Empire.” As 
the First Lord said, ‘‘it will be regarded as axiomatic 
that our island position, the extent and distribution 
of our Empire, and the magnitude of our trade, 
oblige us, so long as we are equal to the task, to main- 
tain a Navy adequate in strength to ensure our shores 
from invasion, our Empire from hostile attempts, 
and our trade from destruction in war.” To do 
this all the eight ships, the four nominally included 
and the four hypothetically included in the Navy 
Estimates, ought to be laid down before mid- 
summer. Any less measure must be pronounced 
as unsatisfactory. 





LESSONS FROM THE TRIALS OF 
MILITARY TRACTORS. 

Tue trials of the tractors for the War Oftice 
were completed last week,* and the Committee 
have issued their award, giving the first prize to 
Messrs. John I. Thornycroft and Co., Limited, and 
stating that as neither of the other two tractors 
which took part in the competition complied with 
the conditions laid down, they are anitle to place 
them. While it is greatly to be regretted that 
only three of the eleven tractors entered by various 
firms actually turned up to compete, and that two 
of the three failed to comply with the. conditions 
laid down by the authorities, there is no doubt of 
the importance of these trials. The type of vehicle 
required was something essentially different from 
anything which has been produced before, and the 
fact that one of the tractors, at all events, got through 
the whole of the tests satisfactorily shows that the 
conditions can be fulfilled, and no doubt in the 
future the type can be considerably improved on. 

The essential conditions were that a tractor not ex- 
ceeding 7 tons loaded weight should take a load of 
8 tons behind it at an average speed of 5 miles an 
hour on ordinary roads for 100 miles, without taking 
in fuel or water. The work is in fact what a traction 
engine would do, with the important difference that 
no traction engine will go anything like 100 miles 
without stopping for water and fuel. The winning 
tractor undoubtedly complied with the conditions, 
and there is no doubt that in the summer, with dry 
roads, it would take a considerably heavier load 
than 8 tons, and do its 5-mile average, while future 
tractors could be made better still. In fact, not 
only has this type been successful from a military 
point of view, but it may be the germ of a very 
useful type of light traction engine for ordinary 
purposes, 

In considering the results of the trials com- 
pleted, it is important to remember that all the ma- 
chines were comparatively untried, and were, in 
fact, barely finished before the trial began, and, 
further, that the weather conditions were so bad 
as to entail very severe work on the men. These 
two conditions were undoubtedly responsible for a 
great many of the difficulties experienced. Many 
small troubles were met with in running which 
would never have occurred if the machines had 
been on the road continuously for a month or two 
before the trials began, and which would not happen 
in ordinary work, when the crew had got their 
machine tuned up and were used to running it. 
Besides this, running of trials is always anxious and 
tiring work, and this was very much intensified by 
the fact that, as we have already stated, the weather 
was bitterly cold and unpleasant, and that for the 
first week the programme could not be carried out 
on any single day, and, therefore, the men never 
knew what they were goitig to do next. The hours 
of work were long, especially in the case of the 
staff belonging to the Stewart and the Broom and 
Wade tractors, which sometimes did not finish till 
very late at night. On one occasion, for instance, 
a driver did not get his work finished till after 
3 A.M., and, instead of going home, just laid down 
on a camp-bed in the dépét, and got up at 5 A.M. 
to prepare his tractor for the next day’srun. Under 
these circumstances the crews got hopelessly fagged 
out, and were unable to do their vehicles justice ; 
and it is a very great testimony to their pluck and 
perseverance that they ever got through the trials 
at all. 

It is an interesting fact that in spite of all these 
difficulties the three tractors which started all 
finished every day’s run, and none of them had to 
be withdrawn during the trials. In comparing theit 


* The reports of these trials will be found on pages 325 
and 361 ante, and page 392 of our present issue. 
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yerformance, however, it seems — clear that the 

hornycroft was the only one which was really fit 
to take 8 tons behind it over the roads under the 
condition they were in. What with the snow, frost, 
and subsequent thaw, the roads were very excep- 
tionally heavy even for the time of year, and there 
can be no doubt that on better roads much better 
progress could be made. Still, to be of use in war, 
tractors must be able to take their loads on very 
heavy roads, and, therefore, in many ways the test 
was a very good one. The Thornycroft car averaged 
4.5 miles an hour for the three days’ ran—Monday, 
Tuesday, and Wednesday, the 8th, 9th, and 10th 
inst.—and there is no doubt that it would take 
its full load at an average of 5 miles an hour 
on ordinary winter roads, and faster in the summer. 
On the speed trial on Hartford Bridge Flats it 
did nearly 7 miles an hour through several inches 
of slush and mud, and on the Wednesday, on the 
top of the Hog’s Back, it travelled at over 10 miles 
an hour. On the other hand, the Stewart and 
the Broom and Wade tractors only averaged 2.7 
and 1.9 miles an hour on the road respectively ; 
their speeds on the mile trials being also compara- 
tively slow. In the hill-climbing the Thornycroft 
was also far the best, largely owing to the very much 
more convenient arrangement of the winding drum. 
This was especially noticeable on Hungry Hill 
and Puttenham, both of which have sharp turns 
in them. The Thornycroft car roped up its load 
without any trouble, getting round the corners by 
roping very short lengths at a time ; while the other 
two competitors always tried to do as long a rope 
as possible, so as to avoid having to disconnect their 
winding gear oftener than necessary. This caused 
trouble in steering the truck round the corners, and 
led to the Stewart tractor getting its truck bogged 
on Hungry Hill. With a winding-drum which can 
be put in and out of action by a lever on the foot- 
plate, roping is a very quick operation with men 
used to it; the tractor running on, chocking its 
wheels, roping up, and running on again, with very 
little loss of time. With a winding-drum which 
takes several minutes to connect and disconnect, the 
operation is, however, very wearisome. 

Comparing the principles of working, we may first 
take the question of steam versus internal-combustion 
engines. The Stewart was the only steam vehicle 
which appeared, and it cannot be said that its: per- 
formance showed steam to advantage. The average 
consumption of water for the three days was 15.9 
gallons, and of coal 32.2 Ib. per mile, so that even 
if the bunkers and tanks were filled, this tractor 
would only run about 14 miles without replenish- 
ing, and if kept down to the 7-ton limit, 5 miles. 
It therefore failed to fulfil the condition that the 
tractor should be capable of running 100 miles with- 
out taking in fuel or water. Its mean speed also fell 
far short of the required 5 miles an hour. Further, 
it had a good many stops for various causes on the 
road, principally for making joints. No doubt it would 
be capable of doing a much better performance when 
thoroughly tuned up, and in the hands of men who 
were not working the long hours of those in the 
trials; but this is probably also true of the other 
tractors as well. It should be noted that the run- 
ning of the Stewart tractor was much more irregular 
than that of its competitors. Sometimes, as in the 
carly trials on the track, it averaged as high a speed 
as the Thornycroft, and once, on Hindhead, went 
at nearly twice the pace ; while, on the other hand, 
at other times it was little faster than the Broom 
and Wade. It seems, therefore, as if it were much 
more dependent on the driving, and this is what 
one would expect. The internal-combustion engine 
ls far the more automatic of-the two, as the steam- 
engine is entirely dependent on thestoking. With 
a really energetic and experienced man a good head 
of steam may be kept, but this entails such an 
amount of attention that tired men may not be able 
to attain this result. In war this might be a very 
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great advantage. ‘The small consumption of fuel 
ives a greater radius of action, and, in fact, 
enabled the internal-combustion engine to fulfil the 
essential conditions of the recent trials with a large 
margin to spare, while the steam-engine did not. 

It is, nodal a pity that the Stewart engine was 
the only steam-tractor to compete, although others 
were entered. It would have been interesting to see 
what the regular traction-engine type would have 
done, and also what could have been attained with 
a flash boiler and superheated steam. As far as 


/can be seen from the tests, the traction-engine type 


represents the most perfect type yet’ evolved, and 
would have probably fulfilled the conditions per- 
fectly as far as hauling the load was concerned, the 
difficulty being to carry the fuel and water for the 
100 miles. If steam is to be used at all, it does not 
appear, however, that a tractor of the steam-lorry 
type is so satisfactory as the traction engine itself, 
and it would therefore be better either to accept 
the known limitations of this type or to go to the 
oil-engine. The flash-boiler type is, of course, a 
rather unknown quantity, and its performance 
would, therefore, have been of the greatest interest. 

In comparing the Broom and Wade and the 
Thornycroft tractors, it must be remembered that 
the former was a good ton lighter than the latter, and 
therefore the merits of the single and four-cylinder 
engines can hardly be com , unless this is taken 
into account. The Broom and Wade engine was 
clearly overloaded with 8 tons, but it was ascertained 
by making a brake test of the engine after the trial 
that it was not developing the power it was intended 
to, owing to its having been hastily put together to 
be ready in time. -The results of these two causes 
were that the speed was always very slow indeed. 
If the whole engine were re-designed on a larger 
scale so as to take full advantage of the maxi- 
mum allowable weight, there is no doubt that a 
very much more powerful machine could be pro- 
duced, and there seems no reason why it should 
not be made to give practically as much power 
as the Thornycroft did. On the other hand, 
if the power and speed were increased to this 
extent, it would put far greater strains on the frame, 
transmission gear, &c., and it would simply be a 
matter of experience to decide whether they would 
stand. Apart from the engine itself, the framing, 
&c., of the Thornycroft appeared to be much heavier 
than that of the Broom and Wade, and therefore, 
if the latter is heavy enough, the former might be 
made lighter. The single cylinder has the apparent 
advantage of great simplicity, but, on the other 
hand, it entails either a very much larger fly-wheel 
or a very uneven turning moment, with the diffi- 
culty of greater stresses on the transmission gear, 
&c. On the whole, it seems to be preferable to 
subdivide the power among four cylinders in a 
tractor for the same reasons for which it is gene- 
rally done in the motor-car—to get an even turning 
moment. While this entails having four cylinders 
to look after, each cylinder only has to do a 
fourth of the work, and if the weights of the 
engine, including the fly-wheel, are equal, each 
cylinder can probably be given considerably more 
bearing surface in proportion to the power deve- 
loped, and therefore each should run with very 
much less adjustment. The single cylinder should, 
of course, be the cheapest to produce, and this must 
always be a consideration ; but in war it will be of less 
importance than in commercial work. Possibly the 
single and four-cylinder engines will each survive, 
and be used for different classes of work. As it stood, 
however, the Broom and Wade tractor appeared 
to be more suitable for taking a load of, say, 5 tons 
than one of 8 tons, and if the single cylinder were 
made large enough for the latter difficulties might 
follow. The Thornycroft undoubtedly is a very fine 
machine, and is, as it stands, quite capable of doing 
the work expected of it; it appeared to require little 
modification, except in details. There is no doubt, 


great disadvantage, as the men will certainly have | however, that its performance did not suffer to the 
to work very long hours, and, therefore, the ma- | same extent from hasty finishing that the work of the 


chine Which does not require manual stoking is 
likely to give far the best daily average. 

The steam-tractor has the advantage that it will 
burn coal, and, at a pinch, any form of solid fuel. 
Whether this eal be sufficient gain to com- 
pensate for the enormously greater weight of fucl 
required would be a matter of circumstances. Com- 
mercially, the low price of solid fuel compensates 


other two did, though it also would have done much 


| better if it had been another month on the road. 


Such stoppages and breakages as it had were all 
either due to want of trial or were in matters which 
can be easily remedied without affecting the general 
design. It would probably be a distinct improvement 
if the length of the whole machine could be reduced, 


| as this would make it more handy, and also diminish 


for the greater consumption ; but in war the cheap-| the weight. It also appears that it would be im- 
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altering the patterns, and this would be an un- 
doubted improvement. 

In the transmissions the principal differences 
were that the Stewart had worm drive direct on the 
back axle on the high speed, while the others drove 
through countershafts with gears, or gears and 
chains. The worm appeared to work, on the whole, 
‘very well, but it may be doubted whether it is a 
suitable transmission for such heavy work if it is 
put direct on the back axle. On the flat, no doubt, 
it is very satisfactory, as ‘the load on the worm is 
moderate, and the worm-wheel goes round ‘fast 
enough to take up plenty of ‘oil to the worm. On 
steep hills, however, the pressure gets very great 
in tractors of the size under consideration—prob- 
ably well over 6 tons ; and as the driving-wheel 
revolves very slowly, it is probable that there is 
little oil between the surfaces, and then the 
efficiency will be very low. This appeared to be 
rather the case in the Stewart tractor, as it did not 
on to climb hills, with its low gear, nearly as 
well as one might have expected from its running 
on the flat or on moderate inclines. 

In the general design of the tractors there are 
several lessons to be learnt. The first is the neces- 
sity of provision for — power. The Thorny- 
croft was a very powerful engine, capable of doing 
nearly 50 brake horse-power, yet it failed to average 
5 miles an hour on several days with the roads 
in the condition they were. No doubt the con- 
dition was exceptional, but, on the other hand, 
the Thornycroft engine was run very fast at times, 
and it would certainly be an improvement if the 
ower could be got at a lower number of revolutions. 

he difficulty is to get the requisite sized cylinders 
into the weight limit, and at the same time make a 
substantial job of the whole vehicle; but there is 
little doubt that improvement can be made in this 
with experience ; in fact, the inch more stroke 
which is provided for in the present design would 
go a long way to secure the result. 

It would also probably be a great advantage if 
four speeds could be provided instead of three. 
In the Thornycroft tractor as at present built, 
the bottom speed has to serve for all inclines from 
about 1 in 10 to 1 in 25 or so; in fact, on Hindhead 
the second speed could not be used even on some 
parts which were less steep than 1 in 25. This is 
very largely from the difficulty of changing up when 
once the he speed is used. On a pleasure-car 
there is no diftculty in changing up from the 
bottom to the second, even if there is a consider- 
able difference between them, as it is usually quite 
possible to go over 10 miles an hour on the bottom 
speed, and the car will continue moving till the 
second is engaged. In a tractor, however, the 
speed on the bottom is only about 2 miles an hour, 
and the vehicle nearly stops while changing. It is 
also difficult to make an engine using paraffin run 
well over such a large range of revolutions as one 
using petrol. The tractor, therefore, requires more 
speeds than the pleasure-car, so as to get the steps 
between them smaller and to facilitate changing up; 
otherwise it will have to do a great deal of un- 
necessary running on the bottom speed ; in which 
case the engine is generally run a great deal faster 
than is good for it. If three speeds only are used, 
it would probably be better to make the second 
and top lower in proportion to the first than is the 
case in the Thornycroft ; but in this case it would 
hardly be possible to lower the first, a change which 
would be a great advantage on slippery ground. 

In the case of steam, so many - on. of speed 
are not required as with internal - combustion 
engines ; but even here there probably should be 
three, as in the case of the latest traction engines. 
A steam-engine will no doubt work over a greater 
range of revolutions and torque than an oil-engine, 
but it will not work over a very great range econo- 
mically, especially if compound. The range can 
be increased in the latter case by using boiler steam 
in the low-pressure cylinder, and this appeared 
to be done very largely in the Stewart engine ; but 
it is by no means economical either in steam or 
wear and tear, and another speed would be better. 

The trials show the great importance of having 
all the change-speed gears and driving arrange- 
ments convenient. Whether in a steam-tractor or 
an internal-combustion one, it seems absolutely 
necessary that all the speeds should be changeable 
from the driver’s seat and without his having to 
release the steering-wheel. It is also necessary 
that the winding-drum should be put in and out of 
action from the driver's seat with a lever, and not 
by pins or connections which have to be worked by 
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aman on the ground, A brake on the winding- 
drum would be a convenience, and ibly even a 
locking arrangement. In this case it might be an 
advantage always to haul by the winding-rope, so 
that in roping it would not be necessary to uncouple 
the draw-bar at all. On very short hills this would 
save the time of uncoupling, but possibly there 
would be cr the 
which would outweigh the advantages. 

The necessity for good brakes was very much 
emphasised when a tractor ran back over its chocks 
when roping its load up a hill; a nasty accident was 
on one occasion only averted by the driver’s promp- 
titude in turning the machine into the bank. Two 
brakes should be ample, but these should each be 
capable of stopping the tractor either forward or 
backward on any hill, and of being put on quickly, 
and should not be worked with very small hand- 
wheels. The driver should also be able to work 
both without moving in his seat. There seem great 
advantages in putting the driving-seat well back, as 
in the Thornyoroft car. Most people find it much 
easier to steer when there is a good deal of the 
vehicle in front of them, and in coupling, roping, 
&c., it is much more convenient to be near the back 
of the tractor than right forward. The control- 
levers are also much nearer the change-speed gear, 
and therefore the connections shorter. 

The trials showed the necessity for good springs 
and springing arrangements, and for these allowing 
for enough motion of the axles for fairly high 
speeds. Although the Thornycroft car had no power 
to spare in order to average the 5 miles an hour 
on average roads, she proved capable of going at 
a speed of over 10 miles an hour on the level on a 
good road with her full load. There is no doubt 
that on active service the tractors would be driven 
pretty well as fast as they could go, and as they 
would have to do a good deal of work with light 
loads of empty trucks, speeds of 10 miles an hour, 
or more, would probably be frequent. This is, of 
course, no higher than is often done by traction 
engines, but it may be rather doubted whether the 
arrangement of having a very small rise to the 
springs, and varying the depth of the final-drive 
teeth in gear, is good enough for it, and it seems 
better to have a regular universally jointed shaft, 
such as was employed in the Stewart and the 
Thornycroft tractors. Noise is a matter which also 
should have some attention. The Stewart engine, 
as might have been expected, ran very much the 
most quietly, especially during the first few days. 
Of the others, the Thornycroft was distinctly more 
noisy than the Broom and Wade, though it is not 
certain that it would have been had it been run as 
slow as the latter. Noise is a matter of consider- 
able importance, as it makes it much more difficult 
to hear anything which is said, and also it makes 
driving more tirimg. There might also be occasions 
when it would betray movements to the enemy. 








THE PANAMA CANAL. 

Stnce the inauguration of the work on the Panama 
Canal the United States Government has constantly 
found itself forced to defend, before the public, the 
special project for which it has made itself answer- 
able. fi such a democratic country the dignity 
attaching to government does not prevent official 
champions entering the public lists, and in one way 
and another—by communications to the Press, by 
messages to Congress, by the publication of reports, 
&c.—every endeavour been made to convince 
the people that the Government project at Panama 
is the only correct canal scheme. One of President 
Roosevelt's last official acts was another such com- 
mendation of the project, when, in a message to the 
Senate and House of Re ntatives, he pro- 
nounced a fresh benediction upon the lock type canal 
for Panama, Couched in his habitually forceful 
terms, he stated that, in view of the report drawn up 
by the engineers deputed vo accompany Mr. Taft on 
his recent flying tour to the Isthmus, it would be 
**inexcusable folly” to abandon the lock-canal 
project, and that, hereafter, ‘‘ attack on this type 
—the lock type—is, in reality, merely attack upon 
the policy of building any canal at all.” 

One would imagine that this clinched the matter, 
and would lay finally to rest all agitation. But so 
desirable a result has not been attained, and the 
controversy continues. This controversy dates from 
the time when the United States Government 
adopted the Minority report in favour of a lock 
canal, in preference to the Majority report of the 
International Board, which favoured a sea-level 


in this system of working. 





canal. The agitation has also included discussion 
as to whether the 85-ft. project of the Govenment 
was superior to all other possible lock-canal schemes. 
The agitation has waxed and waned, and a good deal 
of concern has been aroused as to whether the nation 
was really on the right track after all. Various 
attempts have been made to allay these fears, but 
none on had lasting effect ; hence the recent des- 
patch of seven engineers to the Isthmus on a hurried 
visit of inspection. The report handed in on their 
return was well-timed, and Mr. Roosevelt sent it to 
Congress just before relinquishing office, with a 
message which, condensed, implied that the Govern- 
ment had been absolutely correct all along. But 
this little piece of nice management has, unfortu- 
nately, not put a stop to the discussion in the 
American Press, a large section of which considers 
that matters have not been furthered at all thereby. 

This last official benison is duly accompanied by 
what have been termed the ‘‘glittering generalities,” 
so dear to our friends across the Atlantic. The 
nation is told that ‘‘every American citizen should 
feel not merely gratification, but a very keen sense 
of pride,” in the work, and also that it is ‘‘to be 
heartily congratulated on everything of importance 
that has been done in connection with the building 
of the Panama Canal.” 

Now it is well known that during the progress of 
the work many changes of very great importance have 
been introduced in matters of organisation and work- 
ing, and also of design, and hearty congratulations 
are therefore just as much due for the manner in 
which worthless portions of the original plans have 
been thrown overboard, as for anything else that 
has been done. But in view of all the changes 
introduced as the project developed, the question 
may well be asked, whether finality has yet been 
reached. The last official pronouncement would 
have us believe that it has. The report is doubtless 
intended to form very pleasant reading for the 
average American citizen. It is favourable to a 
degree ; it launches out into adulation of the 
houses, furniture, Y.M.C.A. buildings, excursions 
provided for employés, and a host of other matters 
which engineers are, of course, the best fitted men 
in the world to pass opinions upon. A compara- 
tively small portion of the report deals with the 
most important item—the situation at Gatun. 
After dismissing this the Commissioners discuss the 
changes introduced in the plans, the present condi- 
tion of the work and estimates of total expense, the 
type of canal, &c. On all points save one they are 
in accord with the Government, which must be ex- 
tremely gratifying to Mr. Roosevelt and Mr. Taft, 
seeing that the President and ex-President were 
largely responsible for the adoption of the lock-canal 
principle. 

As the project now stands the canal is planned for 
the 85-ft. level—that is, the highest water-level in 
the canal will be 85 ft. above sea-level. This level 
extends over a middle section of about 31 miles. 
At the Colon—the Atlantic—end of this central 
section, the sea-level is reached by a flight of three 
locks situated at Gatun, the site of the famous dam 
around which much of the controversy has raged. 
This dam is to have a rock up-stream facing and a 
rock toe, the central portion being completed by 
the hydraulic fill method. The height of this 
dam is now to be 115 ft., or 30 ft. higher than 
the normal level of the lake of 164 square miles in 
area at the back of it. The stability of the pro- 
posed dam is, we are assured by the recent Commis- 
sion, unquestionable, although the materials are 
clayey, and deposited in position by the hydraulic 
method of construction. American engineers, how- 
ever, are strong advocates of this method of building, 
and with the slopes pro , and in the light of ex- 
periments carried out last year, although these did 
not at the time convince the American public, the 
Commissioners report that no doubt is left in their 
‘*minds as to the safe, tight, and durable character 
of the Gatun dam.” It may here be noted that 
one of the chief causes of uneasiness with regard 
to this dam arose from the great depth of the 
channel of the Chagres River, which is said to have 


a considerable underground flow through gravelly | 
: ‘engines and cars, French dredgers and hopper 


| barges, are still in service. 


soil under the site. An ofticial proposition was 
made last autumn to drive sheet piling across this. 
The plan is discouraged by the Commissioners, who 
consider that it may safely be omitted. This is 
practically the sole point on which they do not 
support the official plans. Seeing that the depth 
of the channel in question is held to be great, and 
that only shallow piling was contemplated, this, 
perhaps, is but rational. 





Another question that has been exercising the 
American mind, apart from the safety of such an 
arrangement, is the practicability of a flight of three 
locks together, with approach walls, &., on the 
Gatun-site. The locks were originally intended 
to be 900 ft. long and 90 ft. wide. They are now 
to be of a usable length of 1000 ft. by 110 ft. wide, 
Three such locks, with approaches, form a very long 
structure, and it was questionable whether stable 
foundations throughout this length were availa)le. 
Apparently this matter is supposed to have been 
settled satisfactorily by the official report of last 
autumn, for no mention of it is now made by the 
Commissioners. 

At the Panama, or Pacific, end of the middle 
section there is to be a lock at Pedro Miguel, and 
two at Miraflores. The locks are double in all cases, 
to allow of locking vessels going in either direction 
simultaneously. Originally the locks on the Pacific 
side were to be at Pedro Miguel and La Boca. This 
original plan included the construction of certain 
earth dams, about which much discussion arose. 
The Commissioners go out of their way to say that 
these dams could quite well have been constructed 
had they been necessary, thus again proving that the 
plans of the Government were without reproach. The 
official reason presently given for moving these locks 
4 miles inland is published as one of purely military 
import. The width of the bottom of the canal has 
recently been increased from 200 ft. to 300 ft. in 
the Culebra Cut, and other changes have since the 
start been introduced in the arrangements at the 
terminals, from all of which it will be readily 
seen that the plans originally adopted have been 
considerably modified during the three years’ work. 

The cost of the canal is now estimated at 360 
million dollars, which is, of course, far in excess of 
the original sum voted. The Spooner Act voted 
140 million dollars for the construction of the canal 
in addition to some 50 million paid for the Canal 
Zone and the old works, and exclusive of sanitation 
and Zone government. Those responsible for the 
ayes estimates have great faith in their accuracy, 

ut former approximations have been advanced 
with just as much confidence by responsible per- 
sons, only to be proved hopelessly inadequate as 
the work proceeded. Even the sum of 500,000,000 
dols. is unofficially suggested as the probable ulti- 
mate cost of the canal to the United States. What- 
ever the final figure, it is certain that the enter- 

rise will prove for a long time a very heavy financial 
urden, although the bonds for rising the money 
have been issued on favourable terms. 

The United States is not, of course, in this 
matter actuated by purely: commercial motives, 
and is in a much better position to prosecute the 
work than was either of the French companies. 
Science has, moreover, lent assistance to recent 
work at the Isthmus in a measure denied to 
former , engineers. Not only is this the case 
with regard to health conditions, improved by 
recent discoveries, but the progress in mechanical 
engineering has rendered possible the construc- 
tion of plant of a size and character formerly 
unknown. Though labouring under considerable 
difficulties, the French managed to accomplish 
work which now evokes high tributes from men 
conversant with conditions at the Isthmus. We 
quote the following from the Engineering Record, 
of New York :—‘‘ It should not be forgotten that 
the Americans now constructing the canal have 
nothing but praise for the work the French left 
behind them.” Similarly, Dr. Vaughan Cornish, 
in his book, ‘‘ The Panama Canal and Its Makers,” 
just published, states that the French work was 
well executed on sound lines, and that ‘‘ the engi- 
neers now on the Isthmus are full of praise for the 
work of the French engineers, and their wonder 
daily grows both at its quantity and its ingenuity. 
It is only those at a distance, or ill-informed, who 
have belittled those achievements.” 

The ‘‘toy” plant and Lilliputian methods of the 
French, which at one time caused so much amuse- 
ment to the people of a country used to big things, 
are now more justly appreciated. In fact, much 
of the plant is still doing useful work. French 


e hospital at 
Cristobal is but an enlargement of the original 
French one, as is also that at Aucon. Well over 
1000 French buildings have been utilised by the 
Americans. The latest report of the Isthimuan 
Canal Commission confirms the impression that 
French plant was, after all, not so absurdly unsuit- 
able. For instance, on one division, apart from 
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steam-shovels, ‘*the balance of the equipmenttis 
largely that left by the French ; 47 out of a total 
of 50 engines in use are French, as are 410 out of 
the 645 dump cars,” and so on. 

But, however suitable, the equipment handed 
over to the United States authorities was insufficient 
to execute the work at an economical pace, and the 
plant has been absorbed in the far larger amount 
purchased by the United States Government. This 
is so well known, in fact, that it.seems rather late 
to point out, as is done in the report of the Com- 
mission of engineers in explaining the heavy ex- 
penditure, that large sums have been paid for 
steamships, dredgers, steam-shovels, &c. The 
citizens of the United States must have been fully 
alive to this long ago. It is certainly not easy to 
conceive how the work could be pushed forward 
with great rapidity without such expenditure. The 
report, in fact, is in parts a most unconvincing 
document, for while it briefly dismisses points of 
considerable engineering interest, it bolsters up the 
present methods and plans with superfluous state- 
ments of a style not very complimentary to the 
intellect of the average citizen of the United States. 

In discussing the sea-level project the Com- 
missioners reporting decide that excavation in the 
dry is cheaper and more suitable for conditions at 
Panama than rock-splitting and excavation in the 
wet. Although the latter methods are known to 
have been most successful elsewhere, it is laid down 
that ‘‘experience is not yet available to us which 
will justify the belief that with the depth of cut 
and the quality of rock at the Isthmus, the general 
adoption of subaqueous methods would prove more 
expeditious or cheaper.” 

The Board in their conclusion state that they 
‘do not find any occasion for changing the type of 
canal that has been adopted,” and that the ‘‘ dams 
and locks, lock-gates, and all other engineering 
structures involved in the lock canal are feasible 
and safe, and that they can be depended upon to 
perform with certainty their respective functions.” 
Could anybody want more on a canal? And yet 
the agitation does not appear to have been scotched ; 
perhaps the colouring of this specially rosy report 
has been applied with too liberal a hand. 








THE PROPERTIES OF MATTER. 

In opening his third lecture on the above subject 
at the Royal Institution on Saturday last, Professor 
Sir J. J. Thomson, F.R.S., recalled that on the 
last occasion he had alluded to a theory according 
to which matter differed from the ether, not in its 
substance, but in its possessing a certain rotary 
motion. This theory was, he said, most funda- 
mental, but led to very difficult investigations, 
almost beyond the present powers of mathematics. 
Another theory, less fundamental, but more 
manageable, was that in which the properties of 
matter were explained as arising from electrical 
forces. On this hypothesis matter was built up of 
numbers of’ positively and negatively electrified 
particles, the interaction of which gave rise to all 
its various properties. There was, he said, abun- 
dant evidence that matter did contain electrified 
particles. A heated wire, for instance, gave out 
quantities of negative electricity, which were car- 
ried by particles extraordinarily smaller than the 


atom. Whilst the molecules were about 100000 500 


centimetre in diameter, the particles carrying the 
negative electricity were only about Taian of this 
dimension. 

He did not, however, on this occasion intend to 
goat any length into the properties of these particles, 
as he had often spoken of them in that room, in 
which, indeed, he had made the first public an- 
nouncement of their existence. The negative 
particles shot off were, he said, the same whatever 
the nature of the substance from which they were 
derived, and thus formed part of the atom of all 
elements. Again, it was ible to get bodies to 
emit positively clectzified particles. These were 
much heavier than the negative particles, and were 
m general of the size of the atom of hydrogen. 

ey could, however, be obtained still larger, and 
a8 heavy as the atom of chlorine or of nitrogen ; 
but it had never yet been possible to obtain posi- 
tively electrified particles anything like as small 
as the negative corpuscles. 

He might, however, mention in passing that they 
had just succeeded, at Cambridge, in getting posi- 
tively electrified particles of apparently only half 
the weight of the hydrogen atom. Possibly in this 








case the weight was really that of the hydrogen 
atom ; but if so, then it carried two charges of 


positive electricity, the ratio of charge being double 
mass 


the largest value previously found. Even so, how- 
ever, there was an enormous difference between the 
masses of the positively and the negatively electri- 
fied particles. It appeared, therefore, that we could 
get small negative particles and large positive 
particles, and we were thus led to regard the molecule 
or atom as equivalent to a collection of small nega- 
tive and large positive particles, It was a most inte- 
resting problem to arrange various numbers of these 
charges to simulate an atom. Since the atom was 
neutral, it must contain as many positive as negative 
charges, and by combining sank waitin of each, 
it was possible to construct a kind of architecture 
of the atoms, considered as structures built up of 
these charges. Such a model maintained its shape 
by the forces which existed between the charges, 
and there proved to be an interesting analogy be- 
tween such models and real atoms. They obeyed, 
for instance, a periodic law corresponding ve 
closely to the periodic law according to which the 
atoms were arranged in chemistry. 

This question as to the internal structure of the 
atoms had of late years been put upon a different 
footing by the discovery of the radioactive bodies. 
Up till the time of this discovery the forces to 
which an atom was subjected in the laboratory 
merely ruffied its surface, so to speak. far 
as the inside of the atom was concerned, the 
ordinary operations of chemistry, the subjecting 
of a body to a high temperature, or its exposure 
to violet light, merely affected the surface. In 
the radium atoms, however, we got an amount 
of energy developed on an entirely different scale 
from anything previously known. The total energy 
of a mass of radium was about one million times as 
great as that developed by the combination of an 
equal weight of oxygen and hydrogen, which was 
the chemical action giving the greatest known 
development of heat. The energy developed by 
radium was derived from the atom itself, and was 
expended in putting into extremely rapid motion 
atoms of helium. These were shot out with a truly 
incredible velocity, equal to about one-tenth that 
of light. Where this energy came from to give 
these heavy particles their enormous velocity 
constituted an interesting problem. 

These particles were quite unique agents for 
studying the behaviour of matter under new condi- 
tions. By them molecules could be bombarded by 
masses about as big as they were themselves. 
The exposure of a ship to a bombardment of a 
fleet of Dreadnoughts was mere child’s play com- 
pared with that undergone by a gas ex to a 
battery of the a particles, This corresponded rather 
to the case of a town bombarded by shot as large as 
houses, and moving many times as fast as the 
fastest shell. Hence an a particle passing through 
a gas left behind it the wrecks of 30,000 atoms. 
Here, therefore, we had an agent of unparalleled 
vigour with which to tap similar sources of energy 
in other elements. As already stated, the ordinary 
operations of chemistry do not do more than ruffle the 
surface of the atom, and thus radium itself would go 
through all these operations “ without turning a hair,” 
showing that the internal energy of an atom could 
not be liberated by chemical means. It was important 
therefore to try whether the exposure of a body to 
this bombardment of a particles would result in the 
liberation of any of the internal energy of its atoms. 
He was, however, not very hopeful of obtaining an 
affirmative answer. Of all the elements known, the 
radioactive ones were probably about the most 
unstable, and he thought therefore that if any 


elements should respond to such a bombardment, it | ©48¢ 


would be these radioactive bodies themselves. He 
had s ted some years ago that part of the ener 
liberated by radium was due to the fact that it did 
thus bombard itself. This view had been tested by 
Professor Rutherford, by first measuring the rate 
at which solid radium bromide was split up and 
liberated helium. This radium bromide was next 
dissolved in a large quantity of water and the rate 
of change again measured, This proved to be the 
same as before, although in the dilute solution used 
each molecule of the radium bromide was separated 
from its neighbour, and largely shielded from bom- 
bardment, by the intervening water. 

For this reason, therefore, Professor Thomson 
said he was not very hopeful that we would be 
able, even by means of these a particles, to 
split up an atom of ordinary matter and tap its 








internal energy. Nevertheless, though the indi- 
cations, as stated, were adverse, the experiment 
should be tried in every possible way, since, if suc- 
cessful, the results would be of such supreme im- 
portance. 

Proceeding, Professor Thomson said that he 
would next consider a property common to matter 
in every form—viz., its gravitational attraction. 
According to Newton’s law every particle of matter 
attracted every other with a force which varied in- 
versely as the square of the distance between them. 
A great many stories were told concerning Newton's 
discovery, many of which did him scant justice. In 
a picture in the Royal Institution, for instance, one 
of these stories was illustrated, Newton being shown 
contemplating the fall of an apple. Here, indeed, 
the artist had given him grounds for contemplation, 
as the apple was shown in equilibrium ona very steep 
bank. It was not in any sense accurate to say that 
Newton found out why the apple fell. What he 
really did prove was that whatever force caused 
the fall of the apple was the same as that which 
kept the moon circulating round the earth and the 
planets round the sun. So that the force in ques- 
tion extended from earth to heaven. He dis- 
believed, moreover, another popular story about 
Newton, who had got the idea of universal gravi- 
tation in 1666, but did not publish it till 1685. 
The usual explanation given of this long interval 
was that he made a calculation of the gravitation 
between the earth and the moon, using wrong 
data as to the size of the former, and hence 
got a result a few per cent. out. He was, the 
story went, so scrupulous as to accuracy that he 
— his calculation away until, later on, he got 

tter data as to the earth’s dimensions, and found 
then an absolute ment between his theory and 
his calculation. This, as stated, was the story 
usually told, and an opportunity was generally 
taken to point a moral as to the all importance of 
absolute accuracy in scientific work. The story 
that Newton delayed the publication of his theory 
for many years on account of an error of a few per 
cent, was, a priori, improbable, and had been defi- 
nitely disproved by his letters and manuscripts now 
in the ssion of the Earl of Portsmouth, which 
showed exactly where his real difficulty lay. It took 
Newton all the years in question to calculate the 
difference in the attraction of the earth at its 
surface and at the moon. If his law were true, he 
could calculate easily enough the attraction at the 
moon, since the latter was so far away that each 
particle of the earth was at practically the same 
distance from it. The attraction of a stone at the 
earth’s surface was, however, enormously more diffi- 
cult to calculate, and required the work of a Newton 
for several years before it was solved. A stone at 
the earth’s surface was close to some particles of 
the earth, but very far away from those at the 
Antipodes. The determination of the total attrac- 
tion, therefore, was a problem of immense com- 
plexity, and its solution constituted one of Newton’s 
greatest discoveries. He established, ultimately, 
the most beautiful theorem that so long as the body 
attracted was outside of the earth, the attraction 
on it was exactly the same as if the whole mass of 
the earth were concentrated at the centre. It was 
the solution of this problem which delayed the pub- 
lication of Newton’s theory, and once it was ob- 
tained the course was clear, and Newton could test 
whether his law was verified in the case of the 
moon. He knew its distance to be sixty times the 
distance of his stone from the centre of the earth, 
and also that the space fallen through varied as 
the square of the time. Hence the fall of the 
moon in one minute should be the same of that of 
the stone in one second, and this proved to be the 


Now, Professor Thomson proceeded, though this 
force was able to keep the moon in her orbit, yet 
in all experiments which could be made in the 
laboratory, it was so very feeble that it was not till 
100 years after the publication of Newton’s theory 
that any one observed the gravitational attraction 
between adjacent masses inthe laboratory. Henry 
Cavendish then observed the mutual pull between 
two pieces of matter at the earth’s surface. 

The lecturer then repeated this Cavendish 
experiment, using the apparatus represented dia- 
grammatically overleaf, which consisted, he ex- 
plained, essentially of a glass rod suspended in the 
exhausted vessel down by a quartz fibre, and bear- 
ing at each end a pellet of lead. Two } cwt. balls 
resting on a turntable below stood originally in the 
position indicated by the full lines, Thus arranged 
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a spot of light reflected from a mirror attached 
to the suspending fibre rested near one end of 
its scale. On next shifting the balls into the 
dotted position this spot of light was deflected to 
the other end of the scale. The total force exerted, 


Professor Thomson said, was only aan of the 


weight of one of the lead pellets, or about 
equal to the weight of the smallest speck of lead 
which could be distinctly seen in a most powerful 
microscope. In making these experiments, the 
lecturer continued, currents of air caused the 
greatest difficulty, and hence it was necessary to 
exhaust the tube, though no very high vacuum was 
required, a reduction of the pressure to that of a 
few millimetres of mercury being sufficient. This 
fact was very clear to the mind of Cavendish, who 
fixed up his apparatus in a special room, which 
he never entered, manipulating the instrument and 
reading his scales by a telescope from the outside. 
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(76) 
It was by these precautions that he got such splen- 
did results. In a few months’ work indeed he got 
results of extraordinary accuracy. The only mistake 
he made was in an addition at the end; and 
though his results were published in full, the slip 
was not detected till twenty-five years after. The 
experiment had, the speaker continued, been re- 
peated by Professor Boys, using a modification of 
the Cavendish apparatus. His invention of the 
quartz fibre made it possible to shorten the sus- 

nded arm of the apparatus from the 6 ft. used 
»y Cavendish to ,% in., and yet very accurate and 
consistent results had been obtained. The speaker 
suggested, however, that by adopting a somewhat 
longer arm, equally accurate and reliable results 
might have been obtained with much less labour. 
Professor Poynting had, he said, also made ex- 

periments on the mutual gravitational attraction of 
two bodies, using a modification of the ordinary 
balance. Equal leaden pellets were suspended 
from each arm, and a heavy weight moved. alter- 
nately under each pellet, causing that under which 
it rested to be heavier than the other. This weight 
was carried bya turntable, and it was found n 
to balance it by a second weight, lighter, but further 
from the centre of the turntable, since otherwise the 
surface of the earth was tilted on moving the weight 
round, and the deflection of the balance observed 
was not solely dependent on the quantity it was 
desired to measure Very good results had also 
been obtained with this apparatus, and the general 
result of the different investigations showed that if 
mand m! were the weights in grammes of two attract- 
ing bodies, r the distance between their centres in 
centimetres, then the attraction between them in 
6.657 m . mi! 
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MILITARY TRACTOR TRIALS. 

WE now conclude our record of the trials of light 
tractors for military service, with which we have 
dealt in our two last issues (vide 325 and 
361 ante). On Wednesday, the 10th inst., the last 
day’s run on the road was made, the distance being 
173 miles, and the run being to the top of the Hog’s 
Back and back, including a hill-climbing test up on 
to the Hog’s Back. This hill is 653 yards long, with 
a total rise of 167.6 ft., the mean gradient being 
therefore 1 in 114. The hill consists of a con- 
siderable length of slight gradient, and then a 
steady rise for the rest of the way of about 1 in 8. 
All the tractors roped their loads up the whole of 
the steep part, and the total times are given in 


Table I., while the results of the day’s run are 
recorded in Table II. During the run along the 
top of the Hog’s Back the speed of the tractors 
was tested over 2 consecutive miles, the results 
| being given in Table III., from which it will be 
'seen that the Thornycroft attained a speed of 
| nearly 10} miles an hour, 

| TasLe I.—Hill-Climb, March 10. Length, 053.3 Yards ; 
| Height, 167.6 Feet. 





| __ Name. ime. Speed. 


miles per hour 


| No. 3, Stewart .... 
| No. 4, Thornycroft.. an Ss 
No. 10, Broom and Wade.. 





TaBLE IT.—Results of Run, March 10, to Hog’s Back 
Cross-Roads and Back ; 178 Miles. 


| 
} 
| 
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Fuel Used. 

Fuel per Net 
Water per Net | 
Ton-Mile | 


Water Used. 
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No. 3, Stewart 
No. 4, Thornycroft 5.2 
No. 10, Broom and Wade 


~~. 
eed 


Shoe 


Details of Stops and Repairs. 

No. 3, Stewart: Adjusted flexible fan-drive; gauge-glass 
broken ; donkey-pump joint re-made twice ; water in tank got 
too hot for injector ; cold water taken in from traction-engine. 

No. 4, Thornycroft : Jet of vaporiser cleaned before start. 

No, 10, Broom and Wade : New link on driving-chain. 


TaBLE III.—Speed Test over Two Consecutive Miles 
on Top of Hog’s Back. 





Name. Speed in Miles per Hour 


in, ER PR inet 
| first mile. second mile 

No. 3, Stewart : 6.9 7. 

No. 4, Thornycroft .. ool . } 10. 

No. 10, Broom and Wade ..! 2. 4. 


the Long Valley, over rough ground and through 
mud and soft ground. e tractors were taken 
across some deep sandy gullies with very steep 
sides, and then across:a piece of boggy ground. 
The loads had to be roped.in all cases, but little diffi- 
culty was experienced until the bog was encountered. 
This was a piece of peaty ground standing in water, 
and about 100 yards across, and so soft and boggy 
that most of those who knew it were quite confident 
that none of the tractors would be able to cross it. 
Nevertheless, the Thornycroft, which came first, 
put some spuds on the wheels, and went across 
without difficulty, hauling its truck after it with 
its rope. The ground was so soft that the truck 
went in up to the axles, and the wheels ceased to 
revolve. Unfortunately, just as the truck got to 
the end of the bog the winding-drum burst, owing 
to the side pressure from the coils of rope, and 
it is clear that it should be made heayier or 
else of stronger material. The Broom and Wade 
tractor, which followed, was equally successful both 
in crossing and hauling its load, though ‘slower. 
The Stewart, however, even with spuds on the 
wheels, soon began to slip, and having buried 
itself nearly to the axle, was hauled out by a trac- 
tion-engine. Owing to the breaking of the wind- 
ing-drum the Thornycroft left its truck on the edge 
of the bog, although it had pulled it through the 
soft part, and the Broom and Wade was therefore 
the only one to actually take its load through and 
haul it away. It is rather curious that the Stewart 
had so much more trouble slipping than the others, 
but this appeared to be due to the very uneven 
turning moment of the engine. If it had had a good 
Aung” the result would probably have been much 
tter. 

On the next two days the tractors had their work- 
ing parts opened and inspected, and, on the whole, 
their condition was very satisfactory. The trans- 
mission gear of the Stewart showed slight signs of 
scoring in some of the bearings, as if te dabeiadion 
had not been perfect, and the Thornycroft had the 
winding-drum cracked, as mentioned, but in most 
cases the bearings, &c., showed no signs of wear, 
and would apparently be fit for continuous hard 
work for long periods without adjustment. 

ig. to the state of the roads the only days on 
which the runs on the original programme could be 
carried out were the 8th, 9th, and 10th inst., and 
the results of these three days are summarised in 
Table IV. The runs of the 5th and 6th inst. are 
not included, as, although these were with full loads 





TaBLE IV.—Results of Three Days’ Run, March 8, °, 
and 10. Distance, 823 Miles. 


Miles 


Total Fuel. 
Fuel per Net 
Ton-Mile. 
Total Water. 
per Hour. 





#5 


No. 3, Stewart .. .. 2647 
No. 4, Thornycroft .-| 402 


No. 10, Broom and Wade 373.7 





‘In working out the fuel and water per net ton-mile the net load 
is taken at 6 tons. 
TABLE V.—Distance which could be Run by the Tractors on 
the Basis of the above Consumptions without Replenish ing, 


| 
Distance on One Distance on one Fill 
ame. Fill of Fuel. of Water. 





miles miles 
No. 3, Stewart , 46 14 
No. 4, Thornycroft .. 157 Practically unlimited, 
No. 10, Broom & Wade: 75 | 


4 

The Stewart is taken with bunkers and tank full, but this brings 
her over the 7 tons limit. If only enough fuel and water are taken 
to bring her up to this, she will run 134 miles without fuel, and 
5 miles without water. I 

The Thornycroft only used a quart of water in three days, and 
would therefore run a distance of several thousand miles, 
and on the roads, the ground was so slippery, owing 
to ice, that the results give little idea of what could 
be done in actual service, when studs would cer- 
tainly be used under such conditions. Table V. 
gives deductions as to the distances which could be 
run by the — tractors without replenishing 
supplies of fuel or water, and is self-explanatory. 
We have dealt with the lessons to be derived from 
these trials in another article, which will be found 
on page 388 of the present issue. 








NOTES. 
Lonpon County Counci, TRAMS AND 
STEAMBOATS. 

From the report of the District Auditor, sub- 
mitted to the London County Council this week, 
one may gather a fair idea of the financial position 
of two great trading enterprises. The net capital 
expenditure on tramways account at the end of 
March, 1908, the termination of the financial 
year, amounted to 8,150,075l/., of which the sums 
of 930,201/. and 978,844/. represented money sunk 
in horse traction and ‘‘ obsolete lines” respectively. 
Deducting sums amounting to 819,3771/., which have 
been charged against revenue for repayment, there 
remains a total debt of 7,330,698. outstanding 
on tramways account. During the financial year 
in question nearly a million and a half was spent on 
capital account, a quarter of a million of this being 
accounted for by expenditure on the Greenwich gene- 
rating station and sub-stations. The total receipts 
during the year from electrified lines were 
1,274,6601., and from horse tramways 388,3711., 
equal to 11.95d. and 9.35d. respectively per car- 
mile. The corresponding expenditure was 6.794. 
per car-mile for the electric trams and 10.73d. for 
the horse trams, the latter thus being worked 
at a considerable loss. After all ‘‘ proper 
charges have been debited to the net revenue 
account, a surplus of 45,406. is shown, which 
is carried, very wisely, to the .renewal fund. 
This stood, at the close of the financial year, at 
158,6221., or 38,0001. short of what it should amount 
to on the basis of 3d. per car-mile, which the 
Council have now decided to provide for renewals 
in future. In addition to this there is a general 
reserve fund of 34,6341., for emergencies ; and as 
all maintenance charges are met out of revenue, the 
auditor reports that the ‘‘tramways appear to be 
worked upon a very sound financial basis.” We 
naturally do not find any corresponding remark 
about the steamboats. This disastrous legacy of 
the former Council made a loss during the year 
| (1907-1908) of nearly 39,0001. The aggregate capital 
expenditure is 301,080/., of which 265,484/. remains 
as net debt. From the inauguration of the service 
|in June, 1905, to March, 1908, the ratepayers were 
‘called on to pay 131,371. towards the losses on the 
| boats, and the total capital expenditure and any 
‘further losses will be made good in twenty-five 
| years under present arrangements. 


|Tae Dreecrric StrenctH or CompresseD AIR. 

Whatever physical or scientific interest there may 
be in the question of the dielectric strength of com- 
| pressed -air, one would hardly have thought the 
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subject of sufficient practical importance to form 
the basis of a paper and discussion before any 
essentially engineering audience. It is surprising, 
therefore, to find the Institution of Electrical Engi- 
neers devoting an evening to a paper such as that 
of Mr. E. A. Watson, po He there are so many 
matters of more immediate concern to the members 
that deserve consideration. In saying this we 
desire to cast no reflection on the author’s work. 
He has experimented systematically, and stated 
the results clearly, so that if anyone wishes to 
know the relation Prodi sparking vol and air 
pressure, the information is now obtainable. Mr. 
Watson experimented with air pressures up to 200 Ib. 
per square inch, and with voltages up to 75,000 
volts, using spherical electrodes of different, sizes. 
Both alternating and continuous voltages were 
employed. The conclusion arrived at is that the 
dielectric strength of air at ordinary temperature 
follows very nearly a linear law, but that the curve 
when produced backwards does not pass through 
the origin. Hence at zero pressure a certain voltage 
should be necessary to produce a spark. For pres- 
sures between 3 and ib atmospheres absolute the 
dielectric strength of air in kilovolts per centimetre 
can be closely expressed by the equation : Dielec- 
tric strength = 20 + 25.6 x absolute pressure in 
atmospheres. Thus at pressures well within engi- 
neering practice, the dielectric strength reaches 
values equal to that of certain solid or liquid insu- 
lating materials. But whether this fact has any 
engineering significance is another question. It 
bears on the difficulty of getting good ignition 
sparks in internal-combustion engines, but affords 
no help in the matter. That air under pressure 
will ever be used as an insulator for ordinary engi- 
neering a tus, as the author hints, we very much 
doubt. He claims as one of its advantages that it 
is not permanently injured if broken down. This 
is by no means true, as anyone who has used one of 
the old Kelvin electrostatic voltmeters will testify. 
If one of these instruments sparked across once or 
twice, due to excessive voltage, it became necessary 
to open the case and renew the air, or continued 
sparking would occur. Probably the discharge 
ozonised the air and reduced its dielectric strength ; 
but whatever the explanation, the fact remained. 
But apart from this question of permanent injury, 
one would be very much puzzled to name any 
apparatus where comp: air could be used as 
an insulator. Instruments would have to be as 
strong as little boilers to be safe, and, moreover, 
absolutely air-tight ; as any leakage would result in 
a short circuit or other electrical trouble. Trans- 
former tanks would become real boiler-work, and 
leakage, again, would be disastrous. The idea, in 
fact, is not feasible, as far as practical engineering 
work isconcerned. The only case, so faras we know, 
in which the dielectric properties of compressed air 
have been utilised, is in the design of the Tudsbery 
influence-machine, brought out a few years ago. 
This was really a Wimshurst machine, with the 
working parts inside a pressed-steel casing filled 
with compressed air. A bicycle pump was used to 
raise the pressure, and extraordinary results were 
obtained, the sparks being equal in length to the 
diameter of the plates. e air used was dried by 
passing from the pump through a tube packed with 
calcium chloride. 


InstreuTION oF NavaL ARCHITECTS. 


_ Special interest attaches to the forthcoming ses- 
sion of the Institution of Naval Architects, which 
opens on Wednesday, the 3st inst., at the Hall of 
the Royal Society of Arts, because it will be the 
first appearance as President of the Right Hon. 
Ear! Cawdor. His close association with transport 
companies, and his tenure of office as First Lord of 
the \dmiralty, will enable him, in his presidential 
address, to speak with a lange degree of experience 
upon problems affecting defence and transport, 
and with that full measure of practical know- 
ledge which has characterised his work. The 
list of papers which will follow cover a wid 
field, aly at the Wednesday meeting is 
taken by Lord Brassey, who will deal with “ Types 
of Warships Omitted in Recent Programmes of 
Naval Construction,” and we shall hope. for an 
adequate discussion of the problem of Dreadnoughts 
anc modified Dreadnoughts, the latter suitable for 
shallower waters, as advocated by him. Mr. 
Archibald Denny, Dumbarton, follows with a paper 
dealing with the work done by the Engineering 
Standards Committee on sections and tests for 
materials used in the construction of ships and 





their machinery ; and Professor J. B. Henderson, 
D.Sc., with a contribution on the vibrations of 
ships and the use of a dynamical model for 
determining the elasticity of ships. At the day 
meeting on Thursday the subject of the internal- 
combustion engine takes first place, the first 
paper being by Mr. H. C. Anstey, who was formerly 
associated with such work in the engineering de- 
partment of the Admiralty, and has since been con- 
nected with a manufacturing company, and the 
second paper by Mr. F. R. s. Bircham. Lieut.- 
Colonel G. Rota deals with the propulsion of ships 
by means of contrary turning screws on a common 
axis, a subject which has association with reversi- 
bility of gas-engine propulsion. Mr. J. H. Heck 
will conclude the day’s proceedings with a note 
on a mechanical method for determining the 
thrust of propellers. At the evening meeting 
on Thursday—which is always looked forward to 
with considerable interest, as it gives an oppor- 
tunity to young engineers engaged during the day 
of hearing the debates, usually on engineering ques- 
tions—Mr. Anthony G. Lyster and Mr. W. Boyd 
will jointly contribute a paper on the suction dredger 
Leviathan, built for the port of Liverpool, and the 
largest vessel of the type yet comple Mr. C. J. 
Blackburn, the marine superintendent of the Isle 
of Man Company, will review the experience of 
the Parsons marine steam turbine on the turbine 

nger steamer Ben-my-Chree, recently built by 
the Vickers’ Company, while Mr. C. E. Stromeyer 
will open a discussion on ‘‘ Explosions of Steam 
Pipes Due to Water-Hammer.” On Friday the 
first business is connected with the Report of the 
Experimental Tank Committee appointed last year, 
after which Dr. T. E. Stanton oa conik on ‘** The 
Resistance of Thin Plates and Models in a Current of 
Water.” Mr. A. W. Johns, of the Royal Corps of 
Naval Constructors, will contribute a memoir on 
‘*The Accelerated Motion of Bodies in Water, 
with Special Application to the Rolling of Ships.” 
The other papers down for consideration deal with 
launching calculations, ship geometry, shipbuild- 
ing on the Great Lakes, influence of form and 
bulkheads on the strength of ships, and diverging 
waves. It will thus be seen that the programme 
for the meeting is worthy of the best traditions of 
the Institution, and there is every promise of a 
successful meeting. 








AGRICULTURAL Enainges.—The exports of agricultural 
engines from the United ee have thus far been 
barely maintained this year, the value of the engines 
shipped to February 28 having been 105,720/., as com: 
with §2,006/. in the first two months of 1908 and 110,6761. 
in the first two months of 1907. We have beendoing a rather 
better business in agricultural engines in South America, 
the exports to February 28 having been valued at 25,266/., 
as compared with 15,7371, and 20,4801. 





THE INCORPORATED INSTITUTION OF AUTOMOBILE ENGI- 
NEERS.—The annual general meeting of this Institution 
was held on Wednesday, the 10th inst., at the Institu- 
tion of Mechanical Engineers, Storey’s Gate, St. James’s 
Park, S.W. Mr. Dugald Clerk (President) occupied the 
chair. The annual report of the council showed a most 
satisfactory year’s work, the Institution now being on a 
much sounder basis than previously. The membership 
roll numbers 445 names, an increase of sixty during the 
year. Into this class are admitted only men of satisfac- 
tory engineering and scientific attainments. Amateurs 
interested in automobile work are encouraged to join 
the special associate section formed for them. The 
activity of the Institution has led to the appointment of 
several committees. One on the rating of petrol-motors, 
on which are also representatives of the Royal Auto- 
mobile Club and the Society of Motor Manufacturers 
and Traders, hopes shortly to arrive at a formula accept- 
able to all these three bodies. Another committee is con- 
sidering the question of valve-setting, while another is 
dealing with standardisation. A committee has also 

inted to gather information, &c., on aerial locomo- 
tion. The financial position of the Institution has never 
been better. As the result of generosity on the part of 
members of the council, and by reason of a balance on 
last year of 87/., the adverse balance has been cleared off and 
the Institution is free from debt. Afund, inaugurated by 
a donation from Mr. J. 8. Napier, has been started to 
enable prizes to be given for the best papers contributed. 
Dr. H. eee Vice-President, a a 
tion of the report, speaking most partic 'y on the part 
of the work concerned with the graduates. After the 
oe. of the report the President announced that Dr. 
H. 8S. Hele-Shaw had been elected President for the 
ensuing session, with Mr. F. W. Lanchester and Mr. L. 
A. Legros as Vice-Presidents. The present officers will 
not retire till October next. The names of thirty members 
who had been elected to the Council for the ensuing 
session were also announced. At the conclusion of busi- 
om were read by Mr. H. Ballantyne, F.1.C., and 
Mr. B. Blount, F.I.C., on the subject of petrol, These 
were followed by a discussion, 





THE ROYAL METEOROLOGICAL SOCIETY. 


At the meeting of this Society on Wednesday evening, 
the 17th inst., at the Institution of Civil ineers, 
Great George-street, Westminster, Mr. H. Mellish, 
President, in the chair, a lecture was given by Dr. Vaughan 
Cornish, F.R.G.S., on “* Wind-Wares in Water, Sand, 


| and Snow.” 


Dealing first with waves of the sea, Dr. Cornish de- 
scribed the gradual evolution of large sea-waves during 
the passage of a cyclone or other depression across the 
Atlantic. The great sea-waves are produced at that 
portion of the cyclone where the direction of the wind 
coincides with the direction of advance of the depression. 
Along this line of advance the waves in their | petong 
tional progress are accompanied by a strong wind blow- 
ing across their ridges, as long as the atmospheric de- 
pression maintains itself. Thus the waves are de- 
veloped until they attain a considerable steepness. 
The average ~~ attained by these waves (in feet) is 
about half the velocity of the wind (in miles per hour). 
Thus a wind of 52 miles per hour gives waves of an average 
height of about 26 ft., although individuals will then 
attain a height of 40 ft. In the circumpolar southern 
ocean the height of North Atlantic waves is somewhat ex- 
ceeded, but the outstanding feature of the waves of high 
southern latitudes is their greater — from crest to 
crest. South of the Cape of Good Hope and of Cape 
Horn there is neither windward nor leeward shore, and 
the prevailing wind in all longitudes is westerly. Thus, 
wherever a westerly wind springs up it finds a long 
westerly swell, the effect of a previous wind, still running, 
and the principal effect of the newly-born wind is to in- 
crease the steepness of the already-running long swell, so 
as to form majestic storm-waves, which sometimes attain 
a length of 1200 ft. from crest to crest. The longest 
swells due to wind are almost invisible during storms, for 
they are masked by the shorter and steeper waves. They 
emerge into view, however, after, or beyond the storm, 
and Dr. Cornish has found their speed to be approxi- 
mately equal to that of the wind which they are 
created, sometimes attaining, even in the North Atlantic, 
a velocity of more than 60 miles per hour. 

The action of the wind in drifting dry sand into a series 
of regular waves was studied by the lecturer in the 
Egyptian deserts. As the sand-waves are unable to travel 
by gravitation, as do the waves of the sea, their move- 
ments are entirely directed and controlled by the wind, 
and are therefore much simpler and more lar in form 
and movement than ocean waves. When they grow to 
ers size, as in the desert sand-dunes, which attain a 

eight of several hundred feet, the forms become more 

complicated, owing to the partial consolidation of the 
lower layers of sand by pressure. Nevertheless, the 
characteristic wave-form can still be distinguished. 

Mackerel sky fo rippled form of cloud) is produced by 
the formation of an undulating surface where a lighter 
layer of air flows over a heavier one. The positive and 
negative of a a photograph were shown, and 
it was explained that the negative (showing the pattern, 
not of the clouds themselves, but of the unclouded sky 
between) was the true aerial ‘‘ ripplemark,” corresponding 
to sand-waves., 

For the purpose of studying snow-waves the lecturer 
traversed Canada twice during winter, and found the 
phenomenon best developed on the prairies near Winni- 
peg, when the temperature was below zero, and the 
snow had quite lost the adhesive character which it re- 
— ee pa mene Fresh] em Bly snow is 

ri y wind in a procession of regular waves, pro- 
gressing with a visible and ghost-like motion. They are 
similar to desert sand-waves, but less than f as 
ee the wave-length being fifty times as great as 
the height. The flatness of the wind-formed snow-waves 
affords a valuable indication of the great distance to 
which hills give effective shelter from wind, and helps 
to —— the climatic advantages of certain localities. 
The forms of snow-drifts produced in the neighbourhood 
of obstructions were also studied by the lecturer. Maulti- 
tudinous shapes are assumed while the eddy space formed 
by the obstacle is being filled up with snow; but when 
sufficient snow has fallen and drifted in, so that 
the aoe lis filled, the vertical section drift is icthyo- 
morphic (fish-shaped), with a blunt head and tapering 
tail, which is the form of least eddy-making resistance. In 
fact, the forms of completed snow-drifts, illustrated in 
the lecture, convey valuable hints for the design of tor- 
pedoes or other immersed bodies intended to move through 
"The Toot illustrated b ph 

e lecture was illus’ y numerous photogra; 

taken by Dr. Cornish in his travels. ™= 





ae sa ie a ror Hone anes have received 
a few particulars of a er Mond gas-plant 
for Hong Kong. This was supplied by the Power-Gas 
Corporation, ited, Stockton-on-Tees, to Messrs. 
Butterfield and Swire for their Taikoo dockyard. The 
a —— two 1100 - brake - horse - power, and two 

brake-horse-power, i supplied by Messrs. 
Richardsons, Wes h, and bo. Laiddieieough, driving 
dynamos direct. are besides forge-furnaces, : 
reheating furnaces, bow-reheating furnaces, 67 ft. long and 
3 ft. wide, gas-fired brass-furnaces, plate-annealing fur- 
naces, brass and iron foundry core-stoves, &c. Gas is also 
supplied to rivet-furnaces, a bolt-heading furnace, a tool- 
tempering furnace, and to lead-baths, galvanising-baths, 
drossing-baths, &c. This plant has now run for 12 months 
on Chinese bituminous and the final trials, held in 
December last, gave the f results :—At full load 
the coal consumption was 0.92 Ib. brake horse-power 
A hour ; at three-quarter load it was 1.02 ]b., and at 

load 1,125 Ib, 
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“cs ” | : 
THE BRITON HASLAR BEACH | THE SUBMARINE “A 12” ASHORE AT FORT BLOCKHOUSE. 


ON HASLAR BEACH. 


THe photographs we reproduce on this are 
interesting because they are probably the t yet 
obtainable to illustrate the form of hull of the later 
submarine boats, not only in respect to entry, but to 
the run aft, and particularly the propellers and 
rudder, The photographs were taken by Mr. Reginald 
Silk, of Portsmouth, and are of the submarine A 12, 
which grounded on the beach in Haslar Creek, on Mon- 
day, the 8th inst., when the vessel was returning to 
Portsmouth Harbour on the conclusion of evolutions in 
the Solent. The boat grounded at high water, and was 
left ‘‘ high and dry” by the receding tide. The beach, 
however, has a ‘‘ kindly” slope, and the only precaution 
necessary was to run hawsers ashore, in order to secure 
the boat against any tendency to slip down the beach. 
The boat tes comfortably, and was floated with the | 
next tide, without any damage to the structure or 
danger to the crew having been incurred. It may be 
added that the submarine illustrated is, accordin to | 
the Navy Estimates, 135 ft. long and has a breadth of | 
13 ft. 6in. The weight of the hull, excluding machinery | 
and armament, is 120 tons. The displacement when | 
the boat is submerged is 313 tons. She has internal- | 
combustion engines, using gasoline, and these develop | 
600 brake horse-power, which give the boat on the 
surface a speed of over 13 knots. The storage tanks | 
have a capacity of 15 tons. 








CONCRETE AND MASONRY DAM 
CONSTRUCTION. | 

At the ordinary meeting of the Institution of Civil | 
Engineers, held on Tuesday, March 9, 1909, Mr. James | 
C. Inglis, President, in the chair, the paper read was | 
**Concrete and Masonry Dam Construction in New South | 
Wales,” by Mr. L. A. B. Wade, M. Inst. C.E. The | 
following is an abstract of the paper :— 
In thirteen cases concrete walls curved in plan have | 
been built for the sto: of town water supplies, the | 
resistance of the material in the wall and the sides of the 
valley being relied upon for stability, and complex ques- | 
tions of stresses being disregarded. The formula used | 
for determining the thickness of a wall at any level below | 
the highest water surface was 
RP 
T=" | 

n which 


T denotes the thickness at any level in feet ; 

R. denotes the radius in feet ; 

P denotes the water-pressure in tons per square foot ; 
S denotes the stress in tons per square foot. 


These vary as under for different materials, where D is the 
depth of water in feet :— 

T = RD x 0.0014 when 8 is equal to 20 tons; 

T =RD ~x 0.0018 Mi ort 

T=RD x 0.0023 m4 ed 12 ';, 

T=RD x 0.0027 ” | On. me 

The cross-section would be a triangle, but in practice 
it is advisable to make the top not less than 3 ft. 6 in. 
wide, increased according to the depth of water and the 
timber passing over in flood-time. The climatic condi- 
tions are against the formation of heavy ice. 

Nine of the thirteen walls are curved for the whole of 
their length ; of the rest, the Cootamundra has two tan- 
gents of vity cross-section, and the Tamworth, Parkes, 
and Woolongong walls each have one tangent of gravit 
cross-section. In all cases they abut against the roc 
sides of the gorges to their top levels. “The gravity tan- 

nt at Parkes is constructed on a flat bench of rock at a 





evel about 13 ft. below the top of the wall, the thrust of 
the arched length being taken by the gravity length, 
assisted by an anch of steel rails placed vertically, | 
and connecting the wall to the rock foundation. 

The horns of the curve are more or less fixed by local | 
conditions, and a radius giving a versed sine of about | 
one-third forms the most economical location between | 
those points. When this rule will not apply, the radius 
may be advantageously altered to suit the configuration 
of the valley. 

In two cases pressures of 24 and 25 tons per square foot 
have been allowed on hard granite, but later these limits 
have been reduced to 20 tons. Hard slate, sandstones, 
conglomerates, and ironstones are limited to 15 or 12 tons 
per square foot, aqecoding to quality, and softer sand- 
stones to 10 tons. These limiting pressures apply to the 
walls rather than the abutments, as the end of the 
wall can be splayed, thus raducing the 


than the concrete, which is therefore the measure of the 
crushing resistance of the wall. The proportions of the 
concrete in all cases are 114 cubic feet of sand, 10 cubic 
feet of shivers from #-in. to 4-in. gauge, and 13 cubic feet 
of metal of 1}-in. gauge. The results of tests of concrete 
gave a mean pa on | resistance of 50 tons per square foot 
when mixed with soft sandstone, and 100 tons with sound 
igneous rocks. It has been assumed that concrete in bulk 
offers a crushing resistance 14 times greater than that of 
unsupported 6-in. cubes, The maximum pressures allowed 
on different materials give a factor of safety of 5 on results 
from unsupported 6-in. cubes, which, if the assumption of 
: eoees strength be correct, will be 74 for concrete in 
7 


ure per | 
unit area in the abutments. The walls in all cases are of | 
Portland-cement concrete, with plums of greater resistance | 





The section of a wall of 500 ft, radius. to resist 20 tong 























Fic. 2. 


per [square foot, and of a wall of 270 ft. radius to resist 
10 tons per square 'foot,’closely approximates to that of a 
gravity wall for a similar depth of water. The author is 
of opinion that gravity walls should be made straight, a 
curve having no advan as. regards strength or adapt- 
ability to meet contraction sufficient to justify the im- 
creased quantities. The economical limit justifying 
substitution of curved for gravity walls is with radii some- 
what less than the foregoing, bearing in mind the greater 
length of a curved as compared with a straight wall ; thus 
the use of curved walls is restricted to comparatively 
narrow valleys and gorges. . 

Igneous rocks as foundations proved the most imper- 
vious media against leakage. In the case of granite, all 
soft seams were followed up. In sandstones and conglo- 
merates, the weaknesses were found along horizontal beds, 
and in cases leakage occurred under the flanks of walls, 
water entering some distance up-stream, the exit being 
some distance down-stream. In two instances short drives 
were carried under the flank of a wall to cut out weak 
places, being filled in with concrete and grouted 
through drill-holes under pressure. The worst leakages 
have experienced in leand slate. 

The ey sees of material used in concrete are suffi- 
cient for t uired resistance at a minimum cost, but 
are not sufficiently impervious for a thin wall. In earlier 
walls a 6-in. facing of special concrete was placed on the 
up-stream side for water-tightness. Subsequently it was 
found that, by working the sloppy concrete tn situ against 
the mould-boards, a skin was formed on the surface, and 
@ practically impervious wall was obtained. When, how- 
ever, surplus water dried out, vertical cracks developed. 
Further experience showed that longitudinal contraction 
was less in a wall of concrete placed tn sttu fairly dry and 
well rammed, and that cracks either do not occur or occur 
only fo a much less extent; but a skin could not be 
obtained, and thin walls leaked excessively. It was found 
that two coats of neat cement applied as the timber was 
stripped gave good results and did not scale, owing to the 
absence of frosts. 

Cracks have appeared 
Cootamundra, Tamworth, Welli m, and Mudgee dams, 
but no failures have resulted. No cracks have appeared 
in any of the other dams. 

The cracks in the Mudgee dam are more open than are 
those in dams constructed of dry concrete. Vertical 
cracks in all cases twist in their course, inwardly as well 
as,vertically, and open and close with change of tempera- 
ture; they almost disappear with high temperature and 


more or less in the Parkes, 





low-water level and cold temperature and high-water level, 
and open most with cold temperature and low-water level. 
They occur, as arule, at quick changes of foundation-level. 
e author is of opinion that such vertical cracks, as 
they occur naturally, do not endanger the stability of the 
walls ; but as they are likely to develop, it is better to 
provide parting joints to allow of the cracks forming on 
radial lines, spaced at intervals, than to allow them to 
occur naturally. Iron built horizontally into the top 
levels of walls has been suggested to prevent vertical 
cracks, but the author thinks this would lead to horizontal 
cracks. Iron might be built in if the parting joints were 
provided, and if it did not cross the joints. ; 

In the opinion of the author, the experience gained of 
these structures since the first was completed in 1895, 
shows that curved walls relying for their stability on 
their resistance to.crushing form a safe and economical 
means of storing large bodies of water. j : 

Cataract Dam for Sydney ene gar a fs dam is 
straight in plan, and will retain about 21,500,000,000 

llons of water, covering an area of 2400 acres. The 

imensions are :— r 
t. 


Length of wall... sae a = ne 811 
Height above river-bed i. 4: afl 157 
Depth below river-bed 7) A. ve 35 
Total height—base to top ... ik 4h 192 
Top wid - ‘ ‘ss ‘ee a, 164 
Bottom width ... a rm Fn secs} see 
Maximum depth of water stored ... vse 150 
Length of spillway weir oi 715 

The highest estimated flood-level is 4 ft. 6 in. over the 
spillway weir. ; 

The material of which the dam is constructed is local 
Hawkesbury sandstone, and its maximum crushing stress 
was limited to 84 tons per square foot. A system of 6m. 
rectangular conduits filled with broken stone, parallel 
to and about 6 ft. back from up-stream face, was con- 
structed to drain the interior of the wall, and these con- 
duits wete again drawn into 6-in. earthenware pipes, 
laid at right les to the wall, with exits on the down- 
stream face. “The sandstone, from experiments, gav® a 
crushing strength of 276.3 tons per square foot on 121m. 
cubes, unsupported. wai 

Tests on concrete at 90 days ‘ath an average of 113.5 
tons, and mortar, for hearting, about 102 per square Gost. 

The remainder of the paper deals with the construct) 
of this dam, 
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LATHE FOR TURNING LARGE TURBINE ROTORS. 


CONSTRUCTED BY MESSRS. 
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Fig.6. 


AND A. HARVEY, LIMITED, ENGINEERS, GOVAN, GLASGOW. 


SPECIAL SLIDES FOR TIPPING BLADES OF ROTORS & 150 DIA 
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We illustrate on our two-page engraving, Plate 
XXVIL., and on this page, a large lathe recently con- 
structed by Messrs, G. and A. Harvey, Limited, Govan, 
Glasgow, for the Fairfield Shipbuilding and Engineer- 
ing Company, Limited, Govan. Figs. 1 and 2 are per- 
spective views, reproduced from photographs, while 
Figs. 3 and 4 are a front elevation and a plan respec- 
tively. Figs. 5[{to 7, above, are views of different 
parts of the machine to a larger scale. 

The lathe is strong and powerfully geared, and is 
driven by a 60-horse-power variable-s motor, 
placed on the top of the headstock, the maximum 
speed of the motor being 750 revolutions per minute, 
and the minimum s 300 revolutions per minute. 
The gearing is arranged for driving on single, double, 
triple, or quadruple gear, and the speeds are in geome- 
trical progression. The maximum speed of the spindle 
is 37.3 revolutions per minute, and the minimum speed 
0.523 revolution per minute, the total wheel-power 
being 571 to 1. e driving headstock is fitted with a 
steel spindle, the front journal of which is 15 in. in 
diameter and 24 in. long. The back journal is pro- 
vided with thrust bearings of large capacity. he 
gearing is all machine-cut, and the teeth are of epicy- 
cloidal form, giving very smooth running. The change 
of gear is easily made by means of three racks, which 
operate clutch-forks, the change being effected by 
means of the handle in front of the headstock. Each 
of the racks mentioned is provided with a pin for 
locking the gear in position. 

The bed is 68 ft. long, 12 ft. 6 in. broad, and 24 in. 
deep at outside. The centre part of the bed is lower 
than the outsides, to enable the lathe to swing a 
piece of work of larger diameter than if the bed were 
flat_across its upper surface. This is clearly shown 
in Figs, 5, 6, and 7, above. The height of centres 
1s 6 it. 104 in. above the top ot the outside portions 
of the bed, when the stools are all in place, and 4 ft. 
above the same surface when the stools are removed. 
The lathe will swing 15 ft. in diameter over the bed, 
and 11 ft. 6 in. over the saddles when raised, and will 
turn up work 50 ft. long. There are four saddles, of 
massive construction—two at the front and two at the 
back—each independent of the others. They are all 
provided with change-wheels in front for the feed, and 
also with reversing-gear, so that they can be fed in 
any direction independently. 

Che feed is carried up through the stools on the 
saddles to the top slides, by which means short self- 
acting longitudinal feeds can be obtained, doing away 
With the necessity of feeding the saddle along the bed 
for short work. "This arrangement is also very con- 
Venient for bori 

‘tient Tor boring taper holes, The two front saddles 
arc, in addition, fitted with continuous self-acting 


Variable in-cutting feed, operated from the same cross- 





shaft which actuates the longitudinal feed, thereby 
adapting the lathe to cut long tapers in either direction, 
the gear being reversible. By this means also one 
saddle may be operated on taper-work, while the 
others are on parallel parts. The self-acting feed is 
obtained from the pad end, and carried down to a 
cross-shaft at the end of the bed, from which point it 
is taken to two longitudinal shafts—one at the back, 
the other at the front. These shafts are splinéd, and 
transmit the motion to the saddle by means of clutches 
laced underneath the front of the saddle, and thence 
through change-wheels to revolving-nuts on screws. 
Each of these shafts has fitted and keyed to it at the 
running-head end a clutch, by means of which the self- 
acting feed-gear from the spindle can be thrown out of 
gear, and the shafts connected to the motor at the back, 
which means the saddles can be traversed rapidly 
along the bed. At the shifting-head and on the front 
shaft is placed another clutch, operating three re- 
versing-wheels for transmitting the motion to cross- 
shafts, and thence to nuts revolving on screws in the 
bed, for power-traverse of the shifting-head. The 
front saddles are fitted with two special front stools, 
shown in Figs. 5 and 6, in addition to those shown in 
the illustration, Fig. 7, and these are used for carry- 
ing slides out to hold the bar with the cutting-tool, 
to clear 15 ft. in diameter between saddles, so as to 
enable the lathe to tip the blades of rotors of that 
outside diameter. The lathe weighs about 180 tons, 


and is very strongly built, being well suited to take 
the heaviest cut with high- steel. 
We undefstand that this has also recently con- 


structed some very heavy motor-driven boring machi- | 


nery, suitable for turbines and other heavy drillin 
pa ¢ Paces work. ‘These machines are also fitted wit 
special tapping-gear, and weigh upwards of 70 tons 
each, 





INDUSTRIAL NOTES. 


The debate in the House of Commons on Wednesday 
evening in last week was especially opportune, as it 
followed almost immediately upon the announcement 
by the First Commissioner of Works of his cancelment 
ob a contract, the dismissal of the contractor, who for- 
feited a large sum of money, by reason of non-fulfilment 
of the conditions set forth pertaining to the Fair-Wages 
Clause. The debate was caused by a motion by members 
of the Labour Party to.amend the resolution of 1891. The 
Government jon: not accept the resolution proposed; 
but Mr. Sydney Buxton, who was the father of the 
clause, moved an amended resolution, which he declared 
‘* was as water-tight, and more seaworthy,” than the 
motion before the House. The resolution carried is so 
important for reference that it deserves to be quoted 











in full. Thus: ‘“ The contractor shall, unde: the 
penalty of a fine or otherwise, pay rates of wages and 
observe hours of labour not less favourable than those 
commonly recognised by employers and trade societies ; 
or, in the absence of such recognised wages and hours, 
those which in practice prevail amongst good employers 
in the trade in the district where the work is carried 
out. Where there are no such wages and hours recog- 
nised or prevailing in the district, those recognised or 

revailing in the nearest district in which the general 
industrial circumstances are similar shall be odontal. 
Further, the conditions’ of employment generall 
accepted in the district in the trade concerned shall 
be taken into account in considering how far the terms 
of the Fair-Wages Clause are being observed. The 
contractor shall be prohibited from transferring or 
assigning, directly or indirectly, to any person or 
persons whatever, any portion of his contract without 
the written permission of the Department. Sub-let- 
ting, other than that customary in the trade con- 
cerned, shall be prohibited. The contractor shall be 
responsible for the observance of the Fair-Wages Clause 
by the sub-contractor.” The above quoted resolution 
applies to all contracts entered into from date of pass- 
ing—namely, March 10, 1909. Mr. Buxton said that, 
out of 4000 contractors for the Post Office, there were 
only a few complaints. The resolution was carried 
without a division. 





The threatened great strike in the South Wales 
coal-fields was happily averted by the Conciliation 
Board at its meeting on Wednesday in last week. At 
the large conference of: delegates held on the previous 
Monday there was a strong feeling in favour of strik- 
ing at once; but the tact of Mr. W. Abraham, M.P., 
their recognised leader, led to the adjournment of the 
question until the Conciliation met. To strike 
at once, he said, would be illegal—a breach of con- 
tract—so the delegates took his good advice, though 
80 per cent. of them were ready fora strike. The tact 
and conciliatory tone of ‘‘ Mabon ” was again manifest 
at the Conciliation Board, and the manager of the 
collieries affected at once met the case in a conciliatory 
spirit, with the result that it was that the 
whole of the 1800 men should resume work on the fol- 
lowing day, and that a deputation of the Board should 
meet the representatives of the company and arrange 
terms. Another piece of good work was effected at 
the Conciliation rd—the threatened troubles over 
the wages ment and the Mines Eight Hours Act 
were shelved, with a reference of counsel’s opinions to 
the secretaries of the two bodies 


The Amalgamated Engineers’ Monthly Journal under 


| the new editorship continues the same line of policy as 
es. It is 


under the ex-secretary, Mr. George N. Barn 
in tone socialistic, and the first of its editorial notes 
in this month’s issue treats of the King’s Speech as 
promises unfulfilled—hopes shattered. The first criti- 
cism is with respect to unemployment, the remedies for 
which, it is said, are almost barren so far as the unem- 
ployed are concerned. This is regarded as going back 
on the promises which they (the Ministers) had dis- 
tinctly given, yet it can scarcely be averred that the 
Government has failed to carry out in some form the 
ledges given. To expend more money upon projects 
so to be not only unprofitable, but extrav: t, 
which did not fulfil the original intention, would be 
but to pile up debt for the taxpayers and ratepayers 
to pay. The note on Sir Edward Fry’s award is in 
excellent taste and tone, with praise to the arbitrator. 
There was a further drop of 436 in the membership of 
the Amalgamated Society of Engineers, leaving the 
total at date 107,864. Of that total, 11,351 were un- 
employed, or over 11 per cent. of the te. At 
date of the report, however, there were 1763 fewer on 
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donation benefit than in January. The cost of this 
benefit alone was 1s. Ofd. per paying member. There 
were also on the sick-list 2880, at a cost of 34d. per 
member, and on superannuation benefit 5678, at a cost 
of 7#d. per member. Total number on benefits, 19,909. 


The report of the Amalgamated Society of Car- 
penters and Joiners is again distressing by reason of 
the large number out of work, the total reaching 
8668—an enormous total to be dealt with. The aggre- 
gate membership was 61,422. Of these, 7900 are 
returned as unemployed, of whom 5972 were in receipt 
of donation benefit, 1933 on sick benefit, and 2931 on 
superannuation benefit ; 43 on unemployed benefit or 
travelling cards in search of work. It is a deplorably 
long list of members to be more or less sustained by 
those in work. In the report it is stated that there 
are no signs of a real revival in trade. Looking at 
the returns from branches, one can see that trade in 
this line is bad almost everywhere—in the United 
Kingdom, in Canada, South Africa, Australia, New 
Zealand, and in the United States. The season of the 
year has something to do with it, of course, but newer 
machinery and labour-saving appliances very much 
more. The report commends the paragraphs in the 
Minority Report of the Royal Commission on the Poor 
Laws, ie teckel that trade unions paying 
unemployed benefit shall be subsidised by the State. 


The report of the Associated Blacksmiths’ Society 
indicates a more hopeful tone as regards employment. 
As regards the Clyde, it states ‘‘that the shipbuilding 
prospects are distinctly encouraging ; the improvement 
which set in two months ago has been maintained.” 
Most of the new work has gone to the lower reaches of 
the Clyde, where it was sorely needed. There were 
also favourable reports of orders having been placed 
with firms in the higher reaches. The report gives 
instances of threatened reductions in wages and of 
wages reduced, and of negotiations to avert reductions. 
It is noticeable that the negotiations in all cases were 
of a friendly character, even when the parties did not 
agree. In one case given the firm did not belong to 
the Employers’ Federation, but there were customs in 
regard to wages, hours of labour, &c., which had given 
satisfaction. When the executive demurred to the 
proposed reduction, the heads of the firm promised to 
-reconsider the question. They consulted the head 
foreman, who, they stated, was a member of the union, 
and he thought that the reduced prices for piece-work 
were not unfair. The reply led to no rejoinder, so 
that the terms were probably accepted. In three 
places the reductions were objected to because the 
rates were even then below the standard rates of other 
centres. In no case was there a threat of stoppage of 
work. The income for the month shows a cubstomtial 
increase; there was also an increase in membership. 
The expenditure continued heavy, but there was a 
decrease under that head. The cost of sick, super- 
annuation, and funeral benefits was rather large. In 
the aggregate there was a decrease of capital account 
to the extent of 169/. 4s. 1ld., but the balance per 
member still stands high. 


The American Federationist, both of last month and 
the present, devotes a good deal of space to the recent 
judgment of Mr. Justice Wright, and the sentence 
upon the three Labour leaders in the United States, 
Messrs. Gompers, Morrison, and Mitchell, of imprison- 
ment for twelve, nine, and six months respectively. 
The February number gave the judgment in full, 
with the documentary evidence, while the editorials 
commented upon and criticised the decision with an 
asperity which in this country would be deemed un- 
usually severe. But in America such criticism arouses 
no condemnation. In this month’s number the American 
Press generally is condemned for not being fairly 
acquainted with the facts of the case, nor with the 
decision of the judge thereon. The final decision of 
the Supreme Court of the Federal Union has still to be 
given, and the sentenced leaders are busy in arousing 
public feeling against the decision and sentence. It is 
undoubtedly the gravest labour problem which the 
American workmen have yet had to grapple with, and 
opinion is very much divided as to the justice of the 
decision, outside the ranks of labour. 


On Tuesday in last week, ut the Westminster Palace 
Hotel, Lord James of Hereford presided as indepen- 
dent chairman at the adjourned meeting of the 1 
Conciliation Board for England and Wales, to deter- 
mine as to the application of the coal-owners for a 
reduction of 5 per cent. in the present rate of wages. 
At the previous meeting of the rd the two parties 
were unable to agree, and the question was referred to 
the umpire. The case on either side was put clearly 
and temperately, and at the close Lord James reserved 
his decision. It was thought that this denoted that 
the case of the coal-owners was not so overwhelming 
as some supposed it to be. On the day following his 
award was sent to the joint secretaries, his decision 
being in favour of the employers, of 5 per cent., as 
demanded. Both sides admitted depression in trade, 





but the men’s representatives denied that the coal- 
owners were justified in entering into contracts at the 
lower prices quoted. The result of the reduction is 
that the wages are now at 50 per cent. above the 
maximum of 1889, as 5 per cent. was allowed b 

Lord James at Edinburgh last autumn. In Nort 

Wales the maximum now is on the English level. In 
Scotland the rates still remain at 50 per cent. above 
the standard. Reductions are now completed in the 
Federation districts. 


At a conference of representatives of the anthracite- 
coal industry and of the miners in the United States 
the mine-owners refused the men’s demands, and pro- 
posed the continuance of the present agreement for 
another term of three years. Whether the miners 
will agree to this is not yet clear, but there does 
not appear to be any excessive agitation against it. 
America has not yet recovered from the financial panic. 


On Friday last, counsel representing the South Wales 
Conservative miners, in the person of Mr. Tom Jones, 
a member of the South Wales Federation of Miners, 
asked Mr. Justice Eady, in the Chancery Division of 
the High Court, to grant an interlocutory injunction 
against the trustees, restraining them from raising and 
distributing the. moneys for the pu of paying 
Labour members under rule 3, section 12 of the Fede- 
ration; counsel for the Federation opposed the injunc- 
tion. The Judge thought that, as it was intended 
to make it a test case, there ought to be a final judg- 
ment, and nota mere interlocutory order, as the latter 
did not decide the rights of the parties in any way. 
He decided, therefore, that the order should stand 
over until the trial of the action to be taken as a 
short cause, and final judgment obtained, with leave 
to expedite the hearing when both parties were ready. 
This is much better than an injunction. 


The representatives of the employers’ associations 
and of the trade unions in the shipbuilding industries 
met in Edinburgh last week, and ratified the pro- 
visional % ong ne previously made, which has been 
endorsed by a ballot of trade-union members, and the 
other parties concerned. This most valuable agree- 
ment will ensure peace in all the sections of trade 
affected for years to come, and it cannot cease to 
operate without due notice on either side. There is 
to be no stoppage of work in the meanwhile. All 
questions are to be referred to and be dealt with by a 
joint committee. 


The employés of Messrs. Lever Brothers, of ‘‘ Sun- 
light” soap fame, have approved the co-partnership 
scheme. At the annual meeting of the company it was 
also confirmed, and steps are to be taken to make the 
necessary changes in the articles of association for the 
purpose of carrying out thescheme. Mr. Lever stated 
that 900 young employés of the firm were attending 
evening continuation schools, as a result of the com- 
pulsory conditions enforced by the firm. 


The lack of animation in the iron and steel trades 
continues, and there is no indication of increasing 
activity in the near future. Manufacturers and mer- 
chants appear to see little in prospect to justify anti- 
cipations of trade revival. Buyers only obtain what 
is needed for immediate use. But there had been no 
further slump in prices up to the end of last week. 


A dispute arose at the mills of a large cotton- 
spinning firm at Stockport over the question of pay- 
ment for damaged work, with the result that fifty of 
the operatives received notices. A conference was 
then held between the representatives of the union 
god the manager, when terms of settlement were 
agreed upon and all the notices were withdrawn. . The 
terms were accepted by the directors as well as by 
the operatives. The notices would have expired on 
Saturday last. 


The strike of coopers at Edinburgh has lasted some 
months, and there does not appear to be any signs of 
a settlement. Last week some of the strikers were 
prosecuted for intimidation, and were fined heavily 
after.a long hearing, with the alternative of imprison- 
ment if the fines are not paid. Trade unionists must 
remember that the Trades Disputes Act does not 
repeal the provisions in former Acts for the punish- 
ment of offences against persons or property; the 
individuals are responsible, as previously—not the 
society, as under Mr. Justice Farwell’s decision. 








GERMAN Popu.ation.—The result of the German census 


of June 12, 1907, has now been published, and shows the | 


—— of the German Empire on that day to have 
m 61,720,525 persons, against 60,641,278 on Decem- 
ber 12, 1905. Thisshows an increase on about a year and 
a half of 1.78 per cent., which is slightly less than the 
average increase per cent. for the years 1900-1905. The 
population of Prussia is 37,989,893, that of Bavaria 
6,598,168, of Saxony 4,585,500, Wiirtemburg 2,338,610, 
Baden 2,057,561, and Alsace-Lorraine 1,820,249. 


THE TRANSMISSION OF POWER BY 
ROPES.* 


By Epwin Kenyon, of Dukinfield, near Manchester. 
(Concluded from page 370.) 

Driving Ropes.—Beyond incidental acknowledgments of 
its existence, the medium of transmission has hitherto 
been scarcely mentioned, not because its importance is 
inferior to any other factor which plays a part in the 
general economy of the system, but from a desire to 
emphasise at this juncture that much-neglected phase of 
the question which deals with the composition and con- 
struction of driving-ropes. 

Many and various are the materials which have been 
premed into the service of the rope-maker—an almost 
infinite variety of fibres, through the whole range of 
hemps and fiaxes, from the coarse-grained manila to the 
silk-like ramie, and finally cotton. Ropes have also been 
made from paper strips, but one experiment was more 
than enough to prove their inaptitude for the purpose, as 
the rope under trial collapsed after less than an hour's 
running. 

Manila.—Owing, it may be conjectured, to the fact that 
rope-driving was cradled in what may be styled the home 
of the manila trade, that material gained for a time prece- 
dence above all others, and, if merely judged on the lines 
of resistance to tensile strains, would still hold the field. 
The fibres are, however, of so harsh and wiry a nature 
that they cannot be compressed into a solid mass by the 
successive twisting operations to which they are sub- 
jected, but, instead of forming a perfect impact, the 
strands merely rest upon each other, thus constructing 
what may be termed aspiral tube. The strands therefore 
scrub one upon another with every bend of the rope until 
the centre is reduced to a fine powder. 

The permanent set is thus quickly reached, while 
gripping power is so limited that any reduction in the 
pulleys from 45 diameters must be reciprocated with a 
ent increase in the amount of rope. An advo- 
cate of continudus driving recommends 60-rope diameters 
for manila. When the system was first introduced into 
the Lancashire district, experiments were soon tried in 
the direction of applying cotton to the manufacture of 
driving-ro} seeing that no other material was found 
capable of transmitting power to the various motions of a 
cotton-spinning mule, the particular ramifications of 
which demand a rope possessing great resilience as well as 
endurance. 

Cotton versus Manila.—In making our selection be- 
tween the two materials it will not be wise to lay too 
much stress upon initial cost; for, although cotton is 
much dearer than manila, its superior resilience, grip, and 
groove impact add so greatly to the driving force that at 
least one-third more power may be transmitted. Fur- 
ther, its prolonged life, which may be reckoned at not 
less than three to one respectively, reduces apparently 
excessive first charges to a very insignificant item. The 
foregoing statement considerably under-estimates relative 
durabilities, if we take by way of comparison a case where 
best yacht manila ropes (than which there could be none 
better of the class) were so heavily worked upon a travel- 
ling-crane that their average life did not exceed six 
months, whereas a cotton rope was only recently replaced 
by another of the same make, after running four years 
and three months under precisely the same conditions. 

The mention of a few amongst a large number of re- 
placements in the North of Ireland will doubtless suffice 
to exemplify the higher capabilities of cotton over manila. 
In the case of a large flax-mill where, owing to some mis- 
calculations, manila proved totally inadequate to transmit 
the required power, the same number and diameter of 
cotton ro) are now eomfortably driving the added 
load of a dynamo for electric lighting. 

At another well-known flax-mill manila ropes were 
originally employed to drive what is known as a 108-in. 
mangle; but, after a brief existence, during which many 
fruitless efforts were made to prevent slipping by frequent 
tightening and other methods, the difficulties were ended 
by the introduction of cotton ropes. Still another 
example giving a more definite comparison. At one of 
the leading mills of the district, eight manila ropes 2 in. in 
diameter upon one drive and ten 1} in. in diameter upon 
another were replaced by six and eight cotton ropes re- 
spectively, and the driving is pronounced to be much 
more satisfactory in every respect. 

Longevity of Cotton Ropes.—As to the life of cotton 
driving-ropes, much, of course, depends upon their size 
and the conditions under which they have to work. All 
things being equal, durability may be gauged by sectional 
area. The most economical diameters range from 1} in. 
to 1?in., more of the latter being used than any other 
size for lai powers, 

A remarkable case of longevity may here be quoted, 
where 24 cotton ropes 1? in. in diameter are employed to 
transmit 820 horse-power, at a velocity of 4396 ft., direct 
from the engine fiy-wheel, 28 ft. in diameter, to the 
various rooms of a Lancashire cotton-mill. These were 

fixed in September of 1878, and all the — driving the 
card-room have been running from then till now, a period 
of thirty years, without any attention more than tighten- 
|ing two of them which were accidentally saturated with 
| water. Another set fixed in April, 1885, has been work- 
| ing an average of 20 hours per day ever since, and appear 
| to be little the worse for their twenty-three years’ service. 


| The lives of other cotton driving-ropes similarly cir- 
riods littleshort of this, 











| cumstanced have extended over 
| while others again, fixed from eleven to fifteen years a0, 
| though working without cessation, week-ends excepted, 
are still doing good service. A good example is to be 
found at a large paper works near Glasgow, where cotton 





| * Abstract of paper read before the South Wales 
| Institute of Engineers. 
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ropes have been working night and day for nearly fifteen 
years. Such cases of longevity lead to the conclusion 
that fatigue of material due to constant activity does not 
readily manifest itself in well-made cotton driving-ropes. 
Under the head of longevity may be mentioned the cotton 
fan-driving ropes at the Britannic Colliery, Gilfach, which 
have already m runni without renewal for fifteen 
years, practically night and day. A service of ropes has 
also been employed for fourteen years under similar con- 
ditions at the Powell Duffryn Company’s New Tre- 
degar pit. 

Construction of Ropes.—Simple as it may appear, much 
more depends upon the construction of a driving-rope 
than is generally supposed. Ourtime may not, therefore, 
be unprofitably spent in examining the structure of a few 
leading lines. Fibrous ropes, it will be observed, are, as a 
rule, held together by a series of twisting operations from 
the fibre to the yarns, and then the strands, which are 
locked together by a reversal of the same agency. 

Ropes of three, four, and even seven strands are some- 
times employed; there are also lapped ropes so-called 


reference. 

Spiral Elongation.—Nor is this the only defect. Every 
subdivision of the total bulk elongates this spiral, bring- 
ing it nearer to the straight line and thereby curtailing its 
elasticity. This probably will be best understood by re- 
ferring to a four and three-strand rope in parallel, as here 
shown (Fig. 20), where the number of turns in each is 
indicated by as many figured lines. Thus the three strands 
gradually gain upon the four in the proportion of 1 in 5, 
or, in other words, six turns occupy the space of five 
respectively. The spirals of a seven-strand rope are still 
nearer the straight line, being almost double the length of 
a three-strand rope. By tracing a single strand round its 
full turn another important difference is observed, which 
affects the bending capacity of the rope. Thus in a three- 
strand only two strands come between successive turns, 
while there are three between the turns of a four, and six 
between the turns of a seven-strand rope. Groove impact 





is also much impaired by the use of four-strand ropes, 
which, instead of fixing, rather encourage the rolling 























Fig. 21. 


Fic. 20. 
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because of the serving of thick cord on the outside of a 


three-strand rope after the interstices have been filled in | 


with soft yarn. This outer lapping forms a close spiral 
upon the larger ones of the rope proper, and not only 
prevents their free action, but also, what is most undesir- 
able, stiffens the contour. Then there is the square manila 
rope of German manufacture, with strands interwoven 
instead of twisted together; but this style, besides havin, 
those disabilities common to the material, is also oppe 

to that spiral action which, as we have endeavoured to 
show, is inseparable from true resilience. 

Four-Strand Ropes.—Seeing, however, that the contest 
on method of construction i 
four and three-strand ropes, it will be 
a little more attention to these than the other makes. 
raking them in the order mentioned, it may be said that 
the most striking feature in a four-strand rope (Fig. 18) is 
the support given by the insertion of a central core, with- 
out which it would be impossible to construct an even 
periphery. If, then, this core is an indispensable ad- 
junct, its collapse must mean the dislocation of the whole 
structure ; and as its usual dimension is only about one- 
fourth ee of the entire bulk, it may be reasonably 
assumed that the superior force exerted by the alternate 
contraction and extension of the spiral as the rope passes 
over the pulleys must tend towards the breaking up of 
Uus core, the period of endurance being limited by its 
elasticity and the tension at which it is laid. That is 
what actually takes place. The sample of four-strand 
rope (Fig. 19) from which one strand has been removed 
ives a good idea of the relationship between core and 
strands, while it will not be difficult to conceive what 
effect the removal of the core would have upon the contour 
ot the rope. This central core, it will be observed, also 
iuterferes most effectually with the free working of the 
spiral represented by the body of the rope, upon which 





ies more particularly with | 
visable to devute | 


24. 


action so detrimental to durability. So much are these 
disabilities felt that larger pulleys, the luxury of three- 
strand, become the necessity of four-strand ropes. 

Three-Strand Ropes.—A brief study of the three-strand 
| rope section (Fig. 21) discloses, amongst othér advantages, 
| the effect of triangulated strains upon pliable material 
| under the equal pressure exerted by the twisting opera- 
tion already mentioned. Here we have a trinity of elastic 
| spiral wedges so impacted that no space remains un- 
| occupied, and so supple that they will bend to and fro 
without disturbing their mutual relationship. This 
venerable principle, as applied to rope-making, holds as 
good to-day as ever, and, so far, admits of no improve- 
ment save in details, which shall be presently dis- 
cussed. 

Exterior Abrasion on Three-Strand Ropes.—A three- 
strand rope, which has had an average running of 20 
hours per working day for 15 years, been removed 
from a mill, owing to structural alterations. The exterior 
is abraded, but abrasion which may be expected in a fixed 
rope after the first year’s work need not alarm the user, 
as it is merely the ruffling of the fine outer fibres, which 
fill up the interstices of the strands, and offer a cushion 
against the sides of the grooves. 

Three and Four-Strand Ropes.— Two examples will 
suffice to demonstrate the superior driving force of three- 
strand over four-strand ropes. A firm of oil-cake manufac- 
turers who had their four-strand ropes replaced, after a run 
of less than two years, with the same number and size of 
three-strand, volunteered the information that while they 
dared not impose a Ic greater than 110 horse-power 
upon the four-strand, with the three-strand — which 
have now been running over seven years, they could 
impose a load of 170 horse-power with impunity. At 
another replacement, where pulleys were a little below 
the standard diameter and centres rather short, four 





| 











too much stress can scarcely be laid ; hence the frequent | three-strand ropes were found to transmit the power with 


greater ease than six of four strands. 

Patent Inter-Stranded Cotton Driving-Ropes.— Allowing 
the claims put forward in favour of three-strand ropes 
without further advocacy of the general principle in- 
volved, it may be logically btn that if such a rope 
possesses constant ra omg | throughout, if the yarns are 
equal in counts, number, strength, and tension, each one 
iclowing its appointed track without deviation, and are 
all of the best quality procurable, then have we arrived at 
a point bordering on perfection in the making of driving- 
ropes. What has become favourably known as the patent 
inter-stranded cotton driving-rope is the nearest ible 
approach to these requirements yet devised. Bach of the 
ieee strands is made up of a succession of sheaths or 
layers of yarn, which may be peeled off one by one till the 
last section is reached. The constantly increasing bulk 
due to the laying on of these ae See has the 
effect of lengthening the yarns of each su ing layers 
in corresponding gradations, so that one taken from the 
outside of a strand in a rope 14 in. in diameter is nearly 18 





Fic, 23. 
ed cent. longer than that taken from the centre, the dif- 
erence, of course, being greater in a thicker rope. This 
inter-stranding process also ensures a more compact mass 
of fibres than may be compressed into the same area by 
any other process, thus securing a higher breaking strain, 
greater driving force, and longer life, besides immunity 
from undue stretching. The result of even lay and ten- 
sion is well manifested in the open strand of one of these 
ropes, as per Fig. 22, particularly if compared with the 
inside of a strand upon which no such care in construction 
has been bestowed. The result of this malconstruction 
is to be seen in the crinkling up (Fig. 23) of the inner 
yarns at the expense of straining the outer ones, which 
must soon yield under driving stvess az release by degrees 
the less taut yarns below the surface, themslves providing 
ample scope for extension, 89 that frequent tightening 
becomes a disagreeable necessity. 

How little a rope of this class is affected by external 
abrasion may nw 4 be discovered in this sample taken 
from a rope that has been most roughly used (Fig. 24). 
Though presenting a thoroughly worn-out appearance, the 
abrasions have scarcely penetrated the first layer of yarns, 
while the second is in perfect condition. Then there is 
practically no limit to the length of this make of driving- 
rope except convenience for transit, which is an un- 
doubted advantage for large installations, where it may 
be necessary to maintain a stock against breakdowns, or, 
indeed, for export purposes. The largest coil hitherto 
made upon this principle contains 12,120 ft. of 1§-in. 
diameter rope, which secured the gold medal at the Franco- 
British Exhibition. 

The splicing of driving-ropes requires considerable skill, 
and is best learnt by practical demonstration. The method 
is, however, fully described in many books on splicing. 

It might be advisable to point out that painted grooves 
drag at the fibres of the rope, and dieeeleen it is always 
advisable to have them wall greased for a start, which 
also applies to the side of the rim to prevent chafing as 
the rope is being passed into its place. 

Lubrication of Driving-Ropes.—-The chief function of 
lubricating material as supplied to cotton driving-ro is 
that of providing a smooth filmy coating to assist ry Ma 
and prevent friction between the owisted surfaces in con- 
tact, where the strands impact with each other. Re- 
lubrication, therefore, is seldom necessary, unless the 
ropes are working in an unusually dry atmosphere, and 
even then should be only sparingly served at long in- 
tervals. 

Greasy compounds likely to penetrate the fibres should 
be scrupulously avoided, as tending to induce slipping. 
When ropes have been so treated, a liberal application of 
whiting is usually recommended, which absorbs the grease 
and falls away in flakes. The most serviceable lubricant 
is compounded from saponified tallow, wax, and plum- 
bago, which sets hard like domestic soap. 





Burnos Arres.—-The Argentine Government has ap 
proved plans for the enlargement of the port of Buenos 
Aires, at a cost not exceeding 5,000,000/. It is also 
pro to construct a canal from Lujan to the Parana 
de las Palmas at a cost of 2,000,000/, 
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EXPERIMENTS UPON THE FORCES ACTING 
ON TWIST-DRILLS WHEN OPERATING 
ON CAST IRON AND STEEL.* 


By Dempster Smirn, Associate Member, of the Muni- 
cipal School of Tech ] 
KoFF, of the Imperial Technical] Institute, Moscow. 


Introduction.—It will be generally admitted that more 
experimental data and practical information concerning 
the durability and forces exerted on cutting-tools have 
been published within the past few years than in all their 
previous history. is has been commonly attributed to 
the new conditions arising from the general adoption of 
high-heat steel in modern machine-shop practice. So far 
as the cutting 5) and durability are concerned this is 
no doubt true, but it has yet to be proved that the cuttin 
8 has any niaterial influence on the forces pasa 

hese forces, under the old condition of things, were for 
all practical purposes unknown, yet they had just as im- 
portant a bearing on economical production as they have 
now ; in fact, without such knowledge it was impossible 
for the tool-maker, in designing a machine, to dis- 
tribute the metal to the greatest advantage, or for 
the user to be certain that he was working both 
the tool and machine so as to get the best results. 
Under such circumstances, it is not surprising that break- 
downs, failures, and all sorts of mysterious happenin 
were charged to the high-heat steel. It alle « 6 indead, 
be more correct to say that these recent investigations 
have been undertaken with the object of obtaining some 
definite information on this subject. That these inquiries 
would have been made whether high-heat steel had been 
introduced or not, seems tolerably certain, and only in 
keeping with the forward strides made in other branches 
of engineering science and keen competition. Up to the 
present the single-edged or lathe tool has received most 
attention—being the form of tool in most frequent use in 
the machine-shop. The experiments recorded below were 
made with a double-ed cutting tool in the form of an 
ordinary twist-drill. It is hoped that they may prove of 
service to the machine-designer and user alike. They 
represent part of the work done during the last three 
years by the mechanical ma oy od students in the 
Machine Testing Laboratory of the Manchester Municipal 
School of Technology. If these results should have any 
value, the thanks of the engineering public must be 
accorded to the authorities of that Institution for all the 
facilities to make the experiments, and their permission 
to reproduce the same, and also to Sir W. G. Armstrong, 
Whitworth, and Co., of Manchester, for their generosity 
in providing free of charge all the drills from # in. to 3 in. 
in diameter in duplicate, and the material to operate 
upon. 

ya Experiments.—Before discussing the experi- 
ments, it may not be out of place to give a brief réswmd 
of the most important work done in this field of research. 

Amongst the first om of any note with twist- 
drills are those recorded by Professor L. P. Breckenridge 
in the Journal of the Lehigh University Engineerin; 
Society for October, 1898. Professor Breckenridge aon 
himself, ‘‘What pressure comes on a drill-press when 
drilling cast iron with a 1-in. twist-drill ?” To answer 
this question he adopted a vertical cylinder, closed at the 
bottom, and fitted with a ram having an area of 10 square 
inches. The chamber below the ram was filled with oil, 
and grooves were turned near the bottom of the plunger, 
in preference to packing. A pressure-gauge and indi- 
cator were fitted to the bottom of the cylinder, and the 
drum of the latter was actuated by the downward move- 
ment of the spindle. e@ job to be operated on was 
jlaced on the top of the ram, and the increased pressure 
Se to the end thrust on the drill was observed on the 
gauge and indicated by the height on the card, the length 
of the figure on the latter being a measure of the feed. 
The ale obtained are given in Table I,:— 


Tass I. 





| | 
Diameter of Drill in |Maximum Pressure) Maximum Pressure on 
Inches, in Morse Taper-- on Drill while —_ Drill while Drilling with 
Shank Twist-Drills. | Drilling at Start. Full Diameter of Drill. 


Ib. Ib. 

400 350 to 400 
900 800 ,, 900 
1100 800 ;, 900 
1450 1000 ,, 1150 
1800 1000 ;, 1150 





Medium cast iron was used in these experiments, but 
in the abstracts at hand no mention is made as to whether 
the skin was removed or not, neither is the nature or rate 
of feed given. No attempt was made to measure the 
twisting moment. Not having seen the original paper, 
it would be unfair to criticise tre pesults. They are given 
here simply to show the extent of the published informa- 
tion at that time. Previous to this several writers 
affirmed that 1500 lb. per inch diameter had to be applied 
to the end of a drill to make it take its proper cut. The 
cut and material, however, were not specified. 

In 1902, Mr. Norris, of the Bickford Drill and Tool 
Company, instituted a series of experiments with ordinary 
commercial twist-drills (carbon steel) to determine the 
most economical feed and speed, and also to get an 
estimate of the power absorbed when drilling cast iron. 
In the first set of experiments, he found that a 2-in. drill 
would withstand a feed of yy in. per revolution when 
drilling ordinary cast iron at a speed of 267 revolutions 
per minute, this being the coarsest feed provided on the 
machine. It was also found impossible to break drills 


. Paper read before the Institution of Mechanical 
Engineers on March 18, 


mer. Manchester, and R. Powtia- feeds 
n 





ve than the above when operating at the same feed 
and on the same material. ese experiments resulted 
in the adoption of feeds in their shops which were about 
four times ter than those recommended by the Morse 
Twist-Drill Company at speeds not less than that given 
by that company. A ing to Mr. Norris, these heavy 
were entirely due to the improved design of the 
radial arm, which was of a complete tubular section, and 
to the spindle having a minimum off-set, so that twisting 
was practically eliminated, and not to any improvement 
in the quality of the steel. The tests were made on a 
motor-driven No. 1 Bickford ‘“‘ New Radial” machine. 
Power observations were made at each speed, when the 
machine was running light, and again when loaded. The 
difference between these two was taken to be the net 
power — ny to perform the work. This, obviously, 
was simply an approximation, as the motor efficienc 
would not be constant. The conclusions from these tri 
were: the net horse-power per cubic inch of metal 
removed slightly decreases with the increase of feed 
for a given diameter of drill and speed. The net 
horse-power per cubic inch of metal removed also de- 
creases with the increase in diameter of drill. The 
cutting speed for each drill varied, however, decreasing 
with the increase in diameter. Whilst these power 
tests afforded considerable information which had hitherto 
not been available, they were not so regular or consistent 
as those obtained by Mr. Norris in his second set of ex- 
periments, to which it is now proposed to refer. 

From a_ second set of power trials carried out on a 
specially rigid machine designed for testing the durability 
of the drills, Mr. Norris arrived at the following con- 
clusions:*— 

When the ~~ and feed are constant the power re- 
quired to drill cast steel is about 1.10 times, wrought 
iron about 1.65 times, and machinery steel about 1.90 
times that required to drill cast iron. 

When the speeds and feeds remain constant the power 
required is approximately proportional to the diameter 
of the drill. 

When the diameter of the drill and rate of feed are 
constant, the power required is approximately propor- 
tional to the speed. 

When the s and diameter of drill are constant the 

wer required is approximately proportional to the feed. 

he machine was driven from a countershaft, which, in 
turn, was driven from a constant-speed motor through a 
belt. The power consumed by these was deducted from 
the total observed, which value is that given by Mr. 
Norris. 

The results therefore include the power consumed by 
the machine as well as that required to do the work. 

_ A law closely agreeing with these results when operat- 
ing on cast iron at a speed of 30 ft. per minute is :— 


H.-P. = © _ (at + 0.01), 
Jd 


where d is the diameter ofthe drill in inches, and ¢ the 
feed in inches per revolution of the drill. 

essrs. W. W. Bird and H. P. Fairfield, of the 
Worcester See gece Institute, in a paper presented at 
the New York meeting of the American Society of 
Mechanical Engineers, mber, 1904, gave the results 
of investigations on the torque and thrust exerted on a 
§-in. ‘‘ Novo” be go ntgg twist-drill, with varying 
rate of speed and feed on different metals. The appa- 
ratus used in their experiments consisted of a chuck with 
trunnions mounted on roller-bearings, so that it was free 
to move about its axis and in the direction of the same. 
The frame carrying the chuck rested on the table of a 
milling-machine. The axis of the chuck coincided with 
that of the machine spindle which carried the drill. The 
thrust of the latter was transmitted through the trunnion 
of the chuck to a plunger fitted in a long cylinder filled 
with oil. At the end of this cylinder was a smaller 
one carrying a plunger. This small plunger was 
attached to a -bearing piston in an ordinary indi- 
cator. The drum of the latter moved proportionately 
to the feed, so that the card taken was a record of 
the thrust during the operation. A steel band coupled 
to a second indicator and the chuck prevented the latter 
from turning and indicated the twisting force. The 
apparatus was carefully calibrated both before and after 

e experiments. The results of these experiments with a 
drill § in. in diameter, having an included point angle of 
118 deg., may be briefly summarised :— 

No material difference either in torque or end-thrust 
was found by increasing the speed from 140 to 600 revo- 
lutions per minute when working on soft grey iron. 
en operating on the above material at 420 revolu- 

r minute, at varying rates of feed, it was observed 
— as the feed, 
idly with the coarser 


tions 
that the torque did not increase as 
ner gga the thrust increased very rap 


_ Variation of thrust and torque with feed when operat- 
ing on cast iron. Drill, § in. in diameter :— 


TaBLE II.—Bird and Fairfield’s Experiments. 


Feed in inches { Je Be Sy ES Re a a | 2 | 2:48 12%. 

| 250 | 167 | 1256/ 100| 88 | 71.5 62.5/ 55.5 50 

Per revolution. .|..004 0,006 |0.008/0,010/0,012\0.014'0.016/0.018 0,02 
Thrust total in | | | 

unds --| 240) 280 330) 360/ 410 | 460 525 | 620 725 
oment total in | | 

inch-pounds -| 55| 67| 83| 92] 103 | 115 

J 





beet 
| 124| 132 188 


To allow of a comparison with the experiments made at 
the Manchester School of Technology, these values are 
shown by the dot-and-dash line on Figs. 12 and 13.+ 





* American Machinist, January 30, 1904. 
+ To be published in the second portion of this paper. 





With a constant speed, diameter of drill, and rate of 
feed, the torque required when operating on brass, too!- 
steel, and machinery steel was respectively 0.715, 1.67, 
and 2.44 times that required for cast iron. The corres- 
ponding thrust relation was 0.575, 1.7, and 2.6. 

By varying the point angle of the drill from 75 deg. to 
140 deg. the end-thrust increased rapidly with the angie, 
but no practical difference was observable in the torque. 

A similar set of experiments was made by C. 8. Frary 
and E. A. Adams, also of the Worcester Polytechnic 
Institute, in 1907. The apparatus used in measuring tlic 
forces was similar to that adopted by Professor Brecken- 
ridge, with the addition of a second indicator attached to 
the plunger, to measure the twisting force. The tests 
were made on soft cast iron with twist-drills from 4 in. to 
Zin. in diameter, at feeds varying from 0.0045 in. to 
0.0225 in. per revolution. 

Conelustons.—With a constant surface s the thrust 
was nearly proportional to the diameter of the drill, and 
also to the rate of feed. With different point angles the 
thrust decreased for angles from 150 deg. to 90 deg., and 
then increased for any further decrease in the angles. 
The moment could not be said to be proportional to the 
angle of the point, but almost proportional to the feed. 
The drill giving the minimum torque had a point angle 
of 130 deg., call the torque increased with drills having 
angles greater or less than this. 

e twisting moment for the ordinary twist-drills when 
plotted on a of feed followed a law which was ap- 
proximately expressed by :— 

T = 13.5d (t + 2.5) 
where 

T = torque in inch-pounds. ' 
d = diameter of the drill in inches. 

feed in thousandths of an inch per revolution of 

the drill. 


The New Experiments.—In the experiments made at the 
Manchester School of Technology, which are now to be 
described, two forms of apparatus were used. The first 
was of a comparatively simple character, suitable for use 
in an ordinary lathe. The results obtained in this way 
formed the subject of a paper read by Dr. Nicolson before 
the Manchester Foremen’s Mutual Benefit Society on 
February 3, 1906, but they are published here for the first 
time. The second apparatus was of a more elaborate 
kind, and certain defects which had shown themselves on 
the above-mentioned instrument were remedied in this. 

In the former case the drill was at rest and the work 
rotated; in the latter the work is fixed and the drill 
revolves, 

Part I. 

Experiments with the First Apparatus.—The experi- 
ments had for their object :— 

(a) To determine the twisting moment required for 
drilling with different diameters of twist-drills at various 
speeds and feeds in cast iron and steel. 

(b) The feeding force required was also determined for 
the various conditions mentioned in (a). 

(c) To ascertain the twisting force required to enlarge 
a hole (which had previously been opened with a drill of 
smaller diameter) at different rates of feed on cast iron 
and steel. 

(d) The corresponding feeding force required under the 
circumstances instan in (ec). 

rdinary commercial A.W. high-speed-steel twist-drills 
of ?in., 1 in., and 14 in. diameter were used throughout 
these trials. The drills were ground on a twist-drill 
grinding-machine, and the point thinned to about half the 
thickness of the web. Particulars of the drills are given 
in Table ITI. [to be given later]. 

The cast iron operated upon was of medium hardness, 
and had the skin removed. The steel was Whitworth’s 
(fiuid-pressed), of medium hardness, having 0.29 per cent. 
carbon and 0.625 per cent. manganese. 

Description of Apparatus used in the First Series of 

iments.—The first series of experiments were made 
on an 18-in. centre screw-cutting lathe by Sir W. G. Arm- 
strong, Whitworth, and Co., Manchester, where the work 
was held in the chuck and rotated with it. The arrange- 
ment is shown in Figs. 1, 2, and 3. 

The lathe was driven by a 120-horse-power direct-current 
shunt-wound motor. A large air-cooled rheostat connected 
to the main circuit between the line and brushes allowed 
of the speed being varied from 100 to 300 revolutions per 
minute. The motor drove on to a countershaft, whereon 
was mounted a three-step cone similar to that on the lathe- 
spindle. A further reduction of speed could be obtained 
through the double and triple gears in the machine, the 
ratio of which was 14.9 and 42.5 to 1 respectively. The 
combined arrangement thus permitted of the speed being 
varied from 1.5 to 450 revolutions per minute. A counter 
fixed to the tail of the spindle indicated the revolutions 
made by the work. 

The stand A, bolted to the bed of the lathe, supports 
the drill close to the work. The drill is quite free to 
slide in the bearing provided in the stand. Suitable 
hardened steel brushes are used for the various sizes of 
drills. A small spindle or socket B receives the tang en 
of the drill, and the thrust on the same is taken by the 
knife-edged lever C and a diaphragm dynamometer fitted 
to a cast-iron block, which is bolted to the top slide-rest. 

The arm D is clipped and cottered at one end to B, 
whilst the other extremity resting on a scale-pan prevents 
the drill from rotating. As the arm advances with the 
drill and the scale-pan is stationary, the former is fitted 
with a knife-edged roller to reduce side twist on the drill 
due to friction. The force exerted on the pan when 
multiplied by the length of the arm gives the twisting 
moment on the drill. On the engagement of the screw- 
cutting feed mechanism a definite advance is given to the 
saddle and drill per revolution of the work. The dia- 
phragm dynamometer is similar to that shown in section 
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in Figs. 6 to 9, to be described with the second apparatus. 
‘The speed in the ordinary force trials was kept constant 
at 10 revolutions per minute for each diameter of drills. 
The revolutions were observed on the counter at the end 
of the lathe spindle and a tachometer on the motor. 

Power observations were made at the commencement 
of these trials; but as the work done in performing the 
cut was so small in comparison with that uired to 
overcome friction, the accuracy of the results could not be 
relied on, and the readings were consequently discon- 
tinued. 

No perceptible difference was observed in the twisting 
moment and end pressure with the variation of speed ; 
that is, the —— horse-power for a given diameter of 
drill and feed was directly proportional to the speed. 

As some of these experiments have been repeated in 
the second set of trials, the values have not been tabu- 
lated, but are given in diagrammatic form with different 
forms of spots for each set on Figs. 4 and 5. 





Taking a more approximate but much more simple ex- 
pression for formula (4) ;— 
T = (1800¢+9)@ . “ger ving * . - (4a) 
For the opening-out trials (e) on cast iron the twisting 
moment is given by the formula :— 
T = 2812 ¢ + 17.5 opening }-in. hole to 14 in. in 
diameter . ° . ~ a . (5) 
which is represented on Fig. 4 by a full line. 
The twisting moment in trials (a) on steel follow a 
similar law to the cast-iron. An expression for each size 
of drill is given below :— 


T = 1530¢ + 15for ?-in. drill . . ° (6) 
T = 3850 ¢ + 18 for 1-in. drill . A . (7) 
T = 7800 ¢ + 48 for 1}-in. drill. ° ° (8) 


These equations are represented by the full line drawn 
on Fig. 4. 





P rtionate to the feed for any given cutting angle of 
tool ; and, further, that for any given traverse the cutting 
pressure should roportional to the angle. 

Now in twist-drills the cutting angle varies right across 
the face from about 65 deg. at the outside to about 90 deg. 
at the web. 

On examination it was found that the value of the 
average angle relative to the diameter of the drill was 
practically the same for all drills used. 

Neglecting the chisel point, the average cutting angle 
may be assumed to be in the middle of the lip—i.e., at ; 
from the centre of the drill. Taking the cutting pressure 
(f) proportional to the area of cut (that is, the difference 

ue to the traverse has been neglected), then the area of 


cut on each lip = ae and since there are two lips in the 


drills under consideration— 


Fig.1. THE FIRST APPARATUS ON WHICH EXPERIMENTS FIGS 4 AND S WERE MADE 
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F g.4. RESULTS WITH FIRST APPARATUS 
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Results of iments with First Apparatus.—The 
results obtained in these experiments (some of which were 
carried out by Mr. A. E. Spalding, then a special student 
in the school) may be indicated as follows :— 

he twisting moments in foot-pounds for trials (a) have 
been plotted as ordinates on a base of feed in inches per 
revolution of the work in Fig. 4. 

'he diameter of the drill and material operated upon 
are distinctly marked on the diagram, and a full line drawn 
through the mean of the spots. 

the twisting moments ie the opening-out experiments 
(c) have also been plotted as ordinates on Fig. 4, and are 
distinguished by open spots enclosed by a circle and a 
line drawn through the mean of them. 

Lhese experiments appear to indicate that the twisting 
moment with feed follows a linear law which can be ex- 
pressed by the following equations :— ; 


‘Trials (a) on medium cast iron— 


T = 1220¢ + 2.5 for 2-in, drill ‘ ° - (1) 
T = 1840¢ + 7.5 for 1-in. drill Beer oad ve ee 
PY = 3640¢ + 22.5 forl}-in. drill . . .« (3) 


I'he values are represented by full lines in Fig. 4. 
An equation embracing the whole— 
T = 12 (d?-0.35) + (500 + 1350 d*) ¢ ° - (4) 
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OF THRUST WITH 
STEEL 


Feed (inches pear revolution) 


An cepeuionte expression for the above which is near 


enough for all practical purposes is :— 
T = (3200¢+ 2)@ ‘ » > . (9) 
For the opening-out trials (c) on steel (not plotted)— 
T = 1500¢ + 6 opening } in. to 1 in. - (10) 
T = 3325 ¢ + 29 opening 1 in. to 14 in. . (ld) 
T = 5025 ¢ + 31 opening } in. to 14 in. - (12) 
where 


T = torque in pounds-feet :— 


d = diameter of the drill in inches. : 
t = feed in inches per revolution of the drill. 
P = end-thrust in pounds. 


These symbols have the same meaning in that which 
follows. That the torque should be proportional to the 
square of the drill diameter, and approximately propor- 
tional to the feed, is what one would expect, since it was 
shown by Dr. J. T. Nicolson in his “‘ Experiments with a 
Lathe-Tool Dynamometer,”* that the cutting force was 
directly proportionate to the depth of cut and almost 


* Proceedings, 1904, Part 3, page 883. 
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The opening-out trials (c) might be treated in the same 
way, but it is evident from the above that as the ratio of 
the holes vary so will the cutting angles, and consequently 
the cutting pressure. This then would necessitate an 
—< involving the cutting angle. 

is is discussed more fully, however, in the second set 
offexperiments. 
(The end-thrust (P) on the drills for trials (b) has been 
plotted as an ordinate on a of feed (¢) in inches per 
revolution of the work in Fig. 5. 
For medium cast iron the laws are approximately :— 


P = 95,600 ¢ — 250 for #-in. drill . (13) 
P= 93400:+18,1, 5 . . . (4 
P = 154,000 ¢ — 600 ” 1h ” ” ° . . (15, 


ay equations are represented by the full lines in 
ig. 5. 


P = 115,000 ¢ — 200 for all diameters . » (16) 
In"the“opening-out trials (d) in cast iron— 
P = 11,330 ¢ + 160 opening out ?-in. hole to 


14 in. diameter (17) 
In’the medium-steel experiments for trials (b)— 
P= 26,500 ¢ + 1040 for }-in. drill . . (18a) 
P= 90,000¢+ 800,,1,, ,, . . (18) 
P = 155,000 ¢ + 1300 ,, 14,,_,, . + (18¢) 


These values are shown by full lines on Fig. 5, or 
generally— 


P = 160,000 (d — 0.5) ¢ + 1000 forall drills (18) 
For the opening-out trials in medium steel— 
P = 15,200 t — 60 opening -in. hole to 1 in. 


in diameter . " 4 ; - (19a) 
P = 25,500¢ + 60 opening 1-in. hole to 1} in. 

in diameter ‘ . F * . (19) 
P = 30,000 t + 200 opening #-in. hole to 1} in. 

in diameter . . P " + (19¢e) 


In no case did the end force P reach a maximum, and 
then diminish when the drill was fully entered, as observed 
ae Breckenridge, and it can only be concluded 
that he was operating on cast iron having a very 
skin, or that the drill a smaller pitch than those now 
in common use—t.e., a keener . The opening-out 
experiments show the f of a common notion that 
but for the chisel point the drill would run into the work 
and break. This idea a to have originated in the 
experiments referred to ve, where it was found that 
whilst an end force of 1800 Ib. was necessary at the begin- 
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ning of the cut to keep the drill to its work, only 1000 lb. 
was required when drilling at the full diameter... The 
cutting lips, therefore, were supp« to produce a pull- 
ing-in force of 800 Ib. 

At the time Dr. Nicolson expressed his dissatisfaction 
with the experiments on the larger drills and heavy feeds, 
and was of the opinion that they could not be getting 
their full feed. On examination it was found that there 
was a considerable spring in the lever C, and also a slight 
movement in the swivel-slide of the lathe when operating 
with the larger drills and feeds. The former would, after 
a time, assume a constant state, yet it would tend to cross- 
wind the drill in the hole, and stay. The latter could 
have been overcome by fitting dowel-pins in the slides. 
These, together with a few minor objections, and the 
fact that it was impossible to get a feed below the in., led 
to the abandonment of this arrangement in favour of 
that subsequently described. The experience gained with 
this apparatus, however, simplified matters for that which 


was to follow. 
(To be continued.) 








THE PHYSICAL SOCIETY OF LONDON. 

THE meeting of the Physical Society of London, held 
on the 26th ult., Dr. C. Chien, F.R.S., President, in the 
chair, was held at the Finsbury Technical College, by 
invitation of Professor S. P. Thompson and Professor 
K. G. Coker. The new Engineering Laboratory of the 
college was open to Fellows for inspection. 

A paper entitled ‘‘ A Laboratory Machine for Applying 
Bending and Twisting Moments Simultaneously,” was read 
by Professor Coker. The present paper describes a 
machine built by students of the City and Guilds Tech- 
nical College, Finsbury, in which uniform bending and 
twisting moments can be applied simultaneously over the 
whole length of the specimen, and in any desired propor- 
tion to each other. The principle of the design is to 
suspend a rod at two intermediate points by wires de- 
pending from a fixed support. The equal overhanging 
ends of the rod are leaded tr weights W, so that the 
applied couple between the points of support is uniform 
and of amount W a, where a is the length of the lever- 
arm. The rod is also twisted by weights W, attached to 
equal arms of length }, so that there is a uniform twisting 
moment of amount W,b between the points of suspension. 
The two systems of loading are independent, and their 
ratio can be adjusted to any value desired. The paper 


then described in detail the various parts of the actual 
machine, and showed how the accurate measurement of the 
In addition to its application for 

Se used for 
oe is 
Des, 


strains can be effected. 
bending and twisting, the apparatus may 
testing a variety of cases of combined stress if a 
added to give a fluid pressure in the interior of tu 
test illustrating the failure of bicycle tubing to withstand 
combined bending and twisting moments was shown at 
the meeting. 

Professor F. T. Trouton said he was interested in the 
experiments from the point of view of the viscous flow 
which occurred towards the end of the test. He asked if 
the flow would be different if the end of the bar was 
unloaded. 

‘The Chairman expressed his interest in the paper, and 
asked if the experiments favoured any particular theory 
of fracture. 

Professor Coker said he had not yet made many experi- 
ments with the machine, but those made seemed to show 
that failure was due to shear stress. He hoped to carry 
out further experiments on both ductile and _ brittle 
materials. 

A paper on ‘‘ The Self-Demagnetising Factor of Bar- 
Magnets,” by Professor 8. P. Thompson, F.R.S., and Mr. 
E. W. Moss, was read by Professor Thompson. This paper 
consists of three parts :—1l. A discussion of the signifi- 
cance and definition of the self-demagnetising factor of 
magnets: in general, and of bar-magnets in particular ; 2. 
A redetermination of the values of the self-demagnetising 
factor for bar-magnets of circular section ; 3. Determina- 
tion of the values of the self-demagnetising factor for bar- 
magnets of rectangular cross-section of various propor- 
tions. It is shown that, in general, for every bar-magnet 
there isa self-demagnetising action, the value of which 
at the middle of the bar depends, for a given intensity of 
magnetisation, on the length of the bar relatively to its 
cross-section, on the permeability of its parts, and on the 
distribution of its surface-magnetism. Owing to the cir- 
cumstance that with every kind of steel the permeability 
is neither constant nor stands in any simple relation to 
the flux density, any calculation of the actual polar dis- 
tribution for rods and bars is impracticable. e only 
form of magnet that is practicable for calculation is that 
of the ellipsoid, the properties of which are that for any 
and every value of the permeability, and in any uniform 
field, the surface magnetism is so distributed that the 
magnetic force which this distribution exerts in the interior 
is uniform at every point within, and therefore the internal 
demagnetising force everywhere within is constant. The 
amount of self-demagnetising force per unit of intrinsic 
magnetisation is recogni as the self-demagnetising 
factor, and has a definite value for ellipsoids of revolution 
of any assigned ellipticity. In the case of cylindrical 
bar-magnets,: the: ratio of the net value of the self- 
demagnetising force for the whole bar divided by the 
internal magnetisation is called the self-demagnetis- 
ing factor. The dimension ratio of a bar-magnet is 
taken as the length divided by the square root of the 
cross-section. Experiments were first made on the values 
of the self-demagnetising factor for bar- ets of 
circular section, and the results com with those 
obtained by Du Bois and Riborg Mann. The values 
obtained are lower than those found by either of the 
experimenters named, The determinations were carried 
down to shorter rods than those examined by either of 





them, and the discrepancies between their results and 
the present ones are smaller as the dimension ratios are 
larger. It is pointed out that one explanation of the 
differences may be due to the fact that the magnetising 
ome employed by Riborg Mann was not sufficiently 
ong. 
demagnetising factor for bar-magnets of rectangular cross- 
section, and it was found that for equal values of the 
dimension ratio the factor for bars having a sectional 
ratio of 2:1 was about 93 per cent. of that for bars of 

uare section ; while for flat bars having a sectional ratio 
of 10:1 the value of the self-de etising factor went 
down to about 75 per cent. of that for bars of square sec- 
tion. 

Mr. S. Skinner said the authors had referred to the 
ageing of their magnets, but in the actual experiments the 
field was applied and the measurement taken at once 
before any ageing could take place. 

Pooteuee ¥. i Trouton pointed out that the self- 
demagnetising factor became less as the bar became 
thinner, and asked if this was likely to continue until the 
bar became a thin tape. 

Mr. A. Campbell asked if experiments had been made 
on different materials. The curves obtained for soft iron 
might’ be very different from those obtained for hard 
steel. With regard to the standard magnet referred to 
by Professor Thompson, he had used one at the National 
Physical Laboratory, and found it a satisfactory way of 
calibrating ballistic galvanometers. 

Mr. Rayner asked if any experiments had been made 
on hollow magnets, such as those used in the Kew pattern 
unifilar magnetometer. 

Professor C. H. Lees asked how the iron ring used in 
their experiments had been prepared, and suggested that 
it might be advisable to make use of two or three rings. 

Mr. R. S. Whipple said the question of the preparation 
of a standard magnet was an important one. ad the 
authors made any experiments with ball-ended magnets, 
especially those with thin wires and large balls? 

he Secretary read a letter from Dr. A. Russell statin 

that the paper was a notable contribution to the -practica 
theory of magnetism. The authors deserved thanks for 
their lucid comments on the self-demagnetising factor and 
for the important experimental results they had obtained. 
He asked how they had calculated the magnetising force. 
Had they assumed that the magnetising solenoid was 
infinitely long and that the radius of the circular axis of 
the ring was infinite? The errors introduced by these 
assumptions were small, and Dr. Russell indicated how 
they might be calculated. It could be shown that if the 
length of the axis of a helical current was greater than 
six times its diameter, the magnetic flux entering or leav- 
ing the end planes was within about 1 per cent. of half 
the total flux through the central plane. Seeing that the 
external field produced by a cylindrical bar-magnet was 
almost equivalent, except near the ends, to that produced 
by a helical current, he would not be surprised if the flux 
leaving the end of a cylindrical bar-magnet was appre- 
ciably less than half the total flux through the central 
plane. He should be grateful if Dr. Thompson could 

ive any data on this point. Further researches on the 

emagnetising effect of the free magnetism in the air-gap 
of a split toroid would be of great interest, and would 
throw some needed light on the magnitude of the errors 
involved in the ordinary magnetic formule used in engi- 
neering. 

Professor S. P. Thompson, in reply to Mr. Skinner, 
said that in their experiments there was an immediate 
ageing of their magnets on the application of the field. 

ith regard to Mr. Campbell’s remarks, different mate- 
rials would, of course, give different curves. A forged 
ring was used in the research, but the forging could not 
have had much effect on the curves obtained. They had 
not tested hollow magnets, but experiments had been 
made on magnets with holes in the ends, and the results 
were similar to those obtained for solid magnets. He 
had not performed experiments with Robison ball-ended 
magnets, but the effect of magnetic material at the ends 
of a magnet was to reduce its self-demagnetising factor. 
Referring to Dr. Russell’s remarks, he said the corrections 
he mentioned could be neglected. 

Professor 8. P. Thompson gave an exhibition of the 
optical properties of combinations of mica and selenite 
—_ (after Reusch and others) in convergent polarised 

ight. 

Mr. C. R. Darling exhibited the following :— 

An Experiment o Illustrate the Temperature o, Equal 
Density of Aniline and Water.—The density of aniline at 
0 deg. Cent. is 1.038, and at 100 deg. 0.945, the diminu- 
tion in density between the two temperatures being prac- 
tically constant. As the density of water at 100 deg. is 
0.959, the temperature-density curves of the two liquids 
cross each other, showing an equal density at about 
63 deg. By dropping aniline into water at atmospheric 
temperature, the superior density of the former is shown 
by the drops remaining at the bottom of the vessel ; but 
when allowed to fall in water at about 80 deg., the drops 
of aniline sink until the temperature of the water is 
attained, and then rise to the surface. By taking a 
U tube, with the communicating part of narrow bore, 
and placing aniline in one branch and water in the other, 
the aniline column is seen to be shorter at low tempera- 
tures; but on surrounding the U tube with a water-bath 
and heating, the columns will seen to be equal in 
height at 63 deg., whilst at higher temperatures the 
column of aniline is longer than that of water. 

A Simple Form of Thermo-Electric Pyrometer for 

’ Use.—In this instrument the hot junction of 
nickel and steel, or iron and constantan, is protected by 
a mild-steel cap, bored from the solid, and about 6 in. in 
le . is cap is screwed to an iron barrrel of any 
desired length ; and the wires pass from the junction 
through twin-bore fireclay to terminals screwed into 


Experiments were made to determine the self- | 





a piece of hard fibre. The terminals are made of the 
same metal as that of the wire attached, and leads of the 
same wire are taken to a cold junction, kept in oil, and 
the indicator. The pyrometer is easily put together by 
students, and is at to form a temperature-scale from 
the deflections of a galvanometer by insertion in molten 
metals, or salts of known freezing-points. The mild-stee| 
cap resists the action of molten substances far better than 
porcelain or silica, and enables the junction to follow a 
changing temperature more rapidly. The errors inci- 
dental to the forms usually sold, in which no provision is 
made for a cold junction, are avoided; and no damage 
ensues from dropping or rough usage, as in the case of 
pyrometers protected by porcelain or silica. The cap, 
when worn out, is readily replaced. 

A Combined Metre-Bridge and Potentiometer, with New 
Tapping-Key Device, for Pyrometric and General Labora- 
tory Work.—The arrangement of this apparatus is that of 
an ordinary metre-bridge, with four gaps, but with 
4 metres of stretched wire ; so that 1, 2, 3, or 4 metres of 
wire may be used in a bridge test. Between each pair 
of wires is placed a groove, through which passes a rod of 
phosphor-bronze, on which the tapping-key slides. These 
rods are connected to a terminal at the side; hence it is 
not necessary to connect directly to the keys. The keys 
are jeer we | with two knife-edges, and may be depressed 
on to the wire on either side of the groove in which they 
slide, thus facilitating the finding of the balance-point. 
Each wire is furnished with an arrangement for tightening. 
The apparatus may be used as an ordinary bridge, or as a 
bridge with calibrated wire, it being possible to calibrate 
any wire by the aid of the others. It may also be used 
for the measurement of the electromotive force of thermal 
junctions, constants of cells, &c., and all the ordinary 
purposes of a stretched-wire potentiometer. 

A New Form of Carbon-Plate Rheostat, Suitable for 
Control of Small Electric Furnaces.—The defect of the 
ordinary carbon-plate rheostat — difficulty of accurate 
control when consuming a large amount of energy—is 
overcome in this instrument by the use of four rows of 
plates, each 2 in. square, there being 22 plates in each 
row. Each set of plates is furnished with a separate 
adjusting-screw, and hence may be kept at different 
degrees of tightness. By means of simple connecting 
devices, the plates may be used in series or parallel, as 
desired. This form of rheostat is found to be well adapted 
for regulating electric-tube furnaces, and for varying the 
current to any desired extent during the calibration of 
instruments, &c. 








HerysHAM Harpour: MIpLaAnD Ratiway.—In stating 
the results of trials of the Mond gas plant at Heysham 
Harbour, on 338 of our last week’s issue, we men- 
tioned only the name of the makers of the -producer 

lant—viz., the Power-Gas Corporation, Stockton-on- 
Tees, The engines were made by the British Westing- 
house Electric and Manufacturing Company, Limited, 
who were, in fact, the main contractors for this plant. 


TRIAL OF A STEAMER FOR THE CONVEYANCE OF 
Mo asses, &c.—On Friday, March 5, a steel screw pas- 
senger and cargo steamer, named the Fiona, built by 
Sir Raylton Dixon and Co., Limited, of Cleveland Dock- 
yard, Middlesbrough, on their cantilever-frame sey 
poneueter to sea for her official trials. This vessel has 
een specially designed and constructed to the order of 
the Colonial Sugar-Refining Company, Limited, of 
Sydney, N.S.W., for the conveyance of molasses in bulk, 
and sugar from their mills in Fiji to their various re- 
fineries in New South Wales and New Zealand. She is 
classed 100 A 1 at Lloyd’s Register, and also has a Board 
of Trade passenger certificate. Her leading dimensions 
are :—373 ft. in length by 52 ft. 2 in. in breadth by 
28 ft. 4 in. depth moulded. She has a measurement 
cargo capacity of over 10,400 tons, and will carry a 
deadweight of over three times her net register tonnage. 
As is characteristic of these cantilever-framed steamers, 
the holds of the vessel, of which there are four, are self- 
trimming, and free from all obstructions. The topside 
tanks, situated between the shell of the ag and the deck 
and the sloping sides of the holds, are well suited to the 
stowage of molasses in bulk. Part of these tanks will 
contain about 1000 tons of molasses, while the remainder 
will carry about 300 tons of water for trimming purposes. 
The molasses is run from a cistern at the mills into the 
topside tanks, and conveyed to the refineries. By the aid 
of two sets of special pumps fitted on board the vessel, it 
is here pumped from the ship into receivers situated on the 
wharf. Itisnext forced from the receiver to storage tanks 
by a powerful air-compressor fitted in the poop ‘tween 
decks, the whole operation being performed in about eight 
hours. In the air-compressor room is also fitted Dr. 
Harker’s patent fire -extinguisher and fumigator, t his 
vessel being the first on which the machine has been in- 
stallea. The Harker system collects the flue gas from the 
funnel, and after cooling and cleaning it, forces it under 
considerable pressure through pipes into the desired com- 
partment, thus extinguishing the fire. The machine 
can also be used to disinfect the vessel and to destroy 
rodents, and, in addition, can be utilised for the 

umping of air throughout the ship. The vessel has 
Fall equipment for dealing with ordinary cargo. She has 
six water-tight bulkheads. She has been fitted with 
engines, placed aft, by the North-Eastern Marine Engi- 
neering Company, Limited, of Sunderland. They have 
cylinders 26 in., 42 in., and 70 in. in diameter, by 48 1». 
stroke, and are supplied with steam by threelarge sing! 
ended boilers working at 180 Ib. pressure. The design ar d 
construction of the vessel have been carried out under the 
supervision of Mr. J. Pickering, M.I. Mech. E., of Baltic 
Chambers, 50, Wellington-street, Glasgow, the owne! 
consulting engineer in this country, assisted by Mr. -\. 
McKiulay, as resident inspector, and Captain Barnes. 
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EXPLOSION OF AN INTERCEPTING TANK. 


A FORMAL investigation, under the provisions of the 
Boiler Explosions Acts, has been held by the Board of 
Trade into the circumstances connected with the explosion 
of an intercepting tank at the Toxteth Workhouse, Liver- 
youl. By this explosion three of the inmates of the work- 
Goan were killed, and others were injured. The tank 
was not under the inspection or insurance of any company. 
The investigation was held at St. George’s Hall, Liverpool, 
the Commissioners appointed by the rd of Trade bei 
Mr. F. Sims Williams, barrister-at-law, and Mr. J. F. 
Pilcher, consulting engineer. Mr. G. C. Vaux appeared 
on behalf of the Board of Trade to conduct the inquiry ; 
Mr. Rigby Swift (instructed by Messrs. Harrison and 
Burton) appeared for the Toxteth Guardians ; while the 
workhouse master, Mr. Garnham, was represen y Mr. 
J. R. Watkins. Mr. J. H. Glover appeared on behalf of 
Mr. George Mitchell, the engineer. 

Before Mr. Vaux opened the proceedings objection was 
taken by Mr. Glover to the effect that the Commissioners 
had no jurisdiction in the case. Mr. Glover argued that 
the intercepting tank which exploded was not a “boiler” 
within the meaning of the Boiler Explosions Act, 1882, 
under which the proceedi were taken. That Act 
defined a boiler as ‘‘a cl vessel for generating steam 
or for boiling or heating water or other liquids, or into 
which steam 1s admitted for heating or steaming, or other 
similar pu .” Mr. Glover submitted that the words 
‘‘or other similar purposes ” must be construed as meaning 
yurposes similar to ‘‘heating, steaming, and boiling.” 
He contended that unless they could bring this matter 
within those words they could not bring this “‘ vessel ”— 
the intercepting tank—within the meaning of the word 
boiler.” This vessel was not a part of the boiler itself ; 
it was used to cool the water or condense the steam from 
the boilers before being discharged into the sewers; and 
it was not closed, having a vent always open. 

In support of his contention, Mr. Glover quoted the 
decisions given in the case of The Queen v. Commissioners 
—Appeal Cases 2, 2B., 1891. ‘ i 

Mr. Rigby Swift and Mr. Watkins said they associated 
themselves with the objection lodged by Mr. Glover. 

The Oppgpimsioner said that in his opinion the case 
quoted by Mr. Glover did not govern the present case ; 
and although there was a a deal to be said in favour of 
Mr. Glover’s argument, he thought this was a case in 
which he should go on unless a prohibition was obtained. 
He therefore disallowed the objection. 

Mr. Vaux then proceeded with his statement. He ex- 
plained that the tank was formerly used in the workhouse 
as a heating-chamber for water. The maker’s name they 
had not been able to trace. The tank was made of iron 
plates about } in. thick, 7 ft. long, about 3 ft. broad, and 

ft. 9 in. deep. The sides were connected to the top, the 
bottom, and ends by angle-bars. The rivets were § in. in 
diameter, and pitched 2 in. apart. The steam plant at 
the workhouse included two Lancashire boilers and two 
Cornish boilers. These had been passed by the Manchester 
Steam-Users’ Association for a working pressure of 80 Ib. 
per square inch. They were worked at about 601b. In 
1905, in order to comply with the Corporation by-laws, it 
was necessary to make some provision for cooling the 
water, which was blown out of the boilers, before it was 
discharged into the drains, and for that pu a hot- 
water tank was taken from the workhouse and connected 
with the two Lancashire boilers to act as a cooling- 
chamber. The tank was placed in the stokehold in front 
of one of the Lancashire boilers. The work of fitting the 
tank, which was one previously used in the workhouse, 
was (lone under the superintendence of the engineer, and 
the plans produced showed what was done. A 2-in. pipe 
was carried from the blow-off valve of No. 3 boiler into 
the tank through the cover, and a pipe from No. 2 boiler 
connected with it. There was an outlet-pipe, also 2 in., 
carried up into another pipe of 4 in. in diameter, which 
led to the drain. The boilers were under the inspection 
and guarantee of the Manchester Steam-Users’ Associa- 
tion, but their responsibility did not extend to the tank. 

he Association’s inspector, however, in June, 1905, volun- 
tarily reported that a 4-in. pipe, in place of a 2-in., 
should be fitted to the outlet of the tank, but no action 
was taken on this recommendation. Mr. Mitchell was the 
engineer, and the only assistance he had at that time was 
from some of the inmates of the workhouse, who acted as 
stokers. On the afternoon of the day of the explosion the 
engineer had instructed an inmate named Richard Lloyd, 
who had regularly acted as fireman and stoker under him 
for some years, to open the valve of No. 3 boiler and blow 
off a little water, and then close it again. Lloyd, under the 
engineer’s supervision, appeared to have opened the valve, 
but when he tried to close it again found he could not do 
80. ‘The engineer, judging from the position of the cross- 
handles, appeared to have concluded that Lloyd had shut 
the valve. The engineer, having some business in another 
_ of the workhouse, went away temporarily, and after 

é hai gone Lloyd seemed to have had some aoe sy be 
removing the key, and to have done something which 


the effect of opening the valve full, or nearly full. Being | 


unabl« to shut the valve, a man named Bradley went to 
assist him, but he could not move it, and water was being 
rapidly blown out of the boiler into the tank. Bradley, 
realising danger, ran to find the engineer. Two inmates— 
James Rigby and Hénry Smith—came and tried to close 


e valve, hile doing this the explosion occurred, and 
Lloyd, Rigby, and Smith were killed, two other men were 
: and the whole front of the boiler-house was 
wrecked, 


Evidence was then called. 
Mr. Hamilton D. Garnham, the master of the work- 
*, said it was his invariable practice to hand the 
reports to the engineer. To the best of his recollection 
he did not think he had any conversation with the engineer 





with regard to the recommendation of a os 
3-in. diameter. He did not consider the recommendation 
an important one. During the time he had been the 
master everything with to the tank had been quite 
satisfactory, and there been no complaints about sit. 
A new tank of special design had now replaced the old 
one. An assistant engineer also been appointed. _ 

In cross-examination by Mr. Rigby Swift, witness said 
the engineer came to his situation with the very highest 
references, and he had never known any complaint against 
him. Lloyd had performed the duties in the stoke-hole 
for several years, and he thought he was a proper person 
for those duties. Nothing was said to the House Com- 
mittee when the tank was put in that would make them 
think it was a matter of any danger or difficulty. , 

Did anyone tell the House Committee that the mention 
of a pipe of 3-in. diameter meant that they must have an 
alteration made in the tank ?—No. , 

And until the voice of the explosion spoke, did anybody 
ever suggest that the tank was unsafe?—No, in no way 
whatever. 

By Mr. Glover: He had always looked upon Mitchell 
as a very competent man, and there had never been any- 
thing to suggest that he was in any way careless. He took 
great interest in his work, was assiduous in his duties, 
and perfectly satisfactory. 

Mr. James Moulding, who was clerk to the Guardians 
until September 30, 1905, said the practice in regard to 
the reports of the Manchester Steam-Users’ Association 
on the boilers was to lay them before the Committee, by 
whom they were referred to the master, so that their 
recommendations should be carried into effect. 

In reply to Mr. Glover, witness said the Guardians had 
never any occasion to doubt the efficiency of Mitchell, the 
engineer. He was always full of useful suggestions to 
save money. 

Mr. William Heath, an inspector of the Manchester 
Steam-Users’ Association, stated that he visited the 
workhouse on February 22, 1905. He saw the inter- 
cepting tank lying in the yard, about to be fitted. Wit- 
ness su; to Mr. Mitchell that the vent-pipe should 
be not less than 4 in. in diameter, and Me. Mitchell 
replied to the effect that it should be done. A 2-in. vent 
would have been sufficient if the outlet-pipe had been 
large enough. 

Mr. Glover cross-examined the witness with a view to 
showing that the intercepting tank, being of a cubical 
capacity of 800 gallons and containing 400 gallons of cold 
water, the addition of 60 gallons of boiling water from 
the boiler when it was blown off would not increase the 
pressure in the intercepting tank, because the steam from 
the boiling water would be immediately condensed by the 
cold water into which it passed. The witness would not 
admit this. He said there would be an increase of pres- 
sure unless there was an outlet to the tank. He added 
that the use of a vent-pipe was as a precaution in the 
event of the other outlets getting choked up. 

Mr. Peter Hatch, another of the Steam Ueren’ Associa- 
tion inspectors, said he examined the boiler on May 29, 
1905. The tank was then comple and covered over 
eut of sight. He saw the 2-in. vent me out into the 
yard, and was told by the engineer, Mitchell, that the 
diameter of the outlet-pipe into the sewer was 4in. He 
considered a 2-in. vent-pipe to the atmosphere was suffi- 
cient under ordinary circumstances, but in case of ex- 
cessive pressure in the tank the vent would not be bi 
enough—in case of the outlet becoming choked. He coul 
not say if he made any suggestion on the point to Mr. 
Mitchell. 

By Mr. Swift: He did not mean to say that the “‘ rather 
small” size of the vent, as mentioned in his report, was 
dangerous if it was carefully used, but if anything unfore- 
seen happened. 4 

By the Commissioner: He believed a 4-in. vent would 
have avoided the explosion. 

By Mr. Glover: He believed the cause of the explosion 
was the valve becoming jammed, and he thought the men 
must have lost their heads and could not close it, and were 
not aware of the danger. He dared say if Mr. Mitchell 
had worked the valve himself he could have got it 
closed in time to avoid the explosion. 

By Mr. Glover: He had never known of these valves 
jamming before. 

Mr. C, E. Stromeyer, chief engineer to the Manchester 
Steam-Users’ Association, confirmed the reports of the 
Association’s inspectors and the letters to the Guardians. 
The tank was not insured by his Association, but in such 
cases when they saw anything requiring attention they 
reported upon it; but unless it was, in their view, of 
serious moment, they were not in the habit of pressing the 
matter. In the first instance, they were under the belief 
that there were two outlet-pipes from the tank of 3 in. 
and 4 in., and but for that they might have made their 
8 tions more pressing. His own view was that the 
valve remained open until the boiler was practically 
empty of water, and then a pressure equal to that in the 
ae was set up in the tank, with the result that the ex- 
| plosion followed. 

Mr. George Mitchell, the workhouse engineer, was the 
next witness. He gave his experience in connection with 
the boilers and the tank. He calculated that he would never 
| have a pressure in the tank beyond 30Ib., which gave him 
|a margin of 12 lb. or 13 lb. compared to that which the 
| tank had previously borne larly. 

By the Commissioner : If the inspector had suggested a 

4-in. vent-pipe, it would have been put in. 

| Examination continued by Mr. Vaux: He had no 
| trouble whatever with the valve before the explosion, and 
| it had always worked well ; the valve would be apunes to 
| the full, and there was never any difficulty in closing it 
jagain. The practice was to take it to pieces every year. 
He considered the 2-in. vent was sufficient, and was 
alive to the fact that the 2-in, vent did not go direct into 





the tank. The tank arrangement was his own idea, and 
he felt himself fully qualified in doing the work, and did 
not think it necessary to have assistance. When the tank 
was put in, he made several tests, and concluded that it 
was safe enough for the purpose for which it was intended. 
He had no recollection of seeing either of the two reports 
sent by the Manchester Steam-Users’ Association sug- 
gesting a larger vent-pipe until two days after the explo- 
sion. The men who assisted him at the boilers were 
inmates whom he himself taught stoking, and the blowing- 
off operation every day was invariably done either by wit- 
ness or one of these men under his supervision. Lloyd had 
used the key for the valve on many occasions. Witness 
explained the circumstances on the day of the explosion, 
when Lloyd, on his instructions, blew out some of the 
water from No. 3 boiler, and then shut the valve. He 
could not account for the jamming of the valve, and he 
knew of nothing that would prevent Lloyd taking the 
key off when he had shut the valve. As the valve was 
shut when witness left Lloyd, he thought it might have 
been opened again by Lloyd. 

By the Commissioner : There was a possibility that the 
slight bend in the valve might cause it to jam. 

y Mr. Vaux: There was no sign of dirt in the valve 
when it was taken to pieces after the explosion. 

By Mr. Rigby Swift : So far as he could tell, he did not 
think that the explosion had been the cause of the bending 
in the valve. 

Mr. Rigby Swift, in examining the witness, submitted 
copies of testimonials which Mitchell had received from 
other unions where he had been employed as engineer. 
These all agreed that he was a thoroughly practical and 
capable engineer. The appointment of an assistant engi- 
neer at the workhouse was quite irrespective of the explo- 
sion. An assistant was mentioned some time before the 
explosion, on account of extra duties arising from the 
adoption of some new machinery. The Guardians had 
never refused to let him have assistance, and whenever he 
had made a suggestion as to machinery, his wishes had 
been complied with. The Guardians had relied implicitly 
upon him. The men engaged in the stoking were per- 
fectly competent. 

By the Commissioner: Witness did not think a 3-in. vent 
fixed into the tank with the 2-in. outlet would have pre- 
vented the explosion. 

In reply to Mr. Glover, witness said he took upon him- 
self the whole of the responsibility for what had occurred. 
Had he known of the reports of the Steam- Users’ Associa- 
tion, and appreciated that they recommended a vent-pipe 
of larger dimensions, he would have carried the recom- 
mendation out whatever it was. Although he might not 
agree as to the mre | for a larger vent-pipe, he would 
not take the responsibi ity of failing to carry out any view 
the Association's inspectors might put forward. 

Two inmates from the workhouse were called, and both 
agreed that Lloyd had closed the valve before the engi- 
neer left. Then, proceeding to remove the spanner to 
blow down the gauge-glass, as directed by the engineer, 
Lloyd found it had jammed. Apparently, to get an extra 
jerk and twist on the spanner to work it off, he turned 
open the valve again, and then it stuck. They all tugged 
to get the spanner off, but failed. The explosion occurred 
while they were trying to release the spanner. 

Mr. A. E. Laslett, engineer-surveyor to the Board of 
Trade, gave particulars of the preliminary inquiry he had 
held in the case, —— damage done to the tank, 
boiler, and boiler-house. The valve was still immovably 
jammed at full open, and the outside of the case was 
slightly bent. As the case was bent actually towards the 
tank, and not away from it, he concluded it was bent 
before the explosion. He thought the valve had rarely 
been opened full, as it was never necessary, and the bend 
might never before have caused jamming, and so made its 
eqerye known. The valve remained jammed tight until 

e had the case cut in halves with a saw at the maker's 
works in Huddersfield. There was no dirt or other ob- 
struction found inside. The defect might have been 
caused by the valve being dropped on a stone floor when 
taken out for examination, but there was no evidence 
of any such mishap. He attributed the explosion to the 
continued flow of hot water, or steam probably, under the 
heavy pressure, and the accumulation of pressure within 
the tank, so that at last the tank was unable to withstand 
the pressure, there being an insufficient outlet. The con- 
tinued flow was caused by the jamming of the valve, in 
turn due to the bend in the valve-casing. 

In reply to Mr. Rigby Swift, witness said he did not 
blame the engineer for not having detected the deforma- 
tion in the valve. A larger vent might not have pre- 
vented the explosion, but it would have helped very 
much. Mitchell was a competent engineer, and there 
was no reason why the Guardians should not have 
employed him. 

i a ying to Mr. Glover, witness said he had not pre- 
vio uy come across a similar case of jamming, and would 
scarce N have expected it. 

By the Commussioner : If there had been a 2-in. outlet 
and also a 3-in. vent fixed direct to the tank, he thought 
the tank, with those two openings, might have relieved 


itself ey to have prevented the explosion. 
Mr. Rigby Swift, on behalf of the Guardians, then 
called Mr. Thomas Miller, consulting engineer, of Liver- 


land Manchester. Witness said that, from his know- 
edge of Mr. George Mitchell as a competent engineer, 
the Guardians were quite justified in employing him. 
There was nothing in the construction of the tank in ques- 


tion which made it necessary to call in outside assistance, 
and he could not say that anything had been omitted to 
be done which should have been done. He considered 


that the tank, as originally laid down by Mr. Mitchell, 
was quite sufficient for all n conditions. He quite 
approved of the type of valve used on the boiler, and had 
never known a valve of that type getting jammed or 
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sticking in the way that this one had done. He should 
not have anticipated such a contingency. : 

Mr. Glover: Do you consider that an engineer in the 
position of Mr. Mitchell would have been justified or 
excused from taking such a contingency into considera- 
tion?—That contingency, I consider, might be eliminated. 

In your opinion, had there been, in addition to the 2-in. 
outlet, a 3-in. vent from the tank itself, would the outlet 
plus the vent have prevented what actually arose?—I 
doubt it. 

Cross-examined by Mr. Vaux : Undoubtedly the valve 
stuck owing to the rack aeag ees, but how it had become 
bent he could not say. e suggestion made by Mr. 
Laslett the previous day was one worthy of careful con- 
sideration. He (witness) would not open a valve full 
bore in order to blow out 4 in. of water. There were a 
large number of tanks put down in connection with steam 
boilers which were in an unsafe condition. __ 

By Mr. Rigby Swift: After the Corporation, in 1905, 
required a general system in the city by which the water 
from boilers could be cooled before it went into the drains, 
a large number of these intercepting tanks were put in, 
largely by the engineers attending on the boilers for which 
they were required. . 
he Commissioner: If the Guardians had directed the 
engineer to alter the vent-pipe from a 2-in. to a 3-in. in 
accordance with the report of the Manchester Steam- 
Users’ Association, would that have had any effect what- 
ever ’—None at all. 

Has not the idea of a blow-off tank led to several acci- 
dents ?—There have been accidents, I believe. 

In your opinion, should not a blow-off tank be so con- 
ge as not to be subject to pressure ?—I agree with 
that. 

Mr. William E. Woodhall, chairman of the Board of 
Guardians, gave evidence as to the practice of dealing 
with the reports from the Manchester Steam-Users’ 
Association, and, in reply to the Commissioner, said he 

1 that it might be advisable that whenever a sugges- 
tion was made in a report, and also when the s' tion 
had been carried out, an entry as to both should be made 
in a minute-book. 

Mr. Rigby Swift then addressed the Court, with a view 
to showing that the Guardians were not in any way to 
blame for the explosion. 

The Commissioner intimated to Mr. Watkins that he 
need not address them on behalf of the master of the 
workhouse, as they did not think there was any blame 
attached to him. 

Mr. Glover urged, on behalf of Mr. George Mitchell, 
the engineer to the Guardians, that, assuming nothing 
had oceurred with regard to the valve, the tank was per- 
fectly constructed, and was all right for the purpose for 
which it was intended. The engineer tested it thoroughly 
beforehand, and it stood the pressure put upon it. Mr. 
Glover added that he did not think that the Court would 
hold that his client had been in any way negligent. If 
any blame was attachable, it could not, he submitted, go 
beyond this—viz., that the engineer took one course, 
which he judged was sufficient, whereas in the light of 
circumstances it might have been better if he had taken 
another course; but that, at the most, was merely an error 
of judgment. The engineer thought he was doing right 
by providing against normal conditions, and if these con- 
ditions had continued to exist the tank would have been 
performing its work in an ordinary manner. The engi- 
neer did not anticipate the valve sticking, and this could 
not be put down to him. 

Mr. Vaux, replying on behalf of the Board of Trade, 
said that, so far as the Guardians were concerned, it was 
only a question whether the Court thought they had acted 
properly in leaving the fitting of the tank to the engineer 
instead of calling in expert advice. With regard to the 
engineer, Mr. George Mitchell, he (Mr. Vaux) thought 
Mr. Mitchell had given his evidence in a satisfactory 
manner. To him was entrusted the fitting up of the tank, 
and he fitted it in the manner which he had described, 
and fitted it up deliberately. He had made calculations as 
to what pressure the tank was fit for and the pressure the 
tank was likely to get under normal conditions, and if he 
made an omission at all, it was that he did not allow for 
possible contingencies. The question for the Court was 
whether Mr. Mitchell's omission to provide for every 
ossibility amounted to negligence, or to a mere error of 
judgment under the circumstances, 

The presiding Commissioner, Mr. F. Sims Williams, in 
giving judgment, recounted the circumstances attendin; 
the explosion and the antecedent history of the tank an 
the boilers to which it was attached. The Court found 
that the tank which exploded was of suitable design and 
construction for its purpose, but the arrangement of inlet, 
outlet, and vent-pipes was not such as to prevent an 
undue accumulation of steam in the tank. The tank was 
in good condition prior to the explosion, and on the after- 
noon of the explosion the boiler was left in the hands of 
competent persons during the absence of the engineer. 
In answer to the question ‘‘ What was the cause of the 
explosion ?” the Court replied : The blow-down valve of 
No. 3 boiler became jammed, and the fireman being unable 
to close the valve, the steam blew out all the water from 
No. 3 boiler through the 2-in. inlet into the tank, whereby 
the tank got the full pressure of steam—about 60 lb. per 

uare inch—from both boilers; and there being only a 
2-in. outlet, and no vent for the steam to escape, the ex- 
— was inevitable, and it was caused by the accumu- 
ated excessive pressure of the steam in the tank. The 
blow-down valve was of first-class construction, and had 
been inspected from time to time during the years 1905 
to 1908, and, prior to the explosion, by the inspectors of 
the Manchester Steam-Users’ Association, and it was 
found free in action until the time it jammed just before 
the explosion. There was no clear evidence as to why it 
jammed, but possibly it was caused by undue friction. 





In answer to a further question, the Commissioners 
absolved the Guardians and the workhouse master from 
blame. They thought, however, that the engineer, Mr. 
George Mitchell, was to blame for the explosion. They 
were of opinion that the arrangement of the piping of the 
blow-off tank was very defective, and involved risk of 
explosion, although the engineer himself failed to appre- 
ciate the dangerous nature of the arrangement which he 
had made. e Court, after careful consideration of the 
whole of the evidence, thought the engineer should have 
known that the arrangement was defective, and should 
have remedied the defects, and so avoided the risk of ex- 

losion. It appeared that he had arduous duties to per- 
orm, and was a hard-working, fully-qualified engineer, 
competent to take charge of the plant entrusted to his 
care. The general condition of the boilers and plant, 
which the Court had inspected, was quite satisfactory, 
and the engineer had the highest testimonials, both 
from his former employers and others; and it was 
argued strongly on his behalf that the arrangement of 
the piping of the blow-off tank was a mere error of judg- 
ment on his part, and that he ought not to be held to 
blame. The Court took into consideration what had been 
ably urged on Mr. Mitchell’s behalf = Glover, and 
thought the justice of the case would met by makin 
no order as to the costs of the investigation. They hoped 
some public benefit would result from the inquiry. Some 

ears , it was stated, there was a general idea that a 
Jlow-off tank was a simple contrivance which anybody 
could put up, and that there were now many of those 
tanks Ktted up which were in an unsafe condition. The 
Court trusted that the necessary steps would be taken by 
those interested to avoid, by proper precautions, a repeti- 
tion of the present disaster. 

The investigation, which had extended over four days, 
then terminated. 








AGRICULTURAL IMPLEMENTS FOR ARGENTINA.—The im- 
ports of agricultural implements into Argentina last year 
compared as follows with the corresponding imports in 
1907 :— 

1908, 
58,196 
56,653 
17,334 
13,977 

490 


Implements. 

Ploughs a 

Mowing-machines 

Reaping-machines 

Sowing-machines . . 

Threshing-machines = 
Of the ploughs imported last year 48,395 came from the 
United States, 5026 from Great Britain, and 3932 from 
Germany. 


_ Hypravtic Power in Spain.—According to a report 
issued by the Spanish Electrical Association, the hydraulic 
eed available in Spain exceeds 5,000,000 horse-power, 
ivided over the various rivers as follows :— 
Horse-Power. 

Ebro 

Douro .. ee 

Guadalquivir .. 

Tagus .. 

Guadiana 

Minho .. 

Incar .. 


Seguro .. 6 ee 
Smaller watercourses 


Tur Wortp’s Coat Propuction AND CONSUMPTION. — 
The annual statement of the production and consumption 
of coal for the world, issued by the Board of Trade, shows 
that about 1000 million tons were produced in 1907. 
The following were the five chief producing countries :— 
United States, 428,896,000 tons; United Kingdom, 
267,831,000 tons; Germany, 140,885,000 tons; France, 
35,586,000 tons ; and Belgium, 23,324,000 tons. The pro- 
duction of the United Kingdom amounted to about 6 tons 
per head, and of the United States to 5 tons per head ; 
in Belgium it amounted to 3} tons, in Germany to about 
2} tons, and in France less than 1 ton per head. The 
average value per ton in the United Kingdom was 9s. ; 
in the United States, 5s. 114d. ; but in Belgium, 13s. i 
All these prices are higher than those for 1906. Of the 
British Colonies and Possessions, British India produced 
the most, with 11,147,000 tons to its record in 1907— 
14 millions more than in 1906. The Australian Common- 
wealth produced about 9,681,000 tons ; Canadian produc- 
tion amounted to 9,385,000 tons, and the output in the 
Transvaal to 2,574,000 tons, while about 1,831,000 tons 
were produced in New Zealand. For these coals the 
Canadian and New Zealand prices averaged the highest, 
being about 10s. 9d. and 10s. 7d. per ton respectively. 
Australian coal prices were about 6s. 10d., and British 
Indian, 4s, 8d. e United Kingdom exported 85,188,000 
tons of coal in 1907, and imported 31,000 tons. German 
exported 27 million tons, and imported 144 million tons. 
The United States exported over 13 million tons, and 
imported over 2 million tons. Belgium exported 6,449,000 
tons, and imported 5,930,000 tons. France, on the other 
hand, imported 18,814,000 tons, and exported only 14 mil- 
lion tons. The consumption of coal for the leading coun- 
tries was as follows in thousand tons :—United ‘States, 
417,875; United Kingdom, 182,674; Germany, 128,411; 
France, 52,885 ; Russia, 24,708 ; Austria-Hungary, 24,257 ; 
Belgium, 22,805. The consumption per head was highest in 
the United States—viz., 4.87 tons. In the United Kingdom 
it was 4.14 tons; Belgium, 3.18 tons; Germany, 2.06 tons. 
In Canada it amounted to 2.81 tons, and in New Zealand, 
2.07 tons. In the United Kingdom 99.98 per cent. of the 
coal used was produced at home. The percentage is 
almost as great for the United States. In France, 
however, the proportion was only 64.43 per cent., no less 
than 18.16 per cent. being imported from Great Britain 
and 17.41 per cent. from other countries. The coal 
brought into the area within a circle of 15 miles radius of 

haring Cross amounted to 16,572,857 tons, of which 
rather more than half was brought in by sea, coastwise. 








CATALOGUES. 


THE Exxcrrica, Company, Liwirep, 121, Charing 
Cross-road, W.C., have issued a priced circular of iron. 
clad switches, fuses, fuse-boxes, &c. 


A circular from Messrs. G. A. Harvey and Co., Lewis. 
am, London, meg es | to hand shows several patterns of 
this firm’s patent double-action smoke-ejector chimney. 


Messrs. Anderson, Anderson, and Anderson, Limited, 
35, St. Paul’s Churchyard, E.C., have lately issued « list 
of rubber goods, including plain and armoured hose, 
rubber belts, valves, washers, &c. Hose fittings are also 
listed. 

A pamphlet from Messrs. C. Akrill and Co., Limited, 
Gold’s Green Foundry, West Bromwich, Staffs., forms a 
description of this firm’s works, and illustrates the various 
rolling-mill eae which they are in the habit of turning 
out, such as housings, couplings, gears, chilled rolls, &c. 

The British Bariquand and Marre Engine Company, 
Limited, 10, Poland-street, Oxford-street, London, W, 
have lately issued a small list of motor-car accesso: ies, 
such as lamps, tools, spare wheels, mud-guards, wind. 
screens, &c. 


_ Mr, J. E. Lea, 28, Deansgate, Manchester, recently 
issued a pamphlet describing his patent water-recorder, in 
which a float works an instrument consisting of a gra- 
duated drum giving the amount of flow at a glance, and a 
recording-drum or dise worked by clockwork, the pencil 
being governed by coil on the drum aforementioned. 


A og of rather ungainly size comes to hand 
from Mr. Gilbert Little, Horton Works, Bradford. This 
large-sized pamphlet gives illustrations of aerial ropeways 
for carrying coal, &c., of screw and of bucket, and of 
band-conveyors, depicting the various parts, such as 
chains, belts, p -steel and riveted buckets, &c. 


Messrs. W. J. Dallison and Co., 23, Great St. Helens, 
London, E.C., describe, in a circular just to hand, a 
simple automatic fire-alarm, designed to complete an 
electric bell circuit, on the collapse of a plate of special 
alloy from heat. This alloy plate will collapse at a tem- 

prature of between 90 deg. and 100 deg. Fahr. The 

evice is simple and inexpensive. 

Messrs. Snowdon, Sons, and Co., Limited, Millwall, 
London, E., have sent us a small pamphlet having refer- 
ence to Huhn packing suitable for steam, gas, air, water, 
and refrigerating plants. This packing consists of hollow 
white-metal rings, in which is sealed up a lubricatin 
medium, which can only find its way out through onal 
holes on the side of the packing-ring next the moving rod. 


Particulars and prices of Adnil tungsten lamps, and of 
transformers and adaptors for use with such oon are 
iven in a circular recently issued by Messrs. Marples, 
h, and Co., Limited, Adnil-building, Retitiae ten 
London, E.C, These lamps will burn at any angle, are 
suitable for alternating or direct-current working, and are 
supplied for pressures ranging from 1.2 to 250 volts. 


A large pamphlet from Messrs. James Keith and 
Blackman and Co., Limited, Manchester, deals with the 
Keith fan-wheel. This is made up of a number of 
triangular curved blades fixed at the base to a plate wheel, 
and at, or rather near, the apex to a ring, so as to forma 
wheel containing a void space on one side, shaped like a 
truncated cone. This cone is continued in the casing to 
form the inlet, the outlet being at the end of the usual 
snail-shell-sha: casing. These fans are suitable for 
pressures of from 1 in. to 6 in. water gauge, and high 
efficiency is claimed for them. 

From Messrs. John I. Thornycroft and Co., Limited, 
Chiswick, W., a pamphlet has come to hand which con- 
tains a well-illustrated description of the numerous types 
of small craft fitted with Thornycroft marine motors for 
either pa or paraffin. The illustrations are interesting 
and well reproduced, and show motors of various sizes, 
from 350 brake horse-power down. The boats shown in- 
clude launches for home waters and abroad, motor-yachts, 
a boats, pleasure and cruising launches, 
racers, &c. Small motors for stationary purposes are also 
shown. 

Messrs. Vickers Sons and Maxim, Limited, River 
Don Works, Sheffield, have lately issued a pamphlet 
descriptive of their patent automatic reversing gear 
for planing-machines. This gear is attached to planers 
driven by variable-speed motors, so that while on the 
cutting stroke the motor will run at its slowest or any 
suitable speed, at the end of this stroke the motor will 
reverse automatically, and a resistance being automuti- 


Y | cally inserted in the field-winding, the speed is raised to 


about 900 revolutions per minute for the return stroke. 
The pamphlet gives notes on the fitting and use of the 
apparatus and also several interesting power diagrams 
showing very good curves compared with diagrams for a 
belt-driven planer. 








“Hints To Coat-Buyers.”—Under the above title the 
Business Statistics Publishing Company, Limited, of 
12, James-street, Cardiff, have published a book of some 
70 large pages dealing with practically every aspect «{ the 
Welsh coal, coke, and patent fuel trades. The contents 
comprise large folding maps of the South Wales cval- 
fields, docks, &c., and full particulars of the dock and 
shipping accommodation are given. The various collivrivs. 
prem 6 and patent fuels of the district are tabulated and 
much useful information is given concerning them. | it- 
props and fire-bricks come within the range of the » rk, 
while for the use of shippers, charter parties, bills of 
lading, and colliery guarantees are appended, toget ler 
with tables of sailing distances. The price of the bow!. 1s 
21s, net. 
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“ENGINEERING” ILLUSTRATED PATENT 
RECORD. 


CompiteD By W. LLOYD WISE. 
SELECTED ABSTRACTS OF RECENT PUBLISHED SPECIFI 
OATIONS UNDER THE AOT OF 1907. 

The number of views given in the Specification Drawings is stated 
in each case ; where none is mentioned, the Specification is not 
llustrated, 

Where inventions are communicated from abroad, the Names, &c., 
of the Communicators are given in italics. 

Copies of Specificutions may be obtained at the Patent Office, Sale 
Branch, 25, Southampton Buildings, Chancery-lane, W.C., at 
the uniform price of 8d. 

The date of the advertisement of the acceptance of a Complete 
Specification is, in each case, given after the abstract, wnless the 
Patent has been sealed, when the date of sealing is given. 

Any person may, at any time within two JSrom the date of 
the advertisement of the acceptance of a Complete Specification, 
give notice at the Patent Office of opposition to the grant of a 
Patent on any of the grounds mentioned in the Act. 


ELECTRICAL APPARATUS. 


4066. W. H. Exley and H. Leitner, Woking. Elec- 
tric Lighting. [3 Figs.) February 22, 1908. —This invention 
relates to series-parallel electric-lighting circuits, such as are used 
in lighting systems for railway trains, hospitals, theatres, and 
other public buildings, and has mainly for its object to provide 
means whereby either a dim light or a bright light may be given, 
or a bright light at any part of the circuit whilst the lights at the 
other points are automatically extinguished, these results being 
obtained without in any case completely breaking the circuit, and 
without the employment of anv external resistance material or 
special series-parallel switches. According to this invention, the 
lamps are arranged in a series of three units or groups of units 
connected in series across the mains, and at each of the points at 
which the units or groups of units are connected ther is a 
switch, one of these switches being adapted to connect its point of 
contact with the positive main, whilst a second connects its point 
of contact to the negative main. Referring to the arrangement 
illustrated in Fig. 1, a, b, and ¢ are three groups or units of lamps 
connected together in series across the positive main d and the nega- 
tive maine. At the two points of connection f and g between 
these units there are fitted switches h and i. The switch h con- 
nects its point of contact f with the negative main e, whilst the 
switch ¢ connects its point of contact g with the positive main d. 
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With this arrangement of connections, when the two switches h 
and i are “off,” all the lamps a, b, and c are in series with each 
other, and will consequently all give a dim light. When, however, 
the two switches are ‘‘on,” all the lamps are brought in parallel, and 
consequently give a bright light. When the first switch h is ‘‘ on” 
and the second switch ¢ “off,” the lamp or lamps @ between the 
said first switch 4 and the positive main connection is or are bright, 
whilst the remaining lamps b and ¢ are extinguished, and, on the 
other hand, when the second switch i is alone “on,” the lamp 
or lamps ¢ between this switch and the negative main e is or 
are bright, whilst the other lamps a and b are extinguished. Fig. 2 
illustrates an arrangement of circuits in which the lamps a, b and c 
are fitted upon two separate circuits, as is frequently the case with 
railway coaches. In this arrangement, the second switch i is 
adapted to connect its point of contact g with the second circuit 
d\, With this construction, as long as both circuits are in opera- 
tion the same effects can be obtained, as above described ; but in 
the event of the second circuit d! being cut out, as would happen, 
for example, if the available supply of energy were limited, then, 
although it would only be possible by closing both the switches h 
and i to have one lamp ain parallel and bright, it would still be 
possible to have all the lamps in series, and consequently giving a 
dim light. In this instance the operation of the second switch i 
would not affect the circuit. (Accepted January 13, 1909.) 


17,416. Siemens Brothers Dyaame Weeks, Limited, 
Westminster. (Siemens Schuckertwerke, G.m.b.H., Berlin, 
Germany.) 0-Electric Machines. [4 Figs.) August 
19, 1908.) This invention has reference to end connections for 
rotor windings of electric machinery, and is designed to provide 
improved means for keeping the same cool whilst working. As in 
ordinary arrangements, the different end connections 6 lie one 
inside the other, close together, transversely of the axis. Those 


have radial ribs d (see Fig. 2) on the outside, which act as the 
intermediate cooling pieces, or heat-distributors, for the end con- 
nections. These ribs would, of course, have different lengths in 
the axial direction to co nd to the different lengths of the 
bent end portions of the winding. In radial height, however, they 
are all the same, so that they extend into as close contact as pos- 
sible with the cap k&. In order to facilitate the dissipation of the 
heat the end structure or winding-carrier t may also be provided 
with heat-radiating ribs r on the side oj ite to the distributors 
d—that is to say, on the side next to the shaft of the machine. 
(Accepted December 23, 1908.) 


GAS ENGINES, PRODUCERS, HOLDERS, &c. 


27,766, Robert Dempster and Limited, and 
H. J. Too Elland. 8 : [11 Figs.) 
December 17, 1907.—In retort-charging and discharging machines 
it is necessary to drive the machine over a = range of varying 
speeds, and the direction of movement of the gear requires to be 
reversed very frequently, for which reasons electrical power, 
though otherwise not considered desirable, is generally used for 
actuating this class of machines. The primary object of this 
invention is to provide mechanical means whereby machines of 
this class can be easily driven at any desired speed, started, 
stopped, or reversed. For this purpose, a constant-speed driving- 
rope is combined with one or two expansible pulleys and an epi- 
cyclic gear train in such manner as to convert the constant s 
in one direction of the driving-rope into a variable speed in either 
direction obtainable from a countershaft. In Fig. 1, ¢! indicates 
the working portion and ¢f2 the return portion of the driving-rope 
which rope may either be led to the ms pew ad pulleys j, & over 
carrier pulleys 2, or pass around the said pulleys j,k directly when 
these pulleys are situated at the top of the machine. In the former 
case, the vertical distance between the centres of the pulleys x 
and the expanding pulleys j, k is variable, as the operative por- 
tions of the machine are raised and lowered to deal with retorts 
at different levels ; therefore a bal weight is 'y to take 
up the rope as the distance between 2 and j becomes reduced. 

e required variations can be obtained as shown in Fig. 2. 
The pulleys j, k are of a type commonly used in rope-driven 



































Fig .2. 















































parts of the connections which project longitudinally from the 
iron core, however, are separated from each other by a distance | 
which is determined by the tooth-pitch of the iron core, and the 
connections, as a whole, form a cylinder enclosed by the outer cap | 
or sleeve k, against the inner surface of which they press in con- | 


N 
N 
Ny 











juence of the centrifugal force. Thus the end connections, with 
© cap, usually form a hollow space, in which the air lies stag- 
‘nt. In order to ensure better cooling of the end connections 
than w ould be obtained simply with the capping arrangement, 
'sermediate pieces or heat-distributors, consisting of a material 
h is a good coriductor of heat, are arranged between the lon- 
idinally projecting end parts of the coil. These intermediate | 
“es are placed so closely to the insulated conducting portions 
the transmission of heat to them is facilitated as much as 
: ble. The intermediate pieces thus serve to distribute the | 
‘t to the whole end structure, and must themselves, of course, 
in suitable conductive connections with the end support ¢, or 
the cap k, in order that the heat may easily escape there- 
™. The actual winding carrier support ¢ may conveniently 
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mechanism, and each comprises a pair of cones adapted to approach 
as c Se | and recede from one another in such manner as to vary the 
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effective diameter of the pulley, and therefore its speed in propor- 


intermediate position, the smaller pulley will run at an increased 
speed, whilst the speed of the larger pulley is correspondingly de- 
creased ; consequently the lesser pulley, through the differential 
gear, drives the countershaft in one direction or the other, 
the direction depending upon which of the two pulleys j, k is 
the smaller in effective diameter, as will be well understood. For 
instance, supposing the pulley j to be the smaller, it may drive 
the wheel ¢ and pinion fat 1027, whilst the pulley & drives the 
wheel g at 477, and pinion b at 73—that is, the difference between 
the speed of 1027 imparted by f, and 954 extracted by gy, producing 
a speed of 73 on the bevels b,c, and 365 on the shaft n. In the 
arrangement shown, three turns of the hand-wheel w would 
suffice to vary the speed of the countershaft » from nil to 365 
revolutions per minute in either direction, or six turns produce 
the whole range of variation. (Accepted December 9, 1908.) 


20,686. J. J. Bowmer, Newcastle-on-Tyne. Gas- 
Producers. [4 Figs.) April 1, 1908.—This invention has refer- 
ence to a sliding-plate arrangement at the bottom of a gas-pro- 
ducer for the purpose of facilitating the removal of clinker and 
ashes without interfering with the working of the apparatus, so 
that it can be worked uninterruptedly over long periods. The 
invention is applicable either to water-sealed or dry-bottomed 
producers. lis the sliding bottom plate supported on bearing- 
rollers 2 carried on shafts 3 journalled in bearing-plates built into 
the lining of the producer. 5 is a hand-lever for reciprocating 
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the plate, being mounted on the transverse shaft 6 and linked to 
the _—_ 1 by the connecting-rod 7. The plate 1 is located below 
the level of the surface of the water in the water-seal 10, and its 
back edge slides closely under the projecting fixed plate 8 at the 
back of the producer, whilst its front edge lies below the project- 
ing-frame 9 of the grate-chamber. When the plate is reciprocated 
by the hand-lever, it loosens the clinker and prevents it from 
setting on to the sides of the producer ; as the plate is drawn 
forward, it carries with it the clinker resting on it; and as it is 
pushed back, the clinker falls over its front edge into the water- 
seal 10. (Accepted January 13, 1909.) 


MINING, METALLURGY, AND METAL- 
WORKING. 


16,08. The Hardy Patent Pick Compare, amined, 
and M. Wain t, Sheffield. Miners [4 Figs. | 
May 14, 1908.—This invention relates to miners’ drills, and has for 
its object to provide improved means whereby the drill-bits may 
be readily interchanged. According to this invention, the end of 
the drill steel is formed with two tongues which are bent in 
opposite directions. The tongues are each formed with a suitable 
opening or socket to receive the rear portions or shanks of the 
bits, which are slightly tapered to afford a suitable fixing. a is 


g.7. 





the drill steel, and b, ) are the two tongues formed at the end 
thereof. These tongues are formed with sockets c, c, which are 
slightly tapered to receive the correspondingly tapered shanks of 
the drill-bits or cutters d, d. When in position the rear extremity 





tion to the speed of the rope ; this movement of expansion or con- 
traction may be effected by means of a pair of levers m, m pivoted 
at the points m1, m!, and acting on the bosses of the pulleys j, & | 
under the influence of the right and left- led serew m2, or | 
equivalent device, operated directly or otherwise by a hand-wheel | 
m3, If desired, any suitable clutch arrangement may be provided 

by which the power of the main driving-rope, or of an auxiliary 

belt, cord, or chain, may be utilised to rotate the screw m2, under | 
the control of the attendant. The pulley j, through a wheel j!, 
drives the wheel ¢ and pinion f ; and the pulley k, through a wheel | 
kK}, drives the wheel g. e wheel c, through a pinion cl, drives | 
the countershaft n of the machine, which through suitable gear- | 
ing drives the shafts 0, p, q, r, these four shafts respectively | 
actuating the charging apparatus, the discharging apparatus, | 
the travelling gear, and the hoisting gear. The pinion ce! | 
may be smaller than the wheel c, so as to transmit an in- | 
creased speed to the shaft n—say, for example, as 1 to 5, so 





| that 73 revolutions of ¢ cause 365 revolutions of c!, Assuming the | 


pulleys j, k to be so adjusted as to be of equal effective diameters, | 
and therefore running at equal speeds, the wheel e may be driven | 
from the pulley j at, say, 990 revolutions per minute, the wheel 

g from the pulley k at half that speed—that is, at 495 revolutions, | 
so that no power nor — is transmitted to the pinion b and | 
countershaft n. The pulleys j, & being then re-adjusted to any | 


of each bit d lies contiguous to the substance of the drill steel, as 
shown in Fig. 1, and the said bits may be therefore readily dis- 
engaged or removed by striking the rear end, thereby driving the 
bits out of the sockets ¢. The bits may be of any desired shape. 
(Accepted December 23, 1908.) 


MOTOR ROAD VEHICLES. 


5117. J. C. Donnie, Gulldteré, Spare Wheels. 
{2 + March 6, 1908.—This invention has reference to spare 
wheels, as set forth in Specification No 3887, of 1904, and relates to 
improved clips or clamps particularly for use with that type of 
spare wheel which is formed or provided with an annular seating 
or the like, adapted to fit the rim of the car-wheel, so that when 
the spare wheel is drawn into place by suitable clips, claws, clamps, 
or other fastenings engaging the inner or rear side of the rim or 
other part of the car-wheel, said spare wheel becomes truly centred 
with regard to the car-wheel, and provides an annular support 
therefor. The rim a of the spare wheel is provided with an annular 
flange or flanges, or other laterally projecting annulation or annu- 
lations, such as b, which is or are more or less conical or other- 
wise shaped, to seat itself within or upon the rim ¢ of the car- 
wheel, and thereby locate the two rims in position side by side, 
free from any diametrical or radial movement. The improved 
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clamping devices are of the lever clamping character, in which the 
axes of the pivotal connections are arranged to lock the device in 
the clamping position. d is a clamping jaw which is formed at 
one end with a shaped part to engage the rim c of the car-wheel, 
as shown, and at the other is pivotally connected at f to a lever g, 
which is pivoted to a bracket 7 attached to the rim a of the spare 
wheel. A slip-ring k may be pivoted to the jaw d so as to engage 
the end of the lever g and prevent accidental unlocking, which 
may be brought about by a sudden shock. The jaw d may be 
constructed in two parts overlapping each other, and formed 























k 








with projections or rings 1, between which a spring im is located 
so as to provide a slight yielding or elastic grip. The clamp- 
ing device is wed. — that is to say, it may be swivelled 
round so as to enable its use on either side of the spare wheel 
according to which annular seating }, b is used for the attachment, 
it being understood that the two seatings are formed of different 
diameters to render the spare wheel more universal in its applica- 
tion. The bracket 7 is therefore formed with an annular flanged 
part which fits within a housing fixed to the rim a@and is centred 
by a boss-plate also fixed to the rim a. The bracket may be other- 
wise swivelled upon the rim. (Accepted December 9, 1908.) 


RAILWAYS AND TRAMWAYS. 

18,713. The 8. P. (Suchostawer Patents) Syndicate, 
Limited, and H. M. rs, London. S on- 
tact Traction System. [5 Fi September 7, 1908.—This 
invention relates to the surface-contact system of electric trac- 
tion in which the vehicle carries a shoe or skate making contact 
with stationary studs on the road or permanent way, and in which 
the studs are connected to the line-wire or electric-supply circuit 
while the shoe passes over them, and are disconnected therefrom as | 
the shoe leaves them. In carrying out the present invention, a 
troughing consisting of two parts, horizontally divided, isemployed, 
the lower part carrying the line-wire or conductor in a groove 
formed therein, and the upper part forming a cover for the line- 
wire. According to the present invention, the lower portion B of 
the trough is constructed in sections or lengths, is a practically solid 
structure, and the sections are adapted to be fitted end to end on 
the substructure of the permanent way, embedded in concrete 
or supported by sleepers or otherwise, to suit the form of per- 
manent-way construction adopted ; and in the groove of the said 
solid lower part of the troughing, the line conductor C is laid and 


N 
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supported and insulated throughout. The upper part A of the 
troughing is likewise constructed in sections or length to fit 
on to the lower sections, but where the lengths or sections of 
the upper part of the troaghing are to carry contact-studs, the 
upper sections are formed so that when they fit down on the 
lower sections, a box-like space of suitable length exists between 
the two halves, and such upper sections then carry not only the 
contact-studs, but the no mechanisms also. In any lengths or 
sections of the upper part of the trough where contact-studs are 
not required to be located, those upper sections are formed solid, 
—that is to say, there only exists a groove to receive that part of 
the line-wire and insulating material which projects from the 
groove of the lower portion of the troughing ; and these solid por- 
tions of the upper sections of the troughing are made interchange- 
able with those upper sections of the troughing which carry the 
contact-studs and switch mechanism. By these means the elec- 
trical equipment may be easily anid quickly laid, and the structure 
forms a substantial part of the paving of the permanent way. 
(Sealed Febxuary 18, 1909.) 
1466. The Consolidated Brake and Engineering 
, Limited, and E. 8S. Luard, London. Brake 
(2 Figs.) January 21, 1908.—This invention relates 
to piston-rods, pump-rods, and other rods in which a gun-metal or 


turning the cast sleeve to the required dimensions. In practice, 
| however, this method is unreliable, since a relatively considerable 
percentage of the cast sleeves are found to be unsound, and are, 
therefore, unfit for use. This invention has for its object to over- 
come this defect, and to this end such rods are manufactured as 
follows—that is to say, in lieu of casting a gun-metal sleeve around 
a steel rod, use is made of a drawn tube of a hard bearing metal, 
| such as bronze, the said tube being carefully drawn on to the steel 
| rod whilst hot, and being secured in place thereon by means of a 
| collar fixed upon the steel rod in any suitable manner; for ex- 
ample, it may be shrunk on or it may be screwed on. The whole 
is then trued up and polished, a is the steel or other piston or 
| like rod, and 6 is the drawn tube of bronze or a like hard bearing 
metal. This tube ) is heated, and while still hot is drawn on to 
the steel or other rod a. The sleeve b is held securely upon the 
rod a by a collar ec. 


the rod a the whole is trued up and polished. (Sealed February 
25, 1909.) 


SHIPS AND NAUTICAL APPLIANCES. 


2089. J. Pa Glasgow. Steam Steering- 
ery. [3 Figs.| January 30, 1908.—This invention has 

for its objection to provide simple and effective means for ensuring 
that the controlling-valve returns to its mid or neutral position 
definitely. In order to ensure that the controlling-valve return 
definitely to mid position a certain small amount of lost motion is 
provided for between the valve and the gear operating it, and 
there is directly connected to the valve a mechanical device for 
centering the valve within the limits of the lost motion. Accord- 
ing to the example shown, the controlling-valve A, built up in 
usual manner, is carried upon a sleeve A! having a certain small 
amount of end-play between collars B! upon an endwise-movable 
spindle B which operates, and which in turn is, of course, operated 
by, the usual hunting gear (not shown). The sleeve Al has formed 
in it cam-grooves C, with which engage are tappets Cl 
formed on the ends of small plungers, arranged in cylindrical 


cavities C4, and urged forward against the sleeve by springs C%. 
A groove and feather device at any convenient part holds the 
sleeve Al inst rotation. Alternatively to the spring-driven 
tappets, weight-driven tappets or fluid-pressure-driven tappets, 
may be used, in which the tappet C! is formed on the end of a 
plunger working in a cylinder C2, pressure fluid being constantly 
admitted behind the plunger by an inlet. Or one tappet or more 
than two may be u When the parts are in a position other 
than the mid position, in which they are shown, the tappet or 
tappets C1 simply ride upon the sleeve Al. When the parts ap- 
proach to mid position and within the limits of the lost motion 
between the sleeve A! and the spindle B, the tappets C! enter the 
cam grooves C and force the sleeve A! and with it the valve A to 
mid position, and there hold them, The particular manner of 
carrying out the invention depends largely upon the particular 
form and design of any given steering engine and its hunting gear. 
(Sealed February 25, 1909.) 


STEAM ENGINES, BOILERS, EVAPORATORS, &c. 
3169. H. E. G Salford. Reducing-Valves. 


(4 Figs.] February 12, 1908.—This invention relates to reducing- 
valves, and has for its object to produce a compact and reliable 
valve adapted for ogee fluid at one or other of two predeter- 
mined pressures. The valve a is of a trunk-like form with two 
piston portions b, ¢ of different diameters, and is adapted to slide 
within the valve-casing d. The outer face of the large diameter 
piston b is open to the atmosphere and is acted on by a compres- 
sion-coil spring / or its equivalent. The annular space e between 
the pistons b, c is in the conduit or passage by which the fluid 
flows through the valve; the outer face of the smaller diameter 
piston is capable of being placed by means of a two-way cock in 
communication either with the space e between the two pistons, 
or with the outer side of the larger diameter piston b which is open 
to the atmosphere as aforesaid. At the point where the fluid- 
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inlet pipe g communicates with the valve-casing, a channel h ex- 
tends round part of said casing and communicates with the 
interior thereof by two or more ports, as #, leading into the inner 
channel or way j, which is opened or closed by the aforesaid valve 
a for the regulation of the flow of fluid. The action of the valve 
is as follows :—To give the lower of the two pressures, the outer 
side of the small piston ¢ is put in communication with the central 
space e. The effective area against which the fluid acts to move 





the valve in opposition to the spring / is then equal to the full area 


| of the smaller piston ¢ plus the difference between such area and 


other non-corrosive surface is required, such, for example, as the 
piston-rods in connection with railway-brake gear. 
method hitherto ted for turing such rods consists in | 
casting a gun-metal sleeve around a steel or other rod, and in then | 


A common | 





that of the larger piston b. Or, in other words, it is equal to the 
full area of the larger piston. To obtain the higher pressure, the 
two-way cock is moved so that the outer side of the smaller piston 
¢ is shut off from the incoming steam or other fluid, and put into 
communication with the atmosphere. The effective area against 
which the fluid acts to move the valve in opposition to the spring 


This collar ¢ is shrunk or screwed upon the | 
end of the rod a. After the sleeve and collar have been fitted upon | 


| lis then only that due to the difference between the areas of t} , 
larger and smaller pistons b and c. (Sealed February 25, 1909.) 


126. Worthington Pump Company, Limited, an< 
O.H. Mueller, London. Condensers. [7 Figs.) = 
1908.—This invention relates to jet condensers of that class know), 
as counter-current condensers. A is the condensing chamber, }; 
the exhaust-steam inlet, C the discharge outlet, D the injection «- 
condensing-water pipe, and K the air-pipe. The injection or co- 
densing water is sprayed into the condensing-chamber throu.) 
the spray-plate L above the chamber A, above which the air is draw), 
off from the top of the condenser through the air-pipe K, this ai 
pipe K extending through the injection-pipe D so as to be sur- 
rounded and cooled by the in-coming cold condensing water, th 
forming an efficient air-cooler and supplementary condenser {.; 
cooling the air and condensing any condensable vapour that ma\ 
be carried with the air. Within the condensing-chamber A, ani 
opposite the exhaust-steam inlet B, is the sleeve H, open at to) 
and bottem, which sleeve may be supported within the condensin 
| chamber in any suitable manner, but is shown as carried by flanges 
| 20 atthe top and held in place by bolts at the bottom. The inner 
end of the air-pipe K is supported in a partition 22 which divides 
the air-chamber 23 from the condensing-water space, and this air- 
chamber 23 is connected with the upper part of the condensiny- 
chamber by the large annular passage 24 surrounding the spray - 


























plate L, except where the injection-pipe opens to the space above 
the spray-pipe. The air and water-chambers above the conden- 
sing-chamber are preferably formed by a removable top casting on 
the condenser, with the spray-plate L removable from the casting 
and supported on a grid 25 above the condensing-chamber. The 
operation of this condenser will be understood without extended 
description. The sleeve H acts to distribute the steam, and the 
steam passes downward over the lower end of the sleeve and 
strikes the drops of condensing water falling from the spray-plate 
through the sleeve H, the velocity of the steam thus being im- 
parted to the water, and securing a certain amount of injector 
action on the water while the steam is partially condensed. 
Whatever steam is not thus condensed in the lower part of the 
condensing-chamber, and the air and berths sem vapours, 
turn upward and rise through the sleeve H against the descend- 
ing spray of condensing water, the steam and condensing water 
moving In opposite directions, and thus being in contact for a 
considerable length of time, so that efficient condensing action is 
secured. The air and non-condensable vapours pass upward 
through the annular passage 24 and air-chamber 23 and out to the 
air-pump through the air-cooler and supplementary condenser K, 
so that the air-pump receives dry air in small volume. (Sealed 
February 18, 1909.) 


28,525. A. W. Bennis, Eccles. Chain-Grate Fur- 
naces, [4 Figs.) June 6, 1908.—This invention relates to chain- 
grates for furnaces, and has for its object to provide a better and 
more efficient arrangement of links forming the chain than has 
hitherto existed. Chain-grates have been made as in the Miller 
and Bennis Patent No. 10,339, of 1902, the links of which do not 
present openings when passing over the rear drum, into which 
clinker can fall, and other grates have been made in which the 
links on the underside separated to prevent accumulation of dust or 
ash on the inner side of the chain. This invention comprises a 
form of link which combines both these features in a chain-grate. 
The chain which forms the grate is built up of two sets of links A 
and B linked together with pins or rods C. The links A are of 
ordinary shape, rounded at their ends, preferably cut away at a to 
allow more space at the end. The links B are bevelled or cut 
away at one or both ends to allow a considerable space } on the 
underside of the links, between the ends of the links A and the 
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ends of the links B. The links B, preferably at_ the rear end, are 
formed with a slot or enlarged hole }!, which allows of a li:.te« 
outward movement of the rear end of the link. Instead of the 
rods C passing through the whole width of the chain, projections 
may be formed on the sides of the links B to fit into corresponding 
depressions or holes formed in the links A, or the depressions 
may be formed in the sides of the links B and the projections on 
the sides of the links A. A small outward movement of the rcar 
end of the links B will greatly enlarge the space between the ends 
of the links. As the chain passes along the top of the furnace, 
there is no tendency for the finks B to become displaced, and not 
until they have passed over the upper portion of the rear drum DP 
do the links B have a tendency to drop and let the ash and 0!!! 
residue out. As the rear end of the links is loose, the links will 
close up as they pass the lower rollers or Me Apres giving a 
certain amount of jogging movement to effectually shake th« 
clinker, or other residue out. A roller near the front ma) 
provided to press all the links into their places before the : 





passes again into the furnace. (Sealed February 25, 1909.) 
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THE MANUFACTURE OF CALCIUM 
CARBIDE. 


Tue calcium-carbide factory at Odda, on the 
Sondrefjord, which it is the purpose of this and 
succeeding articles:to describe, is interesting from 
the point of view of national economics as well as 
of electrical chemistry. Indeed, the works consti- 
tute a further evidence of the influence of water- 
yower on the redistribution of industries, as we 
eae here in the Odda Works of the Alby United 
Carbide Factories, Limited, one of the largest 
establishments of this kind in the world, constructed 
with British capital at a point hitherto unknown, 
except as a tourist centre, and carried on with 
material which has to be imported, the only explana- 
tion for the choice of site being the existence of 
water-power. No one who has sailed up the beau- 
tiful fjords of Norway, or has driven through 
the pine-clad valleys, can fail to have been impressed 
with the potentialities of the country for industries 
requiring much power. Indeed, many waterfalls 
seem to have been admirably designed by Nature, 
alike in their location and the conveniences of the 
contour of the adjacent country, for the utilisation 
of the hydraulic power through the turbo-gene- 
rator. Already, as shown in our articles on ‘‘ Water- 
Power Plant in Norway and Sweden” in recent 
issues, there is considerable development in this 
direction ; but so far it has been confined largely 
to electro-chemical works on the coast, ard to 
paper manufacture from wood-pulp in the valleys. 
A further promising departure is in connection 
with granite-quarrying, the proposal being to utilise 
the best of electrically-driven machines for this 
purpose. Future developments may take the form, 
as is the case in Switzerland, of manufacturin 
turbo-electric plant, and other units of mechanica 
engineering, especially as the Government offer 
encouraging terms in their concessions for the 
utilisation of the waterfalls. This is justifiable in 
view of the gain in the increased prosperity of the 
people. : 
The carbide works, with which we are more im- 
mediately concerned, offer a good example, as they 
lave had a considerable influence on the prosperity 
of the district in which they have been established. 
Odda, at the top of one of the most beautiful of 
Norwegian fjords, was formerly the resort of 
tourists—a sort of Charing Cross, from which many 
excursions could be made. The tourist season, 
however, is short, and the measure of prosperity 
resulting from passenger traffic very limited. Now, 
however, the population has multiplied threefold ; 
an air of unobtrusive prosperity permeates the dis- 
trict, and influences also a wide area, owing to the 
increased demand for food, fruit, and other supplies. 
Those responsible for the design of the works, too, 
have taken precaution not to materially injure the 
amenities of the district, and have, for instance, as 
a result of many experiments, introduced the 
sprinkler system for dealing with smoke and other 
products of combustion from the carbide furnaces. 

The works were originated by an English com- 
pany, organised to manufacture and sell a special 
acetylene plant designed for a dry process. When 
they had perfected their system they discovered 
that a serious obstacle to the commercial deve- 
lopment of the scheme was the uncertainty of 
the supply of calcium carbide. They succeeded in 
demonstrating that, with carbide at a reasonable 
price, villages, country houses, isolated railway 
stations, railway carriages, and dock, tunnel, and 
other such engineering works in progress could be 
illuminated with acetylene at a less cost than with 
ordinary coal - gas, alike in capital and workin 
charges. But few cared to incur even the small | 
capital outlay involved in the acetylene generating | 
plant with an insufficient, and in some measure | 
uncertain, supply of carbide. Mr. A. E. Barton, who | 
was at the head of this acetylene company, entered | 
into negotiations for the pu of ad 





several undertakings, including the Alby Works in 

Sweden, and for the construction of new works on | 
such a scale as to ensure a continuous and cheap 
supply of carbide. Odda was selected not only 
hecause of its convenience of approach from the 
sea, but because of the proximity of a waterfall 
owned by the Aktieselskabet Tyssefaldene, and suit- 
able for the generation of electricity, which enters | 
largely into the cost of manufacture. A hydro-elec- | 
tric power installation has been constructed to give | 
25,000 electrical horse-power, although the available 
water makes 75,000 to 80,000 horse-power ible | 
of realisation when required. Carbide works have | 


been organised, and a cyanamide factory added, | by the calcium carbide in electric furnaces, whereby 


in order to convert the carbide into nitrolim for 
use as a fertiliser. 
the new works is 32,000 tons of calcium carbide, 
and 12,500 tons of nitrolim per annum. 

Every effort has been ey forth, not only to 
ensure uniformity of result, but the highest eco- 
nomy ; and, consequently, the establishment repre- 
sents the most modern practice in this branch of 
electro-chemistry. This success in manufacture 


depends upon three factors. The first, concerned | conveyors to the silo—a buildin 
with the ensurance of absolute uniformity in pro- | 131 ft.wide, and 20 ft. 6 in. high. 


duction, requires the selection of the purest raw 
materials. e anthracite, from which the carbon 
is obtained, is specified to have not more than 
3 per cent. of ash ; and the limestone, which gives 
the calcium, must have as little as possible of 
magnesia and alumina. The coal used is got 
from Wales, and the limestone from quarries, 
which the company have purchased because of the 
suitability of the stone, situated at Skafetun, 
near Bergen, and Levanger, near Trondhjem. 
In addition, the company own quarries else- 
where in Norway. Both the constituents for 
the finished product, as well as the gas-coal for 
firing the limekilns, are brought by water transport 
to Odda. The second and still more important of 
the desiderata is to obviate any great variation in 
the temperature in the electric furnaces during the 
treatment of the anthracite coal and the calcined 
lime—in the driving off of the oxygen. These 
furnaces are worked at from 2800 deg. Cent. to 
3000 deg. Cent., equal to 5360 deg. Fahr. to 5720 
deg. Fahr. The third element is economy. Each 
furnace is of 1400 kilowatts capacity, and gives 
from 7 to 8 tons of calcium carbide per day of 24 
hours. Cheap electricity is a primary essential, 
and this has n achieved by the hydro-electric 
installation to be described presently. Again, each 
ton of carbide manufactured involves the use of 
about 2000 lb. of calcined lime and 1300 lb. of 
anthracite. The supply, transport, and icularly 
the handling of this material at works where opera- 
tions are carried out, as at Odda, on a large scale 
give opportunity for ingenuity in devising conveying 
facilities. The success of the scheme for distribut- 
ing this material entirely automatically will be 
appreciated from the detailed account which we 
propose to give in later articles. A careful analysis 
was made of the cost of unloading the coal and 
lime, and of transporting it by pe Neh to silos 
about 1000 yards distant, where it is stored, in 
order that the squad of men employed might be paid 
on the .premium system. he standard rates 
evolved from this analysis work out at 35 ore (about 
4d.) per ton of limestone, 45 ore per ton of anthra- 
cite coal, and 40 ore per ton for gas-coal. In a day 
of ten hours as much as 300 tons have been unloaded, 
conveyed by cableway, and discharged into the silos, 
the men employed including two cranemen and 
twenty-seven labourers at the wharf, and one at the 
silos. One man’s time suffices for the transport of the 
material from the hopper-doors of the silo into four 
out of the five kilns (one is a stand-by) which are in 
operation, the rate of combustion being a total of 
190 tons per day of 24 hours in the four kilns. The 
limestone cars work on the level by electric trac- 
tion, and up the incline to the charging platform of 
the kiln by cable haulage. They only need to be 
filled at the silo-hoppers and sent on their way, 
each being automatically tilted at the kiln for which 
its contents is destined, by reason of the tipping gear 
differing for each kiln. The same economy of labour 
characterises each operation in the whole process of 
manufacture. 

The calcined lime and the anthracite coal are 
similarly conveyed in buckets, having electric 
motors, travelling on a Telfer railway to the elec- 
trically-operated breakers adjacent to the electric 
furnaces. The ladles with the carbide from the 
furnaces are taken by overhead rail to the cooling- 
house, and thence by conveyors to the breakers and 
sifters, which, dischargi through a and 
shoots, enable the finished material to loaded 
into export tins according to the size of the cubes. 
From first to last the only handling is in charging 
the electric furnaces, a work which is not mechani- 


‘cally done, as the best results are got by the manual 


distribution of the material. 

Electrically-worked conveyors are similarly used 
in the cyanamide works, where the principal opera- 
tion consists in the de-nitrification of atmospheric 
air by a Linde refrigerating process, to be described 
later, and the subsequent absorption of the nitrogen, 
which must not contain more than 0.4 of oxygen, 


The total producing capacity of | nitrogen. 
| week, taking at each charge one-third of a ton, and 


|The furnaces are 
| charging 
|ing nitrolim is reduced to 
| operated crushers, and distributed by elevators and 





nitrolim is formed, containing 20 per cent. of 


The furnaces are of 1 ton capacity per 


are worked at a temperature of 800 deg. to 
1000 deg. Cent. (1470 deg. to 1832 deg. Fahr.). 
— and are moved to the 
y overhead crane. The result- 
wder in electrically- 


ition 


164 ft. long, 
ike the calcium 
carbide, it is packed mechanically for export. The 
oxygen given off in the de-nitrification of air 
is a marketable, and it is proposed to have 
lant for the manufacture of selgiane of ammonia 
rom by-products. It will be understood from this 
description of processes that a large volume of 
electricity is used, and in describing the plant in 
— we may begin with the electric generating 
pliant. 


Tue GENERATION OF ELECTRICITY. 


The source of hydraulic power for the turbines 
is the River Tysse, which flows into the Sondre- 
fjord at a point 6 kilometres from Odda. The 

ysse is a typical river of Western Norway. Its 
source is the dark Ringedalsvand, or lake, whence 
it flows surging and leaping through wild and 
narrow ravines, having a fall of 436 metres in a dis- 
tance of about 6 kilometres. The Ringedalsvand 
is the natural regulation basin for the largest part 
of the rain-collecting area, which is mainly situated 
on the highlands of the Hardangervidden, about 
1000 to 1200 metres (3280ft. to 4000 ft.) above 
sea-level, the higher points and valleys being in 
the region of eternal snows. The Skjeggedalsf: . 
and the Tyssestrengene, two of Norway’s mooc 
victuresque waterfalls, have made this valley and 

ke a favourite resort for tourists, and the Nor- 
wegian Tourist Association (Den Norske Turist- 
forening) has built an excellent riding road up the 
steep valley (Fig. 3, page 406), and a motor-boat is 
in regular service over the lake up to the foot of 
the falls named. The mountainous character of the 
country is suggested by the map of the rain-collect- 
ing area, Fig. 1 on the next page, and by the typical 
view of the Tysse River, Fig. 2, while Fig. 3 is a 
plan of the works. 

The collecting area is 380 square kilometres, 
made up of small valleys forming rows of lakes or 
gorges with bare rugged rocky slopes. A shower 
of rain thus forms ) ator of brawling, rushing 
streams, which ultimately discharge into the Ringe- 
dalsvand, 5.5 square kilometres in area, and with a 
summer water-level 436 metres (1430 ft.) above the 
sea-level. There is only a distance of 3.5 kilo- 
metres (2.17 miles), as the crow flies, from lake to 
— where the power-station is located, so that 
the conditions were favourable for the construction 
of a pipe-line to the power-station. In calculating 
the possibilities of power output, the annual rain- 
fall was assumed as 2.5 cubic metres per metre area, 
which gave from the complete area an average yearly 
supply of 1000 million cubic metres (35,317 million 
cubic feet), or 25 cubic metres (883 cubic feet) 
per second. Observations in 1906-7 gave the aver- 
age flow per second as 30 cubic metres, and for 
1907-8 as 26 cubic metres, with a loss of 20 per cent. 
by evaporation, &c. The higher rate in the former 
he: was due not so much to the rainfall as to the 

igher temperature during the summer, whereby 
the quantity of snow melted was greatly increased. 
Therefore 25 cubic metres per second-seems a fair 
average. For the present 6 cubic metres (212 cubic 
feet) per second suffices to maintain the output at 
the required capacity of 23,000 electrical horse- 
power, wow to g = five generators of equal capa- 
city ; but it would be quite possible by augmenting 
the storage capacity, and by adding to the number 
of supply-pipes and turbo-generators, to get sufti- 
cient water-power (20 cubic metres per second) to 
develop 75,000 to 80,000 electrical horse-power. 
The Ringedalsvand, with its area of 5.5 square kilo- 
metres, now affords storage for 80,000,000 cubic 
metres of water ; but as the map (Fig. 1) shows, 
there are various lakes in the series to justify the 
increase in storage capacity indicated for 80,000 
electrical horse-power—Bersaavand, Havordsvand, 
Bredevand, and Langevand. For the present, 
however; it has been sufficient, as shown in the 
plan, Fig. 3, to use the Ringedalsvand, and make a 
new regulation tunnel to connect with the Vetle 
or Vandene Lakes, from which there is the inlet 
to the tunnel and pipe-line to the turbo-generators. 
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In Norway, as in Switzerland, it is during the 
winter months that there is difficulty in main- 
taining the supply of water. During the winter 
the fall consists of snow, and the lakes are 
frozen from November to June. The River Tysse 
has then very little water—less than 4 cubic 
metres (141 cubic feet) per second. In the spring, 
as the temperature rises, the flow gradually in- 
creases till it reaches sometimes 130 to 150 cubic 
metres (4600 to 5300 cubic feet). This wide range 
in the level of the lake between winter and 





In mid-distance in the length of the tunnel there is 
a shaft (Fig. 5), which is 2 metres by 3 metres (64 ft. 
by 9 ft. 10 in.), and 25 metres (82 ft.) high. At the 
base there are two sets of lock-gates. The level of 
the bottom of the tunnel is 416 metres (1365 ft.) 
above sea-level, and the gradient is lin 300. A 
smaller tunnel, 1.50 metres by 1.50 metres (4 ft. 10 in. 
by 4 ft. 10 in.), and 100 metres (328 ft.) long, had 
been built in 1895, and provided with valves, in 
connection with an earlier scheme, which was not 
completed. This tunnel greatly assisted in the regu- 





ag to within two or three yards of the Ringedals 
ake. The remainder of the shaft was driven 
from the tunnel upwards, and there was constructed 
also the two lock-gates, one of which is for use 
when the main gate is being repaired. The walls 
are of concrete, to form stops for the gates. The 
main gate is in two panels, of wood in iron frames, 
with rollers working in iron-shod grooves, and is 
raised and lowered by winch-gear operated by hand. 
The reserve gate is of similar type, but is in three 
panels, and without rollers. The concrete lining 
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summer necessarily influenced the design of the 
head-works. To enable water to be drawn from 
the Ringedalsvand when it is\ frozen over, a regu- 
lation tunnel has been formed, having its inlet 
about 16 metres (524 ft.) below normal water-level. 
This short tunnel discharges into the lower lake, 
from which the water passes to the tunnel and pipes 
to the power-station. There is thus maintained a 
supply at seasons when little water is flowing over 
the regulating dam between the lakes (Fig. 3). This 
tunnel is 160 metres (525 ft.) long. It is illustrated 
in Figs. 4 and 5, while Fig. 10 is a section.» A well- 
marked rock-ridge, over which the summer freshet 
forms a picturesque cascade, proved a natural place 
for such a tunnel. As shown by the section, Fig. 10, 
it is 2.20 metres by3 metres (7 ft. 24 in. by 9 ft. 10 in. ). 





lation of the water-level in the lake and river! 


during the winter, when the work of driving the 
new tunnel was in progress. 

The scheme of construction of the new tunnel 
required foresight, owing to its inlet being consider- 
ably below the normal water-level. Work was com- 
menced upon the sinking of the shaft from the sur- 
face of the ridge between the lakes in August, 1906, 
so that advantage might be taken of the complete 
period of low water due to the succeeding winter's 
snow and frost ; but in the following January exca- 
vation had to be stopped owing to water percolat- 
ing through fissures from the Ringedals Lake. The 
driving of the tunnel from the lower end—that 
on the slope at the Upper Velte Lake—was next 
undertaken. By October, 1906, the tunnel was com- 





extends a short distance on the up-stream side of 
the sluices, and is sheathed with wrought-iron 
plates. The same construction was carried out for 
5 metres (16 ft. 4 in.) up the shaft from the roof of 
the tunnel. 

During the winter of 1906-7 divers were employed 
clearing away the loose stones and excavating the 
channel to the entrance of the tunnel on the Ring: 
dals Lake, the water-level being kept as low as 
possible by passing water through the old tunne!. 
On May 12, 1907, the divers completed the remain- 
ing 3 yards of the tunnel from the entrance. 

For the further regulation of the water-level in 
the Ringedals Lake, a dam was built across its outlet, 
with its crest 448.5 metres (1470 ft.) above the sea. 
It is of the following measurements :—Length, 











Marcu 26, 1909. ] ENGINEERING. 


407 








POWER INSTALLATION FOR THE MANUFACTURE OF CALCIUM CARBIDE. 


THE AKTIESELSKABET TYSSEFALDENE, CHRISTIANIA, NORWAY. 


Fig.4 —— os 
RINGEDAL LAKE Cf eom~ 
’ / 











20230 220 210 0 160 130 #40" ; ; 
(032 0! M€----------- --~------------ 139 WW. --------------------- > 
































280 :netres (918 ft. 8 in.); height, 16 metres (524 ft.); 
breadth at top, about 2.25 metres (7 ft. 4 in.), and 
at the base about 12 metres (39 ft. 4 in.). In its 
construction—in the winter season, when the flow 
was through the tunnel—about 13,000 cubic metres 
(46,000 cubic yards) of stone and concrete were 
used. The level of the lake is thus raised to increase 
the storage capacity by about 160 million cubic 
metres, 

_the main dam is, however, at the foot of the 
Velte Lakes, where also is the inlet to the main 
tunnel for supplying pressure water to the turbo- 
generators. is dam is illustrated by Figs. 8 and 
9, end 11 to 13, above, and by the perspective 
view, Fig. 15, on page 411. In order to enable|an adit into the river below, to pass the water 
itto be built in the dry, it was decided to first|from the Velte Lakes. Boring was undertaken 
construct @ short length of the main tunnel with | in the autumn of 1906, Work proceeded from the 
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adit on a hillside about 23 metres (754 ft.) below 
the site of the inlet from the lake, and also from 
a vertical shaft from surface level. As winter set 
in, with its snow and frost, causing the water-level 
of the lake to fall, it was possible to open out the 
tunnel to the lake or inlet channel. 

During this time, the old tunnel higher up was 
utilised to lower as far as possible the level in the 
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Ringedals Lake. But in January the old tunnel 
was closed, and water ceased to flow into the Velte 
Lake below. In anticipation of the time when the 
upper lake would overflow, a sheet pile dam was tem- 
norarily built across the river-bed near the site of the 

elte Lake Dam, and from the upper side of this 
piled dam a timber conduit was formed to pass the 
water into the length of the main tunnel then com- 
pleted. The flow never exceeded 1 cubic metre per 
second, and thus was easily diverted away from the 
site of the main dam. 

The dam had to be completed before the spring, 
when melting snow and ice brought the flood. The 
work was not accomplished a day too soon. The 
dam, it will be seen from the drawings reproduced, 
measures 30 metres (98 ft. 5 in.) long, 10 metres 
(32 ft. 9.7 in.) high, and its width is 12 metres 
(39 ft. 4 in.) at base and 3 metres (9 ft. 10 in.) at 
the crest. Over the dam, as clearly shown in the 
perspective view, Fig. 15, there is a bridge of a 
design illustrated by the sections and plans repro- 
duced in Figs. 11 to 13. It consists of five iron 
frames 3 metres (9 ft. 10 in) high, with struts and 
deck and supports for movable planks to vary the 
height of the crest. 

he main tunnel, of which a longitudinal section 
is given in Fig. 14, on page 410, has a total length 
of 3430 metres (11,255 Hy and a section of about 
3 metres by 3 metres (9 ft. 10 in.), generally corre- 
sponding to that shown in Fig. . A view 
at the inlet is given in Fig. 16, on page 411. The 
area is at no point less than 9.5 square metres 
(102.26 square feet). The floor-level at the inlet is 
at 407 metres above sea-level, and 397 metres at 
the basin which connects with the pipe-line extend- 
ing down the mountain side to the power-station 
at the fjord. The intake for the tunnel is shown in 
Fig. 6and 7. On each side there were built con- 
crete pillars with grooves to take iron and timber 
sluices, worked from above by a hand-winch and 
screw-gear, 

The line of the tunnel follows the mountain side 
as closely as possible, and horizontal adits were 
made at seventeen points, from each of which head- 
ings were driven in both directions. The longest 
section between the adits was about 270 metres 
(886 ft.), and it was thus possible to complete the 
tunnel in the short period of twenty months. The 
adits were ultimately closed by concrete walls, 
which, in four cases, were provided with manholes. 
The tunnel was driven by hand. It was divided 
into small sections, the work on which was con- 
tracted for by labour gangs of six to ten men. The 
sections of yreatest length and hardest material 
were driven by double shifts, day and night. The 
price was from 90 kr. to 120 kr. per lineal metre 
(51. to 6.61. per 39.3 in.) for the main tunnel, and 
from 50 kr. to 60 kr. for the adits which had a sec- 
tion 2 metres square (6 ft. 6.7 in.). The workmen 
earned an average wage of about 6 kr. to 7 kr. per 
day. To extract the gases after firing, small hand 
air-pumps were placed outside the adits, having a 
connection to the face througha6-in. tinned-iron pipe 
covered by stone and wood. Less than one hour’s 
work for one man was sufticient to drive out the 
gases after each blast. 

This tunnel discharges into a deep basin con- 
structed at the top of a precipitous slope, down which 
the pipe-lines have been laid to the power-station 
on the shores of the fjord. Figs. 17 to 19, page 422, 
illustrate this pipe-line and the power-station, the 
outlet of the Tysse being to the right of Fig. 19. 
The views afford evidence of the difficult work in- 
volved in the laying of the pipe-lines, which will be 
described and further illustrated in our next article. 


(To be continued.) 








THE NATIONAL PHYSICAL LABORA- 
TORY IN 1908. 

Last Friday, March 19, the general Board of the 
National Physical Laboratory held its annual meet- 
ing at Bushy House, Teadington, when Sir Archi- 
bald Geikie, K.C.B., President of the Royal 
Society and, as such, chairman of the Board, re- 
ceived the visitors. Gratifying progress was again 
to be noted in all the departments. The Metro- 
logy Division has moved into its new house ; the 
former chemical laboratory—replaced since 1907 
by a splendid laboratory—has been converted into 
a fine thermometric laboratory, a new electric 
furnace-room has been fitted up, and the electro- 
technical division has steadily gone ahead. If we 
bear in mind that the metrology division does not 
serve the same purpose as the Bureau International 





des Poids et Mesures at Sévres, we may say that 
in the above-mentioned branches the National 
Physical Laboratory now holds the leading place 
among cognate institutions. After years of arduous 
work under difficult conditions, Dr. Glazebrook and 
his competent staff, most of whose members have 
remained faithful to Bushy House, can now 
experiment in suitable quarters. Everything pos- 
sible is made on the premises, as before, and strict 
economy has still to be practised. But in most 
divisions, though not in all, there is no longer 
any question of makeshift rooms and makeshift 
devices. The most practical and convenient arrange- 
ments in most departments facilitate the work ; but 
the Metallurgical Department is still most insufti- 
ciently accommodated, and a new Metallurgical 
Laboratory is urgently wanted. As regards the 
various departments generally, the experimenters 
will not regret the hard, but instructive, period they 
have passed through, but the frequent re-arrange- 
ments have claimed much time and labour. 

Krom the reports of the Executive Committee 
and of the Director, we see that the income of the 
National Physical Laboratory has risen from about 
17,0001. in 1907 to 21,8711. in 1908, the expenditure 
of 21,3401. leaving last year a balance of nearly 
5301. The total building fund receipts for the years 
1905 to 1908 amount to 33,6501., while the expendi- 
ture on buildings and equipment has demanded 
33,3421. The donations received in 1908 are con- 
tinuations of equal amounts in previous years—5001. 
from the Institution of Civil Engineers (for engi- 
neering research); 200/. from the Institution of 
Mechanical Engineers (for alloys research) ; 2001. 
from both Messrs. Armstrong, Whitworth, and 
Co. and from the Drapers’ Company ; and sums 
of 1001. from Sir Andrew Noble, the Manchester 
Steam- Users’ Association, the India-Rubber, Gutta- 
Percha, and Telegraph Works Company, and 
Mr. R. Kaye Gray; and 50/. from Mr. H. H. 
Gray. Further donations have been made by 
the Government of Canada (200l.), the Drapers’ 
Company (3501. for Lorenz apparatus), and gifts of 
apparatus by various firms and individuals; the 
Governments of New Zealand and Western Australia 
have also contributed. The commercial tests 
made show an increase in all the departments 
except the Observatory Department at Kew, which 
has oe been in requisition for thermometers and 
telescopes; and in the Engineering Department, 
in which the tests of strengths of materials have 
diminished from 217 in 1907 to 91 in 1908, so that 
the totals of the engineering tests for the two years 
are 269 and 131 respectively. 

The Report refers to two 2casions on which the 
Laboratory certainly acquitted itself well: the 
Franco-British Exhibition, in the Science Section 
of which the Laboratory stood out prominently by 
the excellency of its arrangements,* and the Inter- 
national Electrical Conference of last October, which 
substantially adopted the resolutions that the 
British delegates submitted.t These resolutions 
ee in an appendix to the Report. 

e should, perhaps, begin our account of the 
work of the Laboratory in 1908 with the Engi- 
neering Department. But as the work of this de- 
partment, and of the cognate divisions, is generally 
discussed by our great engineering institutions, 
while many of the other researches are not brought 
to the particular notice of our readers, we follow 
the arrangement of the Report, in which the Engi- 
neering Department comes last. 

Electricity Division. Fundamental Units (Mr. 
F. E. Smith).—The excellence of the work done at 
Bushy Park is best shown by the concordance and 
constancy in the values of resistances, standard cells, 
and the electro-chemical equivalent of silver, and by 
the close agreement of those values with the deter- 
minations of the Bureau of Standards, the Reichsan- 
stalt, the Laboratoire Central d’Electricite, and 
similar institutions. Bushy Park is in active ex- 
change of standards with all these institutions. 
One cell of the National Physical Laboratory has 
been all round the world, being taken to Washing- 
ton and Tokio, and through Siberia to Charlotten- 
burg, and back to Teddington ; its electromotive 
force diminished by three parts in a million during 
this journey, which the cell is now repeating. 
Seventeen other Weston normal cells have gone to 
Charlottenburg, and the two institutions are in 
close agreement on most points. _ Other standard 
cells have been furnished to laboratories in Canada, 





* See ENGINEERING, vol. lxxxv., pages 825 and 845. 
+ See ENGINEERING, vol. lxxxyi., pages 479, 519, and 553. 





Chili, India, Japan, the Netherlands, Mexico, Russia, 
Spain and Switzerland. We should particularly men- 
tion that the determination of the electro-chemica] 
equivalent by Messrs. F. E. Smith, T. M. Lowry, 
and T. Mather, of 1907, had already shown that thie 
equivalent has no appreciable temperature coefti- 
cient ; we omitted to state this in a paragraph 
printed on page 383 of last week’s issue. There 
remain, however, some doubtful points in the 
chemistry of mercurous sulphate, and therefore of 
the Weston normal cell, by which term this standard 
cell is to be known in accordance with the resolu- 
tion of the International Electrical Conference. 
Hulett has suggested, for instance, that the sul- 
phate becomes acid by hydrolysis in the course of 
years ; but some Bushy House cells more than four 
years’ old do not show any trace of acid. Light 
and continuous pendular motion continued for six 
weeks do not appear to affect the electromotive 
force of the cells. 

The report does not mention any new work with 
the Jones - Ayrton ampere balance or current- 
weigher, except that in conjunction with Mr. T. 
Mather, FRA. Mr. Trotter, and Mr. Rennie, Mr. 
Smith has compared the Board of Trade ampere 
standard with the Bushy House balance; an 
agreement of 1 part within 10,000 was found. The 
abse’: e determinations have recently been re- 
sumed, however, and quite confirm the previous 
work. As regards the mercury standard, Mr. 
Sp:ith has found a remarkably neat way of carrying 
out the recommendation of the Conference as to 
the determination of the mass of mercury in the 
glass tube. The glass tube is placed horizon- 
tally, and pieces of tubing cut from the same tube, 
but bent upwards, face the ends. Perfect: contact 
is secured at the two junctions by means of 
ebonite sleeves screwed into one another. Bysucking 
at one end the tubes are filled with mercury, and 
pressure and temperature having been adjusted, 
readings are taken; the mercury is then sucked 
into a bottle, in which it is weighed, and the pro- 
cess is repeated. When afterwards the resistance 
is determined at 0 deg. Cent., the ebonite junctions 
are replaced by spherical glass bulbs, into which the 
ends of the tube are ground, the glands being 
filled with paraftin to keep out the ice-water. 

The construction of the Lorenz apparatus for the 
absolute determination of the ohm has been com- 
menced by Messrs. Armstrong, Whitworth, and Co. 
Sixty-eight specimens of metal have been tested 
for magnetic quality and all been found satisfactory, 
except the phosphor-bronze for the shaft, for which 
a 10 per cent. aluminium-copper alloy is to be tried, 
on Mr. Rosenhain’s suggestion. About 2} horse- 
power will be required to drive the apparatus. 

In the General Measurements Division (Mr. A. 
Campbell, B.A., Mr. H. C. Booth, and Mr. T. L. 
Eckersley) several novel apparatus had been set 
up. In testing current-transformers (for switch- 
boards) for the ratio between primary and secondary 
and the angle of lag at various loads and frequen- 
cies, the secondary of the transformer is closed 
through a low resistance, such as would be used in 
working the instrument, and alternating currents 
are sent through a circuit, comprising the primary, 
the primary of a variable mutual inductance M, and 
a low resistance A with sliding potential point, all 
in series; a Campbell vibration galvanometer is 
connected across a circuit comprising Q (the secon- 
dary of M) and R (the variable part of A between 
slider and terminal). When balance has been ob- 
tained by adjusting M and R, the ratio of primary 
to secondary current is Q/R, and the angle of lag = 
tan-? R/p M, where p = 2 w times the frequency. 
As regards the comparison between mutual induct- 
ance and resistance, two alternating currents— 
Acospt and Bsin pt—are sent through the 
primary coil of the mutual inductance and the 
resistance R respectively, and the secondary of M 
is put in series with R and connected to a vibration 
galvanometer tuned to the frequency n of the 


currents. When balance is obtained, R = 5 . pM. 


A and B are made nearly equal to one another by 
means of resistances and an electrostatic voltmeter. 
The use of a two-phase current in this test is novel. 

Some submarine telephone cables have been 
tested by a method for which lengths of 10 metres 
are sufficient (greater lengths are frequently used, 
at frequencies ranging from 200 to 2000 periods per 
second ; the effective resistance and self-inductance 
are determined simultaneously on a mutual induct- 
ance bridge, and the capacity and leakage conduct- 
ance, together by Wien’s series resistance method ; 
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in the latter case a most carefully insulated trans- 
former is wanted, and ebonite is put between the 
primary and secondary. The wire interrupter used 
in such experiments has been set upon a lathe-bed ; 
previously it was stretched in violin-string fashion. 

In determining the total magnetic loss in sheet 
iron due to hysteresis and eddy currents, the actual 
loss is measured by a sensitive wattmeter at a given 
frequency, and Wylde’s method of connecting the 
secondary winding of the ring to the shunt of the 
wattmeter is used, while the form factor is simul- 
taneously determined, after Townsend or Lyle, by 
means of a commutator run by asynchronous motor. 
The brushes of the commutator are shifted until 
maximum deflection is obtained on the wattmeter, 
which the commutator connects to the secondary of 
the iron ring; this reading gives the magnetic 
induction B, which may go up to 10,000. Without 
the simultaneous determination of the form factor, 
the ratio of effective to mean voltage, the test would 
be almost meaningless. The sensitive wattmeter 
used allows to measure half a watt at half a volt. 

Mr. Campbell has further taken up the calibra- 
tion of instruments for measuring the oscillation 
frequency of waves applied in radiotelegraphy, and 
has calibrated a wave-meter for the Post Office. 
Two methods are used and checked against one 
another. The standard wave-meter consists of a 
variable air-condenser (six discs of aluminium, 
1 metre in diameter, mounted at variable distances, 
presented by Dr. A. Muirhead), a set of self-induc- 
tance coils, and a thermo-amperemeter. In the 
instrument for absolute determination a spark-ga 
is included in the main oscillation circuit (to which 
the wave-meter is loosely coupled), and the spark- 
trains are photographed by the aid of a rotating 
mirror. The camera used (more than 6 ft. in length) 
consists of a straight box provided with a side 
branch, somewhat in Y fashion. At the end of 
the side branch is fixed the spark-gap with cadmium 
electrodes; the rays fall on a concave mirror rotating 
sixty times a second at a peripheral speed of nearly a 
mile per second (this speed is accurately determined, 
the movement being checked by a brake which 
keeps a spot of light on a scale) at the far end of the 
camera, and are sent, through the straight portion 
of the camera, to the photographic plate at the other 
end. The plate moves up and down slowly, so that 
a series of spark-trains are photographed. The 
frequency is deduced from the distance between 
two consecutive one in the wave-trains, the 
mirror speed, and the distance from mirror to plate. 
The range of frequencies, so far, has been 300,000 
to 1,000,000, corresponding to wave-lengths of from 
1000 metres to 300 1 metres, and the accuracy ob- 
tained can be seen from the following comparative 
values of frequencies :—(a) Spark photography 
method, 290,300, 516,800, 818,300, 1,042,000 ; (b) 
wave-meter method, 290,500, 516,800, 821,200, 
1,039,000. 

Electrotechnics (Mr. C. C. Paterson, Mr. 8. W. 
Melsom, Mr. E. H. Rayner, M.A., Mr. A. Kinnes, 
and Mr. H. C. Booth).—The Photometry Division 
has been busy in comparing the standard pentane 
lamp of the Laboratory with the primary electric 
standards, the standards of the Metropolitan Gas 
Referees, and standards from other institutions. 
Regular and periodic measurements are imperative. 
If an accuracy of 1 in 1000 is to be realised, averages 
of series of observations are required, and in most 
cases Mr. Paterson and Mr. Rayner find it desir- 
able to work with batches of six or ten standard 
lamps at atime. That the question of humidity in 
pentane lamps has received careful study, and that 
the Laboratory proposes to adopt the Continental 
practice of expressing humidity in terms of venti- 
lated hygrometers (Assmann), was explained by 
Dr. Glazebrook at the Dublin meeting of the British 
Association, and mentioned in our columns at the 
time.* The reliability of the 10-candle pentane 
lamp is by no means affected by the corrections 
which this proposal will involve. 

The standard electric lamps which Dr. Rosa 
woman over from the Bureau of Standards show 


the Washington unit to be 1.6 per cent. greater than 
the oe. ouse unit, while Mr. Laporte’s lamps, 
from the Paris Laboratoire Central, agree with the 


British standards. The increasing preference for 
metallic-filament lamps, with their whiter light, calls 
for special sub-standards. Metallised carbon fila- 
ment lamps, running at 3.5 or at 3.1 watts per 
candle, and made by the British Thomson-Houston 
Company, have been found most valuable in this 


* See ENGINEERING, vol. lxxxvi., page 
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respect, and further steps down to 2 and 1.5 watts 
per candle are being prepared. The additions to 
the equipment comprise a 4.5-metre photometer 
bench, on which high-candle-power lamps can be 
measured at the same illumination on the screen as 
low-power lamps, a set of blinds moving with the 
photometer head. 

The other splendid bench, constructed by Messrs. 
Alexander Wright and Co., of Westminster, serves 
especially for lamp-testing on frames, in accordance 
with the Engineering Standards Committee’s speci- 
fications. The bench has a length of 3.5 metres ; the 
lamps are rotated at variable speeds in pendent posi- 
tion on Mr. Paterson’s G-frames, and the measure- 
ments are exceedingly simple. The bench was 
described in our notice of the Physical Society’s 
Exhibition, on page 830 of our issue of December 18, 
1908, but the scales were not mentioned then. There 
are two scales on the same brass strip, one in 
candles, the other in millimetres, the graduations 
being set out for the substitution method—i.e., the 
lamp under test is presented to the same side of the 
photometer head as was the primary standard used 
for verifying the working standard. The 1 of the 
candle scale is 1 metre from the zero of the scale, 
the head is placed centrally with the 1, and the 
primary standard is central with the zero when the 
working standard is calibrated. The most simple and 
a arrangements which have been devised for 

ife tests of lamps should be studied in detail. Three 

frames have so far been put up, each accommodating 
100 lamps on ten separate racks, each of which can 
be tilted to let the lamp burn at any angle. Each 
frame is fed by an auto-transformer from the 240- 
volt supply, and each lamp is coupled with a small 
resistance frame, to which the card for entering the 
observations is attached. 

In the electro-technical equipment the water- 
cooled inductionless resistances claim attention. 
Inductionless resistances are required for accurate 
measurements of large alternating currents, but 
are difficult to combine with water-cooling, and 
the latter is essential when drops of 2 volts are 
wanted with currents of 2000 amperes, entailing 
the dissipation of 4 kilowatts in the resistance. 
Mr. A. Campbell has solved this difficulty by 
making the conductors, forming the leads from the 
potential points, almost coincident with the shunt in 

ition and form, and Mr. Paterson and Mr. Rayner 
ave adapted the innovation to a new type of water- 
cooled manganin resistance tubes. ese resist- 
ances consist of two concentric tubes, the inner 
tube being covered by a metallic sheath, which is 
insulated from it. The manganin water-cooled re- 
sistance tubes constructed are of 0.04, 0.02, 0.01, 
0.002, and 0.001 ohm, and the est tubes, 18 in. 
in length, absorb 6 kilowatts. e new electro- 
static wattmeter is almost finished. Two Siemens 
alternators, mounted with their motor on the same 
bed, give currents with variable phase displacements 
on single, two, or three-phase circuits, the field of 
the one alternator being turned with regard to the 
other field by means of a motor and a double reduc- 
tion gear. Among other apparatus, a Duddell-Mather 
wattmeter has been calibrated down to zero power 
factor. 

The Westinghouse Company have replaced the 
tirst 20-kilowatt 100,000-volt transformer, with 
which some trouble was experienced, by a new 
transformer, which acquiti itself creditably in 
the experimental display last Friday. The trans- 
former, and the oven presently to be mentioned, 
are placed in a small special house, behind a bar 
gate, the opening of which would break the high- 
tension circuit if accidentally completed. he 
large dial voltmeter and multiple switches are in the 
space in front of the gate; the voltmeter ranges 
can be changed without lowering the pressure of 
the transformer. The instruments have been 
supplied through the Union Electric Company, 
from Messrs. Hartmann and Braun. The high. 
tension terminals on the transformer and oven 
are cones built up of a series of supe cylinders 
of diminishing diameters, forming with their inter- 
mediate metallic cylinders a series of ring con- 
densers. The oven, of 3 cubic feet internal dimen- 
sions, for disruptive tests at different temperatures, 
is built up of 4}-in. blocks of magnesia contained 
between walls of sheet uralite. The 24 woven 
resistances, each carrying 2 amperes at 100 volts, 
are placed next the walls behind the metal gauze 
screen. The high-tension terminals enter, the one 
from above, the other from behind, and are brass 
tubes devoid of sharp corners and curves. In the 
breakdown tests of ebonite, conducted with the 





assistance of the India-Rubber, Gutta-Percha, and 
Telegraph Works, of Silvertown, steel balls are 
placed in the corresponding hollows of ebonite 
plates, so as to produce an even potential gradient 
in the material. 

The test work in the division for Direct Current 
and Resistance Measurements has much increased 
owing to the tendency towards instruments of 
special types and integrating meters of large capa- 
city ; current meters, e.g., up to 8000 amperes 
have been tested. Primary cells Mr. Melsom 
places on racks fitted with the simplest galvanometer 
attachments. The cells are, as a rule, tested con- 
tinuously on 10-ohm circuits, or intermittently on 
5-ohm circuits; but there is no general understand- 
ing of the interested parties as to the best method 
so far. A tank has been set up for testing paper- 
covered cables at temperatures ranging from 0 deg. 
Cent. up to 100 deg. Cent. for 24 hours at cach 
temperature. The heating coils of Mr. Melsom are 
doing excellent service in various departments, 
especially in the thermometry department. A thin 
strip of ‘‘Eureka” material, 1 millimetre by 0.1 
millimetre, is wound on a sheet of mica, and the 
electrodes of copper strip are threaded into the mica 
and hard soldered to the ‘‘ Eureka” ribbon. Two 
cover-sheets of mica are then put on the resistance 
and sewn up with the inner sheet, and the whole is 
slipped into a thin copper envelope, which is 
<a up into the bath. The unit consists of two 
sections, each taking 4 amperes at 100 volts, and 
can easily be removed without emptying the bath. 
These heating coils permit of a very accurate tempe- 
rature regulation and give complete satisfaction ; 
no breakdowns have occurred. 

Thermometry Division (Dr. J. A. Harker, Mr. W. 
Hugo, and Mr. A. Blackie, B.A.). In the fitting-up 
of the new room for testing mercurial thermometers, 
Dr. Harker has had the advantage of the assistance 
of Mr. W. A. Price, M.A. There are water, oil, 
and nitrate baths. In all these we find two vertical 
tubes joined by cross-connections above and below ; 
the one tube contains the rotary stirrer, driven by 
a cord ing over a pulley above, the other the 
cage holding the thermometers. The whole arrange- 
ments are exceedingly neat and practical. e 
water baths resemble, with their outside clothing of 
mahogany, vertical steam-engine cylinders ; under- 
neath the wood are cork strips from the pack- 
ings for Almeria grapes—-a very good and cheap 
thermal insulator. e top of the bath is a slab of 
white marble. As the thicknesses of the thermo- 
meters vary, the holes in the cage have all been 
bored to the same diameter of 10 millimetres, but 
many sets of bosses with slightly tapering holes of 
different diameters have been provided. The 
thermometer weight is carried from a rubber ring 
fitted over it; the circular cages take eighteen 
thermometers each, and can be turned for bringing 
the one thermometer to be observed in position for 
the reading by means of a telescope. In the oil 
bath temperatures can be raised to 220 deg. Cent. ; 
in the bath of potassium and sodium nitrates 
(heated by gas-burners and air-jacketed) up to 
600 deg. Cent. 

The fitting-up of this room and of the new electric 
furnace-room—a shed adjoining the main building 
—has not left much time for research. The results 
of: the research made by Dr. Harker and Mr. F. P. 
Sexton on the effect of pressure on the melting- 

int of sulphur—a very important fixed point for 

igh temperature er yey iy nlp already been 
noticed in our report on the Dublin meeting of the 
British Association.* A remarkable increase in 
efficiency has been realised in the new electric 
carbon furnaces. When the current is sent directly 
through a tube of arc-lamp carbon which serves as a 
furnace, precise temperatures are difficult to main- 
tain because the resistance of the carbon changes 
with the temperature ; the tubes become weak, 
moreover, and begin to flake omy owe to partial 
graphitisation. Dr. Harker and Mr. Price, there- 
fore, use the carbon tube as furnace lining, and send 
the heating current a ly a spiral of graphite, 
which surrounds the tube, but is separated from it 
by an insulating layer of air. The graphite 
spiral can expand without causing trouble at 
the contacts. The spiral is cut on a lathe from 
a graphite tube of 3 in. and 2 in, external and 
internal diameter, the turned groove being com- 
pleted with the aid of a knife. On the ends rest 
the weighted saddles of flattened copper tubes, 
forming the water-cooled terminals. e furnace- 





* See ENGINEERING, vol, lxxxvi., page 468, 
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casing is a cubical cell of fire-brick, packed with 
lamp-black to prevent oxidation of the graphite 
tube, and lagged with bricks of magnesia boiler- 
covering. Those furnaces give 2000 deg. Cent. 
with 150 amperes at 40 volts, and are used, among 
other things, for baking the rare earths, out of 
which Dr. Harker also makes electric furnaces. 
Properly baked tubes of the rare earths can be 
heated in the oxyhydrogen flame, and dipped into 
cold water, being as indifferent to sudden tempera- 
ture changes as fused quartz. 

The verification of radiation pyrometers has been 
continued. In the original arrangement the furnace 
constituting the black body was placed horizontally 
or inclined ; but the mouth of the furnace should 
with Féry pyrometers be as many inches wide as 
the distance from the pyrometer measures in yards, 
and the pencil of rays should fill the whole mirror 
(which has a diameter of 3 in.) of the instrument. 
Screens must not be interposed, because the infra- 
red rays would be cut off by the thinnest plate of 
glass or mica; and with a horizontal or inclined 
furnace disposition considerable cooling by convec- 
tion currents is unavoidable. The new furnaces 
have, therefore, been mounted, mouth downward, 
on an iron platform, 6 ft. above the floor-level. 
On a vertical steel shaft passing through the plat- 
form a wheel can be moved up and down, and 
twelve sockets are on the circumference of the 
wheel to receive the pyrometers, which, by turning 
the wheel, can be brought just under the mouth of 
any furnace, at any desirable height, without any 
further adjustment being required. One of the 
furnaces used in this arrangement consists of two 
concentric clay tubes, made by the Morgan Crucible 
Company, of Battersea, separated by air-space or 
by magnesia —s ; the inner tube is wound with 

latinum foil (supplied by Messrs. Johnson and 

atthey), and contains a radiator of clay, resem- 
bling the unthreaded upper portion of a screw, two 
thermo-couples being placed across the head in 
grooves at right angles to one another. Improved 
uniformity of radiation is obtained by the aid of 
two diaphragms. This furnace can be heated up 
to 1400 deg. Cent. with 1450 watts. The radiator 
of another furnace, shown so far in model, is a 
carbon strip which is to be standardised against a 
‘* black-body ”’ radiator. 

The economy of current consumption realised 
with the improved furnaces is very remarkable. 
The old horizontal Heraeus furnace required 1500 
and 3300 watts to reach temperatures of 1000 deg. 
and 1350 deg. Cent. ; the vertical graphite spiral and 
tube furnace, with magnesia lagging, takes only 
800 and 1800 watts ; in another furnace of the last- 
described type, packing the annular space sur- 
rounding the platinum foil with heavy magnesia 
powder reduced the current consumption for the 
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two temperatures from 1150 and 2200 watts to 950 
and 1400 watts. 

The use of the absorption photometer was de- 
monstrated last Friday with one of the graphite 
spiral furnaces. The radiation is weakened by pass- 
ing through two wedges of smoked glass which are 
moved on a graduated scale. The comparison source 
of light is an amylacetate lamp, seen in the telescope 
field as a vertical strip across the disc of the furnace 
mouth ; there is further a plate of copper-ruby glass 
in the eye-piece. The instrument is calibrated by 
preparing a table on scale readings and tempera- 
tures for the wedge positions, and two scales are 
provided, reading up to 1500 deg. and to 2000 deg. 
Cent. respectively. The latter standardisation has 
been effected with the aid of the melting-point of 
magnesia, which is sharply defined in an electric 
furnace, except that vapour clouds disturb the ob- 
servation; 1940 deg. Cent. is assumed as the 
melting-point of magnesia. 

The experiments with a heliometer and the check- 
ing of the sun temperature against the radiation of 
a black body supply a very interesting confirmation 
of other estimates of the temperature of the sun. 
In the first part of the experiments Dr. Harker has 
followed the observations taken by Professor Féry 
and Mr. Millochau on Mont Blanc. A —-_ 
4 ft. in length, with 6-in. aperture (reducibl 
at will), contains a speculum, whose radiation is 
focussed on a small black disc, to which a minute 
thermo-couple (copper-constantan) is attached. The 
size of the disc is such that the sighted instrument 
subtends 0.1 of the solar diameter. As the telesco 
will not focus at less than 5.5 metres, the standardi- 
sation of the instrument against the vertical black 
body furnace was difficult ; at 1400 deg., more- 
over, the galvanometer would not yet deflect, and 
it had to be replaced by a potentiometer and gal- 
vanometer. The vertical rays from the furnace 
were received by a silver mirror, which reflected 95 
per cent.; this percentage was determined in two 
ways, yielding two constants, both of which would 
have allowed the determination of the temperature 
of the sun’s rays by Stefan’s law if extrapolation had 
not appeared too risky. The crater of a Moissan 
arc furnace was therefore used as a source of radia- 
tion, the are temperature being estimated at 3616 
deg. Cent. absolute (mean of two series by two 
observers yielding 3646 deg. and 3587 deg.) ; 
Waidner and Burgess have recently estimated the 
black body temperature of the are at 3700 deg. 
Cent. absolute. Subsequent observations of the 
sun, made on a cloudless day, with different aper- 
tures and different galvanometer deflections (by 
changing the galvanometer resistance), yielded a 
solar temperature of 5199 deg. Cent. or 5108 deg. 
Cent. absolute (according to the experimental 
constant chosen). The agreement with Féry is very 


sy 





good, considering that Féry’s methods of standard- 
isation were totally different. 

Of other researches we may mention Mr. Blackie’s 
on the devitrification and mechanical strength of 
fused silica ; the devitrification is studied with the 
aid of the polariscope, and many interesting photo- 
graphs have been taken. The softening of firebricks 
is also under investigation ; formerly experiments 
were made on small discs, but as the results were 
frequently discordant, partly owing to the difficulties 
of preparing the discs, whole bricks are now to be 
tested. A very important point also under investi- 
gation is the difference in radiation from fused and 
solid metals. Foundrymen have long known that 
molten iron or copper scorches much less than the 
same metal just after solidification. 


(To be continued.) 








THE INSTITUTION OF MECHANICAL 
ENGINEERS. 

An ordinary general meeting of this Institution 
was held on Scster, the 18th instant, at the 
Institution House, Storey’s Gate, Westminster, the 
President, Mr. J. A. F. Aspinall, occupying the 
chair. 

The minutes of the proceedings at the last meeting 
having been read, Mr. Aspinall announced that 
Dr. Hele-Shaw had been appointed a Member of 
Council, to fill the vacancy caused by the election of 
Mr. H. Graham Harris as Vice-President. Mr. 
Aspinall also announced that 69 candidates had 
been added, by election, to the roll of the Institu- 
tion, while the Council has made seven trans- 
ferences from the class of associate member to 
that of full member. 


Forces Acting on Twist-DriLLs. 


A paper entitled ‘‘ Experiments upon the Forces 
Acting on Twist-Drills when Operating on Cast 
Iron and Steel,” by Mr. Dempster Smith, Associate 
Member, of the Municipal School of Technology, 
Manchester, and Mr. R. Poliakoff, of the Imperial 
Technical Institute, Moscow, was then read in 
abstract by Mr. Dempster Sniith. We commenced 
the reprint of this paper last week, and continue it 
in another part of the present issue, so that we may 
at once proceed to the discussion, which was pre- 
ceded by the usual vote of thanks to the authors. 

Mr. Walter Carter was the first speaker. | ¢ 
said that the character of the information in the 
paper rendered it difficult for anyone having on y 
ordinary shop-tools at command to offer criticisms. 
Without making lengthy experiments, it was nv‘ 
easy to agree with the conclusion (as set forth in 
the early part of the paper) arrived at by Mr. Norris, 
of the Bickford Machine-Tool Company, t« the effect 
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that more power was required to drill a hole through 
machinery steel than through cast steel ; moreover, 
no definition was given of what was meant by ‘‘cast 
steel ’—whether crucible cast steel or steel castings ; 
he difference between the two was wide. Perhaps 
me of the most important points which Mr. Smith’s 
«periments had brought out related to the absorp- 
tion of power due to the chisel-point of the drill. 
The authors of the paper had shown that as much 
5 25 per cent. of the thrust for the whole drill was 
‘ue to the thickness of the chisel-point. The 
speaker considered this question of web-thickness 
so important that he had taken the trouble to bring 
to the meeting a drill, from which he had removed 
the maker’s name, so that no one might be aggrieved. 
the thickness of the web was that which was proper 
for a 12-in. drill, whereas the drill in question was 
@ l-in. drill. [The drill was handed round, and the 
web measured about 0.2 in.] Digressing for a 
nioment, the speaker observed that it was practi- 


cally useless for the authors and others te devote 


time and attention to obtaining accurate results 
while engineers permitted the purchase of twist- 
drills to become a matter of pounds, shillings, and 
pence, and of spoiling good steel. Again, twist- 
drill grinders of cheap and nasty foreign design, with 
not nearly enough metal in them to give the rigidity 
necessary for good grinding, were hawked about the 
country at 12/. 10s. each. Drills ground by them 
were placed in a machine costing, perhaps, 1601., 
and the efficiency of the whole of the 1601. machine 
was limited simply because cheap twist-drill grinders 
were bought and used. 

The authors had confirmed, Mr. Carter continued, 
the impression which perhaps most engineers had 
reccived before—namely, that the cheapest way 
of removing metal was to take the coarsest feed 
possible under the conditions. It was known that 
in a lathe-tool more metal could be removed for a 
given expenditure of horse-power by a very coarse 
|feed, and the same thin 


| milling-cutters. It had 








that the power required to make any given hole was 
greater where one drill only was used than where 
two drills, of different diameters, were employed. 
That also the speaker regarded as in accordance with 
accepted facts, but there was another advantage in 
the use of two drills—namely, that the resulting 
hole was of better quality ; the hole obtained by 
two drills was usually rounder and truer to size 
than the same hole obtained by one drill only. It 
would be interesting, the speaker thought, if the 
authors could give some proportion or formule by 
which it was possible always to ascertain the true 
proportion of sizes that should be used to remove 
the metal with the minimum of horse-power. From 
a casual inspection of the paper, it appeared that 
the diameter of the first drill should be equal to 
the thickness of the web of the final drill, and he 
would invite the authors’ definite opinion on that. 
Another point to which he would refer was the 
possible unequal grinding of the lips, so that one 
ip did all the work, the power absorbed being 
greater than if the grinding had been equal ; the 
pressure would be the same as that obtained by 
doubling the feed. A perusal of the directions 
issued by most makers of twist-drills would show 
strict instructions to grind the lips of equal length. 
This again emphasised the importance of having 
really good twist-drill grinding machinery and good 
men to work it. The authors had referred to 
another matter, which, although less applicable to 
practice, was important—namely, the gashing of 
the lips in such a manner that the cut taken by 
one lip was the material left by the gashes in the 
other lip; the pressure would be no greater than 
with ungashed lips and twice the feed. The con- 
clusion reached agreed with experience in relation 
to large milling-cutters having interrupted teeth ; 
it had long been recognised that cutters of that kind 
did not require so much power to do a given 
amount of work as a cutter of the same form, but 
not gashed. Some years ago a German company 
sold in this country a drill in which they attempted 
to obtain the result referred to by milling addi- 
tional grooves down the fluting on the cutting-face ; 
obviously, however, that could not be so good as 
gashing the lips at right angles to the axis. 

He would oa like again, the speaker said, to refer 
to the effect of thick webs and dull points. If anyone 
would take a breast-brace and endeavour to drill a 
few holes through cast iron with a blunt drill, it 
would not require more lectures on the subject to 
convince him that sharp drills saved power. The 
question of efficient "Tubrication had been well 
brought out in the paper, and no doubt insufficient 
attention was generally given to this matter ; casual 
lubrication was distinctly bad. The speaker knew 
of several instances in which a pressure of 25 lb. to 
the square inch had been used with advantage. In 
drilling cast iron, as he knew from experience, the 
drill would cut more holes when well lubricated 
than when drilling dry. Of course, in using drills 
wet on cast iron there was the evil that the drillings 
formed a sandy mass, and had the effect of scouring 
away the clearance from the drill, so that it wore 
rapidly ; but if the water pressure were sufficient to 
force the cuttings up the drill, very much better 
results would be obtained with wet than with dry 
drills, even when drilling cast iron. Another point 
was in connection with spirals of the drills. The 
speaker had made drills with varying spirals, and 
had established to his own satisfaction that a drill 
with a smal? degree of spiral was better for cast iron 
than a drill with a quick spiral, and for brass a 
drill with no spiral at all was the best. That 
merely agreed with current practice. No one would 
think of using the same angle of tool for cutting 
cast iron as would be employed for steel ; and it 
was only proper that the same principle should be 
carried out with twist-drills. Drills should be 
specially ordered for cutting cast iron, or steel, or 
| brass. If an order were given merely for a }#th drill, 
and it were not known whether it were for lead or cast 
| iron, the same efficiency could not be secured as in 
the case of drills made for the work they were in- 
tended to do. The speaker, in conclusion, stated 
that he had just had some experiments conducted 
| on twist-drills made of a steel recently spoken of 
|in the papers—not the particular steel of which 
|most of the members would have heard—and the 
'results pointed to the fact that the price question 
would have to be an inferior consideration. A drill, 
|of }{ths diameter, made of one of the new steels, 
|was used in drilling moderately hard cast iron. 
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obtained in the case of | The revolutions were 592 per minute, and the feed 
m stated in the paper | was 20} in. per minute, 
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ordinary high-speed drill refused, on this particular 
cast-iron block, to exceed 400 revolutions per minute 
with a feed of 12} in. per minute; these facts 
pointed to possibilities for this new steel in the 
manufacture of twist-drills. 

Mr. John F. Brooks, who spoke next, stated 
that he could the better appreciate the efforts of the 
authors as he had himself been making experiments 
ofa similar nature. The last word, however, had 
not been said on the subject. There were several 
things in the construction of the apparatus and the 
method of testing with which he could not agree. 
He would like to ask the authors whether they 
had ever experienced any variation in the thrust. 
To him, it seemed almost useless to know the extent 
of the mean value unless something were also 
known of the fluctuations. The speaker had mea- 
sured many forces on cutting-tools, and had found 
it very easy to measure the maximum and the mini- 
mum, but exceedingly difficult to measure the mean. 
In the case of the experiments in the paper, the 
mean force only was given, but the speaker would 
like to know the absolute maximum that could 
possibly come upon the tools. In the machine 
used by the authors it appeared that the thrust 
was measured by a dynamometer of the diaphragm 
type, and he agreed with the statement in the 
paper that that dynamometer would give correct 
readings for the thrust brought to bear upon it. 
The table holding the work was, however, allowed 
to move a very small amount, and therefore the 
torque was measured, but it was measured by a force 
acting on the end of one arm. The speaker did 
not agree with that method of measuring torque ; 
he would have used a couple, and was positive, 
from his own experience of twist-drills, that if the 
single force were replaced by a couple, a different 
thrust would be obtained. The friction introduced 
by the force measuring the torque would be con- 
siderable. The torque had been measured with a 
small ‘‘ personal” weighing - machine, and the 
speaker dia not consider the machine a good one 
for live loads, although very good for static loads ; 
with live loads the arm was always jumping up and 
down, in his experience. The speaker had, in his 
own work, used a recorder to measure the thrust, 
torque, and the rate at which the hole was drilled, 
and he presently proposed to illustrate the 
records by means of a lantern-slide. He had 
been struck by the fact that, in the authors’ 
experiments, the work being drilled was secured 
to a table. It was a very difficult matter to 
start a large drill, and get it to run true and 
drill a straight hole. If the hole was not 
straight, it would affect the table, and cause binding 
on the sleeve; therefore the thrust would be 
affected. To the speaker it seemed that the work 
should be perfectly free to move about laterally, 
but should be prevented from turning round. 

In his own experiments Mr. Brooks had, he said, 
used a constant speed and a constant thrust, and had 
measured the torque and the feed under these con- 
ditions ; consequently his readings would not be 
quite in line with those given in the paper. He 
had, however, reduced some of them to standard 
conditions, and with a 1-in. drill, drilling soft cast 
iron, his results would, so far as thrust was con- 
cerned, compare very reasonably with those given 
in the paper. He had used very fine feeds, and 
could not therefore say whether there was any 
agreement with very coarse feeds. In one experi- 
ment that he had made he had drilled a hole pi 
an inch deep, and of a diameter equal to the thick- 
ness of the web of an inch drill in a piece of cast 
iron, and then started a 1-in. drill in that hole, 
drilling the first inch under the conditions of minus 
chisel-point ; afterwards the drill worked in solid 
metal. He had found for a given power that the 
rate at which the metal could be drilled was more 
than twice as great when the, chisel-point. was not 
cutting, and for given loads the rate of feed was 
practically five times as great, the removal of that 
small amount in front of the chisel-point allowing 
the drill to penetrate, under the same conditions, at 
five times the speed. He had worked out also the 
proportion of thrust due to the chisel-point as 
nearly 50 per cent., not 27 per cent., as the authors 
had found, and he had taken one or two cases at 
random from the curves, and had roughly estimated 
it from them as 37 per cent. There might, how- 
ever, be an error in printing. 

Mr. Brooks then threw on the screen a diagram 
illustrating his experiments. Unfortunately, we are 
unable to reproduce this from the lantern-slide. It 
showed the torque by a zigzag line, the breadth of 





which indicated the amplitude of the fluctuations. 
An inclined line upwards from the bottom left-hand 
corner showed by its slope the rate at which the 
drill entered the material, the base of the chart 
representing time. The inclined line on the dia- 
gram gave a good idea of the effect of an initial 
hole in the metal, equal in diameter to the thickness 
of the web of the drill. At first the inclination of the 
line was steep, as the drill entered rapidly, but as 
soon as it came to the end of the small hole, and had 
to work in solid metal, there was an abrupt bend in 
the line, which thereafter rose much more slowly. 

Mr. Brooks, continuing, said that if a drawing 
of a twist-drill point were taken, it would be noticed 
that there was a varying clearance angle along the 
lips from a certain value at the extreme diameter to 
nil at the point of the drill. The clearance angle 
regulated the rate at which the drill could be fed 
into the metal. This was evident from considering 
a parting tool in the lathe. Obviously the tool 
could not be fed into the work above a certain 
speed, as the front of the tool would rub against the 
work. The limiting rate of feed depended upon 
the clearance angle. A drill, if it had no clearance, 
could only penetrate the metal at zero speed, and 
the speaker feared that when the drills used by the 
author were going in at jy in. per revolution, some- 
thing almost as bad as a chisel-point action was 
taking place across the middle third of the diameter. 
The tool would be rubbing on the back edge, and 
it would be an easy forecast to say that, if the feed 
were increased to any extent, the time would come 
when the drill would rub all over the bottom. The 
thrust might then be increased almost indefinitely 
without any better effect. That was a point against 
the twist-drill as a cutting agent. 

Mr. H. F. Donaldson, Member of Council, said 
that he did not think that the paper, in the form 
presented, lent itself with the best advantage to 
discussion. The necessary formule and diagrams 
required very close study, in order both to grasp 
their inter-relation and to prove the practical conclu- 
sions at which the authors appeared to arrive. He 
would criticise one or two matters on the practical 
side. The experiments appeared to have been 
carried out with uniform cutting angles and uniform 
backing-off, quite irrespective of the nature of the 
material being cut, and he gathered that the same 
tool angles had been used for cast iron, mild steel, 
and hard steel. To obtain a full knowledge of the 
tool, however, the angle should have been selected 
for the particular material. It was true that this 
introduced another variable, but the use of the 
same angle might very likely lead the experimenter 
to anticipate the best results from a certain experi- 
ment, which, in effect, might be carried out with a 
blunt tool. It would seem, therefore, that the 
results would require further proof before being 
accepted as conclusive. Mr. Carter had alluded to 
the difference beween cutting cast steel and steel 
castings ; certainly the change in the rotation of 
these words Scorcheedl a most marked difference. 
The authors had not given many descriptive par- 
ticulars of the apparatus ; but with regard to change- 
wheels, he oan: say that the mere fact of using 
change-wheels as a method of changing speeds in- 
troduced a variable, the effect of which on ultimate 
readings it was impossible to estimate. In con- 
clusion; he would say ‘that greater knowledge was 
undoubtedly wanted in the workshop as to the 
effect of putting in one tool or another for doing 
particular work. 

Mr. J. D. Steven also recognised the difficulty of 
criticising the paper from a practical point of view. 
In connection with thespeeds at which tests had been 
made, it appeared to him, he said, as a maker of 
drills, that these were very slow, and did not much 
help to fix a standard of feeds and speeds for uni- 
versal adoption, The authors had stated that there 
was great diversity of opinion among the makers of 
twist-drills as to the proper feeds and speeds at 
which the tools should be run. It would appear 
from the paper that the tests were run on speeds 
of 5 to 150 revolutions per minute ; 150 revolutions 
per minute on a 1-in. twist-drill would give a 
cutting speed of 40 ft., and this appeared to the 
speaker very slow. The users of twist-drills 
bought them to do a certain amount of work in the 
shortest possible time ; and if the speed were re- 
duced, the power would haye to be increased to get 
the same holes drilled in the same time as before ; 
this, the speaker feared, would result in an increase 
of scrapped tools. It was most necessary to know as 
much as possible about the power absorbed by any 





tool, especially in view of the general adoption of ; 


electrical driving. Many people did not bother 
themselves about these matters, but he much 
hoped that the authors, as they had gone so far 
in investigations of the power required for twist- 
drills, would also investigate the question of the 
greatest effect with the least speed that could be 
efficiently adopted, and evolve either a standard, 
or a basis for a standard, for feeds and speeds in 
the case of these particular tools. Mr. Carter had 
referred to the lubrication of drills for cast iron. 
When, many years ago, the speaker was in the 
shops, a man would have been considered out of 
his senses who attempted to use a lubricant for 
cast iron. A little while ago the speaker had sup- 
plied some drills on a trial order to a customer in 
the North of England, and one of these drills was 
returned because the point had become fused. 
After grinding off the point, the drill seemed all 
right, several holes being made with it at a very 
good speed. When the drill was sent back again, 
it was suggested to the customer that possibly there 
may have been hard spots in the metal, and that he 
should use a lubricant. Within a few days a letter 
was received from the customer, in which he ex- 
pressed himself as being evidently an older man 
than the writer, as he had yet to learn that lubricant 
could be used with cast iron. : 

Mr. L. Pendred was the next speaker. He 
agreed with Mr. Donaldson as to the impractica- 
bility of discussing the paper; it was so full of 
figures that he would as soon think of discussing 
the multiplication-table as of saying anything about 
the mathematical part of it. He would, however, 
like to put one or two questions to the authors. 
In describing the arrangement for the speed of the 
drilling-machine, the authors had given the speeds 
of from 5 to 150 revolutions per minute, but had 
stated, a little later on, that ‘‘ the drills were never 
at any time blunt, as the duration of each trial was 
about ten minutes after the drill had fully entered, 
and the speed maintained at about 10 revolutions 
per minute for all sizes of drills.” The speaker 
considered that if the speed just named applied to 
all the tests in the paper, it was far too low to be 
of any practical value. The higher limit of 150 
revolutions was still much too low for the smallest 
holes. Mr. Carter had spoken of running drills up 
to 400 or 500 revolutions with a 4}4-in. diameter. 
The speaker found it a little difficult, to agree with 
the authors’ lines running between the dots—in 
Fig. 15 (see page 435),- for example ; it almost 
seemed as if the authors had got their formulz out, 
and put the curves in to suit. He would not sug- 
gest that that was actually so, but so it appeared. 
Taking, for example, Fig. 15 of the paper, for the 
top curve of all, the observations were not near 
the line at all. In nearly all cases the authors 
appeared to take the lowest point as the start- 
ing-point, but the speaker could see no reason 
for supposing that this point was more correct 
than any other point in the observations; it 
might, equally with any of the others, have been 
the wrong one. It might be imagined that the 
object was to secure the passing of the curve 
through the zero, but on turning to some of the 
diagrams it would be noticed- that the authors had 
recognised the fact that there was always a certain 
amount of resistance in the machine itself, and 
that the curves would not run through the zero. 
Fig. 19(see page 437) of the paper, for example, and 
several other figures, showed these characteristics. 
Looking-at the paper as a whole, its value was 
academical ; to get any real value out of it for the 
purpose of constructing a machine was almost 
impossible, because it did not go nearly far enough. 
The man who was making a drilling-machine would 
not have to consider what each individual drill 
would do, but would have to build his machine of 
sufticient strength to take the biggest drill that the 
user will ever put into it. Although the little 
refinements were of great interest, their value to 
the man who had to turn out drilling-machines in 
order to make an income was, the speaker feared, 
very small. To be of value, experiments of the 
kind made by the authors must be taken further, 
and a broader view of the uses to which they 
would be put must be entertained. 

Mr. A. R. Bruce agreed with Mr. Pendred as to 
the very academical nature of the paper. Among 
other remarks of a general character, the speaker 
gave an account of a method, in use by one firm 
with which he had been connected, of dealing with 
the chips which hampered the drilling of cast iron. 
The spindle of the drilling-machine was coupled to 
the compressed-air mains. A sleeve was placed 
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round the groove on the spindle which communi- 
cated with the oil-holes to the lips of the drill. 
When the air was turned on the chips were blown 
out. Not only were the chips blown out and the 
cutting-edges more or less freed by this method, but 
the tool was kept cooler than it otherwise would 
have been. Mr. Bruce mentioned further that for 
machinery steel it was, in his experience, the prac- 
tice to use drills with two holes right down to the 
cutting lips, and the oil supply, especially when 
dealing with cast steel, was maintained at 5 lb. or 
6 lb. gauge pressure. In one case which had come 
under his knowledge some cored holes in cast iron 
had to be opened out, and no twist-drills would 
stand the work. The job eventually was done on 
a boring-mill, and was effected better and more 
cheaply. Generally he did not think the twist- 
drill suitable for fine accurate work. 

Mr. Dempster Smith then replied to the discus- 
sion. Mr. Carter had thought that the most econo- 
mical ratio of initial hole to diameter of drill would, 
so far as power was concerned, be represented by a 
hole of a diameter equal to the thickness of the web 
of the final drill. “The speaker believed that to be 
fairly correct, and the greater the ratio of the hole 
the greater probably was the economy—that was to 
say, for enlarging a hole which had already been 
drilled. A factor which entered into the case, how- 
ever, was the time taken in drilling a hole in two 
operations, as the machine charge was thereby in- 
creased. Possibly, when the machine and other 
charges were considered, the method of drillingasmall 
hole first, and ultimately enlarging it, would not 
be advisable. Mr. Carter had also raised the point 
that the spirality of the drill should vary acccrding 
to the metal used. In the durability trials carried 
out by the Manchester Committee, and also those 
carried out by the German Committee, it was found 
that the most economical inclined angle for a lathe 
tool was about 82 deg. or 83 deg. for cast iron and 
75 deg. for steel. In a twist-drill there was a vary- 
ing cutting angle all the way across the lip. So far 
as force exerted was concerned, the speaker did not 
consider that there would be much economy in a 
varying spiral ; for it would have to be remembered 
that the angle of the drill at the outside—just at the 
periphery—was 65 deg., and that, of course, was 
below the most durable angle obtained in the lathe 
tool experiment, either for cast iron or steel. If the 
cutting angle were decreased, the durability would 
therefore be reduced. 

Mr. Brooks had criticised the apparatus, and 
had, in the first place, taken exception to the 
means for measuring the torque. The speaker 
would say that so far as torque was concerned, 
the upward force was only 200 lb. in the greatest 
case, or with the largest diameter of drill and 
the coarsest feed. The leverage was 2.3 ft., 
so that the force in the scale-pan never at any 
time exceeded the 200 Ib. Further, although 
the diagram showed a very small scale-pan, ulti- 
mately, for the heavier drills, that scale-pan had 
been abandoned in favour of a heavier one. An 
additional object in keeping down speed was the 
avoidance of fluctuation in torque. The illustration 
of the apparatus showed there was an outer row 
of balls to accommodate the twisting of the 
spindle, while, between the cast-iron sleeve and 
the spindle carrying the job, another set of 
halls allowed the spindle to work in a lateral 
direction ; the two sets of balls afforded consider- 
able freedom of movement, without introducing 
any considerable error. The speaker did not, 
therefore, consider that Mr. Brooks’s remarks, so 
far as the apparatus was concerned, were sup- 
ported by the facts, or that much objection could 

taken to the apparatus. With regard to 
cross-winding, dye to the slackening of the spindle, 
“reat care had been taken not to have any slack 
on the rotating spindle, because the majority 
of breakages of drills was due to that slack. 
rhe experiments were not intended to embrace the 
‘uestion of the durability of the drill, attention 
“ing confined to the forces alone. For durability 
‘costs a different machine would have been required, 
*« greater number of drills, and, of course, material 
on which to operate. At the school there was no 
machine capable of testing the durability of drills, 
nor the necessary metal for the tests. ith regard 
to the point raised as to the clearance under the 
cutting edges being insufficient for the greatest 
‘ates of feed, a crowding effect, which Mr. Brooks 
had compared to the equivalent of a chisel- 
point effect, would be likely, but that was care- 
fully watched. Each drill, after it had been operat- 


ing, was examined on the back for any bright'| 
marks. Every precaution had been taken in| 
grinding to leave sufficient clearance ; the mean 
angle was about 10 deg.. Mr. Brooks had also con- 
sidered that the thrust effect due to the chisel-| 

int should be 50 per cent., and not 27 per cent. | 

e speaker would like to know the width of the | 
chisel - point in the experiments made by Mr. 
Brooks. The proportions of the drills used by the | 
authors were given in Table III. of the paper, so | 
that the actual width of the chisel-point could easily | 
be obtained. It was shown in the paper that if the | 
chisel-point alone, or the cutting-edge, became | 
blunt, an additional thrust effect of 20 per cent. | 
might be added. With the chisel-points that the | 
speaker had employed, 27 per cent. represented the | 
results. Mr. Donaldson supported Mr. Carter in 
the view that, for experimental p , there 
should be a different angle of tool or spiral for each 
different metal. Of course, the experiments might 
have been extended to cover that, but the prepara- 
tion for the paper had already occupied considerable 
time, and the line had to be drawn somewhere. To 
ascertain the force exerted on drills such as were 
used in practice was all to which the paper pre- 
tended. To a considerable extent the force exerted 
in a case in which the angles were varied might be 
deduced. The paper, dealing with experiments on 
a lathe-tool dynamometer, read by Dr. Nicolson 
before the Institution in 1904 afforded a con- 
siderable number of data which would assist 


in arriving at what the actual force would 
be. Durability was another int which, of 
course, must be kept in view. r. Pendred had 


raised the question of speed, and had quoted the 
statement in the paper to the effect that the tests 
were made on a speed of ten revolutious through- 
out ; to that the speaker would add ‘‘ with the ex- 
ception of the experiment made with the object of 
determining the variation of cutting pressure and 
the torque due to speed.” Mr. Pendred had also 
criticised the value of the experiments from a prac- 
tical point of view, inasmuch as he had not con- 
sidered that they furnished the practitioner with 
the necessary data for designing drilling-machines ; 
but if the practitioner could not design a drilling- 
machine on modern principles with the data now 
available, yet, making all necessary allowances, the 

per afforded him information which he did not have 
Gadave. With a reasonable amount of bluntness 
in such a drill as would be used in a shop, 20 per 
cent. might be added to the values given ; but the 
paper afforded a fair idea of the forces exerted on 
the spindle and the gearing, and also of the upward 
force on the arm in the case of a radial drilling- 
machine. Any other points the speaker would deal 
with in the completed paper. 

The President then announced that the anni- 
versary dinner of the Institution would be held on 
Thursday, April 22, and that the next ordinary 
general meeting would take place on Friday, 
April 23. 








THE AERO EXHIBITION. 


WHATEVER may be the future of the areoplane, 
there can be little doubt that the opening of the 
Aero Exhibition at Olympia on Friday last, the 
19th inst., is an event of considerable importance. 
A very few years ago the idea of making a machine 
which could actually fly, with a person on board it, 
was considered far beyond the bounds of practical 
mechanics, and yet, during the last year, not only 
have many flights been made, some of them of con- 
siderable length, but in some cases flights have been 
made with two people on board. No doubt the 
general public are apt to overestimate the value of 
these flights, and to speak of the problem of flight 
as solved, while, as a matter of fact, the whole 
business is still in the experimental stage. On the 
other hand, it is very easy to underestimate this pro- 
gress, and there can be little doubt that in the 
various machines which have flown on trial-grounds 
there is the germ of what may one day be a consider- 
able revolution in many of our ways of living and, still 
more, of fighting. It is only a very few years since the 
first petrol-driven motor-cars made their appearance, 
and these were certainly extremely defective, and, to 
many people, a source of ridicule, from their uncer- 
tainty of action and slow speed up hill. Yet ten 
years ago there were in existence all the points 
which have made the modern motor-car a success, 
and it is not too much to say that there are few, if 
any, pieces of engineering which have made such a 








great change to the life of the country in such a 


short time. Whether the aeroplane will develop 
as rapidly as the motor-car may be doubted, but if 
it develops even at a tenth of the speed, it will before 
very long be a serious factor in our life. It is worth 
noting, as was mentioned in several of the speeches 
at the lunch which was held on Friday last at the 
opening of the Exhibition, that it is largely owing 
to the motor-car that we have such a thing as the 
aeroplane of the present day, all the practical flights 
with aeroplanes ane with those fitted with petrol 
motors essentially of the motor-car type. 

There are shown at the Exhibition specimens of 
the ordinary balloon, dirigible balloon, aeroplane, 
and motors for driving the latter. Of these, the 
greatest interest, from an engineering point of 
view, is in the areoplanes, and the various engines 
designed to drive them. Several of the aero- 
planes are of the Voisin make, and are generally 
similar to those used by Mr. Farman in his various 
flights, including the 17 miles across country. They 
are shown on various stands, and fitted with various 
types of motor, but that exhibited by Mr. J. T. C. 
Moore Brabazon, 29, Chesham -street, London, 
S.W., may be taken as a good example, and has 
actually made several flights of various lengths 

The general appearance of these aeroplanes will 
probably be familiar to our readers. They consist 
of two planes, placed one above the other, of 
slightly curved surface, and having a_ balancing 
rudder behind, which acts both vertically and hori- 
zontally, being rather like a box-kite ; and this has 
in it a vertical rudder for horizontal guidance. At 
the front there is a horizontal rudder for varying the 
height at which the machine flies. The construction 
of these machines is certainly very ingenious in its 
combination of lightness and strength, and the 
frames consist of wooden struts of various shapes 
trussed with numerous diagonal wires, which are, in 
most cases, adjusted to the right tension by screws. 
While there are various forms of aeroplane in which 
the surfaces are differently disposed, there is not a 
very great deal of difference in the actual construc- 
tion. A very good specimen of scientifically designed 
light wooden framework is, however, shown by 

essrs. Short Brothers, Queen’s-circus, Battersea 
Park, London, S.W., in which every piece of wood- 
work in the construction is designed as a trussed 
girder. Even the battens which take the canvas are 
so constructed, being two strips of spruce with 
pieces between them at intervals, the depth being 
tapered in accordance with the strain the member 
has tostand. Whether this construction will even- 
tually prove to be worth the extra trouble of making 
it as compared with solid wood can only be deter- 
mined by experience ; but there is no doubt that 
the whole machine is a beautiful piece of work, and 
apparently very light for its strength. 

A very imposing-looking aeroplane is exhibited 
by Messrs, Lamplough and Son, Limited, of Cum- 
berland Park, Willesden Junction, N.W. This we 
illustrate in Figs. 1 and 2, page 414. To avoid the 
necessity for running along the ground, or being 
projected from a catapult, in order to rise, the 
machine is fitted with longitudinal planes, which 
can be given a sideways and downwards recipro- 
cating stroke. We understand that the aeroplane 
has not yet been tried, but it is anticipated by the 
makers that it will be enabled to rise from rest by 
the flapping-planes. These will then be stopped, 
and, in conjunction with the ordinary double- 
transverse planes, will act as aeroplane surface, the 
machine being propelled by screws. The planes 
are constructed of waterproof cloth stretched on 
wooden purlins and rafters, the purlins being semi- 
circular in section to minimise resistance. The 
whole of the great amount of cross-bracing through- 
out the machine is of square wood, and the un- 
necessary weight and air resistance thus entailed 
must be very great. In all practical biplane 
machines wood is only used for the vertical struts 
between the planes, and the entire bracing is 
effected by wire or metal tape. Many of the 
joints of the timber framing are made by pinning 
the rods into sheet-metal clips by means of a split- 
pin. For the more important connections cover- 
plates are used. Messrs. Lamplough and Sons also 
show a radiator for cooling the circulating water. 
This has vertical elliptical-shaped tubes, brazed 
into the top and bottom h , and connected 
together by a zigzag metal ribbon brazed between 
the tubes. It is well made, and the designer has 
shown more appreciation of the conditions to be 
met with than in the case of the aeroplane itself, 
although it is only fair to say, as regards the latter, 
that we understand it was put together with too 
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great haste to allow of certain details being 
attended to. 

Probably, from a mechanical point of view, the 
most interesting exhibits are the various specially 
light engines for use on the aeroplanes. These 
may roughly be classed under several heads. In 
the first place, there are many motors which have 
the usual vertical cylinders, and are of the same 
general construction, as the car and marine 
motor, but are made somewhat lighter — partly, 
as a rule, by having some sort of sheet-metal 
water-jackets to the cylinders, the greater part of 
which can be turned all over, so getting a more 
uniform thickness of metal than can be obtained in 
a casting not machined. Then there are arrange- 
ments in which the proportionate weight of the 
crank-case is reduced by having diagonal cylinders, 
so that two connecting-rods work on to each 
crank ; and then there are types in which still more 
special.arrangements are made, the one which 
apparently reduces the crank and fly-wheel to a 
minimum being to fix the crank-shaft and let the 
cylinders revolve round it. 

Mr. F. R. Sims, Welbeck Works, Kilburn, 
London, N.W., shows a Sims-Voisin aeroplane of 
the usual biplane type, and also a petrol-motor 
suitable for it, the latter being the only repre- 
sentative of a diagonal engine with six cylinders. 
It is rather curious that while the six-cylinder 
vertical engine has been used a good deal for various 

urposes, and also the eight-cylinder diagonal, very 
little use has been made of the six-cylinder diagonal. 
The objection to the six-cylinder vertical is the 
great length of the crank-shaft and casing, which 
makes it difficult to avoid vibration at all speeds, 
owing to the springing of the parts. The objection 
to the eight-cylinder diagonal on the other hand is 
the great multiplicity of parts. The six-cylinder 
diagonal can be made shorter and more rigid than 
either of the above types, while retaining the small 
number of parts of the six-cylinder. The inclina- 
tion of the cylinders to each other must naturally be 
120 deg. if the pairs of connecting-rods are to work 
on to one crank-pin, and the impulses at the same 
time be evenly divided. In the engine above named 
the cylinders are all cast separately with the water- 
jackets cast round them, and are 110 millimetres in 
diameter by 110-millimetres stroke (4 in. by 43 in. ), 
and give 50 brake horse-power at 1000 revolutions. 
The exhaust-valves are worked direct, and the inlets 
placed above them and worked by rocking-levers 
with very light moving parts. Lubrication 
forced, and ignition is by high-tension magneto. 
The weight, with fly-wheel, is 300 lb., or 6 lb. per 
brake horse-power. 

Messrs. Clement Talbot, Limited, Barlby-road, 
North Kensington, London, W., show two speci- 
mens of aero-motors of the vertical type, which 
are intended for use on dirigible balloons. The 
smaller one is identical with that used on the 
Bayard Clement and Diatt Clement airships, and 
has four cylinders 168-millimetres in diameter by 
160-millimetres stroke (6% in. by 6}-in.), and de- 
velops 110 brake horse-power at 1050 revolutions 
per minute. The cylinders are made separately of 
steel, and have copper water-jackets, the valves 
being placed on opposite sides in the usual manner, 
and worked from two cam-shafts. The majority of 
the details are in accordance with the usual Clement- 
Talbot practice, and the total weight is 390 kilo- 
grammes (860 lb.), or 7.8 lb. per brake horse-power. 

The larger motor has six cylinders, 155-millimetres 
in diameter by 185-millimetres stroke (6 in. by 
7}-in.), and develops 170 brake horse-power at 1050 
revolutions per minute. The valves in this engine 
are all placed at the top of the cylinders at an angle, 
and are driven by a cam-shaft along the top. The 
cylinders are cast in pairs. The weight is 467 kilo- 
grammes (1030 lb.), or 6 lb. per brake horse-power. 
Both these engines appear very well made, and are 
good examples of the vertical type. 

The Wolseley Tool and Motor Car Company, 
Limited, York-street, Westminster, London, 8. W., 
show two interesting motors, the smaller being an 
eight-cylinder diagonal, having cylinders 3} in. by 
5 in., capable of developing 50 brake horse-power at 
1350 revolutions per minute and 60 brake horse- 
power at higher revolutions, these powers being what 
can be maintained for long periods, The weight of 
the engine, with fly-wheel, pipes, and ignition gear, 
is 400 lb., and the weight Rinvine 8 ib. per brake 
horse-power at normal power. The cylinders are 
cast in pairs, all the valves being on the inside of 
the cylinders and underneath, and driven by 
rocking levers from one cam-shaft, laying above the 


is | 





crank-shaft. The larger engine is of the vertical 
type, having all the cylinders in line, and is also an 
eight-cylinder, having cylinders 64 in. by 7 in., and 
being capable of maintaining 180 brake horse- 
power for long periods at 1000 revolutions per 
minute. The cylinders in this engine are cast 
in pairs, and all the valves are on one side, driven 
from one cam-shaft. Water-jacketed covers are 
provided for the valves. Forced lubrication is used, 
there being two oil-pumps for supplying the oil to 
the bearings. This engine weighs 9 lb. per brake 
horse-power. In both these engines the greater 
part of the water-jacket is formed of sheet-metal 
screwed on to the casting, the only part cored being 
that round the valves. This saves the weight of 


Fig. 1. 

















Fig. 3. This arrangement avoids many of the 
objections to the ordinary form of diagonal engine, 
in which the valves are placed parallel with the 
cylinders and are driven direct, as it is possible to 
take the pipes out through the back and so male 
the parts about the cam-shaft more accessible. The 
valves at the top of the cylinders are also nwre 
accessible than when they are all placed inside, 
In this case a special form of combined inet 
and exhaust valve is fitted, which is shown 
in section in Fig. 5. The inlet-valve is rexlly 
inside the exhaust, which is tubular, the iwo 
valves each being worked by a rocking - lever 
from suitable cams. This arrangement enahles 
considerably larger valves to be used than would be 
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the cast jacket, and also allows of the cores being 
easily vented and removed. While in these engines 
weight has been reduced as far as the makers con- 
sider practicable, the parts are not cut down so as 
to make the engine too flimsy for practical work. 

A very good example of the air-cooled diagonal 
type of motor is the ‘‘ Pipe” engine, shown by the 
London Motor Garage Company, Limited, 33, War- 
dour-street, London, W. is engine, which we 
illustrate on the opposite page, has eight cylinders 
arranged diagonally on to the crank-shaft, the cy- 
linders, which are 100 millimetres in diameter and 
100 millimetres stroke (4 in. by 4 in.), being sepa- 
rate and air-cooled. A fan is fitted to the front 
of the crank-shaft, and the cylinders are enclosed 
in a casing, through which a rapid current of air is 
drawn. e valves are arranged at the top of the 
cylinders, and are driven from one cam-shaft by 
rocking-levers, as will be seen from the section, 
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possible with the ordinary arrangement of separate 
valves, unless the length, and consequently weight, 
of the engine was increased. he theoretical 
objection to it is that the incoming charge is heated 
by its passage through the hot exhaust valve, and 
in order to get the maximum power out of an 
engine the — should be taken in as cool 4s 
possible, especially in an air-cooled engine. Poss! bly, 
when running at full power, the rate of flow is so 
rapid that this is not of intpestanes. Ball-bearings 
are used for the crank-shaft and cam-shaft, as shown 
in the engravings. The weight of this engine 
is 131 kilogrammes (289 lb.), and the power 1s 
50 brake horse-power at 1200 revolutions, and 7() at 
1950 revolutions per minute. The weight per 
brake horse-power is therefore a little over 4 lb. 
Messrs. Gauthier and Co., 8, Great Marlborough- 
street, London, W., show a ‘‘Gnome” aero-motor, 
which we illustrate on page 418, and which 
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70-HORSE-POWER “PIPE” 8-CYLINDER MOTOR FOR AEROPLANES. 


THE LONDON MOTOR GARAGE COMPANY, LIMITED, LONDON. 
(For Description, see Page 413.) 
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is a very good example of the rotary type in 
which the crank-shaft is fixed, and the cylinders 
revolve round it. Thecrank-case is nearly circular, 
and there are seven cylinders arranged round it 
much like a star. The pistons in these cylinders are 
all connected to a single crank, which is fixed. The 
cylinders are turned out of pieces of nickel steel, the 
cooling ribs being all turned out of the solid, while 
the crank-shaft, crank-case, and, in fact, practically 
the whole of the engine, is also of nickel steel. 
The exhaust-valves are placed at the ends of the 
cylinders and are worked by rocking-levers, the 
parts being so arranged that the centrifugal force 
1s balanced and does not affect the motion of 
the valves. The inlet valves are placed in the 
og and are automatic, the mixture being 
ed from the carburettor through a hollow crank- 
shaft to the inside of the crank-chamber, from 
which it goes through the valve in the piston 
to the cylinder. he cylinders are air-cooled 
by the rapid revolution through the air. Ignition 
is by high-tension magneto, but coil and accumulator 
can be fitted if desired. The diameter of the 
cylinders is 110 millimetres (4% in.), and stroke 
120 millimetres (4? in.), and the weight 165 lb.; 
50 brake horse-power is developed at 1200 revolu- 
tions, the weight per brake horse-power being 
therefore 3.3 lb. A 14-cylinder pattern is also 
made with the same-sized cylinders, with a weight 
of 220 lb. and a brake horse-power of 100, the 
weight per brake horse-power being in this case 
2.2 lb. The general arrangement will be seen from 
Figs. 7 and 8, on page 418, which also show the 
—— fixed directly to the engine. 

his type of motor presents many very good points 
for a light engine, the first being, of course, the 
fact that the cylinders act as a fly-wheel, and there- 
fore the weight of a separate one is saved. The rapid 
revolution of the cylinders will also probably keep 
them sufficiently cool without water-jackets. All 
trouble with reciprocating parts is avoided, as the 
pistons and cylinders all move in circles, the rela- 
tive motion being obtained by the fact that their 
centres are not coincident. For these reasons 
this type of engine should theoretically be lighter 
than any other per horse-power, as it should be 
possible to run it at a very high speed. It is, in 
fact, rather surprising that, in the case of the 
particular engine described, the normal revolutions 
are stated to be only 1200. 

While the type possesses these theoretical advan- 
tages, however, there are many difticulties in making 
the machine thoroughly satisfactory, and the engine 
above described is certainly a very good example 
of how they can be dealt with. For most of the 
purposes for which engines are used, the fact that 
the engine has a fixed crank-shaft running through 
the middle of it makes it difficult to connect a 
driving-shaft, but this is got over by fixing the pro- 
peller directly to the engine. Ball-bearings are 
used to the crank-shaft to avoid lubrication troubles. 
Whatever may be the future of this type, it is cer- 
tainly a most interesting one to study. 

We have dealt in another article on page 426 of 
the present issue with the marine motors, which 
form such an important feature in the Exhibition 
now open at Olympia. 








Tue InsTITUTION OF Civi, ENGINEERS ; BRiIsToL, West 
or ENGLAND, AND SoutH WALES ASSOCIATION OF STU- 
DENTS.—On March 31 the second lecture by Sir Whatele 
Eliot, on ‘‘The Design anc Construction of Docks,” will 
be delivered at Cardiff at 7.30 p.m. 


Tar JuNIOR INSTITUTION OF ENGINEERS.—A large 
number of members of this Institution, with the per- 
mission of Messrs. J. and E. Hall, Limited, recently paid 
a Saturday afternoon visit to their refrigerating machi- 
nery and automobile works at Dartford. Under the 
guidance of Mr. Hesketh, the managing director, and 
members of the staff, they were shown over each depart- 
ment, the machinery being kept running, in order that 
the various special processes coild be seen in operation. 
These included in the boiler-shop the electric welding and 
bending of the coils, coil testing, and acetylene welding ; 
in the automobile machine-shop, a capstan- 
lathes and other tools, jigs, special tools and gauges ; in 
the large machine-shop attention was directed to a com- 

ressor boring-lathe, high-speed planers. A complete 

machine was shown running in the erecting-shop, and 
the method of testing was fully explained. In the power- 
house two sets of Willans and Robinson engines coupled 
direct to dynamos of 220 kilowatts capacity were seen. 
the heavier machines are driven by independent electric 
motors, and the rest in groups by the same form of motive 
wer. At the conclusion of the visit the chairman, Mr. 
Fk R. Durham, expressed their appreciation of all that 
had been done to render the occasion so interesting and 
enjoyable. Mr, Hesketh responded. 





THE LATE MR. JOHN A. C. BLUE. 


Many engineers will regret to hear of the death of 
Mr. John Alexander Craig Blue, A.M. Inst. C.E., who 
was well known, especially in railway and harbour 
engineering circles, because of his thirty-five years’ 
connection with the late Sir Thomas Lucas and with 
Sir John Aird. This connection enabled him to do a 
large amount of important work towards the develop- 
ment of transport in this country, and also gave him 
the opportunity, as chief engineer for the contractors 
on the Assouan Dam, to assist in the valuable service 
rendered to Egypt by British engineers by the con- 
— of perennial irrigation works along the Nile 

Talley. 

Mr. Blue was born at Campbelltown, on the West 
Coast of Scotland, on March 14, 1850, so that at the 
time of his death he had just completed his fifty-ninth 
year. His training began in 1863, when he entered the 
engineer’s office of the Great Eastern Railway at 
Norwich, and there he continued for five years. For 
the following six years he was employed in con- 
nection with new works, extensions, and widen- 
ings on the same railway. In 1874 he became engi- 
neer and manager to the Dartmoor Granite Company, 
a position wile had advantages in increasing the ex- 
perience necessary for his subsequent constructional 
work. He only remained at Dartmoor for one year, 
and in 1875 began that association with Lucas and Aird 
which continued without break until the date of his 
death. His first appointment was in connection with 
the Norwich and Felixstowe Railway, on which he was 
engaged from 1875 to 1877. For the three followin 
years he was on the Kettering and Manton branch o 
the Midland Railway, and between 1880 and 1882 he 
took charge of the widening of the London, Chatham, 
and Dover Company’s line between Sevenoaks and 
Maidstone, while for the three succeeding years he 
was in charge of corresponding work on the Maid- 
stone and Ashford branch. During six months in 1885 
he was assistant engineer at the Tilbury Docks of the 
East and West India Docks Company. From there 
he proceeded to Egypt, in order to take up the work 
of constructing the Suakin-Berber Railway. It will 
be remembered that when this line had been con- 
structed for 14 miles up country work was abandoned, 
to be resumed several years later for military reasons. 

On Mr. Blue’s return to this country he took up 
again the work at Tilbury Docks, where he continued 
for three years. His next work was in connection 
with the widening of several of the Devonshire lines 
of the South-Western Railway, notably those in the 
Ilfracombe and Barnstaple districts. He was next in 
charge of the work on the Shortlands and Nunhead 
Railway, and proceeded thence to Scotland, taking up 
one of the sections of the new West Highland Railway. 
This line, begun in 1892, was one of the longest new 
railways constructed in this country in recent years, 
and is through very difficult country, by reason largely 
of the narrowness of some of the glens or gorges 
through which the line passes.. This was notably the 
case in the Fort William section, of which Mr. Blue 
had charge. The work was satisfactorily accomplished, 
and on its completion Mr. Blue made a voyage to 
Africa. He had charge on the Marlborough and 
Grafton Railway in 1896-7. 

In the latter year he proceeded again to Egypt, this 
time to take control, on behalf of Sir John Aird, 
of the important work of constructing the Assouan 
Dam. There is little need to describe this work, even 
as an indication of the resource and administrative 
experience displayed by the subject of this memoir, 
because the story of the construction of this dam is 
now well known. Mr. Blue was essentially a man of 
organisation, and never failed to impress upon those 
with whom he was associated the need for systematic 
methods. In an undertaking where such a great army 
of workers was engaged there was need for this system, 
and to it, as well as to the sound practical engineering 
experience which he brought to bear on each problem, 
may be attributed a large measure of the success in 
the construction of the dam. When Mr. Blue returned 
to this country he proceeded to Avonmouth, to take 
charge of the construction there of the new docks for 
the Bristol Harbour authorities, works which were 
opened by the King last summer, and were on that 
occasion described in ENGINEERING. He continued on 
the works until the date of his death. He did not 
enjoy very robust health in recent years, but found 
Avonmouth more suitable to his constitution than 
most other places. On the 13th, when on a visit to 
London, he got a chill, which developed into pneu- 
monia, from which he died on Saturday, the 20th. 
His wife predeceased him some twenty-five years ago, 
and his only son is a member of Sir John Aird’s staff, 
and was associated with his father in the construction 
of the Assouan Dam, and continued in Egypt on other 
works for the firm. 








Pgrsonat.—Messrs. Davis-Perrett, Limited, inform us 
that they have changed their address to Caxton House, 
Westminster, 8. W; 





‘“TRIALS OF A STEAM-TURBINE PLANT.” 
To THE EpiToR oF ENGINEERING. 

Srr,—I must apologise to Mr. Storie for the mistake 
in my letter of Mareh 8. If the efficiency ratio be calcu- 
lated in the way Mr. Storie suggests, then undoubtedly 
the figure given in his report is correct. It is also, of 
course, true that the Committee of the Institution of 
Civil Engineers recommends that the upper limit of 
pressure and temperature should be taken close to and 
on the boiler side of the main stop-valve ; but the report 
was drawn up for steam-engines, and not steam-turbines, 
and between a steam-engine and a steam-turbine of the 
Parsons type there is a t difference in respect to the 
upper limit. If the turbine is supplied with steam so 
much out of proportion to its requirements as 198 |b. 
(line 104) when it only requires 117 Ib. (line 106a) to give 
full load, it is certainly not logical to penalise the tur- 
bine with it. It would be just as unfair to take the 

ressure at the boiler in those cases in which a very high 
ie pressure is carried, and the steam throttled down 
to the engine. Again, the efficiency ratio, calculated 
from line 104, has no value or meaning whatever ; it 
cannot be compared with another turbine, because no 
account is taken of the large amount of heat degraded. 
It has no scientific value, and is quite useless to the 
designer. On the other hand, the figure given in my 
letter has a definite scientific meaning; it can be con- 

red with another turbine, and it is of value to the 
designer. It is the true efficiency ratio. 

Mr. Storie asks me to what portion of the plant I 
would debit the loss between the valve and the first 
expansion. The word “loss” hardly expresses the case. 
Theoretically there should be no loss, in the sense that as 
much heat enters the first row of blades in either case. 
Actually there is a slight loss—2.8 B.Th. U. in the present 
case. In any case, whatever it is, it should be kept 
separate, and not put on to the turbine, The real thing, 
however, is the heat degraded, which, in the present in- 
stance, means from about 400 B.Th.U. available, on the 
boiler side of the throttle-valve, to 359 B.Th.U. on the 
turbine side—a difference of about 41 B.Th.U. It is 
obviously not fair to debit the turbine with this, since it 
is put outside the possibility of using it. The quantity, 
41.B.Th. J., of course, actually appears in the best re- 
jected to the condenser. 

Yours faithfully, 
Ernest R, Briacs, 
60, Cadder-street, Pollokshields, Glasgow, 
March 22, 1909, 








DEVELOPMENTS IN MARINE SAFETY- 
VALVES. 
To THE EpiIToR OF ENGINEERING. 

Sir,—The object of our previous letter was simply to 
criticise what to us was a very interesting invention, 
certainly without offence to the writer of the original 
article, whom we know as a very able engineer, and, 
therefore, in pointing out very obvious defects in the 
device, it never occur to us that the defects would not 
have been evident to Mr. Gibson. With this admission 
on our part, we trust that Mr. Gibson will give us the 
credit of probable sufficient knowledge to at least guess 
at other difficulties, which may, or may not, have been 
surmounted, as we also hope that the details in his 
preamble were not particularly directed to us because of 
the fact that we chose to write our omy pe letter in plain 
language, which might be thought to be non-technical. 

It appeared to us from the original article that the 
safety - valve described had been designed primarily 
with the object of getting over the accumulation 
test, and on the results obtained, as given in the 
article, we passed no comment. We would not like 
to say that with the ordinary pattern safety-valves such 
absolutely admirable results have been obtained as de- 
scribed by the original diagram ; but we have known of 
results being obtained with the lip-valve in such tests as 
near perfection as one n hope to obtain in an auto- 
matic arrangement. The problem is that a safety-valve, 
to be the fitting for which it is intended, must blow off all 
the steam generated in a boiler over the pressure at which 
the valve is set. If you admit that in a locomotive the 
safety-valve blowing into the open air fulfils its duty 
admirably, the probability is that, as Mr. Gibson dis- 
covered in the case of marine valves, the waste steam does 
have an effect on the valve-opening. It appears to 
us, then, that what is required is to get rid of the 
waste steam quickly, and it is quite certain that if the 
waste-steam are made of ample area, accumula- 
tion of pressure to any extent will be avoided, and the 
condition of the locomotive practically reverted to. Asa 
matter of fact, the lip and cup valves are designed exactly 
for the conditions of marine safety valves; the lip proper 
is not now considered necessary in open-flow safety- 
valves, a cup to direct the steam upwards being all that 
is necessary. In these circumstances, then, we would con- 
tend that the lip safety-valve will under the ordinary 
conditions, whether of accumulation tests or working 
tests, give results quite near enough to perfection, and at 
the same time be more reliable than the balanced valves, 
in which you revert somewhat to the conditions ol 
those bugbears to the marine engineer—viz., reducing- 
valves. In considering the problem thus we do not 
think it necessary to consider the details as to the valves 
opening and shutting given in Mr. Gibson’s letter, for it 
is obvious that in designing and making lip-valves also 
the conditions of working must be taken into account. In 
the lip of the valve you have admitted power to lift it, 
and, properly designed, it is quite certain that it will 
close with a minimum of loss, as, indeed, these valves have 
done for years. It is not enough to recommend a new 
invention that a number of valves, doubtless very care- 
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fully made and tended, give results better than the 
general ; rather, in this instance, the contrast, we should 
say, is with safety- valves which apparently do not 
work properly. In properly-constructed safety- valves 
ot good material we have never found the state of the 
faces to differ from stop-valve faces after use ; the chat- 
tering action can only take place under abnormal con- 
ditions or with defective valves, and the origin of defects 
must be common to both the lip and the nced valve. 
In this connection Mr. Gibson’s reference to the organ-pipe 
note is clever, if intentional ; but we think he is wrong, as, 
if he gives us the name of the note, we could probably 
give him particulars of the vibration of his waste-steam 
pipe. 
: We are not aware that conditions as to boiler units and 
evaporation have altered so very much in these last two 
years ; we have records of muc r valves at higher 
pressures being in use previous to Mr. George Cockburn’s 
death. We have a record of a set of 34-in. triple safety- 
valves of the ordinary pattern ing 45,000 lb. of steam 
yer hour within the specified fimit of accumulation and 
ale oil-fuel. We have really no desire to criticise in 
detail Mr. Gibson’s statements in his interesting letter, 
but we cannot avoid remarking on the particulars of the 
full-power trial which he gives, that it appears to us that 
it might also stand for a description of a trial with good 
working safety-valves of the ordinar ttern. 
e are, Sir, yours fathfully, 

A. CockBuRN AnD Co. 

Thistle Valve Works, Gateside-street, Glasgow, 
March 23, 1909. 








‘‘ THE VIBRATION AND WHIRLING OF 
SHAFTS.” 


To THE Eprtor oF ENGINEERING. 

Sir,—In your issue of March 5, Mr. Wallace stated 
that in my text-book, ‘‘ Strength of Materials,” I entirely 
overlooked a fact in calculating a frequency of vibration. 
In reply I have pointed out that he was quite mistaken, 
and that the fact was outside the arbitrary assumption 
made to obtain a simple approximate solution. In your 
issue of March 19, Mr. allace tries to transfer his 
criticism toa quite different point—viz., to the assump- 
tion; it would be very easy to reply to this new point, 
but I decline to be drawn off the firm ground on which 
stand with regard to the original point of controversy. 
Mr. Wallace further says I am wrong in stating that he 
contradicts himself. hat I did say, as your will 
show, was that Mr. Wallace’s supposed correction of my 
work was in violation of his own account of a certain 
method—viz., that used in my book, preceded by a defi- 
nite assumption. It is quite futile io Mr. Wallace to 
attribute to me a statement which I have not made, and 
then to say, surely I know I am quite wrong in making it. 

Yours faithfully, 
ARTHUR MORLEY. 

University College, Nottingham, March 22, 1909. 








“THE CONSTITUTION OF STEEL. ” 
To THE Epitor OF ENGINEERING. 

Str,—Professor Arnold’s remark in his recent lecture 
at the Royal Institution on the ‘‘ Mysteries of Metals,”* 
to the effect that the “‘allotropic theory” of the constitu- 
tion of steel ‘‘has gone by the board” appears to have 
passed unchallen by the acknowledged leaders in 
metallurgical science. As this pronouncement has received 
very wide publicity, and as the question of the constitu- 
tion of A is one of deep importance, it seems that the 
point is worth a moment’s consideration. 

I do not intend here to take up the big task which a 
thorough discussion of the existing knowledge of the 
constitution of steel would involve, but it occurred to me 
that a balance-sheet, showing on one side the supporters 
of the “‘ allotropic,” and on the other the adherents of the 
“carbon” theory, would epitomise the position to which 
Professor Arnold’s statement refers. 

Following is a list of authors whose original investiga- 
tions or discussions have been published during the last 
five years or so, and who either implicitly accept or claim 
allotropic views :— Bauer, Benedicks, Senitan, Breuil, 
Campbell, Carpenter, Charpy, Le Chatelier, Dumas, 
Heyn, Howe, Goerens, Gowland, Guillet, v. Juptner, 
Kurbatoff, Ledebur, Osmond, Portevin, Roozeboom, 
Sauveur, Stead, Tammann, Upton, Wiist. 

On the other side, the only carbonists I can find in the 
sime period are :—Arnold, field, McWilliam. These 
lists are, perhaps, not exhaustive, but they are sufficiently 
representative to show that the allotropic 5 has not 
—— by the board” in the sense intended by Professor 

rnold, 

Doubtless, until the publication of any complete 
“‘carbonist” or other theory from which the principle of 
allotropy of iron is absent, which shall at once explain 
what we know, not only about the carbon steels, but also 
about the alloy steels, as aa nee does, 
the allotropic theory will continue to be regarded by the 
majority as their working basis. As a matter of fact, no 
such non-allotropic generalisation of the constitution of 
steels (including alloy steels) has as yet been put forward. 


‘ Yours truly, 
Woolwich, March 20, 1909. F. Rocers. 





“THE PROCEEDINGS OF THE INSTITU- 
TION OF CIVIL ENGINEERS.” 
: To THE EpiToR OF ENGINEERING. 
Srr,—Permit me to applaud and endorse the sentiments 
of “ Antiquarian,” and to ask—as one now well stalled in 





* See ENGINEERING, vol. Ixxxvii., pages 145 to 148, 
January 29, and pages 170 to 173, February 5, 1909, 


the slough of early middle age, beyond the period of ado- 
lescence, and able to view with philosophic calm the ex- 
— and suppressed emotions of my youth, and who 

as served in several capacities, perhaps not without 
some use, the interests of the Institution during the last 
twenty-two years—who are these iconoclasts, these here- 
tics, ready to disturb the present comfortable maintenance 
of things, in this best of best possible worlds? 

Are not our Proceedings standardised and based —_ 
precedents extending over seventy years? and though they 
may contain the expression of opinions and views, upon 
pe meee | subjects, reiterated by the same authorities 
during the last yee By these opinions are sound British 
opinions, and are worthy of repetition. 

I protest against the suggestion that we should make 
excursions into foreign domains for the purpose of seeking 
and adopting improvements. Our P ings contain 
the quintessence of all that is solid and sound in matter 
and production. I share with “‘ Antiquarian ” the feel- 
ingof reverence upon entering the portals of our t 
Institution, and I, who am blessed, or cursed, with an 
artistic temperament, approach those shrouded statues 
and busts in the vestibule—miscalled ‘‘strange things in 
marble”—with the same feeling of admiration as I handle 
a piece of Old Chelsea, Crown Derby or Worcester china ; 
or gaze upon the swelling curvature of the legs of an old 
Queen Anne chair. dream of those early and 
mid- Victorian heroes whose portraits surround the walls 
of the theatre. 

After a strenuous day, involving graphical demonstra- 
tions, and abstruse problems in secon stresses, how 
refreshing and soothing to drop into a seat at one of the 
meetings with the feeling of browsing upon sleek pas- 
tures, and listen to gentle, courtly lish—so delight- 
fully reminiscent of White’s ‘‘ Natural History of Sel- 
borne ”—evolving some quaint anecdotes incidental to 
the difficulties of mixing concrete or puddling a trench 
thirty or forty years ago! Otempora! O mores! 

No! Let us not embrace strange gods, unnameable 
and new; for surely, if we do, a time will come when 
it will be n to write, in letters of black, across 
the entrance of our dear Institution—Sic transit gloria 
mundi ! 

I love and revere things monumental, and subscribe 
myself DovusLe ELEPHANT. 





ON THE ACTION OF SAILS AND 
AEROPLANES. 
To THE Epitor OF ENGINEERING. 

Sir,—It was mentioned in my letter of January 1, 
1909, how it was discovered that the rarefaction of the 
air on the leeward side of a yacht’s sails, when sailin 
close-hauled, causes about 95 per cent. of the norma: 
pressure upon them, whereas the direct pressure result- 
ing from the momentum f m A 2 sin? a, acting on 
the windward side of the sails, only causes 5 to 6 percent. 
of the normal thrust, f is found by experiment to vary 
from 0.9 at small angles of incidence a to 0.45 when 
a = 90 deg. ; mis the unit of mass, A the area, and v the 
velocity of the air current. 

The momentum necessary in order to overcome the for- 
ward and lateral resistances of the yacht is obtained by 
diverting the resultant wind towards the rarefied space, 
and some portion of it moves along the leeward side of 
the sails in a direction partly opposite to that of the 
yacht. Asa matter of fact, the resultant wind sucks or 
drags the air from the leeward side of the sails, but is 
thereby itself diverted, as already explained. 

The following formula for the entire normal pressure T 
was established and published in ENGINEERING of Octo- 
ber 11, 1889:—T = fm A v? sin? a + R, where the first well- 
known addend represents that part of the pressure T 
which results from direct impact, whereas R represents 
that part which results from the rarefaction. In order 
now to have this formula, &c., confirmed by more accu- 
rate experiments, I laid, in the year 1894, the whole of 
this aerodynamical matter before Mr. Irminger—who is 
an excellent experimenter and director of a gas-works, 
where some of the required implements were at hand— 
and I asked him to undertake experiments as regards the 
exact value of the above rarefaction under different angles 
of incidence. He consented, the above formula was con- 
firmed, and he extended on his own initiative the experi- 
ments to structures and buildings. These experiments 
were published in ENGINEERING of December 27, 1895. 
The National Physical Laboratory has, however, also 
confirmed the above. 

When the above formula is brought in’ connection with 
the general formula for the collected pressure, R can be 
determined. Such an empirical formula is, for instance :— 
Ta = qsina T, where T is the known normal pressure for 
a = 90; qis a coefficient varying from 2.8 to nearly 2.2, 
when a varies from 6 deg. to 35 deg., and q varies from 
2.2 to 1, when a varies from 35 deg. to 90 deg. As sin 
35 deg. = 0.57, and 2.2 x 0.57 = 1.25, it is seen that the 
normal pressure is greater at an angle of incidence of 
35 deg. than at 90 deg., and the reason of that will be 
given at the end of the letter. Tornaby & 

In the little country of Denmark, where there is neither 
coal nor water-power of any significance, but very much 
of wind, it is quite natura] that this power should have 
been utilised. The deceased very able Professor La Cour 
rt of the Government, the 


investigated, with the sup’ 


of 4 — } the disc area revolves pv egt ery | to a wind of 
8 , then physicists would think that the area A of 
the sails would only able to receive a portion of the 
energy, 4 m A + per second contained in an air current of 
the same sectional area A ; but the energy yielded per area 
A of the sails is 1.7 times greater than the energy 4 m A 1% 
per second. 

This proves that the energy of the wind passing be- 
tween the sails is utilised im forming a rarefaction on 
their lee side, and this is furthermore made clear from 
the fact that there is almost a complete calm on the 
lee side of a windmill, thus showing that the energy of 
the wind passing between the nile has been taken up 
by them. 

In order to obtain maximum efficiency of the above 
type of windmill, the speed of its sail tips should be nearly 
2.7 times that of the wind, whereat the point of effort 
speed of the sails becomestwo times that of the wind, but the 
resultant speed of a current of ene able to strike the 
sails, say, at their point of effort, is thereby increased to 
a little more than 27, but say 2v, and it is simulta- 
neously narrowed to 4m A (2v)® x sina, where a is the 
angle of incidence, and the component of same acting 
normally to the sail is} m A8~* sin?’a. When now a= 
7 deg. this becomes 4m A8 r* sin?7 deg. = 4m Av x 
0.12, or only 0.12 of the above } m A v', and as the energy 
of the windmill per area A is 1.7 times greater than 4 m 
A + per second, it becomes 1.7 : 0.12 = 14.2 times ter 
than the resultant energy 4 m A 8v* sin? 7 deg. being the 
only part able directly to act upon the sails. It will now be 
understood from these facts, which should not be ignored, 
that the action of sails working under a small angle of 
incidence almost entirely depends upon the rarefaction on 
their lee side. 

When an area A moves in the direction of the wind +, 
which thereby strikes the area perpendicularly, or at an 
angle of incidence a = 90, then the rarefaction, as con- 
firmed by Irminger, only represents 55 per cent. of the 
entire pressure, and the energy yielded by such an area 
only amounts to 0.14 of that performed by the same area 
moving perpendicularly to the wind, and with about six 
times greater speed in its point of effort: Let the speed 
of the area A moving with the wind V be z, then the 
pressure on same is about 0.83 m A (v—)?, where 0.83 is 
an empiric coefficient, m the unit of mass, the energy P 
then becomes P = 0.83 m A (v-a? x. Differentiating 
this equation in order to find the value of z, which gives 


0.83 m A (r®?-4 


maximum efficiency, we obtain aP 
dz 
x + 32°); this equalised 0 gives x = as which, inserted 


into the equation, P gives P = 0.12m A+. When re- 
volving perpendicularly to the wind, the energy per area 
A of the windmill is 1.7 times greater than 4 m A v*, or 
0.85 m A v*; but when an area moves with the wind its 
energy per area A is only 0.12 m A +*, or seven times 
smaller under the above circumstances. It follows from. 
this that a horizontal windmill cannot be so profitable as 
a vertical one. 

One more example on the influence of the rarefaction on 
the lee side of sails may yet be — The figure is a sec- 
tion through the sail of a windmill, with no pitch at all, 








but these sections are circular ares of about 40 deg., with 
their chord s perpendicular to the direction of the wind 
PF nsnhiittins 
Ss 
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V. Such a mill does, of course, not of itself turn right 
nor left, but give it a push either right or left and it will 
not only turn, but perform a work nearly one-third of 
that of a good windmill. 

The wind passing between the sails is utilised in creat- 
ing a rarefaction on their lee side, for which reason an 
almost complete calm behind the mill is the uence. 

e reason of the work being only one-third of that of a 
windmill is that the rarefaction, although most 
intense near the leading edge, is distributed all over the 
lee surface, so that part of it ee the revolving motion. 

It now remains to be proved why it is that the normal 
pressure is greater at an angle of incidence a = 35 deg. 
than what it isat a = 90 deg. In the well-known formula 


~ m v2 
| Pde=- oe 
“ % 

P ds is independent of the time, but in the above- 
considered corresponding expression 4 m A v sin? a=Ps 


for the energy in an air current acting on a surface under 
an angle a, the area with the pressure P may be con- 


different methods of using the wind-power. Probably all | side: moving (relatively to the air) the distance s per 
farms will, in course of time, provided with wind- | second, or with the velocity v, whereat Pv = 4m A v® 
mills, here and there driving an electric dynamo, charging | sin? a, and P = 4m A v* sin? a; but the air is elastic 
an accumulator after the design of La r, from which | and to rebound at the same angle a at which 


wer is taken in cases where there is but little 
t would take us too far to enter upon an examina- 


electric 
wind. 


tion of his extended and interesting investigations ; only a 
few important results shall be mentioned. 





When a windmill with four sails having total sail area 


su 
it strikes, wherefore P = m A v* sin* a, but it is scarcely 
correct to omit the factor }, as presently to be seen. 
Suppose the atmospheric — resting on each side 
of an area A to be c AH, where c is the weight of a cubic 





unit of air and H the pressure height. Now move the 
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area A normally to itself at a speed v corresponding to a 
pressure height h = “; then, on the pressure side, the 


prep me 
corresponding pressure will be cA (H +h), and on the 
suction sidec A (H~h). The difference gives the total 


pressure P =c A (H +h)-c A(H - h=2eAh=cA— 


where direct action and rarefaction each constitutes half 
of the total pressure (experiment attributes 55 per cent. 


to the rarefaction), as ° = m we get P = mAv for the 


total pressure, so that P = 4m A v? must be the correct 
value for that part of the pressure P resulting from direct 
impact. 

hen the area A be turned to an angle a, the normal 
pressure resulting from direct impact becomes Pg = 4m 
A 7 sin? a (formerly expressed f m A v* sin? a) ; but when 
thus turned the rarefaction upon the suction side is not 
reduced, but, on the contrary, considerably increased, 
because the air current passing the leading edge drags 
the air from the lee side and thus increases the rarefac- 
tion; and as this aay air current obtains a much better 
grasp. upon the lee-side air, when the area is turned a 
certain angle a < 90 deg. relatively to the air current, 
than when a = 90 ; it is thus understood why the rare- 
faction is much intenser at the smaller angle a = 35 deg. 
than at a = 90 deg. 

In ment with the laws of Nature, a current of 
fluid will drag a body of fluid after itself, and thus be able 
to remove fluid and cause rarefaction or diminution of 
pressure upon the lee side of a surface. Mr. Phillips 
once mentioned that he had constructed a propeller where 
the pressure side of the blades had no pitch at all, con- 
sisting of planes perpendicular to the propeller axis, but 
the suction side of the blades had curvature, which was 

test (had the smallest radius of curvature) near the 
eading edge, and, when revolving, this propeller gave a 
considerable thrust. Major Elsdale has, with the same 
result, confirmed this with a similar Pomme oad in air. 
Besides the said drag, centrifugal force does also, as men- 
tioned in my letter of January 1, 1909, cause diminution 
of pressure, chiefly on the lee side of a revolving propeller 
surface, and it is the most important agent. 

It needs hardly to be said that the late Professor La 
Cour, as well as other scientists here, look upon the said 
as an established fact, which also is taught at our Poly- 
technic High School. As soon as it is agreed upon as to 
how a sail works, the correct view as to the action of other 
peo llers will follow of itself, because all propellers—a 

ird’s wing, the sail of a mill, a yacht’s sail with the wind 
abeam, a screw propeller blade, &c.—all work in the same 
manner, and chiefly by means of suction. 

Seeing that this letter has been long, the question con- 
cerning the utilisation of the natural wind differences by 
means of aeroplanes must be left to another letter. 

I am, Sir, yours faithfully, 
H. C. Voer. 








ALLOWABLE PRESSURES ON WHEEL 
TEETH. 
To THE Eprror OF ENGINEERING. 

Sir,—Can any of your readers inform me where I can 
obtain reliable practical information regarding the maxi- 
mum allowable tooth pressures on machine-cut gear- 
wheels for various pitches, speeds, materials, &c., to give 
a reasonable life to the gearing ? 

I remain, yours truly, 
MvuLtTuM IN Parvo. 








PERMANENT- Way Diacrams. By Mr. Frank H. Frere, 
M. Inst. C.E. ndon: Messrs. E. and F. N. Spon, 
Limited, 57, Haymarket, S.W. [Price 3s. net.}—A useful 
set of diagrams for application in connection with perma- 
nent-way work have just been published by Messrs. EF. 
and F. N. Spon. ese have been prepared by Mr. 
F. H. Frere, AL Inst. C.E., of the Midland Railway 
Engineer's Office, Derby. They are published in the 
form of two linen-mounted folding sheets, bound in a stiff 
cloth cover, and in use will doubtless result in the saving 
of a considerable amount of time and worry, owing to 
their simplicity. The two most important diagrams are 
designed to give the spread of crossings for turn-outs 
of different radii off the s* aight, or off a main line curv- 
ing either to right or left. These diagrams cover curves 
for the main line in either direction, of from 0 to 200 
chains, and for radius of turn-out in the same direction 
as the main line of from 0 to 35 chains, and in opposite 
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THE CONSTRUCTION AND WEAR OF 

ROADS. 


At the ordinary meeting of the Institution of Civil 
Engineers, held on Tuesday, the 23rd inst., Mr. James 
C. Inglis, President, in the chair, the — read was 
**Construction and Wear of Roads,” by Mr. H. A. R. 
Mallock, F.R.S. The following is an abstract of the 


r :— 
Phe subject is considered from a theoretical point of 
view with regard to the foundation of the road, its sur- 
face, and the character of the traffic. 

It is stated that the proper function of the foundation is 
to form a buffer between the natural ground and the 
surface of the road, and that within the thickness of the 
foundation there should be a gradual change in the pro- 
perties of the material employed from those of the natural 
ground to that required at the road surface; and further, 
that the proper thickness to be given to the foundation 
should depend on the elastic limits and breaking strain of 
the ground and foundation material. 

The various substances used for road surfaces are con- 
sidered, and the nature of the wear caused by different 
classes of traffic is shortly described. The contrast between 
the wear caused by hard and soft tyres is noted, and the 
effect of speed is taken into account. 

It is stated that rainfall and watering on roads always 
result in increased wear, which is most noticeable on 
macadam and other non-waterproof surfaces. 

The effect of the cross-section of roads is considered in 
relation to surface drainage, and the rate at which such 
drainage takes place is given for one or two particular 


directions of 0 to 75 chains, and 0 to 40 chains from the | cases. 


straight. Thus, given the radii of the main line and of 
the turn-out, the spread of the crossing may be obtained 
by following down the vertical on the diagram for this 
particular radius of the main line to the intersection of 
the horizontal for the radius of the turn-out, when the 
spread will be given by the relation of this point of inter- 
section to the plotted curves on the diagram. Naturally 
results for the alternative problems may also be obtained 
from these dingrains such as, for instance, given the 
radius of main line and the spread of a crossing, find the 
radius of the turn-out. The second folding-sheet is a 
diagram for converting chains into inches to various scales 
and ranges from scales of 6 in. to 1 mile,to 8 ft. to 1 in., 
eleven scales being given. In this di n distances of 
from © to 240 chains are given, and the corresponding 
inches from 0 to 400. A tabulated list inside one cover 
ee the an pee and switches for crossings from 

in 4 tol in 16. These are given both for main-line prac- 
tice and for sidings. It will be gathered from these 
remarks that this publication will facilitate work to a 
considerable degree, being much more expeditious in use 
than tables or formule. 





It is suggested that roads with a hollow cross-section, 
drained by a central gutter covered by a continuous 
grating, would be worthy of trial, as tending to prevent 
the accumulation of mud and water close to the footways, 
and as giving the greatest facilities for keeping the whole 
of the roadway clean. 

The causes of the formation of dust and mud are 
examined, and their origin is imputed almost entirely to 
the grinding and crushing action of iron tyres and iron 
horse-shoes. 

The diffusion of dust is shown to be chiefly dependent 
on speed and on the width of the tyres, and, in a 
minor degree, on the form and ground-clearance of the 
vehicles. 

The conclusion drawn from the whole of the evidence is 
that the chief enemies of 8 are iron tyres and 
iron-shod horses, or, indeed, any forms of traction which 
cause very intense local pressure on the road surface. The 
view is ex that with soft tyres the wear on any 
good road is extremely small, and with pneumatic tyres 
still less, but that as long as iron tyres and iron-shod 
horses are used for traction, the best means of preserving 














a clean and unbroken road surface is to be found either 
in the applications of tar (many of which have already 
been made with considerable success), or in some other 
method which will give the same large limits of elasticity 
and rupture to the upper layer of road material. For 
roads used exclusively by soft tyres there is a far wider 
choice of suitable road material than where the surface 
is exposed to very intense pressure. 








THE Use OF ACETYLENE LIGHTING ON SuHIPs.—On 
Wednesday night, the 24th inst., we had the opportunity 
of seeing in use, for enabling the loading of cargo by 
night, powerful acetylene lamps made by the Imperial 
Automatic Light, Limited, 123, Victoria-street, S.W. 
The lamps were in use on board one of the steamers of 
the Batavia Line, and proved to be most satisfactory for 
the purpose for which , were intended. The evening 
was one which tested the lamps severely, with squalls 
of wind and rain, but the lights proved to be quite 
storm - proof, though unprotected by glass or other 
screen. The lamps are portable, and two men can 
move the largest size, giving about 2500 candle-power 
when charged. Various fittings were shown in use, such 
as large single-burner standards, or double-burner stan- 
dards, or, again, fittings of two 1100-candle-power burners 
arranged for suspension over the hold of the vessel and 
connected to their generator by means of armoured rubber- 
hose. The 2500-candle-power lamp and generator com- 
bined, charged, weighs about 186 Ib. It will burn fortwelve 
hours, consuming about 2} Ib. of carbide per hour, which 
gives an approximate cost of 44d. perhour. The generators 
of the lamps are extremely simple, and are on the prin- 
ciple of the old chemical laboratory generators, in which 
liquid is admitted to an inner vessel during generations 
but expelled therefrom by the gas itself when the cock is 
turned off. In these generators the carbide is placed in 
a galvanised vessel, which is placed in a tank. A bell is 

laced over the smaller vessel, and from this the gas 1s 
; me off through a vertical pipe. Clamps fix the whole 
arrangement rigidly. Water is placed in the large tank, 
and, on opening the stop-cock, rises in the small vessel, 
containing the carbide, thus starting generation of acety- 
lene. The carbide is stood on a grid, and is out of the 
water before bubbles of will pass under the lip of 
the bell and escape to Sob. e top of the tank is 
open to the air, and the volumes of the inner vessels are 
el cual proportion, as far as we can judge, to prevent 
any escape bytes on turning off, which, even if it did 
escape, would, under the circumstances, be harmless, «5 
the lamps are used in the open, and an odd bubble or so 
of gas would not be likely to ignite. The lamps seem to 
be very well suited to the work on board, such as loading, 
unloading, &c., as we saw them in use at the Custom 
House Wharf on Wednesday evening 
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We publish above a reproduction from a photo- 
graph of a combined horizontal drilling, boring, milling, 
and screw-cutting machine, recently made by Messrs. 
William Asquith, Limited, Highroad Well Works, 
Halifax, for Japan. It is of good proportions, being 
designed for high-speed cutting. 

The spindle is provided with hand and variable self- 
acting traverse, with a large range of feeds, and the 
traverse can be lengthened quickly by getting a second 
grip on the spindle. The end of the spindle is bored 
out to Morse standard taper, and is suitable for re- 
ceiving boring-bars, twist-drills, milling-arbors, &c., 
by the use of sockets, with a special arrangement, 
whereby boring-bars equal to solid bars are driven. 
The adjustment of the spindle is effected by a large 
hand-wheel, rack and pinion, and there is a fine ad- 
justment under immediate control. Thespindle works 
in a sleeve of large diameter, with substantial conical 
bearings at the front and the back. These are accu- 
rately ground, adjustable for taking up wear, and keep 
the spindle in alignment, with steady bearing. 

There is a strong work-table, arranged with suitable 
T slots for securing the work. The table is handily 
and quickly adjustable in each direction, for facilitating 
the setting of work, and has longitudinal and trans- 
verse traverses, as well as variable self-acting feed- 
motion in each direction, the self-acting feed-motion 
being variable from fine for heavy plain slab-milling 
in steel, to coarse for edge-surface railing in cast iron, 
with provision for firmly locking together. This 
arrangement is very rigid under the cutting action of 
the tool. The table is easily adjusted by means of 
screws and nuts of large diameter, and of great wear- 
ing surface, which run in special ball-bearings. Power 
motion is always provided for the vertical adjustment, 
on account of handiness and saving of time compared 
with machines of similar class where only hand lint 
ment is included. The feeds to both spindle and table 
are through a feed-box, which gives a large range of 
speed. They are under immediate control for stopping, 
starting, or reversing, and can be changed whilst the 
machine is running. The feed-gears are of steel. 

In addition to what we have named there is a circular 
work-table (which can be removed when desired), and 
this table has power rotary motion, instead of bein, 
on'y fitted with hand rotation, as generally anette 
lhe table is indexed, and work can be executed at any 
angle. 

Serew-cutting motion is included, and all pitches of 
threads from fine to very coarse can be cut, there being 
a full set of twenty-two change-wheels. Provision is 
made against the motion being in gear when the feed 
to the spindle is being operated by the rack and pinion, 
and vice versd. This Tecee is very useful on certain 
classes of work, such as ordnance requirements, &c. 

_ The whole is mounted upon a suitable strong founda- 
iva plate, and forms a compact rigid machine, capable 
o! executing work accurately and proving durable 
under modern conditions. It will execute a large 
virlety of work, being handy for small drilling, in addi 
tion to being powerful enough for heavy boring, com- 














patible with size. It is useful for heavy plain slab- 
milling, keyway-grooving, edge-surface milling, facing, 
&c., as well as for screw-cutting. This large range 
enables it to machine completely many classes of valk, 
thus saving the cost of several settings on other 
machines. 

The principal dimensions are :—Spindle, 4 in. in 
diameter, having 30-in. traverse, which can be length- 
ened to 48 in.; eight feeds and twelve speeds ; table, 
39 in. by 30 in., with traverse of 30 in. by 31 in.; 
maximum distance from centre of spindle to top of 
compound table, 25 in. ; ditto to knee-slide or main 
table (which has T-slots for receiving work), 314 in. ; 
ditto to top of circular table, 21 in. ; circular table, 
30 in. in diameter ; distance between spindle end and 
steady standard, 5 ft. 4 in. ; approximate net weight, 
7 tons. All the gearing is AB. verge from the solid. 








NOTES FROM THE UNITED STATES. 
PHILADELPHIA, March 17. 


THE general cut in the price of steel has brought 
considerable business during the past week to nearly 
all the steel corporations. The larger concerns have 
undertaken to reduce expenditures, and in some cases 
have reduced the wages of highly-paid employés, 
such, for instance, as those who earn from ols. 
to 6000 dols. a year. The larger steel plants have 
been quietly at work for months past introducing 
mechanical appliances still further to effect a saving in 
cost of production. The saving is fractional, but worth 


while. The United States Steel Corporation has 
started to save in waste gas, slag, and other pro- 
ducts. A spirit of economy has become apparent in 


the management of a many of the. larger steel 
concerns. he reduction of 10 dols. per ton on steel- 
ipe has brought in quite a number of orders, the 
alles of which is a contract for 60 miles of 16-in. 
ipe, which, with couplings, will weigh 60 lb. to the 
oot. Deliveries are to begin on May 1. Car builders are 
also busy, and the largest order for car-wheels placed 
this year was booked on Saturday, and called for 
10,000 steel car-wheels. It is from a Chicago concern. 
Steel car-wheels are now found to be decidedly econo- 
mical, in view of the fact that they will run 
140,000 miles, and are much lighter than cast-iron 
wheels, though double in cost, while the mileage 
of a cast-iron wheel is about 40,000 miles. There 
is also an improving demand for cold-rolled shaft- 


ing. 

~~ prevailing have been reduced 3 dols. a ton. 
A t deal of mill and factory capacity has been 
projected in various parts of the country, and, natur- 
ally, shafting will be wanted in a quantities. It 
was to induce the placing of much of this business that 
the cut was made. The jobbers of iron pipe and fittings 
represent a large trade, and they effected an organisa- 





tion.a few days ago consisting of 100 concerns. The 
purpose is to bring about more steady prices in pipes 
and fittings, the quotations for which have been bob- 


This is due to the fact that quotations here- | 1 





bing up and down without much reference to the de- 
mand, Within afew days the prices of coke and tin and 
terne-plate have been reduced, the price of the latter 
being reduced 5 dols. per ton. The cut on sheet and 
tin-plate bars is 2 dols. per ton, and no further reduc- 
tion will be made. The American Sheet and Tin-Plate 
Company are working to 75 per cent. of capacity; they 
expect to be running to 90 per cent. within sixty days. 
The independent sheet interests are not doing quite 
as well as the others, and it is thought that they will 
fyrther reduce prices, in order to obtain their share of 
business. Bessemer and open-hearth billets have not 
been reduced this week, and are still 22dols. Wire 
and wire products are all firm, and large buying in- 
terests are holding off awaiting a depression in prices 
which manufacturers say will not come. 





Tue Concrete InstituTe.—The fourth general meetin 
of the Concrete Institute was held in the Royal Uni 
Service Institution, Whitehall, on Thursday evening, the 
18th inst., when Mr. A. M. Inst. C.E., ided. 
A paper was read by Mr. E. P. Wells, J.P., on ‘‘ Concrete 
in Arched-Bridge Construction,” illustrated by lantern- 
slides. The discussion on the paper was opened by Pro- 
fessor Henry Adams, M. Inst. C.E. At the commence- 
ment of the meeting it was announced that there had 
been a satisfactory increase in the membership, and it 
was also stated that the next general meeting would take 
place on May 27. 





Roya CoMMISSION FOR INTERNATIONAL EXHIBITIONS. 
—His Majesty the King has been pleased to appoint a 
Royal Commission to assist the Board of Trade in the 
organisation of representative exhibits for the forth- 
coming International Exhibitions at Brussels, Rome, and 
Turin. Of this Commission H.R.H. the Prince of Wales 
is President and Lord Lytton and Sir Swire Smith chair- 
man and vice-chairman respectively. Mr. N. F. Wintour 
has been appointed Commissioner-General for the Exhibi- 
tions at Brussels and Turin, and Sir I. Spielmann, C.M.G., 
for the Art. Exhibition at Rome. The appointment 
of this Commission inaugurates the new policy of official 
participation in foreign international exhibitions, a 
special branch of the Board of Trade having been estab- 
lished to deal with these matters. Preparations are now 
well in hand for the Exhibition at Brussels in 1910, and 
for those at Turin and Rome in 1911. The Exhibition at 
Brussels will be devoted to art, science, industry, and 

iculture, that at Turin to industry and labour, and 
that at Rome to art and archeology. At Brussels 
where the grounds will cover about 800 acres, 203,140 
uare feet have been allotted to Great Britain. Of this 
,640 square feet are in a building near the main 
entrance, and the remainder in a central position in the 
International Machinery Hall. At Turin 263,718 square 
feet have secured for Great Britain, and in addition 
an option of a further 123,786 square feet, which will 
afford sites for pavilions for the Colonies, &c. The first 
peoeiing of the Commission will take place at Marl- 
borough House on April 5, H.R.H. the Prince of Wales 

iding. Full information of the arrangements made 
will be available after this meeting, procurable from the 
Director of the Exhibitions Branch of the Board of Trade, 
Queen Anne’s Chambers, Broadway, Westminster, 5. W, 
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NOTES FROM THE NORTH. 
Guascow, Wednesday. 
Glasgow Pig-Iron Market.—Last Thursday m the 
pig-iron market was fairly strong in tone, and Clevelan 
warrants improved in value. e turnover amounted to 
5000 tons at 46s. 34d. cash, and from 46s. 94d. to 47s. three 


months, and closing sellers quoted 46s. 44d. cash, 46s. 7d. | 


one month, and 47s. 04d. three months. Buyers of hema- 
tite offered 55s. 3d. one month, but there were no sellers. 
In the afternoon the market was a shade easier, an 
some 2000 tons of Cleveland warrants changed hands 
at from 46s. 34d. to 46s. 24d. cash, and from 46s. 64d. 
to 46s. 54d. one month. At the close there were sellers 
at 46s. 3d. cash, 46s. 54d. one month, and 46s. 11d. 
three months, while sellers of hematite quoted 55s. 3d. 
cash. On Friday morning the market was quiet, 
and the prices of Cleveland warrants were about 2d. 
down. The total business was again limited to 2000 tons 
at 46s. 04d. cash and 46s, 3d. one month, and the closin, 
quotations were 46s. 1d. cash, 46s. 34d. one month, an 
46s. 9d. three months sellers. Hematite was easier at 
55s. 1d. cash sellers, and 54s. 9d. cash buyers. At the 
afternoon session there was no change in the tone, and 
1500 tons of Cleveland warrants were put through at 
46s. 04d. seven’ days, and at 46s. 8d. and 46s. 84d. three 
months. . Closing-sellers’ quotations were 46s. 1d. cash, 
46s. 34d. one month, and 46s, 9d. three months. Hema- 
tite was steady at 55s. 1d. cash sellers, and 54s. 9d. cash 
buyers, and 55s. 6d. three months buyers. On Monday 
morning the market was firmer, and 2000 tons of Cleve- 
land warrants were done at 46s. and 46s. 14d. cash, with 
buyers over, and at 46s. 84d. three months. At the close 
sellers quoted 46°, 24d. cash, 46s. 54d. one month, 
and 46s. 104d. three months. A_ strong tone _pre- 
vailed in the afternoon, and about 5000 tons of Cleve- 
land warrants changed hands at 46s. 6d. cash, and nine 
days, 46s. 9d. and 46s. 8d. one month, and 47s. two 
months. The session closed firm at 46s. 5d. cash, 46s. 8d. 
one month, and 47s. 14d. three months sellers. On Tues- 
day morning the market was steady and 5000 tons of 
Cleveland warrants were dealt in at 46s. 6d. cash, 46s. 9d. 
one month, and 46s. 104d. May 10, The closing quota- 
tions were 46s, 64d. cash, 46s. 94d. one month, and 47s. 3d. 
three months sellers. In the afternoon the prices of 
Cleveland warrants dropped 3d. for each position, and 
the dealings amounted to 1500 tons at 46s, 34d. cash and 
46s, 64d. .one month, with sellers over in each case. 
Closing sellers of three months warrants quoted 47s. 
When the market opened to-day (Wednesday) the 
tone was again steady, and Cleveland warrants changed 
hands at from 46s. 3d. to 46s. 24d. to 46s. 3d. cash, 
at 46s. 5d. nine days, and 46s. 54d. one month. 
turnover did not exceed 3500 tons, and closing sellers 

uoted 46s. 34d. cash, 46s. 64d. one month, and 47s. 
three months. In the afternoon the market was firm, 
and a smu business of 1500 tons of Cleveland warrants 
changed hands at 46s. 5d. cash and 46s. 74d. one month. 
At the close there were sellers at 46s, 5d. cash, 46s. 8d. 
one month, and 47s. 14d. three months. Hematite was 
quoted at 55s. 3d. cash sellers, but there were no buyers. 
The following are the market quotations for makers’ (No. 1) 
iron :—Clyde, 58s.; Gartsherrie, 58s. 6d. ; Summerlee and 
Calder, 59s. ; Langloan, 68s. ; and Coltness, 87s. 6d. (all 
shipped at G Ww); i. 7) (at Ardrossan), 61s. ; 
Shotts (at Leith), 58s. .; and Carron (at Grange- 
mouth), 61s. 6d. 


Sulphate of Ammonia.—A quiet tone prevails in the sul- 
phate of ammonia market this week. but inquiries for 
forward parcels are rather better. The prices quoted 
to-day, for prompt delivery, are 11/. 15s. per ton, Glas- 
gow, and from 111. 15s. to 11/. 17s. 6d. per ton, Leith. 
The amount shipped from Leith Harbour last week was 
2051 tons. 

Scotch Steel Trade.—The scarcity of specifications in the 
Scotch steel trade is still keenly felt by producers, who 
continue to experience difficulty in keeping their works 
employed. Even in shipbuilding material, which was 
expected to have been in better request by this time, is 
the demand very slow. This may, perhaps, be due in 
some measure to the recent rumour of a probable reduc- 
tion in prices, but makers have not shown any sign of a 
change in the meantime. The export trade is very quiet, 
and it is said that producers in the South are securi 
most of this business with keener quotations than loca 
makers care to accept. In structural material the demand 
_ = improved, but a fair number of orders are still on 

and. 

Malleable-Iron Trade.—No improvement of any kind 
can be noted in the malleable-iron trade in the West of 
Scotland, and, indeed, it is reported by some makers that 
business is worse just now than it has been for some con- 
siderable time. Continental competition is very keen, and 
Belgian bars are coming into this district at prices which 
are much lower than those of local makers, whose quota- 
tions are on the basis of 6/. 7s. 6d. per ton—less 5 per 
cent. The export trade is .lso the subject of keen com- 
xetition from the same source, and although business has 
wen done by local producers round 5. 7s, 6d. per ton, 
less 5 per cent., Continental makers can shade that figure. 


Scotch Pig-Iron Trade.—A somewhat quieter tone has 
lately prevailed in the demand for the ordinary brands of 
Scotch pig iron, but fair deliveries are still being made 
to consumers in the south. Hematite has improved in 
demand, and some good business has been done with local 
buyers during the past few days, the price being round 
57s, per ton, which marks an advance of 1s. per ton. 

Shipbuilding.—The contract noted last week as having 
been placed with Scotts’ ~ uilding and Engineering 
Company, Limited, Greenock, by the Clyde Shipping 
Company should have been for two steamers, each of 
about 7700 tons. These steamers, which will be of 400 ft. 


in length, will be fitted with triple-expansion engines, 
and also all the latest appliances for handling cargo.—An 
order has been placed with Messrs. Murdock and Murray, 
Port Glasgow, for a steel screw steamer for passenger and 
| cargo service on the River Amazon. The necessary ma- 
chinery will be supplied by a firm in the upper reaches of 
the Clyde.—Messrs. George Brown and Co., Greenock, 
have secured a contract to build a passenger steamer for 
the South of Ireland. This vessel, which will be 130 ft. 
in length, will have engines supplied by a Glasgow firm. 


Institution of Engineers and Shipbuilders in Scotland.— 
| A meeting of the Institution of Engineers and Ship- 
| builders in Scotland was held inG w last (Tuesday) 
night, when the President, Mr. John Ward, occupied the 
chair. Office-bearers for sessions 1909-1912 were nomi- 
| nated as follows :—President, Mr. C. P. Hoge ; vice- 
| presidents, Mr. William Brown and Mr. Alexander 
Wilson ; members of council, Mr. William Clark, Pro- 
| fessor Andrew Gray, Mr. Andrew Lamberton, Mr. Fred 
| J. Stephen, and Mr. William Thomson; member of 
| council from associate section, Mr. J. D. Young. Dis- 
| cussion took place on the paper, ‘‘ Bridge-Building,” by 
| Mr.*A. 8. Biggart, and on the per, ‘The Effect of 
Bossing upon Resistance,” by Professor H. C. Sadler. 
Mr. J. R. Jack afterwards read a paper on ‘Ships’ 
Specifications,” and Mr. Harold M. Olsen also submitted 
a paper entitled ‘‘ Danish State Railway Ferries.” 





DEPRECIATION OF WorkKS AND MAcuinery.—A little 
hand-book on the ty of depreciation of works and 
machinery has lately been written by Mr. H. Sherley- 
Price, M.I. Mech. E., M.I.E.E., senior partner in the firm 
of Messrs. Wheatley, Kirk, Price, and Co., London, and 
is published by the Dryden Press, Messrs. J. Davy and. 
Sons, 8 and 9, Frith-street, Soho, W. © This treatise is 
divided into two main parts, dealing repectively with the 
causes of wear and tear, and with depreciation and its 
treatment. The first portion is subdivided into the causes 
of wear and tear of buildings and of machinery. In the 
second portion the several methods of dealing with depre- 
ciation are described, the author advocating periodic 
valuation of plant rather than the usual writing-off of 

rcentages fixed arbitrarily. If annual re-valuation be 
impossible, it is suggested that the valuing agent should 
on his certificate specify such percentages as he thinks 
equitable for each section comprised therein to 
written off periodically during not more than four 
subsequent years. It is pointed out that plant becomes 
obsolete so rapidly nowadays on the introduction of new 
processes, &c., that the value may change totally in a 


»| short period. One rate of percentage allowed for depre- 


ciation should, therefore, not be allowed to run for more 
than four years without a re-valuation of the plant. 


ELEcTRICITY FROM THE WinD.—On Monday last, the 
22nd inst., a demonstration of the generation of elec- 
tricity by wind power was given at the works of Messrs. 
J. G. Childs and Co., Limited, Hawthorn-road, Willesden 
| Green, N.W., which was attended by several representa- 
| tives of the Press. There is, of course, nothing new in 
the application of wind power to the generation of elec- 
tricity, as it is now a good many years since it was first 
tried, and a good yt ate been done in America in this 
direction. The methods of its application differ, how- 
ever, and in the present case the arrangement of the plant 
appears to have been well thought out. In the case under 
discussion the plant consists of a wind-wheel 16 ft. in 
diameter, carried on a steel tower 50 ft. high. This 
wheel is governed in a novel way, so that it can auto- 
| matically adjust itself to the varying directions and 
| strength of the wind, being held in the correct position 
| against the wind by three tails, two of which stand out 
on each side of the wheel, and make angles of 15 deg. 
with its plane. The centre tail projects behind, approxi- 
mately at right angles to the wheel. One of the side 
tails is fixed in a vertical plane, while the other is so 
hung that it can be p vertically or may be moved 
into a horizontal position. The back tail is also free to 
move either into a vertical or horizontal position. The 
machine is in its running position when all the tails are 
placed vertically and the wheel faces the wind, for the 
pressure of the wind on the tails keeps it so. When 
the two swivelling tails are turned into a horizontal 
position, however, the force of the wind acting on the 
remaining side tail slews the wheel round out of the 
wind. he wheel is also placed slightly out of centre 
with its vertical pivot, which assists the efforts of 
the fixed side tail to turn it out of the wind when 
the latter becomes too strong. The two movable tails 
can be manipulated from the ground-level; they also 
incline automatically towards a horizontal position 
when the wind becomes too strong, and allow the 
wheel to turn out of the wind. The generator is of 
2 kilowatts capacity, and works at a pressure of 130 
volts, its speed variation being from 600 to 1600 revolu- 
tions per minute. ‘The armature-shaft is vertical and is 
driven direct from the spindle of the windmill. Resist- 
ances are used to control the current of the field-circuit, 
and are worked by relay switches energised by the main 
circuit. As the wind varies the relay switches switch 
resistances in or out of the field-circuit, the wheel being 
allowed to run at its most efficient speed. The current is 
charged into accumulators, and the ceanging can goon day 
and night, as the whole plant works automatically. The 
plant is said to be capable of preducing about 1500 units 
= ear with such winds as there are in the neighbour- 

of London. During the demonstration various appli- 
cations of the current produced were shown, among ion 
being its use in cooking, boiling, laundry work, &c. Un- 
fortunately, during the morning chosen for the demon- 
stration there was very little wind, but the action of the 
apparatus was, nevertheless, quite clear. 








NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 

Capacity of British Firms.—An important pronounce- 
ment as to the capabilities of British firms for battleship. 
building was made by Colonel Vickers at the annual meet- 
ing of shareholders of Messrs. Vickers Sons and Maxim, in 
Sheffield, on Tuesday last. He looked forward, he said, 
to the future with confidence. So far as their firm was 
concerned conditions had already improved. They had 
secured substantial orders of a satisfactory nature, includ. 
ing an important —, order for heavy artillery. A 
Spanish company had been formed in association with 

essrs. Armstrong, Whitworth, and Co., and Messrs. 
John Brown and Co. This company had, after a year’s 
negotiation, accepted the contract for the reconstruction 
of a Spanish battle squadron, including three battleships 
and auxiliary vessels, and for bringmg an important 
Government shipyard to a modern state of efficiency. 
Moreover, he had no doubt that important orders would 
shortly be forthcoming from the British Admiralty. 
Bearing on that subject, and in view of the rather wild 
statements made in some portions of the public Press 
regarding the possible output of the great shipbuilding 
and armament-manufacturing firms of this country, he 
would like to place before them a few facts and figures 
concerning the capacity of the Vickers Company in that 
a he firm of Messrs. Vickers Sons and Maxim 
could lay down and complete, arm, and fit ready for ser- 
vice in every respect three battleships of the D.eadnought 
type in three years from the date of approval of drawings 
without going outside its own factories. Thereafter their 
firm could deliver Dreadnoughts complete for service at the 
rate of one in every six months, in addition to existing con- 
tracts, and tocurrent orders for different classes of smaller 
vessels. The firm could supply the artillery equipment 
complete for seven Brendasuaite in three years, in addi- 
tion to the usual orders to be expected from foreign coun- 
tries. Their power of production of guns and armour 
considerably exceeded this, so that they could provide 
guns and armour for ships built in Government and other 
yards. He was speaking, of course, for their company 
only. This would show them that so far as the possible 
output of the country is concerned the United Kingdom 
need not fear comparison with any foreign country. 


Government and Private Firms.—Speaking on Monday 
last at the annual meeting of Hadfield’s Steel Foundry, 
Limited, the great projectile makers, Sir Robert Hadfield 
said Sheffield did not object to a large expenditure for 
the Navy. Unfortunately, the Government-were fond of 
taking work to Woolwich, and he did not think it fair to 
large firms which had laid out immense capital for the 
benefit of the country. He referred to the serious principle 
of giving to Woolwich what they now called the irreducible 
minimum. Why should not Sheffield have an irreducible 
minimum? He did not see why any favour should be 
extended to Woolwich. Sheffield had done more for the 

of the country than Woolwich would probably ever 

o. Sheffield might benefit by the Government’s naval 

programme, but it was not that work, but the ordinary 

work, which affected them. It was capital expenditure 

on productive matters which added to the wealth of the 
country. 


Sheffield and American Tariff.—Sheffield has not re- 
ceived the suggested new American tariff with any degree 
of enthusiasm. On the contrary, the opinions expres 
on the digest cabled to this country have been decidedly 
unfavourable. There was nothing in the schedule, said a 
well-known authority on tariffs, that touched the real 
trade between Sheffield and America. That trade had 
for the most part been in high-class tool-steel, sheets, 
high-speed steel, and self-hardening steel. Nothing what- 
ever was said about these things. What they were afraid 
of was that duties on these would go up under cover of a 
lowering of those duties which concerned Sheffield very 
little, or not at.all. Cutlery manufacturers condemn the 
pro reduction on cutlery from 45 per cent. to 40 per 
_ and from 16 to 14 cents as a mere fleabite and a 
sham. 


Engineers’ Wages.—A compromise satisfactory to both 
parties has settled the dispute in the engineering trades 
of Sheffield as to a reduction of wages. In the first 
instance, the demand of the Engineering Employers’ 
Federation for a reduction of 1s. was discussed at a local 
conference, and, failing agreement, was referred to the 
Central Conference. The terms of settlement follow 
those which obtained at Hull. There the men unani- 
mously for wages to stand as they are for five 
years, whether trade booms or slumps, and, in con- 
sequence, the employers withdrew their notice of reduc- 
tion. Similar action had been.agreed to in Sheffield, the 
current rate of wages to stand for five years. 


Iron and Steel.—With the exception of the prospective 
boom in battleship building, the tone of the iron and steel 
trades continues dull, and the tendency of prices is still 
downwards, As the end of the quarter approaches, con- 
sumers are increasingly reluctant to come into the market, 
and makers have found themselves compelled to give 
way if any business is to bedone. The Lincolnshire !ron- 
Makers’ jation has issued a revised list showing an 
all-round decline of 1s. 6d. per ton. This cut is excer- 
tionally severe, but makers’ hands have been forced by 
the restricted consumption of iron and the poor deliveries 
effected against contracts. Quotations for Lincolnshire 
brands, net, delivered in Sheffield, are: No. 3 Foundry, 

7s. 6d.; No. 4 ditto, 46s. 6d.; No. 4 forge, 46s. 6d.; No. 9 
ditto, mottled and white, 46s. 6d.; basic, 48s. There is a 
corresponding weakness in Derbyshire irons, forge quali- 
ties of which are being offered at 45s. 6d. net delivered. 
As regards the local heavy trades, the majority of the 
works are finding it increasingly difficult to keep their 
plant running with regularity. The railway steel depart- 
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Tool steel has not yet recovered from the 
check it received by the recent discussion on the subject 
of new qualities, and the total quantity going out of 
Sheffield is probably the smallest recorded since the high- 
speed variety was discovered. 

South Yorkshire Coal Trade.—The general tone of the 
South Yorkshire coal trade is stronger. Pits are fully 
employed, and collieries have a number of orders 
on hand for best qualities. Merchants have had a rush 
of orders this week for house requirements. London is 
taking a satisfactory tonnage on contract account, and 
excess quantities are going south at current rates. Silk- 
stone best is making 13s. to 14s. per ton at the pit; 
Barnsley best softs, 12s. 3d. to 12s. 6d. per ton; and 
seconds, 10s. 3d. to 10s. 6d. per ton. A good tonnage of 
the last-mentioned class is cer sent to Lancashire and 
to neighbouring Yorkshire towns. In hards business is 
only moderate. The calls for ane for shipment are 
small, and the prospects of an early opening of the Baltic 
ports are not encouraging. Gas-coal is moving steadily. 
Slacks are not in such strong demand, though the call for 
best qualities is fairly well maintained. 


ment is quiet. 








THe INsTITUTION OF CrviL ENGINEERS: STUDENTS’ 
MeetinGs.—At the meeting held at the Institution on 
Friday, March 19, at 8 p.m., Mr. R. E. Commans, 
M. Inst. C.E., in the chair, Mr. C. J. Guttmann, B.Sc., 
Stud. Inst. C.E., read a paper entitled “‘Some Aspects of 
Chemical Engineering.” The paper demonstrated clearly 
the varied experience necessary for those engaged in 
designing and laying down plant for the explosives, 
mining, sugar, and chemical industries. The paper was 
illustiated by a number of lantern-slides and_ several 
diagrams, and the author also exhibited some models, and 
specimens of ferro-silicon and fused silica ware. _ ) 
discussion followed the reading of the paper, in which 
Messrs. C. Chubb, G. Ingram, B. Gaudin, and D. G. 
French took part. 





Tue “ AEROCRAFT.”—A new magazine has appeared 
under the above title. It is a monthly, and forms a non- 
technical review of in aerial navigation. It is 
issued at the price of 6d., and is stated to be the official 
organ of the Gaeng of British Aerocraft, of Fambridge, 
Essex. The increase in the number of bodies and papers 
concerning themselves with aeronautics is a sure sign of 
the times. We cannot but help regretting it, however, 
to some extent, and feel that concentration of effort would 
lead to better results. In the matter of societies it would 
enable greater assistance to be given to experimentalists, 
and the same may be said with regard to periodicals ; one 
really good paper containing authentic information would 
be a greater help to progress in this line than several of 
a lower. standard. ihe various societies would not do 
amiss if they tried to come to some arrangement between 
themselves to encourage the production of such a paper 
instead of each wanting its own official organ. We cannot 
help thinking that there would be no great loss to aero- 
nautical literature if the paper now before us became thus 
merged into one nearer approaching our ideal. 


British ENGiNeE, BOILER, AND ELEcTRICAL INSURANCE 
Company, Limitep.—At the annual meeting of the share- 
holders of the British Engine, Boiler, and Electrical In- 
surance Company, Limited, held at the offices of the com- 
pany, 12, King-street, Manchester, on Friday, March 5, 
the Chairman, Mr. M. Longridge, alluded to the fact that it 
was just fifty years since the first boiler insurance com- 
pany had been started by his father, who had lived to see 
the system of inspection which he had organised for the 
prevention of boiler explosions successfully extended with 
the object of preventing breakdowns of steam, -gas, or 
oil-engines, and of electrical plant. During the year 1908 
there had been no explosion of any boiler insured by the 
company during the year, and although owing to greater 
complication of construction it was impossible to obtain 
absolute immunity from breakdown among engines and 
electrical plant, they had the satisfaction of knowing that 
by their systematic periodical inspection of all insured 
plant they were able :to: keep theirclaims account within 
reasonable limits. The rate of breakdowns among steam- 
engines had been 1 in 10.5, among gas and oil-engines 1 
in 10, and in both cases the proportion was rather greater 
than in 1907. Among‘electric motors the rate of breakdowns 
had been 1 in 8—practically the same proportion as for 
the two previous years ; but among dynamosthe rate had 
been 1.in 18, which, although much less than among 
motors, was much ter than in either of the two pre- 
ceding years for dynamos. Mr. Longridge stated that 
as the result of one or two inquiries under the Boiler Ex- 
plosions Act during the past year, it was being urged that 
the scope of the Factory Act should be enlarged so as to 
compel the inspection of boilers in use at farms, which 
under present conditions included some of the most 
neglected and dangerous boilers in the country; but as 
procedure under the Boiler Explosions Act more 
venerally known it might be that an alteration of the 
factory Act, which would necessarily involve consider- 
able increases of expenditure, would not be deemed advis- 
ble. In any case the total number of boiler explosions 
in the United Kingdom was now comparatively small, 
and the British Engine, Boiler, and Electrical Insurance 
Company could claim to have done its share in bringin 
about such a satisfactory result. A dividend of 4s. 6d. 
per share with a bonus of 2s. was declared, 8000/. was 
carried to reserve, and 500. was written off furniture and 
instruments, leaving 2528/. to be carried forward to the 
next year’s account. Mr. W. E. Barratt and Sir Frank 
Mollins, Bart., having been re-elected as directors, and 
Messrs. P. and J. Kevan as auditors, the proceedings 
ended with a vote of thanks to the presiding je ata 


NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 
MIDDLESBROUGH, Wednesday. 

The Cleveland Iron Trade.—Business in pig iron con- 
tinues quiet. .Slight fluctuations in warrant prices have 
little influence on values of makers’ iron. The statistical 
situation is unsatisfactory, and it is daily becoming worse, 
for the output of pig iron continues to be considerably in 
excess of the requirements, with the result that not only 
is the iron in the public warrant stores being increased at 
the rate of nearly 1000 tons per working-day, but makers’ 
stocks are being added to rather largely. The stock of 
Cleveland pig in the warrant stores 1s now approaching 

,000 tons. The Continental demand usually experi- 
encec at this season of the year is absent, inquiries 
from abroad being on a very limited scale indeed, 
and the home demand is much below what could be 
wished. Deliveries are only very moderate and ship- 
ments of pig iron to date this month are not much 
more than half what was cleared in the correspond- 
ing part of March last year. No. 3 g.m.b. Cleve- 
land pig stands at 46s. 6d. f.o.b.; whilst No. 1 is 49s.; 
No. 4 foundry, 45s. 9d.; and No. 4 forge, 45s. 3d. Idle- 
ness still characterises the hematite pig-iron trade. Pro- 
ducers adhere to rates that have ruled for some time past 
and thus fix quotations on the basis of 55s. for Nos. 1, 2, 
and 3 East Coast brands ; but some of them would doubt- 
less accept a little less. Second hands would readily sell 
at 54s. 9d., and as a matter of fact a small business has 
been done at as low as 54s. 6d. There is very little doing 
in Spanish ore. Prices are, if anything, rather easier, 
but they are still on the basis of 16s, ex-ship Tees for 
rubio of 50 per cent. quality. Coke is very plentiful. 
Average blast-furnace qualities are on offer at 14s. 9d. 
delivered here. 


Manufactured Iron and Steel.—Though one or two 
branches of the finished iron and steel industries are very 
busily employed, the general condition must be described 
as woth: van tnd Sheet-manufacturers and producers of 
railway material are turning out a lot of work, and have 
fairly good contract-books, but many other departments 
are very 8 Under sliding-scale arrangements a 
section of the piece-work men employed at the Eston 
steel works of Messrs. Bolckow, Vaughan, and Co. are 
having to submit to a substantial reduction in wages. 
Quotations show little change, the principal market rates 
standing :—Common iron bars, 6/. 15s.; packing-iron, 
5J. 10s. ; iron ship-plates, 6/. 7s. 6d. ; iron ship-angles, 
6/. 15s.; iron ship-rivets, 7/. 3s. 9d.; steel bars, 6/7. 5s.; 
steel ship - plates, 6/.; steel ship-angles, 5/. 12s. 6d. ; 
steel strip, 6/. 7s. 6d.; steel hoops, 6/. 10s.; and steel joists, 
5l. 15s.—all less 24 per cent. ; while cast-iron chairs are 
31. 10s. ; cast-iron columns, 6/. 10s.; light iron rails, 62. 10s. ; 
heavy steel rails, 5/. 5s.; and steel railway sleepers, 6/. 10s, 
—all net cash at works ; and iron or steel galvanised cor- 
rugated sheets, 24 gauge, in bundles, 12/. 10s. f.o.b.—less 
4 per cent. 








ENGINEERS’ STANDARDISED PuBLICATIONS.—The Engi- 
neers’ Standardised Publications Association, of Craven 
House, Kingsway, W.C., has been formed to encourage 
and assist in the publication of engineers’ catalogues 
and price-lists of a uniform size, and capable of being filed 
in a neat and orderly fashion. The association pro 
to distribute catalogues, with card indices, to all its 
members, sending them such classes of publications as 
will be useful to them. 





Tue “SuHipreinc Wortp” Yrar-Book.—The twenty- 
third edition of this work, which is edited by Mr. Evan 
Rowland Jones, and is published at 6s, net, by the 
“Shipping World” office, Effingham House, Arundel- 
street, Strand, W.C., is, as its sub-title implies, and in 
the full meaning of the appellation, ‘‘a desk manual in 
trade, commerce, and navigation.” It opens with general 
notes and formule, then deals with freeboard, statistics, 
the shipping Acts, &c., gives a directory of British, 
Colonial, and foreign ports, and information on tariffs, 
with tables of the tariff charges made by all protected 
countries. 





TESTS WITH FiRkE-ExTINGUISHERS.—The difficulty ex- 
perienced in extinguishing burning petrol has led to many 
attempts being made to devise some simple apparatus 
whereby it can be accomplished. Among.these is a fire- 
extinguisher known as the Ammentorp ‘J upiter” petrol- 
extinguisher, constructed essrs.: Ammentorp, of 
Copenhagen. This has recently been tested by the British 
Fire-Prevention Committee, iculars of the test being 
given in “Red Book” No. 136.’ The a tus consists 
of a cylindrical vessel made of drawn 1 plate, lead- 
coated within and without to prevent corrosion. It is 
stated by the makers that this has been tested to a pres- 
sure of 25 atmospheres. The vessel contains tetra-chloride, 
and it is fitted with a rubber hose having a metal nozzle. | 
Attached to the side of the vessel and connected with it 
7 a valve there is a removable drawn-steel cylinder 
which has been tested to 250 atmospheres. This cylinder 


contains comp carbonic acid gas. en the appa- 
ratus is used, the liquid in the larger vessel is f out 
by the admission of the carbonic acid gas from the smaller 


cylinder and flows from the nozzle of the hose in the form 
of a jet. The tests showed that the extinguisher was 
effective on small petrol fires of considerable severity, its 
efficiency being not entirely dependent on the mechani 

application of its contents, but largely due to chemical 
action. It was found, however, that in every case the 
a of the liquid from the extinguisher caused 
black pungent smoke, which was occasionally so thick as 


NOTES FROM THE SOUTH-WEST. 


Cardif.—The steam-coal trade has shown a healthy 
undertone. —— for large have remained steady, 
but the supplies have been ample, and no appreciable 
advance is anticipated. The best large has made 14s. to 
14s. 6d. per ton, while secondary qualities have ra 
between 12s. 6d. and 13s. 9d. per ton. Household coal has 
shown scarcely any change ; the best ordinary qualities 
have made 14s. 6d. to 16s. 6d. per ton, No. 3 Rhondda 
large has brought 17s. 6d. to 17s. 9d. per ton. Foundry 
coke has been quoted at 17s. 6d. to 20s., and furnace 
ditto at 15s. to 16s. per ton. As regards iron ore, Rubio 
has brought 15s. 6d. to 15s. 9d. per ton upon a basis of 
50 per cent. of iron, and charges, including freight, in- 
surance, &c., to Cardiff or Newport. 


Dowlais.—The iron and steel works have shown about 
average activity. Heavy section steel rails have con- 
tributed largely to the output; some of these rails have 
been turned out for the Great Western and the London, 
Brighton, and South Coast Railways, but for the most 

rt they are going to British Colonies, The Sleeper mill 

as been well employed. The Big mill has been engaged, 
as usual, upon miscellaneous light finished material. 


The Swansea Valley.—The coal trade has shown no im- 
provement. Many of the collieries in the lower end of 
the district have been only working five days per week, 
and even less. The pig-iron trade has been pretty well 
employed, but the steel trade has been somewhat quiet. 


The ‘‘ Bellona.”—The Bellona was launched at Pem- 
broke Dock on Saturday. Her principal dimensions are : 
—Length between rpendiculars, 385 ft.; breadth, 
41 ft. 6in.; draught—forward, 13 ft.; aft, 14 ft. ; displace- 
ment, 5350 tons; indicated horse-power, 18,000; esti- 
mated speed, 25 knots; armament, six 4-in. guns, one 
Maxim, and two to’ o-tubes. She is being fitted with 
turbine machinery by the Fairfield Shipbuilding and 
Engineering Company, Govan, Glasgow. She is a vessel 
of the Boadicea class, but is more powerfully armed, and 
has larger coal-carrying capacity than existing scouts. 
Her cost will be 284,599/. she will be completed during 
1909-10. 

Devonport Dockyard Railway.—Railway facilities at 
Devonport north yard extension are being improved, so 
as to give direct access to vessels refitting in the tidal 
basin and alongside the neighbouring jetties. The scheme 
provides not only for the pa of ordinary 10-ton 
wagons and trucks, but also for the movement of 30-ton 
electric travelling-cranes. 








Raitway BrsriogRapHy. — We have received from 
M. Martinus Nijhoff, Nobelstraat 18, the Hague, a list 
of about 400 old and modern books relating to railways, 
their history, construction, operation, &c. The majority 
of the books and pamphlets in the list are of Continental 
origin, though a number of English and American works 
are included. The books are all priced, and the dates of 
publication are given in almost all cases. The list is given 
the distinctive number 359 by the publisher. At the end 
of the railway section a smaller list of about 100 works is 
given. This deals with books on postal services, tele- 
graphy, and telephony. 





Messrs. Str W. G. ARMSTRONG, WHITWORTH, AND 


Co,, Limrrep.—The new works gro; to be established 
by this aa | will be close to their present premises 
at Walker. e site uired, or in process of acqui- 


sition, from the Newcastle Town Council is 23 acres 
in extent, and gives a fron of 500 yards on the river. 
Part of it was formerly occupied by the Wood Haskinising 
Company and part by Messrs. Brothers, of Middles- 
brough. The intention, it is understood, is, in the first 
instance, to fit up a yard which can be employed on the 
completion of warships for sea after they have been 
brought below bridges, this having now to be done in the 
river at great expense. 

Tuer Institution oF Crvi. EnGrvgrers.— The annual 
dinner of the members of the Institution of Civil Engi- 
neers took place on Friday last in the Hall of the Worship- 
ful yom age of Merchant Taylors, Threadneedle-street, 
the ghair being occupied by the President, Mr. J. C. 
Inglis. The guests included Admiral Sir Gerard Noel, 
Earl Cawdor, and the Postmaster-General, Mr. Sidney 
Buxton. Mr. John Burns was to have been present and 
to have proposed the toast of the Institution, but was 
suovamned at the last moment. In announcing this disap- 
pointment, the President took the opportunity of making 
an appreciative reference to the work of the Right Honour- 
able gentleman in his capacity of President of the Local 
Government Board. 





LANTERN-SiLIDES OF ExecrricaL INSTALLATIONS, &c.— 
We have received from Messrs, Siemens Brothers’ Dynamo 
Works, Limited, Caxton House, Westminster, 8.W., a 
list of slides of electrical subjects which they are pecpered 
to loan, free of Sa eee wens they will be of 
service. Each slide a description and the maker's 
name, and the series covers over five dozen subjects, 
ranging from views of large installations of machinery to 
a appliances and apparatus. A the subjects we 
note, for instance, photographs of the Midland: Railway 
Heysham branch trains, electrically driven qoasing mills, 
narrow-gauge locomotives, , winding plant for collieries, 
the Marienfelde-Zossen locomotives, turbo-alternators, 
motors and motor-driven machine-tools, &c., switch 
&c. Messrs. Siemens. have twelve slides of each. of 
the twenty-two subjects in stock, so that, even if there 
is a considerable demand for these special slides, some are 


almost sure to be available, 








to hinder the operation of extinguishing. 
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POWER INSTALLATION FOR THE MANUFACTURE OF CALCIUM CARBIDE. 
THE AKTIESELSKABET TYSSEFALDENE, CHRISTIANIA, NORWAY. 
(For Description, see Page 405.) 
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NOTICES OF MEETINGS. 


Tue Puysica Society or Lonpon.—Friday, March 26, at 5 
at the = gay | College of Science, inpertal Institute- road, 
Kensington. nda :— (1) “ Note on the Production of ‘esandy 
Electric Cecilie: ions in Closed Circuits, and a Method of Testing 
Radiotelegraphic Receivers,” by Professor J. A. Fleming, D.Sc., 
F.R.S., and Mr. G. B. Dyke, B.Sc. (2) “The Effect of 7 Jie 
Blast upon the Spark-Discharge of a Condenser Charged b: 
Induction-Coil or Transformer,” by Professor J. A. Flemin, fa 
Mr. H. W. Richardson, B.Sc. (3) “On the Action between Metals 
and Acids and the Conditions under which Mercury causes Evolu- 
tion of Hydrogen,” by Mr. 8. W. J. Smith, M.A., D.Sc. 

Tue AERONAUTICAL Soctery OF GREAT BRITAIN. ~ Friday, March 26, 
at 8 p.m., at the Royal Society of Arts, John-street, Adelphi. 
Papers to be read :—(1) ‘‘Some Points in Aeronautical Engines.” 
by Mr. A. J. McKinney, M.A. (2) ‘‘ Low-Power versus High-Power 
Machines,” by Mr. José Weiss. 

Tue RoyaL Socrery oF ARTs.—Monday, March 29, at 3 p.m. 
Cantor Lecture : ‘‘Steam-Turbines,” by Mr. George Gerald Stoney, 
M. Inst..C.E. (Lecture IL.).—Wednesday, March 31, at 8 p.m. ‘“‘ The 
Island of St. Helena,” by Mr. John C, elliss, M. Inst. Ez. F.G.S8. 

Tue Roya. ScorrisH Society OF Arts.—Monday, March 29, at 
8 p.m., Mr. W. Allan Carter, M. Inst. C.E., President, in the chair. 
“On Liquid Fuels for Motor-Car yates Results of Some Experi- 
ments,” by Dr. James B. Readman, 

Tue InsTiruTe oF MARINE ee March 29, at 

8p.m. Adjourned discussion on Mr. Vesey Lang’s paper on “Some 
Details of a Cargo Steamer.” 

Tue LxstirvTion oF Crvin En@ingers.—Tuesday, March 30, at 
8 p.m. Paper to be further discussed :—‘‘ Construction and Wear 


ath 


of Roads,” by Mr. Arnulph Mallock, F.R.S. Students’ meeting, 
Friday, A 2,at8p.m. Paper to be read :—“ Reinforced Con- 
crete on ilways,” by Mr. W. E. R. Gurney, Stud. Inst. C.E. 


Mr. A. Ross, M. Inst. Co. E., will occupy the chair. 

Tue Farapay Society.—Tuesday, March 30, at 8 p.m., in the 
library of the Institution of Electrical Engineers, Victoria- 
street, 8.W. The following papers will :—" The Electro- 
Analysis of Mercury Com with a Gold Cathode,” by Mr. F. 
Mollwo Perkin, Ph.D. ‘The Relation between Com vosition and 
Conductivity in Solutions of Meta and Ortho-Phosphoric Acids,” 
by Mr. E. ‘BR. Prideaux, M.A., D.Sc. “A New Electrical 
Hardening Furnace,” by Mr. E. Sabersky and E. Adler. - ‘ Ex- 
periments on the Current and Energy iciencies of the Finlay 
Alkali Chlorine Cell,” by Mr. F. G. Donnan, M.A., 

Tue IxstTiTUTION OF NAVAL Ancurrects.— Wednesday, ; Thu ursday, 
and Friday, March 31, and April 1 and 2, in the Hall Mt the Royal 
Society of *Arts, John-street, Adelphi. nesday, March 31, 
morning meeting, at 11.30 o'clock. Annual report ‘of Couucil ; 
election of the | ident, —— and Council; election of new 
members, tes, and students ; appoint- 
ment of scrutineers for the next annual meeting ; address by the 
chairman, the Right Hon. Earl Cawdor ; presentation of the Gold 
Medal of the Institution 2 Captain T. ‘J. Tresidder, O.M. G., and 
of the Premium to Mr. W. 8. Abell, R.O.N.C. The following 
ore will then be read wb discussed :—“*Types of Warshi 

itted in Recent Programmes of Naval Construction,” by the 
Right Hon. Lord Brassey, G.C.B., D.C.L., Past- President. “ Stan- 
dardisation :” A Report on the work done by the Engineering 
Standards Committee on Sections and Tests for Materials used in 
the Construction of Ships and their Machinery, by Mr. Archibald 
Denny, Vice- -President. ‘‘The Vibrations of Ships and the Use of a 











- SUBSCRIPTIONS, HOME AND FOREIGN. 


“ ENGINEERING” can be su direct from the Publishers 


yet See Sr Cee ae the following rates, payable in 
vance :— 
For the United Kingdom............ 21 9 2 
or 
paper copies .......... £21 11 6 ($7.65 
Sy ieteteseraess 21 16 O 3:78) 
For all other paper ‘abroad— 
EP setecocese £1 16 O 
I ae 22 0 6 
When Foreig Subscriptions are sent by Post-Office Orders, 
advice should e Publisher. 


Foreign and Colonial Subscribers receiving incomplete copies 
through —— nts are requested to oummnapente the fact to the 
—— er, together with the agent’s nam and address. 

accounts are payable to ** ENGINEERING,” LIMITED. 


cunne should be crossed “‘ Union of London and Smith’s Bank, 
Limited, Cross Branch.” Post-Office ers should be 
made payable at ord-street, Strand, W.O. 


Offices for Publication and Advertisements, 
35 and 36, Bedford-Street, Strand, London, W.C. 

We desire to call the attention of our readers to 
the fact that the above is our SOLE Address, and 
that no connection exists between this Journal and 
= other publications bearing somewhat similar 

tles. 

TeueeraPHic Appress—‘* ENGINEERING,” LONDON. 
TELEPHONE NumBer—3663 GERRARD. 


CONTENTS, 
"|| Notes from the North...... 420 














The Manufacture of Cites” 


Carbide (Illustrated) .... 405\| Notes from Seuth York- 
The National Physical Labo- CID a oxo 000 0000 40 shen es 

ratory in 1008 .......... Notes from Cleveland and 
The Institution of nich: Northern Counties .. 421 


aan 
nical Engineers.......... < ~ from the South- 
The Aero Exhibition rg. ) 413| SERGE SE BN SF: 
ma late Mr. John A. Ine Engineering .... 


dovedbadavebesvetetbe 416|| The Patents Act 


| Experiments at High Tem- 
ae wter and Pressures 


ome HELENE ‘. "thavine * “"-# Weswaseaads 425 


A t a ustrated) 

,, batety-Valves” .......... 416) lite Motors at Olympia 
‘The Vibration and deat MG (1Gustrated)...........-- 42 
ig of Shafte” .......... 17||The Properties of Matter 
’ Che Constitution of Steel” iy || (dlustrated) ............ 429 
'roceedings of the Insti- | Notes (IUustrated) ........ 

tution of Civil Engi ineers ” 417|| Four -Coupled Ten - Wheel 
On the Action of and Side-Tan! Locomotive ; 





pe ggg ad —— 417 


| 
-\llowable on | 431 
ar = Teeth oon 418) — oe ERIS 1 
e Construction ear ents upon the 
Ht ROBES o56sncssecoraes 418}) ‘orces A: on Twist- 
iorizontal ni, of. Boring, || Drills when rating on 
* ilig ad || Cast Iron Steel eal 
erat) 419|| lustrated) ............++ 432 
otes from the United State. 419'' Catalogues ..............++ 438 


With a Two-Page Plate of a FOUR-COUPLED TEN-WHEEL 
SIDE-TANK LOCOMOTIVE FOR THE BALLYCASTLE 
RAILWAY, IRELAND. 





420 | at 3 o'clock.—Tuesday, M 





Dy | Model for Determining the Elasticity of Ships,” by Pro- 
fessor J. B. Henderson, D.Sc. Thursday, April 1, mo meeting, 
at 11.30 o'clock. “Some Considerations on the ene B of 
Internal-Combustion Engines for Marine Propulsion,” by Mr. H. C. 
Anstey. ‘‘Internal-Combustion Engines for Submarines,” by Mr. 
F. R. 8. Bircham, Associate. ‘The Propulsion of Ships by Means 
of Contrary Turning Screws on a Common Axis,” by Lieut.- 
Colonel G. Rota, Member. ‘Note on a Mechanical Method for 
Determining the Thrust of Propellers,” by Mr. J. Heck, 
Member. vening meeting, at 7.30 o'clock. ‘‘ Description of the 
Suction bredger Leviathan, recently Constructed for the Port of 
Liverpool,” by Mr. Anthony G. Lyster and Mr. W. Boyd. “ Le 
Turbine Passenger Steamer Ben-my-Chree, and Practical Ex 
ence of the Parsons Marine Steam-Turbine,” by Mr. C. J. B -~d 
burn, M * Ex of Steam- Pipes due to Water- 
Hammer,” by Mr. C. E. Stromeyer, Member of Council. Friday, 
April 2, morning meeting, at 11.30 o'clock. ‘‘ Report of the Ex- 

imental Tank Committee (1908).” “On the Resistance of Thin 

tes and Models in a Current of Water,” by Mr. T. E. Stanton, 
D.Sc. ‘The Accelerated Motion of Bodies in Water, with Special 
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POOR-LAW ENGINEERING. 

Ir is, perhaps, not to be expected that poor-law 
institutions should be conducted as economically 
as those under the control of private individuals, 
which are run on business lines. Of course, insti- 
tutions vary greatly in the way they are managed, 


some being vastly better than others. There have, 
however, been too many instances of 7 and reck- 
less extravagance in connection wit rtain poor- 
law institutions to allow any one to expect examples 
of economy to be found in that direction. If this 
is the feeling we have with regard to the general 
management of poor-law institutions, which, as is 
well known, include workhouses, infirmaries, casual 
wards, schools, and homes of ‘various kinds, it can- 
not well be otherwise with regard to the separate 
me pene of such institutions. 

t was, no doubt, some such feeling as this that, 
towards the end of 1907, led the Local Government 
Board to appoint a departmental committee to in- 
quire into, and report on, the machinery used at 
poor law institutions, and on the engineering staffs 
which are responsible for the working of such ma- 
chinery. The result of this sonaiey ben now been 
published, and it is in many respects very much 
what we expected, for our own experience of such 
departments had Ue us for the announcement 
that, almost without exception, the engineering 
sections (in cases where they exist at all) in poor 
law institutions fall very considerably short of per- 
fection. It would have been surprising to have 
found them otherwise. And yet we must not be 
too ready to condemn shortcomings. It must be 
remembered that many of these institutions have 
grown from small beginnings. Their faults com- 
menced in their infancy, when the bad effects of 
small failings were so insignificant that they were 
looked upon as not worth troubling about, and, 
as time went on, they became a part of the insti- 
tution, and have so remained, to appear now, 
perhaps, as great shortcomings. We can see the 
process being carried out at the present time in 
some little institution—say a workhouse—almost 
too small really to have any engineering department 
at all, and probably hardly any machinery. The 
place begins to grow in size, and with its growth 
comes the demand for more machinery, perhaps for 
a laundry or for electric lighting. he machinery 
is installed, it may be, under expert advice and 
control, but more probably, under a false notion of 
economy, it is arranged haphazard and in a piece- 
meal sort of way, that from the very beginning pre- 
vents any really satisfactory scheme being carried 
out in the future, unless great expense is after- 
wards incurred. So these places grow little by 
little, many of them until it is thought their size 
warrants the managers calling to their aid expert 
advice. The expert advice really then comes too 
late to be of the greatest value, all that is possible 
being a more or less patchwork arrangement, which, 
though better than nothing, yet falls far short of 
modern standards of excellence. 

There is nothing uncommon in all this ; nor is it 
confined to public institutions, often being strikingly 
evident in the workshops of private firms. If it 
exists in the latter, little wonder if the former do 
not escape. This, however, is no reason why it 
should continue, and the public who support the 
workhouses, infirmaries, &c., have every right to 
demand that the highest efticiency possible under the 
circumstances shall be maintained there, both in 
the actual plant and in the human element that 
controls it. This being so, it was, we think, very 
timely of the President of the Local Government 
Board to appoint a committee to investigate the 
matter. The work of the Committee has been exten- 
sive, for they have inspected the engineering arrange- 
ments of sixty-seven poor-law institutions, besides 
having received a large amount of statistical infor- 
mation in response to lists of questions circulated 
by them. In addition to these more than twenty 
establishments, public and private, outside the 

r-law service were examined. Although the 
whole of the information obtained is, more or less, 
valuable, it is with that relating particularly to 
machinery and the engineering staffs that we are 
now concerned. 

When we remember that the various institutions 
under poor-law supervision range from establish- 
ments accommodating fewer than 20 inmates to 
those accommodating more than 2000, it will be 
understood that their various requirements differ 
greatly, the lighting and heating of the smaller 
_ | places, for instance, being quite insignificant in 
comparison to what is needed in the er ones, 
If we consider the plant required in some of these in- 
stitutions, it will be seen that it covers a fairly wide 
range ; in fact, sufficient to warrant the services of a 
thoroughly qualified engineer to look after it. In 
an institution of any size there will be the following 





sections, or departments, requiring constant atten- 
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tion :— Heating, which may be done either by steam | of these suggestions is that under the heading ‘‘c.” | it was arranged between the parties to the appli- 
or hot water, by open fires or by stoves, the last two | It is surely absurd to suppose that the engineer- | cation for revocation that Kérting and Mathiesen 
of which methods are still largely used ; water supply, |ing department of an institution can attain any | should be regarded as the patentees—that is, the 

wells and pumps, water-softening appa- | high degree of efficiency if the engineer-in-charge | persons entitled for the time being to the benefit 


a 
ratus, filtration, water-towers, storage-tanks, &c.; | 


is not given full control of it. We are aware that 


| of the patent. 


It will be remembered in connec- 


domestic hot water supply, and fire-extinguishing | this matter has been brought forward by the Asso- tion with the Bremer case that the Westinghouse 
apparatus ; lighting, which may include the genera- | ciation of Engineers-in-Charge and by others, and Company, as owners of the Bremer patent, had 


tion of gas or electricity; laundry, which, of | rightly so. 


What is an engineer-in-charge for ? 


If | 


granted a license under the patent to Koérting and 


course, means all the washing-machines, hydro- | his powers are so restricted that his efficiency is| Mathiesen, and that this firm had given the West- 
extractors, drying apparatus, &c.; kitchen and 'diminished, why have him? If he is a man who| inghouse Company a license to manufacture and 
bakehouse, with which are included all coal and | cannot be trusted with power and authority, and | sell in this country arc-lamps made in accordance 
gas ranges, ovens, boiling coppers, tea-infusers,|if he is incapable of taking control in his own | with three patents belonging to them. The Hégner 
&c.; in addition to which there may be a number | department, it were better to get rid of him as| patent was one of the trio, but it does not appear 
of lifts, either electric or hydraulic. This is a fairly | soon as possible ; there are many men who can be| to have been held to be of very much account. 


extensive list, but it does not include such mis- | trusted and who are capable. 
|matter which is worth notice while we are on this 


collaneous machinery as disinfectors, refuse-de- 
structors, ventilating-fans, ice-making plant, tele- 
phones, &c. To meetall these services there may be 
several large boilers, in addition to steam-engines, 
gas-engines, and electric motors. It will be readily 
understood that, where there is such a collection of 
machinery the opportunities for waste are many, 
and the greatest care will be necessary if economy 
is to be obtained. 

We cannot in this short article enumerate n 
detail all the points to which the Committee call 
attention. They relate first to what we may call 
the machinery and engineering plant, which are 
included in the sections we have just mentioned. 
Next the staff is considered and the position its 
members ought to occupy, and actually do occupy, 
with regard to the governing bodies. Thirdly, 
local administration and control are considered, 
which embrace the keeping of records, and the con- 
sumption of coal and its quality; while lastly, 
central supervision is discussed and suggestions 
made with regard to it. The suggestion is also 
made that the appointment of an engineering 
inspector for mali, institutions be very seriously 
considered as being a matter of the highest im- 
portance. His office would be to advise the Board 
on all engineering proposals coming from guardians 
for the Board’s approval, and he would also exer- 
cise general supervision over engineering adminis- 
tration at poor-law institutions, and his position 
would correspond very much with that of the poor- 
law medical inspectors. We can quite believe that 
the services of such an engineering inspector would 
prove of great assistance to guardians. He would 
doubtless have numberless yi ep of apply- 
ing the experience gained in the working of the hun- 
dreds of poor-law institutions all over the country, 
so that those institutions that were behind the 
times might be brought more into line with those 
that took the lead. 

As the outcome of their investigations the 
Departmental Committee appointed by the Local 
Government Board appear to have arrived at certain 
conclusions, the consideration of which they strongly 
recommend. Stated briefly they are as follow :— 
(a) That more systematic central supervision should 
be exercised over engineering matters at poor-law 
institutions, and to this end, in addition to the 
appointment of an engineering inspector, annual 
returns should be furnished to the Board respecting 
engineering work. (b) All poor-law institutions 
should keep adequate records. (c) The position of 
the engineer-in-charge at large institutions should 
be improved, by giving him more control over his 
department, and by consulting him with regard to 
the appointment of subordinate officers on his staff 
and respecting other engineering matters; by re- 
quiring him to make periodical returns and reports 
respecting the work of his department, and by pro- 
viding that his reports be submitted intact (with 
any comment the head of the institution may think 
necessary) to the guardians. (d) Engineering 
plant should generally be as simple as_ possible. 
(e) A more systematic check should be exercised 
over the quantity and quality of the coal used, 
and at large institutions a continuous record of 
the water evaporated, as well as the coal used, 
should be kept. In cases where continuous records 


cannot be kept, periodical tests should be made. | 
(f) The engineer-in-charge should be consulted | 
with regard to articles and materials to be ordered | 


for engineering work, and should check goods deli- 
vered. Suggestions are also made with regard to 
the staff to be employed. 


From a perusal of the report, and considera- | 
tion of the evidence therein contained, it seems to | 


us that the above suggestions of the Committee are 
admirable, and if it can be found possible to adopt 
them, if not entirely, at any rate in part, much good 
may result. We feel that one of the most important 





There is also another 


subject, and that is, the kind of men frequently 
employed as stokers in poor-law institutions. 
we not know them too well? Mere shovellers of 


coal to the furnace-grates, the authorities thinking | 


all the time that this is the swummum bonum of 
boiler management. But after all, how can it be ex- 
pected to get anything but a mere shoveller for the 
wage that is paid him. If a better class of man 
were employed for this work, he would save his extra 
pay in many ways; for some of us know who have 
tried it that good stoking is not the unskilled 
labour that some people are inclined to think it. 

Another point is particularly brought out by the 
suggestions of the Committee under the heading 
‘*d.” Tt is the plea for simplicity. All engineers 
who have had control of plant must appreciate this, 
and hence the point of the suggestions put forward 
under heading ‘‘c” as to the advisability, when 
alterations are to be made, of consulting with the 
engineer-in-charge, who, after all, is responsible for 
the running of the plant, and has the best arrange- 
ment of it particularly at heart. It comes rather 
as a surprise to us that the suggestion under the 
heading ‘‘b” should have been found necessary, 
for it indicates greater laxity even than we expected. 

We have, however, said enough to call atten- 
tion to the value of many of the suggestions con- 
tained in the report, and we can only hope that 
they will all be very carefully considered by the 
Local Government Board. There are other points 
we could have mentioned had space permitted, but 
we must leave them. The whole thing seems to 
resolve itself into this: more expert knowledge 
and more applied science in the engineering de- 
partment of these poor-law institutions. 








THE PATENTS ACT. 

In addition to the application for the revocation 
of Bremer’s patent, No. 18,786, of 1902, the decision 
as to which we dealt with in our issue of the 19th 
ult., Mr. George Braulik also filed an application, 
under Section 27 of the Patents and Designs Act, 
1907, to revoke Patent No 23,606, of 1902, granted 
to Paul Hogner, on the ground that the patented 
article was manufactured exclusively, or mainly, 
outside the United Kingdom. The Comptroller 
in giving his decision in connection with this 
second application of Mr. Braulik, decided, as he 
did in the Bremer case, that the patented article 
had been manufactured mainly outside the United 
Kingdom, that it had not been manufactured to 
an adequate extent in the United Kingdom, and 
that the reasons why it had not been so manu- 
factured were unsatisfactory. The decisions on 
these three points thus being adverse to the pro- 
prietors of the Hégner patent, it followed that the 
patent was to be revoked forthwith, subject to 
an appeal to the Court being lodged and the 
Comptroller’s decision reversed. 

The Hoégner invention, as in the Bremer case, 
relates to arc-lamps of the kind in which two carbons 
are inclined to each other. The principal claim in 


| the patent is a general one for controlling the longi- 


tudinal feeding movement of the carbons by their 
lateral movement, which controls the length of the 
arc, and is effected electromagnetically. The re- 
istered proprietor of the patent is Mr. Paul 
dgner, who is the chief engineer to the German 
firm of Messrs. Kérting and Mathiesen. The 


Do} 





}at any time choose to make of it. \ 
| troller was against the patentees on this point, they 
| fell back on their second line of defence, and con- 


The Westinghouse Company do not pay any royalty 
in respect of arc-lamps made in accordance with the 
patent ; but the German firm admittedly pay sub- 
stantial royalties in respect of lamps manufactured 
under the Bremer patent. This apparently one- 
sided agreement between Kérting and Mathiesen 
and the Westinghouse Company is explained by the 
alleged fact that the Bremer patent anticipates the 
Hogner patent. 

The decision and arguments in the present case 
are very interesting, and the lines of defence set 
up by the patentees are ingenious. But even if 
the defence had been successful, it is not clear 
that the patentees would have been the better off, 
in view of the prior patent granted to Bremer. 
The Comptroller said that the reason the patentees 
were so anxious to prevent the revocation of the 
Hoégner patent, and Mr. Braulik was so anxious 
to obtain it, had not appeared in the course of 
the pleadings. The decision, however, will form 
a guide to the foreign holders of British patents, 
and enable them to amend the error in their ways, 
and they cannot but be grateful that others are 
fighting actions by which they gain useful know- 
ledge. Several decisions with which we have 
already dealt in previous articles have made many 
foreign patentees wake up and make determined 
efforts to comply with the terms of Section 27 of 
our Patent Law, which section—we again would 
impress this point on our German friends—is based 
very largely upon their much-lauded German law. 

We have already said that the lines of defence 
set up by the patentees were ingenious. For 
their first line they took up the position that there 
had been no manufacture of the patented article 
anywhere, and that they were accordingly outside 
the provisions of Section 27. In support of this 
defence the patentees put forward a definition 
of the words ‘‘ patented article.” This definition, 
to say the least, is novel, and one that must have 
taken a great deal of invention, but it will not bear 
the cold light of day. The patentees said that there 
were two meanings which could be attached to the 
words: the one that was commonly employed— 
namely, that: a ‘‘ patented article” was an article 
manufactured in accordance with the invention pro- 
tected bythe patent ; and the second, which was the 
definition they had evolved. Their definition was 
that a ‘‘patented article” is an article for which pro- 
tection is claimed by the patentee. The definition 
certainly requires elucidation, and they explained 
it by saying that if a patentee deliberately resigned 
manufacture under his patent, and did not label 
the articles which he sold as being made under that 
patent, he was not claiming any protection under 
that patent, and was, as a matter of fact, not using 
that patent ; in other words, he was only claiming 
protection by his patent when he used it. As, in 
the present case, the patentees had taken no action 
against anyone under the patent, and had taken 
no royalties for manufacturing under it, they argued 
that the ‘‘ patented article ” was not manufactured 
anywhere. The Comptroller would not accept the 
definition of a ‘‘ patented article” put forward by 
the patentees, and said that the question whether an 
article was patented or not depended on the patent 
itself, and not on the use which the patentee might 
As the Comp- 


tended that no article manufactured abroad in 
accordance with the invention protected by the 


patent has not been formally assigned to Kért- | patent was a ‘patented article ” within the meaning 
ing and Mathiesen, but Mr. Hégner executed an | of Section 27, unless, and until, the article was 


pense, all inventions or discoveries which he 
make during the period of his engagement. 
agreement does not in itself constitute a legal assign- 
ment of the patent now under consideration, but 


‘agreement some two years before the date of the | imported into this country—that is to say, 10 
tent under consideration, in which he pledged | 
imself to assign to his employers, without recom- | 


—— 


account was to be taken of any articles manufactured 
in accordance with the patent abroad and not 
imported into this country. On this content:on 
the Comptroller would not look favourably, and 
quoted, in support of the view he took, the 
language of the Lord Chancellor (Lord Lorebu:)) 
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and Lord Davey in the well-known case of Badische | 


Anilin und Sodafabrik v. Hickson. Let us see 
what the suggested limitation would have led to. 
Section 27 employs the words ‘‘ patented article or 
process.” If the patentees’ contention had been 
accepted by the Comptroller, it follows that a pro- 
cess, the subject of a British patent, if carried on 
exclusively abroad, would not be a patented process 
within the meaning of the section, and the section 
would, so far as processes are concerned, have been 
inoperative. The plain sense and meaning of the 
section are clear, and there is no doubt that the 
words’ ‘‘patented article or process” mean an 
article manufactured, ora process worked, whether 
here or abroad, in accordance with the invention 
protected by the British patent. The case to which 
we have referred was cited by the patentees in 
support of their contention, but, so far as it 
goes, the case favours the Comptroller’s inter- 
pretation of the words “‘ patented article.” The 
Lord Chancellor spoke of the article as being a 
‘* patented article,” although it was neither made 
nor brought into this country, and Lord Davey 
spoke of the same article as ‘‘an article made 
abroad in accordance with an invention protected 
by a British patent and to be delivered abroad.” 
It thus seems clear from the words employed by 
the Lord Chancellor that the expression ‘‘ patented 
article” is not inapplicable to an article made abroad, 
in accordance with an invention protected by a 
British patent, and not brought into this country. 

The Comptroller spoke very plainly about the 
methods of defence that had been employed in 
this case, and in the Bremer case, and let fall a hint 
that the Board of Trade would have to strengthen 
his hands by directions as to the course he was to pur- 
sue in such cases in the future. The Comptroller's 
remarks appear to have been called forth partly by 
a declaration made on behalf of the patentees by 
Mr. Justus Eck, the secretary to the Union Electric 
Company, Limited, who act as agents for the 
patentees. In his declaration, Mr. Eck declared 
that owing to the unlicensed manufacture and sale 
by Mr. Braulik and others of lamps embodying 
the Hégner patent and other patents held by the 
licensees—i.e., the Westinghouse Company—the 
licensees were prevented from fully developing the 
manufacture, and had on that account taken legal 
steps to restrain such unlicensed manufacture or 
sale. It seemed, the Comptroller said, clear from 
the evidence that the Westinghouse Company had 
not taken legal steps against Mr. Braulik, or, so far 
as the evidence went, against anyone else, with the 
object of restraining the unlicensed manufacture of 
the patented article, and to this extent, therefore, 
Mr. Eck’s declaration was at variance with the facts. 
Mr. Eck, during his examination by the patentees’ 
counsel, sprang upon the applicant, without pre- 
vious notice, the names of thirteen British firms 
who, he alleged, were manufacturing in this 
country lamps, the mechanism of which was similar 
to that of the lamp protected by the Hégner patent. 

With regard to this evidence the Comptroller 
said that if the patentees intended in any way to 
justify their failure to make the lamps themselves 
in this country by the manufacture here of the 
lamps by the thirteen firms in question, who, they 
suggested, had made them, but against none of 
whom they had taken proceedings, and, according 
to the evidence of their own witness, Mr. Eck, to 
whom they had not written protesting against the 
alleged infringements, it was, in the Comptroller's 
opinion, very unfair of them not to give some 
notice beforehand to Mr. Braulik of their intention 
in this respect, so that he might have had the 
opportunity of testing the truth of these alle- 
gations. Whether fair or unfair, the Comptroller 
came to the conclusion that the course taken by 
the patentees was not in accordance with the 
Patents Rules, 1908, and he dropped the hint to 
which we have previously referred. 

The only conclusion we can form from the 
Comptroller’s remarks is that the manufacture of 
« patented article in this country must be to such 
an extent in relation to the total demand, both here 
and abroad, that it cannot be said that the demand 
is mainly supplied from abroad. In the case of a 
large foreign demand it might happen that there 
iuust be a surplus here after the British market 
has been supplied, and that this surplus must be 
employed in supplying the world’s markets that are 
open to the British and foreign manufacturers. In 
other words, the British manufacturer is to wake 
up and compete with the foreigner outside the 
United Kingdom. 


Having thus decided that the patented article was 


whether the patented article was manufactured to an 
house Company make between 500 and 600 lamps 


number is made here by infringers. The Comp- 
troller said he could not accept as unquestionable his 


possible for him to come to the conclusion that 
the patented article was manufactured here to an 
adequate extent, having regard to the large number 
of lamps imported both by the patentees them- 
selves, and, as they allege, by infringers. The 
burden of proof was thrown on the patentees to 
show that the patented article had been manu- 
factured to an adequate extent in this country, and 
the Comptroller could not hold, on the evidence, 
remembering the circumstances under which it was 
given, that any such number of lamps as they 
suspected to have been manufactured in this country 
under the patent had been proved to have been made 
here. 

The patentees finally argued that the granting of 
the license to the Westinghouse Company was to 
be regarded as a manufacture by the patentees. 
The Comptroller said it is out of the question that 
he should hold that a patentee could get rid of his 
responsibility for working a patent merely by grant- 
ing a license to work it to a firm who did not. manu- 
facture in the United Kingdom to an adequate 
extent, whilst the patentee, in competition with his 
licensee, was importing far larger quantities than 
the licensee made in this country. 








EXPERIMENTS AT HIGH TEMPERA- 
TURES AND PRESSURES. 

In his Royal Institution discourse of Friday, 
March 19, on ‘‘ Experiments at High Temperatures 
and Pressures,” Mr. R. Threlfall, M.A., F.R.S., of 
Birmingham, did not give the experimental dis- 
play to which his audience may perhaps have been 
ooking forward, but he delivered a most instructive 
lecture. Within a few miles of the lecture-room, he 
said in opening his discourse, there was an unex- 
plored region. Mr. Parsons had suggested we should 
make a short expedition into the ground. But to 
bore a hole 12 miles deep would occupy eighty- 
five years and cost 5 million pounds, and as no 
well-to-do man had so far undertaken this project, 
we had to imitate in our laboratories the tempera- 
ture and pressure conditions deep down in our 
earth. One of the most important questions in 
this connection was to know whether a particular 
body would be liquid or solid, and, if solid, whether 
amorphous, glassy, or crystalline under specified con- 
ditions. That pressure would influence the melting- 
point of a body had been clearly put by Clapeyron 
in 1834, before James Thomson could, in 1851, 
calculate the amount by which the temperature of 
fusion of ice would be reduced by a certain increase 
of pressure. This was after the establishment of 
the mechanical theory of heat, though the calcula- 
tion was based upon Carnot’s consideration of the 
way in which heat was converted into mechanical 
work in any prime mover depending upon a heat 
supply (1824). James Thomson obtained an equa- 
tion Pm the mechanical work actually pro- 
duced under stated conditions, and the work which, 
according to Carnot’s principle, must be developed 
by a reversible engine operating between certain 
temperature limits upon a given amount of heat. 

The general relation for a substance undergoing 
a change of state at absolute temperature T, such 
change involving a change of volume A +, and an 
absorption or emission of heat Q at constant pres- 
sure p, was dT _4eT 

dp  Qp 
sign), or, in words, the change of melting-point 
produced by unit change of pressure equalled the 
product of the absolute temperature and of the 
ratio of the change of volume of unit mass on melt- 
ing to the quantity of heat absorbed or emitted by 
| unit mass in the process. Most substances evolved 
| heat and contracted in passing from the liquid to 
| the solid state ; this evolved heat was regarded as 
| positive, and the change of volume as _ positive 
| when the body expanded. In the case of water 
heat was evolved during freezing, as in other cases, 
but the mixture of ice and water had a smaller 
volume than the solid ice; in this case the change 
| of volume was negative, and the melting-point was 
, lowered as the pressure was raised. 


(reserving the question of 





adequate extent in this country. The Westing- | 
per annum, and Mr. Keck alleged that’a much larger | 


estimate on this point, and it was therefore im- | 








After experiments at high pressures by Dewar 


manufactured mainly outside the United Kingdom, |and others, the first exact confirmation of the 
the Comptroller proceeded to discuss the question | theory had been given by De Visser (1893) in his 


research on acetic acid. The substance should be 
pure, or the solid phase should, at all events, have 
the same constitution as the liquid phase. The 
apparatus consisted of a bent glass tube provided 
with several bulbs, partly immersed ina bath. The 
melting acetic acid (the anhydride forms ice-like 
crystals, melting at 17 deg. Cent., which are known 
as glacial acetic acid) expanded and compressed 
the air in the system through the intermediary of 
mercury until the pressure prevented further 
melting. so that a mixture of solid and liquid acid 
at a known temperature resulted. The ratioof change 
of volume to ~ absorbed was determined by a 
modification of Bunsen’s ice calorimeter, and the 
final result was that the rate of variation for the 
temperature of the melting-point with increasing 
pressure was 0.02435 deg. Cent. per atmosphere, 
while the theoretical value was 0.02421 deg. Cent., 
a difference of 0.57 per cent. One overlooked 
factor in these difficult experiments and de- 
ductions had been pointed out by J. J. Thom- 
son in 1886—viz., that there was a difference in 
the energy, due to strains produced by the pres- 
sure in unit mass before and after solidification. 
We had no reason to presume that the rate of 
change of melting-point with pressure was a con- 
stant quantity independent of the pressure. 

Experiments at much higher pressures—up to 
1500 atmospheres (10 tons per square inch)— 
Mr. Threlfall continued, had afterwards been made 
by Barus, and by far the greatest part of our 
information on these matters we owed to Gustav 
Tammann, of Gottingen, and to his book ‘‘ Kristal- 
lisiren und Schmelzen” (1903). When we plotted 
pressures and temperatures of melting, we obtained 
a melting-point curve dividing the field into two 
parts. On the one side of the curve pressure and 
temperature had values such that the substance was 
solid ; on the other side the conditions kept the 
substance liquid ; and along the line itself the solid 
and liquid phases could exist together in equili- 
brium. Such a diagram was called a ‘‘ diagram of 
condition.” The complete thermodynamic speci- 
fication of a body involved a knowledge of its mass, 
volume, pressure, temperature, energy, entropy, 
surface-tension, and nature, whether liquid, solid, 
glassy, crystalline, or amorphous. By experiment- 
ing with a screw-press, in which a piston of ebonite 
was driven down a steel cylinder filled with 
oil and communicating with a strong steel vessel, 
which enclosed a glass tube, dipping below into 
mercury and containing the substance, Tammann 
had simultaneously measured pressure, tempera- 
ture, volume, and mass of many substances under 
high pressures at temperatures ranging from 80 to 
200 a Cent. In order to construct a diagram 
of condition, we had to find a number of points 
separating the liquid from the solid area, or the 
areas corresponding to different crystalline forms 
when the transformation of one sort of crystal into 
another was being investigated. 

Having shown Tammann’s curves for carbonic 
acid and for naphthalene, the results of experiments 
at pressures up to 28 tons per square inch, Mr. 
Threlfall illustrated peculiar transformations in 
crystalline forms. A strip of cardboard was painted 
with bright red crystals of mercuric iodide ; dipped 
into liquid air, the iodide became yellow, turning 
red again as it warmed. Other red crystals of the 
iodide were melted on a glass slide ; recrystallis- 
ing they looked yellow, but for some reason a 
crack would form somewhere, and, starting from 
that crack, the mass would turn red again ; 
yellow islands might be left between advancing 
areas of red, and the change might proceed slow] 
or rapidly ; why, we did not know. Mr. Threlfall 
later on added that text-hooks ‘‘ explained” many 
phenomena of crystallisation which we really did 
not understand. He then showed an old forgotten 
experiment of Mitscherlich’s. Several test-tubes 
contained hot concentrated solution of potassium 
bichromate ; the cooling solution aqdulient, and 
the red crystals burst the glasses and crumbled 
into dry powder, apparently without any tempera- 
ture change. The case of sulphur, the lecturer 
continued, was particularly interesting. Sulphur 
crystallised from some solutions in rhombic (octa- 
hedral) forms, from others in monoclinic forms ; 
the latter crystals contained some amorphous 
sulphur, which was obtained as a tough vitreous 
mass by pouring molten sulphur into cold water, 
At 95.4 deg. Cent. and atmospheric pressure the 
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rhombic sulphur, alone stable at ordinary tempera- 
ture (density 2.03), passed into the monoclinic 
modification (density 1.98). The hot-stage slides 
exhibited brought these transitions out very well 
in polarised light. The transformation tempera- 
ture should rise with increase of pressure ; Bakhuis 
Roozeboom had predicted the diagram of condition 
in 1887, and Tammann had verified the prediction 
and proved the existence of a triple point, which 


> 


PA 1000 1440 2000 Kg. 


can be seen in the diagram, Fig. 1, at a temperature 
of about 150 deg. Cent. and a pressure of 1440 
kilogrammes per square centimetre. 

The lines dividing the areas were not quite 
sharp, owing to the presence of some amorphous 
sulphur, yet much sharper than in the case of 
phenol, for instance, Phenol existed in two kinds 
of crystals of different density, &c., and the two 
areas overlapped, so that we had a region of pseudo- 
equilibrium. The general result of Tammann’s 
investigations of about forty substances at pres- 
sures up to 19 tons per square inch was, that the 
rate of change of melting temperature with pres- 
sure fell off as the temperature rose, and that many 
substances which at ordinary pressures crystallised 
in one form only, would assume allotropic modifica- 
tions at high pressures ; this latter tendency seemed 
to be associated with the extent to which a sub- 
stance could be under-cooled without crystallising. 

What would happen, Mr. Threlfall asked, if we 
went on increasing the pressure? Would the melt- 
ing-curve end at some critical point, beyond which 
it would not be possible to distinguish between 
liquid and crystalline form? There was no experi- 
mental indication of this, and Professor Tammann 
did not believe it likely to occur, because crystals 
had different properties along different axes, and 
the differences between crystals and liquids were 
greater than those between liquids and gases. 

The argument did not appeal strongly to Mr. Threl- 
fall. If we could compress a substance, he thought, 
until a state was reached in which the liquid had 
the same density as the crystals, the mean distances 
between the molecules would be the same in the 
two cases, and crystallisation might set in gradually, 
so that we could not exactly say where the liquid 
ceased to be a fluid and became a crystalline solid. 
It followed also from theoretical considerations and 
Damien’s experiments that we had no reason to 
assume that pressure would continue to raise the 
melting-point indefinitely. Everything depended 
upon the substance, and we had to carry our 
experiments to much higher temperatures and pres- 
sures than so far attained. 

The essential part of the apparatus which Mr. 
Threlfall had constructed for this purpose is illus- 
trated in the diagram, Fig. 2; the whole apparatus 
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has a height of about 5 ft. A hollow steel cylinder 
consists of an upper and a lower half, separated 
from one another and from the other parts by mica 
discs (marked black in the diagram), and clamped 
together. The core is lined with magnesia, pre- 
viously melted in an electric furnace, ground up fine 
and pressed into the cylinder to form a solid plug, 
which is then bored with a hard-steel drill. 


|cool, keeping up the pressure. 
| tain how much pressure was lost during the trans- 





Magnesia would not flow under a pressure of 
50 tons per square inch ; but it was preferable to 
other materials. Alumina, e.g.. could be com- 
pressed into cakes, but was too fusible. The bottom 
of the lined cylinder was filled with Acheson 
graphite in electrical contact with the base of the 
apparatus, and the substance to be operated upon 
was then placed in the narrow part of the bore. 
The pressure was applied by a ram of high-speed 
steel. In making an experiment the hydraulic 
press was worked until the desired pressure (up to 
100 tons per square inch) was reached ; the heating 
current was then turned on; when the magnesia 
began to melt, the pressure went down, graphite 
flowed into the magnesia tube, and the pump was 
worked again to compensate for the lost pressure. 
The narrow part of the cylinder would then be in a 
fluid bath. Originally the cylinder had been made 
in one piece, and there had been considerable 
voltage between the graphite entering the ap- 
paratus and the steel walls; explosions had been 
frequent, due, subsequent examination had re- 
volled, to graphite filaments which were driven 
through the magnesia and caused short circuits. 
The division of the cylinder was a great advantage, 
as the cylinder could easily be taken to pieces and 
the centre of the core examined, and the whole 
apparatus was very convenient for high-pressure 
experiments at temperatures of 2000 deg. Cent. and 
more. 

Many experiments had been made both on dif- 
ferent kinds of carbon and on graphite, about 1 or 
2 grammes, the energy of 5 or 10 kilowatts being 
kept on for three or six seconds. The magnesia 
lining was generally found melted to a depth of 
1 centimetre round the core ; assuming the melting- 
point of magnesia to lie near 2000 deg. Cent., the 
temperature at the centre of the charge had prob- 
ably risen to 3000 deg. and higher. No matter 
what kind of carbon was packed into the apparatus 
(diamonds were not tried), the final result was 
always a soft, well crystallised graphite ; in this 
the lecturer agreed with C. Parsons, but not with 
Lugwig (1902). 

hen starting this research, Mr. Threlfall said, he 
had not known how to measure the pressures at red 
heat, except by compressed gas, But Spring had 
already observed that graphite would flow under 
high pressures, and he found that graphite became 
sufficiently fluid at 50 tons per square inch to 
transmit part of the pressure on it. To explain the 
objects of the experiments, Mr. Threlfall referred 
again to the sulphur diagram (Fig. 1). When 
sulphur was melted and cooled slowly, monoclinic 
crystals were found, which, below 98 deg. Cent., 
changed into rhombic crystals. That change might 
escape notice, however ; for externally the form re- 
mained monolinic, but the translucent mass, a 
pseudomorph of the original, became opaque. To 
obtain large octahedral (rhombic) crystals, we had 
to raise temperature and pressure to 160 deg. 
Cent. and 1600 kilogrammes per syuare centimetre 
(10 tons per aquare inch). hen we then reduced 
the temperature slightly or increased the pressure, 
rhombic crystals would form, and if we wished to 
extract them, we had to maintain the pressure while 
cooling at the proper rate. If we wanted large 
crystals, we should not have too many points of 
spontaneous crystallisation, and not too high a rate 
of crystal growth. ' These relations told us how to 
proceed in the transformation of the different forms 
of carbon, though the case of carbon was more 
analogous to the phenol case, in which we had three 
regions: in one region phase A alone was stable, in 
the second region only phase B, and in the third 
region both A and B were stable. 

th graphite and diamond were perfectly stable 
in presence of each other at atmospheric pressure 
up to the temperature of about 3000 deg. Cent.— 
nearly that of the electric arc. To convert graphite 
into diamond we should raise the temperature and 
pressure together to some unknown value, and then 
In order to ascer- 


mission in his apparatus, Mr. Threlfall had arranged 
an apparatus in which the material was exposed to 
a known pressure tending to force it through a 
cylindrical space identical in figure with the s 

in which the,heating was to be carried out. -The 
pressure pease | was transferred to a piston 
with a hard steel point, which penetrated into soft 
steel ; the same piston was subsequently forced into 
the same plate to the same depth by a known 
pressure. Experiments of this kind had been made 
with lead and graphite. Graphite seemed ‘to be the 





only substance combining a certain fluidity with the 
capacity to resist high temperature. Compressed- 
gas apparatus was very complicated, and became 
dangerous at pressures like 100 tons per square 
inch. That was the highest pressure applied by 
Mr. Threlfall, and also the highest instantaneous 
pressure observed by Sir Andrew Noble when 
exploding cordite in closed vessels ; that pressure 
meant, by Boyle’s law, a density of the nitrogen 
evolved 15,240 times as high as the ordinary den- 
sity of nitrogen, or about the density of gold (19). 

In spite of this high pressure, the compressed 
graphite was very porous. When soft graphite was 
driven into the graphite plug at the bottom of the 
apparatus, however, it became as hard as a hard 
steel file. This portion of the graphite would be 
more rapidly cooled than the other, because the 
Acheson graphite was a good conductor of heat ; 
the hardening could not be satisfactorily explained, 
however. Only traces of magnesia carbide were 
formed if the carbide were not iron carbide, traces 
of iron being left in the magnesia in spite of all 
care to remove them. Diamonds were not found 
by Mr. Threlfall. Graphite (not diamond) could be 
converted into graphitic acid ; a still more reliable 
distinctive test for diamond was that crystals of 
graphite, carborundum, and alumina were entirely 
destroyed when fused with caustic potash in a silver 
spoon, while diamond dust was not attacked. 

In conclusion, Mr. Threlfall expressed the 
opinion that no wholesale transformation of carbon 
or graphite into diamonds was possible at tempera- 
tures of about 2000 deg. Cent., and pressures iin 
between 50 and 100 tons per square inch. The 
actual pressures operating during the experiments 
were somewhat uncertain. Professor Tammann had, 
however, suggested that Mr. Threlfall might have 
crossed the equilibrium curve graphite-diamond 
without leaving time for crystallisation. Mr. Threl- 
fall explained that his own idea had been to melt 
the carbon which then might crystallise. Further ex- 
periments were only possible with furtherfmproved 
high-speed steel which would keep its hardness at 
nearly red heat. But the limits of temperature 
during which carbon crystallisation was possible 
might be very narrow at any pressure. When pro- 
ducing his small diamonds, Moissan had really 
worked at much lower pressures and temperatures, 
however. Using iron as a solvent for carbon, 
Moissan could hardly have exceeded 20 tons per 
square inch, and his temperature had not been 
above 1500 deg. Cent. Roozeboom’s opinion looked 
the most probable: we wanted solvents for the 
carbon in order to depress the crystallisation point 
of diamond to a point at which the transformation 
back to graphite was slow enough for rapid cooling 
to interrupt it. That would suggest new experi- 
ments in the presence of iron, though Mr. Parsons 
had failed in such attempts. Other metals might 
betried. Mr. Threlfall acknowledged his indebted- 
ness to Mr. C. H. Beasley and Mr. T. H. Waller 
for assistance in this research. 








MARINE: MOTORS AT OLYMPIA. 

WE have dealt in another article (see page 413) 
with many of the exhibits relating to aerial naviga- 
tion which are to be'seen at the Exhibition opened 
at Olympia on the’ 19th inst., and we now propose 
to speak of the marine motors shown there. In 
these motors there is considerably less novelty than 
there has been on some past occasions. This is not 
because the trade is becoming of less importance, 
for, on the contrary, the use of the internal-combus- 
tion engine for small marine-work is rapidly extend- 
ing; but itis due to the fact that designs are settling 
down, temporarily at all events, to something like 
standard patterns. There is, however, a considerable 
improvement in the general quality of the designs, 
and a much greater realisation of the requirements 
of a marine motor, which are in many ways quite 
difterent to those of the car motor. e latter is 
required to give very high power for its weight for 
very short periods ata time, But is never called on to 
do this for more than a few minutes, and is normally 
run at about a fourth of its maximum, while the 
marine motor, on the other hand, will be required 
to give its full power for long periods continuously, 
but may in most cases be made a good deal heavic'. 
Further, the greatest torque in a car motor usualy 
comes with the lowest revolutions, whereas in * 
boat the torque always increases with the revo- 
lutions. In addition to this, the working parts ot 
the car motor are usually got at from below, whereas 
in a boat everything must be got at from above 
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THE HESSE MARINE REVERSING-GEAR. 


CONSTRUCTED BY THE TEDDINGTON MOTOR-CAR AND LAUNCH WORKS, ENGINEERS, LONDON. 
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Hence putting car motors into a boat does not lead 
to good results, and it is very satisfactory to see 
that the marine motor trade is getting into the 
hands of the marine engineer, and that there are 
very few motors exhibited of the regular car type. 

The majority of the motors exhibited are made by 
people who make a speciality of marine work, but 
where motor-car makers are showing marine engines 
they are now generally making this a special depart- 
ment, and the engines are of special design for the 
work, and are not car-engines. 

It is also getting to be realised that there is 
room for several different types of marine motor. 
At present, no doubt, the greatest demand is for 
a motor of considerable power in proportion to its 
weight, and running at what would have been 
thought very high revolutions not long ago. With 
these motors speeds can be got and maintained con- 
siderably higher than were practicable with steam, 
and if well made and kept up, such motors can be 
made for all practical purposes reliable and quite 
durable enough for ordinary pleasure craft. There 
is, however, obviously a considerable field for a 
motor to stand considerably harder work than this 
for commercial purposes, where weight is of little 
importance, and several firms are showing examples 
of such motors. This type may also be very suit- 
able for yachting work, where speed is a secondary 
consideration. While the lighter type of engine will 
probably in the future invariably have four or more 
cylinders in order to keep down the vibration and 
get a light fly-wheel, the heavier one may very well 
be single-cylindered, as the speed at which it runs 
will be much less, and the construction heavier, so 
that there will be little vibration. There will also 
be a certain demand for engines for extreme speeds, 
in which the reduction of weight will be the great 
consideration to which everything. else will have to 
giveway. Judging from the exhibits at Olympia, 
this demand seems much less in evidence than a 
year ago, and there is no doubt that the craze for 



































reduction of weight at the expense of reliability is 
going out. 

In the boats exhibited there is little new, 
though some excellent specimens of boat-building 
are shown. There are, however, fewer examples 
of the extraordinary shapes which have been deve- 
loped by some of the builders of racing-boats, and 
it is now certain that a boat of normal lines is just 
as fast for an equal weight, power, and length as 
these monstrosities. The hydroplane is repre- 
sented by several examples, and it is a type the 
possibilities of which it is impossible to predict. As 
in our issue of the 12th inst. (vide page 365 ante) 
we printed the valuable paper on this subject read 
before the Motor Yacht Club, by Sir John Thorny- 
croft, it is not necessary to say any more about it 
here. 

The Maudslay Motor Company, Parkside, Coven- 
try, and 60, Piccadilly, London, W., show two 
boats and two examples of their marine engines. 
The boats are a 40-ft. racing-launch and a 25-ft. 
half-decked mahogany cruiser, 6-ft. beam, having a 
_ of about 12 knots—a most useful type of boat. 

he engines shown are a four-cylinder 25 to 30 brake 
horse-power, and a six-cylinder 60 brake horse- 
power. The former has the cylinders cast in pairs, 
the diameter being 4} in., and stroke 5 in. ; while 
the latter has them cast in two groups of three, the 
dimensions being 5 in. by 5in. Both these engines 
are of the usual Maudslay design, having all the 
valves placed in a row in the cylinder-heads, and 
driven from a cam-shaft running longitudinally 
above them, this shaft being so arranged that it 
can be easily swung out of the way to get at 
the valves. This arrangement makes a most 
accessible engine, as all the valve-gear is high up, 
and can be got at quite easily, while the absence 
of a cam-shaft allows of access to the crank-chamber 
from both sides. The magneto and commutator 
are placed above the cylinders, one at ‘each 
end of the cam-shaft, and are therefore well above 











wet and dirt, and easy to get at. Doors are pro- 
vided at both sides of the crank-case, through which 
the big ends can be adjusted, and, if necessary, the 
pistons and connecting-rods can be removed through 
these without disturbing the cylinders. The crank- 
shaft has bearings between the cranks, and forced 
lubrication is fitted. While the above description 
applies to both the engines, the 60-horse-power 
six-cylinder is a new design specially for marine 
work, having the main bearings carried on the 
bottom half of the crank-case, this being the part 
fixed to the engine bearers. The cylinders are 
also bolted together by a flange between the 
two groups, making them practically a solid 
block. This should be a distinct advantage, as 
it considerably stiffens the crank-case, which is 
of importance, especially in six-cylinder engines. 
The balancing of these engines consists of each 
group of three cylinders having a rocking moment 
in opposite directions, and this therefore puts con- 
siderable stresses on the crank-case, and as this is 
necessarily of considerable length, it is very im- 

rtant that it should be stiffened at the middle of 
its length, where the stress is greatest. 

Messrs. J. I. Thornycroft and Co., Limited, 
Church Wharf, Chiswick, London, W., show an 
assortment of their marine motors, and also models 
of various motor-boats and destroyers. While their 
exhibit has no very marked novelty, it is distin- 
— by the presence of the largest marine motor 

urning paraffin in the Exhibition. This has four 
cylinders, 8in. by 8 in., cast in pairs, with all the 
valves on one side, driven off one cam-shaft, and is 
capable of maintaining 105 brake horse-power. It 
is fitted with a carburettor heated by the exhaust, 
capable of using paraffin ap te 150 deg. flash-point, 
but may be used with petrol if desired. Forced lubri- 
cation is employed, and the ignition is by low-ten- 
sion magneto, though high-tension can be fitted if 
desired. A smaller engine, with cylinders 6 in. by 
_8 in., having the valves on opposite sides, is also 
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shown, and itis stated that one of these engines has 
been running on the West Coast of Africa for over 
20,000 miles without showing any material wear. 
A two-cylinder 4}-in. by 6-in. motor, developing 
18 brake horse-power, and specially built for run- 
ning on paraftin, is shown, as also a single-cylinder 
engine, 4} in. by 5 in., direct coupled to a dynamo 
capable of giving 34 kilowatts at 220 volts. The 
smaller engines in all cases have high-tension 
magneto ignition. The standard types of Thorny- 
croft engines have in al] cases cast-iron crank- 
cases, as the makers consider that this gives the 
best all-round results, except where extreme speed 
is of more importance than durability, The weight 
of the large-sized engine shown is about 1} tons, 
with reversing gear, and therefore works out at 
38 lb. per brake horse-power. 

An example of the Mercédés marine motors is 
shown at the stand of Messrs. Milnes, Daimler, 
Limited, 221, Tottenham Court-road, London, W. 
This engine has four cylinders, 165 millimetres by 
200 millimetres (65 in. by 7{in.), which give 72 
brake horse-power at 800 revolutions on paraffin, 
and 85 brake horse-power on petrol. The design 
is of the usual Mercédés type, having the cylinders 
cast in pairs, with the valves on opposite sides, and 
low-tension magneto ignition. The crank-case is of 
cast iron, and the whole of the lower part, together 
with the supports for the main bearings, is cast 
hollow, and has water circulation through it. By 
this means the oil contained in the crank-case is 
kept cool, and does not lose its lubricating power. 
Forced lubrication is used. The engine has three 
yumps for the lubrication, water circulation, and 
Caer wahes respectively, and all these are of the 
plunger type, the makers preferring this to the 
rotary. A special feature of this engine is an 
arrangement for self-starting. This consists of a 
small hand-pump which sucks through an ordinary 
petrol carburettor, and delivers an explosive mix- 
ture through special valves to two of the cylinders. 
These cylinders are chosen with cranks at 180 deg., 
and in starting the fly-wheel is turned by hand till 
one of the cranks is just over the centre. The 
pump is then turned till the cylinder is full of 
explosive gas at a slight pressure, and this mixture 
is fired by a special high-tension magneto turned 
by hand. The arrangement is, in fact, somewhat 
similar to some of the arrangements for starting 
stationary gas-engines. The engine is controlled 
by a governor and hand-control, and reversing is 
effected by means of an epicyclic gear. The weight 
of this engine complete, with its stern-tube shaft- 
ing and all accessories, is 1 ton 15 cwt., which works 
out at about 55 lb. per brake horse-power. In 
comparing this weight with others, it must be re- 
membered that the propeller, stern tube, and 
other accessories are included, and that it is not 
usual to include their weights in the case of other 
marine engines, steam or otherwise. 

Mr. E. H. Clift, 181, Queen Victoria-street, 
London, E.C., shows examples of the Clift marine 
motor. Mr. Clift considers that reliability is of the 
utmost importance in a marine engine, and there- 
fore arranges his engine so that every working part 
possible can be removed and replaced while the 
engine is running, the defective cylinder being for 
this purpose cut out of action, and the others left 
working. To do this each cylinder has a compres- 
sion release so arranged that the ignition plug can 
be seen working. Each cylinder also has a separate 
carburettor, so arranged that the whole can easily 
be detached while the engine is running. The 
valves are so arranged that ‘bos be removed 
and replaced without stopping. Two water pumps 
are fitted, each driven by a friction clutch, so 
arranged that they can be easily removed and re- 
placed while running, and two ignitions are pro- 
vided, the magneto being held by a spring clamp 
and being readily removable. Forced lubrication 
is provided, the pumps being in duplicate and re- 
movable while running, as .n the case of the water- 

umps, and the bilge pumps are on a similar plan. 
he engine is constructed to burn paraffin, the 
vaporiser, which is separate for each cylinder, con- 


sisting of a chamber, ~—_ hot by the heat of the | 


engine, containing a number of small balls through 
which the paraffin is drawn and vaporised. It is 
claimed for the plan of a separate carburettor that 
to make the cylinders work absolutely equally 
each has to have the mixture accurately adjusted to 
it, and that this cannot be done with one car- 
burettor. In other details the engine is substan- 
tially built, and has the cylinders cast separately, 
with the exhaust valves worked direct ; the 


inlets are inverted and worked by rocking-levers. 
Large doors are provided to the crank-case for 
access. A four-cylinder engine of this pattern is 
shown, having cylinders 6 in. by 8 in., giving 
60 brake horse-power at 750 revolutions, and weigh- 
ing 22 ewt., or about 41 lb. per brake horse-power. 
A two-cylinder 10in. by {in., giving 80 brake 
horse-power at 475 revolutions, in which the valves 
are fitted with balance pistons and are water-cooled, 
is also shown. 

A feature of these engines is that only fresh water 
is used for cooling the cylinders, and an exhaust- 
silencer and evaporator to make up the loss is 
shown, this consisting of a tubular vessel filled with 
sea-water, with an arrangement for syphoning off 
the salt water when it reaches a certain density. 

There is no doubt that reliability is of the very 
utmost importance in marine work, as there are 
many cases in which stopping the engine would 
entail very serious risk of loss of the boat. There 
is therefore a great deal to be said for having all 
the parts very easily detachable and adjustable 
without stopping the engine, but to what extent 
this need be carried is a matter of doubt. It may 
be better to make parts so that they will not give 
trouble under any circumstances rather than to make 
them so that they are easily replaceable when they 
do. At present, however, it is certain that parts 
do give trouble occasionally, and therefore the 
above engine is well worth a careful study. 

Messrs. Norris and Henty, 87, Queen Victoria- 
street, London, E.C., show examples of the Gardner 
marine paraftin-engine, the largest exhibited having 
three cylinders, 8 in. by 9 in., and developing 55 
brake horse-power at 500 revolutions per minute. 
This engine is of the comparatively heavy type, run- 
ning at a moderate number of revolutions, and suit- 
able for very hard continuous work. It has the cylin- 
ders cast separately, and the valves at opposite sides. 
Paraftin ae used both for starting and running, 
and the vaporiser is not heated by the exhaust, 
but by a separate lamp, there being a separate 
vaporiser to each cylinder. It is claimed that this 
system of vaporiser allows of the engine being run 
at very low power for a practically unlimited time, 
(which is not always the case when the vaporiser is 
heated by the exhaust), and yet being always ready 
to run at full power when required, and that this 
makes it especially suitable for fishing-boats, which 
often require to go at full speed to their fishing- 
ground, then to run for hours at the lowest speed 
at which the boat will steer, and, finally, to run 
back at full power. The principal alteration from 
last year’s design is that, instead of the governing 
being by a cut-out governor, the valves are now given 
a variable lift by the governor. Ignition is by low- 
tension magneto. Doors are provided in the crank- 
case, through which the big ends can be adjusted, 
while if necessary the pistons can be inspected or 
withdrawn through the cylinder-heads. The fly- 
wheel is large, and is placed at the forward end of 
the engine, and reversing is effected by epicyclic 
gear. 

An example of the single-cylinder type of slow- 
running engine, burning crude petroleum, is shown 
by Messrs. Hart, Harden, and Co., Kingston Bridge, 
Hampton Wick, under the name of ‘ Primus.” In 
this case the cycle is of the two-stroke type, the 
crank-chamber of the engine being used as a pump, 
and forcing a“ charge of pure air into the cylinder 
at the end of each working stroke, which pushes 
out the exhaust gases before it. The top of the 
cylinder is unjacketed, and forms a hot-pot, in which 
the a is vaporised and ignited spontaneously 
at the end of the compression stroke by the com- 
bined heat of the metal and compression. It is 
stated that the petroleum is sprayed in when the 
compression reaches 1001b., the full pressure at the 
end of the compression stroke being 120 1b. The 
petroleum is supplied by a small force-pump, and 
the stroke of this pump can be adjusted as desired, 
to vary the amount of petroleum supplied to the 
cylinder each stroke, and therefore the power of 
the engine. For starting purposes, a lamp is used 
to heat the vaporiser. 

A two-stroke paraftin engine, the action of which 
|is very similar to the above, is the Fairbanks- 
Remington, shown by the Fairbanks Company, 
| 78-80, City-road, London, E.C. The general 
| arrangements of the air and paraflin supply are as 

in the ‘‘Primus,” but a special arrangement is 
fitted by which, for starting purposes, a charge of 
— can be forced into the arg after heating, 
| 'y a 





hand-lever working the paraffin-pump. In this 
| engine the control is by a governor, which is hand- 





controlled. The larger of the engines of this type 
shown has a single cylinder, 8} in. in diameter by 
8-in. stroke, and gives 15 brake horse-power at 4(k) 
revolutions per minute. 

While the use of the two-stroke type of motor 
has not extended as much as its advocates have 
expected, and the tendency is rather for the four- 
stroke to take its place, it seems as if there should 
be a field for the two-stroke where weight is not 
of great importance, owing to its extreme sin- 
plicity and the complete absence of valves. This 
may be of special importance when crude petroleum 
is the fuel, as there is then always the possibility of 
trouble from the valves sticking. 

The Fairbanks Company also show small two- 
stroke motors of the ordinary petrol type, and a 
new four-stroke British-built motor, which, however, 
though a good specimen of marine motor design, 
presents no feature of special interest. 

The Teddington Motor-Car and Launch Works, 
Teddington, London, 8. W., show several examples of 
their Hesse patent reversing-gears, the special points 
of which are that they are very compact and self-con- 
tained, and that thegear-wheels are notrunning either 
when the boat is travelling ahead or when she is at 
rest with the engine running. In several reversing- 
gears of the epicyclic type the gears are locked, and 
do not run when driving ahead, but are running 
when the boat is standing, and it is to avoid the 
possibility of noise from them that the Hesse gear 
is arranged so that they are at rest. The Tedding- 
ton Motor Company has had these gears on the 
market for some time, but has now brought out a 
new pattern, which we illustrate on page 427. In 
previous patterns there has been a dog-clutch, which 
came into action when going astern, and this has 
now been done away with, and _ friction-clutches 
are used throughout. The action will be seen 
from Figs. 1 and2. A is a wheel forming a double- 
cone clutch fixed to the engine shaft ; B is a some- 
what similar wheel fixed to the propeller shaft C, 
the whole shaft and wheel being movable longi- 
tudinally by a suitable reversing lever; D is a 
casing containing the whole of the gear; it is 
free to move a certain distance longitudinally, 
and is shaped to make a cone clutch engaging 
with A at the forward end, and carries a_bevel- 
wheel E at the after end. This wheel drives G in 
the reverse direction, when required, through the 
intermediate pinion F. To go ahead the whole 
shaft is slid forward till the cone on B engages 
that on A, the drive being then straight through, 
and none of the gear-wheels running. To go astern 
the shaft is slid back till the cone on B engages 
that on H, when, on sliding it still further, the 
cone of D engages B, and drives the propeller 
shaft in the reverse direction through the gear- 
wheels E, F, G. The thrust of the propeller is 
transmitted through the clutches to the thrust- 
bearing in both ahead or astern motion, and the 
cone clutches are held in contact by the thrust of 
the propeller itself, which proves sufficient for the 
purpose. Our representative recently had a run 
on a boat fitted with this reversing gear, and it 
worked very well and smoothly. Fig. 3 shows a 
gems g h of the gear complete, from which it will 

ye seen that it is compact and well cased in. 

The British Buffalo Motor Company, Strand- 
on-the-Green, Chiswick, London, W., show 4 
new design of marine motor, the distinguishing 
feature of which is that the fly-wheel is placed at 
the forward end of the crank-shaft, and that the 
bottom half of the crank-chamber is continued aft 
to form a support for the reversing-gear and a 
tray under it. is is a much better arrangement 
in many ways than fitting the reversing gear quite 
separately, as it allows of the engine and gear being 
all erected permanently in line on machined fac- 
ings in the erecting-shop, instead of having to be 
lined up in the boat. This makes a cheaper job 
to erect, and also ensures permanent alignment 
when done. In other respects the engine is of fairly 
conventional design, except that great care has been 
taken to ensure accessibility, large doors being pro- 
vided in the crank-case, through which the big 
ends, &c., can be got at, the pistons withdrawn, 
and even the crank-shaft removed if necessary 
without disturbing the crank-chamber or cylinders. 
High-tension magneto ignition is fitted, the magneto 
being placed above the reversing gear in a very 
convenient position. The placing of the fly-whcel 
at the forward end of the crank-shaft makes a very 
convenient arrangement in many ways, as it is pos- 
sible to continue the crank-casing past the reversing 
gear without making the casting unduly large. 
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THE PROPERTIES OF MATTER. 


Ly opening his fourth lecture on the above subject 
at the Royal Institution on Saturday last, Professor 
Sir J. J. Thomson, F.R.8., remarked that on the 
last occasion he had given a formula for the gravita- 
tional attraction between two adjacent pieces of 
matter, based on the results of many extremely 
careful experiments. In stating this formula he 
had said nothing as to temperature conditions, and 
nothing as to the physical state, whether gaseous, 
liquid, or solid, of the bodies in question, and 
nothing as to whether they were crystalline or non- 
crystalline. 

As a matter of fact, established by the most 
arduous work and by the most skilful experimenting, 
it appeared that the gravitational attraction be- 
tween two bodies was quite independent of their 
yhysical state. One problem to which much work 
fad been devoted was whether the total weight of 
reacting bodies was changed by chemical combina- 
tion. The answer to this was of fundamental 
importance to chemists, since the science of 
chemistry was in great part founded on the 
hypothesis that there was no change in the 
weight of bodies when they combined. A most 
rigorous investigation of the matter was accordingly 
needed, and the problem, he might say, had for 
him a considerable personal interest, since an 
attempt to answer it constituted the first piece of 
research work on which he had been put by the 
late Balfour Stewart. The method followed was 
essentially the same in principle as that adopted 
by subsequent investigators. A quantity of mercury 
contained in a test-tube and a quantity of iodine | 
were sealed up in a glass vessel. After weighing, 
the idea was to shake the mercury out, when it 
would combine with the iodine, after which the 
whole was to be re-weighed. Actually, however, the 
only result was a violent explosion, in which the 
speaker got very badly burnt. Experiments similar 
in principle had, however, been made by many 
physicists, and in particular by Professor Landholt, 
who after researches extending over more than 
twenty years, had finally concluded that in all of 
the very many cases of chemical combination in- 
vestigated by him, the evidence showed that there 
isno alteration of weight amounting to ;}5th part of 
a milligramme in 1 kilogramme—that was to say, 
that if the weight did change, it was by less than one 
part in 100 millions. Raising a piece of apparatus 
from the table by about 1 ft., Professor Thomson 
said that this would have its weight altered, owing 
to the increase in its distance from the earth, by 
about the amount which would have been detected 
in Professor Landholt’s experiments, showing the 
extraordinary accuracy of weighing attained. 

Proceeding, the lecturer stated that it was in 
some respects a pity that the weight of a body was 
so unalterable, since, if one and the same mass of 
substance could be heavy in one state and light in 
another, it would give us, not, indeed, perpetual 
motion, but a very convenient form of prime mover. 
Thus, if water on changing into ice became heavier, 
an engine could be formed by freezing water at a 
high level, and letting it descend doing work. By 
melting it at the bottom it could be reconverted 
into the supposed lighter form, which could be raised 
with a less expenditure of work than it had done on 
its descent. There would be no violation in this 
of the principle of the conservation of energy, pro- 
vided the freezing-point of the water at the upper 
level was not the same as the melting-point of 
the ice near the ground, or, in other words, if 
the freezing-point depended upon the level of the 
water above the earth. A change in weight with 
change in the physical state, or by chemical combina- 
tion, would pes 2 have some highly interesting 
secondary consequences, but from Landholt’s experi- | 
ments it appeared that the weight of a body was un- 
alterable. He might mention, however, that in that 





physicist’s earlier experiments there did appear to be 
a slight change of weight accompanying chemical 
reactions, This had since been found to arise from 
a slight alteration of the volume of the glass vessel | 
used, by the heating of it in the course of the experi- | 
ment. As was well known, an unseasoned thermo- | 
meter changed in volume if heated and afterwards 
cooled, and this was analogous to what happened | 
in Landholt’s experiments. When this increase of 
buoyancy was allowed for in Landholt’s experiments, 
Weight appeared to be quite unchanged by chemical | 
processes, 
The question as to whether the weight of a body 
changed with its temperature had been investigated | 


by Mr. Southrens, Professor Poynting, and Mr. 
Phillips, with the result that there was no change 
amounting to 1in 100 million per degree Centigrade 
rise of temperature. 

The effect of crystallisation on gravitational 
attraction had also been investigated by Professor 
Poynting, who had tried whether the attraction 
between two crystals was the same when the optic 
axes were parallel as when they were at right 
angles to each other. The apparatus used was re- 
presented in Fig. 1. A small crystal was suspended 
from a quartz fibre inside the glass cylinder 
indicated. Thus suspended it had a natural period 
of vibration. A large crystal was mounted on a 
vertical shaft outside the glass cylinder, as indi- 
cated, and was rotated by clockwork in unison with 
the natural period of vibration of the suspended 
crystal. If the force between the two crystals 
varied with the presentation of the optic axes, a 
pulsating couple would be produced, which, being 
in unison with the natural period of the suspended 
crystal, would set it in vibration. 

Another point which arose was, whether gravi- 
tation was affected by the medium intervening 
between two bodies. Was the force between them 


the same when separated by air as when both were 
immersed in water? This had been tested by Pro- 
fessor Boys’ arrangement of the Cavendish experi- 
ment described in the last lecture, and no percep- 
tible difference was found in the two conditions. 
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Hence the bald statement covered by the formula 
given in the last lecture included all we knew as to 
the gravitational attraction between two bodies. 

One great difficulty in experimenting on gravity, 
Professor Thomson proceeded, was this very un- 
changeableness. Gravity had, in fact, no weak 
points, and this made it difficult to obtain an 
adequate explanation of it. More than twenty-five 
theories as to the nature of gravitation had been 
proposed, any one of which might be right; but 
the difficulty was to find a discriminating test, since 
gravity was so little affected by external circum- 
stances. 

A more hopeful line of attack, perhaps, was to in- 
vestigate the proportion between the mass and the 
weight of different bodies. One of Newton’s grandest 
discoveries was that the ratio between the two was 
constant for all bodies ; this he proved by pendulum 
experiments, in which the time of swing gave the 
proportion between the weight and the mass. The 
force acting on the bob was proportional to its 
weight, whilst the acceleration, and hence the time 
of swing, was proportional to the mass. Since 
Newton’s day many similar pendulum experiments 
had been made, into which he would not enter, 
save to describe a very simple form of pendulum 
due to Mr. Horace Darwin. In principle this 

ndulum was based on the use of four equal 





The most accurate experiments yet recorded, 
however, were those of Seneel, made about one 
hundred years ago. These showed that the ratio of 
mass to weight was the same for all bodies within 
1 part in 60,000. Since Bessel’s day, however, 
there had been the discovery of the radioactive 
bodies, and there was some reason to believe that 
the proportion of mass to weight might be different 
from what it was for the non-radioactive bodies. 

Suppose, for instance, that a suspended sphere 
was set swinging when immersed in water. If it 
were attempted to determine the ratio of mass of 
the sphere to its weight from the time of oscilla- 
tion then observed, an erroneous result would be 
obtained, because the sphere in its motion had to 
displace the water, and part of its apparent mass, 
when swinging, was due to the water it set in motion. 
Now there was reason to believe that bodies in 
motion displaced the ether, and that of their 
apparent mass was due to the mass of the ether thus 
setin motion. This mass of ether was of such magni- 
tude that if moving with the velocity of light its 
kinetic energy would be equal to the total internal 
potential energy of the body. One gramme of 
radium was, on the other hand, capable of giving 
out by its decomposition 1.6 x 10° calories, which 
existed as potential energy in its atoms. Moving 
at the velocity of light a mass equal to eyo of a 
gramme would have a kinetic energy equivalent to 
the above, so that out of a gramme of radium about 
one-sixth of a milligramme of the apparent mass 
might, Professor Thomson said, really be due to 
the ether it had set in motion. In the case of 
the other radioactive bodies this associated mass 
could be nothing like as large proportionately. In 
the case of radium, however, as stated, the ordinary 
ratio of weight to mass might be wrong by one part 
in 6500. 

On this point he had, Sir Joseph continued, made 
many experiments, working at first with a radium 
pendulum. Since, however, only a few milli- 
grammes were available, it was impossible to devise 
a radium pendulum which would swing for any 
considerable time, yet, even so, the ratio of mass 
to weight proved to be the same as it was in the 
case of the ordinary elements within 1 part in 2000, 
In order to get a more decisive result, he had 
recently set up at Cambridge a uranium pendulum. 
Uranium, being the parent of radium, ought to act 
as well, and could, of course, be obtained at no 
prohibitive price. lence a pendulum of very con- 
siderable dimensions could be used, making it 
possible to determine the time of swing to an 
a of 1 part in 100,000, or even more if that 
should be necessary. As the experiment was only 
in course of execution, he could as yet give no 
results ; but he did hope to find in this way whether 
the ratio of mass to weight was different in these 
radioactive bodies from what it was in the case of 
the ordinary elements. The results should be of 
very considerable interest, and might throw light 
on to the problem as to how the weight of a body 
arose. 

As already mentioned, over twenty-five different 
theories as to the nature of ere had been 

roposed. Of these he could only refer to two. 
Ihe most celebrated was due to Le Sage, who, after 
brooding on the subject for forty years, evolved a 
theory which was simplicity itself. He supposed 
that all bodies throughout the universe were bom- 
barded by an immense number of particles, reaching 
them at great speeds from all directions. To these 
particles a planet like the earth was supposed to be 
almost completely permeable, so that the greater 
part of the particles concerned got through, but a 
few were stopped, and gave up their momentum. 
Since the particles arrived from all directions, there 
was no reason why an isolated body should move 
in one direction rather than another ; but if in the 


evers jointed, as indicated in Fig. 2. If the upper | case of the earth, for example, we had the sun on one 
lever was fixed in a horizontal position, and the side, the latter would act as an umbrella, and shield 
remainder set in motion, the lowest moved always | the planet, so that fewer particles hit it on the 
so as to remain truly horizontal, and any weight | side next the sun than on the other. This was Le 


added to it would thus move without experiencing 
rotation. Its time cf vibration would, therefore, be 


Sage’s theory roughly described. It presented the 
difficulty of necessitating an enormous consumption 


the same as if it were concentrated at the lower of energy. In each gramme of matter it required 


joint of one of the long legs. 
arrangement used was that indicated in Fig. 3. 
The upper and lower members of the quadrilateral 
system were replaced by two discs of equal diameter, 
connected bya thin steel tape, which rolled and un- 
rolled slightly from each as the system vibrated. 
The true effective length of such a pendulum could, 
Professor Thomson said, be determined with great 
accuracy. 





In practice the | the energy entering to be transformed at the rate 


of over 1000 horse-power. Clerk Maxwell accord- 
ingly had remarked that it would be a very good 
theory if the whole of the universe were red-hot. 
It was, however, perhaps not necessary that the 
energy transformed should be converted into heat, 
but it — pass into wave-motion, and thus get 
away without raising the temperature of the body. 

This theory of gravitation was the most famous 
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one. The other he should mention was an electrical 
theqry, and was based upon the hypothesis that 
the attraction between unlike electricities was just 
a little more than the repulsion between like kinds, 
Hence between neutral bodies the attraction due 
to the unlike charges present was just a little 
greater than the repulsion due to the like charges, 
and this residual effect was held to constitute 
et gy The theory in question was as old as 

ranklin, dating from the times when the two-fluid 
theory of electricity was Pager There seemed 
some hope that its truth might be tested by means 
of the theory that the weight of a body depended 
upon the quantity of electricity it contained, which 
was, moreover, proportional to its combining weight. 
Moreover, it appeared that there were not many 
positive and negative charges in an atom of hydrogen. 
Suppose, for example, there were only two charges— 
viz., one positive and one negative—so that the 
weight of the atom corresponded to two. Now the 
weight of the corpuscle was half the weight of 
the atom, but its mass only ;}5th part; hence 
the acceleration of it by gravity should be some 
hundreds of times as great as that of any other 
body. It might prove possible to test this, but the 
experiment was just on the borderland of what 
was now practicable, and it was, perhaps, therefore 
hardly D sso pene till experimental methods had 
been still further improved. 

Passing next to the features characteristic of 
bodies in different physical states, the lecturer said 
that the border-lines between these different states 
were not well marked, one state passing into the 
other by steps so small as to be barely distinguish- 
able. To illustrate this he showed a glass funnel 
into which a lump of hard pitch had been placed 
twenty years ago and left there. It was now, he 
showed, flowing out of the bottom of the funnel like 
a jet of water. Sealing-wax, again, was a brittle 
body, but if loaded gradually it would yield, and 
could almost be tied into knots without breaking. 
Some solid bodies, and metals in particular, 
he went on, exhibited an internal structure of 
appreciable dimensions. This the lecturer illus- 
trated by a slide showing the microstructure of 
cadmium, the boundary lines of the crystals cut 
through by the plane of section, giving the surface, 
after polishing and etching, a reticular appearance, 
making it look like a wall built of rough stone. The 
crystals, he stated, varied in size, and in some sub- 
stances often measured several millimetres in linear 
measure. In view of the peculiar structure in 
question, it was, he thought, surprising that a 
metal once strained ever returned to its original 
position. It appeared almost inevitable that some 
of the interlocking crystals should be broken 
by the strain, and as a matter of fact a good 
deal of work could be absorbed in straining 
and unstraining a metal. Metals were subject 
to what was known as elastic fatigue, a wire 
behaving almost like a human being in the matter 
of getting tired ; and, indeed, some metals, such 
as lead, seemed to be ‘‘born tired.” If a lead 
wire were set in vibration, the oscillations soon 
died away; whilst in the case of iron they were 
maintained much longer. Lord Kelvin, moreover, 
had found that the rate at which the oscillations 
died away increased the longer the wire was kept 
in vibration. At the end of a week it was tired, 
but if given a rest and started again on Monday 
morning, it was found to have largely recovered its 
original properties. A warm bath was also found 
to be of assistance, after which the metal would 
maintain its vibrations with much greater energy. 
It would seem, therefore, that the term ‘elastic 
fatigue’”’ was well chosen. 

Some metals, again, showed interesting changes in 
their properties with changes in temperature. Thus 
iron exhibited the phenomenon of recalescence. 
At low temperatures the metal was magnetic, but 
if raised above a certain temperature it was as 
non-magnetic as brass. This change in the mag- 
netic properties was accompanied by changes in the 
structure of the metal, during which heat was 
either absorbed or given out. e heat given out 
when iron, raised to a high temperature and allowed 
to cool, recovered its magnetic properties gave rise 
to the phenomenon known as recalescence, the 
metal having cooled to a dull red suddenly glowin 
brightly again. This Professor Thomson show 
by heatingathin sheet ofiron. During the normal 
process of cooling the edges of this iron were duller 
than the middle ; but as the cooling progressed, 
they reached the recalescence point first, and, as a 
consequence, a bright ring was observed, which, as 





the cooling proceeded, shrunk in and vanished at 
the centre of the heated spot. The recalescence 
point, he continued, was also accompanied by a 
sudden change in the length of the iron. 








NOTES. 
TENDERS FOR THE NEW BatTTLEsHIPs. 

Tue Admiralty have lost no time in taking active 
steps in connection with the new Dreadnought 
battleships to be built according to the Navy Esti- 
matessubmitted to Parliament last week. Invitations 
have been issued to eight of the leading ship- 
building firms in the Kingdom ; the tenders are 
to be delivered at the Admiralty early in April, 
and immediate attention will be devoted to their 
examination and to the gy of the contracts. 
These battleships are to be of the Neptune type, 
corresponding to the battleship laid down at 
Portsmouth on January 19 last. The Neptune, as 
was explained in a recent article in ENGINEERING, 
marks a distinct improvement upon the Dread- 
nought, particularly in respect of gun-power ; con- 
sequently, the length and the displacement are 
greater. The new ships will have, like the Dread- 
nought, ten guns of 12-in. bore, and these being 
of 50 calibres, will have increased striking energy. 
The arrangement of the ordnance in the ship will 
enable all ten guns to be fired on either broadside, 
while in the Dreadnought only eight of the guns 
can thus be utilised. The two amidship gun- 
turrets will be placed in échelon and the deck erec- 
tion reduced, so that the two guns on the star- 
board side may be fired across the deck on the 
oy” beam, and the port guns may similarly 

fired on the starboard beam. In addition to 
the two bow guns the amidship guns on each side 
will be arranged to fire ahead and astern. Thus 
the bow and aft fire will be by six 12-in. guns. Two 
barbettes will be arranged in the centre line of the 
ship aft ; the two guns in the turret nearer the 
centre of the ship will be at a higher level than those 
in the aft turret, the aim being not so much to fire 
them directly aft as to enable them to be trained at 
a considerable angle abaft the beam on either side. 
The ships will have a heavy auxiliary armament for 
repelling torpedo attack. The propelling machinery 
is to be of the turbine type, and the speed will be 
21 knots. 

SreaM-TURBINES. 

The Cantor Lectures of the Society of Arts this 
session are being delivered by Mr. G. G. Stoney, 
M. Inst. C.E., who, as is well known, has been 
associated with Mr. Parsons throughout the long 
process of developing the steam-turbine from what 
was little more than the toy of 1884 up to the 
veritable giants of to-day. The path was beset 
not only by serious difficulties of a mechanical 
nature, but by the disbelief, almost universal at 
that time among practical engineers, as to any 
possible ultimate success. No small share of the 
credit for surmounting these material and moral 
obstructions is to be credited to the able support 
Mr. Stoney afforded his chief. His lecture on 
Monday evening was, in the main, of an historical 
character, but he touched incidentally at the outset 
on the comparative merits of the turbine and the 
reciprocating engine. It was unprofitable, he stated, 
to use a vacuum of more than 25 in. or so in the 
case of a reciprocator, whilst with the turbine the 
consumption of steam per kilowatt-hour was some 
15 to 20 per cent. less with a vacuum of between 
28 in. and 29 in. than it was with one of 25 in. 
Referring to the Carville trials of a 4000-kilowatt 
generator, he stated that the over-all efficiency ratio 
from steam to switchboard was 66 per cent., equi- 
valent, he said, to one of 71} per cent. at the 
turbine-shaft, the large generator used having 
therefore, it would appear, an efficiency of about 
92 per cent. One of the reasons for adopting tur- 
bines for driving the express Cunarders lay, he said, 
in the fact that makers of reciprocating engines 
were not prepared to construct units of the 
requisite size. Even those of 40,000 to 50,000 
horse - power installed on the crack German 
boats caused, he said, a considerable loss of time 
for repairs and overhauling at the end of each 
voyage. After showing illustrations of the Parsons 
turbine illustrating its progress from 1884 up to the 
construction of the 1000-kilowatt set for Eberfeld, 
he remarked that the arrangement there used of 
splitting upthe turbine intotwodistinct parts, a high- 
apes nei turbine and a low-pressure turbine, was to 

adopted for the four -kilowatt units now 
under construction for Lot’s-road, Chelsea. In 





the largest sizes, he stated, a somewhat greater 
economy of steam was thus possible. Troubles with 
the stripping of blades were now, he said, non- 
existent in the case of the new pattern shaving- 
blades thinned at the tips. This thinning, he stated, 
was only an application of a fixed principle on 
turbine design—viz., that wherever a moving part 
of a turbine came close to a fixed part one of the 
opposing surfaces must be thin. If a touch 
occurred when this precaution was taken, no harm 
resulted, as no great amount of heat was generated. 


MopERN SUBMARINE TELEGRAPHY. 


In his Royal Institution discourse of Friday, 
the 12th inst., on ‘‘Modern. Submarine Tele- 
graphy,” Mr. Sydney G. Brown, M.I.E.E., gave 
some interesting figures on various points. He 
said that the resistance and capacity of a submarine 
cable had to be balanced and mechanical strength 
to be provided. If resistance had to be dealt with 
only, the current at the far end might arrive 1000 
times stronger than it did. The best ratio for the 
diameters of the copper and the gutta-percha core 
was 1:1.65. The Atlantic cable of 1894 could 
transmit 205 letters per minute, Mr. Brown’s ideal 
cable, which was expensive and heavy, however, 
would send 260. Improvements were possible, he 
thought, by substituting impregnated cotton for 
gutta-percha. Resistance corresponded to friction, 
capacity responded to elasticity. In addition to 
these troubles there was phase distortion. When 
self-induction was introduced, as Oliver Heavi- 
side had proposed years ago, the current dropped 
at once at the sending end, but it kept practically 
at the same diminished value throughout the cable ; 
unfortunately, we had not yet learnt how to adapt 
self-induction to submarine cables. On duplex 
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working the signalling speed could be increased by 
20 per cent., and the working capacity by 70 per cent. 
On the duplex arrangement the current passed 
through a bridge and was then divided, half going 
into the actual cable and half into an artificial cable. 
These two cables had to be balanced most accurately, 
within g755th on the Atlantic line, in fact ; it was 
as if we were putting 8000 Ib. into each of the two 
scales of a balance, and expected the balance to 
respond to as small an overload as 1 Ib. on the one 
side. With Mr. Brown’s own high-speed system 
the balance could be maintained within 1 : 72,000. 
The current, on the duplex system, did not pass 
through the receiver at the transmitting station. 
How this was accomplished was explained with the 
aid of a mechanical model, a diagram of which is 
annexed. The diagram represents the transmitting 
station ; the receiving station would be just the 
same. The two stations are connected by the 
line L, a cord, the pull on which, exerted by depres- 
sing the key A, corresponds to the voltage. The 
receiving instrument at the transmitting station, 
represented by the arrow C, remains stationary 
when A is depressed, but responds to a pull from 
the other station. The points a mark pivots, 
and the three spiral springs allow the bar B to 
incline when A is depressed, while C remains 
unaffected, as mentioned. Passing to transmit- 
ting and receiving devices, Mr. Brown pointed 
out that the longest impulses were five times as 
long as the short ones, and the longest went through 
with more vigour. Hence the slow signals we re- 
tarded by condensers, or better by other devices. 
When it was tried to force the rate, quick-change 
signals (as in the letter ©) were the first to fail. 
By making his receiving condenser larger, Mr. 
Brown had, in his high-speed system, secured that 
the first and last impulses of a series of reversals 
remained sufficiently strong to work the relay. The 
drum relay, once started, brought in fresh energy 
from the local battery through a retarding circuit. 
Mr. Brown’s drum relay and high-speed apparatus 
were working on the lecture-table. The Eastern 
Telegraph Company, Mr. Brown stated, had last 
year lent him their line—Porthcurnow (Cornwall) 
to Gibraltar—for trial, and the speed of working 
had been raised from 170 letters each way per 
minute to 230 and 240 letters each way. 
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FOUR-COUPLED TEN-WHEEL SIDE-TANK LOCOMOTIVE; BALLYCASTLE RAILWAY. 


CONSTRUCTED BY MESSRS. KITSON 


AND ©0O., LIMITED, LEEDS, TO THE DESIGNS OF’ MR. G. T. M. BRADSHAW. 














A cass of four-coupled ten-wheel side-tank locomo- 
tive, built by Messrs. Kitson and Co., Limited, Aire- 
dale Foundry, Leeds, for the Ballycastle Railway, Ire- 
land, is illustrated in Figs. 1 and 2 on Plate XXVIIL., 
published with this week’s issue, and in Fig. 3, here- 
with. These engines were built to the designs of 
Mr. G. T. M. Bradshaw, M.I. Mech. E., locomotive 
superintendent and resident engineer of the railway. 
Fig. 1 gives a sectional elevation, and Fig. 2 half plans, 
while Fig. 3 is a general view of the locomotive. 

The gauge of the Ballycastle line is 3 ft., and these 
are, we believe, the only 4-4-2 engines running on the 
light railways in Ireland. The engines are on ser- 
vice on passenger and goods traffic between Bally- 
money, the headquarters of the line, and where the 
Ballycastle line connects with the Belfast and Northern 
Counties Railway, and Ballycastle, on the north coast 
of Ireland. They are timed for speeds up to 30 miles 
an hour, and are run either chimney or bunker first, as 
occasion serves. 

The cylinders are outside the frames, and are 144 in. 
in diameter by 21-in. stroke. They are set at an incline 
of 1 in 11.9, and drive on to the trailing coupled 
wheels. The valve-gear is of the Walschaert type, work- 
ing Richardson balanced slide-valves. The engine has 
a four-wheel bogie at the leading end, formed of bar 
upper frame, to which the horns are attached, and with 
inverted laminated springs, floating beams, and a swing 
centre. The latter has only two links, one on each 
side, swinging between the guides. At the trailing end 
radial axle-boxes are provided, controlled by helical 
springs, the frames at this place being brought in 
close together to give ample side movement on curves. 
The springs for the coupled wheels are equalised. 

The boiler is designed for a working pressure of 
165 Ib. per square inch. It has a Belpaire fire-box. 
The fire-box is of copper, and the two front rows of 
the crown stays allow for the expansion at this part. 
The boiler is lagged with ‘‘Limpet” asbestos mattress. 

Among the other féftures, it may be mentioned that 
two Gresham and Craven No. 7 combination injectors 
are provided ; two asbestos-packed water-gauges with 
Wall's protector ; and a steam brake on the engine, com- 
bined with the automatic vacuum brake on the train. 
‘The engine is braked on the driving-wheels with equa- 
lising rods. Steam sanding-gear is fitted in front of 
the leading drivers, and hand sand-gear behind the 
main drivers, there being, for this arrangement, four 

ind-boxes. 

Further particulars are given in the table below :— 


Cylinders, diameter wid ah 144 in. 

a stroke ... “a be oe 
Wheels, diameter of coupled... 3 ft. 7 in. 
” ” 16 eee 2 ” 6 ” 
99 » wailing... ey eS 
Wheel-base, coupled i = S.© 2 
z Sh cin. scene ak 
Boiler barrel, length “ ae ow 
* outside diameter .. er 
Fire-box shell, len; pee i 6,, 8H.,, 

t 


” wh ” ore 2 ” 5 ” 
Tubes, number on : 
» diameter outside 


oe 70 
* . 1} in. and 1{ in. 
» length between plates 


9 ft. 10} in. 





Fic. 3. 
Heating surface, tubes... 769 sq. ft. 
- oe fire-box ... 83 ,, 
Total heating surface ae 852 ,, 


Grate area 


ss mn 12 ,, 
Working pressure ... 165 Ib. per sq. in. 


Tank capacity a 800 gallons 
Coal space... Ae f ae 1} tons 
Weight in working order on bogie 10 tons 13 ewt. 
sg = coupled 

wheels rs. 7 ihe eS OR ge 
Weight in working order on trail- 

ing wheels ... = ie cas 1 ee we 
Total weight in working order ... 39 ,, 11 ,, 
Total length over frames ... *. 28 ft. 11 in. 





INDUSTRIAL NOTES. 

THE report on the general state of employment by 
the Labour Department of the Board of Trade is based 
on the following extensive returns, covering all the 
large groups of industries :— 

In addition to the 2881 employment returns from 
trade unions used for the chart, 3722 were received 
from employers relating to 1,118,529 workpeople em- 
ployed in coal and iron-mining, the cotton, woollen, 
worsted, and other textile trades, the building trades, 
the boot and shoe and other clothing trades, and the 
paper and glass trades. Besides these 6603 statistical 
returns, a large number of returns of a non-statistical 
character were received from employers’ associations, 
trade unions, local correspondents, and other sources, 
From the above returns it appears that employment, 
on the whole, continued to improve. 

As compared with a year ago, most of the principal 
industries showed a decline. the boot and shoe and 
cotton trades there was little change, and in the linen, 
hosiery, and tin-plate industries there was some im- 
provement. 

The 416 trade unions making returns had a net 
membership of 696,688, of whom 58,670 (or 8.4 per 
cent.) were unemployed, as compared with 8.7.per 
cent. a month ago and 6 per cent. a year ago. 





Employment in coal-mining continued fairly good, 
but it was not so good as a year ago. The average 
number of days worked by the pits during the four 
weeks was 5.21, as compared with 5.56 in the same 
month a year ago. 

In iron-mining employment continued fairly good— 
about the same as a yearago. The average number of 
days worked per week by all mines and open works 
included in the returns was 5.87, as compared with 
5.78 a year ago. 

Employment in the pig-iron industry continued 
moderate ; it was worse than a year ago. Returns 
relating to the works of 108 ironmasters, employin 
22,000 men, showed 283 furnaces in blast, as compar 
with 284 a month ago and 300 a year ago. 


In iron and steel works employment continued about 
the same as a month ago, but was not so good as a year 
ago. The volume of employment—i.e., number em- 
> multiplied by the number of shifts worked—at 
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the works from which returns were received was the 
same as a month ago, but 7.8 per cent. less than a 
year ago. 

Employment in tin-plate and steel-sheet manufac- 
ture continued very good. It was better than a year 
ago. At the works covered by the returns, 447 tin- 
plate and sheet mills were working, as compared with 
448 a month ago and 436 a year ago. 





In the engineering trades employment, though still 
slack, continued to improve slightly, but was much 
worse than a year ago. The percentage of trade-union 
members unemployed was 12.8, as compared with 13.1 
a month ago and 6 per cent. a year ago. 

Employment in the shipbuilding trades continued 
bad, But showed a slight improvement as compared 
with a month ago. It was worse than a year ago. 
The percentage of trade-union members unemployed 
was 22.5, as compared with 23 per cent. a month ago 
and 20 per cent. a year ago. 





Employment in the cotton trade, on the whole, was 
moderate ; there was a slight decline in the spinning 
branch, and a slight improvement in the weaving 
branch, compared with both a month ago and a year 
ago. Returns from firms employing 117,599 work- 
people showed an increase of 0.3 per cent. in the 
amount of wages paid compared with a month ago, and 
of 0.4 per cent. compared with a year ago. 

In the woollen trade employment was quiet, but 
showed an improvement compared with a month ago ; 
it was worse than a year ago. Returns from firms 
employing 27,755 workpeople showed an increase of 
3.7 per cent. in the amount of wages paid compared 
with a month ago, and a decrease of 6.1 per cent. com- 
pared with a year ago. ; 

Employment in the worsted trade continued mode- 
rate, and was slightly worse than a year ago. Returns 
from firms employing 45,733 workpeople showed an 
increase of 0.4 per gent. in the amount of wages paid 
compared witha month ago, and a decrease of | per 
cent. compared with a year ago. 

Employment in the linen trade was fair, and better 
than a month ago and a year ago. Returns from 
firms employing 47,749 workpeople showed an increase 
of 3.9 per cent. in the amount of wages paid compared 
with a month ago, and of 9.4 per cent. compared with 
@ year ago. 

In the jute trade employment was fair, and showed 
little change compared with a month ago ; it was not 
so good as a year ago. Returns from firms employing 
17,500 workpeople showed an increase of 0.7 per cent, 
in the amount of wages compared with a month ago, 
and a decrease of 3.2 per cent. compared with a year 
ago. 

gy in the silk trade was moderate and 
showed little change compared with a month ago ; it 
was worse than a year ago. Returns received from 
firms employing 8089 wupuale showed an increase 


of 0.8 per cent. in the amount of wages paid compared 
with a month ago, and a decrease of 3.2 per cent. com- 
pared with a year ago. 





Employment in the lace trade was moderate, but 
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slightly better than a month ago; it was also better 
than a year ago. Returns from firms employing 8123 
workpeople showed an increase of 1.1 per cent. in the 
amount of wages paid compared with a month ago, 
and of 2.3 per cent. compared with a year ago. 


In the boot and shoe trade employment was slightly 
better than a month ago and a year ago, except in the 
heavy boot districts, where it showed a decline. 
Returns from firms employing 64,681 workpeople 
showed an increase of 1.4 per cent. in the amount of 
wages paid compared with a month ago, and of 0.2 per 
cent. compared with a year ago. 

Employment in the other leather trades was_ bad, 
but showed a slight improvement compared with the 
previous month. e unions with a membership of 
3268 had 7.6 per cent. of their members unemployed, 
as compared with 7.9 per cent. a month ago, and 6.6 
per cent. a year ago. 


Employment in the paper-making trades was fair ; 
it showed little change compared with a month ago, 
but was worse than a year ago. 

In the —— and bookbinding trades employment 
was slack generally, and worse than a year ago. The 
percentage of trade-union members unemployed in the 
printing trades was 5.8, as compared with 6.3 a month 
ago and 4.8 a year In the bookbinding trade 
the percentages were 7.6, 6.6, and 5.8 respectively. 


Employment in the building trades continued slack, 
and was seriously retarded by bad weather during a 
part of the month. It was rather better on, the whole, 
than a month ago, but was worse than a year ago. 

Employment in the furnishing and woodworking 
trades continued bad, but showed an improvement as 
compared with a month ago ; it was rather worse than 
a year ago. ‘Trade unions with a total membership of 
36,404 reported 8.8 per cent. of their members un- 
employed, as compared with 10.4 per cent. a month 
ago and 8.1 per cent. a year ago. A good deal of 
short time was worked. 

In the glass trades employment continued dull on 
the whole, and was worse than a _ ago. Returns 
from firms employing 7509 wor — showed an 
increase of 1.7 per cent. in the total earnings as com- 
pared with a month ago, but a decrease of 10.1 per 
cent, as compared with a year ago. 

Employment generally continued bad in the brick 
and tile trades, but in some districts there was a 
slight improvement in the pottery branches. 


Agricultural labourers were, generally speaking, 
in regular employment. The forward state of farm- 
work, however, affected the demand for day labourers 
in many districts, and in consequence the supply of 
such men was somewhat in excessof the Graenl. 

Employment of dock and riverside labour in London 
continued moderate on the whole, and about the same 
as a month ago, and a little better than a year ago. 
At the other principal ports it was bad generally, and 
worse than a month ago. The average nearest of 
labourers employed daily at the docks and principal 
wharves in London (exclusive of Tilbury) was 12,546, 
a decrease of 0.5 per cent. as compared with a month 
ago, and an increase of 2.7 per cent. as compared with 
a year ago. 


Changes in rates of wages affected 148,000 work- 
people, of whom 4000 received advances, and 144,000 
sustained decreases. The number whose wages were 
increased included 3400 iron-workers in Northumber- 
land, Durham, and Cleveland. Amongst those whose 
Wages were decreased were 120,000 coal-miners in 
Durham, over 4000 blast-furnacemen in Derbyshire, 
Nottinghamshire, and Scotland, and 14,000 engineers 
in Manchester and district. The total computed 
effect of all the changes reported was a net decrease of 
4000. per week. 

Nineteen labour disputes began in the month, as 
compared with 28 in the previous month, and 18 in 
the same month a year ago. The total number of work- 
people involved in disputes which began or were in 
progress was 8050, or 3971 less than in the previous 
month, and 28,086 less than in the same month a year 
ago. The aggregate duration of all the disputes of 
the month, new and old, amounted to 90,300 workin 
days, or 42,100 less than in the month previous, oat 
451.300 less than in the same month a year ‘ - 
finite results were reported in the case of 30 Shapiten, 
new and old, directly involving 2097 persons. Of 
these 18 disputes, five were decided in favour of the 
workpeople, seven in favour of the employers, and six 
were compromised. 


The report of the Associated Iron-Moulders of 
Scotland affords no comfort as regards revival in trade. 
There was an increase in membership, but a further 
decrease in money of 2324/. Is. 6d., or at the rate of 
581/. per week. e net balance of funds at date was 
54,779/. lls. 8d. One item of expenditure was 100/. 
accident benefit to an Edinburgh member. The 
executive have reluctantly been compelled to cease 


paying special extra benefit on and from March 27, as 
the heavy drain of forty-six weeks’ special benefit on 
the funds renders it expedient to curtail expenditure. 
The increased contributions, levied some time ago, are 
to be continued for the present, as the expenditure is 
still too heavy to allow of a reduction in the con- 
tributions. e one encouraging thing in the report 
is the progress of negotiations between the repre- 
sentatives of the employers and the men for an agree- 
ment to prevent disputes, or, if they arise, to settle 
them peacefully. veral conferences have taken 
place, and the recommendations as a basis are given, 
those provisionally agreed to, and those to be further 
considered. Those relating to overtime, night-shifts, 
and extra Lm pure for psn A on holidays, appear to 
be pretty well settled, and also’some relating to shop 
management, but that on apprentices stands over for 
re-consideration. On the question of piece-work and 
employment of non-union men, the men’s representa- 
tives object to the terms suggested by the employers. 
But these and other matters only stand over for further 
negotiation. The mere fact of these long and amicable 
conferences taking place is a good sign, and one can 
feel perfectly satisfied that in the end a peaceful settle- 
— will be arrived at in this important branch of 
trade. 


A very curious case of an improper use of trade- 
union funds came before the West Riding justices at 
Wakefield last week. No fraud was alleged, and the 
summonses were allowed to be withdrawn upon an 
undertaking by. the treasurer and the secretary, the 
officials concerned, that the moneys should be repaid. 
The case arose out of a strike nearly a year ago, and the 
money in dispute was paid for picketing purposes. It 
appears that the Yorkshire Miners’ Association does 
not approve of picketing, and no provision is made in 
the rules for payment. The Association, it appears, 
wished that the public should be made aware of the 
fact. The only two trade unions which never allow 
ie ate are the Iron-Founders of Great Britain and 

reland and the Iron-Moulders of Scotland. Those 
societies simply print the names of the shops which are 
closed to the members of each union respectively. It 
would save a lot of bother if picketing were altogether 
done away with in all labour disputes. Disorderly 
scenes and often intimidation result from it. 


The Parliamentary Committee of the Trades Union 
Congress, who have been investigating the charges of 
sweating in the joinery branch of trade, have issued 
their report. In it they allege that engaging in outside 
work tends to lower the standard rates of wages, and 
increase the hours of labour. The Committee, there- 
fore, recommend ; (1) That General Booth be appealed 
to, in the interests of all concerned, to abandon this 
experiment ; or (2), as an alternative, that all outside 
work shall cease by the Salvation Army, and that the 
work done at Hanbury-street shall be confined to the 
production of articles required for the exclusive use of 
the Salvation Army. The Committee prefer the first 
rather than the alternative. 


The executive of the National Federation of Miners 
in Great Britain met at the Westminster Palace Hotel 
on Thursday in last week to consider the question of a 
National Conference on the Eight Hours Act, the 
action taken by certain members in South Wales to 
obtain an injunction against payment of the Parlia- 
mentary levy and other matters. It was decided to 
hold a special conference on May 4 and 5, to take steps 
to facilitate the coming into operation of the Kight- 
Hours Act. Meetings of representatives of the em- 
ployers and miners are being arranged for in the 
various districts in order to come to some arrangement 
for the smooth working of the Act. This polic 
cannot fail to be of service to all parties concerned. 
The coalowners and miners in the Lancashire coal-fields 
will meet in Manchester on April 2, to try and 
adjust matters amicably. Others will meet as dates 
can be arranged. The executive determined to 
undertake the cost of the appeal.to the higher courts, 
out of the funds of the National Federation. This 
means that as soon as the case issues from the county 
court its future conduct will be taken over by the 
Federation. 





The Oldham engineers decided last week to oppose 
| the pees reduction in wages in that district. Whe 
| employers had amended their proposal to Is. per week 
jon time wages and 2! wd cent. on piece rates. The 
| subject is, however, to be put before a mass meeting of 
| the members. About 5000 are affected. 

| 


A large and representative conference of trade- 
union delegates from all parts of the country was 
held in the Caxton Hall on Friday last to consider 
various questions relating to labour. Mr. D. J. 
Shackleton, M.P., who presided, said that there were 
220 delegates, representing 1,400,000 trade unionists. 
The first question discussed was the establishment of 
National Labour Exchanges, under State or municipal 





control, with halls or meeting-places for men and 





women. The opposition was not etrong § it was voiced 
by the Dockers’ representative of Liverpool, who 
was afraid that such exchanges would be a shelter 
and nursery for ‘blacklegs.” He further stated 
that trade unionists would not associate with non- 
unionists. If this be so, the former would be respon- 
sible for the failure. The Shipping Federation sprung 
into existence over that policy, and the Dockers’ 
Union has had to regret it to this day. Delegates 
who visited Germany stated that German trade 
unionists had no complaint against the Labour Ex. 
changes. Ultimately the following resolution was 
carried almost unanimously :—‘‘ That this conference 
of trade unionists, representing 1,400,000 members, 
approves the establishment of labour exchanges on a 
national basis, under the control of the Board of Trade, 
providing the management control contains an equal 
proportion of employers and representatives from 
ois unions.” Casual and unskilled labour will be 
benefited by such exchanges more than skilled labour, 
but goubay all sections will reap some advantages. 
The question of unemployment insurance was then dis- 
cussed, based on the German system, with deductions 
from wages towards it. The matter was referred back 
to the Parliamentary Committee as a subject for the 
consideration of the next Trades Union Congress. 
Similarly, the question of invalidity insurance on the 
German system was also referred back to the same 
committee, to make suggestions for the next con- 
ference. 


There are really no manifest indications of a re- 
vival of activity in the iron and steel trades, except 
that attendances at the market and on ’Change were 
larger last week than for some time previously. It 
appears, however, that at least one large firm are pre- 
paring to extend their works in anticipation of hin 
from the Government for the Admiralty. War material 
appears to be in demand, in spite of retrenchment 
and peace proposals, 


The annual report of the Amalgamated Association 
of Operative Cotton-Spinners severely condemns the 
strike of card-room hands last autumn. It says :— 
‘* From the operatives’ point of view, the course taken 
was a huge mistake.” Te goes on to say that ‘‘ wages 
were at the highest level ever reached since the 
Brooklands Agreement, fifteen years before ; every 
change in wages had been an advance—the general 
body by 174 per cent., and the male card-room opera- 
tives by 224 percent. The strike and lock-out cost the 
Association 128,026/. This does not include the Card- 
Room Operatives’ Association’s expenditure on that 
occasion. 


The Bredbury miners, who went on strike a fortnight 
ago, and then by a small majority decided to accept 
the employers’ terms, had not returned to work at the 
end of last week. Some of the men refused the com- 
promise, and held out. 





EXPERIMENTS UPON THE FORCES ACTING 
ON TWIST-DRILLS WHEN OPERATING 
ON CAST IRON AND STEEL.* 


By Dempster Suitn, Associate Member, of the Muni- 
cipal School of Technology, Manchester, and R. Po.ta- 
KoFrF, of the Imperial Technical Institute, Moscow. 


(Continued from page 400.) 


Part II. 

Experiments with the Second Apparatus.—The second 
set of experiments was really a continuation of the pro- 
gramme made out for the first, and may be briefly stated 
as follows :— tas 

(e) A series of experiments to determine the twisting 
moment or torque and end-thrust on twist-drills of varying 
diameter when operating on soft cast iron with different 
rates of feed. No lubricant used. Termed ordinary trials. 

(f) A set of experiments similar to the above when 
operating on Whitworth’s medium hard ee promod) 
steel. o lubricant used. Termed ordinary trials. 

(g) A set of trials on soft cast iron to determine the 
variation of torque and thrust with different cutting 
speeds. No lubricant used. Termed speed trials. 

(h) Trials to determine the variation of thrust and 
torque on soft cast iron and medium hard steel w ith 
different diameter of drills and rate of feeds. An_ initial 
hole equal to the width of the chisel point was drilled in 
the specimen operated upon. No lubricant used. Termed 
minus chisel-point trials. , os 

(¢) A set ol expesiantnte to determine the variation of 
thrust and torque when operating on soft, medium, and 
hard cast iron. No lubricant used. Termed hardness 
trials. 

(j) A similar set of experiments to the above when 
operating on Whitworth soft, medium, and hard (fluid- 
pressed) steel. No lubricant used. Termed hardness 
trials. : f 

(k) A set of trials similar to (j), but with a lubricant of 
oil and water. Termed lubricated trials. ; 

(1) A set of trials to find the effect produced by vary!ns 
the point angle when operating on soft cast iron. -~\° 
lubricant used. Termed point-angle trials. 





** Paper read before the Institution of Mechanic 
Engineers on March 18. 
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EXPERIMENTS ON THE FORCES ACTING ON TWIST-DRILLS. 


THE SECOND APPARATUS ON WHICH EXPERIMENTS FIGSIZTO 28 WERE MADE. 
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Fig. 
THREE INCH DRILL 
USED IN THE 
SECOND APPARATUS. 





(m) A set similar to (7) when operating on soft (fluid- 
pressed) steel and lubricated with a mixture of water and 
oil. Termed point-angle trials. 

Description of Second Apparatus.—The experiments (¢) 
to (m) were carried out on an old horizontal milling- 
machine which had been reconstructed and modified at the 
School of Technology to allow of these several observa 
tions being made. The arrangement is shown in detail 
in Figs. 6 to 9, and by the photograph (kindly made by 
Mr. Gamble, of the above Institution, for this paper) and 
shown in Fig. 10, annexed. The power was obtained from 
the motor already referred to in connection with Part I., 
which drove a counter-shaft, whereon was mounted a three- 
stepped cone similar to that on the machine. Two pairs of 
wheels were introduced between the cone and the driving 
spindle, but one pair could be suppressed to allow of an 
increased speed to the spindle. e arrangement thus 
permits of a total speed variation to the drill of from 5 to 
150 revolutions per minute. A counter fixed to the front 
of the machine and actuated from the spindle indicates 
the revolutions. The drill is held in the rotating spindle 
A, and can be advanced at varying rates, from ,}, in. 
to gy in. per revolution of the same, by suitable 
change-wheels driven from the spindle sleeve and a 

uare-threaded cylinder on the end of the spindle. 
The work is supported on an angle-plate, which is 
bolted to the face-plate on the spindle in the second 
headstock. This latter spindle, being free to slide, trans- 
mits the thrust on the drill to the — dynamo- 
meter fixed to the tail of the headstock. The twisting 
force is taken by an arm bolted to the face-plate, and 
having a knife-edge on its further extremity which rests 
on a scale-pan. 

The driving-wheel B is keyed to the cast-iron sleeve C, 
which rotates within the bearings of the front headstock 
D. A long key fitted at the end of the sleeve C nearest 
to the work drives the spindle A, whilst permitting it to 
slide longitudinally. The employment of a sleeve as 
a driver in this manner reduces the twist that would 
otherwise come on the spindle if it were driven from the 
wheel B direct. It also divides the wear due to rotation 
and sliding. As the wear due to the former is the greater, 
adjustment for the same is provided. It is clear that if 
the spindle is allowed any freedom, it will wobble, thereby 
enlarging the hole, and in all likelihood breaking the 
drill. The feed to the drill is secured through the pinion 
E mounted freely on the sleeve C, which en the 
train of ron the quadrant, bolted to the bed. and the 
wheel F keyed to the screwed cylinder G. The wheel F 
is held in the tail-cheek H by an annular plate, whilst 
immediately ahead of it is a nut K which embraces the 
screw G, and is held to the cheek by pins through the 
hand-wheel L. The cylinder G rotates independently of 
the spindle, and is prevented from moving longitudinally 
thereon by a shoulter at one end and lock-nuts at the 
other. Friction-washers are introduced between these 
members to take the wear. Thus on the engagement of 
the clutch M (which is keyed to C) with the pinion E a 
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definite horizontal movement is given to the spindle per 
revolution of the same. The Seokaton L is keyed to K, 
and furnishes a quick withdrawing motion to the drill on 
the iodkineeqins Valen withdrawn. 

The torque on the drill is obtained by multiplying the 
load on the scale-pan (after the initial load due to the 
weight of the arm and unbalanced weight on the face- 
plate have been subtracted) by the length of the arm 
measured from the centre of the hole to the knife-edge. 

Balls have been fitted in pockets of the cast-iron sleeve 
Q to allow the spindle R to slide longitudinally with the 
minimum of frictional resistance. The hydraulic support 
to take the end-thrust of the drill consists of a phosphor- 
bronze casing 58, fitted with a rem tge T and a standard 
pressure-gauge U. The diaphragm is of cold-drawn 
Gam thy in. thick. It is held to the casing by bolts and 
a steel ring W. The thrust-pad X is provided with a 
oup-eheped recess to receive the spherical end of the 
spindle R. The pad is made fast to V by the nut Y 
within the casing. The end-thrust on the drill deflects 
the diaphragm at that part which is free (about 4 in.) 
between S and X, thereby producing a pressure in the 
fluid, which is shown on the gauge. The fluid in this 
case is water, which has been distilled by boiling after the 
casing hasbeen filled. A small filling-plug is fitted in the 
end of the gauge-tube to allow any air to escape, in order 
that the diaphragm deflection may be.as small as possible. 
When the fluid is air-free the diaphragm will only yield 
by the amount necessary to supply the increased volume 
of the gauge-tube, due to the mm | pressure. Thespring 
of the tube is sufficient to bring the diaphragm back to 
its original position when the load is removed. This dia- 

hragm dynamometer is identical with that used by Dr. 
Nicolson in his investigation on the cutting with a lathe 
tool, and described by him in “‘ Experiments with a 
Lathe-Tool Dynamometer.”* 

The diaphragm and gauge were calibrated separately 
and together in their places, so that whatever frictional 
resistance to sliding was offered was taken into account. 
The gauge dial was 10 in. in diameter, and graduated in 
4 lb. If the gauge were only observed to within } Ib., this 
would mean 10 1b. on the drill, or a 3 per cent. error in 
oe smallest drill and feed used, and 0.1 per cent. in the 
argest. 

owards the end of the trials the balls or races appear 
to have flattened or worn a little, as the difference be- 
tween the readings obtained on the scale by pressing the 
arm hard on the pan and laying it gently down was about 
; lb, This would have affected the }-in. drill torque 
ully 10 per cent. for the finest feed, and proportionately 
less for heavier feeds and larger drills. Fortunately, the 
smaller drill trials were made first, when this sticking, 
although looked for, was not. apparent. The mean of 
these zero readings was taken at each trial, and the vibra- 
tion of the machine would overcome such sluggishness to 
a very great extent, so that this error in any case would 
be inappreciable. A greater irregularity is produced by 
drills of different degrees of sharpness. The procedure 
adopted throughout these trials was to use a newly-ground 
drill with the y}5 feed, and to follow with each larger 
feed in order—namely, hs, 145, ey, &c., without regrind- 
ing the drill. One or two sets were made with freshly- 
ound drills for each experiment. These are slightly 
slow the first-mentioned, and show the allowance to be 
made on this account. The drills were never at any time 
blunt, as the duration of each trial was about ten minutes 
after the drill had fully entered, and the speed maintained 
at 10 revolutions per minute for all sizes of drills. Par- 
ticulars of all the drills used in the experiments are given 
in Table IIT. below. (See also Fig. 11, page 433.) 


Tasie I11.—Particulars of Drills used in these 
Experiments. 





Diameter 
of Drill in 
Inches. 


Width of Stem at 
Chisel- 


Tan a = nak 


‘g 


Cutting 
2.34 


Angle 
at Peri- 
phery. 


Root or Backed off 


Point Divided by 


Diameter of Drill. 


Width of Chisel- 


|_meter of Drill. 
| Width of 


| deg. | 
66.9 | 0.117 0.156 | 0,085 | 0.114 


| Intended. | 


e | Pitch of Spiral. p. 


0.75) 0.749 Lin 5§ — 


0.999 2.07 | 64.25, 0.166 | 0.166 | 0.096 | 0.096 


1.501 2 64.8 | 0.266 0.177 | 0.170 0.113 
65.8 | 0,349 | 0,175 | 0,191 
0.384 | 0.154 


65.8 | 0.390 | 0,188 0.224 
23/658 | .. 0.160 | 

The results of these trials are not tabulated, but are 
diagrammatically recorded to a large scale. This permits 
of a fairer average being obtained, and shows the several 
variations at a glance. It also saves the printing of 
about thirty tables of figures. 

Soft Cast-Iron Trials. —The torque and thrust for trials 
(e), page 432, on soft cast iron have been plotted as ordi- 
nates on a base of feed in inches per revolution of the 
drill in Figs. 12 and 13, page 435. These have also been 
re | on a base of diameter of drill in inches in Figs. 

4 and 15, page 435. It will be observed that within 
of feeds employed in practice these values 
The torque, how- 


2.002 0.096 


2.501 66.4 0.200 | 0.080 


3.008 | 0.075 


0.096 





' 
Average 





the range ; D 
follow approximately a linear law. 
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TABLE IV.—Sort Cast-Iron TRIALS. 
Values corresponding to equations given in the body of the paper and curves drawn on 


figures. 





2, | 3. 


| } 
4. | 5. 
| 





General Law T= 
785 di-82 + 

+t 0-72—0-00654 
Full lines on Fig. 14. 


| = 


! 
Diameter of Full Lines on 
Dril! in Inches. Fig. 12. 


Nearest Linear Law not| 
shown on 


' ‘ 
Torque in Foot-Pounds, Equations Corresponding to— 


Approximate General 
Law T = 740 d1-° 10-7 
Shown Dotted in 
Figs. 12 and 14. 


age ~ ¥ Law 
| = } 
Figures. | + 100 ¢ (14d2 + 3). 





465 0-715 


8HHHH 
BHAA 
| 


hun nu 


i 

Thrust in Pounds. 
| General Law P = 
| = (d-0.4)325 + 

+ (24d + 65)1000¢ 
|Full lines on Fig. 15. 


Diameter of 


Full Lines on 
Drill in Inches. Fig. 13 


ig 


+ 1085¢t 441 (07 
1700¢t 

3450 ¢ 

5900 t 

8760 t 
12900 ¢ 


6 
5 


nu nnu 


5 


Le Be be De Le bea} 


5. 
10 + 
22.5 + 
470 + 
62.5 + 
90 + 


Approximate General 
Law P = 35500 d-7 (0-75 
not Shown on Figures. 





P= 114 + 83000t 
195 + 89000¢ | 


358 + 1010008 | 


125 + 82000¢ 
200+ s9000¢t P 
350 + 103000t P 
500 + 110000 t | P = 520 + 113000¢ | 
600 + 126000 f | P = 617 + 125000¢ | 
850 + 140000 ¢ | P = 845 + 1370007 


fuiuun 


' 


29020 0-75 
35500 (0°75 
= 47140 (0-75 
= 57680 10-75 
67450 (0-75 
76600 9°75 





3 | | 
2, 3. 





Torque in Foot-Pounds. 


Diameter of | General Law T = 
Drill in |Full Lines on Fig. 16. + 0.64 | 


Inches. | 


Law 
2350 d1-28 ¢84 
Full Lines on Fig. 18. 


| Nearest Straight Line | 


TABLE V.—Mepivum Harp Steer TRIALs. 


Values corresponding to equations given in the body of the paper and curves drawn on figures. 


R 


General Straight Line 
| Law T = 18d? + 100 | 
| (27 d2 + 20) not drawn 


4. | 5. 


Equations Corresponding to— 


Approximate General 
Law T = 1640 d18 (0-7 
Dotted Lines on 
Figs. 16 and 18. 


not drawn on 
on Figures. 








1535 t0°8 
2210 (0-768 
4181 ¢0-72 
5250 10-7 
7580 10-69 
= 10000 10-68 


? 


monn 


HAAAAA 


T 
T 
T 
T 
T 
T 


Thrust in Pounds. 


Diameter of 
Drill in 
Inches. 


‘ull Lines on Fig. 17.| 
ores ” | + 22d) 10004204 
|Full Lines on Fig. 19.) 

P = 34500 t0-657 
40000 t0-64 
51000 t0-623 
62000 10-615 
73000 (0-61 
84000 £0-607 





P = 37450 (0-681 
= 40500 10-616 
52660 70-609 

P = 58100 (0-608 
P = 66500 10-607 
P = 87400 (0-607 


Be -he-ha-ha-ha-] 


Hunn w 
it 


P 
P 
4 
P 
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o4 


|General law psa +) Nearest Straight Line 
Law not drawn on 


= 1725 + 224375 t 
2350 + 280000 t 


T 977 10-7 
- 1640 (0-7 
3404 (0-7 
5720 t0-7 
8550 t0°7 
1840 (0-7 


10.1 + 3510¢ 
18 + 4700¢ 
0.5 + 8070 t 


= 
T 
4 
= 
T 


Equations Corresponding to— 


Approximate General 
Law P = 35500 d9-7 104 
Dotted Lines on 
Figs. 17 and 19. 


| General Straight Line 

| Law P = 750d + 1000¢ 
a | (75d + 50) not drawn 

Figures. | : on Figures. 
| 29020 10-6 
35500 19-6 
47140 104 
57680 (06 
67450 10-6 
76600 10-6 


560 + 106000 t 
750 + 125000 t 
1120 + 162000 t 
1500 + 200000 t 
1870 + 237500 ¢ 
2250 + 275000 t | 


Porro to rely | 
wonnnn 
wuunn 
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ever, does not increase as fast as the feed for any given 
diameter of drill. On plotting the log of this quan- 
tity on a base of log of feed the values for each drill lie 
on a straight line. The equations to these are given in 
the second column of Table IV., above, and are repre- 
sented by the strong full lines on Fig. 12 (page 435). By 
combining these equations a Panadie g law in close - 
ment with all the results is obtained for all sizes of drills 
and feeds. Thus for the torque it is found that— 


T = 785 d 1-8 40.72 — 0.0065 a (20) 


To allow of a comparison with the formule given in 
column 2 of Table iv. the equations dédu from the 
general law (20) for each size of drill are given in column 3 
and represented by the full lines on Fig. 14 ( 435). 
As the index of ¢ is almost constant, it Tall be near 
enough for all practical purposes to take it at 0.7. The 
index of d may be taken at 1.8 and the coefticient modi- 
fied to suit. The error in this simplified formula— 
T = 740d 18 ¢07 . : (21) 
is ineuecete, It is shown by the dotted lines in Figs. 
12 and 13, and the value for each drill is given‘in column 6 
of Table II. 
The linear expressions in column 4 are further approxi- 
mations, and may be preferred to the exponential given 
above. Even these, however, when combined, do not con- 
form to a single general law, thé nearest approach to 
which is— 7 
\ T = 10d? + (14 d®'+ 8) 100¢ . (22) 

The values:deduced. from this for each size of drill are 

iven in column 5 of Table IV. Beyond removing the 
fr ctional indices there is littleimprovement. An equation 
of this form may be of-serviee in making rapid com- 
parisons and to those who are not familiar with the use 
of logarithms— 


T = 14d?(1 + 100 ¢) may be near enough (22a) 


It will be observed. that these linear values closely agree 
with those obtained in the first set of experiments by Dr. 
Nicolson. 

As the drill entered the specimen the torque gradually 
increased, and at no time exceeded the aes obtained 
when drilling the full diameter. The drills were not 
allowed in any case to break through the metal. 

The character of the twisting moment shown on Fig. 12 
is similar to that given by Messrs. Bird and Fairfield. 

The Effect of the Diameter on the Torque.—The torque 
increases almost in proportion to the square of the dia- 
meter of drill for a givenfeed. As torque is the product of 
the resultant force and distance at which it acts, and as 


. . . 





these factors are each proportional to the diameter of the 


drill, providing the stem and chisel-point are some con- 
stant proportion thereof, and provided the cutting angle 
be constant for all diameters, the torque should increase 
as the square of the drill. The width of the chisel-point 
(or thinned stem) is given in Table I., and is about equal 
to 0.107 dt , whilst the width of the backed-off portion is 
about 0.187 d! , or approximately :—Chisel-point =0. 096d, 
width of baéked-off portion =0.168 d. - The average cutting 
angle for all drills in the plane of shaving (at right angles 
" = -** p a 

riphery is - —_. = 68.8 deg., and 
to the lip) at the pe phery eer eg. 
the le at;the root of the stem is 90 deg., since the dia- 
meter here is very small. angle of the cutting edge has 
been taken as‘ the~ arit I mean of these’ two—viz., 


Se + ces. = 79.4@eg. = The mean cutting angle for 


the backed-off portion;=- ba + ces: = 95 deg. ; the 
cutting angle of the chisel-point itself being = 150 deg. 
Summing these mean angles—\.)» i 


,, 


79.4 (d 0.187 dt )+ 95 (0.18% ~ 0.107.q8.) +. 150 (0.1074! ) 
‘a ‘ ~ ‘d o 





79.4 8.7 


= 79. (23) 
79.4 + di 


+,8.7 dt 


Re 


or more re " 


79:4d +A8d _ 97 9 deg. (23a) 
a * 


The mean angle is therefore almost constant for all dia- 
meters of drills used. Proceeding in the same way, It 
will be found that the centre of pressure due to these 
three portions of the cutting edge occurs at a distance 
from the centre of the drill of 0.46 time the radius. This 
is the point at which the resultant force may be supposed 
to act providing the cutting pressure is proportional! to - 
cutting angle, as assumed below. It is then clear that i 
the fractional exponent had been used in the above =. 
pression for the mean angle, the cutting — woul 

have been proportional to some value slightly less than 
d, and the torque to some value less than d?. ; 

On examining the results obtained in ‘‘ Experiments 
with a Lathe-Tool Dynamometer”* on cast iron, the < 
ting pressure was found to be practically constant tr = 
depth of cuts, but decreased slightly with the increase © 
traverse or feed. It was further found that the pressure 
was almost proportional to the cutting angle. Thus the 
cutting pressure in tons per square inch 1s :— 


* Proceedings, 1904, Part 3, page 883. 
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For J; traverse = 0.88 x cutting angle in degrees. 
= 0.70 x 


| Sree Se 
the cutting angle being the true angle, or that in the 
plane of the shaving. ‘ 

A simple law combining the cutting angle and traverse 
is :— 
f= 0.35 cutting angle . _ > - (24) 
J ~ 40-88 


of area 5 dr at a radius r is 
a= [s5rar 


The torque required for the complete drill— 
“084 





For a cutting angle of 87.2 deg. the pressure is 


12. RESULTS WITH SECOND APPARATUS. ‘q.14. RESULTS WITH SECOND APPARATUS. 







VARIATION 


OF TORQUE WITH DIAMETER 
SOFT 


Torque (Ubs.ft.) 





Feed perrevolution! Diameter of Drill (in inches) 


13. RESULTS WITH SECOND APPARATUS. 15. RESULTS WITH SECOND APPARATUS. 


Twi LL ; 
VARIATION OF THRUST WITH 


‘ 
VARIATION OF THRUST WITH 


Thrust (lbs). 





a a 
per revolution) 


Ss. tf th” 
Diameter of Drill fin inches) 


z x 


. 0.35 x 87.2 30.5 0.44 ” 
j= "gas = jr tons per square inch (24a) = t( vos ) (0.1725 72 + 0,225 72 + 39.5 72] 
The traverse, however, in a two-lip twist-drill is = «(Soa ) [39.9 r2] 
halved, ¢.e., each lip takes half the feed, so that t in the p08 
case of the lathe tool is equal 2¢ in the drill. Modifying = 17.55 72 "7 inch-tons 
the above equation for twist-drills— = 3275 r? t-7 foot-pounds 
-_ 90.5 38.5 = 819 d? ¢°*7 foot-pounds ‘ J . . (26) 
j= ——— = ——f 1 .2deg. (25 sah - - 
( q - — 0 eee oe This is to be compared with the expressions :— 
: 785 ds ore-0.00d . . , (20) 
_ 0.44 and 
/= ws Xcuttingangle . . . . « (2a) 740d'9707 =| gS, (21) 
: : ; given above. ? 
_ Assuming the cutting pressure to be proportional to| The difference is due to value assumed for the cutting 
tue angle, then the torque required to cut an element | pressure, 





0.44 048 r. r. 
T=2(°. al 10 rde +) 95 rdr + 73.4 rar | 
fos 72 a 0-048 r. 0-084 r. 


| 
| 















Taking the resultant force acting at 0.46 r as found 
above, then the cutting pressure— 


t 
fx2rg x 04r=T 
= f x 0.1125 d®t = 12 x 740d 07 
12 x 740.18 (07 
“I= —Diaie 


79,500 D. 


. 35.4 " 
= goa palb. per sq. in. = 99.264 tons per sq. in. (27) 


Fig.l6. RESULTS WITH SECOND APPARATUS. 


WITH FEED WHEN 


L 
VARIATION OF 
ON 


Fig.1 7. RESULTS WITH SECOND APPARATUS. 


VARIATION OF THRUST WITH FEED 
ON 


The stress so deduced and that obtained for the lathe 
tool given above show a very satisfactory agreement. 
What difference there is is no doubt due to the different 
qualities of metal operated upon. The composition of the 
soft cast iron used in the drill trials and of the medium 
cast iron used in the lathe experiments are given in 
Table VI., page 436. 

The cutting pressures on a 1-in. twist-drill with varying 
feed when operating as soft cast iron as deduced from the 
above formula are— 


1 354 354 
t= 409 i= 0.002593 — 0.1658 = 214.0 tons. 
1 35.4 35.4 


t= so J = 0.005% = 0,904 


= 173.5 ,, 





ENGINEERING. 


[Marci 26, 19009. 





f = —e 2 
0,020°3 
_1 ,_ %4 _ 34 
25° 0.049 ~—-0,3806 
It is clear from the equation (27) that this stress de- 
creases with an increased diameter of drill. 


TABLE VI.—Chemical Composition and Properties of 
Materials. 


= 93 tons. 








Substance. Soft Steel. 


Medium Steel. | Hard Steel. 
0.31 
0.074 | 
0.50 
0.018 . 
0,083 | 0.087 

32.4 tons per 46.7 tons per 

square inch | square inch 

11.9 tons per 19.7 tons per 

square inch | square inch 





Carbon 0.514 
Silicon 
Manganese 
Sulphur 
Phosphorus 
Tenacity .. 


— 0.085 
. ./26.3 tons per 
square inch 
.|12.8 tons per 
| square inch 
' 


a 


Yield point 











Medium 
Cast Iron. 


Soft Cast 


Iron. 


Hard Cast 
Iron. 
| 





0.585 | 
2.720 | 


1.15 
1.875 


Combined carbon .. 
Graphite .. 
Total carbon 
Silicon 
Manganese .. 
Sulphur 
Phosphorus .. o 
Crushing strength. . 


3.305 

1.703 

| 0.588 

| 0.061 

| 0.526 | 0,732 

| 44 tonsper 43.5 tons per 
square inch square inch 

| | 


Resvutts Recarpine Enp-Turust, Sorr Cast Iron. 


Notwithstanding the care taken throughout these trials, 
the results of the end-thrust when drilling cast iron show 
no greater consistency than those obtained in the first 
experiments. It was expected at the outset that these 
valet ‘s would be absolutely regular, as the only chance of 
error would be in observing the gauge reading. The 
diaphragm and gauge were calibrated at frequent intervals 
and the same constant was obtained each time. The 
metal appeared to be very uniform, having neither blow- 
holes nor hard patches. The results are given in Fig. 13 
(page 435) and Fig. 15; the former showing thrust on a 
—_ of feed, and the latter thrust on a base of diameter 
of drill. 

The strong full lines drawn through the mean of the 
spots in Figs. 13 and 15 indicate that these results follow 
a straight line law more nearly than anything else. The 
equations to the lines on the figures are respectively given 
in columns 2 and 3 of Table IV., and these agree with 
the general expression— 

P = (d-0.4) 325 + (24d + 65) 1000 ¢ (28) 

P = 240d + (24d + 65) 10007 . (28a) 
This latter law is simple enough, but is rather clumsy to 
be of much use to the designer. For some purposes it 
may be good enough to take 

P=200d+10000¢ . . . - (28d) 

which is roughly correct for ordinary feeds. To simplify 
equation (28) the log of the thrust was plotted as an ordi- 
nate on a base of log of feed and the line drawn through 
the mean passed through a common point. 

This made the coefficient of ¢ a constant for all diameter 
of drills. The slope of the lines for each were different, 
however, so that the index of ¢ was a function of the 
diameter of drill. The expression obtained by this means 


is— 

P = 52,900 (0.98 - 0 087 (29) 
This equation can be made to generally agree with :— 

P = 35,500 0.7 70.75 , ° . (30) 

As this form of equation is likely to prove most serviceable 
to the practitioner, the values deduced from (30) for each 
diameter of drill are given in column 6 of Table IV., in 
—_ that an estimate of its degree of accuracy may be 
made, 

The high values given for the 14-in. drill were obtained 
by inning (contrary to custom) at the coarse feed with 
a fresh drill, and continuing towards the fine feed without 
regrinding the drill. The Sonor spots indicate the results 
obtained with a freshly-ground drill for each experiment. 
At no time did the feeding force exceed that given when 
drilling the full diameter. In this it confirms the first 
experiments, and differs from those given by Professor 
Breckenridge. The character of the thrust-curve is quite 
different from that given by Messrs. Bird and Fairfield, 
who found this force to increase much faster than the 
feed. The values obtained by the latter experimenters 
have been shown in Fig. 12 (page 435), and a dot-and-dash 
line drawn through their mean. 

Bird and Fairfield’s results may possibly be accounted 
for by the high speed at which they ran the drill, produc- 








ing a bluntness which would affect the thrust more than 
the torque. This bluntness would have a very marked 
effect if each test with increased feed was made in succes- 
sion without regrinding the drill. 

beghe, pi the trials recorded herein the speed was 
kept at 10 revolutions per minute, in order that blunting | 
effect might not enter into the results. 

The end forces on the drills given by Messrs. Frary | 
and Adams are too erratic to allow of any conclusions 
being drawn from them. 

Medium Steel Experiments: Torque.—The trials (f) on 
medium hard steel are much more regular than those 
obtained with cast iron. The torque has been plotted as | 


an ordinate on a base of feed per revolution in Fig. 16 
(page 435), and on a base of diameter of drill in Fig. 18 
(page 437). Like the cast iron, it does not increase as fast 
as the feed 


_ A similar character to the cast-iron curve is observed 
in the variation of torque with diameter. This is generally 
confirmed by theoretical comparison with the lathe-tool 
experiments already referred to. These showed that the 
cutting pressure when operating on steel not only de- 
pe | with the feed, but also with the depth of cut. A 
comparison between these stresses can easily be made 
after the manner of that for cast iron. The torque for the 
#-in. drill with a feed of AW is 13 foot-pounds, whilst with 
a as feed on the same drill the torque is 92.5 foot-pounds, 
so that when the feed is increased 11.4 times the torque is 
only increased by 7.1 the amount. If the cutting pressure 
varied as the diameter of the drill, then the torque would 
vary as the diameter squared. The torque for the », feed 
on 3-in. drill is 700 foot-pounds, whereas with the same 
feed on the ?-in. drill it is 70 foot-pounds, or a ratio of 10 
to 1, whilst the ratio of their squares is 16 to 1, thus show- 
ing that so far as the torque is concerned the most 
economical way to machine metal is to use a coarse feed 
and a large diameter of drill. 

The strong full lines in Figs. 16 and 18 with the 
equations given in columns 2 and 3 of Table V. (page 434) 
respectively. Those in the latter column are the values 
deduced for each size of drill from the general expression, 


1 
T = 2300 d'-3 ea * (31) 
The fourth column of the table gives a linear law for 
each drill, and the fifth the values deduced from the 
general expression given at the top of that column. 
These, however, whilst simple, are rather approximate. 
For a rough comparison the form 


T = 28 d?[1 + 100 ¢] (32) 


which is fairly near the mark for all feeds in common 
use ; and may be of help to some. 

For ordinary practical use the index of t, which varies 
very little from 0.70, can be made constant and the coeffi- 
cient modified to suit. 

With this object in view the following fairly simple and 
approximate expression is afforded— 

T = 1640 d'-8 77.0 , , , - « (8) 


The values deduced from this equation are given in 
column 6 of Table V., and to allow of a better comparison 
are shown by the thin broken lines on Figs. 16 and 18. 
With the exception of the coarsest feed, these agree very 
well with the experimental results. 

Medium Steel Experiments: Thrust.—The thrust for 
medium steel has been plotted as an ordinate on the base 
of feed per revolution of the drill in Fig. 17 (page 435) and 
ona base of diameter of drill in Fig. 19 (page 437). 

It will be observed that these results are much more 
regular than those obtained on cast iron. 

he diagram clearly shows that the end-thrust does not 
increase so fast as the feed for a given diameter of drill ; 
— does it increase as fast as the diameter for a given 


The strong full lines given in Fig. 17 correspond to 
the equations given in column 2 of Table V. ( 434). 
These have been combined to give the general deed 


1 
P =[18 + 22d] 1000¢ 4 + °™ 


which is represented by the full lines in Fig. 19. 

The values deduced from equation (34) for each diameter 
of drill are given in the third column of Table V. 

At first glance these may appear to be very wide of the 
values given in column 2, but a small difference in the 
index of ¢ (since ¢ is alwaysa small fractional value) makes 
a large alteration in the coefficient, so that the figures 
given are almost equal in value. 

The values given in columns 4 and 5 of Table V. are 
approximately linear expressions, the former being the 
nearest obtained for each drill, and the latter conforming 
to the general law given at the head of column 5, 

A rougher, but simpler, rule— 

P = 750d (1 + 1502) (35) 
which is fairly correct for the range of feeds used in 
practice. 

The results show that the index of ¢ decreases with the 
increase of drill diameter, and whilst an equation could 
be given to fit these values, it is apparent that it would be 
too cumbersome to be of much practical use, and for this 
reason it has not been offered. 

With the object of further simplifying the above 
equation (34) the index of ¢ has been taken as 0.6 (since it 
varies very little from that amount) throughout, and the 
coefficients given in column 2 modified to suit. These 
closely agree with the equation 

P=35,500d°7% , , ., (36) 


which correspond to the values for each diameter of drill 
iven in column 6 of Table V., and shown by the dotted 
ine in Figs. 17 and 19. 
Up to the present noobservations have been taken with 
blunt drills, 


(34) 


dulling of the chisel-point alone, so that it would be use- 
less to insist on the use of a closely accurate law for work- 
shop practice. 
ariation 0; 
experiments discussed up to the present have 
at a constant s of 10 revolutions per minute. 
Tn trials (g) the speed, when operating on soft cast iron 
(dry), weled from 7.5 to 126 revolutions per minute, with 
the object of determining the variation of thrust and 
torque due to speed with a given diameter of drill and 
feed. In neither case could it be said that there was any 


Cutting Stress with Cutting Speed.—The 
mn made 





ut there was evidence during the trials to | 
show that the thrust may increase 20 per cent. by the | 


marked difference due to speed, and this is confirmed by 
the experiments of Messrs. Norris, Bird, an1 Fairfield 
mentioned in the early part of this paper. To give an 
idea of the results obtained in these trials, the cutting 
—— for a 2-in. drill on soft cast iron with various 
eeds has been plotted as an ordinate on a base of revolu. 
tions of drill per minute in Fig. 20. 


TABLE py ae ag per Minute, Feed per Revolu. 
tion, Cubic Inches Removed per Minute, and Horse. 
Power when Drilling Cast Iron. 
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TaBLE VIII.—Revolutions per Minute, Feed per Revolu- 
tion, Cubic Inches Removed per Minute, and Horse-Power 
when Drilling Medium-Hard Steel. 
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The experiments show that metal is most economically | the above speed 20 per cent., and increase the feed by a 
removed by increasing the feed or diameter of drill rather | similar amount.. U, 
than the speed, since the power in the latter case is 


directly proportional to the speed. 


speed, so that if the s 
doubled. When the feed, on the other han 
the frictional horse-power remains about the same. 


Fig. 18. RESULTS WITH SECOND APPARATUS. 


VARIATION OF TORQUE WITH 
OPERATING ON 


Torque lbs. ft) 








(1062.0) of Drillfir inches) 
Fi tg.19. RESULTS WITH SECOND APPARATUS. 


DRILL 
VARIATION OF THRUST WITH 
RATING ON 





of Drill (in inches) 
By increasing the number of lips to three or more, the 
torque and the thrust are increased for any given feed, 


as the feed actually taken by each lip is 1 of the whole 


n 
feed, where n is the number of lips. No attempt has 
been made to determine the most durable speed for a 
given feed and diameter of drill. Tables VII. and VIIL., 
page 436, have been calculated from the above results for 
the speed and feed recommended by drill-makers for 
ordinary workshop use. . 

. here 18 no general agreement amongst the makers of 
high-speed twist-drills as to what the cutting — should 
be for ordinary worksho bE. Some decrease the 
speed with the increase of diameter of drill, some recom- 
mend the reverse, but the most makers advise a constant 
periphery speed throughout. The mean of these values 
is about 60 ft. per minute, with a feed per revolution of 


a for mild steel. For cast iron it is usual to decrease 


al to The friction horse-| power required for drilling can be made. With the | CHP, -2* 
power of the machine is practically proportional to the object of presenting these results in concise form, and to |C:-H-P. = 33,000 ~ 
At is doubled, the be is also | show at a glance the influences of speed, feed, and dia- 

» 18 doubled, | meter, the values so deduced have been tabulated in 





plying the torque for éach feed and diameter of drill by 
sing these figures, and the experimental | 2 x N. 


force values given herein, an estimate of the net horse- | Cutting horse- “ag in column 5— 


Tables VII. and VIII. 


Fug.20. RESULTS WITH SECOND APPARATUS. 


VARIATION OF CUTTING PRESSURE WITH SPEED 
WHEN OPERATING ON SOFT CAST-IRON, 


— 2m x 12 x 48 x a 
33,000 x rd 84 


0-7 , 
) for cast iron. 


Fig.23. RESULTS WITH SECOND APPARATUS. 
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RESULTS WITH SECOND APPARATUS. 
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(1063.4) 


Fig.24 RESULTS WITH SECOND APPARATUS. 


WITH 
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bose.) Feed (Inches per Revolution). 


RESULTS WITH 





Feed (Inchas per Revolution) — 


Column 1 gives the diameter of the drill ; column 2 the | _ 2m x 12 x 48 x 740 d2-0m Ob net toms 
revolutions corresponding to a speed of 48 ft. and 60 ft. | ~ ~~ $3,000 x wd x 2293 °° wom, 
per minute for cast iron and steel res tively ; and | ; 
column 3 gives the feed in — per wre utign for these | = 1.16 d!% = say 1,16 d for cast ivon. 

d d he or 
metals, and calculated from a and ~t Column 4 gives OHLP, = 2¥ x18 x 60 x lesan (a 
ee 33,000 3 d 100 





0-7 : 
the cubic inches of metal removed per minute V :— ) for medium 


: teel 
V= ia tN (where N = revolutions per minute). z 


_ 2m x 12 x 16 x 1640 d's 








- fi edi teel, 
=" atx 7@ , 13 x @ soe cast iron. | 33,000 wd x 25,12 a ee 
. ‘ &% vd = 2.85 d°83 = say 2.85 d for medium steel, 
= 1.715d5 f t iron. ; . 
/ + aad oe The horse-power required for oe in column 6 is 
="qrx, @ , 12x 0 for mild steel. | obtained by multiplying the end force for each feed and 
4 100 rd 


diameter of drill by the feed per revolution and the revo- 
=1.8d! for mild steel. lutions per minute. 


The cutting horse-power, column 5, is obtained by multi- | F,H,P, = P«N 
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at 


_ 35,500 d°7/d*.\ 0-75 
= 00 (ar) 
_ ge dt 
~ 142 ~ 142 


35,500 df dt \0-s 
33,000 * (-{00) 
om at 
——— oo 
Column 7 is the sum of the columns 5 and 7, whilst 8 is 
column 7 divided by column 4. 
Minus Chisel-Point Experiments (h) on Soft Cast 
Tron and Medium Steel. 


These experiments were undertaken with the object of 
determining the difference in the thrust and torque due 
to the chisel-point of the drill. Many efforts were made 
at the outset to drill a hole with a chisel — and 
ground similar to that on the drill itself. requent 


TasLe 1X.—Minus Chisel-Point Trials. 


Values corresponding to equations given in the text and curves 
drawn on Figs. 16 and 17, 


Sort Cast-Iron TRIALS. 


x _48 for cast iron. 
wd 


say for cast iron, 


oA di 60 
¥.EP. = * i0o * $a for 


medium steel, 





ie iaes Heenan eee 


Equations Corresponding to— 

| Modified Equa-| General Law 
tions not Shown 740d! 97 not 
on Figs. Shown on Figs. 


To = 680 097 | To = 740 107 
To = 1710 197 | To = 1585 107 
2180 t9-66 | To = 2625 9-7 | Ty = 25680 10-7 
5250 10-69 To = 5500 t7 | To = bi 
Thrust in Pounds. Equations Corresponding to— 

‘ General Law 
Full Lines on | Modified Equa- | 9609 qo-7 10-8 
Fig. |Shown on Figs. — ag ” 

1 |Po = 1818019607 | Py = 12792106 | Py = 12600106 

1.5 Po = 16600 9-607 | Py = 16120096 | Py = 16730196 

2 [Po = 19950 19-607 | Py = 19372296 | Po = 204500946 

3 Po = 29170 19-007 | Po = 28320196 | Po = 272000046 
Values corresponding to equations given in the text and curves 

drawn on Figs. 23 and 24. 
Mepium-STeeL TRIALS. 

Torque in Pounds-Feet. Equations Corresponding to— 
| Modified Equa- | General Law 
jtions, not Shown not Shown 
} on Figs. Figs. 


(a) 





Torque in Pounds-Feet. 


Diameter of 
R Full Lines on 
Drill d Fig. 21. 





630 10-675 
1325 (0-65 


Diameter of 
Drill d Inches. 


Diameter of Full Lines on 
Drill d Inches, Fig. 23. 

| | 
[Tg = 2000 ¢0-746 
Ty = 3700 0-679 
2 9 = 5200 t0-701 
3 Ty = 10600 10-705 


Thrust in Pounds. 





$2 1616 t97 | Po 
4042 197 | Po 
5184007 | Py = 5270107 

= 10880197 | Py =10470107 

Equations Corresponding to— 

General Law 
27000 9-732 20-6, 
not Shown on 
Figs. 


Po = 27000 106 
Po = 36300 10-6 
Po = 44800 10-6 
Po = 60300 10-6 


1620-197 


1 
1.5 3225 10-7 


Hoon 


| Modified Equa- 
tions; not 
Shown on Figs. 


Diameter of | |, ; 
Drill d a on 


Inches, e- 


Po = 27460 106 
Py = 34880 106 | 


Po 
Po = 61900 106 


breakages, particularly when operating on steel, led to 
the abandonment of this procedure in favour of that 
where a hole was initially made in the specimen, having 
a diameter equal to the width of the chisel-point of the 
drill to be employed. The tests were then made with 
different feeds and diameter of drills at a speed of 10 
revolutions per minute as in the ordinary trials previously 
discussed. 

Torque.—The torques obtained in these trials have been 
lotted as ordinates on a base of feed per revolution on 
ig. 21 (page 437) and Fig. 23 (page 437) for cast-iron and 

steel respectively. 

The equations to the lines drawn on the figure are 

given in column (b) of Table LX. (above). 

These may be combined to give a general law in terms 

of d or d — d, and t, where d, is the diameter of the chisel- 
o1nt. 

. For comparison with the ordinary drill trials it may be 
more convenient to have the general equation in terms of d 
and tonly. If the cutting pressure is desired, an equation 
in terms of d and d, would be necessary. Combining the 
equations given in column (b), and modifying the same so 
that the index of ¢ is 0.7 (see column (c)) (which is almost 
the average value) the general expression for the trials on 
cast iron is obtained— 

Ty = 740 d)8 0.7 (37) 
which is identical with that given for the ordinary trials 
on this metal (see page 434, equation (21)). Of course, 
the torque in this latter set of experiments should be 
smaller, but the difference is so little as to be lost sight 
of in the approximations made. If the cutting re 
is worked out as in the case of the ordinary trials, the 
‘ difference due to chisel-point will be found to be in- 
significant. 

The general equation which most closely with 

the modified values given in column (c) for the experi- 
ments.on medium steel is— 


Ty = 1620 d 17 ¢07 . 
and the value obtained in the ordinary trial is— 
T = 1640 18707 og he 


(38) 


(33) 





or the difference in the torque due to the chisel-point 
when operating on steel is about 1 per cent. 

The values deduced from equations (37) and (38) for 
each size of drill are given in column (d) of Table TX. 

Thrust.—It was to be expected that the removal of a 
piece in the specimen equal to the chisel-point width 
would produce a greater difference in the end thrust than 
in the torque. The results of these tests have been 
plotted in Fig. 22 (page 437) and Fig. 24 (page 437) on a base 
of feed per revolution for cast iron and steel cy mance 

The full lines drawn on these figures for the thrust cor- 
respond to the equations given in column (b) of Table IX. 
As in the previous cases, the index of ¢ varies very little, 
and a constant value of 0.6 has been taken, which is about 
the mean of those obtained. The coefficient of ¢ has also 
been altered to suit this modification, and these equations 
are given in column (c). Using the values of the latter a 
general equation as a function of d and ¢ is got, and the 
values fia, mone from the same for each size of drill are 
given in column (d) of the above table. Thus for soft 


cast 1ron— 
Po = 12,600 d7 796 , (39) 


Comparing the latter with the ordinary trials (e) on this 
material there is a difference in the end force for feeds 
commonly used in practice of about 25 per cent., which is 
roughly that due to the chisel-point. 

e thrust for medium steel] in this set of trials is as 


follows :— 

P,, = 27,000 d%73 40-6 , (40) 
and in the ordinary trials (f) the thrust— 

P = 35,500 d°7 4 . (36) 


The thrust due to the chisel-point in this case is about 
21 per cent. of the whole drill. 
iments Series (1).—The Variation of Torque and 
t when Drilling Different Grades of Cast Iron. 
The torque and thrust obtained in these tests with a 
2-in. drill have been plotted as ordinates on a base of feed 
r revolution of drill on Figs. 25 and 26, page 437. 
The full lines drawn through the mean of the spots 
with the values given in columns 2 and 4 of 
Table X. The diagram, however, affords the easiest 
means of comparing the varying physical characters of 
the metals, the chemical sm gama being given in 
Table VI., page 434. The hard cast iron trials were not 
so satisfactory as the others, owing to the presence of 
very hard spots in thespecimen. These quickly destroyed 
the cutting edge and chisel-point, so that it was impos- 
sible to get a complete set of trials without regrinding the 
drill. The lower spots indicate the results obtained with 
a freshly-ground drill for each test. On the whole these 
experiments show that the torque and thrust increase 
very rapidly with the percentage of combined carbon. 


(To be continued.) 








THe Easyrk Hypravunic Simx-Rutr.—A very conve- 
niently arran and very portable form of slide-rule, 
specially adapted to the needs of hydraulic engineers, is 
being issued by the Easyr Slide-Rule Company, of 39, Cor- 
poration-street, Birmingham. With its aid such problems 
as the determination of the discharge from a circular pipe 
or egg-shaped sewer, given the dimensions and the gra- 
dient, are instantly solved. The graduation of the rule 
is based on Kutter’s well-known formula, and accompany- 
ing it and bound up with it are tables showing the area, 
wetted perimeter, hydraulic mean depth, and the propor- 
tionate discharge of circular and egg-shaped conduits when 
running only part full. 


THe Wortp’s WrireELess TELEGRAPH STaTIons.—The 
German General Post Office has just published a 
schedule of the world’s stations for wireless telegraphy. 
These are divided into coast and ships’ installations. Of 
the former Germany has at present 16, Belgium 1, Great 
Britain 10, Japan 4, Norway 2, the Netherlands 1, and 
Roumania 1. The number of ships that are fitted with 
the wireless tel ph system is already very considerable. 
There are 120 German vessels so fitted, 10 Belgian, 64 
English, 10 Italian, 10 Japanese, 16 Netherlandish, 5 
Roumanian, and 3 Russian. There are consequently 35 
coast stations and 238 ships’ installations for international 
wireless telegraph traffic, but the list is not quite com- 
plete, as it only contains the installations of which the 
names have been furnished by the departments in ques- 
tion. The result is that, for instance, the coast stations 
of the United States are not included. The list gives 
concise information about each station. 


Tue Cement Inpustry IN GERMANY.—On account of a 
somewhat severe winter there has been some decline in the 
sale of cement during the last few months ; whether an im- 
en pee will a in, and to bo ae will, of course, 

lepend upon the degree to which building operations, 

which stagnated all last year, will be pre Fr It is 
hoped that. the cheaper money will have a favourable 
effect in this connection, but many of the cement com- 
bines have great difficulties to contend with, owing to 
the keen competition, further enhanced by several new 
concerns being s Matters are especially bad in 
Upper Silesia, where four new factories have been started 
within a comparatively small area, and are in direct oppo- 
sition to the combines. Prices, of course, suffer in conse- 
quence. The consumption in Berlin has fallen off and 
prospects are indifferent. The combines in Central Ger- 
many have been ~~ to reduce the quotations con- 
siderably. In the enish-Westphalen district matters 

ve been somewhat better, nearly all the new factories 
there having joined the syndicate, but Belgian outsiders 
give some trouble. In Southern Germany matters are 
somewhat more favourable, 





CATALOGUES. 


A PAMPHLET to hand from Messrs. Barlow’s Patent Lift, 
237, Shaftesbury-avenue, W.C., describes, as might have 
been expected, lift-gear made by this firm. It is most 
suitable for short point-to-point work, may be started 
by push-button, and stops automatically at either limit. 
Prices and particulars of various sizes up to 15-ewt: load 
and 17 ft. lift are given. 


A large catalogue from E. M. Bowden’s Patents Syndi- 
cate, Limited, Baldwin’s Gardens, Gray’s Inn-road, 
Holborn, E.C., describes and illustrates many of the uses 
to which the Bowden wire system may be put. The 
catalogue shows special fittings for motor-car, motor- 
bicycle, and motor-boat control, including throttle and 
other regulation brakes, &c. 


The Morley Electrical Engineering Company, Limited, 
Stanningley, Leeds, have sent us a pamphlet illustrating 
and describing main, main and tail, and endless haulage 
gear, electrically driven, as also electrically - driven 
portable haulage gear, trolley-hoists, warehouse friction 
cranes, overhead cranes, transporters, overhead runways, 
&c., as well as electric centrifugal and reciprocating 
pumps, &c. 

Messrs. Watts Brothers, 101, Castleton-road, Good- 
mayes, Ilford, have issued a catalogue of their gas and 
oil-engines, which are built in various sizes between 2! 
and 20 brake horse-power. The gas-engines are fit 
with porcelain ignition tube, and the oil-engines with a 
simple vaporiser, which requires no lamp after starting. 
The engines are simple in design and accessible for 
repairs. 


A leaflet from the Simms Magneto Company, Limited, 
Welbeck Works, Kilburn, describes this firm’s switch- 
starter for starting up engines of motor-cars, &c., pro- 
vided there is gas in the cylinder. The risks of injury 
from the handle is thus avoided, as, even if the engine has 
been standing, a turn of the handle just sufficient to draw 
gas into the cylinder and a touch of the switch-button 
will start the motor off. 


Messrs. Ludw. Loewe and Co., Limited, 30-32, Far- 
ringdon-road, London, E.C., have issued a little pam. 
phlet descriptive of the De Fries automatic keyway- 
cutting machine. This machine consists of a vertical 
miller with a long table adjustable for height, the longi- 
tudinal traverse for cutting the keyway being given to 
the milling head. Two-sized machines are made, of which 
the largest will cut keyways up to 2? in. by 40 in. on 
work 14 in. in diameter and under, and the smallest key- 
way 1 in. by 32 in. on work up to 6 in. in diameter. 


The Power-Gas Corporation, Limited, Stockton-on- 

ees, have sent us two pamphlets on Mond gas plant. In 
these pamphlets the construction of producers is illus- 
trated, and particulars of plants erected are given. The 
recovery of by-products is dealt with, and illustrations of 
crops grown on land treated with sulphate of ammonia are 
given. Points are discussed in connection with the dis- 
tribution of power-gas from central stations, and other 
interesting matters. The Midland Railway installation 
at Heysham is described briefly. 


Messrs. R. D. Wood and Co., 400, Chestnut-street, 
Philadelphia, Pa., U.S.A., have issued a new publication 
on gas-producers and producer-gas power plants. This is 
more of the form of a small hand-book on the subject than 
a catalogue, and it describes in an interesting manner the 
——— of producer-gas to metallurgical processes, as 
well as ordinary power uses, and also to such work as 
lime-burning. The descriptions are in sufficient detail 
and supported by sufficient figures as to give a very 
comapoahansive survey of this development of modern 
engineering. 

Messrs. Newtons, Limited, Taunton, have sent us a 
well-printed catalogue of their ‘‘Zone” dynamos and 
motors. This is a most complete catalogue, giving full 
particulars, such as would be useful to purchasers abroad 
as well as at home. It frequently happens that orders 
are given from abroad to the firm who gives the most 
complete information regarding their productions in their 
canalegaen, as this saves the purchaser both time and 
In this list we find full information given, in- 
cluding the prices of the machines and spare parts, 

rticulars of output at various speeds and voltages, 

imensions of standard sizes, shipping weights, and sizes 
of packing-cases. In addition to these, there are the 
specifications of the machines, descriptions of their dis- 
tinctive features, and last, but not least, hints on their 
management. 


worry. 





Tue Status Prize.—It is announced that a prize, 
named “The Status Prize,” will be awarded by the 
Society of Engineers each year for the next five years, 
ending 1913 (if papers of sufficient merit are received), for 
the best paper written by any person on the subject of 
‘* How to Improve the Status of Engineers and Engineer- 
ing, with Special Reference to Consulting Engineers. 
The prize will be three guineas’ worth of books or istru- 
ments, to be chosen by the successful author. The essay 
shall not be more than 6000 words in length, and shall be 
t on one side of foolscap paper, the distance between 
the lines being ;% in. or more. e papers for the present 
year must be sent in on or before June 30 next, addres sed 
to the secre of the Society of Engineers, 17, Victora- 
street, Westminster. The successful paper will be read 
and discussed at a meeting of the Society; the reading. if 
possible, being done by the author. The paper will 

ublished in the usual manner in the Transactions of the 
Societ . The Society of Engineers, the Civil and Mecha- 
nical Engineers’ Society, or the donor of the prize are to 
have the right to publish any paper sent in for the con- 
petition, 
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BEARDMORES STEEL WORKS AT 
PARKHEAD, GLASGOW. 


OnE of the most gratifying features of the 


industrial situation during the prevailing depres-_ 


sion is the continued determination of manufacturers 
to place their works in a state of the highest effici- 
ency from the point of .view of economical produc- 
tion, and one of the most. commendable examples is 
found in the Parkhead Steel Works, at Glasgow, of 
Messrs. William Beardmore and Co., Limited. » Not 
only has there been organised and equipped a com- 
pletely new ordnance factory for the production of 
guns ranging up to 12 in.«in calibre, but within 
recent years also the steel furnaces have been reno- 
vated, new hydraulic presses have been laid down 
for the fluid compression of steel during the cooling 
of the ingots, the plant for the manufacture of 
armour has been re-arranged, new central power- 
stations have been constructed, and paerodaoate, 
internal-combustion engines, and ammonia-recovery 
plant adopted, and the forges and rolling-mills, 
together with the immense trepanning, boring, turn- 
ing, planing, and other machine-tools, have been 
brought into line with modern ideas as to size, 
speed of operation, and economical: working. 
Contemporaneously with this development at 
Parkhead, the firm have taken over the shipbuild- 
ing works of Messrs. Robert Napier and Sons, 
Limited, and have built new naval construction 
works at Dalmuir,* covering 91} acres. Messrs. 
W. Beardmore and Co. are thus able to build and 
complete for service any warships which the British 
or any foreign Government may order from them. 
In this latter-day association of Napier’s .ship- 
building establishment with the Parkhead Forge 
there is peculiar 3 Tp megane, because soon after 
the Parkhead Works were commenced, in 1835, by 
Mr. Reoch, they were. taken over .by Mr. David 
Napier, the elder brother of the world-renowned 
engineer. At. that, time—about .1840—the works 
were small in extent, and the chief forging imple- 
ment was the helve or trip-hammer. Indeed, their 
utility from the marine engineering standpoint was 
not fully realised until Robert Napier himself 
acquired them as a necessary adjunct to the Lance- 
field Works when he began the building of the 
machinery of the pioneer-Cunard liners, Site 
ments were from time to time made to meet the 
demands of the marine engineer, and when the 
responsibilities of the Lancefield Works proved 
sufficient of themselves, Napier, about 1860, trans- 
ferred the Parkhead Forge to Mr. William Rigby, 
the inventor of the hammer which still carries his 
name, and toMr. William Beardmore, then one of the 
forge-masters, and the father of the present chair- 
man of the company. This partnership continued for 
some years, during a period of great development. 
When Mr. Rigby retired, the remaining ner was 
joined by his brother, and the title of the firm 
was changed to Messrs. W. and I. Beardmore. The 
former died in 1877, and the latter continued the 
works in association with his brother’s trustees until 
1886, when the complete control was taken over by 
the present chairman, Mr. William Beardmore. 
Under the management of Mr. William Beard- 
more, senior, great advances were made. It was 
recognised, even then, that the completion of heavy 
forgings, such as line and crank-shafts, belonged 
more appropriately to the forge than to the marine 
engineering shop, because ships of immense engine 
power were then comparatively rare, and were too 
infrequent in any one yard to justify the capital 
cost for machine-tools to finish crank and other 
shafting. The machine-shops built at the Park- 
head Forge were fitted with exceptionally long 
lathes and large boring mills. In the production 
of heavy shafts the Parkhead Forge thus took a 
prominent part in the early days of the marine 
engine. In the ’sixties there were being produced, 
for war and merchant ships, crank-shafts which 
Weighed in the rough as much as 32 tons. The 
firm were instrumental in popularising the built-up 
crank-shaft, the first of the type completed by 
them heing for the Arizona, built in 1879, -In this 
case the shaft was 31 ft. 6 in. long, and 23 in. in 
diameter. The machining of these heavy units at 
that time was a matter of considerable cost, but 
the lathes could be more continuously utilised at 
the forye than in the marine engineer’s shop. 
Mr. W illiam Beardmore, when he took over the 
works of his father and uncle in 1886—the firm 
then iccoming William Beardmore and Co.—recog- 





" See ENGINRERING, vol. Ixxviii., page 455, 


nised that this was an economically sound principle, 
and ought to be beg st ae It was an easy step 
from the machining of ‘shafting to the finishing of 
forgings into a.variety of products, notably armour 
and ordnance, and his enterprise and courage were 
fortunately equal to the responsibility involved in 
the purchase of the expensive plant. The step to 
armour-plate was largely»influenced by the work 
done in the production of nickel steel for marine 
boilers. This alloy had considerable attractions for 
Mr. William Beardmore, and, even before its greatly 
increased tensile strength had been fully estab- 
lished, he was induced to undertake experiments in 
armour, at first in competition with the cementation 
and chilling processes, then: known as the Harvey 
system. any workers have contributed to evolve 
the process of manufacture as we know it to-day, 
with its special series of heat treatment ; but this 
subject will more naturally fall to be dealt with 
when we come to describe the armour-plate depart- 
ment of the works. ~ The development of the 
ordnance factory was a natural sequence to armour 
and ship-construction, and the gun-shops have 
been added since 1900. 

Now the establishment at Parkhead, which covers 
an area of 55 acres, employs between 4500 and 5000 
men, whereas, twenty-three years ago, when the 
present chairman took over the works, the total area 
covered was 25 acres, and the number of employés 
about 2000. An idea may beformed of the activity 
of the establishment when fully employed from the 
fact that 400,000 tons of coal are consumed per 
annum, and that 80,000,000 cubic feet of producer 
gas are generated per day for furnace and power pur- 

S. The tonnage of steel produced has increased 
from 70,000 tons per annum then to upwards of 
200,000 tons now. As indicative of the size of the 
units dealt with, it may be said that the largest ingot 
then was 40 tons, as compared with 120 tons now. 
Then the heaviest hammer employed for working 
forgings was 12-tons; hydraulic power has com- 
pletely displaced the steam-hammer for heavy work, 
and now there are in the Werks seven hydraulic 
presses ranging from 1500 to12,000 tons, in addi- 
tion to many smaller presses, : 

The ingots produced are utilised for different pur- 
poses, the respective departments having an annual 
capacity for 10,000 tons of armour, 50,000 tons of 
boiler, ship, and other plates, 20,000 tons of forgings, 
15,000 tons of castings, 25,000 tons of wheels and 
axles, in addition to twenty guns of 12-in. bore and 
50 calibres in length. The new ‘electric power 
installations recently organised, in which producer- 
gas is utilised instead of steam, have gas-engines, 
driving alternators, of a total of 4500 brake horse- 
power. Steam is still used for various purposes, the 
total power of the steam-engines being 16,000 brake 
horse-power. 


JENERAL ARRANGEMENT OF THE WORKS. 


The plan on Fig. 1 (page 440) shows the general 
arrangement of the works, which are situated to 
the east of Glasgow, about 2 miles from the business 
part of the city. They are served by both the 
North British and Caledonian Railways, which have 

enger stations adjacent to the works, and 
rkey lines running through the works for the 
import of raw material and the export of finished 
products. The total length of railway within the 
works is 8? miles. The Glasgow Corporation tram- 
ways pass down Duke-street, which, as will be seen 
from the plan, intersects the works. The shops have 
been arranged from time to time, and there is not, 
perhaps, the same consecutive arrangement as might 
otherwise have been the case. 

The Siemens steel furnaces (marked 10 on the 
plan, Fig. 1) are near the centre, and near to 
them are the mills for rolling the slabs, armour 
and boiler-plates, &c., and numbered 27 to 33 on 
the plan. The foundry (25 on the plan) occupies 
|acentral position. The newer machine-shops, where 
| guns, armour, and forgings generally are worked to 
| their finished dimensions, are located at the east 
}end of the works (numbered 2 to 4 on the plan). 
| The armour-plate-treating shops are at the west of 
the works, being numbered on the plan from 48 to 
53. Power plants are located in each half of the 
| works. ‘Those interested in this matter of grouping 
| will be content to have the following index, the 
‘numbers in which correspond to those on the plan: 
Indica to Works. 
¢ Mechinesbop. 7. Water-tube boilers. 

8. Gun machine-shop. 8. Annealing furnace for forg- 


4. Gun machine-shop. ings. 
5, Gun-treating shop. 9. No, 2 steel foundry (castings) 











10. Siemens furnaces for foun- 382. Sheet-mill, 


ry. 33. Plate-mill boilers. 

11, 4000-ton fluid -compression 34. r-shops. 

presses. 35. W gas- ucers. 
12. Flanging-shop. 36. Motor-car-frame sho} 
13. Duff gas-producers, witham- 37. D, machine-shop. 

monia recovery plant. 38. my Pe 
14. Sulphate house. 39. 12, hydraulic press. 
15. No, 2 power-station. 40, Pumping nes for press. 


16. No. 4 power-station. 41. Water-tube boilers. 


17. Test-house and laboratory. 42. No. 1 power-station. 
18. Electricians’ shop. 43. Axle-forge. 

19. Tar-stills. 44. No, 1 tyre-mill. 

20. Wheel and axle works, 45. No. 2 tyre-mill, 


20a. General offices, 45a. Col ing-mill, 

21. Exhaust -steam utilisation 46. Tyre-mill steam-plant. 
plant. 47. Duff gas-producers, with am- 

22. B, machine-shop. monia recovery piant. 


23. C, machine-shop. 48. Armour-carburising shop. ~ 
24. No, 1 melting-shop. 49. Armour-bending shop. 
25. No. 1 steel foundry (ingots). 50. Armour-bending shop and 
26, 5000-ton fluid - compression 10,000-ton 
press. 51. Armour-treating shop. 
27. Armour-mill. 52. Armour-grinding shop. 
28. Plate-shears. 53. Armour-erecting shop. 
29. Plate-annealing furnace. 54. Goliath crane. 
30. No. 2 melting-shop. 55. Wilson roducers, 
31. Cogging-mill. 56. Research laboratory. 


GENERAL OFFICES, 


In dealing with the works in detail, it will be 
better to adopt a sequence co ding to the 
processes of manufacture, rather than to attempt 
a description of the works in itinerary order, and 
we may begin, therefore, with the oftices and ad- 
ministration. The offices are entirely separated 
from the works, occupying an isolated position on 
the Edinburgh Road, e external view (Fig. 2) 
and the internal view, showing the first floor (Fig. 3), 
suggest the liberal policy which actuates the manage- 
ment. The ground floor is occupied by the general 
commercial department. The second floor is given 
up to the management and the secretarial staff, while 
the upper floor is utilised for the engineering and 
drawing-office staff. The business was incorporated 
as a limited company (Messrs. William Beardmore 
and Co., Limited) in January, 1902, and in it Messrs. 
Vickers Sons and Maxim, Limited, and Mr. William 
Beardmore have each large holdings. Mr. William 
Beardmore is chairman and managing director. The 
various departments are organised under separate 
management. 


Gas Heatine anp Exectric Power Pant. 


Mr. Beardmore has for some years been a most 
consistent advocate of internal-combustion engines, 
and the application of producer gas for this purpose 
thus became an important consideration in the 
re-construction arrangements at Parkhead, as well 
as in the equipment of the new naval construction 
works at Delmuir. The economy owing to the 
recovery of the residual products had some influence, 
It was therefore decided, in laying down producer 
plant for engines, to utilise the gas to the fullest 
extent also in furnaces and heat-soaking pits, and 
further to extract from the gas all its valuable 
by-products. The use of the ‘‘ washed gas” in 
melting and re-heating furnaces is a noteworthy, if 
not absolutely novel, feature ; its success is a con- 
sequence of much research and practical experi- 
ment. 

Each of the two departments into which the 
Parkhead Works is divided has its separate gas 
plant, but the general scheme of distribution is 
so arranged that the plants work in parallel, and 
each can supply gas to either department. In the 
western part, which contains the majority of the 
melting furnaces, there are two groups of twelve 
producers, each capable of being worked inde- 
pendently, and in the eastern part a group of 
twelve producers. Each producer gasifies 18 ewt. 
to 1 ton of coal per hour. Thus the total pro- 
ducing capacity is 3,600,000 cubic feet of dry gas 
per hour. The newer generators are of the Duff 
type, and resemble those at the Naval Construction 

orks at Dalmuir, illustrated in ENGIngERING, 
vol. Ixxxi., page 142. The general arrangement of 
the western plant at Parkhead is shown in Fig. 4, 
on Plate XXIX. It also is similar to that at 
Dalmuir, and to that at the company’s Mossend 
plate-rolling works, described in ENGINEERING, 
vol. lxxxvi., page 708. It is, therefore, only 
necessary here to say that there is a sulphate of 
ammonia recovery tower to each group of twelve 
producers, and that the other by-products are re- 
covered from all three gas installations in one 
central distilling plant in the eastern department 
of the works. 

Apart from steam-engines employed to drive 
some individual mills and to produce power for 
hydraulic presses, the Parkhead Works are run 
from gas-engines. The fitst internal-combustion 





engines installed were three Kéorting engines, 
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aggregating 2000 brake horse-power, manufactured 
by Messrs. Mather and Platt, Limited, of Man- 
chester, and laid-down a few years ago. Follow- 
ing upon this the firm acquired the rights of the 
Oechelhauser engine, and of these there are at Park- 
head three sets aggregating 2000 brake horse-power, 
in addition to others at Dalmuir and ‘at’ Mossend: 
Drawings of the Oechelhauser system were repro- 
duced in ENGINEERING, vol. Ixxxvi., pages 5, 73, 141; 
and 204 ; and in dealing with the We Seieh plant it 
was shown that a 500-brake-horse-power engine had 
been in constant use from April, 1907, onwards, 
and had been out of action, consequent on mechanical 
defects, only for 25 minutes, the defect entailing this 
stoppage being only the bursting of a piston water- 
cooling pipe. An 1800-brake-horse-power engine, 
which drives the Mossend plate-mill, has run prac- 
tically continuously from July, 1907, till now, 
without defect of any sort arising. 

It will suffice here to give a note of the various 
gas-engines at the Parkhead Works, and the duty 


of each : 


Gas-Engines and their Duties at Parkhead Works. 


’ 





Brake | 
.| Horse- | 
Number Power of Type. Duty. 
Each. 
2 1000 Single-cylinder Direct-coupled to 700-kilo- 
Oechelhauser watt electric generator. 
1 1000 Twin-cylinder tto i 
. K6érting 
2 500 Single-cylinder |Direct-coupled to 350-kilo- 
rting watt electric generator. 
1 500 Single-cylinder Ditto Ditto 
Oechelhauser 
1 500 Ditto 


Driving 24-in. sheet mill. 
| 


Srrex-MgLtina Furnaces aND FounpnRIEs. 


At Parkhead there are three groups of ‘melting- 
furnaces, comprising ‘in all fifteen furnaces, with a 
capacity collectively of 400 tons. All the furnaces 
are of the Siemens open-hearth regenerative type, 
and «ach group is adapted to the requirements of 
its particular variety of work; A small Tropo-nag 





rag is attached to the foundry for shaped castings, 
ut has fallen into entire disuse, Siemens open- 
hearth steel alone being manufactured. 

The principal melting-shop, known as No. 1, and 
marked 24 on the plan, Fig.1, was put down in 
1875, but has since been re-built. It provides the 
steel for arraour-plates, gun-forgings, tyres and 
axles, as well as all special alloy steels. There are 
in this shop, as shown on the plan, six furnaces, 
of capacities ranging from 18 tons to 45 tons. 
There is nothing of notable interest regarding the 
furnaces themselves. Special facilities are pro- 
vided for dealing with heavy lumps of scrap ; pieces 
weighing up to5 tons can be carefully deposited 
with ease in any part of the furnace hearth as de- 
sired. The gas supply is from a contiguous row of 
Wilson gas-producers (numbered 35 in plan), which 
are entirely devoted to these furnaces. The other 
furnaces are supplied with washed gas from Duff 
producers. 

Attached to this group of furnaces is No. 1 
foundry, for the preparation of moulds, for ingots 
ranging up to 120 tons. The three bays of the 
foundry are served respectively by 100-ton, 50-ton, 
and 30-ton cranes, which, of course, command the 
large casting-pit, \24 ft. deep by 60 ft. long. The 
ladles, into which the steel is teemed, are carried on 
bogies on a line of rails extending along the tapping 
side of the furnaces and over the casting-pits. In 
filling the larger moulds used for heavy gun-forg- 
ings, crank-shafts, &c., it is necessary to utilise 
the contents of two, and sometimes three, furnaces. 
In such event the second ladle is lifted by the 
overhead crane over the first ladle when it is in posi- 
tion over the mould, so that the contents of the 
second ladle run through the first into the mould. 

When dealing with the larger ingots the shape 
of the mould necessarily plays an important part 
in the obtaining of a sound ingot. This point has 
been the subject of constant study and experiment 
at Parkhead, and has come into prominence more 
particularly of late years in connection with 
nickel or nickel-chrome steel, large forgings of 
which, for guns, crank-shafts, &c., have been sup- 


Re-Heatinc Furnace FOR ARMOUR-SLABS. 





plied by the firm to the British and foreign Govern- 
ments. The ingots for armour-plates, ranging in 
weight up to 55 tons, are cast in special moulds of 
shape and dimensions to produce a suitable slab- 
shape ingot. The pit for these is a continuation of 
that for the heavy sacar moulds, and every facility 
is provided to ensure uniformity of composition 
throughout the mass, which is of great importance 
in armour production. All special ingots are lifted 
hot from the casting-pit, and those for guns, or of 
special forging quality, are sent to the oees (num- 
bered 6 on plan), where they are charged into re- 
heating furnaces without being allowed to go cold. 
Ingots for armour-plates are sent hot to the re- 
heating furnaces at the 12,000-ton slabbing press, 
which is placed conveniently near (numbered 39 on 
lan). 
The most important feature ofthis foundry is 
the 5000-ton trefilage press, by means of which ingots 
of fluid-compressed steel up to 42 tons weight are 
manufactured. This process and the press and 
other plant recently fitted to ensure uniform suc- 
cess, were fully illustrated and described on page 101 
ante, so that here it need only be stated that in this 
process the steel, while still in a molten condition 
within the mould, which is of conical shape, is 
subjected to upward pressure, which becomes 
transformed into a lateral pressure against the 
conical sides of the ingot mould. The result 
is consolidation of the ingot, complete absence of 
pipe, and a considerable reduction in the amount of 
segregation. To exemplify the value of the process 
there is on view at Parkhead a 20-ton ingot, which 
has been cut in halves vertically, the surface polished, 
and test-borings made at eight points between the 
top and bottom; no blemish is disclosed even 
within — depth of the exterior of the ingot, and 
the analyses of the borings show an absence of 
variation in contents. 1 
Another interesting part of the casting-plant 
attached to this group of melting-furnaces ‘is the 
tyre-casting pit. Tyre ingots form a large part of 
the work done. These are cast on what is known 
as the “hen and chicken” principle—in other 
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words, the ingots are cast in groups of four or six 
ingots, the number depending on the weight of each. 
The metal is fed from the bottom into centre feeders, 
flowing thence through small horizontal channels 
to all the moulds in the group. 
allowed to go cold, the ingots are stamped with 
particulars of cast number, &c., and the runners 
and feeders dressed off before being sent to the 
tyre-mills. : bow 

In No. 2 melting-shop (numbered 30 in the plan) 
all boiler and ship material is produced, and the five 
furnaces, varying from 35 to 70 tons capacity, are 
specially “adapted for dealing with this class of 
metal. The two furnaces of 70 tons capacity have 
recently been re-built, and in their design embrace 
the latest improvements. _The regenerative cham- 
bers, which are clear of the furnace hearth, are 25 ft. 
deep, and are provided with slag-pockets imme- 
diately underneath the uptakes. These form small 
ante-chambers to the regenerators themselves, and 
act as receptacles for slag, dust, &c., which would 
otherwise be deposited on the brick checker-work 
and render it ineffective. The charging side is 
spanned by a 40-ton overhead electric crane, which, 
commanding the furnace structures, facilitates re- 
airs, &c. The engravings, Figs. 5 to 7, on Plates 

XIX. and XXX., illustrate ra furnaces, show- 
ing the teeming and charging sides, and the elec- 
trically-controlled mechanical charging-machine. 

The ‘‘stock” is brought on to the charging-stage 
in boxes, of 3 tons capacity, mounted on low-wheeled 
bogies, which are run alongside the furnaces. The 
box is picked up on the end of the charging-ram 
(Fig. 6), which is then inserted into the furnace and 
the contents deposited on any part of the hearth 
desired. The charging-doors—of which there are 
five to each furnace—are raised and lowered by 
small hydraulic cylinders (Fig. 7). A feature of 
the tapping side is the large ladles, of 80 tons 
capacity (Fig. 5). The casting-pit runs the whole 
length of the line of furnaces on the tapping side, 
and the ladles are carried on bogies on a line of 
rails. The ingots are conveyed to the, adjacent 
cogging and rolling-mills. The gas used in these 
furnaces comes from the Duff producers, already 
referred to. 

The third range of furnaces (numbered .10 in 
plan), consisting of one 50-ton and two 25-ton 
capacity units, is situated in the large foundry 
(numbered 9 in the plan), where are made all the 
large shaped castings. Primarily the function of 
these furnaces is to supply the metal for these 
miscellaneous castings. There is also installed here 
a double Harmet press (numbered 11 in the plan), 
capable of producing ingots of fluid-compressed 
steel up to 20 tons weight, and a pit where ingots 
for small forgings are cast. These furnaces, being 
quite modern, embrace all the latest improvements 
in design, including movable blocks, slag-pockets, 
pneumatically-operated doors, electric automatic 
charging-machine, &c. These also are supplied with 
gas from the Duff producers. The installation is well 
provided with overhead cranes over both the tap- 
ping and charging sides. 

A research department, housed in a building 
marked 56 in the plan, has been established at 
Parkhead for research into the physical and chemical 
properties of steel and its aoe. There is also 
a chemical laboratory. The test-house (numbered 
18 in the plan) provides the necessary machines for 
making the physical tests—tensile, bending, &c. 


Ro.urnc-MI1Ls, 


The important rolling-mills at the works are 
illustrated on Plates XXXI. and XXXII. In the 
large area extending between the two principal 
steel-melting shops there are situated the cogging, 
plate, and sheet mills, with their respective fur- 
naces, shears, cranes, &c., and the smiths’, joiners’, 
plumbers’, and fitting shops, as shown by Nos. 31 
to 34 in the plan of the works on page 440. 

The two cogging-mill heating-pits are conveni- 
ently situated to No. 2 smelting-shop and receive 
the ingots, varying in weight from 4 to 15 tons, 
which are reduced in the mill to slabs, blooms, or 
billets of the desired section, and cut while hot to 
length at the guillotine shears. Each heating-pit 
is 27 ft. long by 6 ft. 6 in. wide by 8 ft. deep, and 
their joint capacity is 150 tons. They are of the 
regenerative type, and are fired with producer-gas. 
They are served by a 15-ton post-crane of 30 ft. 
radius, and electrically driven. The furnace-covers 
are manipulated hydraulically. The crane with- 
draws the heated ingot from the pit and deposits 
it on atumbler cradle controlled by hydraulic rams, 


After -being | 
|and weighing 14 tons each. The rolls have grooves 
iat each end for “edging 





which lays it in a horizontal position on the live- 
roller rack for conveying it to the rolls. 

The mill proper, which is illustrated in Fig. 8, 
on Plate XXXI., consists of one stand of two cast- 
steel rolls, 8 ft. Gin. long by 40in. mean diameter, 


” the ingots and reducing 
them to slabs of a maximum section of 40 in. by 
12} in.- The top roll is ——— by hydraulic 
rams in the usual manner, and the housing screws 
for lowering ,it, at present driven by a small 
coupled reversing engine, are about to be fitted 
with electric driving-gear. Electric drive will also 
be applied in place of the steam-engines for actuat- 
ing the roller-racks, &c. 

A horizontal coupled reversing-engine, - having 
cylinders 42 in. in diameter with a 5-ft. stroke, 
with steam at 120 lb. per square inch, and a double 
helical gear reduction of 1 to 24, supplies the driv- 
ing power for the mill-rolls. Interesting from ‘an 
economical point of view is the fact that the ex- 
haust steam from this engine is collected in a main, 
which also receives the exhaust from the plate- 
mill and guillotine engines, as well as_from steam- 
driven shears, hydraulic-pump engines in the 
vicinity, &c. This steam drives a Rateau exhaust- 
steam turbine, direct coupled to a twin Brown- 
Boveri electric generator of 1000 kilowatts capacity. 

The slabs from the cogging-mill are carried on 
roller racks to the guillotine shears, where they are 
cut to the desired length. An inverted coupled 
reversing engine, with cylinders 26 in. in diameter 
and a stroke of 30 in., supplies the driving power 
for the shears. 

The hot slabs are conveyed by a 15-ton travelling- 
crane to the plate-mill re-heating furnaces (four in 
number), into which they are charged by a travel- 
ling-crane of 30-tons capacity. These furnaces are 
gas-fired, are of the regenerative type, and vertical 
inform. Three of them are 30 ft. by 10 ft., and 
the other is 23 ft. by 12 ft. 6 in. 

Ata short distance from these furnaces is situated 
the plate-mill, in which are rolled armour-plates, 
ship-plates, boiler-plates, &c. This mill, which is 
illustrated in Fig. 10,on Plate XXXII., is driven 
by a four-cylinder horizontal compound tandem 
reversing engine, supplied with steam at 120 lb. per 
square inch. The two cylinders are 42 in. and two 
60 in. in diameter, with a stroke of 5 ft. This 
engine works the mill through double helical gear- 
ing in the ratio of 1 to 2}. 

There are two stands of rolls—one roughing and 
one finishing set—with travelling feed-tables fitted 
with turning-gear, capable of dealing with slabs of 
35 tons weight. For armour-plates the roughing- 
rolls alone are used. Power is transmitted from 
the second-motion engine-shaft through cast-steel 
pinions in cast-steel enclosed housings, as is usual, 
to the roughing-rolls. These latter are steel forgings 
13 ft. 6 in. long on the barrel by 38 in. in diameter, 
and weigh each 28 tons. The top roll is balanced 
in the usual way by hydraulic pressure, and the 
housing screws, which are 12 in. in diameter, are 
driven through spur-and-worm gear reduction by a 
coupled reversing steam-engine. This latter, how- 
ever, along with the other small engines for driving 
the roller-tables, &c., is being replaced by an elec- 
tric motor. 

The finishing-rolls for ship or boiler-plates, &c., 
are 8 ft. 6 in. long on the barrel, 30 in. in diameter, 
and of chilled iron. They may be seen to the right 
of the roughing-roll in the engraving, Fig. 10, on 
Plate XXXII. The slab, having been rolled in the 
roughing-rolls, is carried across to the finishing-rolls 
on the tables, which have a traversing motion to 
enable them to be aligned for working plates through 
either set of rolls. ? 

The slabs for ship and boiler-plates are served 
to the travelling tables by the 30-ton crane already 
mentioned. For heating the armour-plate slabs 
there are two Siemens regenerative furnaces. of the 
bogie type, and from these the slabs are conveyed 
to the travelling-tables by an overhead crane. is 
type of furnace, which is illustrated by Fig. 12, on 
page 441, is employed throughout the works in con- 
nection with re-heating armour preparatory to slab- 
bing at the press-shop, rolling at the mill, and 
carburisation and chilling in the treating-shop. The 
bogie or car, the deck of which forms the floor of 
the furnace, runs on ball-bearings placed between a 
V-grooved track on the und level, and a re- 
versed A-groove on the ) frame, as shown. 
The ie furnaces vary 'in size according to the 
dimensions of the slab or plate to be dealt with, 
varying from 40 ft, long by 14 ft. wide to 21 ft. 





long by I1ft. wide. Each furnace has gas and 
air regenerating chambers sunk below the ground 
level, while the sides are built up to form a close 
fit with a sand seal round the bogie, and the 
roof is arched, with a height of 6 ft. or & ft, 
above the bogie surface. When the bogic is 
run home, the front, end is closed by a cast-iron 
frame lined with bricks, forming a door, whicl: is 
raised or lowered, as shown in Fig. 12, by hydraulic 
power. Gas and air-channels extend through the 
side walls from the regenerating chambers, such 
gas and air-ports alternating along the length of 
the furnace at a level some 9 in. above the surface 
of the bogie. Combustion commences at the ports 
on one side of the furnace, the products pass over 
and around the plate or slab lying on the bogie, and 
exhaust into the flue by the channels on the opposite 
side. The currents are reversed at intervals, as in 
ordinary Siemens furnace practice. This reversal 
is effected about every half-hour until the slab or 
plate is sufficiently heated. 

In connection with the plate-mill, there is also a 
gas-fired annealing furnace, 42 ft. long by 13 ft. 
wide, electrically-driven straightening-rollers and 
a straightening-table, all served by an overhead 
travelling-crane. 

For dealing with plates rolled in the mill there 
are three steam-driven and one hydraulically-driven 
shears, the latter having a 14-ft. blade, to cut plates 
2} in. thick. 

To the east of the armour-slab car-type furnaces 
is the small plate-rolling mill for the rolling of 
sheets of ;; in. to 7 in. thick. This is illustrated 
by Fig. 9, on Plate XKX1. It consists of two stands 
of rolls 5 ft. 6in. by 24 in. in diameter, and is inte- 
resting in that it is driven by an Oechelhauser gas- 
engine of 500 brake horse-power, working at 110 
revolutions per minute, with spur-gear reductions. 
This was the first gas-engine applied to any rolling- 
mill in the United Kingdom. The mill is served bya 
gas-fired regenerative furnace 28 ft. by 8 ft. An- 
nealing is done in a gas-fired furnace 22 ft. by 8 ft. 
The sheets are cut at an electrically-driven shear, 
with controlled apron, hydraulically balanced. 

The production of tyres is carried on by means of 
plant capable of rolling 300 tyres per day when fully 
employed. This plant (Fig. 11 on Plate XXXII.) 
comprises two mills, together with the necessary 
steam-hammers, testing appliances, &c. Tyres are 
produced to meet tensile tests of from 55 tons per 
square inch, as specified for locomotive and carriage 
tyres for home and colonial railways, down to the 
softer qualities required for ordinary wagon wheels. 
A large number of plain tyres are also manufactured 
every year for road-vehicles. 

The ingots used for the production of tyres are 
cast in clusters of four or six, depending on the 
weights, and, when specified, single ingots are cast, 
to be afterwards cut into several pieces. After 
careful heating in the mill furnaces, the top end of 
each piece is removed, and the ingot is punched 
and roughly shaped under the steam-hammer. It 
is again heated, and having been passed over the 
end of the inner roll, is soon formed into a tyre of 
the required section and diameter by the rolls being 
forced together when revolving. One out of each 
fifty tyres rolled is tested to destruction. 


(To be continued. ) 


LITERATURE. 


——_>—_—- 
The Design of Typical Steel Railway Bridges: An Ele- 
mentary Course for Engineering Students and Draughts- 
men, By W. Cuase THomson, M. Can. Soc. C.E., 
Assistant Engineer, Dominion Bridge Company. New 
York: The Engineering News Publishing Company. 
(Price 8s. net.) 
In writing this book the intention of the author 
appears to have been to illustrate in sufficient detail 
the practice of a bridge engimeer’s office in the 
preparation of working designs, and, as stated in the 
preface, the work has been developed from lectures 
given under the auspices of the Dominion Bridge 
Company, of Canada. The book begins, as appears 
almost inevitable in a work of American origin, 
with a specification—in this case that of the 
Dominion Government—and proceeds then to deal 
with the cases chosen by way of example. : 
To give an idea of the qualities of the book, 't 
will be convenient to take these cases in order. 
The design of a 60-ft. deck plate-girder bridge 
is first dealt with. The method of determining 
bending moments and shears is eminently practic, 
though presenting no feature of novelty. The 
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treatment of rivet spacing is dealt with in consider- 
able detail, as also is the matter of. web-splices. 
The question of web thickness and stiffeners is less 
satisfactory, and by no means convincing, though 
meeting the requirements of the specification. 

The design of a 100-ft. deck Warren girder 
bridge is next undertaken. The dead-load stresses 
are computed analytically ; the maximum live-load 
stresses of moment and shear are separately ascer- 
tained with the assistance of a bending-moment 
diagram, by a system at once ingenious and simple, 
evidently devised with a view to the requirements 
of practical design, the procedure and results being 
clearly set out. In arriving at sections for members 
subject to direct compression and cross-bending, 
where a method of trial and error is adopted, the 
author appears candidly to display each step of the 
process, avoiding the temptation to discard the first 
crude values assumed. e detail of roller bear- 
ings, it may be noted with some surprise, shows no 
knuckle or other device to ensure an equal distribu- 
tion of the load upon the rollers. 

The author next proceeds to deal with a 150-ft. 

through Pratt truss. Maximum stresses are arrived 
at by the same methods adopted in the previous 
example, given in ample detail. Proportioning of 
the main members is dealt with clearly, as also are 
articular splices, connections, and rivet spacings. 
Por x beams and stringers receive a sufficient degree 
of attention. In this bridge there is provided a 
spherical bearing over the end rollers, a distinct 
advance on the usual practice of simple knuckles or 
vins. 

A 200-ft. through Pratt truss bridge, with curved 
top chord, introduces modifications of the processes 
previously used to meet the requirements of the 
case. The author makes liberal references in this 
and other instances to Johnson’s ‘‘ Theory and 
Practice of Modern Framed Structures” for de- 
monstration of the principles involved. Ample 
detail is again resorted to in working out the 
main stresses and details, calling for no special 
remark except with regard to the treatment of 
the end somal struts, which can hardly be regarded 
as satisfactory. The posts are said to be—as, 
indeed, they are—fixed ended, yet it is expressly 
stated that no reduction of stress at the ends, by 
a strut formula, is necessary, when compounding 
the direct stresses With those due to cross-bending 
under wind, a statement which seems to need 
revision. 

A swing-bridge span of 170 ft. is then dealt with ; 
the procedure with regard to stresses is based on 
partial continuity, is simple, and may be sufficiently 
close for practical purposes ; but this simplicity is 
largely due to an evasion of the difticulties of the 
problem. This is evidenced by the estimate given 
of the amount of ‘‘lift” required at the ends to 
prevent hammering, in which the conditions of the 
method used are somewhat slighted, the author 
being content with an amount of lift less than 
sufficient to satisfy the requirements of the process 
by which the stresses are determined. It should, 
however, be noted that the sections are made to 
satisfy maximum conditions,and that no claim is 
made to precision, 

In each of the cases dealt with detailed weights 
are furnished which may be found useful for purposes 
of analysis. The examples end with the design 
of a railway viaduct having skeleton piers, and 
general remarks upon details of small spans and 
floors of bridges. 

The last chapter of the book relates to the latticing 
of compression members, and calls for some criti- 
cism. The author, after referring to illogical and 
rule-of-thumb rules alleged to be used in this con- 
nection, speaks of the method he proceeds to advo- 
cate as though it were new, which, having regard 
to its somewhat obvious nature, is doubtful. It 
sit, indeed, with one important reservation, be 
usel by any thoughtful designer. The funda- 
mental principle is, however, clearly stated and 
expressed algebraically in convenient form. The 
exception already indicated is in the assumption 
that in a latticed column the shear stresses to 


be communicated by the diagonals are of similar | The 


«“nount throughout the column’s length, a state- 
ment open to serious question, as it would be 
tree only if the moment of flexure, for a pin- 
ended column, varied uniformly from each end 
towards the middle. The curve of moments is, 
indeed, for this case more nearly parabolic, and, in 
fact, corresponds—for axial loading—to the flexure 
curve of the column. On this reasoning it ap 

that the shear stresses are twice as great at the ends 





as the author makes them. This, of course, is an/| 
important point. 

. To revert to the principal subject-matter of the 
book, it should be said that the method of calcula- 
tion is generally complete, yet free from exasperat- | 


ing detail of a kind somewhat trying to those who 


wish to apply the information given to the practical 


work of everyday design. 

Essential points are dealt with, and the assump- 
tion of previous knowledge of the subject enables 
the ground to be covered in a reasonable number 
of pages; but the knowledge assumed must be 
available, or the book will prove disappointing. 

The calculation work is well displayed ; there | 
are, however, occasional misprints which may con- | 
fuse a diffident reader. The book is sufficiently, 
illustrated. 





Principles of Direct-Current Electrical Engineering. By | 
James R. Barr, A.M.I.E.E. London: Whittaker and | 
Co. [Price 10s. net.] 

Tuts work is based on the author’s own lectures to | 
students of the second year, and is intended to) 
bridge the gap between the elementary text-books | 
and those dealing with specialised branches of the | 
subject. The text deals with the fundamental 
principles underlying direct-current machines and | 
engineering practice, and then discusses in succession | 
measuring-instruments, storage batteries, electric | 
lighting, overhead and underground conductors, 
dynamos, and motors. The greater part of the 
subject-matter, therefore, it will be seen, is much 
the same as is to be found in other text-books ; but 
the book is, nevertheless, one of merit by reason 
of the author’s method of treatment. There is too 
great a tendency now-a-days to publish books which 
are mere compilations from various sources—and 
largely from traders’ catalogues—and having no 
claim to originality of treatment. The present 
work, however, is not of that class. The author 
develops the subject in such a way as to give 
instruction to his reader, and trade-catalogue illus- 
trations are conspicuous by their absence. Before 
dealing with machines or engineering practice, he 
instructs his reader on the fundamental principles, 
and these principles are kept prominent in the later 
discussion of technical matters. This is the only 
way to give a sound training to a student, but 
unfortunately it is not always adopted by writers of 
text-books for students. The ne mah of the work 
is good, and the author’s selection of problems for 
numerical solution is useful] to the reader. The 
use of coloured diagrams in the illustrations of 
armature windings and switchboard connections is 
also worthy of mention. 
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THE MANUFACTURE OF CALCIUM 
CARBIDE. 


(Continued from page 408.) 
Tae GENERATION OF ELECTRICITY. 


Tue tunnel from Vetle Lake discharges into a 
basin constructed at the top of the precipitous 
slope down which the pipes have been laid, as 
illustrated in the photographs on e 422 ante. 
This basin is oblong on plan, and is 18 metres 
(59 ft. 6.6 in.) deep, the bottom being on the same 
level as the tunnel outlet, 397 metres above the 
sea, while the top is at the same height as the 
crest of the dam at the Vetle Lake, In this way 
there is avoided any t overflow from the basin in 
the event of the turbo-generator coming to a stand- 
still, as the water would ultimately flow over the dam 
at the lake. The basin was excavated out of the 
solid rock ; owing to the steep slope of the hill the 
top of the basin on the lower side had to be re- 
inforced by a wall on the inside of the basin. 
This wall a thickness at the top of 2, metres 
(6 ft. 6.7 in.), and was constructed as a-dry wall 
with quarried stones, with a concrete face, 40 cen- 
timetres (15.75 in.) thick, on the inside. The 
connection between the basin and the pipes is 
within two tunnels or chambers, one of which 
affords an inlet to the pipes forming the two lines 
already laid. The other has already similar inlets, 
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for the three pipe-lines which are ultimately to be 
laid to the power-station at the foot of the hill 
when the demand for electricity justifies this 
course, the opening into the chambers being in 
their case temporarily closed. Thus the addi- 
tional pipe-lines ean be laid to the power-station 
without interfering in any way with the flow of 
water in the two existing lines. A short distance 
from their ends in the tunnel the pipes are bedded 
in a concrete wall, having a thickness of 5 metres 
(16 ft. 4.85 in.), which serves the double purpose 
of a dead-end for the tunnel or chamber and a 
resistance or bearing for the upper end of the pipe- 
lines. 

These tunnels or chambers are at a slightly higher 
level than the basin—about 20 in.—in order to allow 
any sand which comes from the lake to settle. 
From the basin there is an outlet with a sliding 
sluice-door,. so that the tunnel and basin may be 





in the basin, as shown in Figs. 21, 22, and 27, to 
arrest any leaves or solid material which may be in 
the water. These grids are built of bars with 1-in. 
openings. 

The pipe-lines, which are illustrated on page 422 
ante, and in Fig. 28, on page 445, have each been 
designed to supply sufficient water to three turbines, 
of a total water consumption of 3.60 cubic metres 
(127 cubic feet) per second. At the top of the hill 
the diameter of the pipes is 1200 millimetres (47 in.), 
narrowing to 1100 millimetres (43 in.), and finally 
to 950 millimetres (37.4 in.) at the foot. The length 
is 720 metres (2362 ft.). For the first 90 metres 
(295 ft.) from the top the pipes are of cast iron, 
of metal from 7 millimetres to 9 millimetres (0.28 in. 
to 0.35-in.) thick. The lower parts are of steel 
plates in 20-ft. lengths, and of metal 10 millimetres 
to 26 millimetres (0.39 in. to 0.98 in.) thick. These 





latter have double riveted joints. The connection 
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contraction. In its complete length, there are five 
manholes in each pipe-line. 

The construction of the line was necessarily a 
difficult undertaking, because of the steep gradievt. 
The incline, indeed, is probably the greatest in the 
case of any pipe-line, one section, 160 metres 
(525 ft.) in length, being at an angle of from 45 dew. 
to 55 deg. (see Figs. 17 and 18, page 422 anic). 
Three-quarters of the. line was too steep for the 
workmen to ascend and descend without the aid of 
ropes. Especially difficult and dangerous was tiie 
work of cutting away the overhanging rock, about 
300 metres (nearly 1000 ft.) above sea-level, as 
shown in Fig. 17, on page 422 ante. Here the 
workmen were connected together by ropes, as in 
Alpine climbing. The survey work had to be 
carried out during the winter, in order that the 
construction should proceed when the snow melted. 

The first proceeding in the construction of tle 











parianemn site sagenene J 





———--=—--~—3949 —----~---- 








Se | | 














41500 








= 41455 








» 13,00 








































































































emptied atjwill intoja tunnel, 2 metres (6 ft. 6.7 in.) 


square, and of a length of 30{metres (98 ft. 5 in.), 
discharging into the channel down the face of 
the hill." A connection has also been formed with 
this tunnel for passing any overflow from the 
basin. 

Figs. 20 to 26, annexed, illustrate the arrange- 
ment at the basin, the sluice-valves, and the grids. 
There are two sets of valves. For closing the end 
of each pipe-line there is.a'pivoted valve, manipu- 
lated through wire rope from a winch, which is 
electrically controlled from the power-station. - In 
this way the switchboard operator can at once close 
the supply of water through either of the two pipes 
in the event of any breakdcwn in the pipe-line or 
turbo-generators. Adjacent to this valve there is 
an air-relief valve, in order to exhaust any air which 
may gather in the pipe-line, especially when it is 
being brought again into action after having been 
free of water. The main valve for cutting off 
the flow of water at the opening from the in 
into the tunnel, or chamber, from which the pi 
take their supply, is of the ordinary vertical sluice- 
door type, as illustrated in detail by Figs. 23 to 26, 
and works in water-tight iron grooves. It is 
operated by hand through screw-gear, as shown 
in Fig. 23. In connection with this sluice there is 
also fitted an air-relief valve, Grids are constructed 





between the cast-iron and ‘steel pipes is formed 
by steel rings at the ends of the abutting pipes, 
with long screw-bolts connecting them Seguin, 
As far as possible the line was laid so as to 
minimise the number of changes of gradient, and 
thus there are only ten elbows. To provide for 
expansion, the 720-metre line was divided into four 
sections, each of which had to be fitted in place in- 
dependently of the others. To allow for expansion 
in the case of the riveted pipes, there is a box bear- 
ing, in which the ends of the pipe are free to move, 
the bearing having a packing of specially-prepared 
hemp-rope. An exceptionally large concrete, or 
masonry, block was constructed as shown in Fig. 17, 
on page 422 ante, to take up the thrust at alternate 
elbows. In these the pipes are embedded, either 
with riveted flanges, in the case of the built-up 
pipes, or with shrunk-on flanges, in the case of the 
cast-iron pipes. To further assist in taking up the 
thrust, iron bolts were passed through from heavy 
surface plates on the top face of the anchoring 
masonry and were sec to the flanges by nuts. 
Where the pipes rest at intermediate points on 
concrete stools (Fig. 28) similar links were utilised. 
Where the pipes are bedded or rest on concrete, 
layers of oil-soaked paper were introduced, which 
not only prevent corrosion, but enable the pipe to 
work freely under the influence of expansion and 


pipe-lines was to lay a narrow-gauge railway,line up 
the face of the mountain for the conveyance of the 
material and the pipes. Fortunately, a small 
hydro-electric plant of 2 200 horse-power had been 
constructed at the Sjoar waterfall, the lower- 
most fall of the River Tysse close to the fjord, and 
it was decided to utilise the electric power from 
this station to operate the railway on the mountain 
face by the overhead trolley system. This railway, 
which is spiked to the rock-face, is shown in the 

hotograph reproduced in Fig. 17, page 422 anfe. 

he pipe-lines were laid up the hill from the bottom 
and from intermediate points where there was 4 
change of gradient. ’ 

At the foot of the pipe-lines there is a right-angle 
elbow, bedded in a very large mass of masonry, *s 
the distribution mains are parallel with the rear wall 
of the power-station. These mains are laid in 
trench, where a series of valves are arranged. Each 

ipe supplies pressure water to three turbines, and, 
be special branchés, to both exciters. Another 
branch is provided with a valve, in order to empty 
the pipe in the event of the pa being 50 per 
cent. in excess of that normally fixed. ; 

The power-station; as shown in Fig. 29, is con- 
stru close to the water-level, with sufficient room 
for extension on the north side. The building, a- 





at present completed, is 50 metres (164 ft.) long, 
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a? and 11 metres (36 ft.) wide, and has a large engine- 
CALCIUM CARBIDE MANUFACTURE; POWER STATION. | room accommodating the six generators now in- 
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stalled.. There is adjacent to the power-station an 
import quay, with an overhead crane, which is just 
discernible in our illustration, Fig. 29. From this 
quay a railway-track runs into the main engine-room 
of the power-station. 

There are six turbo-generators in a row in the 
centre of the engine-room. Each unit is 
with its axis across the hall, the turbines being to 
the right and the dynamos to the left. The water 
enters beneath the floor from the right through the 
different valves, and leaves the turbines through 
the tail-race, which is under the floor-level and 
between the foundation-piers for the dynamos. 
The turbines are, as shown by Fig. 30, of the 
Pelton-wheel type, with automatic regulation, on a 
design by Messrs. Escher Wyss and Co., of Ziirich. 
The dynamos are bythe Almanna Svenska Elektriska 
A. B. Westeras, Sweden, and work on the three- 
phase alternating system, with a tension of 12,000 
volts and a frequency of 25 per second. They run 
at 375 revolutions per minute, developing 4600 
horse-power, and the output of the generators is 
4400 electric horse-power. Each turbine is coupled 
direct to its corresponding generator, and five sets 
run synchronously to produce 20,000 horse-power 
at the terminals of the switchboard at the carbide 
factory at Odda. The sixth set is kept in reserve. 
Two exciters are installed at the north end of the 
station, which give 200 electrical horse-power when 
working at 750 revolutions, the voltage being 100. 
The switchboard is placed on a balcony at the end 
of the main engine-room, and the rooms to the rear 
are’ fitted with various electrical apparatus and 
repairing machinery, 

e current is transmitted to Odda, 6 kilometres 
(3.72 miles).distant, along the east side of the Sjoar 
Fjord, over most varied ground, much of it rocky, 

recipitous mountain slope, where provision had to 
made against the falling of heavy stones. The 
transmission is on the high-tension system, the line 
being composed of six wires, each of 110 millimetres 
(4.32 in.) square section, and arranged as two parallel 
lines. The conductors are mounted partly on timber 
and partly on lattice steel-work masts, careful pro- 
vision having been made to obviate stoppage owing 
to the fall of any of the pine-trees, or stones from 
the adjacent slopes. Thus current is led on to the 
switch d station at the Carbide Works, and is 
there distributed either for direct use as high-voltage 
alternating current, or transformed to low-voltage, 
direct, or alternating current at the transformers. 
The distribution may best be dealt with after we 
have described the work for which the electricity 
is required. This will be done in our succeeding 
articles, which will deal firstly with the manufacture 
of calcium carbide, and secondly with the produc- 

tion of nitrolim. 

(To be continued.) 





THE NATIONAL PHYSICAL LABORA- 
TORY IN 1908. , 
(Conclhuled from page 410.) 

Tue Metrology Division (Mr. H. H. Jeffcott, 
B.A., Mr. L. F. Richardson, B.A., and Mr. 8. W. 
Attwell) has taken possession of its new quarters. 
The removal from the small, low and dark rooms in 
Bushy House to the lofty, well-lighted cells of the 
new building began last May, and though the equip- 
ment is tot yet complete, most of the apparatus 
are duly installed. The heating of the new building, 
on which, as we pointed out in our description of 
two years ago,* Dr. Glazebrook and his staff had 
spent so much ingenuity, did not for some time 
come up to expectations, until it was discovered 
that an air-lock had formed in one of the gilled 
radiators, seriously interfering with the circulation: 
The rooms form a series of ot, all surrounded by 


|a passage, on the outside of which are offices, for 
| which maintenance of a uniform temperature— 
|62 deg. Fahr.—is not essential. ach cell can 


be heated and ventilated separately, and has a 
horizontal double glass ceiling; above that ceiling 
is the inclined roof itself, consisting of double glass 
windows on the north side. The 50-metre compa- 
rator (Mr. L. F. Richardson), which is to constitute 


| the base of the standardisation of survey tapes, is 


nearly completed. The comparator takes up the 
whole length of the south passage. The bench is 
formed by brickwork covered in polished slate, on 
which two steel rails rest. + on the rails move three 


* See ENGINEEBING, vol, lxxxiii., page 439. 
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carriages, each with one telescope and two micro- 
scopes ; collimators are fixed at the end of the base 
and have been mounted with the aid of a large 
water-level. The bench-marks are special nickel 
pieces fitted into recesses of Portland stone blocks, 
inserted in the slate ; the stone has the same ex- 
pansion coefficient as the nickel. One set of micro- 
scopes is wanted for testing tapes on the flat, 
the other for tapes or wires to tested in cate- 
nary. A good deal of standardising has already 
been done on the bench, notably on invar tapes up 
to 300 ft. in length. 

The principal work on line measures has been 
done on the 2.5-metre iron bar of the British South 
Africa Company, which had been used as the basis 
of a survey in North-Eastern Rhodesia, and been 
sent to the Laboratory for the determination of its 
total length and linear dilation. The determinations 
were made in the 4-metre comparator tank, in water 
which, though rendered alkaline with caustic soda, 
turned cloudy with rust particles in a day or two, 
and the total length, expressed in terms of the 
Laboratory invar metre, was found in three different 
ways ; the results never differed by more than 3.8 
microns, or 1.5 part in a million on the whole 
length. In the determination of the dilation co- 
efficient. it, appeared that the comparison 4-metre 
bar followed temperature changes rather too slowly. 

The most interesting of the end-measure gauges 
tested are the gauges of Mr. C. E. Johansson, of 
Stockholm, which are blocks with measuring faces of 
0.35 in. by 1.3 in., so perfectly flat that, when several 
gauges are ‘‘wrung”’ — the total length would 
apron to be rather smaller(than larger)than the sum 
of the component lengths. The difference is hardly 
appreciable, but might be accounted for ; when two 
gauges are wrung together, the two surface films of 
gas and vapour are squeezed out, and thus a shorten- 
ing might result. The planeness of the faces is 
tested by means of glass flats, and with the aid of 
the measuring-machine of Dr. P. E. Shaw, which 
has been lent to the Laboratory ; in this machine 
contact is established when an electric spark passes 
between two platinum-iridium points at 0.05 volt. 
The observed variation of flatness was not found 
to reach 0.00001 in., and want of parallelism between 
two opposite faces never exceeded this figure ; 
again, in the one set of 81 gauges only four dif- 
fered by more than this figure from the standard 
value at 62 deg. Fahr. The Johansson gauges 
range in length from 0.05 in. to 4 in., and the com- 
binations of the set are equivalent to 80,000 sepa- 
rate gauges. 

One of the problems under investigation is the 
question of spherical or flat ends. In comparing 
spherical-ended and also cylindrical gauges with 
flat-ended gauges a correction is required, when 
the measurement is effected under a pressure. In 
the Hartmann comparator, ¢.g., a machine of won- 
derful accuracy, the pressure applied is about 8 Ib. 
As long as the specimens are of about the same 
dimensions, the compression will be the same ; but 
when different sizes and pressures are involved, a 
correction for deformation is needed, and Mr. Jeff- 
cott is experimenting on this problem, guided by 
the theoretical and experimental research on spheres 
of different diameters in contact under pressure, of 
Heinrich Hertz, of electric-wave fame. End mea- 
sures of fused quartz are being tried. 

The Engineering Standards Committee.—Impor- 
tant work has been done for the Engineering Stan- 
dards Committee. Screw-gauges of five standard 
systems have been verified, on the periodic errors 
of pitch and of the mountings have becn examined. 
Such errors, known as ‘‘ drunkenness,” may arise in 
various ways ; they are common in screws’ cut with 
dies or plates, rare in lathe-cut screws. Buta periodic 
error in the guide-screw is reproduced in the screw 
which is being made, with the difference that the 
period in the latter screw will extend over a number 
of threads, corresponding to one thread in the guide. 
Want of trueness in the abutment or thrust end of 
the guide-screw, and errors inthe gear-wheel teeth 
and in the setting of the screw itself, will also intro- 
duce errors. In the case of two screw-gauges, cut 
with the same guide-screw of four threads to the 
inch, one of 11, the other of 14 threads, ¢.g., marked 
petiode of 2} and 3} threads respectively were ob- 
served, 

The set of British Standard Pipe-Thread screw- 
gauges, consisting of twenty-four hardened plug 
screw-gauges, ranging from j in. up to 6 in., has 
been completed by Messrs. Armstrong, Whitworth, 
and Co., and measured up at the Laboratory. The 
results are exceedingly good.» Kighteen specimens, 





supplied by six firms, in samples of 1 in., 2 in., and 
3 im. B.S.P. threaded-pipes, have further been 
tested in order to inquire into the accuracy of com- 
mercial work, These threads should be tapered by 
0.0625 in. per inch of axial length (taper measured 
on the diameter), but were found to vary from 
0.03 to 0.08 in. per inch. The mean errors of the 
British Association threads, as supplied by five 
firms in sizes ranging from No. 0 (diameter 6 
millimetres) to No. 12 (1.3 millimetres), have also 
been determined as regards full, effective, and core 
diameters, pitch (one turn and 10 millimetres of 
thread), and half angle. These tests were made on 
the microscope measuring-machine of the Cambridge 
Scientific Instrument Company. In the interchange- 
ability tests of 218 screws, 57 per cent. passed the 
first gauge, and 77 per cent. the second gauge. 

For Mr. Campbell’s standards of mutual induc- 
tion two coils of bare copper wire wound on a 
marble cylinder (30 centimetres in diameter, weigh- 
ing 90 lb.), forty-eight diameters and the actual 
distances between three turns of wire on each of 
the coils have been measured, the former on the 
Stanley machine (with optical levers on both sides), 
the latter by a cathetometer ; the values are prob- 
ably correct within 1 : 300,000 and 1 : 100,000 re- 
spectively. 2 

Taximeters.—The most. interesting of the other 
work is the testing of taximeters (Mr. H. A. Dear 
and Mr. J. K. Fock). The arrangement with 
the police authorities is that the Laboratory 
examines the taximeters, while the police retain 
the responsibility for seeing that the instruments 
are properly attached to the cabs. Obviously the 
mounting of the instrument and the drive—at 
present from a wheel on the rear axle, comprising 
a ten-tooth wheel“and a flexible shaft—are quite 
as essential as‘the taximeter mechanism proper, 
and Bushy House will probably have to look after 
these matters and the flexibles as well to a certain 
extent. At present the. Laboratory submits taxi- 
meters to a general examination, a time-test, and a 
mileage test ; for the latter purpose, the instru- 
ments are ae on racks, and are driven through 
a gear and flexibles, as on the cab, by electric 
motors at all speeds ; jerks should not affect the 
instrument, for instance. The examination of all 
parts, clocks, counters, regulators, &c., is very 
thorough. When a type has been approved, instru- 
ments are tested, of which about 25 per cent. still 
fail to pass. Those which pass are sealed ; they 
must all be returned at the end of the year, good or 
bad, and are then re-tested at the branch office, 
opened last February, in Lambeth. Four more types 
of taximeters have been passed during last year for 
motor-cabs, and nine for horse-cabs ; the manu- 
facturers are all foreign firms. The numbers of 
taximeters and gear-boxes tested in 1908 were 7440 
und 2145 respectively. 

Glass vessels for chemicals, spirits, oil, milk, &c., 
ire also tested in the metrology division. Among 
the new apparatus is the ruling machine for diffrac- 
tion gratings of the late Lord Blythwood, which 
Lady Blythwood has presented to the Laboratory, 
together with the accessory instruments. The 
machine. which Lord Blythwood had been _per- 
fecting for twenty-five years rules 14,400 lines to 
the inch by means of a very accurate screw. The 
cutting diamond is very gradually brought into 
contact with the glass; the lever to which the 
diamond is attached is taken up by a swinging are, 
which is held by two long oscillating links. The 
balance, with the aid of which Professor Poynting 
determined gravitational attraction,* has also been 
installed in the building. 

Optics Division (Mr. ¥. J. Selby, M.A., and Mr. 
T. Smith, B.A.).—Definition tests of photographic 
lenses have been carried out after Mr. de Graaff 
Hunter’s method, described last year, in which the 
variation in the intensity along a line at right angles 
to the image of a sharp edge is measured. Lens- 
testing in general has proved a good criterion 
of the qualities of a lens. As the fees for com- 
plete tests are necessarily high, it is intended 
to thoroughly test one lens of a new type which 
is deposited in the Laboratory, and to determine 
afterwards whether other lenses are equal to the 
standard. As regards trial cases (sets of lenses for 
eye examination), the Laboratory has come to an 
understanding with the Standards Committee of 
the Optical Society as to the present practice. Nega- 
tive lenses are to have their true powers, while the 
positive lenses are made to neutralise the negatives. 





* Compare Sir J. J. Thomson’s lecture, page 392 ante. 





As a result of this decision, the high-power poxi- 
tives do not quite come up to their nominal 
power. Mr. W. A. Dixey has presented standard 
neutral-tinted and blue glasses to the Laboratory. 
For the tests of binoculars and telescopes Messis. 
J. Aitchison and Co. have presented a bench to the 
Laboratory, which submitted the design, and Mr. 
Selby has also taken up the tests of microscope 
objectives with the aid of Abbe test-plates; the 
magnification is determined by Mr. Blakesley’s 
method. 

For photographic-shutter testing Mr. Hunter 
had set up a good, but rather elaborate, apparatus, 
which has been replaced by a rapid and accurate 
method suggested by Mr. Campbell and worked out 
by Mr. T. Smith. The ordinary ten speeds of a 
shutter can be tested within a minute. The small 
spot. of light of a Campbell vibration galvanometer 
of known frequency (50 to 500 periods per second 
as a rule, but 4000 periods may be used) is photo- 
graphed in a camera which turns about a pin, 
and rests on a slide. The light falls through the 
shutter, a lens, and a slit on the photographic 
plate which descends. A wave-train is photo- 
graphed, and the number of waves—measurable 
within a quarter wave-length on the scale used— 
gives the speed. By a modification of the arrange- 
ment involving the use of a second source of light 
the efficiency ratio is determined-—i.e., the ratio of 
the amount of light the shutter actually lets through 
to the amount of light it might let through if the 
closing took no time. The image of the slit then 
appears as a rectangle with tapering edges, or in 
peculiar shapes, according to the arrangement of 
the shutter. Mr. T. Smith is also studying tele- 
scope objectives with the object of ascertaining in 
what way certain types of objectives can be modi- 
fied to allow for small variations in the refractive 
index of the glass; if the curvature of one surface 
must be altered, the question is, which one ? 

Tide Predictions (Mr. Selby, Mr. T. Smith, and 
Mr. W. H. Brookes). The tables for the Indian 
ports for 1910 are well advanced ; the accuracy in 
the predictions for riverain ports is not satisfactory, 
and the methods are being examined. 

Engineering Department (Dr. T. E. Stanton, 
Messrs. C. Jakeman, L. Bairstow, J. R. Parrnell, 
and R. G. C. Batson). Wind Pressure, Flow of 
Air and Water.—The previous work of Dr. Stanton 
concerning wind-pressure and the effect of the 
plate (or model) dimensions on the resultant in- 
tensity of air pressure had shown that the con- 
stant rose from 0.0027 for areas of a few square 
inches to 0.0032 for areas of 10 square feet, after 
which a further increase in size did not appear 
to affect the constant. This was in agreement with 
Eiffel’s experiments on plates dropped from the 
Eiffel Tower, But, Dr. Stanton points out, the dis- 
tribution of the wind velocity during the greatest 
gust of a gale over a surface is far from uniform 
on land, and without a knowledge of this distribu- 
tion we cannot predict the maximum wind-pres- 
sure on a structure. It has been generally assumed, 
however, that in the average gale the maximum 
pressure reached anywhere in a given area was 
experienced at every point of the area at some 
instant, though Mot at the same instant for all 
points. Valuable information might hence be 
gained by putting up two recording instruments, 
the one to measure the maximum pressure at a 
point, the other to record the maximum average 
pressure at a number of points in that area. As 
such experiments should be made on areas of at 
least 1000 square feet, pressure-boards were out of 
the question, and tubes have been tried. If a 
number of tubes, all of the same dimensions, were 
distributed over an area connected to a central 
chamber, and if the air friction in them were pro- 
portional to the velocity, then the pressure in the 
chamber should be the mean of the pressures at the 
other ends of the tubes. That would be'so for two 
tubes, whatever the law of air resistance, but it 
need not be so for three and more tubes, when tlie 
air velocity exceeded the critical value, and eddies 
were set up. Three coils of lead pipe, each 50 ft. 
in length, at the ends of which three different 
pressures were maintained, having been joined toa 
cylinder, the pressure in the cylinder was, indeed, 
found to be the mean of the partial pressures wheu 


two pipes were used, but not even approximately 


so when three pipes were used. Now J. H. Grindley 
and A. H. Gibson found, in 1907, that for velocitie: 
greater than the critical value (which in their lead 
tube, ¢ in. in diameter, was 1.95 ft. per second), the 
resistance varied as the } power of the velovity, 
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and Dr. Stanton confirms this law. The experi- 
ments on the wind tower, 60 ft. in height, are 
therefore being made with only two tubes in 
parallel. Two Dines tubes are fixed 40 ft. apart, 
and their pressure-tubes are connected in parallel 
to the same lead pipe, leading down the tower to a 
cylinder containing a flexible diaphragm ; the two 
suction-tubes are in the same way led to the other 
side of the diaphragm. Another Dines tube, placed 
1 ft. away from one of the former, is connected to 
another cylinde:. 

The question of the flow of air through pipes at 
velocities above the critical value is important also 
for Dr. Stanton’s investigation of the heat trans- 
mission in tubular boilers, in which the flue gases 
are to give up their heat to the water surrounding 
the tubes. It is generally believed that at moderate 
speeds the resistance varies as the square of the 
velocity v’, while the jost-mentioned experiments 
suggested the power { instead of 2; Dr. Stanton 
hence tries to ascertain at what speed the change 
in resistance (if any) takes place. Apart from heat 
radiation and conduction, the transmission of heat 
to the tube will depend on the rate of convection 
of mass to the surface, while the friction will depend 
upon the rate of convection of momentum to the 
surface ; if then the resistance varies as v™ the heat 
transmission (as measured per square foot per degree 
of temperature difference) will vary as v"~'. If 
n = 4, the advantages of forced —- would not 
be considerable, but if n = 2, they would be obvious: 
Simultaneous observations of the resistance and 
heat transmission have, therefore, been made with 
the compressed-air fan (used for high-speed air- 
current experiments) and a thin brass pipe, 14 in. 
in diameter, 4 ft. long, wrapped with asbestos 
paper and a double ‘* Eureka” wire coil, the mean 
surface temperature being derived from the expan- 
sion of the pipe measured by a micrometer micro- 
scope. Connections to determine the internal 
temperature and friction at resistance are made at 
two points 42 in. apart, and the mean velocity is 
estimated by means of a Pitot tube. With veloci- 
ties ranging from 10 ft. to 40 ft. per second, the 
found value of n is approximately 1.95, so that 
even the lowest of these speeds is far above the 
critical speed value for the pipe. 

In his very promising experiments on the resist- 

ance of plates in a uniform current of water, Dr. 
Stanton maintains a steady current in a rectangular 
conduit, made up of three lengths of 6-ft. cast-iron 
gutter, 16 in. wide, 9 in. deep, by means of a cen- 
trifugal pump and a 9-in. return-pipe (placed under- 
neath the conduit), and keeps the plate fixed while 
it is being experimented on. The principle is thus 
the opposite one to that applied in tank experi- 
ments, in which the model is pulled through still 
water, and the tests are both rapid and accurate, 
although it is difficult to obtain a steady flow of 
uniform velocity over the section of the current. 
The plate is held by a rod attached to a balance 
mounted across the conduit in such a way that 
the balance can be swung round so as to alter 
the inclination of the plate to the water stream. 
The plate is rectangular, semi-convex in section, 
resembling a section of a propeller - blade; and 
the convexity sets up a distinct resistance when 
ws water is stréaming parallel to the flat sur- 
ace, ve " 
_ As regards the experimental tank to be estab- 
lished at the Laboratory, for which Mr. Yarrow 
has promised a sum of 20,000/., the Executive 
Committee have guaranteed 800%. a year, and have 
entrusted Messrs. Mott and Hay with preparing 
plans; operations will be commenced as soon as 
the maintenance fund reaches 12001. 

Strength of Materials; Direct and Alternating 
Stresses; Impact.—Dr. Stanton’s ring machine for 


testing the resistance of materials to alternating 
stresses at high frequency and for conducting com- 
bined alternating bending and abrasion tests, was 
brought before the Iron and Steel Institute last 


Sumner, By damping the oscillations, by means of 
a dash-pot, the number of reversals has been raised 
to 2500 per minute, and it has thus been possible to 
make comparisons with the direct-stress tests of 
Reynolds and Smith, according to whom the limit- 
ing range of stress for mild steel at 1900 reversals 
per ininute is only about half that obtained at 100 
reversals, Experiments so far carried to 2200 re- 
Versais fail to confirm this statement. Anabrasion 
test took about 20 minutes, but a new form of 
rollers with accentuated slipping, allows of more 
rapid working. 

The tensile strength of long wires at varying 


| heater. 





temperatures is being investigated by Dr. Stanton 


The experiments on the loss of heat from steam- 


and Mr. Batson (with the aid of funds provided by | pipe flanges, which have been made chiefly with a 
the Post-Office, the National Telephone Company, | pipe of 1-in. internal diameter, provided with flanges 


and the India Office) in a galvanised trough, 


4# in. in diameter, 0.5 in. thick, and drilled for four 


with insulating material and placed in a wooden | bolts, show that each flange loses as much heat as 
trough, the temperature being regulated by means | 7} in. of the bare pipe, but that the actual loss per 
of a centrifugal pump up to 80 deg. Cent. The unit surface is only 44 per cent. of the loss per unit 
wire, of 50 ft. length, is stretched horizontally, and | area of the pipe. The question whether or not it will 
held by a special clip which will take the bath tem-| be advantageous to cover the flanges will depend 


perature up quickly, consisting of two jaws com-| upon the cost of coveri 


pressed by steel rollers. The load of 1 
mum is applied by water admitted to a straining 


cylinder, and estimated by a pendulum - weight | 


revolving on ball-bearings at the other end of the 
machine ; the machine is not bolted to the floor, 
but the thrust is taken up by four l-in. rods, which 
extend from the pendulum-bracket to the straining- 
cylinder. By means of sliders stress-strain. dia- 
grams are taken at intervals of 10 ft. 

The experiments by Dr. Stanton and Mr. Bair- 
stow on impact tests were discussed by the Insti- 
tution of Mochanical Engineers in November last.* 
It would appear that low resistance to shock is 
revealed in ordinary tensile tests, but that the 
interpretation is difficult and sometimes impossible 
for want of a standard of reference, while the 
interpretation of an impact test is easy and unmis- 
takable. The impact-machines of the Laboratory 
seem to be adequate. . 

Mr. Bairstow has subjected specimens to many 
reversals of stress less than the limiting stress, and 
tried to raise the elastic range by over-strain and 
recovery, but has found it exceedingly difficult to 
keep a specimen elastic under increasing reversals 
at high speeds. He has left the high-speed tests 
for the present, therefore, and has converted the 
1-ton testing-machine with EP ay knife-edges 
into a fatigue-machine giving about 100 reversals 
per hour. He observes the extension and com- 
pression of a specimen under stress, alternating at 
so slow a rate that readings can be taken without 
stoppage by watching two scales moving up and 
down the tield of a small telescope. The limits of 
stress are not equal and of opposite sign, and the 
machine gives any ratio of maximum to minimum 
stress without any other alterations in the con- 
ditions of the test. Three effects may be observed :— 
(1) For stresses above the yield-point a large per- 
manent extension occurs at the first application of 
the load, anda similar extension occurs below the 
yield stress after a sufficient number of reversals ; 
the amount of the extension becomes less as the 
maximum stress decreases towards the elastic limit, 
and then disappears ; this extension will only cease 
after lapse of time if the safe range of stress is not 
exceeded. (2) When the safe stress is exceeded, the 
specimen continues to extend at a fairly uniform 
rate for the same range, the rate increasing with 
the range. (3) This continued extension is ac- 
companied by a want of elasticity in each cycle ; 
the curve of an extension di m on a stress 
base is an almost closed curve similar to a mag- 
netic hysteresis loop, the width of the loop in- 
creasing with the range after the safe limit has been 

sed. For equal stresses (1) and ® do not 
appear, whilst (3) is small for very unequal stresses; 
all three are important, for i ediate conditions. 
The experiment tius jorates Wohler entirely, 
and while agreeing with: Bauschingor’s hypotheses 
identifying the natural elastic — with the safe 
ranges of stress (as determined by fatigue tests), 
they go beyond his experiments. 

Practically the points of greatest importance for 
variable stress seem to be the elastic range for 
equal stresses, which is normally twice the real 
elastic limit in tension in the new material, and the 
maximum tensile stress. 

Steam Research (Mr. Jakeman).—The apparatus 
for the determination of the specific heat of super- 
heated steam has been sedihel, and an electrically- 
heated superheater been added to the experimental 
Some peculiar trouble was experienced 
with the plug through which the leads of the 
thermo-junctions (for measuring the steam tem- 

rature) entered the heater, and these thermo- 
junctions have been replaced by platinum-resist- 
ance thermometers threaded, together with their 
compensating leads, into very small glass tubes, 
four of which are fused together to make a suffi- 
ciently strong bundle. The specific heat values of 
the researches made with the new apparatus are 
yo ne 2 per cent. higher than those previously 
obtained. 





* See ENGINEERING, vol. lxxxvi., page 714. 


and the price of fuel ; 


Ib. maxi-| where fuel is dear a saving could be effected by 


covering the flanges, especially if there are many 
bends and short sections. 

Department of Metallurgy and Metallurgical 
Chemistry (Messrs. W. Rosenhain, B.A. ; J. Mur- 
dock; Guy Barr, B.A.; W. Gemmell; F. Lantsberry, 
B.Se. ; 8. L, Archbutt ; W. H. Withey, B.A.; 
P. A. Tucker, and G. A. M. Cunningham). 
Alloys.—The sea-water corrosion tests on alloys of 
copper and aluminium are being continued at 
Portsmouth. and at Malta Dockyard ; it was also 
intended to make observations at Hong Kong, but 
this has been abandoned. Of the alloys of copper- 
aluminium-manganese, the mechanical properties 
of those rich in copper and aluminium have been 
particularly studied. Efforts to prepare phosphor- 
aluminium rich in phosphorus have not nm suc- 
cessful. The purification of manganese has, how- 
ever, been perfected, and manganese of 99,6 per 
cent. is now obtained. The equilibrium diagrams 
of the ternary alloys of Cu-Al-Mn, of which more 
than wet have been prepared, are very com- 
plex, and the-melting-points and freezing-points 
perplexing. When the kre. is re-melted soon after 
solidification, the original freezing-point is again 
recorded. When weeks interlapse, and the alloy is 
quickly heated to a point just above that freezing- 
— it may have to be cooled 60 deg. Cent. lower 

fore it freezes again. 

Ultra-Violet Photomicrographic Apparatus.—In 
order to facilitate focussing of the ultra-violet 
microscope, which takes place in blue light, while 
the photograph is made in ultra-violet light, Mr. 
Rosenhain has added to the apparatus a compensat- 
ing lens, which is only inserted during focussing. 
For magnifications up to 400 diameters, this im- 
provement, which Messrs, Zeiss, the makers of the 
objective, did not recommend, gives satisfaction ; 
with higher magnification there is trouble from in- 
ternal reflection, owing to the peculiar construction 
of the objective. 

When taking — curves, Mr. Rosenhain 

laces the furnace with the crucible in a steel water- 
jacket, with a water space of 3in. The furnace is 
a Fletcher-Russell concentric jet furnace. Among 
the new —— is a Shore sceleroscope. It is a 
graduated glass tube, about « foot in height, in which 
a small pellet of steel, provided with a spherical point, 
is drop on the specimen plate underneath the 
tube; the pellet makes an indentation and rebounds, 
and the height of the rebound is observed. The 
pellet is released by squeezing a rubber ball, and 
there is a certain ment between this simple 
test and the Brinell hardness test ; but the merits 
of the method are yet doubtful. 

In the chemical laboratory some new electric 
combustion furnaces have been fitted up, and in 
making alterations it has been observed that thin 
platinum foil wound round silica tubes can be re- 
wound after heating up to 1000 deg. Cent. for 
months ; the platinum would hardly have stood re- 
winding if it had been in contact with other material. 
The muffle of the patent Cunynghame gas-furnace 
also consists of a silica tube, 5 in. in diameter, 
aa by the Thermal Syndicate of Wallsend-on- 

e 


Observatory Department at Kew (Dr. C, Chree, 
F.R.S., Mr. T. W. Walker, Messrs. E. G. Con- 
stable, J. Foster, W. J. Boxall, E. Boxall, G. Bad- 
derly, A. C. Cooper, B. Francis, A. G. Williams, 
W. J. Stockwell, and J. B. Dines, B.A.). The 
report on ‘‘ Magnetic and Meteorological Observa- 
tions and Tests,” by the Superintendent, Dr. Chree, 
is supplemented by a report from Mr. Walker, 
arg of the new magnetic observa’ at 
Eskdalemuir, in Scotland, the equipment of which 
is not yet complete. Dr. Chree has finished the 
exceedingly laborious task of working ‘out the 
magnetic o ations taken during the Discovery 
Antarctic Expedition, as has already beon mentioned 
ih our columns. Of 252 watches and chronometers 
tested at Kew, 139 were awarded Class A certifi- 
cates, and of these, 79, or 57 per cent., proved 
‘* especially good ;” the best percentage previously 





recorded was 50, in 1904, 
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Tue yacht Bronzewing, of which we give illustrations | 


on the present page, is owned by Mr. 8S. Hordern, a 
prominent ‘yachtsman of Sydney, and is especially 
noticeable, not only for the completeness of her 
equipment, but also from the fact that oil-motors have 
been rg as the propelling power. The vessel is 
about. 120 ft. in length, with a beam of 17 ft. 6 in. 
She was built in Sydney, under the supervision of the 
well-known architect, Mr. Walter Ree s, of that city, 
and is intended for cruising on the inland waterways 
of the Australian Continent, and also for journeys to 
the South Sea Islands, for which she is amply sea- 
worthy. The vessel.is illustrated in side elevation in 
Fig. 1, and in a cabin-arrangement plan and a deck 





Fig. 4, 


plan in Figs. 2 and 3 respectively, while Fig. 4 isa 
perspective view reproduced from a photograph. 

The machinery of the vessel consists of three sets of 
100-brake-horse-power Thornycroft oil-motors, driving 
triple screws through reversing clutches. These motors 
are well known as the Thornycroft ‘‘ D4” type, and 
develop their power at about 750 revolutions per 
minute. The cylinders, of which there are four on 
each engine, are 8 in. diameter by 8 in. stroke, and 
are cast in pairs, ——— openings for inspection 
and cleaning. The gen ment is shown in 
Figs. 5 to 8, opposite, in which the ition of the 
motors in the hull is clearly shown. 





| 


; o?—e a good 
g. 12 is repro- their time permits of considerable economy, as t 
duced from a photograph and shows one of the motors ‘centre engine, or, if desired, the two wing engines, 





in perspective. Figs. 9 and 10 are transverse sections 
through the after cabin, while Fig. 11 shows one of 
the brackets to carry one of the wing a. 
Lubrication is forced to all the bearings by pumps. 
The fuel used is kerosene. 

The motors are started by compressed air, supplied 
by a Thornycroft 6-brake-horse-power motor and 
compressor. This ent renders the whole 
plant as easily controllable as a steam-engine, anc 
combines the inherent advantage of motors. 

The provision of triple screws for yachts or other 


vessels which travel at cruising deal of 
as the 
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ean be run at their full capacity, the other engines or 
engine standing idle. This, of course, ensures greater 
economy than if single or twin engines are employed for 
cruising throttled down to below their full capacity. 

There is a very complete installation of electric 
light and electric fans, the dynamo being driven by 
a separate motor; the bilge-pumps and winch are 
also electrically driven. The exhaust is water-cooled 
throughout the whole length, and is discharged at the 
stern above the water-line. 

The cabin accommodation is very complete, and 
exquisitely decorated and upholstered, and, as will be 
seen by the illustration, there is a promenade deck 
and provision for a canopy over the whole boat. The 
masts are hinged to permit of the low bridges being 
negotiated when cruising on the inland waterways. 

t is worthy of note that both the architect, Mr. 
Walter Reeks, and Mr. Hordern, the owner, have had 
previous experience with Thornycroft marine motors, 
the latter with a 50-brake-horse-power motor as auxi- 
liary power in an earlier and smaller yacht of the same 
name as the present boat. It was no doubt the satis- 
faction experienced with these earlier motors that 
induced them to place the order for this much larger 
installation with cae. J. I. Thornycroft and Co., 
Limited, of Southampton. 





Rew’s Hanpy Coriiery Guipe.—This guide and 
directory, which is published at 2s. 6d., by Messrs. 
Andrew Reid and Co., London and Newcastle, covers 
the counties of Northumberland, Durham, and York- 
shire. It gives maps of these counties, showing the 
location of the collieries and railways ; lists of colliery- 
owners, agents, managers, and engineers ; other lists of 
interest to the coal trades; transcripts of the Acts on 
explosives, mines regulation, and so forth, and mining 
statistics for 1907-8. 





Ke.iy’s Directory OF MERCHANTS, MANUFACTURERS, 
AND Suppers, 1909. London: Kelly’s Directories, 
Limited, 182-184, High Holborn, W.C.—The new edition 
of this directory Tne little in the way of commendation. 
The first portion of the volume consists of indexes, which 
take up over 300 pages, and give an index to towns and 
countries, and fodeam to English, German, and French 
trades. A section of about 2100 pages is devoted to lists 
of importing and exporting firms of the world, arranged 
in countries, together with gazetteer information of these 
countries, ports, &c. A short sailing list of vessels from 
British ports is given. Subsequent sections are classified 
lists of trades in London and provincial towns, &c., while 
others are alphabetical lists of exporters in London, the pro- 
vinces, and Ireland, of goods exported, and of importers and 
imported goods. The information collected in the volume 
relates to 20,000 foreign and colonial towns, with about 
1} million references under these headings. The book 
contains over 3250 pages of four-column printed matter ; 
but owing to the new form it has taken, it is not so bulky 
as formerly, though it contains more information. 





* Tptes Moprrnes.”—This is the title of a new monthly 
review, published at the price of 2.50 francs (by post 
3 francs), by Messrs. H. Dunod et E. Pinat, 49, Quai 
des Grands-Augustins, Paris. Each issue forms a book of 
about 176 pages of the usual British review type, and 
contains many articles and notices, dealing with such 
subjects as sciences in national education; with theory 
and practice in technical education; with the develop- 
ment of French influence abroad, with literature, bio- 
graphy. and the like. In the first issue Mr. H. , 
Chatelier, in a contribution entitled ‘‘La Science In- 
dustrielle,” deals in a masterly manner with the reform 
he proposes in the education of engineers. He illustrates 
his arguments by relating many of the pointsarising in the 
working of Siemens gas-generators he had decided to put 
down at his works, and shows how a practical engineer, 
and how one less practical would deal with the problems. 
All engineers, he says, have received a general scientific 
education, and through this they are able to render greater 
service in works than a foreman. After a course of 
pure science, he would advocate for engineers a course of 
industrial science separate from the former, and also sepa- 
rate from industrial practice, this latter to be acquired at 
works. He illustrates what should be industrial science as 
ey to the example of gas-generators by stating that it 
should group around such apparatus all the elementary 
phenomena that come into play, as, for instance, those of 
a chemical order, dealing with the incomplete combustion 
of coal, the decomposition of steam in contact with coal, 
the production of soot by the decomposition of carburetted 
hydrogen under the action of heat; others of a calorific 
nature, such as losses of heat by radiation, fusibility of 
ashes ; others again of a mechanical order, and so forth, 
all ‘of which information should be supplemented by 
numerical data on coal, on th heat-units coal gives out 
under varying conditions, heat units steam absorbs on being 
decomposed, general percentages of ashes, &c. This 
article should be read in conjunction with another by 
Mr. Paul Appell, on “Les Sciences dans 1’Education 
Nationale,” which may be said to resolve itself both into 
a plea in favour of engineers and into a warning addressed 
to French students. Literature having hitherto formed 
in France a satisfactory refuge for medical doctors without 
practice, for discouraged painters, for disillusioned army 
officers, and for all those who were unable to follow their 
vocation and knew no trade, runs the risk of soon 
becoming overstocked, while science, on the other hand, 
holds out the possibility of a livelihood and of success 
in life. The review is carefully got up, and deserves 
& widespread circulation, 


NOTES FROM THE UNITED STATES. 
PHILADELPHIA, March 24. 

WiruIn the last three days three tin-plate mills, 
two sheet plants, and the puddling mill which had 
been idle for a long time, started up, giving employ- 
ment to 5000 skilled workmen in t » Pitteburg dis- 
trict. The recent lowering of prices has brought out a 
large amount of business in sheets and tin-plates. 
The American Sheet and Tinplate Company has just 
given orders for the resumption of work at several 
of their idle plants, some of which have been idle 
for upwards of a year. There are indications of a 
large and steady demand for tin-plate and sheet iron, 
and quite a volume of business has been secured within 
a few days. The Crucible Steel Plant Company, 
of Pittsburg, has also resumed, and work will be 
steady. The pipe-mills will soon have an enormous 
amount of work to do because of the placing of orders 
for steel pipe by gas and oil companies. About 400 
miles of pipe are now being contracted for, and orders 
will be defnitely closed in all probability by Saturday. 
An additional 400 miles of pipe will be contracted for 
next week. The particular enterprises calling for this 
large quantity of material are the Oklahoma Natural- 
Gas Com y, which will lay a line of 8-in. pipe, 
400 miles long, from Oklahoma to St. Louis. Another 
line will be built by the Pure-Oil Company, of Illinois. 
The Kansas Natural-Gas Company will also build a 
line of 16-in. pipe. 

A project is under way to lay a natural-gas line from 
the Illinois oil-fields to the city of New Orleans, which 
will require 500 miles of pipe. These are only a few of 
the pipe schemes now under way and contemplated. 
The carrying of oil long distances under pressure is 
being made necessary by reason of the increase in 
manufacturing, which is scattered over a wide area, 
and the cost and difficulty of getting coal. 

Another field of activity is found, in the erection of 
terminal structures for railway purposes. Among the 
most important of these is the elevation of tracks in 
Chicago, controlled by the Pennsylvania Railroad Com- 
pany, and an initial order for 1000 tons has already been 
placed. Smaller orders have been placed for the erection 
of terminals in other localities. A dam that is to be built 
on the Monongahela River above Pittsburg will take 
350 tons of structural material. The Standard Oil 
Company will erect a large building at Butler, Penn- 
sylvania. These enterprises are coming forward be- 
cause it is found that as low as 1.25 cents will be 
accepted by the manufacturers, and it is intimated 
that even 1.20 cents will be accepted. There is a good 
deal of business in bar iron and merchant steel. The 
heaviest merchant steel demands are generally placed 
in midsummer, and the combined contract runs into 
several hundred thousand tons. 





THE INCORPORATED INSTITUTION OF AUTOMOBILE 
Enerngers.—A lecture, illustrated by experiments, en- 
titled ‘‘ The Dynamics of Flight,” will be delivered by 
Mr. F. W. Lanchester before the Incorporated Institu- 
tion of Automobile Engineers (1, Albemarle-street, Picca- 
dilly, W.), at the Institution of Civil Engineers, Great 
George-street, Westminster, S.W., on Wednesday, April 
28, at 8p.m. 





THE PENNSYLVANIA RAILROAD AT NEw YorkK.—The 
Pennsylvania Railroad Company report that work which 
it has in hand in Long Island City, embracing tunnels 
from the east side of the river to Kast and Borden 
Avenues has been completed, and that east of East 
Avenue, including approaches to the Sunnyside yard and 
the erection of bridges over the same, is well under way. 
The electrification of the tunnel line, and track-laying, 
signalling, interlocking, and construction of the necessary 
yard and terminal facilities, will be actively prosecuted 
during the coming year, as well as work at the New York 
station. 





THe GroLogists’ AssocraTion.—A full programme of 
excursions has been arranged for the coming summer in 
connection with the Geologists’ Association. These com- 
mence with the Easter excursion, which will be to Tenby. 
and district, and will extend from April 9to 15. London 
members will leave Paddington for this excursion by the 
11.30 a.m. train on Thursday, the 8th inst., arriving at 
Tenby at 6.25 p.m. Friday will be spent at Tenby, 
Saturday in visiting Manorbier, Penalby, &c.; Monday, 
the 12th, in visiting Kilgetty, Wiseman’s Bridge, San- 
dersfoot, &c.; Tuesday, the 13th, in visiting Caldey : 
Wednesday, the 14th, Longbury Bank Cave, &c.; 
Thursday, the 15th inst., the Stack Rocks, &. For 
Saturday, April 17, an excursion from London has 
been arranged to Burghclere and Newbury, while one 
on April 24 is to Orpington and Foots Cray. Five 
excursions have been for the month of May, of 
which two are whole-day excursions to Brighton and 
Toys Hill and Brasted; and the Whitsuntide excur- 
sion, extending from May 28 to June 2, which is to the 
Frome and tock district. Four excursions are 
planned for June, and five for July. The last in this 
month extends from July 28 to August 7. One is at 
present also arranged for September. Further particulars, 
together with names, &c., of the excursion secretaries, 
may be obtained from Mr. A. C. Young, F.G.S., secre- 








tary (excursions), 17, Vicar’s Hill, Lewisham, S8.E, 


WAR-OFFICE TRACTOR TRIALS. 
To THE Eprror OF ENGINEERING. 

Sir,—We see that in your notice of the above trials yoy 
state that in a four-cylinder engine it is possible to civ. 
a larger bearing surface than in a single-cylinder engije, 
and, consequently, less adjustment is sO, we 
think that the expression ‘‘somewhat more economy ” js 
hardly calculated to give the impression of the superiority 
of 15 per cent. which the one-cylinder engine showed over 
the four-cylinder engine. Perhaps you will kindly allow 
us to offer a few comments on these points. 

As rds bearings; taking the square inches of bear- 
ing surface per square inch of piston, and comparing ours 
with average figures (see ‘‘ Petrol-Motors,” by F. Strick. 
land, page 108, main bearings, say, 10 per cent. more than 
crank-pin), we have :-— 

Crank-pin ... Broom and Wade, 0.187 ; average, 
Main bearings - a 0.472 rm 

The average figures being for the cases of a bearing he- 
tween each crank, in which it should be noted that one 
of these bearings does duty for two cylinders, a fairer 
comparison with ours is 14 bearings instead of 2, giving 
0.287 instead of 0.382, to be compared with our 0.472 square 
inches per square inch of piston. 

How ample our bearings are is strikingly shown in a 
lorry we have had running for four years, in which the 
bearings have not been taken up at all since they were first 
put to work 4 years ago, and the lorry has run about 50,000 
miles. 

As regards fuel consumption, we wish to point out that 
our superiority of 15 per cent. over the four-cylinder 
engine was achieved in spite of the following facts :— 

1. The oil booked to us included that for a two hours’ 
brake test at full load, and also that for 10 laps on the 
sand track. 

2. Our engine, being overloaded, and the roads being 
exceptionally heavy, had to race on the lowest gear for 
-_ abnormal periods, which, of course, brought down 
the speed of the tractor as well. The engine was simply 
our standard lorry engine, and if we had had time to make 
a special engine for the 8-ton job, it would have been a 
9 by 9, instead of 84 by 8. 

Yours faithfully, 
For Broom anp Wank, LiMiTED, 
H. 8. Broom. 
High Wycombe, March 29, 1909. 

[With reference to the points raised by Messrs. Broom 
and Wade, the size of bearings given in Mr. Strickland’s 
book referred to in Messrs. Broom and Wade's letter 
are those usual in pleasure-cars, which work very short 
hours, and then usually only occasionally at full power. 
On page 311 the necessity for larger wearing surfaces for 
commercial work is mentioned, and for War-Office work 
they should probably be larger still. The ratio of bearing 
surface to cylinder is also not a fair one for comparison, 
as the four-cylinder engine can probably be made with 
larger cylinders, and consequently can work at lower 
average pressures ; the fair comparison is the total bearing 
surface for a given power. 

As regards the economy, for military work it is probably 
far more important to take the required load at good speed 
than todo so with extreme economy, and it is not possible 
to tell what the economy of the single-cylinder tractor 
would be if the load had been taken at the same speed as 
the four-cylinder.—Ep. E.} 


0.173. 
0.382, 








‘* THE VIBRATION AND WHIRLING OF 
SHAFTS.” 
To THE EpiToR OF ENGINEERING. 

Srr,—Professor A. Morley accuses me of trying to 
transfer my criticism to a different point. 

If I had admitted the correctness of applying the 
assumption to such a case without stating what that 
assumption involved, he would be quite right ; but I have 
not admitted such. 

My reply to the second point in his letter is, to use a 
phrase of Mr. Balfour’s, that I am “incapable of such a 
subtle distinction ” as lies between contradicting oneself 
and violating one’s own account of a method. 

Tam, Sir, yours truly. 
W. M. WALLACE. 


22, Howard-street, Bradford, March 29, 1909. 








EXPERIMENTS AT HIGH PRESSURES AND TEMPERA- 
TURES: ErraTuM.—In our report on Mr. Threlfall’s lec- 
ture, on page 425 of last week’s issue, it was erroneously 
stated that the test-tubes in Mitscherlich’s experiment 
contained a concentrated hot solution of potassium bi- 
chromate. The salt was melted in the tubes. 





METROPOLITAN IMPROVEMENTS.—Mr. Edward Stan- 
ford, of 12, 13, and 14, Long Acre, W.C., has sent 
us a copy of the new issue of the map annually pul 
lished by him, showing the nature and extent of 
the various public improvements for which powers are 
sought during the present session of Parliament. The 
map well illustrates the remarkable cessation of enter- 
prise which has been characteristic of the last few years, 
and which is undoubtedly in part, at least, attributable 
to the unreasoning hostility with which recent Parlia- 
ments have treated important industrial developments. 
The only noteworthy railway eng osareg Fo the proposed 
extension of the Central London line to Liverpool-street. 
The new tramways proposed are mostly short junction- 
lines, and no new electrical enterprises are pro l. 2 
valuable feature of the map is the clear way in which it 
shows the relation of the new proposals to the works 








already in existence. 
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THE PHYSICAL SOCIETY OF LONDON. 


\r the meeting of the Physical Society of London 
held on March 12, Dr. C. Chree, F.R.S., President, in 
the chair, a paper by Mr. A. E. Garrett, on ‘ The 
Ejict of Radiations on the Brush Discharge,” was read 
by the author. Willows and Peck, in 1905, found that 
radium radiations have the power to extinguish a brush 
discharge produced by a Wimshurst machine when the 
gap is greater than 3 to 4 centimetres. The present 
experiments show that the same phenomena can be 
produced by means of an induction coil capable of 
iving a 6-in. spark. The observation of Willows and 
Peck that the 8 rays are responsible for the effects pro- 
duced is confirmed. Experiments are described which 
illustrate the effect of the nature of the anode on the 
sensitivity of the positive brush. The appearance of 
the brush is viewed in a rotating mirror, and also 


by means of a microscope fitted with a 3-in. objec- 
tive, and a marked difference is noted between the 
appearance of a sensitive brush and that of the brush 
from a pointed anode, on’which radium has practically no 


effect. By this means, and also by _ : the capacity, 
it is found that the sensitive nature of the brush depends 
upon the oscillatory nature of the discharge, and it is 
thought probable that a side discharge takes place when 
the brush is extinguished by the radium. 

The Secretary read a letter from Dr. R. S. Willows, 
stating that the experiments of the author were the only 
ones that connected the extinction of the spark with any 
other feature of the discharge. The most obvious ex- 
planation seemed to be that on account of the ionisin: 
action of the rays the potential never rose hig! 
enough to cause luminescence. This explanation was 
apparently ruled out by the fact that Réntgen rays 
do not cause extinction, although the ionisation they 
produce is much greater than that produced by the 
radium used. It was thought that the intermittence of 
the rays was their cause of failure, but it was found that 
Lenard rays, also produced intermittently, caused ex- 
tinction. In spite of this difference in the action of 
Lenard and Réntgen rays, the author’s experiments show- 
ing that the discharge in order to be sensitive must be 
intermittent, render it probable that the cause of the 
failure of the Réntgen rays to produce extinction must be 
looked for in their discontinuous character. Neither the 
author nor he (Dr. Willows) could obtain a sensitive dis- 
charge with a positive point ; it was therefore of interest 
to note that Lobedineky had recently obtained this by 
connecting in parallel with a Leyden jar, thus producing 
the author’s condition of a periodic discharge of fairly 
long period. 

Professor C. H. Lees expressed his interest in the ex- 
periments, and, referring to the side discharge to the 
radium, said that it was possible that a discharge towards 
the radium might be dispersed by the air without giving 
an actual current from the radium. 

Mr. A. Campbell asked what was the frequency of the 
oscillation in the sensitive brush. 

The author, in reply to Professor Lees, said that on 
several occasions he had detected a slight current from 
the radium to earth, but the results were so irregular 
that he omitted them from the paper. With reference to 
the question of frequency of the discharge producing the 
sensitive brush, he had compared it with that of a dis- 
charge in a hydrogen tube in which the discharge was 
produced by an induction coil, the primary circuit of which 


was interrupted by a tuning-fork making 86 periods per 
second. The number of images visible in the rotating 
mirror was, in the case of the sensitive brush, double that 
given by the tube, so that the frequency was a very low 


one, 


Mr. A. E. Snow read a paper on “ Pirani’s Method of 


Measuring the Self-Inductance of a Coil.” Tn this method 
the coil whose self-inductance L is to be measured is 
joined in series with a condenser of capacity C, and the 
combination forms one arm of a Wheatstone bridge. 
The condenser is shunted by a non-inductive resistance +. 


The resistances of the other arms of the bridge are adjusted 
for a steady balance. The result L = C r*, whence the 
value found for L is independent of the inductance of the 


galvanometer, has been proved for the case in which the 
discharge of the condenser is continuous. In the present 
paper the case in which the discharge of the condenser is 
oscillatory is dealt with, the applied electromotive force 
being constant. A differential equation of the third order 
with constant coefficients is obtained, from which the value 
of —the current passing through the galvanometer—can 
be found in the form necessary for an oscillatory discharge. 
It is shown that the discharge of the condenser is of the 
Same nature as that through the galvanometer. The 


a 
citron | xdt is used to express the fact that there is 
0 . 


no throw of the galvanometer-needle, the resistance r, or 
the capacity C, being varied until this is obtained. From 
this the condition L = C r? is deduced, so that in the case 
of an oscillatory discharge of the condenser the value 
found for the inductance of the coil is not affected by the 
induc tunce of the galvanometer. 

f the same method is applied to the case of an alter- 
nating electromotive force, a result is obtained which 
involves the inductance of the telephone used to indicate 
the current. From general considerations this can be 
shown to be impossible. The method used in the case of 
: constant electromotive force, therefore, is not available | 
or the investigation of the case in which the electro- | 
motive force is alternating. The difference lies in the | 
act that the condition for a steady balance is not the 
Same for an alternating electromotive force as for a | 


sage electromotive force. | 
that" A-, Campbell expressed interest in the author's 
worough investigation in the first part of the paper. In 





the [case of alternating currents, however, Mr. Snow’s 
final result involved the resistance and inductance of the 
galvanometer circuit. Since the condition for a balance 
was that the current through the galvanometer should be 
zero at every instant, the final result could not involve 
either of these quantities, both could be altered to any 
extent without affecting the balance. The correct solution 
for alternating currents could, however, be obtained with- 
out difficulty. Thus, let P be the effective resistance of 
the coil L, and ¢ = A/B, the rest of the notation remaining 
unchanged. Then 
° 
P+LwJ/-1 +45 rOesn1 oR. 

Separating the real and imaginary parts, 

1=rC(¢B-P)andrL Cw? = P-c Bir. 

Hence . 

L= = and P = ¢B- ___*..—.. 
1+7Cw 1 + 22 C2 w? 

Thus it is seen that the balance depends on the fre- 
quency, which must therefore be accurately known in 
order to determine Land P. Mr. T. Smith had worked 
out the problem by the author’s method, and had found 
the source of the error. With alternating currents, the 
initial assumption that the resistances of the four arms 
are A, B, k A, kB, was im ible. When this was put 
right, B, and B, both could’ be equal to zero, which con- 
ditions easil uced to the equations given above. 

Dr. Russell pointed out that M. Silva the investi- 

tion of the accuracy of Pirani’s method two years : 

e had not, however, discussed the case when two of the 
roots of the cubic were imaginary. He congratulated the 
author on having completed Silva’s investigation, and 
said that his solution of the cubic would be helpful in 
other problems. : 

The author, in reply, thanked Mr. Campbell for his 
remarks, and said he would make the necessary altera- 
tions in the part of the paper dealing with alternating 
currents. 

Mr. W.S. Tucker read a paper entitled ‘‘ Exhibition of 
a High Potential Primary Battery.” The object of the 
battery is to maintain at known potentials such con- 
ductors as the needle of the quadrant-electrometer, for 
charging condensers in capacity and insulation tests, or 
for calibrating electrostatic voltmeters. It is composed of 
a large number of elements in series, the elements con- 
sisting of carbon and pure zinc, with a nearly saturated 
solution of calcium chloride as electrolyte. The carbon is 
a piece of black-lead pencil about 5 centimetres long. A 
strip of zinc-foil about 5 millimetres wide is bound to one 
extremity of the carbon by thin copper wire, and the 
strip is bent so that its other end nearly touches the 
carbon of the next element. This contact is just broken 
by paraffin-wax. The connected ends are melted into 
a table of paraffin-wax contained in a shallow tray. 
Elements are mounted in parallel rows—the ends of alter- 
nate rows being connected to brass terminals. In the 
battery exhibited, 900 of these elements are arran 
in series. The table of wax with the elements is then 
inverted, and the exposed ends of the elements dipped in 
a shallow tray containing the solution, and then with- 
drawn as quickly as possible. When withdrawn, each 
carbon-zine pair 1s now separated by a layer of solution 
held in place by capillary effect. The hygroscopic nature 
of the solution prevents its drying up ; and it is found that 
there is no appreciable chemical waste by local action. 
When not required for use, the battery can be washed 
free of the exciting solution and dried. 

It is found possible to obtain 1.02 volts per element, so 
that a total over 900 volts is given. Since the terminals 
are wellinsulated, a very steady voltage is obtained ; and 
this has been kept wittiin y per cent. variation for two 
hours, and 1 per cent. for half a day—the temperature of 
the room remaining steady. 

The battery has fitted to it an arrangement whereby 
any desired voltage from that of one to that of all the 
cells can be obtained by steps of one cell. The last two 
rows of elements may be introduced at will, and in the 
last row the elements are each connected to brass studs, 
over which a sliding contact can pass. This contact is 
connected to the terminal of the battery. . 

A special feature of the battery is its careful insulation. 
It may also be mentioned that, should any row of elements 
get polarised, they gradually recover, apparently owing to 
the depolarising action of the porous graphite exposed 
to air. 

Mr. F. E. Smith congratulated the author upon his 
battery, which he said was small, cheap, and effective. 
He asked if Mr. Tucker had made experiments with 
other elements, and whether he had constructed a single 
cell of low resistance and investigated the change of 
potential with time. 

Mr. A. Campbell asked what happened if the battery 
was short-circuited, and what determined whether creep- 
ing would occur when using any particular solution. 

At. S. G. Starling said that one of the important points 
about the battery was that it could be washed and put 
away, and was then ready for use on any future occa- 
sion. 

The author, in reply, said that the only other elements 
he had used were copperand zinc. He had used different 
liquids, but always got a lower vol Short-circuiting, 
of course, cau a fall of potential, but there was not 
much chemical action, on account of the very high resist- 








ance of the battery. 
A paper on ‘‘ The Least Moment of Inertia of an Angle- 
Bar Section” was read by Mr. H. 8. Rowell. The author 
inted out that errors in strut design are unavoidably 
rge, particularly those of angle section. Thus an 
approximate value of the moment of inertia is sufficient. 


If the mean lengths of the legs are a and 6, then @, the | pape’ 
angle which either principal axis makes with the leg of 





length a, is given by the equation 
6 — 
*(- ' )- (4 +4) 
a\a b\b 
to a fair degree of accuracy. 
If “ and 6, be the outside lengths of the greater and 


lesser legs respectively, and k the least radius of gyration 
of the section, then with sufficient accuracy: for practical 


purposes, 
1.35 (@ ie 1) 
R = 0.037 + _ 


b2 100( 1) 4+ BO 
by 


tan 20 = 


where 
a < 5 
Gao 

Dr. Russell expressed his interest in the problem. He 
suggested that the phrase ‘second moment of an area” 
a to ‘‘*moment of inertia of an area.” He 
asked the author whether he had compared the numbers 
obtained by his formule with the numbers given in manu- 
facturers’ catalogues. He noticed that manufacturers in- 
troduce corrections for tapering flanges, rounded corners, 
&c., und that the numbers they gave for the minimum 
radius of gyration varied largely with the thickness of the 
web. Large factors of safety were used in practice, but it 
was highly desirable that the theoretical numbers should 
be as accurate as possible. Unfortunately, the author 
had made some approximations which were not really 
necessary, and these made it difficult to know what weight 
to attach to his results. Personally he thought that the 
best way of finding the second moments of angle-bar or 
other sections was to use an Amsler’s integrator. These 
integrators had been extensively used for many years, 
more particularly by naval architects, and their accuracy 
was not inferior to that of graphical methods. 








PERSONAL.—We are informed that the Parker Foundry 
Company, Limited, Derby, have appointed Mr. R. Willis, 
County Buildings, Corporation-street, Birmingham, as 
their representative for Birmingham and district.—Mr. 
W. Minty, lately works manager and engineer to the 
Moss Bay Hematite Iron and Steel Company, Working- 
ton, has accepted an appointment with the Mirrlees, 
Watson Company, of Glasgow, in connection with the 
utilisation of exhaust steam and condensing in iron and 
steel works and collieries.—Mr. L. D. Henderson has 
relinquished his position as director of the firm of Messrs. 
David and Wm. Henderson and Co., Glasgow, and has 
joined Messrs. Victor H. Coates and Co., 2, Norfolk- 
street, Strand, W.C.—The Warner Engineering Com- 
pany, Limited, Dartmouth-street, Westminster, S.W., 
inform us that they have removed to 5, Carteret-street, 
Westminster.—The London office of Messrs. Richardsons, 
Westgarth, and Co., Limited, has been removed from 5, 

een Anne’s-gate, to 17, Victoria-street, Westminster, 
S.W.—Professor Henry Adams, M. Inst. C.E., 60, Queen 
Victoria-street, London, E.C., has taken his son, Mr. 
Henry Charles Adams, into partnership with him in his 
practice as a consulting civil and mechanical engineer, 
under the style of Henry Adams and Son, at the above 
address; their Birmingham office being at 1, Waterloo- 
street. 





Tae Cuemicat Socrety.—At the anniversary meeting 
of the Chemical Society, held at Burlington House on 
Thursday, March 25, Sir William Ramsay, the retiring 
President, addressed the Society on some new experi- 
ments concerning possible transformations of elements. 
His hypothesis was that the genuine differences between 
elements were due to the loss or gain of electrons. We 
had no proof that the metal sodium was chan when it 
lost or gained electrons. But the evolution of helium-gas 
from radium emanation was undisputed ; one case was 
sufficient in principle, and he had also thought to have 
shown that lithium was produced by the action of radium 
emanation on copper salts. The critique of these experi- 
ments by Professor Hartley was met by his reply that in 
blank experiments no lithium was found, and the —. 
tions of Mrs. Curie might also be met. Moreover, he had 
in experiments with thorium nitrate obtained indica- 
tions of a degradation of thorium into carbon. Since 
thorium was much less radioactive than radium, the 
experiments had been continued since December, 
1905, and 270 mmes of thorium nitrate had been 
used instead of the few milligrammes of radium. Some 
gas was slowly given off by the aqueous solution of 
the nitrate, in which finally traces of lithium and con- 
siderable quantities of carbon dioxide were found. This 
carbon dioxide might in some cases have been due to 
oxidation of the grease in the stop-cock, but not in all his 
experiments. The action of radium emanation on thorium 
nitrate, on zirconium nitrate, and on bismuth perchlorate, 
likewise gave carbon dioxide—not in the case of lead 
chlorate, however. The proof that certain elements 
underwent degradation into carbon when exposed to the 
concentrated pe of radioactive substances was still 
insufficient, but all possible precautions had been taken. 
In the evening the Society dined at the Hétel Métropole, 
when Sir William Ramsay announced that the Chemical 
Society had 2950 members. Sir Hugh Bell said that the 
study of chemistry was an admirable instrument of educa- 
tion, but mere messing about with test-tubes was no pred 
at all. Professor Meldola praised the munificence of the 
City Guilds for technical education ; and Professor Miers, 
Principal of the University of London, raised a warning 
against the dangers of specialisation ; he regretted that 
rs were often read in such a way that the author 
alone could understand them, 
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TYPES OF WARSHIPS OMITTED IN RECENT 
PROGRAMMES OF NAVAL CONSTRUC- 
TION.* 


By the Right Hon. Lorp Brassry, G.C.B., D.C.L., 
Past- President. 

I HAvE had the honour of being invited to open our 

roceedings with a short paper on shipbuilding for the 
Navy. At the present time, when public attention is 
keenly directed to naval affairs, and some anxiety is felt 
as to our naval position, your Council desires that our 
shipbuilding policy in its technical aspects should be dis- 
cussed by members of your Institution. 

It is an obvious remark that it isin vain that Parliament 
should vote lavishly for the Navy if the money is ill- 
spent. In the latest edition of his work on ‘‘ Fortification,” 
in words which may appropriately be quoted, Sir ——- 2 
Sydenham Clarke recalls the enormous waste of many ill- 
designed vessels which have been built for the British 
Navy. He rightly insists that if the errors of the past 
are to be avoided in the future, it can only be by 
‘supreme care and unwearying study in directing ship- 
building policy.” 

In preparing a paper dealing with technical questions 
of extreme diffieu ty and complexity, which is to serve as 
a target to the skilled gun-layers of this Institution, the 
layman is bound to entrench himself behind leading 
authorities, as well naval as professional. In recent years 
official pronouncements have been few. We have had no 
information from committees on designs. The statements 
and minutes of First Lords give us the considered judg- 
ments of their naval advisers. Balanced arguments are 
not presented. It is wise on the part of those in respon- 
sible administrative positions to refrain from giving occa- 
sion for doubt or question. Happily for the present pur- 
pose, many distinguished naval officers and naval writers, 
unfettered by the trammels of office, have in recent years 
stated their opinions in publications of the highest merit. 
Few readers can claim to have kept pace with the full 
flow of naval literature. I may enumerate, among writers 
to whom I am specially indebted, Admiral Sir Cyprian 
Bridge, Admiral Sir Reginald Custance, Captain Mahan, 
Sir George Clarke, Sir William White, M. Charles Chau- 
met, Rapporteur of the Committee of the French Cham- 
ber of Sieniies on the Naval Estimates, and the able 
contributors to the Naval Annual and the Annual pub- 
lished by the Navy League. 

In considering programmes of construction, battleships 
stand first in order. Those now building for every mari- 
time Power are of the Dreadnought type. 

Unanimity of professional opinion in relation to con- 
struction is weighty, though perhaps less conclusive than 
some may think. = a paper contributed to the last issue 
of Jane’s ‘‘ Fighting Ships,” Colonel Cuniberti, the emi- 
nent Italian constructor, has some interesting observa- 
tions on the influence of the imitative sense on contem- 
porary shipbuilding for the purposes of war. ‘The 
needs,” he says, ‘‘of every country differ. Their con- 
structors build types almost identically the same... . 
The number of experts scattered about the world who, 
with pencils in their hands, are designing ships, is small. 
Some of these, certainly, whilst having one eye on their 
own design, have the other turned to the drawing-board 
of their opposite number.” Unanimity has been reached, 
not as the result of independent investigation, but by 
imitation of British designs, 

These remarks are not made in disparagement of the 
Dreadnought. To the British Admiralty belongs the 
credit of producing the first specimen of a new class of 
battleship, showing a marked advance over all preceding 
types in speed and in guns of the heaviest callie The 
coal-endurance is sufficient for ocean passages. Occasions 
may arise in naval warfare when superiority in speed and 
big-gun armament might decide the issue. It is necessar 
to —_— a preponderance for the British Navy in Dread. 
noughts. . 

It is not inconsistent to contend that other types beside 
the Dreadnought are of great value for the line of battle. 
We see in recent naval construction a continuous increase 
in dimension and in cost. 

Displacement. Cost (including guns). 
‘ons. £ 


Lord Nelson _...._- 16,500 1,654,098 
Dreadnought ... 17,900 1,813, 100 
Téméraire .. 18,600) Not given in Navy Esti- 
St. Vincent 19,250 }mates. In round figures 
Neptune ... ... 20,000 possibly 2,000,000/. 


The latest battleships designed for Germany, the United 
States, and Japan are ships of 20,000 tons. 

In his recent volume on Naval Administration, Captain 
Mahan insists on the objection to continual increase of 
dimensions :—‘* When a certain speed has been attained, a 
small increment must be purchased at a very great sacri- 
fice. What shall the sacrifice be? Gun power? Then your 
vessel, when she has overtaken her otherwise equal 
enemy, will be inferior in offensive power. Armour? Then 
she will be more vulnerable. Something of the coal she 
would carry? But the expenditure of coal in ever-in- 
creasing ratio is a vital factor in your cherished speed. If 
you can give up none of these things} will you increase 
the size? . . . Will you have smaller numbers with larger 
individual power? Then you sacrifice power of combina- 
tion.” 

There are considerations in connection with armaments. 
“The main instrument,” says Sir Cyprian Bridge, ‘is 
the gun, and it is its fire that has to be concentrated. If 
the ships are distributed at suitable intervals, the enemy’s 
return fire must be either divergent or be only imper- 
fectly concentrated. . . . The mounting of very heavy 





* Paper read before the Institution of Naval Architects, 
March 31, 1909, 





armaments in single ships reduces numbers... . This 
constitutes an obstacle to the desirable tactical disper- 
sion.” So, too, Sir Reginald Custance. In his chapter 
on the Battle of Tsushima, the gallant author shows how 
“the fire of sixty-three guns was concentrated on the 
leading ships of the Russian line. Shells rained on their 
decks. They were enveloped in a sheet of flame. The 
great principle of dispersing the guns to concentrate 
their fire was emphasised and confirmed.” 

With incréase of dimensions we have not secured in- 
vulnerability. It is not possible to protect the whole 
area of side above water with impenetrable armour. In 
the war in the Far East the mine was a deadly weapon. 

If we were creating a new navy for the defence of the 
British Empire, it would be desirable to lay down a pro- 
portion of ships of moderate dimensions. We are relieved 
of this necessity. We have, as Mr. McKenna has said, 
a mighty fleet of ships earlier than the Dreadnought. 
The forthcoming volume of the * Naval Annual” will 

ive a list of forty-four British battleships. Classing the 

rd Nelsons for the time being as Dreadnoughts, we 
have no less than thirty-eight other ships, of which the 
oldest was launched in 1894. Collectively, these ships 
carry 144 12-in. guns, eight 10-in. guns, thirty-two 9.2-in. 
guns, twenty-eight 7.5-in. guns, and 428 6-in. quick- 
firers. They are heavily armoured. Speed, 18 to 
knots. With brave and well-trained men behind the guns, 
and under the command of captains reared in a service 
which has no record of failure, we have a fleet of vessels 
which well answer in these later days to the two-deckers 
of the glorious past. 

It is not necessary to dwell on the armoured cruisers. 
The type has disappeared from the latest programmes of 
construction. Kqual in dimensions and in cost, with a 
slight inferiority in armament and armour, but with a 
steaming power equal to 25 knots at sea, the four ships 
of the Invincible type, and the Indefatigable, should cer- 
tainly be included in the Dreadnought class in any com- 
parison of naval strength. Armoured cruisers cost as 
much per ton as battleships. Our appropriations to 
cruiser construction have not been approached under any 
other naval administration. In the view of many naval 
authorities it would have been well to have spent less on 
armoured cruisers and more on battleships. 

The large protected cruisers are the least effective of all 
the ships on the British Navy List. It is a waste of public 
money to keep such ships as the Powerful and Terrible 
in commission. They carry large crews. They are too 
vulnerable to be reckoned as fighting ships. 

It remains to refer briefly to the inshore squadron. 
The Dreadnoughts are essentially ships for the open seas 
—beyond the range of the to o, and free from the 
danger of the floating mine. In narrow and shallow 
waters, in the southern part of the North Sea, with all 
lightships and buoys removed, navigation would be 
hazardous in the extreme. At night and in thick weather 
the torpedo would become a most formidable assailant. 
The gun is a useless weapon against an invisible foe. 
The naval experience and professional skill which have 
ge “sar our noble fleets for the open waters should now 

directed to the creation of a type specially designed 
for the inshore squadron. 

We are strong in destroyers and submarine boats. 
The Monitor, the armoured ram, as designed by Admiral 
Ammen, U.S.N., and the protected torpedo-vessel, as 
exemplified in our own Polyphemus, are types of a past 
era, but which might still be found effective in modern 
warfare. 








THE VIBRATIONS OF SHIPS. 

The Vibrations of Ships and the Use of a Dynamical 
Model for Determining the Etasticity of Ships.* 
By Professor J. B. HenpErson, D.Sc. 

Part I. 

Tur Exasticity oF Suips As DepucED FROM EXPERI- 
MENTS ON THE VIBRATION OF DyNAMICAI MODELS.t 
THE experiments recorded in the following pages form 

part of some experiments on vibrations of elastic struc- 

tures carried out during Sessions 1906-7 and 1907-8 in the 

Engineering Laboratory of the Royal Naval College, 

Greenwich, by some of the third-year students. To the 

zealous perseverance of Messrs. E. B. Harries, F. L. 


Mayer, and A. W. Watson (now all members of the | used 


Royal Corps of Naval Constructors) belongs the credit 
of overcoming the experimental difficulties, and of carry- 
ing out the experiments on the model of the first ship ; 
the experiments on the second ship were carried out 4 
Messrs. J. Coote, W. B. Hugman, and T. L. Mathias, 
and were also brought to a successful issue. 

The first set of experiments was undertaken with the 
view of verifying the theory of the vibration of uniform 
rods. A steel straight-edge of rectangular section, 36.1 in. 
by 3 in. by 0.45in., weighing 14 Ib., was supported at two 
nodes and vibrated electro etically, as shown dia- 
grammatically in Fig. 1. The electromagnets were placed 
alternately above and below the bar, and therefore forced 
it to vibrate in a definite mode ; and the current to the 
magnets was ‘‘ made” and ‘‘ broken” by the vibration of 
the bar itself, just as in an electric bell. The frequency of 
vibration of the bar was measured stroboscopically ; and, 
although several arrangements of stroboscope were used, 
only the final one will be described. It the great 





* Paper read before the Institution of Naval Architects, 
March 31, 1909. 

_+ The writer has not the facilities at hand for making a 
bibliography of former i. on the vibration of shi 
but he is acquainted with the excellent work on the 
subject done by Mr. A. Mallock, Mr. Robinson, Herr 
Otto Schlick, Mr. Yarrow, and others, as recorded in the 
Transactions of this Institution, 








advantage over the others that the experimenter sees at 
once whether the stroboscopic dise is going too fast «; 
too slow for synchronism, and can adjust it accordingiy. 
thereby ensuring a very high order of accuracy in deter. 
a the frequency. Fig. 2 shows the arrangeme:: 
The short-focus lens L, which is fixed to the vibrating 
bar B, forms a small i of the stroboscopic disc in 
front of the objective of the low-powered microscope \| 
The microscope is focu on the i of the top « 

bottom edge of the slots in the disc. e@ strobosco} i: 
disc is driven by a direct-current motor, and the speed 

the motor is measured by a revolution counter mount] 
directly on the spindle. With this arrangement of stro 
scope, when the disc is rotating at synchronous speed 

i.e., one slot crossing the field of view in one period of the 
bar’s vibration—the experimenter, on looking through thie 
microscope, sees the edge of a disc whose periphery his 
a wavy form. If the speed of the disc is double the 
synchronous speed, then one sees two such discs supe: 
— with the edges differing in phase by half a wave 
ength, and so on. Of course it is necessary to exclude 
all direct illumination from the image of the disc. 
If the speed is slightly above or below synchron- 
ism, the waves appear to move to the right or left, 
according as the speed deviation is in one direction or thi 


20 | other, and the experimenter has no difficulty in main- 


taining the same wave continuously in the field of view 
for five minutes at a time, if he has at his command a 
sufficiently fine adjustment on the s of the motor. 

Experiments were carried out with the bar vibrating in 
its fundamental mode, and in its first, second, and third 
harmonics, with 2, 3, 4, and 5 nodes respect‘vely in the 
length. The positions of the nodes were obtained by 
scattering sand on the upper surface, and the two 
supports were always placed so as to coincide with two 
nodes. 

The results of the experiments are given in the table 
below, which shows also a comparison between theory and 
experiment. 





———— 
| Frequency of Vibra- | Distance of Nodes from Nearer 
‘tion. Complete Periods, End, measured in Fractions 








No. of | per Second. of the Length. 
Nodes. hal 
| 
Experiment. Theory.) Experiment. Theory. 
_— 72.25 | -72.3 | 0.224 loom 
3 200 | 201 | 0,130, 0.5 0.1321, 0.5 
4 394 394 0.094, 0.358 0.0944, 0.3558 
5 649 651 


0.073, 0.277, 0.5 0.0735, 0.277, 0.5 





VIBRATIONS OF SHIPS. 

The vibrations of the uniform bar having shown a satis- 
factory agreement between theory and experiment, and 
the apparatus being ready for the study of the vibrations 
of any elastic structure, it was decided to obtain the 
periods of vibration of a ship by means of her dynamic 
model, as was done by Mr. A. Mallock. By a dynamic 
model is meant a beam or girder which has a load curve 
similar to the load curve of the ship, and a curve of 
moments of inertia of sections about the neutral axes 
similar to the corresponding curve for the ship. The scale 
for the load curve does not require to be the same as the 
scale for the moment-of-inertia curve. 

The period of vibration of a beam will depend on s, the 
stiffness of the beam in bending (which is proportional to 
I E) on p, the mass of unit length, and on /, the length of 
the beam. Writing 

T a 8? pir 


and equating the dimensions of the two sides, we find 
(since s has the dimensions ("a ) 


p= —4,q =}, andr = 2, 


a n/# e,/ M 
te Ik 


We might have obtained this equation from the mathe- 
nctiadl cenmtieae of motion, or from the final solution of 
these for the period of vibration in any mode of vibra- 
tion ; but it is simpler to deduce it from the fundamental 
conceptions of the physical phenomena, although the 
application of dimensional methods has to be carefully 
Hence, writing large letters for the ship and small 
letters for the model, we have the ratio of the two periods 


given by 4 ae 
oe M ji C 
t PN WN IE 


Hence, if we know the periods of both ship and model, 
we can deduce the elastic properties of the ship ; or, if 
we assume E for the ship, we can calculate the period of 
the ship from that of the model. 

H.M.S. Pathfinder was chosen, for which the curve of 
weights had been worked out with great accuracy, and 
for which the curve of moments of inertia of a number of 
different sections had also been calculated. She is a scout 
of about 3000 tons displacement. The condition of lading 
corresponded to the bunkers being about half full of coal. 

A dynamic model of the ship was made from a bar of 
steel of uniform thickness, 48 in. long, # in. thick, th« 
breadth being varied so as to give the correct relative 
moment of inertia for every section. Since the moment 
of inertia of the section is simply proportional to the 
breadth, it is sufficient to make the breadth directly pro- 
portional to the ordinates of the moment-of-inertia curve, 
in order to have the beam to scale as regards the stiffness. 
The scale of loads is then fixed by the section which has 
minimum ratio of load to moment of inertia, since at this 
section we want the weight of the bar itself to represent 
the load, and at all other sections we can add lead weights 
to bring up the mass of unit length to the corresponding 
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amount on the ship. Thirty lead weights were necessary 
to bring the 1 to correspond with the load curve of 
the ship, and these were soldered to the bar. It was 
anticipated that soldering these masses of lead over a con- 
siderable portion of the length of the bar would stiffen it 
considerably ; but experiments made with the lead con- 
tinuous, and also with it cut up into very short lengths, 
showed no marked alteration in the period of vibration. 
Hence the lead cannot contribute to the stiffness to any 
appreciable extent. os re! 

The scale of weights was found by weighing the finished 

model, and the ition of the centre of gravity of the 
model was found to be less than 0.25 per cent. of the 
length of the model from the correct position as calculated 
in the ship. 
f In a to force the bar to vibrate by means of electro- 
magnets placed alternately above and below the bar, the 
lead weights had to be 
length above the bar, and at other parts below it, so that 
the magnetic pull might come directly on the bar with as 
small an air-gap as ible, and with no lead between 
the magnets and the oat Sufficient vibration was always 
obtainable to determine the nodes, whether the supports 
were near or far from them ; but, in the determination of 
the frequency, the —— were always moved so as to 
coincide with two nodes. | : : . 

Experiments were carried out with the model vibrating 
with two and also with three nodes in the length, and the 
results are given in the following table :— 

Vibration of the Dynamic Model of H.M.S. Pathfinder. 


l | ; 
Number of | Frequency—Complete peactione of the Length 
Nodes. Periods per Second. | from the Bow. 





2 | 81.8 0.280, 0.728 
3 | 194 0.179, 0.515, 0.832 


great 











(noe) 


The frequency of the model with three nodes is 19 per 
cent. greater than double the frequency with two nodes, 
but 14} per cent. less than it would be if the periods fol- 
lowed the same law as in the uniform bar. 

If the modulus of elasticity of the ship were equal to 
the modulus of the bar, the scales of the ship and model 
are such that the frequency of the ship would be 127 per 
minute. Unfortunately, no pall ph records are avail- 
able for this ship, but I am indebted to the Admiralty 
and to the officers of the ship for carrying out some ex- 
periments on her vertical vibrations. They report that 
the frequency of vertical vibration is 106 per minute when 
the engines are running at 100 revolutions per minute. 
Hence the modulus of the ship must be less t that of 
the model in the ratio— 

( nes y= 0.70, 
127 
t.c., 80 per cent. lower. Taking E for the model as 


30 x 198 Ibs. wt. 
: ss in? 
gives E for the ship as 
a1 x 196 Ibs. wt | 
in.? 


VIBRATIONS OF TURBINE-STEAMER. 

The first set of experiments having been carried out on 
the model of a gunboat, it seemed desirable to repeat the 
experiments with another t of ship, and preferably 
with one whose period of vibration hed bom accurately 
determined, The writer is very much indebted to Messrs. 
John Brown and Co., and the joint managing directors, 
Me ~s. Charles E. Ellis and J. G. Dunlop, for the data 
regarding the turbine-steamer Lusitania, which enabled 
her model to be constructed, and also for the pallograph 
records of her vibrations at sea. The dynamical model 
. nude 48 in, long, # in. thick, and with a maximum 
reedth of 5.1 in. 

‘results of the experiments are as follow :— 


Vibrations of Model of Turbine-Steamer. 





| 
vumbe ‘Freq “ ‘ Positions of Nodes from 
mer * ae a ane) Bow, in ns sana the 
5 igth. 





: Zs 0.26, 0.76 
0.153, 0.53, 0. 
: 182 | 53, 0.58, 


The prey by the model, according to the ecales fi 


chosen, should be 58.4 times the frequency of the ship 


soldered at some parts of the | than 


Hence - or moduli the fundamental frequency of the 


ship shou 

72.5 _ 1.244 74.6 

58.4 sec. min. 
The actual frequency of the ship is 65 per minute ; hence 
the ratio of the elasticity of the ship to that of the model 


is 5 
65 7a 
——- } 2 Q@76l, 
(ra ) ; 
or the elasticity of the ship is 24 per cent. less than that 
of the model. This gives a value of E for the ship of 


23 x 196 Ibs. wt. | 
in.? 

This value is greater than was obtained for the Path- 
finder, but the plating in the scout is very much thinner 
that in the liner. Thin plates are, as a rule, more 
buckled than thick plates; and, since the buckles 
straighten out when a pull stress comes on them, the 
thin plates must give a non modulus in vibration than 
the thick plates, because, when a plate straightens under 
pull stress, it is equivalent to an increase of strain for the 
mee “chdent be raised h f 

An objection may be rai against the comparison o 
ship and model in that the model vibrates freely in 
air, while the ship vibrates in water, and has its vibra- 
tion considerably damped. We are — how- 
ever, with the forced vibrations of the ship, due to a 
periodically applied force arising from rotation of the 
screws or other machinery on board, and such fo’ 
vibrations, when damped, always reach their maximum 
amplitude if the periodicity of the exciting disturbance 
agrees with the natural free period of the vibrating struc- 
ture. In ships the amplitude of vibration is, as a rule, 
a unless there is approximate equality in the 





period. 
In addition to its damping effect on the vibrations the 


Fig. 3. 





Part II. 
Tur Causes oF VIBRATION IN SuHips, AND THEIR 
Location BY MEANS OF PaLLoGRAPH ReEcorDs. 

A pallograph record of the vibrations of any ship gives 
us information regarding the natural periods of vibration 
of the ship and the frequencies of revolution of the screws ; 
but it is, as a rule, difficult to locate the exciting cause 
of the vibration, unless there ha to be some simple 
relation between the iqruenet of a screw and the natural 
> ce of the ship. is will, however, rarely happen, 
and the exciting cause can only be located by a of 
deductive reasoning from our knowl of all the ex- 
citing causes which may be present. Every portion of 
an elastic structure may vibrate with a natural period of 
its own if there is a local exciting impulse of about the 
same frequency ; but these local tremors may sometimes 
be the exciting cause of the ship’s vibration if the periods 
of the two should happen to agree. , 

A stretched string, as in a violin or pianoforte, will 
vibrate in unison with a tuning -fork of the same fre- 
quency sounded in its neighbourhood. It will also vibrate 
in unison with a tuning-fork of double, treble, or n times 
that frequency, the string then having 1, 2, 3, or n nodes 
in its length. A bar, however, while it will vibrate in 
unison with a tuning-fork having the same frequency as 
the bar, will not vibrate in unison with tuning - forks 
having the harmonic frequencies. The reason for this lies 
in the fact that the frequencies of vibration of a string in 
its different modes are in the simple ratios of 1, 2, 3... », 
while those of a uniform free bar are approximately in 
the ratios of the squares of the odd numbers—3?, 5*, 7%, 
&c. The frequencies of vibration of a structure such as 
a ship in its different modes cannot ibly follow a 
simple rule, and cannot be calculated ; but the vibrations 
having been excited in the ship and recorded on the 
pall ph, it lies with us to analyse all the exciting 
sme eg and to find out which of these has a harmonic 
having the same frequency as the vibration. 
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water has another effect, especially when the period of 
vibration is very slow, for then the water will move in 
stream-like motion backwards and forwards along the 
bottom past the nodes, as one portion of the ship rises 
and the neighbouring portion sinks. This mass of moving 
water is equivalent to an increase of the mass of unit 
length of the ship, and would tend to raise the values of 
E, which we have deduced for the ship. The more rapid 
the vibration the less must this effect be. Experiments 
show that the virtual mass of a body rotating in a fluid is 
very much less than the virtual mass of the same body 
moving through the fluid, and we would anticipate that 
the virtual mass in vibration would be still less than in 
rotation. It is important to remember that this effect is 
present, although of small magnitude, and that its influ- 
ence would be to raise the value of E. It would probably 
have no ter influence than the quantities which are 
neglected or allowed for roughly in the calculation of the 
moments of inertia of the ship. 

In calculating the moments of inertia gh pre is to 
neglect the wooden decks, or sometimes to add ¥ of their 
thickness to the steel decks below them. This was done in 
the case of the Pathfinder. In strength calculations the 
wood of the deck would only contribute to the strength 
of the ship in sagging, and not in hogging; but in 
vibration it would always contribute to the stiffness, 
since the fastening between wooden and steel decks is 
quite sufficiently ge LH take the small shear stresses 
introduced by the vibration. It is also customary to 
neglect the intercostal girders in calculating the moments 
of inertia. These girders may not contribute much 
strength to the weakest sections of the ship, but they 
certainly contribute to the stiffness of the ship as an 
elastic structure. Hence the values of I in the usual 
moment of inertia curve are too low for vibration expe- 
riments. We ought therefore to increase the ratio of I 
to «, which would reduce the value of E for the ship. 
Hence this omission varies E in the opposite sense to 
that in which the inertia of the water would vary it. 
Lastly, it may be observed that the elasticity in vibration 
is the kinetic or adiabatic elasticity, while the value of E 
taken is the isothermal or static modulus. The connec- 
tion between the two was given many years ago by Lord 
Kelvin, and ee ibie tor biol amounts only to a 
per cent., is nm ible for practi t is t 
writer’s opinion that the method here — teen of vibrat- 
ing a dynamical model of a ship, bridge, or other elastic 
structure forms a convenient ical method of deduc- 
ing the period of vibration of the structure itself, and 
w that period has been experimentally obtained it 
‘orms a convenient method of ob ng further informa- 
tion regarding the elasticity of riveted structures, 
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The idea of analysing an impulse may be new tosome. 
If a periodic impulse is due to, say, a rotating crank- 
shaft out of balance, it is of sine form, and has no har- 
monics ; but if the periodic impulse is of the hammer- 
blow type, it is very rich in onics, and can, by 
Fourier’s analysis, be analysed into a series of sine im- 
meg whose uencies are in the ratios 1, 2,3... n. 

hus a periodic mer-blow is equivalent to a series of 
shafts out of balance revolving at frequencies i er 
times the frequency of the hammer-blow. It is evident, 
then, that, altho: the frequency of the blow may not 
agree with the natural frequency of the ship, the fre- 
quency of one of the harmonics may agree with it. 

The various periodic impulses which are applied to a 
ship may be summarised as follows :—(1) Inertia forces 
due to reciprocating masses in the main engines or 
auxiliaries. (2) Inertia forces due to want of balance in 
the rotating masses. (3) itudinal or transverse vibra- 
tion of any portion of the ship’s structure due to a local 
—! cause, such as the longitudinal vibration of the 
mast when used for a boat - hojst or derrick, the whirlin 
of a shaft, &c. (4) The reactions on the ship correspond- 
ing to the periodic pulsations of speed in the crank-shaft. 
(5) Insufficient clearance between the blades of the screw 
and the ship’sside or A-bracket, so that the flow of water 
to the blade nearest the ship is restricted, and the — 
thereby reduced. The torque is then unsymmetrically 
applied to the propeller, with the result that there is a 
reaction on the propeller bracket or stern tube. In the 
case of a single screw, this reaction would be in the hori- 
zontal plane, and would tend to excite horizontal vibra- 
tions ; but in the case of multiple screws the reaction 
would generally be in a plane inclined to the vertical, and 
would tend to excite both horizontal and vertical vibra- 
tions. (This reaction, if due to horizontal ‘s le” 
brackets, would be vertical ) (6) With multiple screws 
running at different speeds, the fundamentals or har- 
monics in the impulses under heading (5) will periodically 
** beat,” nding to the beats in music when two 
notes, slightly out of tune, are sounded together. These 
beats may give rise to low-frequency vibrations. (7) Sea- 
waves. 

The vibrations due to rotating or reciprocating masses 
out of balance would, as a rule, be easily recognisable b 
the agreement of the periods, The impulses to whic 
such manete aire rise will be almost simple harmonic in 
character, and will be of the frequency of revolution, or 
Ftp cmeegls te kaden wader tection th 

the connecting- im er 
could be obtained by an analysis of the eomak-ellart 

iagram, and it may be noted in carrying out such an 
ysis that any impulse which is symmetrically positive’ 
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and negative when plotted as a function of time can have 
no even harmonics. The graphic method of analysis is 
vey easily carried out. } 

Under heading (3) will fall all vibrations due to the 
natural vibration of the tail-shaft. We haveseen that this 
shaft is subjected to periodic pulsations every time a pro- 
peller-blade passes close to the ship; hence, if this fre- 
quency corresponds with the frequency of lateral vibrations 
of the tail-shaft loaded with the propeller, the shaft will 
vibrate very considerably. ‘The natural period of vibra- 
tion of the loaded shaft is its period of whirling, which is 
easily calculated. Hence a shaft with a three-bladed 
propeller will vibrate considerably when revolving at one- 
third of its whirling 5 , and with a four-bladed pro- 
peller at one-fourth of its whirling speed. In analysing 
vibrations it will therefore be advisable to calculate the 
whirling speeds of the tail-shafts. Under heading (4) we 
should also have to consider the natural period of vibra- 
tion of each bracket loaded as it is with the propeller and 
a portion of the tail-shaft. Since it is subjected to the 
same periodic pulsations as the propeller, it will vibrate 
considerably if. these pulsations correspond with«its own 
natural frequency. There may be other portions of the 
structure round the stern which are also capable of vibrat- 
ing in unison with these impulses, but the calculation of 
their natural periods would not be easy. 

Let us now apply these considerations to an actual case. 
The writer is indebted to Mr. W. J. Luke for a pallo- 
graph record of the Lusitania. The record shows inter- 
mittent vibrations of small amplitude both of low and 
high frequencies, but during one experiment while the 
ship was turning, the low-frequency vibration was of 
considerable amplitude, and was well sustained for over a 
minute. A portion of this record is reproduced in Fig. 3. 
There must have been during that interval of time a 
—— pulsation corresponding with the fundamental 
requency of the ship’s structure. This pulsation could 
only arise from the propellers, since the ship is turbine 
driven. Careful measurement of the pallograph record 
gives the following data :— 


Frequency of Vertical Vibration of Ship = 64.1 per 





Minute. 
Revolutions per Frequency of Propeller 
Minute. Blade Impulses. 
Propeller No, (1 es 145.5 | 436.5 
” ft — de 161.2 | 483.6 
” oo CP oes 143 429 
” oo Ae 152.2 456.6 





The frequency of propeller-blade impulse is about seven 
times the frequency we are looking for, and if it were 
exactly seven times we might conclude that we had 
loca the cause, because any impulse whose frequency 
is an odd harmonic of the natural frequency of the bar 
will excite the fundamental vibrations in the bar. For, 
if we consider the fundamental and, say, the third har- 
monic, their relationship is shown in Fig. 4; and it will 
be noticed that, during each half-period of the funda- 


Fig. 4. 
a 
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mental there is an odd impulse in the third harmonic, 
and these odd impulses being alternately positive and 
negative are just so timed as to excite the fundamental 
vibration. Of course, if the bar could vibrate in unison 
with this third harmonic impulse, it would do so ; but, 
since it cannot, it vibrates in its fundamental mode. Any 
even harmonic impulse has the same number of positive 
and negative impulses in each half period of the funda- 
mental, and it cannot, therefore, excite the fundamental 
vibration. 

Frequency of Beats between the Various Harmonics of the 
Propeller Impulses. 


Harmonics. 


(Fund 9 |g 4 | 5 











mental.) | 6 7 
Propellers 1 and 2 47.1 94.2) 141 188 | 235/283 330 
” 1» 8 7.5 15 22 30 | 37) 45 5&2 
” Digg 20.1 40.2 60 80 | 100/120 141 
” 8» 8 54.6 109.2 165 218 | 273/327 382 
” 2, 4 27 o4 81 108 | 135) 162 189 
3 4 27.6 5b 


83 =: 110 | 138) 165 198 





Frequency of the odd 
harmonicsof the vibra-| ; 64.1 
tion & “3 LAS 
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| 192. | 820) .. | 449 











We see that the agreement between the fundamental 
propeller impulse all the seventh harmonic of the vibra- 
tion frequency is not sufficiently close to account for the 
large amplitude of vibration, therefore we must look else- 
where for the cause. Let us examine the ‘‘ beats” between 
the impulses of the four screws. 

The bottom line of the table contains the frequency of 
the odd harmonics of the vibration frequency, and any im- 
pulse having the same frequency as one of these har- 
monics will help to excite the fundamental vibration in 

uestion. Let us compare these numbers with those in 
the table above them. We find no absolute agree- 


ment, but we find several which are sufficiently close to 
account fora vibration lasting, say, a quarter of a minute. 


64 and 60 beating 4 times per minute. 
192 ,, 188 BA 4 a 
192 ,, 189 _,, 3 5, ” 
192 ” 193 ” 1 ”” ” 

It is probably the last two which are the predominant 
factors in exciting the vibrations—namely, the seventh 
harmonics in the propeller impulses of screws 2, 3, and 4. 

Almost every part of the pallograph record shows 
intermittent vertical vibrations of a much higher fre- 
— and of small amplitude. Selecting a portion of 
the record where they lasted for 5 seconds, we find 41.5 
periods in 5 seconds—1t.c., a frequency of 8.3 per second, 
or 498 per minute. The corresponding frequencies of revo- 
lution of the screw were :— 





Revolutions per Frequeney of Propeller 





Minute. lade Impulses. 
Propeller 1 .. sof 167 501 
” S w oot 164 492 
a ci evie avd 158 574 
” er e- 166 493 


It is evident that this vibration is directly due to the 
propeller impulses, since the frequencies a: , and the 
intermittent character of the vibration must be due to the 
interference of the impulses from the four screws. If 
all four screws rotated in the same phase and at the same 
speed, this vibration would be greatly magnified. At 
certain times they will all rotate in the same phase, 
and then the vibration will be a maximum; but this 
cannot last for more than a few seconds unless the speeds 
of revolutions are all equal. That these are forced vibra- 
tions is evident from the fact that they occur with the 
same frequency in the record of horizontal vibrations. 
This record shows these vibrations very angular in 
character, such as we would expect in forced vibrations, 
and the approximate sine form of the corresponding 
vertical vibrations may be accounted for by the frequency 
a ing more closely with one of the natural frequencies 
of vertical vibration than with one of the horizontal 
frequencies. By varying the speed of the screws these 
natural frequencies could all be obtained. 

In one of the Mauretania’s pallograph records which 
the writer has examined there is a very pronounced inter- 
mittent vibration in both the vertical and horizontal 
planes, of frequency 9.7 per second, or 582 per minute. 
The screws were running at 193, 194, 193.2, and 194.5 
revolutions per minute, and the frequencies of blade im- 
pulses were 579, 582, 579.6, and 583.5, so that these 
vibrations are undoubtedly forced vibrations due to the 
propeller impulses. 

e@ same record shows intermittently a low frequency 
horizontal vibration of 6 periods in 4.25 seconds, or 84 per 
minute, lasting for 10 or 15 seconds at a time. From its 
sine form we conclude that it is a natural period of hori- 
zontal vibration of the ship. If, as in the Lusitania, 
we try the beats, we see that the highest frequency of 
beats in the fundamental is only 4.5 per minute; hence 
we should have to go to the 18th harmonic to get a 
frequency of 84. We must therefore look elsewhere for 
the exciting cause. It will be noticed that the seventh 
harmonic of the vibration would have a frequency of 588 
per minute, which is very near the frequency of the pro- 
peller blade impulse, and so we have here a case of a 

riodic impulse exciting vibrations of one-seventh the 


uency. 
"We hoe thus accounted satisfactorily for all the vibra- 
tions of any magnitude which are measurable on the pallo- 
graph records of these two ships. The intermittent 
absence of vibration in this or any other screw steamer 
must not be attributed to the absence of periodic im- 
pulses, but simply to the interference of the periodic dis- 
turbances due to the several screws. 





Ketty’s Customs TARIFFS OF THE WorLp, 1909.— 
London : Kelly’s Directories, Limited, 182-184, High Hol- 
born, W.C. This is a volume of over 900 pages of closely- 
printed matter, giving the tariffs of all the countries of 
the world. It has been brought as near to date as pos- 
sible with such a publication, but the latest French tariff 
was not far enough advanced to be included at the time 
of compilation. e changes that took place in tariffs 
during the year have been considerable, and have neces- 
sitated a great deal of revision in this work, which should 
be of great service to firms doing business abroad. The 
tariffs are reproduced practically as drawn up, but an 
index to countries is provided at the commencement of 
the volume, while at the beginning of each country’s 
section an index to‘articles is given, thus enabling any 
particular item to be quickly turned up. 





CanapiAN Etecrric Rattways.—The length of electric 
railways in operation in Canada at the close of last year 
was 992 miles, as compared with 8144 miles at the close of 
1907. The capital invested in Canadian electric railways 
stood at the close of June,-1908, at 87,903,231 dols., as 
compared with 75,195,475 dols. at the close of June, 1907. 
There were also floating debts outstanding at the close of 
June, 1908, to the extent of 5,363,320 dols., as compared 
with 7,567,025 dols. at the close of June, 1907. The ratio 
of the working expenses to the traffic receipts last year 
was 62.08 per cent., showing an increase of 0.83 per cent. 
as com with 1907. e net earnings last year were 
5,311,170 dols., ge an increase of 412,516 dols. as 
compared with 1907. The average return obtained upon 
the capital expended stood, accordingly, last year at 
6.04 per cent. Canadian electric railways carried last 
year 299,099;309 passengers and 732,475 tons of freight. 
Compared with 1907 these totals show increases o' 
26,099, 905 gers and 252,744 tons of wlan The 


NOTES FROM THE NORTH. 
5 Giascow, Wednesday. 

Glasgow Pig-Iron Market.—Last Thursday morning t}c 
pig-iron market was quiet and steady, and the only dea!- 
ing was a couple of Cleveland warrants at 46s. 7$d. one 
month. Closing sellers quoted 46s. 5d. cash, 46s. 8d. one 
month, and 47s. 14d. three months. In the afternoon the 
market was dead idle, but prices were almost unchanged. 
At the close of the session sellers of Cleveland warraits 
oe 46s. 44d. cash, 46s. 8d. one month, and 47s, 1). 
three months. On Friday morning the tone was fairly 
firm, but the total turnover only consisted of 2000 tons of 
Cleveland warrants at from 46s. 6d. to 46s. 44d. cash, and xt 
46s. 74d. one month. The closing quotations were : 4s, 5d, 
cash, 46s. 74d. one month, and 47s. 14d. three monthssellers, 
In the afternoon no dealing of any kind took place, but the 
tone of the market was rather firmer. Sellers of Cleveland 
warrants quoted 46s. 54d. cash, 46s. 84d. one month, and 
47s. 2d. three months. Hematite was quoted at 5s. 33d. 
cash sellers, but there were no buyers. On Monday morn- 
ing an improvement was evident in the demand for Cleve- 
land warrants, and prices advanced. The _ business 
amounted to 4500 tons at 46s. 74d. and 46s. 8d. cash 
46s. 84d. four to eleven days, and 46s. 11d. one month. 
The close was firm, with sellers quoting 46s. 84d. cash 
46s. 114d. one month, and 47s. bd. three months. 1000 
tons of hematite were done at 55s. 6d. one month, with 
buyers over at that figure, and sellersat 3d. more. Inthe 
afternoon the market continued strong, and Cleveland 
warrants advanced to 46s. 104d. and 46s. 11d. cash, 47s. 1d. 
and 47s. 2d. one month, and 47s. 6d. three months. The 
dealings amounted to 6000 tons, and closing sellers quoted 
46s. 11d. cash, 47s. 2d. one month, and 47s. 74d. three months. 
On Tuesday morning the market was a trifle irregular, and 
Cleveland warrants to the extent of 6500 tons were put 
through at from 46s. 11d. to 46s. 9d. to 46s. 10d. cash, 
at 46s. 94d. six days, and from 47s. 2d. to 47s. to 47s. 1d. 
one month, and at 47s. 64d. three months. Closing 
quotatious were 46s. 104d. cash, 47s. 14d. one month, and 
47s, 64d. three months sellers, and hematite was quoted at 
56s. one month sellers. At the afternoon session the tone 
was firm, and about 5030 tons of Cleveland warrants 
changed hands at 46s. 104d. and 46s. 11d. cash, 47s. 14d. 
and 47s. 2d. one month, and 47s. 7d. and 47s. 74d. three 
months. Sellers’ closing prices were up to 46s. 114d. cash, 
47s. 3d. one month, and 47s. 8d. three months. When 
the market opened to-day (Wednesday) a quiet tone pre- 
vailed, and the business consisted of two lots of Cleveland 
warrants at 46s. 10}d. cash, and 47s. 64d. three months. 
The session closed with sellers’ quotations a little easier 
at 46s. 11d. cash, 47s. 24d. one month, and 47s. 7d. three 
months. In the afternoon the market was quiet and un- 
changed, and the turnover was again limited to 1000 tons 
of Cleveland warrants at 46s. 11d. eight days. The 
closing quotations were 46s. 11d. cash, 47s. 24d. one month, 
and 47s, 74d. three months sellers. The following are the 
market quotations for makers’ (No. 1) iron :—Clyde, 
58s. 6d.; Gartsherrie, 5%s.; Summerlee and Calder, 
59s. 6d. ; loan, 68s.; and Coltness, 87s. 6d. (all 
shipped at Glasgow) ; Glengarnock (at Ardrossan), 
61s. 6d.; Shotts (at Leith), 59s. ; and Carron (at Grange- 
mouth), 61s. 6d. 


Sulphate of Ammonia.--The sulphate of ammonia 
market keeps quiet, and there is not much business pass- 
ing. Quotations are unaltered from last week, and for 
prompt delivery the price is 11/. 15s. per ton, Glasgow, 
and from 11/. 15s. to 11/. 17s. 6d. per ton f.o.b. Leith. 
The amount shipped from Leith Harbour last week was 
187 tons. 


Scotch Steel Trade.—No change has taken place in the 
conditions which have lately prevailed in the Scotch steel 
trade, and producers ae that specifications are still 
very scarce. Full employment is scarcely possible in 
any of the establishments, and little work is being ob- 
tained for the rolling-mills. Merchants continue to 
undersell the makers, and are said to be offering plates at 
5. 15s. per ton net. There is very little inquiry for ex- 
port, and structural material is still rather quiet. 


Malleable-Iron Trade.—The state of affairs in the 
malleable-iron trade of the West of Scotland is as bad as 
ever. Broken time exists all round, and the competition 
for both home and export orders is still very keen. Ex- 
port business is, in fact, almost at a standstill. 


Scotch Pig-Iron Trade.—The demand for both Scotch 
and Cleveland pig-irons has improved very much during 
the past week, and some good lines have been put through. 
Makers of Scotch ordinary iron have sold fairly large 
quantities for shipment to the Colonies as well as for 
both North and South America. The demand for home 
requirements has also increased considerably, and in some 
instances producers have fixed up almost their whole out- 
put for several months ahead. ematite continues to |e 
the subject of an active demand. 


Wages in the Iron Trade.—Mr. John M. MacLeod, 
C.A., Glasgow, has made the following intimation to 
Messrs. James C. Bishop and James Gavin, joint secre- 
taries of the Scottish i atadiomed toes Trade Concilia- 
tion and Arbitration Board :—‘‘In terms of the remit, | 
have examined the books of the employers for January 
and February, 1909, and I certify that the average realise:! 
net price at works brought out is 5/. 19s. 6,79d. per ton.” 
This means that no change will be made in the wages o! 
the workmen. 

Shipbuilding.—An order has been placed with Messr-. 
D. and W. Henderson and Co., Partick, for a first-cla:= 
cargo steamer, of about 7000 tons, by Messrs. Bell 


f| Brothers and M‘Lelland, oto Glasgow.—An 


important contract has lately been secured by Messrs. 
Russell and Co., Port Glasgow, for four large steamers. 








Thus we have— 





aggregate istance run by cars last year was 56,964,881 
miles, 


These vessels are for Messrs. Andrew Weir and Co., 
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Glasgow and London, and two of them will have a carry- 
ing capacity of 10,000 tons each, while the other two will 
each have a carrying ne of 8000 tons.—The engines 
for the steamer recently ordered from Messrs. Russell 
and Co., Port G w, by Messrs. Robert MacKill and 
Co., Glasgow, will be supplied by Messrs. David Rowan 
and Co., Glasgow. 

Association of Makers of Broad Hoops, dc., Dissolved. 
—For some time back friction has prevailed among the 
makers in Lanarkshire of broad steel hoops and narrow 
strips, and although several meetings were held in order 
to end the strife, nothing came of these, and the result 
was that it was finaJly decided to dissolve the Associa- 
tion. Each of the firms is now free to arrange its own 
selling prices, and severe competition is looked for. The 
Association has been in existence for a number of years, 
and consisted of eight firms. The principal buyers of 
broad hoops and narrow strips aré the tube-makers, and 
they are likely to benefit considerably by the break-up of 
the Association. Little new business has as yet been 
booked on account of the existence of contracts. 








NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 

Messrs. Cummell, Laird, and Co.—At the annual meet- 
ing of Messrs. Cammell, Laird, and Co., Limited, in 
Sheffield, Colonel Sidebottom, in moving the adoption of 
the report, said they would bear in mind that when last 
they met they had just been restored to the Admi- 
ralty and War Office lists of Government contractors. 
In consequence of not being on sooner, however, 
they most unfortunately lost a very considerable 
amount of orders which otherwise they might natu- 
rally have expected to obtain. This had undoubtedly 
handicapped them all through the year. Their total 
amount of orders this year was nearly one-third less 
than the average for the last ten years. With regard 
to Birkenhead, through missing the Government orders 
given out in the latter half of 1907, and the slack- 
ness of trade, the yard had been remarkably ompy of 
work, but was now Veginning to fill up again. The Fair- 
field Shipbuilding and Engineering Company and the 
Coventry Ordnance Works paid them much less than 
in previous years, but from both they had hopeful reports. 
The directors had nothing definite to announce to them 
that day with respect to a new chairman, but had good 
hopes that at an early date they would see in the public 
Press that a gentleman had accepted the position who 
was well qualified to discharge its various duties. Their 
board thought that prospects were decidedly better, and 
did not look with any despondency on the situation. 


Tron and Steel.—There is a continued weakness in the 
market for pig iron. The recent drop in Lincolnshire 
does not appear to have stimulated forward buying. It 
can hardly be anticipated that the market will be more 
favourable to consumers in the future, but the latter still 
show no disposition to come in. A change is looked for 
after the Birmingham quarterly meeting next week. 
Hematite prices have been somewhat cut recently, and, 
generally speaking, steel-makers are only buying raw 
material to cover immediate wants. The steel trade is 
still in a despondent condition, and complaints are 
general of the lightness and, comparatively speaking, 
unremunerative character of business. rrespective 
of the result of the present agitation for a bigger Navy, 
there can be no doubt that ere long the de ments de- 
voted to Government work will be busier. e output at 
present is very small, but the placing of orders for battle- 
ships and any accelerating of the new ships will give a 
strong impetus to trade in the East End, and the early 
future is being awaited with hope. Railway work is 
still quiet, but a fair business is doing in points and 
crossings, and other incidental requirements of tramway 
undertakings. The saw trade and business in high-grade 
steel wire are also fairly brisk. 


South Yorkshire Coal Trade.—The coal trade in the 
district continues in a fairly satisfactory position, though 
recently business at the dépdéts not been so brisk, and 
the last few days have seen a falling off in the demand for 
house qualities. The question of a reduction is y 
being mooted, but it is unlikely there will be any change 
until after the Easter Holidays. Pits have been working 
less regularly than for some weeks. Prices of best are 
Well inaintained, but cheaper qualities are easier. Best 
Silkstone makes 13s. to 14s, at the pits, and best Barnsley 
Softs 12s, 3d. to 12s. 6d. age ton. demand for steam- 


coal is somewhat variable, though a slight improvement 
is noticeable. The Baltic ports are still closed, and there 
is « surplus of coal on the market. Buyers are conse- 


quently having somewhat the better of matters. Gas- 
coal is moving freely, tenders ranging about 6d. per ton 
under last year’s rates. In the smaller grades of fuel 
there is little change, there being an active sale for the 
lary-y slacks and nuts, but smaller sorts are plentiful. 
Coke remains steady with a large supply in sight. 








NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 
MIvDLESBROUGH, Wednesday. 


Tie Cleveland Iron Trade.—The month closes with a 
Stealy and fairly satisfactory market so far as Cleveland 
Plz !ron is concerned. Towards the end of last week, and 
So for this week, a large business has m recorded in 
Clevcland pig, both home and foreign customers having 


pur iased pretty freely. An impression prevails that 
).\\nental buying will continue, and it is sincerely to 
he hoped this is so, for purchasing on foreign account has 
_ ear been delayed much longer than is usual, with 
the result that stocks have accumulated. One of the 
most unsatisfactory features of the market is the fact 





that the output of Cleveland pig continues in excess of the 
requirements, but it issomewhat cheering to notice that the 
absorption is a deal greater than it was, as is shown 
-/ the practically stationary production and the consider- 
ably lessened additions to the warrant stores. No. 3 g.m.b. 
Cleveland pig is firm at 47s. f.o.b: Some fairly good 
parcels have changed hands at that figure, which is rather 
a buyer’s than a seller’s price. Some sellers quote 47s. 14d. 
and 47s. 3d. No. 1 is fully 49s. 6d., and the lower quali- 
ties are firm. No. 4 foundry is at 46s. 3d., and No. 4 forge 
at 45s. 6d. East Coast hematite pig continues quiet, 
demand being still slack, and a lot of iron is unders 

to be now stored at makers’ yards. Nos. 1, 2, and 3 are 
kept by makers at 55s., but second hands are ready enough 
to sell at 54s. 9d., and some of them would no doubt ~ = 
even 54s. 6d. Spanish ore values are unaltered, but rather 
more inquiry is reported. Rubio of 50 per cent. quality 
is 16s. ex-ship Tees. Coke, though plentiful, maintains 
its value, average blast-furnace qualities being 14s. 9d. to 
15s. delivered here. 


Manufactured Iron and Steel.—There is not much new 
to report concerning the various branches of the manu- 
factured iron and steel industries. Rather better accounts 
are given as to the feeling existing in one or two depart- 
ments, and the giving out of specifications for some of 
the orders for shipbuilding material is somewhat cheering. 
Common iron are 6l. 15s. ; packing-iron, 5/. 10s, ; 
iron ship-plates, 6/. 7s. 6d. ; iron ship-angles, 6. 15s. ; 
iron ship-rivets, 7/. 3s. 9d. ; steel bars, 6/. 5s. ; steel ship- 
plates, 6/.; steel ship-angles, 5/. 12s. 6d. ; steel strip, 
61. 7s. 6d. ; steel hoops, 6/. 10s. ; and steel joists, 5/. 15s.— 
all less 24 per cent. discount. Cast-iron railway chairs are 
31. 10s. ; cast-iron columns, 6/. 10s.; light iron rails, 67. 10s. ; 
heavy steel rails, 5/. 5s. ; and steel way sleepers, 6/. 10s. 
—all net cash at works. Iron or steel galvanised corru- 
gated sheets, 24 gauge, in bundles, stand at 12/. 10s. f.o.b. 
—less 4 per cent. 

Ironworkers’ Wages.—The accountants to the Board of 
Arbitration for the North of England have certitied the 


average net selling price of iron rails, plates, bars, and | 7}, 


angles for the two months ending Febru 28 last at 
6l. 11s. 7.32d. per ton, as compared with 6/. 13s. 5.71d. 
for the previous two months; and, in accordance with 
sliding-scale arrangements, this sanctions a reduction of 
3d. per ton on puddling, and 24 per cent. on all other 
forge and mill wages. 


Shipments of Iron and Stcel—Shipments for March are 
disappointing. The total clearances of pig are returned at 
91,353 tons—8277 tons from Middlesbrough and 8580 from 
Skinningrove—as compared with a total of 67,487 tons for 
the previous month, and 121,482 tons for March, last year. 
During the month just ended 51,574 tons of pig iron were 
sent abroad, and 39,779 tons coastwise. Scotland was the 
largest customer, receiving 32,389 tons, which included 
the whole of the Skinningrove clearances. Italy, with 
13,054 tons, was the largest foreign buyer, and Japan 
came next with 9485 tons. Of the 10,566 tons of manu- 
factured iron shipped in March, 4716 tons went abroad, 
and 5850 tons coastwise, India, with 3713 tons, being the 
— importer. Clearances of steel reached 55,529 tuns, 
50,847 tons going foreign, and only 4682 tons coastwise, 
the best customer aga:n being the Argentine, with an 
importation of 16,550 tons; whilst India received 9799 
tons, and China 7677 tons. 





Heroutt Evecrric Steet Furnaces..—The United 
States Steel Corporation has decided to instal two 
Heroult electric steel furnaces in their works. One 15-ton 
furnace will be put in at the South Chicago works of+the 
Illinois Steel Company, and one of the same capacity at 
Worcester, at the Washburn and Moen works of the 
American Steel and Wire ares: At the South 
Chicago works the furnace will supplied with the 
blown metal from a Bessemer converter, an output of 500 
tons per day of twenty-four hours being expected from 
the Heroult furnace. At the Worcester plant the electric 
furnace is to be supplied by two 50-ton open-hearth fur- 
naces. This latter installation will be employed on special 
steels for wire manufacture, while the former—that at 
South Chicago—is intended for the production of high- 
grade steel for rails. 





New Hicu-Erriciency Lamp.—The Electrical Com- 
y, Limited (A.E.G.), 121 to 125, Charing Cross-road, 
mdon, W.C., are placing on the market anew form of high- 
efficiency lamp, for which several advantages are claimed. 
It is made on the Nernst principle, but is said to embody 
several improvements, e four pe of the original 
Nernst me 2 that is the body, the burner, the resistance, 
and the globe are combined in the new lamp. On 
a circuit of 220 volts the lamp gives out 30-candle- 
power, with a consumption of 0.2 ampere, or 44 watts, 
the efficiency being 1.4 watts per candle-power. About 
10 seconds are a after turning on the current 
before the lamp lights up, and then it gives a clear steady 
light. On direct-current circuits the makers guarantee 
an individual life of 400 hours per lamp, but this is said 
to be much short of the estimated life of the lam 
the average life claimed being about 70Q hours. The 
makers agree, however, to replace any lamp that may 
burn out under 400 hours. The number of watts 
uired for these lamps appears to compare favour- 
ably with what are consumed by some metallic filament 
lamps of the same power, and the light they give is 
beautifully soft and white, the shade having a dkghtly 
opal tint. They are manufactured for all voltages from 
200 to 300, and although yoy are being carried 
out with alternating-current ps these are at t 
not on the market, and the lamps are only supplied for 
use on direct-current circuits. lamps are lower in 
price than many of the metallic filament lamps. 


NOTES FROM THE SOUTH-WEST. 


Cardiff.—The demand for all descriptions of large steam 
coal has continued good. It has been difficult to obtain 
the best Admiralty qualities direct from coal-owners, but 
business has been done through middlemen at 14s. 6d. to 
14s. $d. per ton; ordinary qualities have ranged between 
12s. 9d. and 14s. perton. In the house-coal trade prices have 
shown steadiness ; the best ordinary qualities have made 
14s. 6d. to 16s. 6d. per ton, while No. 3 Rhondda large has 
been quoted at 17s. 9d. to 18s. per ton. Foundry coke 
has brought 17s. 6d. to 20s. per ton, and furnace ditto 
15s. 6d. to 16s. 6d. per ton. As regards iron ore, Rubio 
has been quoted at 15s. 6d. to 15s. 9d. per ton, upon a 
basis of 50 per cent. of iron, and charges, including freight, 
insurance, &c., to Cardiff or Newport. 


Electricity at Swansea.—A London syndicate, which is 
contemplating the purchase of the Swansea Corporation 
electrical undertaking at 150,000/., proposes, if the offer 
is accepted, to erect a new station at the docks. . 


Electrical Power Distribution.—The report of the South 
Wales Electrical Power Distribution Company for 1908 
states that the sale of the Neath and Bridgend stations to 
the respective district councils has uly completed. 
After protracted negotiations, an endeavour to form a 
consumers’ company to work the Cwmbran area on the 
lines of the Treforest Electrical Consumers’ Company, 
Limited, failed. Arrangements, have, however, heen 
completed by which the Treforest Company will take 
over and supply the Cwmbran area from the Treforest 
generating-station by means of a connecting cable between 
the two areas. A portion of the proceeds of the sale of 
the Neath and Bridgend stations is being utilised for the 
construction of this cable, which will shortly be com- 
plated, thus enabling the Cwmbran station to be shut 

lown, or only used as a stand-by. The Treforest Elec- 
trical Consumers’ Company has tically completed the 
installation of new nt at the Treforest generating- 
station, and it has m in operation since October 1 
e cost of production has been thereby materially 
reduced, and it is anticipated that a still further reduc- 
tion will be effected. 


The Swansea Valley.—The bituminous collieries have 
been pretty well employed; there has also been a fair 
demand for anthracite. The yield of pig has been about 
an average at some of the works, but in other groups 
some of the furnaces have been idle. In the tin-plate 
trade the works are for the most part in full operation. 


Devonport Dockyard.—In_ order to provide for a con- 
stant supply of water to the main pumping-house and 

ressure cylinders in the South Yard, vonport, for 

re-extinguishing purposes, it has been decided to substi- 
tute salt for fresh water. The supply will be obtained 
from the sea through 18-in. iron pipes, which are being 
laid fromthe pumping-house in a deep trench, with a sea 
inlet well below low-water mark, to the right of the boat- 
slip adjoining the buoy jetty. The reserve reservoir near 
the entrance to the South Yard has been emptied and 
cleaned. This reservoir, which was construc’ in 1843, 
is lined with granite throughout. 








Tue Surveyors’ InstiruTion.—It has been decided to 
hold the next quanta mesting of the Surveyors’ Institu- 
tion at Cardiff on y 20 and 21, the Council having 
accepted an invitation from the South Wales and Mon- 
mouthshire Committee. 





Proposkp French Patent Act.—A Bill was recentl 
deposited in the French Chamber of Deputies by M. 
Cruppi, Minister of Commerce, proposing modifications 
in the — French patent law. One modification pro- 
vides for the loss of patent rights if the inventor has not 
worked the patent in France or her colonies within 
ned pn of the deposit of his demand, or shall have 

to work it for three consecutive years, except for 
valid reasons. Working a patent almost exclusively or 
peacinety outside French territory, after a time fixed 

y the Courts, will also be ground for revocation. 





Roya InstitutTion.—The following are the lecture 
arrangements at the Royal Institution after r:— 
Professor F, W. Mott, two lectures on *‘The Brain in 
Relation to Right-Handedness and Speech ;” Professor 
Svante Arrhenius, two lectures on ‘*Cosm ical Ques- 
tions” (the Tyndall lectures); Professor J. Garstang, 
two lectures on ‘“‘The Hittites”—(1) ‘*‘ Monuments of 
E and Asia Minor,” (2) ‘‘ Recent Discoveries in 
Asia Minor and Northern Syria”; Dr. F. Gowland 
Hopkins, two lectures on ‘‘ Biological Chemistry” ; Mr. 
James Paterson, three lectures on “ Aspects of Applied 
ZEsthetics ”-—(1) ‘‘ How a Fine Art Instinct Se! be best 
Developed,” (2) ‘Landscape Old and New,” (8) ‘ Art 
and Ethics ;” Mr. J. G. Millais, three lectures on ‘‘ New- 
foundland ;” Professor W. E. Dalby, two lectures on 
‘*A Modern Railway Problem—Steam v. Electricity ;” 
Mr. R. T. Giinther, two lectures on ‘‘The Earth Move- 
ments of the Italian Coasts and their Effects ;’ Professor 
Walter rary two lectures on (1) ‘“‘ Edmund Burke,” 
(2) *‘ Burke’s Prose ;” Dr. W. H. R. Rivers, two lectures 
on “The Secret Societies of Banks’ Islands ;” and Dr. 
F. F. Blackman, two lectures on ‘‘ The ——- of Seeds 
and Plants”—{1) ‘‘A Vindication of the Vitality of 
Plants;” (2) “‘The Life and Death of Seeds.” Tho 
Friday evening meeti will be resumed on April 23, 
when Mr. Alexander Siemens will deliver a discourse on 
‘Tantalum and its Industrial Applications.” Succeeding 





discourses will probably be given Dr. Edmund Gosse, 
Major Ronald Ross, rofessor G. E. Hale, Hon. Ivor 
Guest, Dr. J. Emerson Reynolds, Professor J. A. 


| Fleming, Professor Sir James Dewar, and other gentlemen, 
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NOTICES OF MEETINGS. 


Tue GxoLoeists’ AssociaTion.—Friday, April 2, at 8 p.m., at 
University College, Gower-street, W.C, The following paper will 
be read :—‘‘The Valleys of the Cotswold Hills,” by Mr. W. M 
Davis (Honorary Member of the Association). The following lec- 
ture will be delivered :—‘‘The Ancient Land of Egypt,” by Miss 
Mary 8S. Johnston. Saturday, April 3, excursion to Ponder’s End, 
leaving Liverpool-street Station at 1.49, due at Chingford at 2.21. 

HE STAFFORDSHIRE IRON AND Sreei Instrrurs. — Satu a 
April 3, at 7 p.m., at the Institute, Dudley, Mr. A. E. Jones will 
read a paper on “ Flue-Gas Analysis,” will afterwards show 
ap us at work. 

HE “NoRTH OF ENGLAND INSTITUTE OF MINING AND MECHANICAL 
ENGIngERSs.—Saturday, April 3, at 2 p.m., in the Wood Memorial 
Hall, Newcastle-upon-Tyne. The following papers will be open for 
discussion :—‘‘The Work of the Inc Seams in the St. 
Etienne Coalfield at the Montrambert and La Béraudiére Col- 
lieries,” by Mr. H Clarkson Annett (Trans. Inst. M. E., vol. 
xxxvi., page 394). eye the Kirghese Si in the 
Akmolinsk District of South-Western Siberia,” by Mr. Edward 
Watson (Trans. Inst. M.E., vol. xxxvii., 124). The followi 
paper will be read or taken as read :—‘ if draulic Stowing of Go! 


at Shamrock I. and II. Colliery, Herne, West Germany,” by 


Mr. Hugh Clarkson Annett. Mr. W. C. Blackett will exhibit a Pp 


small appliance for more easily detecting fire-damp with an ordi- 
nary safety-lamp. The International Siedhetar Time-Recorder 
will be exhibited and described. 

Tae Society or CuemicaL Inpustry : Lonpon Secrion.—Mon- 
day, April 5, at 8 p.m., at the Chemical Society’s Rooms, Bur- 
lington House, Piccadilly. Mr. Watson-Smith wil) exhibit a speci- 
men of the now extinct head Cannel Coal, or ‘“‘Torbane Hill 
Mineral,” and give a brief historic and chemical description of it. 
The following papers will be read and discu :—1. “* Vapour 


* | Galvanising,” by Mr. 8. Cowper Coles. 2. ‘The Action of Sul- 


phuric and Nitric Acids in the Nitration of Cellulose,” by Messrs. 
©. N. Hake and M. Bell. 

Tue Society or ENGINEERS.—Monda: A April 5, at 7.30 p.m., at the 
Royal United Service Institution, Whitehall, a paper will be read 
entitled ‘‘ The Corrosion of Steel Reinforcement in Concrete,” by 
Mr. Ernest R. Matthews, A.M. Inst. C.E., F.R.S.E. 

THe Royau ETY OF ARrTs.—Monday, April 5, at 8 p.m. 
Cantor Lecture : ‘‘Steam-Turbines,” by Mr. George Gerald Stoney, 
M. Inst. C.E. (Lecture III.).—Tuesday, April 6, at 4.30 p.m. 
Colonial Section: ‘‘Ceylon; its Industries and Material Pro- 
=. by Mr. John Ferguson, C.M.G. The Right Hon. Sir West 


idgeway, G.C.B., G.C.M.G., K.C.S.L, will le. 

Tae InxsTiTUTION OF CIVIL ocpatentiiedion. April 6, at 
8 p.m. r to be further di ? 
of Roads,” by Mr. Arnulph Mallock, F.R.S.; and, time permitting, 
paper to be read:—‘“‘The New York Times Building,” by Mr. 
Corydon Tyler Purdy, M. Inst. C.E.; and ballot for new members. 
Students’ visit, Wednesday 4 7, to the Chingford Reservoir 

r Board. 





, 

Works of the Metropolitan W: 

Tre Roya Sanrrary Lystirute.— Wednesday, April 7, at 8 p.m., 
at the Parkes Museum, when a discussion will take place on “ River 
Pollution—its Ethics, Aisthetics, and Hygiene,”to be opened by 
Mr. W. D. Scott-Moncrieff (Fellow). The chair will be taken by 
Sir Francis Sharp Powell, Bart, M.P. (Vice-President of the 
Institute). 
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which will twenty - six 
numbers of “ ENGINEERING,” may be had of the Pub or of any 
newsagent. Price 6s. each. 
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“ UNAUTHORISED” ELECTRICITY 
SUPPLY. 


On two occasions recently we have referred to the 
promotion of an ‘‘ unauthorised” scheme of electric 


bz | distribution in the neighbourhood of Glasgow, by 


which it is proposed to supply electricity to works 
and collieries adjacent to the railways by means of 
private wayleaves for its cables laid along these rail- 
ways, thus obviating the necessity of obtaining 
statutory powers for breaking up the roads. The 
scheme has raised much feeling in the municipality 
of Glasgow, who imagined that they were in posses- 
sion of a monopoly into which competition could 
not intrude, and who regarded the project much as 
a preserving landowner. views a gang of poachers. 
Other municipalities naturally shared the repug- 
nance to such free trade, or, as they termed them, 
such ‘‘ pirate” methods, and as a result it was 
determined to make an effort to put a stop to them. 


458|A deputation, principally representing municipal 


electric authorities, awe eg ae upon Mr. H. J. 
Tennant, of the Board of le, with the object of 
drawing his attention to the possible dangers which, 
it was apprehended, authorised electrical undertak- 
ings would suffer from the growth of undertakings 
without statutory powers. 

The points which the deputation pressed upon the 
Board of Trade were principally :—(1) The need for 


46 | preventing electricity supply ry by authorised 


undertakers, and (2) the need for legislation to pre- 
vent railway companies or other people granting 
private wayleaves to any but authorised under- 
takers. 

Legislation such as that pro by the depu- 
tation would have far-reaching effects, not only upon 
the electrical industry, but upon trade generally. 
It would result in the creation of an absolute 
monopoly ; would seriously restrict many important 
developments ; and, in short, in view of the exces- 





sive protection which has already been given to 





municipal undertakings, would do a great deal more 
harm thes 


To make this clear it is necessary to consider the 


. | difference between the statutory and non-statutory 


supply of electricity. A body possessing the former 
obtains powers over a definite area within which 
it is, as a rule, compelled to supply all comers 
upon terms not ex i the maximum fixed 
by Parliament. Whether they be long or short- 
hour consumers, large or small, distant from or 
close to its mains, it is under statutory obliga- 
tion to supply them, and it is, moreover, not 
allowed to exercise any undue preference ; persons 
whose conditions are alike must be supplied at like 
rates. A non-statutory undertaking has none of 
these obligations ; it can pick and choose its cus- 
tomers, taking the profitable and leaving the un- 
rofitable, and in fact arrange contracts with each 
individual consumer to suit itself. But these ad- 
vantages are, it will be found, more apparent than 
real, and in spite of these apparent advantages the 
unauthorised undertakings in this country have 
never been able to make much headway against 
authorised undertakers. 

Electricity supply by non-statutory bodies may 
be considered walier three heads :—(1) Small light- 
ing undertakings in country districts ; (2) under- 
rs Aen supplying under special conditions or for 
special purposes ; and (3) ‘‘ pirate” undertakings 
hostile to existing undertakers. 

The first class of undertakings are quite nume- 
rous in this country, and have been of t 
benefit in providing supply of electricity in p 
where no authorised body would take the matter 
up. Many of these undertakings are so small that 
they would not have come into existence at all if 
they had had to incur the heavy expense of obtain- 
ing statutory powers. 

he second class includes such undertakings as 
the Smithfield Markets Company, the Trafford Park 
Electric Supply Company ; the Underground Electric 
Railways Company, which supplies power to the 
various tubes, &c., from its Lot’s-road Power- 
House ; Railway Lighting, Limited, a company 
which supplies power to the Great Central Railway 
Company; the Waste-Heat and Gas Electrical Gene- 
rating-Stations, Limited, which supplies power to 
the Newcastle - upon - Tyne Electric Supply Com- 
pany; and other authorised undertakers and bodies 
of this kind. None of these can be said to be 
hostile to, or predatory upon, the existing under- 
takers ; they were each formed to supply a special 
need, and in several cases have been of great benetit 
to the authorised undertakers in that they supply 
them with power more cheaply than they can pro- 
duce it for themselves. Anything tending to pre- 
vent the expansion of these undertakings would be 
a serious matter for the future of electricity supply. 

There are numerous cases where works and col- 
lieries are situated outside the area of: authorised 
undertakings altogether, and whose requirements are 
so great that they cannot be supplied by the exist- 
ing undertakers without incurring a heavier expen- 
diture than they are prepared to undertake Groups 
of collieries, for instance, should be permitted, 
instead of putting down individual small generating. 
stations; to combine to as down a large and more 
economical one for supplying them all. To prevent 
this would be a di encouragement to the use 
of small and obsolete machinery. It would also 
prevent the utilisation of power which is at pre- 
sent being wasted in the case of blast-furnaces, 
coke-ovens, and wer ne At the present 
time it isnot even possible economically to make use 
of a great deal of the power which is produced. It 
is inconvenient, and in many cases impossible, to sell 
the power in its present form. In order to effect a 
sale it is essential that it should be converted into 
electricity. The result of prohibitive legislation 
such as that proposed would make it ilk for one 
undertaking to sell electrical power to another. 
And if it becomes illegal to sell electric power, why 
not tosell power in other forms—why allow coal to 
be sold ? en it is looked at in this light the 
illogical and reactionary nature of the pro is 
seen, for it would remain legal for a colliery or 
steel works to sell its exhaust or surplus steam to 
another, but it might not convert that steam into 
electricity and then sell it, a direct encouragement 
to obsolete methods. It is obvious that any such 
legislation would have to be subject to very great 
exceptions. 

The third class of undertakings are those which 
are actually hostile to the authorised under- 
takers. There have been companies started with 
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private wayleaves in Brighton, Hampstead, and 
other places for the supply of electric light, while 
‘* pirate ” undertakings for supplying electric power 
upon a large scale have been started in Durham, 
and are now being started in the Clyde Valley. 
The history of all these undertakings has shown, 
however, that, sooner or Jater, they reach their 
limit of expansion ; they cannot struggle against 
the firmly established authorised undertaker, backed 
as he is by Parliamentary powers. Even if, for a 
time, they are able to offer somewhat lower prices to 
the consumers, it becomes more and more difficult 
for them to raise the necessary capital, and price is 
not everything, even to the consumer. Although 
he finds that the ‘‘ pirate” undertaking is safe from 
any of the obligations of the statutory undertaker, 
he often finds, after taking everything into con- 
sideration, that a contract with the latter is, in the 
long run, the more satisfactory. It is true that fora 
time the ‘‘ pirate” undertaking seems to flourish, 
but three out of the four undertakings of any 
importance above mentioned have already come to 
an end and have sold their plant at a sacrifice to 
the authorised undertaker, and there is no reason 
for supposing that these cases will remain excep- 
tional. 

All this goes to show that those ardent munici- 
palists who desire legislation to make impossible 
all unauthorised electrivity supply have lost their 
sense of proportion, and do not realise what the 
ultimate effects would be, either on their own 
undertakings or on trade as a whole. 

Two things were definitely asked for by the 
deputation :— 

1. Legislation to make unauthorised supply illegal. 

2. Legislation to prevent railway companies grant- 
5 eaves for electric-supply cables. 

he former has been dealt with. The latter is 
unlikely, for any legislation which prevented rail- 
way companies granting wayleaves for electric 
cables would have to be subject to so many excep- 
tions as to render it inoperative. In very large 
works or shipyards there are railway sidings, and 
very often these cut the works in two. If the 
deputation’s proposals were carried out, it would be 
illegal for the owner of the shipyard to carry his 
own electric cables across the railway from one part 
of the works to the other ; and it would involve his 
having to put up two or more separate generating- 
stations to supply the two parts of his works. it 
might even prevent railway companies carrying 
their own electric cables for electrification along 
their own lines if they purchased their power from 
another company, even although the other company 
was one promoted by themselves. Altogether, 
therefore, it will be seen the proposals put for- 
ward by the municipalists have hardly been fully 
thought out, that they are unnecessary, and that 
they would add additional burdens to an industry 
which has already suffered very seriously in its 
development from excessive legislation. 








MARINE MOTORS. 

AvrnoucH the recent Exhibition at Olympia, 
with which we dealt in our last issue, did not 
contain many novelties in the form of: internal- 
combustion engines for marine propulsion, yet it 
afforded evidence that the uirements of the 
marine motor are becoming far better understood, 
and that substantial progress is being made. There 
can be no doubt that there is a very large future for 
the marine motor of moderate power, provided that 
the demands of the purchasing public are properly 
met. It is possible to make the internal-combus- 
tion motor lighter and more compact than the 
steam-engine and boiler, while it is also far more 
economical in fuel, so that the latter takes up less 
space also. This means that on a given weight much 
more power can be provided, or for a given power 
there will be more room in the beat — or pas- 
sengers. Moreover, no stoking is required. Hence 
it may not only supplant steam for the purposes for 
which the latter is now used, but have a very large 
field for uses for which steam is impracticable on 
account of its weight and bulk. The internal-com- 
bustion engine is also, in principle, the simpler, 
and has distinctly the fewer parts, and therefore 
should be the most trustworthy and durable. Un- 
fortunately, this has not always been the case in 
practice, principally because makers have gone to 
extremes in the reduction of weight, and reliability 
has suffered in consequence. 

It will be seen from the weights given in the 
notices of various makers, and recorded in our last 





issue, that a marine motor running at a moderate 
number of revolutions and of substantial con- 
struction, and with cast-iron crank-chamber, &c., 
can be made to weigh from 40 to 50 lb. per brake 
horse-power, complete with its reversing gear and 
all accessories, the power taken not being that which 
can only be obtained on a trial trip, with specially 
skilled men, but which can be easily maintained. 
This is practically as light per horse-power as the 
lomo tant type of steam machinery with forced 
draft, even taking the latter at its trial-trip horse- 
power. Thisis certainly amply light enough for all 
ordinary practical requirements, and, therefore, it 
is a great mistake to try and reduce the weight 
further unless it is absolutely certain that this can be 
done without sacrifice of trustworthiness ; in fact, it 
would be better to increase the weight, if necessary 
to secure the reliability and durability. Not only 
must the engine be substantially built, but the 
revolutions must be moderate. Racing motor-car 
and racing-launch engines are run up to from 1500 
to 2000 revolutions a minute, even in the case of 
engines of 100 brake horse-power ; but for practical 
marine work, a third of this speed, or less, will 
be much more suitable, and the cylinders must be 
correspondingly larger. 

For all ordinary work the fuel must not be petrol, 
but ordinary paraftin, except in the case of very 
small sizes, and we were glad to notice that this is 
now being fully recognised, and that the majority 
of the engines exhibited last week are being made 
primarily for paraftin fuel. 

It is satisfactory to see that marine-motor manu- 
facturers are beginning to realise that there is no 
difficulty in making marine motors with cylinders of 
considerable size. For a long time they appear to 
have been afraid to make them larger than the sizes 
usual in powerful motor-cars, and consequently to get 
any amount of power they had to run the engines 
excessively fast. There are, however, stationary gas- 
engines of the vertical marine type, in which the 
cylinders are 20 in. in diameter, and ‘there should 
be no difficulty in using such engines in a boat. In 
this case powers of 500 brake horse-power, or more, 
could be got at reasonable revolutions. There will, 
of course, be special purposes in which extreme 
speed is of ae importance that special efforts 
must be made to attain it, as in the case of certain 
types of steam-driven vessels, and in these instances, 
no doubt, a light high-speed engine will be necessary. 

In the general design of many of the motors 
hitherto made there appears to be considerable 
room for improvement in the arrangement of the 
pipes, &c., so as to reduce the parts about the 
engine. In some cases the whole engine seems 
covered with pipes and rods running all over it. 
This is not the least necessary, and a simplification 
of all the details would save a considerable 
amount of cost in the construction, and would 
also eliminate many possible sources of failure. 
All pipes should be so arranged that the cylinders 
and all water-pipes, including the circulating pump, 
can be drained through one drain-cock, so as 
avoid their being burst by frost. If innumerable 
connections have to be undone in order to drain the 
various parts,-sooner or later one or other of them 
is sure to be forgotten. 

Probably the point in which there is most room 
for improvement is the arrangement of the revers- 
ing gear. In most cases this is by some form of 
friction-gearing, with an epicyclic gear, and there is 
no doubt it works well. The objection to this is, 
however, that the gear-wheels are usually running 
while the boat is standing, and as it is most impor- 
tant that there should then be as little noise as 
possible, this is an objection. In some cases, also, 
the reversing gears appear to be unnecessarily 
heavy, and though reliability must be the first con- 
sideration, it seems as if it would be preferable to 
endeavour to make the gears lighter, so as to 
have more weight available for the engine itself. 
Apart from the construction of the gears them- 
selves, moreover, it appears to be a very makeshift 
arrangement to have the gear entirely separate from, 
and not part of, the engine. This entails the two 
being erected in line in the boat, and their con- 
tinuing in line depends on the boat not giving. It 
is true that several makers showed the engine and 
gear mounted on a steel angle, but this might 
easily be twisted by the boat’s distortion, and the 
proper arrangement seems to be to make the crank- 
case of the engine to carry the gear. In fact, the 
engine should be designed as one piece with the 
gear, and not separately, and, if possible, the gear 
should be enclosed in the crank-case. 





Another point which should have had the atten- 
tion of all Leaeaacs long ago is the provision of a 
bilge-pump on the engine. It is, of course, possible 
to connect up the circulating pump to a three-way 
cock, so that it can be used as a bilge-pump, bu 
this is not nearly so satisfactory as providing 
separate bilge-pump, as there is always the possi- 
bility of dirt getting into the pump from the bilge 
and stopping its working. 








THE PATENTS ACT. 

On Friday last, Mr. Justice Parker delivered a 
reserved judgment in the first of the appeals that 
have been taken against decisions of the Comp- 
troller ordering revocation of patents under the pro- 
visions of Section 27 of the Patents Act, 1907. Mr. 
Justice Parker has aftirmed the Comptroller’s order 
that Hatschek’s patents No. 6455, of 1900, and 
No. 22,139, of 1900, be revoked forthwith, and has 
accordingly dismissed the appeal with costs, includ- 
ing the costs of the Attorney-General, who ap- 
yeared in support of the Comptroller’s decision. 

‘ec do not intend to go into the facts of the case, as 
we have already dealt very fully with the matter,* 
but we shall draw conclusions from several very im- 
portant statements made by the learned judge in 
the course of his judgment. These, we hope, will 
enlighten and aid patentees whose patents are now, 
or may become in the future, open to attack under 
the provisions of the section. 

Section 27, as we have in previous articles 
pointed out, is very interesting, and gives any- 
one the power to impose on a patentee the onus 
of justifying the use he has made of his monopoly, 
and the onus of proving, in order to save his patent 
from revocation, that the patented article or process 
is manufactured or carried on to an adequate 
extent within the United Kingdom, or of giving 
a satisfactory reason why the article or process 
is not so manufactured or carried on. Patentees 
are therefore saddled with a very serious lia- 
bility. What is the state of circumstances, the 
existence of which caused patentees to have this 
serious liability imposed upon them? The answer 
is to be found in the wording of Sub-Section 1 of 
Section 27, and it is whenever ‘“‘the patented 
article or process is manufactured or carried on 
exclusively or mainly outside the United King- 
dom.” The word ‘exclusively ” admits of but one 
interpretation. Not so’ the word ‘‘ mainly,” which 
can, at least, have two readings placed upon it. If 
this word be interpreted in one sense, the sub- 
section excludes every case in which the patented 
article or process is manufactured or carried on to 
a greater extent outside than within the United 
Kingdom. That is to say, the presumption arises 
that a patentee is abusing his monopoly in every 
case in which the manufacture of a patented article 
within the United Kingdom is less than one-half of 
the total manufacture of the whole world. How- 
ever patriotic a man may be, we do not think he 


to} would assert that British trade was being treated 


unfairly if such an arrogant interpretation were 
not adopted. Let us therefore look for another 
interpretation, and one which will not cause a pre- 
sumption to be made unfairly against a patentee, 
and yet will protect British trade. The words 
‘*exclusive” and ‘‘ mainly ” are used as alternatives 
in the sub-section, and, due regard being had to 
their use, we do not think that a patented 
article or process can be said to be manufactured 
or carried on mainly abroad merely because such 
foreign manufacture or exploitation is somewhat 
reater than that within the United Kingdom. 
t appears to us that the patented article or 
process must be manufactured or carried on within 
the United Kingdom to as great an extent as can 
reasonably be expected, regard being had to the 
industrial development of other countries. This is 
the conclusion we drew last week from the Comp- 
troller’s decision in the Hégner case, and we are 
lad to see that our conclusions are confirmed by 

r. Justice Parker, who says he does not think 
that a process or article can be said to be mainly 
carried on or manufactured abroad simply because 
it is carried on or manufactured abroad to a some- 
what greater extent than within the United King 
dom. To come within the sub-section the disparity 
must be greater than a mere small percentage, anc 
if the article be manufactured or the process 
carried on not only toa substantial extent, but tv 
an extent as substantial as may reasonably be 


* See ENGINEERING, vol. lxxxvi., page 826. 
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expected, having regard to what is done abroad, 
he does not think the state of circumstances is that 
contemplated by Sub-Section 1. 

In the Hoégner case an attempt was made to get 
the Comptroller. to hold that no article manufac- 
tured abroad, in accordance with the invention 
protected by the patent, was a ‘‘ patented article” 
within the meaning of the section unless, and 
until, the article was imported into this country. 
We pointed out the fallacy of imparting such a 
reading to the words, more especially when cognis- 
ance was taken of the words ‘‘or process.” The 
same point was taken in the hearing of the appeal in 
the present case, and in the course of his judgment 
Mr. Justice Parker says that the sub-section insti- 
tutes a comparison between the extent to which the 
article or process, the subject of the patent, is 
manufactured or carried on in this country and the 
extent to which it is manufactured or carried on 
abroad, whether the articles so manufactured, or 
resulting from the process so carried on abroad, are 
or are not impo into this country. 

We have already pointed out that the onus of 
proving that the patented article or process is 
manufactured or carried on to an adequate extent 
within the United Kingdom, or of giving a satis- 
factory reason why it is not so manufactured or 
carried on, is thrown on the patentee. The words 
“adequate” and ‘‘ satisfactory” are very elastic. 
No general rule can be laid down as to their inter- 
pretation. Each case must be judged on its merits, 
and with reference to its attendant circumstances. 
We cannot therefore say what will be regarded as 
“adequate” or ‘‘ satisfactory,” but a few general 
remarks on these two words may be of interest. It 
appears that a patentee must carefully consider his 
conduct, his obligations to the trade of this country, 
and must exercise his rights under his monopoly 
fairly and properly. That is to say, a patentee 
will be regarded with suspicion should he at some 
time or other have taken some action which might 
be regarded as hampering the trade of this country. 
For example, he may have given a foreigner pre- 
ferential terms in the grant of a license or other- 
wise, or he may have occupied the four years given 
him under the section in developing the industry 
in a foreign country in preference to the industry 
inthis country. The trade in this country in the 
article or process would therefore be less than it 
might have been, and the manufacture of the 
patented article, or the carrying on of the patented 
process, may not accordingly be considered ade- 
quate. Similarly, reasons cannot be considered as 
satisfactory which do not account for the inade- 
quacy of the extent to which the article or process is 
manufactured or carried on in this country by causes 
operating irrespective of any abuse of the monopoly 
granted by the patent. A patentee, when on his 
defence, should disclose fully the manner in which 
he has exercised his rights and free himself from 
all suspicion of having done anything to hamper 
British industry. When once he has done this he 
has gone a long way in proving what he has to 
prove ; and even if he cannot prove adequacy, he 
ought to be able to show satisfactory reasons for 
inadequacy. 

It has been argued that a patentee would have 
given a satisfactory reason, within the meaning of 
the section, if he could prove that an industry could 
not be carried on so profitably in this country as 
abroad. It does not appear that the profit a 
patentee may or may not make bears upon the 
matter at all. If a patentee advance as a satis- 
factory reason, and prove, that he cannot now start 
an industry in this country with any chance of 
profit, his previous actions must be looked into, and 
if it be found that he has devoted time and money 
to the development of the industry in foreign 
countries in preference to developing it here also, 
the :uestion arises as to whether he could not have 
developed the invention here, and, if so, why has 
he not done so? The answer in many cases will be 
tha’ it was cheaper to manufacture abroad and 
import. He would make larger profits by so doing. 
But this cannot be a satisfactory reason in the 
Opinion of Mr. Justice Parker, nor will it be sufti- 
cien’ to prove that the time has gone by in which 
to start the industry. The industry might have 
arien, but owing to the action of the patentee it 
has not done so. The foreigners have had the 
Stas. and have obtained possession of an industry 
Which, but for preferential treatment, might have 
becn Hourishing here. The patentee may therefore 
be penalised for his action by the revocation of his 


patent, 


It has been also suggested that a patentee who 
has allowed goods made abroad to be imported into 
this country, or has supplied part of the demand in 
this country by the importation of goods from 


|abroad, has necessarily precluded himself from 








proving that the manufacture of the patented 
article, or the use of the patented process, in this 
country is adequate, or from giving satisfactory 
reasons why it is not adequate. Mr. Justice 
Parker is not prepared to uphold such a contention. 
The policy of Section 27, in his opinion, is directed 
to securing fair play between foreign industries 
and the industries of this country, and not to secure 
for the latter, during the period of the patent, a 
an pena which they would not enjoy if no patent 
ad been granted. It follows from what has been 
said that ‘‘ adequate” cannot mean simply adequate 
to supply the demand in this country, or be con- 
sidered only with reference to the demand in this 
country for the patented article or the article pro- 
duced by the patented process. ~The demand here 
may, in some cases, not only be a demand for the 
patented article, but a demand for the article as 
made by a particular firm, or as made abroad, 
because it is got up more to the taste of a section 
of the public. In such event it would not be just 
to hold on that account alone that the manufacture 
here was not adequate. The demand and supply 
in this country must be considered, though, as will 
seen from what we have said, they are not the 
only facts that have to be considered upon the 
question of adequacy. 








THE FRENCH NAVY. 

Tue French Minister of Marine has recently com- 
pleted his exposition of the measures which he finds 
necessary for ensuring the efficient service of the 
present naval forces, and for guaranteeing a judi- 
cious distribution of the budgetary resources. In 
his opening remarks he states that this part of 
his programme is strictly limited to what he 
considers absolutely necessary; it is, further, 
strictly limited also to present needs only. Ques- 
tions dealing with the increase of the fleet, and 
with the laying down of new units to replace 
older types, are to form the subject of a separate 


report. 

The present programme contains the following 
items :—Provision for giving the warships their 
full complement of guns, projectiles, powder, and 
stores. The improving of the machinery at the 
naval bases so as to enable the latter to shelter, dry 
dock, and repair the present ships and those in 
course of construction, with a view to the prompt 
mobilisation of the fleet, oe the construc- 
tion of the ships now in hand, and the improving of 
their internal arrangements, reducing their super- 
structure, refrigerating the ammunition holds, and 
so forth, and increasing the stores of materials for 
naval construction at the different bases. Among 
his statements with reference to ordnance and 
ammunition, the Minister of Marine advocates the 
immediate ordering of the ammunition and stores 
for the six battleships of the Danton class, also a 
proportion of saa for experimental purposes, and 
spare guns. e proportion of the latter, as regards 
large calibres, should not be less than one-sixth 
the number of guns on board the ships. For the 
études which are to be carried out with a view to 
the armament of fresh units, several guns will be 
required. For the present these guns may be 
limited to one 34-centimetre (13.39-in.) gun, a 
calibre which is close to that now contemplated by 
other nations ; also two 14-centimetre (5.51-in.)and 
two 10-centimetre (3.94 in.) guns, both superior in 
power to those at present in the service. 

In regard to powder, the Minister recommends 
the formation of a large stock of gun-cotton, to be 
kept in reserve in prevision of a war, but which could 
be drawn upon in peace time to hasten the manu- 
facture of powder, when the stock could easily be 
renewed. A stock of melinite would also be re- 
quired, sceing that France is in a large measure 
dependent upon foreign supply for the raw material 
used in the manufacture of this powder. For a 
long time fault has been found with the sub-calibre 
tubes, in that firing practice with those now on 
board, and with reduced charges, does not afford the 
gunners adequate training. For this reason a new 
type of sub-calibre tube has been designed, having 
a high degree of precision, which makes it possible 
to ascertain easily the point at which the projec- 
tile meets the extension of the line through the 
sights, and is also conducive to reduced expen- 


diture. The tubes in question are 37 milli- 
metres (1.46 in.) in calibre, and their design was 
completed as early as January, 1908. The substi- 
tution of melinite for black powder is advocated 
for the charging of armour-piercing shells of 
calibres over 10 centimetres (3.94 in.). The cast- 
iron shells now owned by the navy, and which are 
charged either with black powder or with melinite, 
will cease to be used with a view to fighting pur- 
poses, and will be replaced by more effective steel 
semi-armour-piercing shells containing a charge of 
melinite. Space being available in the holds of 
the Démocratie class of battleships, their store of 
ammunition for the 19-centimetre (7.48-in.) guns is 
to be increased by 288 rounds for each ship—equal 
to an increase of 1152 rounds for the four ships. 
A corresponding increase is to be made in the 
ammunition-store at the bases. As a general rule, 
it has been settled that all ships are to have on 
board the whole of the fighting ammunition for 
which their holds have been designed, plus a per- 
manent store of practice rounds suflicient for three 
months. In case of war being declared, there would 
only remain to replace the latter ammunition by full 
service charges. The stores of ammunition at the 
bases are to be maintained at twice the quantities on 
board. 

At the present time there are in France seven 
dry-docks able to accommodate battleships of the 
Patrie class, one at Cherbourg, two at Brest, one at 
Lorient, one at Toulon, and two at Bizerta. Four 
of these dry docks (one at Brest, the one at Toulon, 
and the two at Bizerta) could just take any of the 
six 18,350-ton turbine battleships of the Danton 
class, but the clearance between the side-walls of 
the entrance-gates and the ship’s sides is too small, 
and the entrances to the docks in question are to be 
enlarged. The building of six new dry docks (two at 
Cherbourg, two at Brest, one at Toulon, and one at 
Bizerta), together with the construction of the neces- 
sary machinery, is to be proceeded with generally 
on the lines decided upon as early as 1901. These 
new docks will be capable of accommodating larger 
units than those of the Danton class. Besides the 
dry docks in question, extensive harbour works are 
mapped out, also the provision at each of the five 
naval ports of an adequate store of liquid fuel. In 

ard to the completion of the six turbine battle- 
ships, the Minister of Marine states that the naval 
authorities at Brest hope not to exceed in the 
construction of the Danton the time they took to 
build the Démocratie, whose displacement was 
3450 tons less. A somewhat similar result as 
regards time-saving is anticipated in the case of the 
sister ship Mirabeau, in course of construction at 
Lorient. Nevertheless, he believes that these 
two battleships will be completed later than the 
four others which had been ordered from French 
private yards, and he proposes measures to hasten 
Government work. 

In the course of his exposition the Minister 
states the following as being indispensable altera- 
tions to be made in the first Tine of French battle- 
ships :—A reduction in the superstructures, these 
having been found detrimental in an actual engage- 
ment. An improved installation for wireless tele- 
graphy. Improvements in the installations for 
un-firing control. Revision in the matter of the 
ocation of holds and careful refrigeration of those 
containing ammunition; the decisions arrived at 
following the Jena catastrophe, he adds, advocate 
the isolation of the black-powder ammunition, and 
the lowering of the temperature inside all am- 
munition holds below the limit hitherto accepted. 
Also the transformation of three units into mine- 
laying ships, there being at the present time no 
ships in the French navy specially fitted up 
for this service. The total sum which would be 
required to place the present naval forces of the 
nation in a satisfactory situation, as regards their 
fighting value, is found by the Minister of Marine 
to amount to 193,591,800 francs (7,743,0001.), made 
up as follows :—Artillery, 3,833,0001.; dry docks, 
machinery, and harbour works, 1,762,0001.; ex- 
penses on ship construction proper, 1,476,000/.; 
general stores, 672, 0001. 








STEAM-TURBINES. 

In his second lecture on the above subject at the 
Society of Arts, on Monday last, Mr. Gerald Stoney, 
M. Inst. C.E., dealt peers te with different applica- 
tions of the steam-turbine. Referring to the im- 








rtance of high vacua in turbine-driven stations, 
be stated that in these 60 1b, to 701b. of circulating 
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water were passed through the condenser for each 
pound of steam condensed, and that the consump- 
tion of steam went down by about 1 per cent. for 
each 3 deg. Fahr. by which the condenser tem- 
perature was lowered. Air in the condenser was 
the great enemy to the effective transfer of the 
latent heat of the steam to the tubes. Under 
the conditions usual in reciprocating engine prac- 
tice, the heat thus transferred was but 200 to 
300 B.Th.U. per hour per square foot of sur- 
face per degree of temperature difference between 
the steam and the condensing water. By clear- 
ing out the air, however, this rate of transfer 
was raised in turbine practice to 800, 1000, or 
even 1200 B.Th.U. per hour per degree of tem- 
perature difference and per square foot of surface. 
As much as 12 lb. of steam could thus be con- 
densed per hour and per square foot of cooling sur- 
face, and the temperature of the circulating water 
in its discharge was not more than 4 deg. to 5 deg. 
Fahr. below that corresponding to the vacuum 
recorded. An effective device for thus getting rid 
of the air was, he said, the vacuum augmenter, 
which increased the steam economy at full load by 
7 per cent., and which itself consumed one-twelfth 
to one-fourteenth of the gross saving effected. Re- 
ferring to the using of exhaust steam-turbines in 
the colliery districts of Durham and Northumber- 
land, Mr. Stoney said that in many cases the power 
generated by these turbines was substantially greater 
than that of the output of the reciprocating engines 
from the exhaust of which their steam was derived. 

Dealing next with the growth of the turbo- 
dynamo, he mentioned that in the earliest built, 
which had an output of 12 electrical horse-power 
at a speed of 18,000 revolutions per minute, each 
pound of weight at the armature periphery de- 
veloped a centrifugal force of 5} tons. Gaseinn 
further the armature of a modern turbo unit with 
that of an ordinary slow-speed machine of the same 
size, the turbine-driven dynamo gave, he stated, 
an output of 500 kilowatts as against 50 kilowatts 
for the slow-s machine, and ran ten times as 
fast, so that the centrifugal forces were 100 times 
as great, every 1 lb. developing a centrifugal force 
of 1 ton. The commutation was ten times as fre- 
quent and the voltage ten times as much per seg- 
ment, whilst the reactance voltage was fifty times 
as great in the high-speed machine. It was these 
facts which made necessary the use on high-speed 
dynamos of compensating windings. There was, 
however, even so, a limit to the size of such high- 
speed dynamos, the largest yet built being rated at 
1200 kilowatts. The present tendency was to con- 
struct these machines with two poles instead of 
four. The cost was very little more, whilst the com- 
mutation was easier, and ‘‘flashing over” unknown. 
The turbo-alternator, he said, came into general 
use somewhat later, though it was in some respects 
easier to design, and there was practically no limit 
to the size of the unit. Designs for units of 
20,000 horse-power had been got out in connection 
with the abortive scheme for the electrical power 
supply of the Metropolis, and he was fully pre- 
pared to take a contract for such machines of 
40,000 horse-power if demanded. In the earlier 
machines, including the 1000-kilowatt unit for 
Elberfeld, the alternators were built with re- 
volving fields. Later on, the revolving pole type 
now universal was adopted, having been previously 
developed for slow-speed machines by Charles 
Brown, of Basle. As now built two types of re- 
volving field were used—viz., the salient pole type 
and the one with distributed windings, designed 
by C. E. L. Brown, of Baden. There was, he went 
on, no agreement as to which was the best arrange- 
ment. The end-windings of the stators required 
to be very firmly secured, a fact which many 
designers had failed to appreciate. It was quite 
true that, taking a single unit working alone, the 
stresses set up in case of a short circuit were not 
excessive; but with a number working in parallel 
the conditions were different-—-the sound machines 
set to work to rend to pieces the defective one. Alter- 
nators could readily be runat a high speed if no very 
perfect regulation were demanded and a consider- 
able mae of voltage between full and no load were 
permissible. Many schemes had, he said, been de- 
vised to abolish this drop, but most involved the 
use of moving contacts. Mr. Parsons and Mr. 
Law had, however, succeeded in getting good regu- 
lation without moving pee ay 2 fitting the ex- 
citer with a “leakage path.” They bridged the poles 
of the exciter by an iron yoke, round which passed 
the current from the main generator. These cur- 





rents tended to choke back the flux of magnetism 
through the yoke, so that as the load on the gene- 
rator increased a greater and greater proportion of 
the etism was compelled to flow through the 
field circuit of the exciter, which accordingly gave 
a higher voltage, and thus increased the strength 
of the magnetism of the generator fields. Mr. 
Stoney next described various applications of 
turbo-blowers, and concluded his lecture with a 
reference to the problem of ‘‘ gearing down a tur- 
bine.” Both electrical and hydraulic methods of 
doing this were, he said, possible, but he thought 
the most promising plan was the helical gearing 
adopted by De see which, in view of the great 
improvements made of late in the quality of steel, 
might prove applicable to the transmission of much 
larger powers than hitherto. 








THE PROPERTIES OF MATTER. 

In commencing his penultimate lecture on the 
above subject at the Royal Institution on Satur- 
day afternoon last, Professor Sir J. J. Thomson, 
F.R.S., said that he had learnt since the last 
occasion that the peculiar form of pendulum then 
described, and which he had attributed to Mr. 
Horace Darwin, was really due to Sir Henry 
Cunynghame, who two years ago had suggested that 
it offered certain advantages as applied to clocks. 
The proposal to use the type in question in experi- 
ments on the ratio of weight to mass seemed, he 
said, to be original with Mr. Darwin. 

On the present occasion, he continued, he pro- 
posed to discuss certain properties of solids, com- 
mencing with a demonstration of the elastic pro- 
perties of a long copper wire. This he showed by 
experiment, if loaded below a certain limit, had the 
property of recovering its original length on the 
removal of the load. If stressed slightly beyond 
this limit, on the other hand, it took a permanent 
set ; and if still more heavily loaded, the yield-point 
was reached, the wire taking a very large permanent 
extension before it stiffened sufficiently to support 
the load. He wished, he said, to call special attention 
to the fact that between the elastic limit and the 
ultimate strength of the wire there was a consider- 
able range, in which the load, though unable to 

roduce fracture, did produce a permanent stretch. 
The extent of this range varied with different mate- 
rials. In some cases, as with brittle substances, 
there was no range between the perfect elasticity 
of the material and its rupture. It was not possible, 
for example, to strain crystals so as to give them a 
permanent set. In metals, on the other hand, the 
range between the elastic limit and the ultimate 
strength was often very wide, which, indeed, con- 
stituted one of their most valuable properties, 
making possible such operations as whapdbanalias 
and cold-stamping. 

Some bodies, after straining, could, he said, recover 
their original dimensions perfectly if given time, 
but could not effect this recovery at all rapidly. 
This elastic after-effect he illustrated by twisting 
fibres of glass and of quartz, which, after being 
kept twisted for some minutes, were released. The 
quartz fibre recovered its original zero position 
almost instantly, but the glass fibre on its release 
showed a large zero error, which would, he said, 
gradually disappear. Since the zero did finally 
recover its old position, the glass fibre was, he said, 
in a sense perfectly elastic; but the absence of 
elastic creep in the quartz fibre was what made it so 
valuable for the suspension of galvanometer needles 
and the like. Bodies showing this elastic after- 
effect were, he continued, not usually simple sub- 
stances. Glass—a mixture of silicates—showed it 
as well as any. The phenomenon in question was 
allied to the residual charge, which made it dan- 
gerous to touch a large battery of glass Leyden 
Jars shortly after its discharge. (Quartz jars, on the 
other hand, if discharged once, remained discharged. 

In his last lecture, he continued, he had shown 
that hard pitch placed in a funnel and left there for 
twenty years had begun to flow through the funnel 
as if it were a liquid. The important question arose 
as to whether all bodies would not yield similarly 
to small forces if these were long enough applied. 
Would a loaded wire, for example, continue to 
stretch for centuries? This question was being 
investigated at Birmingham University, and it was 
found that wires loaded with very small forces con- 
tinued to increase in length for months and months, 
though very slowly, and this rate of stretching, 
moreover, got slower with lapse of time ; though so 
far as the experiments had gone, it was always 





Pte mer Nevertheless, he thought we had 
independent evidence in the excellent condition of 
many very ancient coins to show that this deform- 
tion would ultimately cease. The evidence of 
fossils, which were still sharp, though ages old, was 
even stronger in favour of the view that the property 
of yielding to the smallest forces, if sufficient tiie 
were given, was not universal. 

The lecturer next illustrated the behaviour of 
wires under torsional forces, pointing out that in 
the case of the ordinary spring-balance the wire 
was not subjected to tensional forces, but almvst 
wholly to torsion. He further showed that |,y 
using flat wire for the spring, the lengthening of 
the spring was accompanied by a considerable twist 
of its lower end, the direetion of which depended 
as to whether the wide side of the wire lay per- 

endicular or parallel to the plane of the coils. 
Plat strips, he continued, deflected much move 
under a given torque than circular ones. With 
the latter, the angular deflection under a given 
torque varied as the fourth power of the diameter, 
and by making the latter small enough enormous 
deflections could be produced by small forces. With 
a flat strip of the same area of cross-section as a round 
wire, the deflection under a given torque would be 
more, in the proportion of the width of the strip to 
twice the thickness. Owing to this fact, instru- 
ments employing fine flat phosphor-bronze ribbon 
for their suspensions were nearly as sensitive as 
those in which quartz fibres were used. The lec- 
turer next illustrated the properties of struts by 
showing that a strip of paper held up between the 
finger and thumb would fall over unless the length 
exposed was below a certain limit, and stated that 
the cube of this critical length was proportional to 
the square of the thickness of the paper. 

Proceeding next to discuss the properties of 
liquids, Sir J. J. Thomson said that one distin- 
guishing feature of this phase of matter was that 
the substance acted as if confined in a tightly- 
stretched membrane. He showed that a drop of 
water issuing from a tube into a mixture of paraftin 
oil and bisulphide of carbon (used to make the 
formation of the drop slow enough to be visible) 
took a form similar to that of a rubber bag 
suspended from a metal tube and loaded with 
mercury. 

The surface tension of liquids, he proceeded, 
could. be altered in various ways. A pool of water 
in a flat tray was dusted with powdered sulphur, 
and a small gas-jet applied below the mid-point of 
the pool. As the temperature rose there, the sur- 
face tension of the hot fluid above the jet diminished, 
and the sulphur was pulled over to the edges of 
the pool by the stronger surface tension of the out- 
lying cool parts. It was, he went on, also different 
in different liquids. Since liquids possessed a sur- 
face tension, a certain pressure was needed to blow 
a soap-bubble, and the smaller the bubble the 
greater the pressure needed. Hence air blown 
through water from a fine jet required much greater 
pressure to cause it to bubble through than if it 
issued from a large jet. This explained, he said, the 
difficulty of causing water to boil in certain con- 
ditions. The first bubble of steam formed had to 
make a very smalJl hole in the water, and owing to 
the surface-tension of the latter a very great pres- 
sure was needed. If, on the other hand, powdered 
glass or silica were present, the particles of these 
provided ready-made holes in the water, enabling 
the steam to come off freely. ; 

The existence of this tension implied that a liquid 
had a store of potential energy proportional to the 
area of its surface. Potential energy in general 
always tended toa minimum. In the case of plants 
and animals having acellular structure, and hence 
very large surfaces, the conditions under which 
chemical reactions occurred might thus be quite 
different from the ordinary reactions of the labora- 
tory. In the latter the kind of reaction which 
took place was decided mainly by the heat which 
would be liberated, and this was proportional to 
the volume of the reacting bodies. If, however, 
the bodies reacting exposed very large surfaces, 
a considerable proportion of the total potenti! 
energy of the system might be due to the surface 
tension. In some cases this might be more than 
the heat energy which could be liberated, and in 
that case the course of the reaction would be svc! 
that the surface ex would be diminishe«. 
This might well be the case in many of the reac- 
tions occurring in plants and animals, which wou!’ 
thus have a chemistry quite different from that : 
the laboratory. As an instance of the effect o: 
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surface tension, he showed that a solution of per- 
nanganate of potash, allowed to percolate through 
tinely-divided silicate, gave an almost colourless 
eifluent. The solution of the salt had, he said, a 
lower surface tension than the water, so that if the 
permanganate stayed round the particles of quartz, 
the potential ene of the surface exposed would 
be diminished. is, therefore, ha pened, and the 
water passed on, leaving the salt behind it. 








NOTES. 
THe Prosectep ELECTRIFICATION OF THE STATE 
Rattway IN LapLanp. 

ACCORDING toa statement by the General Director 
of the Swedish State railways, the contemplated 
electric power station will be located at the Torne 
River ; regulating dams will have to be constructed 
at Tarakoski and Vorkakoski, and all the buildings 
of the power station will be at the latter place. 
The cost cannot yet be given with exactitude, but 
the amount would be between 250,000/. and 300,0001. 
The expenditure, as far as the railway line and 
rolling-stock are concerned, has been calculated at 
about 450,0001. Should the result of electric traction 
prove financially satisfactory, the question of its 
further adoption will come under consideration. 
The reason for the first move having been made 
with the Kiruna-Riksgriinsen section is not only the 
convenient vicinity of the water-power of the Torne 
River, but also because the traffic on this section 
is so uniform and easy to calculate. It is impossible 
to use electric traction with advantage on a railway 
section on which there is not a considerable amount 
of traftic, inasmuch as the cost of installation is 
nearly the same whether the power be extensively 
used or only to a small degree. An electric-power 
station for a railway section with a traffic of only 
five or six trains a day would be madness ; but on 
the Kiruna-Riksgrainsen section there is the regular 
heavy iron-ore traffic. At present it amounts to 
about 1,800,000 tons per annum, but contracts 
entered upon will raise it to 3,750,000 tons annually. 
With this constant traffic of ore wagons and empty 
wagons it is comparatively easy work to arrive at 
accurate calculations and foretell the financial result 
of the installation. The experimental electric work- 
ing of smaller sections of the State railways (which 
have been fully dealt with in ENGINEERING) have 
not sufficed to give any practical results finan- 
cially ; but they have been of the greatest use tech- 
nically, and M. Dahlander, the leader of the ex- 
perimental working referred to, has given, as his 
opinion, that the problem of electric traction on the 
Swedish State railways has been solved, and that 
there is, from a technical point of view, no reason 
to delay the adoption of electric traction on the State 
railways. 


AERIAL Fuicut in THEORY AND PRACTICE. 


The first of two lectures on the above subject 
was delivered at the Royal Institution, Albemarle- 
street, on Thursday, the 25th ult., by Professor 
G. H. Bryan, F.R.S. The lecturer reserved all 
discussion of the theory of flight to his second 
lecture, with which we will deal in our next issue, 
and dealt solely on the occasion in question with 
the history of the subject, which he referred back 
to Dante of Perugia in the fifteenth century ; he 
showed numerous slides illustrating the fantastic 
ideas of different experimenters. A new direction 
was, he said, given to these experiments by the 
invention of the balloon by Montgolfier in 1783. 
The first successful dirigible, he continued, was 
that of Renard and Krebs in 1885, which attained 
a speed of fourteen miles per hour. One difficulty 
with these balloons lay in their enormous dis- 
placement in comparison with their lifting power. 
Aw being only ygy¢ the weight of water, bulk 
for bulk, a balloon to lift 10 tons had to be about 
the same size asa ship of 12,000 tons. Another 
ditticulty was the frequency of aerial currents 
moving at speeds up to sixty miles per hour, 
Which made it impossible for the balloon to choose 
her own course, save on relatively calm days. 
C ming to the heavier-than-air machines, he traced 
the renaissance of this type to the Albatross, con 
stiucted by Captain Lebus in 1854, with which the 
uiventor made actual glides, terminating, however, 
iia broken leg. Modern motor-driven machines, 
he proceeded, were largely due to the impulse 
yiven by Sir Hiram Maxim in 1894, who showed 
that such machines could be constructed capable 
of lifting their own weight. Important work had 
also been done by Professor Langley with his 





aerodromes, which were of special interest in that, 
not carrying a steersman, their stability was entirely 
automatic. The Lillienthal machine, the lecturer 
stated, owed its stability almost entirely to the skill 
of the user. The machine used by Captain Ferber, 
near Paris, was, he said, superior in this respect. 
The first successes of the Wright Brothers, he con- 
tinued, were reported in 1904, but, owing to the 
policy of concealment followed for commercial 
reasons, this report was largely discredited, and 
thus Santos Dumont received the credit of con- 
structing the first man-carrying flying-machine 
driven by motive power. Wright’s machine, the 
lecturer proceeded, seemed ill-adapted for military 

urposes, special arrangements being necessary for 

unching it which were not necessary with the 
Voisin machines. 


THe Norwecian Nitrate Inpustry. 

Mr. 8. Eyde, the co-inventor with Professor K. 
Birkeland of the nitrogen-combustion process by 
means of electric arc-discs, has communicated a 
os ad on ‘* The Development of the Norwegian 

itrate Industry” to the Norwegian Society of 
Engineers and Architects. The experimental plant 
at Notodden has been working since 1904. The 
large works on the Sviilgfos, near Notodden, were 
opened in November, 1907. Some months after- 
wards the generators were destroyed by fire. A 
committee of experts from various European coun- 
tries decided that the construction of the generators 
had been faulty, and certain alterations were 
adopted. Dearth of water caused another inter- 
ruption. Yet the year 1908 closed with a net profit 
of half a million kroners on a total turnover of two 
million kroners. Owing to the troubles mentioned 
the plant did not on average run with more than 
13,000 kilowatts, while it had been designed for 
22,000 kilowatts. But the utilisation of much more 
water-power was contemplated, the Rjukan was 
to give 250,000 horse-power, and in order to 
interest foreign capital, the Norwegian inventors 
came to an understanding with the Badische 
Anilin und Soda-Fabrik, of Ludwigshafen, on 
the Rhine, which successfully apply a process of 
their own. In this process the are discharge is 
made to travel up tubes about 3 ft. in height, 
through which the current of atmospheric air is 
passing, and three such tubes are arranged by the 
side of one another, and coupled on three-phase 
circuits. Mr. Eyde mentioned that experiments 
now being conducted on a large scale in another 
installation at Notodden will decide the question 
which of the two processes is to be adopted for the 
new large works. Meanwhile the works which had 
originally supplied chiefly calcium nitrate had taken 
up the manufacture of ammonium nitrate and 
potassium nitrate. The expense for the first 
experiments was borne by Mr. Eyde and his 
friends. Then the Norske Kvilstofkompagni 
was established, which grew into the Det Norske 
Aktieselskab for Elektrokemisk Industri. The 
amalgamation with the great German chemical 
firm led to the establishment of two new com- 
panies, one of which, the Nork Kraft Aktieselskab, 
would generate the power, while the Norske Sal- 
peterverket would manufacture nitrates and nitric 
acid. The port for Notodden is Skien, in Southern 
Norway. The plants on the Rjukan and on the 
Vamma were to be completed by 1911. Even if 
all the 500,000 horse-power which Norway might 
spare for this industry were utilised for the manu- 
facture of nitrates, the total yield would not exceed 
300,000 tons of nitric acid annually—that is, about 
12 per cent. of the nitrate exports of Chili, sup- 
posing these exports further to develop at the 
present rate. Considering that the demand for 
nitric acid and nitrates was continuously increasing, 
the question of competition was not likely to 
become serious. 





LarGE COMPRESSION-TESTING MACHINE.— An exception- 
ally 1 testing-machine is being built for the United 
States Geological Survey Testing Laboratory by Messrs. 
Timius Olsen, and Co., Philadelphia, Pa., U.S.A. This 
machine is to be of 10,000,000 lb. capacity, and its extreme 
height above foundation is about 80 ft. The maximum 
available space between the heads is 65 ft., and, among 
other work, it is to be used for testing columns of brick 
and concrete, &c., in connection with the collection of 
data for architectural work. The machine is virtually a 
large four-column hydraulic press, with —- table and top 

late, each about 6 ft. square. The ee ead is adjustable. 

he main hydraulic cylinder is 50 in. in diameter. The 
power is applied by a en py 220-volt variable- 
8 motor. The main cylinder a vertical movement 
of 24 in, 





THE INSTITUTION OF NAVAL 
ARCHITECTS. 


TuHE annual meeting of the Institution of Naval 
Architects opened last Wednesday morning, the 
proceedings being held, as usual, in the building 
of the Royal Society of Arts, Adelphi, W.C. The 
chair was taken by Sir William White, K.C.B., 
who explained that, owing to a family bereavement, 
the President, Lord Cawdor, was unable to be pre- 
sent, and the Council had, therefore, asked him to 
occupy Lord Cawdor’s place. 

The Secretary, Mr. k. W. Dana, being called on, 
then read the annual report of the Council, of which 
the following is an abstract :— 


Tue ANNUAL Report oF THE CoUNCIL. 


During the year there was a net increase in mem- 
bership of forty-six. The Associate class alone 
exhibited a tendency to decrease. Although this 
loss was more than counterbalanced by the addi- 
tions to the professional strength of the roll of 
members, the Council trusted that it would speedily 
be made good, as they attached great importance 
to the presence and collaboration of naval officers, 
shipowners, yachtsmen, men of science, and others 
who were eligible for the associateship of the Insti- 
tution. 

The financial statement showed that the receipts 
and expenditure continued to keep pace with the 
growth of membership. The Institution, the re- 
port continued, had sustained a great loss through 
the lamented death of the hon. treasurer, Dr. 
Francis Elgar, F.R.S., whose devoted services on 
the Council over a long period of years could not 
well be overestimated. The vacancy thus created 
in the office of treasurer has been filled by the elec- 
tion of Mr. James Dixon, chairman of Lloyd’s 
Register Society. Reference was next made to the 
legacy by Dr. Elgar, and to the institution of the 
‘* Elgar Scholarship in Naval Architecture,” to the 
resignation of the Karl of Glasgow, to the election 
of Earl Cawdor as President, to the election of Sir 
John Thornycroft, LL.D., F.R.S., as honorary 
Vice-President of the Institution, of Mr. J. Bruce 
Ismay to represent the Institution on the Court of 
Liverpool University for a further term of three 
years, of Sir Theodore Doxford on the advisory 
committee to the Board of Trade, of Sir John Dur- 
ston on the governing body of the Imperial College 
of Science and Technology, and of Mr. Thomas 
Bell, of Clydebank, on the Main Engineering Stan- 
dards Committee. 

By the invitation of the President and Council of 
the Schiffbautechnische Gesellschaft, members of 
the Institution were enabled to attend the summer 
meetings of the German Society of Naval Architects 
that were held in Berlin last June, and every 
courtesy was shown to those who were able to take 
advantage of the invitation. 

The Council further stated that it was not pro- 
posed to hold a summer meeting this year, as the 
completion, in 1910, of fifty years since the founda- 
tion of the Institution in 1860 would call for a 
special commemoration of that event, and it was 
intended that an International Congress should be 
held in London next year, to which delegates from 
the principal foreign countries would be invited. 

Progress had been made during the past year 
with the scheme for establishing an experimental 
tank in connection with the National Physical 
Laboratory at Bushy, as the result of Mr. A. F. 
Yarrow’s generous offer to defray the cost of con- 
struction. The amount which it was desired to 
have guaranteed for the maintenance of the tank 
during the first ten years of its existence had not 
yet been fully subscribed, but the governing body 
of the National Physical Laboratory had expressed 
their readiness to proceed with the execution of the 
scheme without further delay, and it was antici- 
pated that all the necessary support would be forth- 
coming from the shipbuilding and shipowning firms. 

Appropriate reference was next made to the 
deaths of Mr. Frederick Kynaston Barnes (hon. 
vice-president), one of its oldest and most valued 
members, whose connection with the Institution 
dated from its foundation in 1860; the Grand Duke 
Alexis Alexandrovitch, late Admiral Commander- 
in-Chief of the Russian Navy; M. Marc Berrier- 
Fontaine, Directeur du Génie Maritime, one of the 
most distinguished of the foreign members ; and 
Mr. G. B. Rennie, who was long connected with 
an eminent firm of marine engineers, and whose 
name will also be remembered in connection with 
the well-known type of floating dock, Among the 
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associates deceased during the past year occurred 
the names of the Ear! of Rosse, K.T., of M. Georges 
Canet, who contributed largely to the development 
and perfecting of quick-firing artillery, and of Mr. 
J. Vavasseur, C.B., a director of Messrs. Arm- 
strong, Whitworth, and Co. 


New Mempers or Counct.. 

The report having been adopted, the results of 
the ballot were then read out, which showed that 
the following gentlemen had been elected as officers 
of the Institution :—As Vice-President, the Hon. 
C. A. Parsons. As Members of Council : Messrs. 
James Bain, R. R. Bevis, Sir Benjamin C. Browne, 
James Denny, W. H. Dugdale, Engineer-Captain 
G. G. Goodwin, J. B. Marshall, James McKechnie, 
J. R. Perrett, W. J. Pratten, C. E. Stromeyer, 
8S. J. P. Thearle, and J. J. Welch. As Associate 
Members of Council : Professor J. A. Ewing, Rear- 
Admiral Sir H. B. Jackson, and Professor Vivian 
B. Lewes. A long list of new elections to member- 
ship was next read and confirmed, and, at the 
suggestion of the Chairman, it was agreed that the 
election of scrutineers should stand over till Friday 
morning. 


Awarp oF MepaL AND PREMIUM. 

The Chairman announced that a gold medal had 
been awarded by the Council to Captain T. J. 
Tresidder for his paper on ‘‘ Modern Armour and 
Its Attack,” read at the last meetind. In the un- 
avoidable absence of Captain Tresidder, the medal 
was accepted on his behalf by Mr. C. E. Ellis. A 
sremium had been awarded to Mr. W. 8S. Abell for 
bis paper on ‘‘ Two Notes on Ship Calculations,” 
and this was handed to the author. 


MopirIcaTION OF THE PROGRAMME. 

The Chairman announced that two modifications 
of the programme of the proceedings had been 
made. The Council had decided to commence 
Friday’s meeting with the reading of papers Nos. 12 
and 13, and the joint paper by himself and Dr. 
Glazebrook would be taken later. The members 
would be glad to hear that an additional paper to 
those arranged would be read by Sir Philip Watts, 
who would deal with the trials of torpedo-boat 
destroyers in waters of various depths. 


Types or Warsuips Omitrep IN Recent Pro- 
GRAMMES OF NAVAL CONSTRUCTION. 
*. 


At the close of the preliminary proceedings, the 
Chairman called upon the Right Hon. Lord Brassey 
to read his paper on the above subject. This paper 
we print on page 452 in this issue. Before reading 
it, the author remarked that since it had been 
issued to the members it had been revised, but as 
read it appeared substantially as we reproduce it. 
At its conclusion the Chairman stated that the 
Council desired to acknowledge their indebtedness 
to Lord Brassey for having written the paper at 
extremely short notice, to take the place of another 
paper which it was — to have had. 

Admiral C. C. P. Fitzgerald, who opened the 
discussion, remarked that it had at one time been 
his misfortune to differ from Lord Brassey on the 
question of building second-class battleships, but 
now he was pleased to find himself in agreement 
with the author’s views on one important point 
raised in the paper. Lord Brassey had pointed out 
that in recent years official pronouncements on 
matters of naval architecture had been few. The 
public had been given no information on designs, 
nor had the arguments for or against constructional 
policy been submitted. Nothing but the con- 
sidered judgments of the naval advisers to the 
Admiralty had been put forward by the officials. 
The speaker interpreted the author’s somewhat 
cryptic remarks on this subject to mean that he was 
in favour of the principle of the naval authorities 
openly declaring their intentions and _ inviting 
discussion by competent men.’ They had had an 
excellent illustration of this policy in 1889, when, 
under the Naval Defence Act, a sum of 21,000,000/. 
was provided for the construction of seventy vessels. 
Sir William White had then come before them 


with full permission of the Admiralty, and asked | ship was as good as a 25-knot s 


their opinions. What was the result? In those 
days we had reason to fear the intentions of a 


terms of close friendship. 
declaration of policy we had maintained our posi- 
tion, and indirectly our action at that time had 
safeguarded the Empire during the critical period 
of the Boer War, The opposite principle, that of 


secrecy, was now approved. In 1905 we started 
to build Dreadnoughts, and tried to keep them such 
a profound secret that everyone’s suspicions were 
aroused. All the Naval Attachés set themselves 
to find out all about things, and no doubt succeeded. 
At any rate, we had no monopoly of Dreadnoughts 
now. There were many sana itioane who did not 
approve of the Dreadnought type, and if the design 
of this vessel had been discussed we should have 
had the benefit of their views and reasons. 

Passing to a point in regard to which he differed 
from Lord Brassey, the gallant Admiral referred to 
the author’s apparent predilection for ‘‘ships of 
moderate dimensions.” He had never been able 
to discover what moderate dimensions were. Sir 
William White had once sketched out designs as a 
reductio ad absurdum, for a vessel of 22,000 tons, 
which were laughed at. But already we had battle- 
ships of 20,000 tons, and it was said that the 
Americans were going to 22,000tons. Lord Brassey 
had said that our naval experience and professional 
skill should now be directed to the creation of a 
type of vessel for the inshore squadron. From this, 
again, Admiral Fitzgerald differed. He could not 
see what use ships with small guns and less speed 
and sea-going capacity could be round the coast. 
We had an enormous coast-line, and an enemy 
would have no difficulty whatever in avoiding such 
ships, which could not either catch them or fight 
them with success. The only defensive policy for 
this country was to take the offensive vigorously, 
and it was totally wrong to put men and guns into 
small ships for coast defence, which were useless 
and unwanted. 

Lord Brassey here interjected a reference to the 
part that monitors had played in the war between 
North and South in America, and asked whether 
Admiral Fitzgerald did not think there was a use 
for armoured torpedo-boats fitted with rams. 

Admiral Fitzgerald, resuming, pointed out that 
in the American War the conditions were quite 
different from those which would obtain in a war 
round our coasts, and remarked that with the 
range and speed of modern torpedoes the rams on 
the boats would not be of much use. He, were he 
on the active list, would like his squadron to be 
homogeneous, and saw no use for the types of 
vessel Lord Brassey advocated. 

Admiral Fremantle commented on the rise and 
fall of fashions in naval as in other matters. Some 
years ago Lord Randolph Churchill had resigned 
his seat in the Ministry because Mr. W. H. Smith 
insisted on the absolute necessity of fortifying 
coaling - stations. Nobody now believed in the 
fortification of the stations in question. The 
speaker said he had never liked large pro- 
tected cruisers, and had not yet discovered who 
did like them. When this class of vessel was 
“eresgse the Controller was Sir John Fisher, 
yut_ no sooner did he become First Sea Lord than 
the vessels were relegated to obscurity, and the 
only one now in commission was the Powerful. 
Large armoured cruisers had likewise gone out 
of fashion, the type having grown into battleships. 
The small ‘‘ County ” class were now being used up 
for various purposes ; there were only ten of them. 
We had thirty-eight armoured cruisers, but very 
few were available for their nominal function— 
namely, the protection of commerce. Lord Brassey 
had given a hint of a new type of vessel, destined 
to form an inshore squadron, and apparently 
Admiral Fitzgerald’s remarks on this subject 
had been made under a misconception. he 
speaker then referred at some length to an 
article which appeared in the Morning Post of 
Wednesday last, and read several extracts from it. 
He agreed with the writer of the article upon most 
points. Cruisers were specially valuable for de- 


giving news, harrying commerce, holding positions, 
&c. Lord Nelson had relied largely on his cruisers 
for information. Wireless telegraphy and the 





By our straightforward | 


speed and range of destroyers had minimised the 
|importance of cruisers, but the speaker held that 
| they were still necessary. The slow ones were not 
| necessarily obsolete, as for many ge an 18-knot 

ip. The Germans 


were building two 25-knot cruisers yearly. Lord 


| Brassey, the speaker remarked, had always advo- 


| 


Power with whom, fortunately, we were now on | cated mercantile auxiliaries, but strangely enough 


there was not a word about them in the paper. 
The Germans had a large number of mercantile 
vessels that would be useful in war, and, no doubt, 
in time the Admiralty would find this out. For our 
own Navy we needed cruisers, and the speaker was 


tached service, such as scouting, obtaining and | 


glad to see that the ‘‘ Liverpool” class was being 
constructed ; we wanted, however, more than six 
a year. The necessity of battleships was undoubted, 
They ‘‘kept the ring” for the operations of other 
vessels, but if we were to be in a position to reap 
the fruits of naval supremacy, and not to lose our 
commerce in time of war, we must direct our atten- 
tion to the cruiser question. 

At this point Admiral Sir John Hay, who had 
been present for a short time, rose to leave the 
meeting. The Chairman congratulated him upon 
his presence among them once again, and he was 
heartily cheered by the members. 

Professor J. H. Biles said the paper of Lord 
Brassey might be divided into two parts for pur- 
poses of discussion. The first part related to the 
question of secrecy. Nobody regretted more than 
the speaker that, for reasons of State or otherwise, 
the Admiralty had not been able to come forward 
in the way Lord Brassey would have liked and 
Admiral Fitzgerald considered they should have 
done. Unfortunately the meeting had not thereasons 
of the designs before them, and discussion was there- 
fore restricted. He considered Admiral Fitzgerald 
was illogical in his remarks as to the procedure of 
the Admiralty at the time of the Royal Sovereigns. 
The discussion of the subject to which he had 
referred had made no difference to the results. 
[Admiral Fitzgerald: No, because we all agreed 
with them.] There was something to be said 
against too great freedom in giving information. 
Another Navy had recently been developing with 
the greatest secrecy, and this, no doubt, retarded 
the acquisition of information by us. 

The second point to which Professor Biles re- 
ferred was the question of large versus small war- 
ships. Lord Brassey was at present in a minority 
as regarded his views on this question. The point 
that seemed to be at the bottom of the author’s 
desire for a large number of small ships rather than 
fewer and larger ships was Sir Reginald Custance’s 
statements as to the effect of concentrated fire at 
the Battle of Tsushima. Everyone agreed that con- 
centrated fire was important ; but was it necessary 
to disperse the guns to obtain this effect? Lord 
Brassey seemed to consider that we needed small 
ships for narrow waters. It was quite rightly 
stated in the paper that the gun was uscless against 
an invisible foe, while under similar conditions 
of night and fog the torpedo would be most 
formidable. But surely a torpedo-boat was equally 
handicapped by the invisibility of the enemy. The 
chief objection raised against the larger ships was 
that they cost so much, and the proverb concerning 
the danger of having too many eggs in one basket 
was often quoted. It was possible, however, for a 
few baskets to travel more safely than a large 
number. It would have been extremely interesting 
if Sir Philip Watts, the designer of the Dread- 
nought, could have taken part in the discussion. 

Mr. Hillhouse desired to emphasise the point 
mentioned by Professor Biles regarding the con- 
centration of fire. Sir Cyprian Bridge had said 
that mounting heavy armament in single ships 
reduced their numbers, which was quite true. 
Captain Mahan, again, had pointed out the sacri- 
fices of combination, &c., involved by using fewer 
and bigger ships ; but if one put the equipment of 
two small ships into one large one, the concentra- 
tion of fire might be quite equally effective. 

Professor Welch quite agreed with Mr. Hillhouse. 
If it were desired, he said, to bring eight 12-in. 
guns and a certain number of anti-torpedo guns 
into the presence of the enemy, the question to be 
considered was how might they best be brought 
there—whether in one shiportwo. A dozen 12-in. 
guns and twenty anti-torpedo guns could be con- 
centrated on one spot much more cheaply by one 
ship than by two. The two ships would cost about 
/1} millions sterling apiece, whereas the single ship 
| carrying the whole armament could be produced for 
only 2 millions. The cost of running the single 
ship would also be less. 

The Chairman, Sir William White, said that 
Admiral Fremantle had expressed wonder that such 
ships as the Powerful and Terrible had ever been 
built, and went on to speak of the nebulosity of 
the Admiralty. The responsible naval architect 
‘had to get out designs to meet conditions laid down 
by the Admiralty. The ships in question were laid 
'down for a special duty. There had been two or 
three large Russian cruisers built with the avowed 
object of harrying our commerce if necessary, and 
the Powerful and Terrible were designed to deal 
with these cruisers, Had the occasion arisen, the) 
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would certainly have done so. This was a matter 
of historical fact, only 15 or 16 years old, and the 
speaker considered no one had a right to describe 
such recent and well-known facts as mysterious. As 
regards the question of ‘‘moderate-sized ships,” 
the speaker thought the definition as difticult as 
that of a moderate drinker. Speaking of the age- 
limit of ships, Sir William thought it sounded 
nice to say that a ~ should be put out of 
service when 20 years old, but there was a dis- 
tinction between lene: —— that ve 
ship disappeared at that time for all practica 
a In 1884 the speaker had built some 
ships for the Japanese Government, and in 1905 
these same ships destroyed Russian cruisers, which, 
of course, theoretically they were incapable of 
doing. The Japanese officers hada high regard 
for the old ships. Sir William White said he 
would not discuss big versus little ships. In all 
military matters there were two things to be con- 
sidered: first, power of concentration; and, 
secondly, power of distribution. As an example of 
this general principle, the tactics of Napoleon 
should be noted. This famous general always 
managed to fight with a force that was large as 
compared with that which the enemy could there 
and then oppose him with. In modern times, and 
with long-range guns, that concentration of fire 
which was so necessary could be obtained by a large 
number of ships working at great distances. 

Lord Brassey replied very briefly, saying that he 
could not attempt to deal fully with all the argu- 
ments brought forward. The Council had considered 
it advisable that the subject he had touched on in 
his paper should be brought forward for discussion, 
and he thought that the fact that the Admiralty 
was subject to so little criticism showed that the 
country appreciated the efforts they made on behalf 
of our national security. 

A paper on “Standardisation,” reprinted on 
page 466 et seq. of this issue, was then read by 
Mr. Archibald Denny. This consisted of a résumé 
of the important and very useful work done by the 
Engineering Standards Committee on sections and 
tests for material used in the construction of ships 
and their machinery. After the reading of this 
paper the meeting adjourned for lunch. 

After the adjournment for lunch, Mr. James 
Dunn took the chair, in the unavoidable absence 
of Sir William White, and Professor J. B. Hender- 
son's paper on ‘*The Vibration of Ships and the 
Use of a Dynamical Model for Determining the 
Elasticity of Ships,” was read. This paper we re- 
print in full on page 452 of this issue. 


STANDARDISATION, 

Before opening the discussion of this paper, 
however, the discussion on Mr. A, Denny’s paper 
on ‘‘Standardisation,” read at the morning 
meeting, was taken. This was opened by Pro- 
fessor W. C, Unwin, who remarked that the paper, 
being in the form of a very full report, did not 
lend itself well to discussion. He wished to 
speak chiefly on the testing of material, and to 
point out that all tests were based on empirical 
methods, and were rather crude. They answered, 
however, fairly satisfactorily. It was of the utmost 
importance that tests made at different times and 
at different places should be comparable, otherwise 
they were of little value. Formerly differences in 
the dimensions of test-bars did not allow of this 
agreement, and the apparent results obtained 
were of little value, as they were not strictly 
correct. The work of the Standardisation Com- 
mittee had now resulted in a considerable im- 
provement in this direction. The standard test- 
pieces for round bars, and all turned test-pieces, 
enabled perfectly comparable results to be obtained, 
as they were based on proper proportions—namely, 
that length of the piece was proportional to the 
square root of the area. With plates, and material for 
which the test-pieces were flat, the solution arrived 
at was not so perfect. It was a compromise rendered 
necessary by various practical conditions at the 
works, &c., where the testing was done. The standard 
designs, however, rendered the results approximately 
comparable. He wished to add that he had been 
much struck by the amount of care and attention 
given by the manufacturers to this subject once the 
work was set going, and to the manner in which 
the differences disappeared as it proceeded. 

Mr. J. Foster King, of the British Corporation 
for the Survey and Registry of Shipping, followed. 
He emphasised the point that standardisation 
should not be pushed to the extreme and result in 





fossilisation. Standardisation carried to its logical 
conclusion meant minute agreement in detail. The 
future work of -the Committee would be regulated 
rather from the point of view of simplification 
than actual standardisation. The work already 
done had been of immense importance, and was 
actually much greater than appeared in the report, 
and one of the chief features of it had been to bring 
home to makers and users the possibility of great 
reduction in numbers of sections, &c. 

Mr. A. Denny, in reply, stated that he had not 
anticipated much discussion on his paper. Pro- 
fessor Unwin had made still more clear one of the 
main points to which he desired to draw attention— 
namely, that the chief work of the Committee had 
been to obtain comparable testing. Plate tests were 
not strictly comparable as yet, and the ideal in this 
direction was not practically attainable, but varia- 
tions in width had been provided to meet differences 
in thickness. Tests in which round test-pieces were 
used Avere perfectly comparable, the standard sizes 
having been based on correct proportion, which was 
that length should be proportional to Varea. He 
also wished to emphasise the fact that differ- 
ences were cleared away in a remarkable manner as 
the work proceeded, which it did, once it was well 
started, in a most harmonious manner. The pro- 
vision for the meeting of the Committee every 
year safeguarded the principle from becoming 
fossilised. Suggestions would be made and con- 
sidered, so as to bring the Committee and _ its 
work into line with up-to-date requirements. 
He might add that only that very day a sugges- 
tion relating to a modification had come to 
hand from the Admiralty, and the Committee were 
extremely gratified at the fact that so influential a 
body should approach the Committee in this manner. 

r. Dunn, in conclusion, stated that they were 
very much indebted to the Committee for its work, 
but their tables were not yet quite perfect. He 
wished to point out that builders now had occa- 
sionally to consider the propriety of introducing 
intermediate sections so as not to inerease weight 
and encroach on the carrying capacity of the ships. 


ViBRATION OF SHIPS. 

The discussion on Professor Henderson’s paper 
on ‘* Vibration ” was then taken, the secretary first 
reading a note from Sir W. White expressing his 
regret at not being able to be present, and also 
mentioning that Dr. Schlick had written to him 
(Sir W. White) to a like effect. 

The discussion was opened by Mr. A. Mallock, 
who stated that he was interested in hearing that 
model experiments of this kind had been carried 
out. He considered that such experiments were 
becoming more and more important every day, as 
they were not costly and could be carried out 
repeatedly. The first time a ship was ever observed 
to vibrate was, he believed, either in 1878 or 1879, 
when vibrations were observed on the first steel 
vessel built for the Royal Navy—the Iris. This 
ship had horizontal two-cylinder engines, and he 
had made observations of the amplitude and periods 
of the vibrations, and afterwards worked out 
the external forces which the engines of this 
type and size would produce. With reference to 
the apparatus used by Professor Henderson, he 
thought steel models almost unnecessary. He had 
exhibited a magnetic apparatus which might be 
made to maintain any vibrations ranging from 1 in 
30 seconds to 300 per second. Professor Hender- 
son had found that the elasticity of the model was 
considerably higher than that of the actual ship. 
He (Mr. Mallock) thought this might be partly due 
to the method of attachment of the loads. He 
thought that the buckling of plates should not be 
taken into consideration, as had been done by the 
author. With regard to the beat of the screws, he 
wished to point out that no pure sine harmonic 
could excite a fundamental. 

Mr. A. Denny, who followed, stated that those 
would best appreciate the urd who had to deter- 
mine the causes of actual vibrations known to exist. 
Because the Lusitania and Mauretania had been 
used as examples in this paper it did not by any 
means imply that they were ships that vibrated. 
Vibration, as usually understood, was absent on 
them ; it was no more than a tremor. 

Ths next speaker was Mr. W. J. Luke, who, in 
camden te remarks, said that the words just 
spoken by Mr. Denny had rendered unnecessary 
any further comment on this actual point, which 
he, being an interested party, was not the very 
best person, perhaps, to make, He thought the 





students at the Royal Naval College, Greenwich, 
were to be congratulated on this work. He found 
it difficult to understand how they could find time 
to allow such attention being given to this kind of 
work. One point in connection with the paper he 
thought especially worthy of notice. Professor Biles, 
in his work on the Torpedo-Boat Committee had 
found, and Mr. D. K. Clark also supported the 
opinion, that the elasticity of structures, such as 
bridges, &c., is very much less than that of the ori- 
ginal plate. Mr. D. K. Clark said, if he remembered 
rightly, about two-thirds. Professor Henderson's 
results gave 70 to 76 per cent., thus confirming the 
former investigations. He wished to ask why, 
with an engine speed of 160 revolutions per minute 
and blade disturbances of 480 per minute the first 
period only was experienced at about 60 or 65 
vibrations per minute, and why the second period 
was not experienced, Vibrations could easily be 
measured on the pallograph if the amplitude did not 
exceed jy in. In places, however, the pallograph 
would give no measurable reading, though vibra- 
tions could be felt. He thought that this pointed 
to the fact that our physical sensibility was greater 
than that of the instrument. He trusted that such 
information as was given in the pallograph diagram 
published in the paper would not be misapplied in 
an endeavour to prove that the new Cunard vessels 
did vibrate. 

Mr. Wingfield, who followed, wished to direct 
attention to wlfat he thought a slight error in the 
paper. The author stated that a stretched string 
would vibrate in unison with a tuning-fork of 
double, treble, or n times its frequency, the string 
then having 1, 2, 3, or n nodes in its length. He 
thought the author here really meant loops instead 
of nodes, 

The concluding speaker was Mr. F. L. Mayer, 
who had been associated with the original experi- 
ments at Greenwich. He wished to acknowledge, 
on his own behalf as well as on that of his col- 
leagues, Messrs. A. W. Watson and E. B. Harries, 
his indebtedness to Professor Henderson for his 
appreciation of the value of the experiments. He 
regretted that Professor Henderson had not dealt 
more fully with the influence of the depth of a beam 
on the period of vibration. The ordinary theory of 
vibration of a uniform bar assumes small depth 
compared with length; but when this is not the case 
the influence of the rotation of the sections of the 
beam, especially in the vicinity of the nodes, makes 
itself felt. The rotational inertia of unit length of 
the beam depends on its amount of inertia about 
an axis through its centre of gravity perpendicular 
to the plane of vibration. This brings in a term 

d* 
K? ( dx : p)s a term usually neglected as being of 


small influence. Lord Rayleigh had shown that for 
a uniform bar clamped at one end and free at the 
other, for the fundamental oscillations, the period 
obtained on the assumption that the bar was thin 


should be multiplied by the expression 1 — 2.3241 rs 


where k is the radius of gyration and | the length 
of the bar. The moment of inertia of a small 
model being relatively much smaller than thet for 
the ship, the period of vibration obtained from the 
model is too small. He had found that the effect 
of the difference of depths of the ship and model 
was very appreciable, especially for the larger 
number of nodes. It is obvious that a small inac- 
curacy in the ratio of periods would be doubled 
in the deduced ratio of the moduli of elasticity. 
He thought Professor Henderson had shown clearly 
how one thing reacted upon another, but the vibra- 
tions dealt with in the dynamical model seldom 
occurred in practice, as far as his experience went. 

In replying to the discussion Professor Hender- 
son stated that the method of attachment of the 
load used in his model gave an error of not more 
than 1 per cent. The buckling he referred to in 
the paper was the initial buckling introduced into 
the plates in rolling, and taking this into account 
the modulus for thin plates would be less than for 
thick, for the reason given—namely, that they pull 
out, and the strain for equal stress is increased. 
With regard to the pallograph records no un- 
easiness need arise from their publication, as no 
seales were given, so that the amplitudes could 
not be obtained. With r to the occurrence of 
the second mode of vibration, if a bar was fixed at 
the centre it was ible for the ends to oscillate 
in “oy directions, but then torque was intro- 
duced, A free bar must have two nodes in the first 
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mode of vibration of a free structure. In a ship 
the vibration could not be forced, and it was im- 
possible to get three nodes, as it is free, and cannot 
withstand torque ; therefore it must have two, four, 
or six nodes. With regard to the influence of depth, 
this had been purposely eliminated. If depth were 
included, distribution of mass must also taken 
into account, as, for example, the placing of guns 
high up or low in the ship. The paper was only 
concerned with practical approximations. 

Mr. J. Dunn, in concluding the Wednesday 
meeting, said that Professor Henderson’s paper 
was of a reassuring character. He remembered 
that, on the Iris, when the vibrations on board were 
shown to have a maximum of only @ in., people 
concerned were greatly relieved, as apparently the 
vibrations were much worse than this. The meet- 
ing was then adjourned until Thursday morning. 


THURSDAY'S PROCEEDINGS. 

The Institution resumed its session yesterday, 
when meetings Were held in the forenoon, after- 
noon, and evening, and the following papers were 
read and discussed :— 


**Some Considerations on the Application of Internal- 
Combustion Engines for Marine Propulsion,” by Mr. 
H. C. Anstey. 

‘“‘Internal-Combustion Engines for Submarines,” by 
Mr. F. R. S. Bircham. 

‘*The Propulsion of Ships by Means of Contrary Turn- 
ing Screws ona Common Axis,” by Lieutenant-Colonel 
G. Rota. 

*“Note on a Mechanical Method for Determining the 
Thrust of Propellers,” by Mr. J. H. Heck. 

** Description of the Suction-Dredger Leviathan, re- 
cently Constructed for the Port of Liverpool,” by Mr. 
Anthony G. Lyster and Mr. W. Boyd. 

“‘The Turbine Passenger Steamer Ben-my-Chree, and 
Practical Experience of the Parsons Marine Steam- 
Turbine,” by Mr. C. J. Blackburn. 

** Explosions of Steam-Pipes Due to Water-Hammer,” 
by Mr. C. E. Stromeyer. 

We shall deal with these papers and the discus- 
sions upon them in subsequent issues. This also 
applies to the proceedings of to-day, when meet- 
ings are being held in the forenoon, afternoon, and 
evening for the reading and discussion of the 
following contributions :— 


‘*On the Resistance of Thin Plates and Models in a 
Current of Water,” by Mr. T. E. Stanton, D.Sc. 

“The Accelerated Motion of Bodies in Water, with 
Special Application to the Rolling of Ships,” by Mr. A. 
W. Johns. 

** Report of the Experimental Tank Committee (1908).” 

“On Launching Calculations, with Special Reference 
to the Effect of Camber,” by Mr. John Smith. 

” = Note on Ship Geometry,” by Sir George Greenhill, 
"RS. 

“Some Points in Connection with Shipbuilding 

= Lakes, U.S.A.,” by Professor Herbert C. 

).Sc. 

‘*The Influence of Form and Bulkheads on the Strength 
of Ships,” by Mr. J. Bruhn, D.Sc. 

“Diverging Waves,” by Professor G. W. Hovgaard. 


on the 
Sadler, 


THe ANNUAL DINNER. 


_ The dinner this year, which was held in the Grand 
Hall of the Hotel Cecil on Wednesday evening 
last, was more largely attended, perhaps, than usual. 
Sir William White, in the absence of the President, 
took the chair, and after the loyal toasts, proposed 
‘* The Navy,” dealing with the personnel rather than 
the matériel. Admiral Fitzgerald replied. Among 
other speakers was Dr. Macnamara, of the Admi- 
ralty, who responded for the Government, and 
sought to assure the naval architects that those 
responsible for the Navy thoroughly appreciated 
the importance of mamtaining the safety of the 
Empire. He paid a compliment to naval architects 
for their work, and enforced the view that when 
considering two-Power standards it was necessary 
that this should apply to the brains of the nation 
as well as to the Fleet. 
(To be continued.) 





LkEDS GEOLOGICAL AssociaTION,—On Friday, the 19th 
inst., at the University, Leeds, Dr. H. Lapworth, F.G.S., 
Assoc. M. Inst. C.E., delivered an address on ‘The 
Applications of Geology to Publis Works Construction,” 
before the Leeds Geological Association. The lecturer 
mr out that in public works of large size the cost is 
dependent to a considerable extent on the geological 
structure of the district in which the works are placed, 
and illustrated this principle by numerous examples in the 
construction of dams, aqueducts, railways, &c. The geo 
logical principles governing the successful location of 
reservoirs and wells was treated in detail. The lecturer 
then showed by numerical examples what large sums of 
money are involved in public works construction, and 
how greatly their cost may be increased by adverse geo- 
logical conditions, and demonstrated the necessity for 
exhaustive geological surveys and investigations before 
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their final location. The general lack of appreciation of 
the real material and monetary value of practical geology 
was then commented upon by the speaker, who briefly 
referred to the perfunctory teaching of science in schools, 
und the meagre training of civil engineers in practical 
geology at the Universities. An interesting discussion 
followed. 


Monicrpat Trapine at LeEps.—In the year ending 
March 31, 1909, the Leeds City Council expects to derive 
a net revenue of 90,000/. from its municipal trading, after 
ponies for working expenses, interest, and sinking 
und. The net gas profit for 1908-9 is estimated at 12,000/., 
as compared with 14,000/. in 1907-8; the net water profit 
at 20,000/., as compared with 19,990/.; the net tramway 
profit at 46,000/., as compared with 64,280/.; and the net 
electric lighting profit at 12,000/., as compared with 69007. ; 
altogether, the net estimated profit for 1908-9 is 15,170J. 
less than the realised net profit for 1907-8. The whole 
net profit applied in relief of rates to the close of March, 
1908, was :—Tramways, 564,893/.; water-works, 314,832/.; 
gas, 201,178/.; and electric lighting, 40,5191. The capital 





action of sinking funds:—Tramways, 1,174.076/.; water- 
works, 2,560,670/.; gas, 1,333,054/.; electric lighting, | 
815, 600/. } 


THE tate Mr. Henry Warriner.—Death has re- 
moved in the person of Mr. Henry Warriner, in his nine- 





tieth year, one of the few remaining links between the 


present and the t of marine engineering. After his 
apprenticeship wi pag. A at sea, Mr. Warriner joined 
im. Maudslay’s staff, and for more than fifty years 
was responsible for the steam trials of nearly all the 
ships—naval and mercantile—engined by the firm. He 
was thus directly associated with almost the complete 
period of evolution of the naval machinery as we know it 
to-day. He was scrupulous in the care with which his 
work was carried out, nothing being left to chance 
when the trials were run. The consequence was that 
very rarely did the machinery fail to come up to the 
standard set. A sound mechanic and a keen observer, he 
was able to offer suggestions for improvements in design, 
as a result of practical experience on trials, and thus he 
played an important part in the development of the 
marine engine. Nor did time or advancing years ro!) 
him of the spirit of advance, which was a strong character- 
istic. When eighty years of age he attended the trial: 
of torpedo-boat destroyers, and appreciated to the full 
the great pre typified in these modern craft. His 
last trial for Mandslay 's was that of H.M.S. Venerable, si» 
or seven years ago, since when he has enjoyed his retire 
ment. He — quietly away on the 18th ult. He 
would have n ninety years of age had he lived unt! 
August 16 next. He left no children, but he is survived 
by his wife, whom he married sixty-two years ago. xe 
many friends in the naval and merchant service who 
came in contact with Mr. Warriner, and appreciated his 
sterling worth, will jon us in an expression of deep 
sympathy with his widow, 
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AUTOMATIC SAND-PREPARING -APPARATUS. 


CONSTRUCTED BY THE LONDON EMERY 


WORKS COMPANY, ENGINEERS, LONDON. 





Fig. 4. 


Tue preparation of the moulding-sand plays an im- 
portant part in every foundry. On the one hand, 
the appearance and quality of the castings, and par- 
ticularly the number of ‘‘ wasters,” depend upon the 
grade of the prepared sand, and, on the other hand, 
working expenses and wages cannot be allowed to 
exceed a certain amount per ton of castings. As atten- 
tion has been recently drawn to the preparation of 
moulding sand, owing to the increasing demands for 
better. quality of castings, so, on account of the high 
wagesfobtained at present, consideration is being given 
to the automatic preparation of the sand. 

Automatic sand-preparing plants were first supplied 
afew years ago, and several have already been described 
in technical journals. The automatic preparation of 
moulding-sand has, in principle, great advantages, and 
in time will probably be introduced in all large foun- 
dries, for the cheap and perfect preparation by machine 
will replace the hand labour now necessary, as in a 
comparatively small space of time quantities of sand 
can be prepared without the large P nts formerly re- 
quired when the preparation was done by hand. The 
practical and successful introduction of the entire 
mechanical or automatic preparation lies in the indi- 
vidual sand-preparing machines being so constructed 
and arranged that, in addition to the actual prepara- 
tion of the sand, they serve at the same time to pass it 
on to the next machine—i.e., the machine continually 
takes up material and passes it on, the sand falling 
direct from one machine to the other. 

An apparatus constructed from this point of view, 
working entirely automatically, and at the same time 
preparing both old and new moulding-sands, has been 
designed and built by the London Emery Works 
Company, Park, Tottenham, London, N., and is illus- 
trated on page 456, and on this page. 

_This automatic sand-preparing a. of which 
Fig. | shows a longitudinal section, Figs. 2 and 3 cross- 
sections, while Fig. 4 is a general perspective view 
reproduced from a photograph, is distinguished in 
the main by incorporating the various sand-preparing 


machines into one structure. The various machines 
are so arranged against and above one another that at 
one point the old and new sands are mixed together, 


and, passing through the last machine, emerge ready 
for use. In the present instance the apparatus shown 
consists of the fcllowing sand-preparing machines :— 
The grinding-mill a, which is arranged to crush the 
new sand ; the conical riddle b, which sifts it ; the 
crushing-rollers c crush the lumps and large pieces of 





the old sand; the reciprocating sifter.d sifts the old 
sand ; while the machine ¢ mixes and opens up the old 
and new moulding-sands. 

The conveying arrangements of the complete appa- 
ratus are only the two elevators f and g, which serve 
to raise the old and new sands, and the spiral conveyor 
h, which transports the sifted new sand. The con- 
veyor i turns over and intimately mixes the old and 
new moulding-sands. 

Moreover, the apparatus contains a storage-bin k, 
Figs. 2 and 3, for coal-dust, from which the latter falls 
directly into the conveyor h underneath, there to be 
mixed with the new sifted sand. The entire apparatus 
is driven from the main shaft / by means of a pulley on 
the horizontal shaft m. The latter drives the various 
machines, with the exception of the grinding-mill, 
which is driven from the main shaft /. The whole ap- 
paratus works as follows :— , 

The actual mixing of the old and new sands with the 
coal-dust takes place in the conveyor i. Previous to 
this the old moulding-sand is fed between the crushing- 
rollers c and falls on the reciprocating sieve d, passi 
thence along the slide d' into the elevator /, whic 
raises and delivers it into the conveyor + by the shoot 
S} (Fig. 2). The new sand is fed into S pe. 
mill a, and after being milled is delive vid the 
shoot a! (Fig. 2) into the elevator gy, which discharges 
it into the conical riddle b. The ro sand - into the 
hopper b! (Fig. 1), and the spiral conveyor / passes it 
into the left Sa of the ar es i. Any sand which 
is not fine enough to pass through the riddle 5 falls 
down the inclined shoot n (Fig. 1) into the grinding- 
mill for further treatment. The old and new sands 
which have arrived in the conveyor ¢ are thoroughly 
mixed by its blades therein, which at the same time 
carry them to the end, whence they pass through the 
sand-mixer e, and fall on to the floor ready for use. 

The above machines are surrounded by a platform 
o which has a guard-rail g, and steps leadi 





n, 7? The 
platform, therefore, is easily accessible. All shafting | 


is arranged at the back of the apparatus to reduce to a 
minimum the attention required, and, further, to 
prevent any accident to the operator whilst working 
the machine. 


By arranging the various machines in one apparatus | 


the saving of floor space is considerable—e.g., an appa- 


greater space. In the same way, power is saved by 
arranging the various machines in the one apparatus, 
as long shafting is avoided, the main shaft driving all 
the machines. 

One operator only is required to attend to all the 
machines, and he delivers the old and new sands to the 
apparatus from the same place. The feeding of the 
sand into the ap tus is done in a much more 
uniform — than formerly. In the old method one 
operator delivered the old and another the new sand, 
and it was found that regular working seldom took 
place. With the exception of feeding the apparatus, 
the rest of the work of preparing and mixing the two 
sands is carried out quite automatically, and the sand 
leaves the last machine ready for use, so that a higher 
output is reached than would be the case with an equal 
number of separate machines. 

The reduction in cost of such an installation ocours 
because the expensive foundations required for sepa- 
rate machines are not wanted, and further by combin- 
ing the various machines in one apparatus, the lengths 
of the conveying arrangements for carrying the sand 
from one machine to another are reduced to a minimum, 
and finally the erection of the tus ean be done 
in a shorter time than when each machine has to be 
built up on its own foundations. A further charac- 
teristic of this ap tus is its accessibility and com- 
pactness, both of which are important advantages for 
satisfactory working. 

We understand that there are now a number of these 
machines at work in important engineering shops. 








INDUSTRIAL NOTES. 

Tue Report of the Ninth Annual Conference of the 
Labour Party, just published, is of importance, not 
only for the present, but for historical reference. It 
contains the annual report and balance-sheet, and the 
official record of the proceedings of the Conference 
held at Portsmouth at the end of January last. It is 
a clear, concise, and accurate record of the work done 
in 1908, the most important in the history of the 
Labour Party since its formation in January, 1900. 
In the first year there were affiliated forty-one trade 
unions, with an regate membership of 353,070 
members ; seven trades councils, with Labour Repre- 
sentation Committees; and three Socialist societies, with 
a membership of 22,861—a, gate, 375,931. At the 
close of 1908 there were affiliated 172 trade unions, 
with a total membership of 1,121,256 ; and two Socialist 
societies, with a membership of 27,465—aggregate, 
1,151,780. The membership of the 133 oles and 
labour councils affiliated is not given, as that would 
be a duplification, as the members thereof are included 
in the list of trade-union members. Since the date of 
the report four other trade unions, with an aggregate 
membership of 5779, have affiliated. Special attention 
is given to the affiliation of the Miners’ Federation, 
and the resolutions giving the terms are republished. 
The terms are more liberal than might have been ex- 
pected, considering the rigid constitutional formula 
to be signed by members of the Labour Party. But 
they are operative in the form agreed to up to the end 
of the present Parliament, whenever that may be. 
There is, however, a tendency of late to relax the 
stringency rather than to tightenit. This is due to the 
trade-union element, which predominates. 

The financial operations 0 the party are given under 
two heads, the ‘‘General Fund” and the “Pecticaneibees 
Fund.” The income for the year, inclusive of 504/. 6s. 8d. , 
balance of previous year, was 2561/. Os. 5d., of which 
520/. lls. 8d. represent sales of publications, and 
131/. 5s. 3d. from delegates’ fees. e total expendi- 
ture amounted to 2196/. 10s. 6d., with a balance of 
364/. 9s. 1ld. to carry forward. Printing cost 628/.; 
salaries, 425/. 3s.; party agent’s account, . 128, 2d. ; 
office rent and expenses, 418/. 5s. 4d. ; the Hull and 
Portsmouth Conferences, 146/, 5s. 4d. All amounts are 
itemised. The total income for the Parliamentary Fund, 
including the balance of 7734/. 17s. 9d. of previous year, 
was 16,437/. 19s. 9d. The total expenditure was 6690/. 
19s. 4d., leaving a balance of 9747/. Os. 5d. for the cur- 
rent year, or over 2000/. more than in the previous year. 
Of the total, 6000/. went to pay thirty members at 200/. 
a year each ; 102/. 18s. 3d. returning officers’ fees ; and 
154/. Os. 6d. salaries and office expenses. The whole 
account is itemised. What the result will be if the 
House of Lords uphold the decision of the Courts 
as to the illegality of compulsory levies for Parlia- 
mentary representation purposes it is impossible to 
say. The name of every trade union subscribing is 
given, and the affiliation fees contributed. The one 
great difficulty ahead is the multiplicity of candidates. 
already thirty-eight are in the field as accepted, in 
addition to the present members, and still they come; 
But the Committee propose to hold a tighter hand 
upon the local committees, as several failures met them 
last Fos In the case of fourteen constituencies the 
candidates are provisionally placed, unless some cir- 


ratus which will prepare 3} tonsof sand per hour only | cumstances warrant a change. 


occupies a floor space of about 8 ft. by 18 ft., and is 
13 ft. high, whilst an installation of the various 





The monthly report of the Boiler-Makers and Iron- 


separate machines, as hitherto employed, occupies far | Ship-Builders is again deplorably bad as regards the 
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number on the funds, a ‘total of 14,126 being in the | 
returns, as against 13,719 in the previous month. Of 


without a division. Only one member, in fact, chal- 
lenged it, and, in a shy sense, opposed it. This shows 


withdrawn their notices of a reduction in engineers’ 
wages of ls. per week for a period of six months, so 


the total, 10,148 were unemployed, as against 9878 ; | that the wide-spread evil is recognised as one to be dealt | that a strike is averted. 


on sick benefit, 1954, as against 1867 ; on superannua- | 
tion allowance, 2024, as against 1974. The expendi- | 
ture was 15,133/. 19s. 9d. Comparison with the 
previous month is not possible, as there were five 
weeks in that, and only four in this to be accounted 
for. There was a decrease in membership of 87 
through arrears ; but the new members numbered 217, 
while the total loss was 304 by death and non-payment 
of amounts due to the Society. Itis stated that there 
were signs of a turn in trade for the better, but it will 
be some time before a revival can become substantial. 
Meanwhile unemployed benefit will continue to be | 
heavy, as of late it has been. The final result of the 
ballot for the general secretary has resulted in the elec- 
tion of Mr. John Hill by 9434 votes to 4588—majority 
4846. In view of the pressure of work at the general 
office, he commenced his duties on March 8 last. Atten- 
tion is called to the fact that the ballot for accepting 
the shipbuilding agreement resulted as follows :—For, 
14,514 ; against, 9563 ; majority for, 4951. A copy of 
this important agreement is to be given in the next 
report, Attention is also called to the fact that 
members had been induced to migrate to Trieste, 
Austria, to work for a shipbuilding firm under certain 
promises as to cost of passage and food, wages, and 
compensatior, and that they had alleged that the con- 
ditions were not fulfilled, and that instead of free 

e and food, the men had to repay the amount by 
instalments. 


The report of the Operative Cotton-Spinners’ Asso- 
ciation was somewhat belated, as it had to contain the 
annual statement of accounts for the past year—1908. 
There was again an increase of members, in spite of 
the adverse circumstances caused by the dispute in 
the autumn of last year. The united membership at 
date was 19,072—increase in the month, 153, and a 
gain of 1322 for the year. The total number wholly 
unemployed was equal to 2 per cent. of the full mem- 
bers, as against 2.17 per cent. in the month previous, 
and 1.71 per cent. in the same month a year ago. But 
there were 79 per week on the funds through tem- 
porary stoppages, 56 through accidents, and paid 
on piecers’ scale. The whole equalled 6.11 per cent., 6.83 
in the previous month, and 4.81 per cent. in the same 
month a yearago. The officials dealt with 31 dispute 
cases, as against 28 in the previous month, and 69 in 
the same month of last year. The number of accident 
cases reported was 45; previous month, 48 ; same 
month last year, 54. The number of compensation 
claims laid before the employers was 81; previous 
month, 62; same month a year ago, 89. ll such 
cases are adjusted by the Joint Committee, particulars 
being given in the report. Since the Compensation 
Act came into force 3019 such claims have been sent 
in. The financial gain in the month amounted to 
2187/. 10s. 5d. The net gain, however, was only 
1350/. 16s. 5d., the balance being increased by the 
exemption of the amalgamation levy. The Association 
is therefore increasing the funds, which were so badly 
depleted by the strike and lock-out last autumn, a 
disaster which it is hoped will in future be averted. 


From the tone of the annual conference held in 
Cardiff last week it would appear that the South 
Wales Miners’ Federation, which includes the coal- 
fields in Monmouthshire, anticipates great difficulties 
over the coming into force of the Mines Eight Hours 
Act in July next, and there were indications of a 
determination to prepare for a great struggle, in which 
it was hoped that the National Miners’ Federation for 
Great Britain, with 750,000 members, would take part 
in a national stoppage. But, as shown elsewhere, the 
executive of the latter body have been taking steps to 
ensure the smooth working of the Act, by local confer- 
ences with the mineowners, so as to arrange as regards 


| view, but from the standpoint of industrialism. 





local circumstances and differences in seams and modes 
of working. In this way difficulties may be sur- | 
mounted. The leaders of the South Wales Federation | 
appear to have a notion that the Welsh mineowners 
want to coerce the miners into concessions and modifi- 
cations in the wages agreement in force at date of the | 
conference. It is nct possible to discuss proposals not | 
yet formulated, and it may be that sins has been | 
said is only bluff. One of the chief leaders, a Member | 
of Parliament, declared at th» ¢onference that ‘‘ the 
struggle was not going to be over a paltry com- | 
promise, but a struggle for the overthrow of the | 

wer the owners had been wielding in the past.” | 

hese were not wise words for a leader in a conference | 
where ‘300 delegates were present, representing | 
144,789 full members.” Such delegates are apt to be 
as fiery as the mines in which they work ; it is the | 
solemn duty of the responsible leaders not to put the 
torch to the gases. “It is, however, to be hoped that 
the danger is altogether over-estimated. 


Last week the President of the Board of Trade intro- 
duced his Anti-Sweating Bill, described as the Trades’ | 
Boards Bill, and it was so well received that it passed | 


with by legislation. It is a delicate subject to deal with, | 
full of difficulties, not only from an economic point = 
t | 
appears, however, that the Government have endea- | 
voured to make the provisions of the Bill as workable as | 
possible by devising methods by which the employers | 
and the workpeople shall have the preponderating voice 
when they can agree, and a fair reference in case of non- 
agreement. The Bill provides fora central Board for 
the trades scheduled, and local or district boards. In 
the latter will be thrashed out the details of the pro- 
posals on each side. In case the local boards agree, they 
will recommend the rates to be paidand other conditions. 
These will be submitted to the Central Board for con- 
firmation. Care is thus taken to enable the parties con- 
cerned to settle all differences, if they can, or refer, if 
they cannot. One important thing in the Bill is that 
the settled rates of the Central Board will become 

binding upon the Government Departments and local 

bodies. At present the schedule is limited toa few 

trades, but power is given to the Department to ex- 

tend the provisions of the Bill to other trades—that 

was the point assailed by the one objecting member. 

The general effect of the measure will be the standard- 

ising of rates of wages in certain industries, for good 

or evil. Mr. Churchill’s scheme differs from that in 

New Zealand. 


The last returns to the Labour Department of the 
Board of Tradé do not encourage the idea of any 
material improvement in the iron and steel trades, or 
in the iron, steel, and other metal-using trades. As 
regards the Po repaane of iron and steel, there was an 
increase of 562 in employment, but a slight decrease in 
the number of shifts worked. Scotland was responsible 
for the decrease. More men were employed at steel 
works and fewer at iron works. The engineering 
trades continued deplorably bad in nearly all districts, 
but on the whole the ncmber of unemployed decreased 
from 13.1 to 12.8 per cent. The change is but slight. 
On the North-East Coast the proportion of unemployed 
union members was 20 per cent. In Lancashire the 
textile machinery makers were the best off, but they 
were only moderately employed. The trades of 
cycle and motor-building, as well as those of lace and 
hosiery machinery building, and the boot and shoe 
machinery trade, had improved. In Scotland 25 per 
cent. of the trade-union members were unemployed. In 
the shipbuilding trades 22.5 per cent. were unemployed, 
as compared with 23 per cent. in the previous month. 
Trade was deplorably bad in all centres; the best 
centres were on the Themes and Medway and South 
Coast, but even there trade had declined, as it had also 
in the Bristol Channel ports. In some districts there 
were indications of improvement. In the general iron, 
steel, and other metal-using trades the position was 
worse than in the month previous ; the unemployed 
union members increased from 5 to 5.5 per cent. 
Scarcely a branch of trade could report better than 
“quiet” or ‘‘moderate.” The only industry that could 
report ‘‘very good” was the tin-plate trade. The 
number of mills in operation decreased by one, but 
there were eleven more working than a year ago. About 
22,000 workpeople are employed at the tin-plate and 
steel-sheet works, so that these are enjoying prosperity 
while others are idle and in want. 


There has been no appreciable improvement in the 
iron and steel trades, and there is little prospect of 
any until after the Easter holidays. The extent of 
the depression is evident from the report of the 
accountants for the North of England Conciliation 
and Arbitration Board, issued at the end of last week. 
From their ascertainment it appears that the output 
in the two months covered was the smallest for any 
two months since the Board was constituted forty 
years ago. The decline last year (1908) was only about 
equal to one-half of some preceding years. The out- 
put of the two first months of this oa represents only 
a fourth of the average of a whole decade. It is 
shown that the output of steel is constantly growing 
larger in comparison with iron. Prices Love been 
dedliniag for the last eighteen months; the net 
decline in fourteen months was equal to 14s, 5d. per 
ton. The wages of the iron and _ steel-workers is 
reduced by 2 a cent, going back to the level of 
October last. ages in 1906-7 had risen 12} per cent. ; 
there is still 5 per cent. balance of that in favour of 
the workers. he present rates will prevail for the 
current two months. 


As a result of negotiation, a mutual arrangement has 
been effected which has arrested the decline in wages 
in the engineering trades of Sheffield. The agreement 
is that the reduction of ls. per week shall be with- 
drawn by the employers, and that the men will not 
seek an increase he five years. This affects not only 
Sheffield, but Barnsley, Barrow, and Hull. 





In the Birmingham district the employers have 


In the Oldham district the committee was instructed 
to ask for another conference with the employers to 
discuss the pro 1 of a reduction of ls. per week in 
wages. This looks like peace. 

The carters’ strike at Liverpool resulted in con- 
cessions. by a number of employers, with the result 
that a proportionate number of men returned to work. 
At the close of last week the other employers conceded 
the dinner-hour and overtime rates, also an advance of 
ls. per week to 25s.—the minimum. The men sought 
for 26s., but at date of writing a settlement is thought 
probable. 


On the North-East Coast the shipowners sought to 

uce seamen’s wages to 4/. per month, in place of 
4l/. 10s. The men in most cases resisted this. An 
effort to open negotiations was made by the Mayor of 
Newcastle and a local M.P. with the men’s repre- 
sentatives, but the motion was lost, at the meeting 
where the resolution was proposed, by four votes. 
The seamen generally refuse to sign on at less than 
4/, 10s. per month. 


A strike of boiler-makers at the works of Messrs. 
Galloway, Limited, took place last week respecting 
what the men alleged to be a reduction in wages—the 
speeding-up of machinery and a reduction in the 
number of assistants. The firm denied generally the 
allegations of the men ; but a deputation of the repre- 
sentatives of the men met the directors, and the dispute 
was mutually settled. Newer machinery caused the 
dispute. 


The strike of miners at the Bradbury Collieries ended 
only last week, work being resumed on Monday last. 
The strike began on January 5 on account of a new 

rice-list. This lasted till March 11, when the men by 

liot agreed to accept the employers’ terms ; but the 
men then found that there were conditions which they 
could not accept, and the settlement was then post- 
poned. At the end of last week the employers with- 
drew the conditions, and the men agreed to resume 
work on Monday, March 29. The general unrest in 
the British coalfields in consequence of the Mines 
Eight Hours Act is giving place to mutual nego- 
tiations. 


According to statistics published by the Board of 
Trade the rise that has taken place in the wages of 
textile workers since 1885 is considerable. In all the 
textile industries, including cotton, woollen and 
worsted, linen, jute, silk and hosiery, it amounts to 
24 per cent. The number of persons employed has 
also been increased, but not to the same extent. The 
total amount paid in wages in the textile trades is now 
more than 50,000,000/. per annum. 


Mr. Rider Haggard, speaking at the Authors’ Club 
dinner last Senter evening, said that it had been 
stated that a report which mixed up the cause of 
forestry with the cause of unemployment was not 
worthy of the attention of reasonable men. He con- 
sidered, however, that there was no prospect of the 
subject of afforestation securing any attention from 
the Government unless it was mixed up with the 
question of unemployment. We do not think that, 
either for the sake of unemployment or anything else, 
there is much prospect that anything will be done to- 
wards afforestation by the Government. They have far 
too many other matters on their hands, even if the pro- 
posed scheme were within the range of practical politics. 








STANDARDISATION. 


A Report on the Work Done by the Enginecring Standards 
Committee on Sections and Tests for Materials used in the 
Construction of Ships and their Machinery.” 

By ArcHtpaLp Denny, Vice-President. 

In October, 1900, the secretary of this Institution re- 
ceived a letter from the secretary of the British Iron 
Trade Association stating that, as the result of a proposal 
contained in a paper before the Association by Mr. 
H. J. Skelton, a resolution had been unanimously passed 
to the effect that it was desirable a committee should be 
appointed to consider the whole question of standard and 
special sizes in structural materials. The letter enclose! 
a copy of the resolution, and asked whether, in the opinion 
of the Institution of Naval Architects, such action would 
be expedient, and if the Institution would be ready to co- 
operate therein. The reply of the Council was in the 
affirmative as to the desirability of forming such a com- 
mittee. As to their co-operation, they added that their 
representatives ‘‘ would more particularly be desired to 
see that nothing was countenanced which would be likely 
unduly to restrict the action of naval architects and 
marine engineers in designing and vagus by og such new 
forms and sections of materials as might be necessary) 
hereafter.” In January, 1901, the Institution of Civil 
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Engineers (as the result of a motion in Council by Sir 
John Wolfe Barry) appointed a committee to inquire into 
the advisability of standardising rolled sections for struc- 
tural work, and, the three other principal technical 
societies having m approached for their support, the 
Council of this Institution appointed me to attend a 
meeting of the Committee on April 26, 1901. At this 
meeting it was agreed that, before any final decision was 
taken, evidence should be obtained from _ steelmakers, 
merchants, shipbuilders and engineers, and from repre- 
sentatives of the classification societies, which was done 
at a later date. 

1 cannot, in the limits of this paper, give the whole, or 
even a digest, of the evidence which was laid before the 
Committee, but prominent representatives from various 
industries interested were present, and evidence on behalf 
of the shipbuilding interest was given | Dr. Elgar, Mr. 
Cornish, Mr. Jordan, Mr. Courtier Dutton and Mr. 
Gravell as to the advisability of drafting standard lists 
of sections and the ae to be reaped therefrom. 
While doubts were exp’ as to its possibility, there 
was practically unanimity as to the value of such work, 
and accordingly a committee, composed of representatives 
from the various societies and others interested, was 
formed, as follows :—- 


Mr. JAMES MANSBERGH 
Sir JoHN pine Barry | 

Sir BENJAMIN BAKER eA pee ieee 
Sir FREDERICK BRAMWELL + en of Civil Engi- 
Sir Dovetas Fox 

Mr. J. A. McDonaLp 

Professor UNWIN 
Mr. W. DEAN \ Institution of Mechanical 
Mr. E. Winpsor RicHarps f Engineers. 


Mr. J. Rivey Iron and Steel Institute. 


Mr. G. AINSWORTH ‘ 
Mr. A. Denny Institution of Naval 
Architects. 


At a later date it was decided to ask the Council of this 
Institution to appoint another representative, and the late 
Dr. Elgar wa3 nominated. This was but one of the many 
activities which have made Dr. Elgar’s recent death so 
severe a loss to the profession—duties which were carried 
out in such a fashion as to make all his colleagues mourn 
the loss of a personal friend. At a later date, also, in the 
history of the Committee it was decided to take 4 elec- 
trical matters, and two members were nominated by the 
Institution of Electrical Engineers —namely, Sir William 
Preece and Colonel Crompton. The Committee imme- 
diately recognised that it would be impossible for them, 
as a body, to deal with the whole of the items which re- 
quired standardisation, although, when we began work, 
none of us foresaw the immense development which has 
since taken place. It is interesting, in looking back, to 
note that out of this small but thoroughly representative 
Committee, which ultimately came to be known as the 
Main Committee on Engineering Standards, has grown 
an organisation embracing thirty-nine various sectional 
committees and sub-committees, with a membership of 


approximately 300, which deals with interests that inti-| g 


mately affect practically every branch of engineering. 

The first work to be tackled was naturally that per- 
taining to sectional material, and, as it was found that radi- 
cally different sections would be necessary for shipbuilding 
work, ‘for bridge and building construction, and for rail- 
way rolling-stock, three chairmen were appointed, with 
instructions to form sub-committees, care being taken 
that all interests were represented. The three chairmen 
were :—For bridge and building construction, Sir Benja- 
min Baker ; for railway rolling-stock, Sir Douglas Fox ; 
and myself for shipbuilding materials. Our instructions 
were to formulate lists of sections suitable for each divi- 
sion, to keep in touch with each other, and finally submit 
a joint list, if possible. ’ 

My pur is to present this paper as _a species of 
report to the Council and members of this Institution of 
the work done by my Committee, and to refer only in 
general terms to the work accomplished in standardisa- 
tion as a whole. The members of my original committee 
were :— 


Mr. A. Denny 


Mr. W. E. Surru 
Mr. P. Samson 


Representing the Institution 
of Naval Architects. 

Representing the Admiralty. 

Representing the Board of 
‘Trade 


Mr. A. Riney, succceded Representing the Iron and 

by Mr. ArtHuR Cooper teel Institute. 

Mr. Henry WitHy <n mting the North-East 
Coast Institution of Engi- 
neers and Shipbuilders. _ 

Mr. A. McA. Kenyepy... Representing the Institution 
of Engineers and Ship- 


builders in Scotland. 
Mr. H. J. Coxnisu Representing Lloyd’s Re- 
gister. 
Mr. Joun GRAVELL Representing the Bureau 
eritas. 


Mr. W. T. Courrier Representing the British Cor- 
Deurton, succeeded by poraticn. 
Mr. J. Foster Kine. 
Mr. Davip CoLviLLE 


Mr. J. McInryre... a ae 
chants. 
From this it will be seen that we were favoured by the 
appointment of members representing the British Ad- 
miralty, the Board of Trade, Lloyd’s, Bureau Veritas, 
the British Corporation, and the Steelmakers’ Associa- 
ae i representatives of the steel merchants, ship- 
Suilders, &e. . 
The first meeting of my Committee was held on Nov- 
ember 14, 1901, and we were the earliest to report to the 


Representing the Steel-Ingot 
ers’ Association. 


ting Steel Mer- 








Main Committee, our — being considered at the 
meeting held on October 22, 1902. 

It was natural that there should be at the beginning 
considerable divergence of opinion, and while every mem- 
ber ren ay the desirability of standardisation, all were 
not equally hopeful as to its possibility. Buta very few 
meetings sufficed to show that, while difficult, standardi- 
sation was ible, and, with goodwill on the part of 
every eoniben, the work proceeded slowly but surely. 
The first thing done was to get into close touch with the 
manufacturers, who gave every facility to the Committee, 
supplied data as to the details of the various sections they 
manufactured, the practical reasons which governed the 
sizes and forms of the sections, and in short gave willingly 
that workshop information without which there could 
have been no useful outcome to our labours. I believe, 
also, that the collecting and collating of that information 
has not been without value to the manufacturers them- 
selves. 

It was found that there were very wide variations in 
the profiles between professedly similar sections made by 
different firms, not only in regard to the radii at the roots 
and corners, but in proportions of thickness to dimen- 
sions. The various practices were plotted diagramma- 
tically, and a mean through them formed the basis for dis- 
cussion and a method of reconciling the differing in- 
terests of manufacturers and users. 

Taking now the different sections seriatim in regard to 
= and unequal angles, it was decided, after very care- 
ful consideration, to depart from the practice of tapering 
the flanges, and the Committee recommended the adop- 
tion of the technically superior form of section havi 
parallel flanges. They specified thicknesses at whic 
practically correct profiles could be obtained and the 
range of thickness for each size, and they standardised 
the radii at root and toe. ’ 

For bulb tees, plates, and angles, Lloyd’s already had 
sketches in their rules of bulb profiles, and these were 
practically adopted by my Committee, but they made an 
eae ap er improvement in deciding that the standard 
web should be of the least thickness in proportion to its 
depth which was consistent with ease in rolling; that is 
to say, that the material should be arranged to obtain the 
best strength value possible without adding to manufac- 
turing costs. At the same time, they took care that the 
standard section should be one in which there is sufficient 
material to provide a margin for corrosion, an important 
element which a naval architect must always keep in 
view. 

When we came to deal with channel sections, whose use 
is somewhat modern, it was found that practice had deve- 
loped in the wrong direction, owing to the rolls having 
been cut to supply special orders of specified thicknesses, 


without reference to any general pore of design or| p 


distribution of material, and to the fact that in rolling 
channels the flanges must remain of a constant thickness, 
as the only way to increase the strength or weight of any 
particular section is by adding thickness to the back of 
the web, and it was quite usual in shipbuilding practice 
to have channels with webs very much thicker than the 
anges. This was obviously wrong in principle, and for 
the minimum thickness of the standard sections for ship- 
building my Committee made the webs ~,ths of an inch 
less in thickness than the flanges, the webs being kept 
sufficiently thick to provide a margin for corrosion, and a 
reasonably proportionate section. A study of the table 
of the ale , as published, will show that there are 
certain sections, ¢.g., the 6-in. by 3-in. channels, which 
are given in two — and that one of them has a 
thinner web than the other. This thinner section is used by 
the underframe builders for railway rolling-stock, and is 
stronger in proportion to the weight of material than the 
ship section ; but my Committee did not see their way to 
go so far with ship sections as the underframe makers felt 
was desirable. 

The H girders, which were got out by the Bridge Com- 
mittee, have webs much thinner than the flanges, but 
these sections have not hitherto been greatly used in ship- 
building, while they indicate the line of economical deve- 
lopment in sectional material. 

e dealt with Z sections in practically the same way 
as with channels, and as T sections are not greatly used 
in shipbuilding, it was decided to leave this part to be 
dealt with by the Bridge Committee. 

The maxima and minima for the thicknesses of all 
sections were settled only after a thorough discussion of 
the technical and practical necessities of each case, dis- 
cussion in which the voice of the steel-makers had t 
weight. I have thought it right to publish the considera- 
tions that weighed with my Committee in deciding upon 
the profiles. ‘ 

After this preliminary werk was completed, the im- 
portant point was taken up as to how many sections 
should be standardised, but here strong conflicting in- 
terests were at once evident, and the final result was a 
compromise—that method of arriving at a decision which 
is so peculiarly British, and so practically effective. 

It was thought essential that something ought to be 
done to arrest the continual increase in the number of 
sections demanded from the rolling-mills, and therefore 
in the number of rolls which it was necessary for the steel- 
makers to keep. This multiplication of sections was 
accompanied by no commensurate practical advantage, 
and it brought in its train very serious drawbacks, such 
as delay in delivery, when small quantities of material 
were required, because the manufacturers had to wait 
until a sufficient number of orders had been received for 
a particular section to warrant the putting in of the set 
of rolls, or to warrant the cutting of special rolls. These 
rolls, when once cut, might only be used again on rare 
occasions, thus involving the steel-makers and the users 
in unremunerative expenditure. The extent to which this 
had been ‘carried was emphasised in the evidence laid 





before the Main Committee by a steel-maker, who asserted 
that eight-tenths of the special rolls which his firm had 
been obliged to cut were never again required. The sums 
wasted in this way must have been very considerable, in 
view of the fact that the cost of a set of rolls is roughly 


It was only natural that the steel-makers should desire 
to work with the fewest number of sections possible ; but, 
on the other hand, the shipbuilders and classification 
societies wanted to have the very fullest range which 
could be obtained. Between these opposing views the 
Oommittee struck what I hope may S ed asa 
happy mean; in any case, the number of sections stan- 
dardised was very considerably less than the total number 
of sections published by the different steel-makers. The 
advantage of having a standard profile laid down is now, 
I think, fully recognised by all, and there does not appear 
to be much complaint as to want of comprehensiveness in 
the lists. 

The final decision was that the Committee for Ship- 
building proposed the following numbers of sizes :— 


Equal angles .. as ze “ m8 13 
Unequal angles... ; ; Rs 20 
Bulb angles Res fs : a 2 
Bulb tees i a al $ 6 
Bulb plates os oe bi “ a 7 

hannels... - ie = - -*. 14 


The requirements, however, of the bridge section and 
railway rolling-stock section had to be kept in view, and 
a conference between these two Committees and my own 
was arranged, with the result that the final standard lists 
contained the following number of sizes :— 


Equalangles ... aS - at a oe 
Unequal angles ... ; mr aon ae 
Bulb angles zs ee 5 er 
Bulb tees ... Aas vs Me - 6 
Bulb plates “i a as re as 7 
Z-bars whe ; ao ; 8 
Channels ... : uF “AS 4 gia 
Beams. a. ~ ae ne ino, a 
T-bars 22 


_ In any list of standards it is clearly desirable that the 
increments in size should be such that uniform and pro- 
portional increments in strength and weight will be 
maintained throughout the series. Practical considera- 
tions in regard to existing sizes in current use made it 
obvious that it would be impossible to design a purely 
theoretical series, and that the best solution under the 
circumstances was one which would bring in as many 
existing sizes as possible, while so arranging their weights 
that the list would be as nearly uniform as practicable. 

jagrams were porgneas giving the ideal solutions, and 
the figures given by the standard sizes when plotted 
thereon showed that the sizes ed upon lay very 
evenly along the ideal lines. en the exigencies of 
shipbuilding require additions to the standard lists, it 
is hoped that the sizes so added may approach the ideal 
sections as nearly as practical conditions will permit, and 
that when the steel-makers are preparing to make rolls 
for such sections, | will, before actually cutting them, 
consult the Standards Committee as to the dimensions 
which should be adopted, as by this means only can uni- 
formity be maintained and the full benefit of the work of 
standardisation be reaped. 

It will be observed that the profiles are stated in inches 
and fractions of inches for the flanges and webs, and in 
decimals for the thicknesses. This latter point was a 
little difficult to decide, because the Admiralty and the 
three classification societies had each a different method ; 
the Admiralty ified in pounds per foot, Lloyd’s in 20ths 
of an inch, the Bureau Veritas in 16ths and 32nds, and 
the British Corporation in 40ths. The Committee finally 
decided to use decimals of an inch for thicknesses, adopt- 
ing steps of 0.025 of an inch ; this leaves the various bodies 
free to specify their thicknesses by any unit they please, 
oo ge ard profiles only being fixed and exp as is 
noted. 

During the early discussions of the Committee evidence 
was laid before them of the trouble and vexation caused 
in the steel works by the different methods which were 
in vogue in regard to ordering and measuring sections. 
Some bodies ordered and accepted their sections purely 
on the basis of dimensions and weight per foot run, inde- 
pendent of thickness ; other bodies ordered and accepted 
the material only on the basis of dimensions and thick- 
ness, independent of weight, while others, again, attempted 
to work on both systems at once. The Committee, there- 
fore, when publishing for the first time the sizes and sec- 
tions, recommended that they be ordered by the leading 
outside dimensions and thickness, or by the leading out- 
“ dimensions and weight per foot run, but not by 
It is obvious that in such a comparatively rough manu- 
facturing process as that of rolling sections (where a slight 
difference in some dimension may produce a dispropor- 
tionate increase or decrease in weight) to tie makers down 
to produce standard sections with extreme accuracy, both 
in regard to dimensions and weight, is an unnecessary 
hardship, and would increase the cost without any pro- 
portionate benefit to the shipbuilder. As very consider- 
able interests and sums of money are involved by the 
introduction of standards, especially in an important 
industry such as the production of rolled sections for 
shipbuilding purposes, the Committee felt that the best 
interests of all concerned would be served if steel-makers 
were given early intimation of the proposed standard 
sizes, together with particulars of their dimensions, in 
order that, as and when'the rolls needed re-turning—as 
is necessary in the course of ordinary manufacture—an 
opportunity should be afforded to re-turn them in accor- 
dance with the proposed standards. To meet this view 
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the Main Committee published, at as early a date as 
possible, full particulars of the sizes and form of profile 
of the different sections. é 

The calculations involved in the preparation of tables 
of moments of inertia, radii of gyration, &c., occupied a 
very considerable time in view of the care necessary in 
the production of such tables, and while those tables were 
in course of preparation steel-makers, without any brusque 
change of policy, were enabled gradually, and at the 
minimum cost, to bring their rolls into line with the new 
standards. . : 4 

I venture to hope that the co-operation which has 
existed in my Committee between the various specifying 
interests, those concerned in the production of the sec- 
tions and those responsible for their utilisation in the 
construction of ships, has been the means of enabling each 
to appreciate the difficulties which the other has to over- 
come, though the interests must necessarily sometimes be 
of a conflicting nature. Evidence which has been collected 
by the Committee has brought out the fact that the 
recommendations in regard to standard sections have been 
widely, if not universally, adopted by the rolling-mills of 
this country, and that when standard sections are adhe 
to, promptness of delivery and dispatch are the result. 

In days gone by it was no uncommon thing for the 
rolling-mills to approach the shipbuilder, and to s t 
numerous alterations in the list of sizes. This may have 
been due to the request by the shipbuilder for sizes which, 
though advertised in the makers’ section-books, had become 
obsolete, or may have been due to the introduction of 
special sections to meet special requirements ; but I would 
take this opportunity of urging upon my confréres, when 
preparing designs and subsequent lists of sections, to 
adhere as closely as possible to the standard lists, as they 
are thereby studying their own interests in rd to 
delivery and cost, through saving time and trouble at the 
mills, 

A practical instance of how co-operation between user 
and rolling-mill may either facilitate or hinder produc- 
tion is a thy illustrated by an instance cited by Sir John 
Wolfe Barry in his lecture before the Institution of Engi- 
neers and Shi builders in Scotland in December, 1908, of 
an architect desiring to use about 200 tons of a non-stan- 
dard section which differed only in very minor details from 
the nearest standard section. The contractors asked per- 
mission to substitute the nearest standard section, but 
were not allowed to do so, with the result that a set of 
special rolls, costing about 200/., had to be cut, and the 
price of the 200 tons was increased by this amount. Thus 
the architect’s clients had to pay 200/. extra for the 
privilege of using a non-standard section, which, with a 
small amount of give-and-take, should have been saved. 

The earlier proceedings of the Committee were occu- 
pied with standardising sections ; but as it was evident 
that the diversity of opinion which existed in regard to 
the sections was as pronounced, if not more so, in 


punced, pegs 
to tests, the supporting institutions were approached by | '©4 


the Main Committee to obtain their concurrence to an 
extension of the Committee’s reference, so that it might 
include standardisation of tests. The Council of this 
Institution gave their concurrence to this extension on 
December 16, 1901, and, the other Institutions having 
intimated a similar acceptance, the work of unification 
of tests was taken up. To carry this out it was felt 
desirable that the membership of my Committee should 
be augmented by appointing engineers and _representa- 
tives of forge-masters and steel-founders, and the followin 
are the names of the members of the Committee whic 
undertook this work. It is seldom that a stronger or 
more important committee has been brought together. 

e work, however, was not bese until my Committee 
had reported upon the standardisation of sectional ma- 
terial. 


Sectional Committee on Sections and Tests for Materials 
used in the Construction of Ships and their Machinery. 
Mr. ARCHIBALD Denny, Chairman. 

Sir JOHN Durston, 
MS ee OB. Representing the Admiralty. 
Mr. W. E, Sarra, C.B.... 
Mr. P. SAMPSON ... Representing the Board of 
Trade. 
Member of Council, Inter- 
national Testing Association 
14 \ Nominated by the Institution 
.../ of Naval Architects. 
Nominated by the Iron and 
- _ Steel Institute. 
. Me. Atex. Mw Seca | by the Institution 


Professor UNWIN ... 


Mr. 
Mr. 
Mr. 


JAMES DuNN 
W. J. PRATTEN 
ARTHUR CooPER 


‘ ses of Engineers and  Ship- 
Mr, ALEXANDER GRACTE... wn der in Scotian a. : 
P omina y the orth- 
La nadie all a East Coast Institution of 
a ; ‘Engineers and Shipbuilders. 
eb } Nominated by the Steel-Ingot 
Makers’ Association. 
Nonuinated by the English 
and Scottish Forge Mas- 
ters’ Association. 
Nominated by the Steel- 
Forging akers’ Asso- 
ciation and by the English 
and Scottish Steel Soar 
ders’ Association. 


Mr. H. J.-Cornisu ch {ge of a Lloyd's Regis- 


Mr. CoLvILLE ten 
Mr. F. W. Dick ... kee 
Mr. A, D. Wepewoop ... 


Mr. Bernarp A. Firru... 


Mr. J. T. Muon ter of British and Foreign 


Shipping. 
Mr. J. Foster Kine’... Representing the British Cor- 


ration for the Survey and 
Registry of — 4 
ne the _ oa 
eritas. 


. JOHN GRAVELL 





South 
Bart., succeeded by Sir Staffordshire Iron-Masters’ 
T Georce HInc.ey, Bart. Association. 

Mr. Wiii1am THackray Nominated by the North of 
England Iron and Steel 
Manufacturers’ Association. 

Nominated by the Scottish 
Iron Manufacturers’ Asso- 
ciation. 


Representing the Steel Mer- 
chants. 


Of Messrs. Vickers Sons and 
Maxim. 


The divergence which existed in the tests called for 
when the Committee began its operations was consider- 
able, the requirements of the various bodies crossing and 
re-crossing, so that if material had to be tested to 
two of the inspecting bodies, it became a matter of con- 
siderable difficulty on account of the narrowness of the 
limits available. The first general discussion showed 
clearly that the Committee were entirely against specify- 
ing any chemical tests for plates and sections. They 
decided that suitable mechanical tests, such as had been 
— heretofore, combined with practical working in 
the factories, was all that was necessary, and that the 
chemical composition of the material was the concern of 
the manufacturer, who had to produce his material in 
such a way that it would pass the practical and stringent 
tests specified. This view did not commend itself to all 
sections of the Standards Committee, and though the 
necessity for a chemical analysis had not been felt by such 
an extensive user of steel as the British Admiralty, nor 
had the experience of the classification societies poin 
to the desirability of having one, it wasdeemed advisable 
to follow the line of least resistance, and, in the case of 
material for other purposes than shipbuilding, for which 
it had been customary to stipulate a chemical paws, Ye 
such a requirement has been incorporated in the standard 
specifications. In the case of certain of the specifications 
for material used in the construction of railway rolling- 
stock, however, alternative specifications, one with and 
the other without a chemical analysis, have been issued, 
as the requirement of such an analysis was by no means 
universal. 

The first essential was to fix upon a standard size of 
test-piece, and this proved difficult, because of our desire 
to carry the other committees with us, and to fix one 
standard test-piece for all plates, bars, and angles. 
Theoretically, the length between the dabs should vary as 
the square root of the sectional area of the test-piece, but 
practically this is impossible, if for no other reason than 
that the steel-makers desire to have their testing-machines 
set to take test-pieces of certain given lengths. Con- 
versely, with a fixed length, the steel-makers would 

uire to have had a different width for practically every 
thickness of plate, so that the area should always be the 
same, and this was obviously too costly and slow for prac- 
tice. It was therefore thought best simply to restrict 
within certain well-defined limits of variation the width 
for the different thicknesses and to have uniform limits 
of tensile strength for all thicknesses. Some of the exist- 
ing rules called for a longer test-piece than that repre- 
sented by 8 in. between the dabs, which requires an over- 
all length of about 16 in., and the steel-makers estimated 
that the restrictions of all test-pieces to this length would 
effect a very considerable mone saving, so that it was 
decided to make 8 in. the standard distance for all plates 
and sections. 

An enormous number of tests were made to decide upon 
the limit of strength which should be demanded, taki 
into account the effect of different thickness and breadt 
of test-pieces, &c. These tests were carried out, not only 
by the steel-makers, but also by private members of the 
Committee, and we had the great advantage of having on 
our Committee Professor Unwin, a gentleman who 
made this work his speciality. The results of these ex- 

riments were contributed to the Institution of Civil 
a pager by Professor Unwin on November 10, 1903, 
and a monograph on the subject was also written for the 
Engineering Standards Committee, and published by 
them as Report No. 3 ( a on the influence of gauge 
length and section of test-bar on the percentage of elonga- 
Son), which will well repay a close study by those inte- 


Sir BenJamin ed by Si |" Sadr _by_ the 


Mr. WItLiAM WYLIE 


Mr. J. Molnryre, suc- 
ceeded by Mr. J. Hamtt- 
TON TURNER 

Mr. James McKecuniz... 


rested. 

In dealing with round bars, a gauge length having a 
ratio of eight times the diameter has been tinted as 
giving a roughly comparable elongation with that of the 
plate specimens, and when the bars are turned down,it is 
stipulated that the length of the parallel portion shall not 
be less than nine times the diameter, in order to eliminate 
the influence of the shoulder and |: r ends of the test- 
piece. At a subsequent date the Committee were ap- 
proached by the steel-makers with are quest that provision 
might be made for the use of a shorter test-piece in the 
case of bars having a diameter of over 1 in., because in the 
case of boiler stays many of the steel works had testing- 
machines which were capable of breaking such bars with: 
out having them turned down, but the length of the test- 
— was restricted by the distance between the grips. 
t was urged that a great saving in material and in cost of 
preparation would be obtained by the adoption of a shorter 
test-piece. After careful consideration and experiment, 
it was decided to provide an alternative standard test- 
piece (test-piece F), having a gauge length of four times 
the diameter for bars having a diameter over Lin., the 
equivalent elongation being approximately one-fifth more 
than that for a test-piece having a gauge length of eight 
times the diameter. The concurrence of the other sectional 
committees dealing with structural steel for various pur- 
-— having been obtained, this test-piece was approved 
xy the Main Committee. It frequently happens that an 
8-in. gauge length is impracticable for castings and forgings 
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for {marine work, and for steel rails, tyres, axles, &., so 
that standard test-pieces of fixed gauge lengths of 2 in., 
3 in., and 34 in., with areas of }, 4, and ? of a square inch 
respectively (test-pieces C, D, and E) have been adopted 
to meet these cases. The extensions on these test-pieces 
are not directly og epee with those obtained on the 
test-pieces et or rolled structural material (test- 
— B and F), but are directly comparable with ea:); 
other. 

In addition to test-pieces for the purpose of ascertain- 
ing the tensile strength, standard bend test-pieces for 
marine castings and - have also been devised. A 
considerable amount of experimental work was carried 
out in this connection by Mr. Bernard Firth, at the 
works of his firm, with a view of improving the methad 
of making bend tests in association with a constant size 
of test-piece and angle of bend for all qualities of material, 
the severity of the test being regulated by the diameter 
were made. The primar) 
object of the experiments was to enable the tests to be 
completely carried out in the test-room instead of por- 
tions of them having to be made in the forge as was usual. 
For this purpose it was arranged that the test-piece should 
be fo: through a die by means of a plunger pressing on 
the middle of its length, the ends of the test-piece, when 
the test was completed, becoming parallel to each other 
after having been bent through an angle of 180 deg. Mr. 
Firth, in consultation with Mr. R. J. Butler, C.B., one 
of the Admiralty representatives on my Committee, ex- 

rimented with various sizes of test-piece in order to 

etermine the relation between the tensile strength and 
the radiusof the nose of the plunger over which the piece 
should be bent. At first a test-piece having a section 
#in. by #in., such as is employed for gun-forgings, was 
tried, but it was cut into by the plunger; eventually a 
test-piece 1 in. by ? in. in section was adopted, which 
a satisfactory results, and it was found that with the 

ydraulic press only 5 in. was necessary as against the 
10-in. specimens used with bending and hammering. It 
was further found experimentally that only two pairs of 
dies and —- were required to test steel varying in 
tensile strength from 28 to 40 tons per square inch, but it 
was considered preferable to recommend three dimen- 
sions for the internal diameter of the bend as follows: 

. Diameter of 
Range of Tensile Strength. Inside Bend. 
From 28 up to 32 tons per square inch ... } in. 

ser 32 and up to 36 tons per square 

inch ... as ig a oad ea m= 
Above 36 and up to 40 tons per square 

inch ... as és <-3 < i a 

By the introduction of standard test-pieces the Engi- 
neering Standards Committee has not merely facilitated 
the work of the test-room and relieved the steel-makers 
to a very 1 extent from the expense of preparin; 
different sized specimens of the same steel to comply wit 
the various regulations of the several inspecting bodies, 
but by rendering test results comparable they will have 
eae Be the disposal of the next generation of engineers 
and shipbuilders a mass of valuable information which 
would not otherwise have been available. 

The stan test-pieces having been decided upon, it 
now became possible for the Committee to deal with the 
breaking stresses and elongations to be demanded. It is 
evident that the circumstances surrounding a standard 
specification, and the exigencies making it desirable, 
render it impossible that such a specification can be an 
ideal one, and as it must, in the nature of the case, be a 
compromise, the Committee tried to make that com- 
promise of the best possible character. In drafting the 
tests contained in the standard specifications, unification 
of different schools of thought could not be effected 
otherwise than by their representatives realising that the 
desired end cst | only be reached if they stuck to their 
guns on essential, but gave way to their confréres on non- 
essential points ; and here I should like to bear my_will- 
ing testimony to the very generous and open-minded 
manner in which the members of my Committee met 
round the table to discuss very divergent views, upon 
which ultimate harmony was secured by real and con- 
siderable concessions of opinion. ] : 

The table appended to this paper shows in a few lines, 
and more clearly than of printed matter, that the 
Committees set Lefore them a high ideal as to the nature 
of the tests to be demanded, and indicates, as the result 
of a t amount of work and discussion, the extent to 
which they have been successful in harmonising hitherto 
divergent tests. ; 

The letterpress of the standard requirements led to a 
considerable amount of discussion, but as the British Ad- 
miralty, the of Trade, and the three classification 
societies had all published very full and carefully thought- 
out rules, it became largely a question of welding these 
into one, which was eventually and successfully done. 
We made our report upon the material for ships and 
boilers in December, 1904, and these reports were also 
accepted simpliciter. : 

The work of getting out standard tests for forgings 
and castings and the corresponding letterpress proceed ed 
on simila en but took a considerably longer time, anc 
was not completed until June, 1907. ee 

These re will repay study, and I think it will be 
admitted that while based on previous practice, the) 
have consolidated and improved it. ate iad 

The Committee had also before them the advisability 
of standardising tests for iron, and this work is still in 
hand, but has not made such progress as we would all 
have desired. Up till now none but es ae tests have 
been made obligatory by any of the classification societies 
except one; that is to say, that no test-pieces were 
required to be broken or bent before delivery of the 
material, as in the case of steel. It is also true that iron 
is not now a general constructional material for ships or 
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COMPARISON OF TESTING REQUIREMENTS FOR STEEL USED IN THE CONSTRUCTION OF SHIPS AND THEIR MACHINERY 


LAID DOWN BY THE ENGINEERING STANDARDS COMMITTEE. 





























TENSILE TESTS. BEND TESTS. 
| | pe ieee “| 
} Limit hd | | PROCESS 
Elasticity } or 
MATERIAL. Tensile Breakin Minimum Extension | y =r] Per Cent. Size of Test- ‘Angle | MANvPAc- 
8) Per Cent. on Standard of Ulti- Number. ‘ ; | Radius of Bend. of Number. TURE. 
Strength. Test-Piece | Test- | “mate a | Test. 
| Piece. | tensile | 
Strength. . 
Steel Plates. tons per sq. in. : : : deg. ur 
For ships .. ‘% Zz 28-32 20 for 0.375 in. and A leach charge ; 2 if | Not less than /Equal to 1.5 times thick-. 180 | 1 cold or1 temper from Sage 
above. 16 below 0.375 in. charge ex 825 tons} lin. wide | ness } | each plate asrolled hearth, acid, 
| A | . or basic. 
,, ships (for cold flanging) .. 26-32 | Ditto A e Ditto Ditto Ditto ' 180 | 1 cold from each plate Ditto 
., marine boilers is + 28-32 20 ~ore —t 7 above. A 1 each plate. Hates | Ditto Ditto 180 | 1 -_ or 1 temper from Ditto 
w 0,375 in. | over 2} tons; 1 each en each plate as rolled (/) 
,, marine boilers (for flang- 26-30 Po tank J above. A Ditto Ditto Ditto 180 | Ditto Ditto 
ing) iow 0.5 in ‘ | 
Steel Bars and Sectional | 
Material. | : 
For ships .. oa ‘ce "a 28-33 20 for 0.375 in. and above. A or B leach chargel; 2 if Ditto Ditto 180 | 1 cold or 1 temper from Ditto 
| 16 below 0.375 in. charge exceeds 25 ue or section as 
| tons rol 
For marine boilers (angles and 28-32 20 - — i. ate A ¥ 2 each charge (c) Ditto Ditto 180 Ditto Ditto 
-bars) } iow 0. n. 
For marine boilers (combustion 26-30 23 for 0.375 in. and above.| B or F | Sy Ditto (e) Ditto Ditto 180 | 1 cold and 1 temper from Ditto 
chamber stays) | - 20 below 0.375 in. (a) | | | every 15 bars as rolled 
| | | | from each charge 
Steel Rivet Bars. | | 
For ships .. = a ~ 25-30 25 B 1 each charge (d) Ditto 
», marine boilers cs < 26-30 } 25 (8) B 2 each charge (c) Ditto 
Steel Forgings. } : ; | 
| lin. wide by (Up to 32tons maximum, 180 At least 1 cold each 
For marine work ee a 28-40 | 29.17 0.75 in. thick tensile, 0.25 in. forging 
Not more than Quality Factor \C or D| At least 1 each Ditto Above 32 up to 36 tons 180 tto 
4 ne See 57 forging a tensile, Ditto 
any jum | 0.375 in. 
and minimum | Ditto Above 36 up to 40 tons | 180 Ditto 
specified | maximum tensile. } 
} 625 in, 
Steel Castings. | : 
For marine work, Grade A... 35-40 } 15 Cc, 4 or At least 1 each charge! Ditto lin. 60 | Atleastlcold each | Ditto 
| zz m - charge (m) | 
“eo “PH 26-35 20 | Ditto - If casting made from Ditto a 120 | If casting = from Ditto 
| more than 1 charge, more than 1 charge, 
- at least 4 : at least 4 
_ 2635 | 15 Ditto ye z Ditto ae 90 | ie . | Bate 
a ne a a i nit Fs y as Ditto 
| { ! 











(a) When tested on gauge-length of 4-in. diameter (test-piece F) the elongation shall be 28 and 24 per cent. respectively. 


one additional test for each further 15, or portion thereof. 
exceeds from one charge 10 tons, one ade 
(m) Small castings, one for each pouring head. 


boilers, still it is used in the case of anchors and cables, 
rigging-chains, slings, and general smith-work, and the 
Committee have felt it desirable, and they are now 
engaged in making an attempt, tostandardise a few clearly- 
defined classes of iron. ere are a great number of 
different marks or brands of iron, and by these marks it 
has hitherto been sold. We are informed by the iron- 


makers that it is impossible to lay down general tests for | las 


iron, as it varies so much in the different localities ; but, 

rsonally, I am hopeful that we may bring something 
ike uniformity out of chaos, and that while vested inte- 
rests may fear the effect of this, practice will show that 
their fears are groundless. For the purpose of this work 
the following gentlemen have been formed into a sub- 
committee :— 


Sub-Committee on Iron for Shipbuilding and Ships’ Cables. 
Mr. Henry Wirny, Chairman. 
Mr. A. Denny (ex Officio) 
Mr. W. E. Surru, C.B.... Representing the Admiralty. 
Mr. Peter Samson, I.8.0. — the Board of 
e 


Representi Lloyd’s Re- 
Mr. H. J. Cornisn —.., | “GPT een t British & Foreign 
Mr. J. T. Mruton wf Shipping 

Mr. J. Foster Kine Representing the British Cor- 
tion for the Survey and 

istry of Shipping. 
Mr. Joun Gravett =... Representing Bureau Veritas. 
Sir Grorck Hrinciry, Nominated by the South Staf- 
Bart. fordshire Ironmasters’ Asso- 

ciation. 


Mr. WituiaM THackray, Nominated by the North of 
gland Iron and Steel- 
Manufacturers’ Association. 
Nominated by the Scottish 
Tron-Manufacturers’ Asso- 

ciation. 
Professor W. C. Unwin... Member of Council, Interna- 
tional Testing Association. 


Mr. Wittiam WYLIE 


{n dealing with the important matter of testing require- 
ments for such bodies as the Admiralty, the d of 
"rade, and the classification societies, who have enormous 
Guantities of material under inspection at one time, it is 
evident that no poe 5 or sudden changes could be tole- 
rated, and that ample time must be given, first, for the 
consideration of the suggested tests by those in charge, 
and, secondly, for the gradual introduction into practical 
work. The necessity for sufficient time has been evident 
in the gradual nature of the adoption by the above-named 
bodies of the standards recommended by the Committee. 
The Admiralty have signified their acceptance, and are 


prepared to adopt the standard specification for structural | it. 


steel for where steel of the tensile strengths 
therein sataped i is meet, sino the , enodent sections, 
and, in so far as er to speci: ion above-men- 
tioned, the cmndacd lormact test-pieces. The Admiralty 





In round bars of 1}-in. diameter, and under, the number shall be 50 in place of 15. 
ditional test for each further 10 tons, or portion thereof. 


(c) When number of bars from one charge exceeds 15, 
(d) When weight of bars 


f) Plates over 24 tons, one cold and one temper, from opposite ends. 


G 
(8) When tested on gauge-length of 4-in. diameter (test-piece F) the elongation shall be 30 per cent. 


further state that as hull work, their co-operation 
may be relied upon in the adoption as far as practicable 
of the recommendations laid down in the various findings 
of the Committee. 

The Board of Trade have issued revised rules, which 
are practically in accordance with the recommendations 
of the Committee, and which came into force in August 


t. 

Lloyd’s ister, in the latest revision of their rules, 
have altered the same, both in regard to sections and tests, 
to conform to the recommendations of the Committee, 
which their chief surveyors were largely instrumental in 
preparing. The recommendations of my Committee have 
also for some considerable time been adopted by the 
Bureau Veritas and the British Corporation. ‘ 

The tical uniformity thus established in the testing 
of steel must be of very considerable advan , not only 
in the testing-houses of the steel-works, but in enabling 
the makers to work to closer limits and saving them from 
the possibility of having material which would be accepted 
by_ one surveying body rejected by another, because of 
differing test requirements. 

It will be seen that the work of this Committee has 
been no sinecure, it has been going on now for years, and 
I have regretfully to record that three of those who sat with 
us have joined the great majority ; excellent members, who 
did their work heartily and well. Their names are Mr. 
W. T. Courtier Dutton, Mr. J. MacIntyre, and Sir Ben- 
= er Is there any other country than the 

nited Kingdom where so many hardworking business 
men could found who are willing, without fee or 
reward, to spend a vast amount of their valuable time in 

ublic work such as this, for which there is not only no 
‘ee, but no allowance for travelling, or other expenses ? 
Let us hope that we may all find our reward through 
ae acility in design, cheapness, and efficiency in 
work. 

It must not be thought that standardisation means fos- 
silisation. It is provided that not less than once a year a 
meeting shall be held for the purposeof considering whether 
any deletions, additions, or alterations are required, 
and two such meetings have already been held. At the 
last meeting Mr. Cornish su ted an addition of several 
sections, channels, and bulb angles, which he was of 
opinion would be foun . The Committee care- 
fully considered these sections, but decided that it would 
be well to allow a little further time to elapse, and to havé 
reports from the members of committees, steel-makers, 
classification societies, and users before putting them on 
the list. The advantage, however, of our system of fixing 
the profiles is this, that the correct profile can be at once 
ascertained for any intermediate size, and the rolls pro- 
port gut for any new section whenever business demands 

re is already another suggestion that the list of 

be curtailed, if not entirely abolished, 

because bulb angles have practically taken their place. I 
have no doubt that if this is proved to be the case, the 
Committee will have no hesitation in deleting these 





sections, and you will thus see that there is no intention 
of fossilising practice. 

I have now made my report on what has been done by 
the Committee in which this Institution is most imme- 
diately interested, and as Sir John Wolfe Barry has 
recently read a paper upon the whole subject of standard- 
isation, it is needless for me to do more than outline what 

been done. 

The Main Committee, which has the final say upon 
everything, and before whom all reports must finally come, 
consists of representatives from the five supporting Insti- 
tutions. This Committee popoint all the chairmen of the 
sectional committees, which, from the diagram on the wall, 
you will see are very numerous, and these sectional com- 
mittees—subject to the approval of the Main Committee 
—form such sub-committees as may be necessary to 
out their work. The number of final reports which have 
already been published is forty-two. 

I think the most important were those which were 
first issued upon sectional materials and tests for steel, 
but after this, and hardly Jess important, was the report 
of the Committee on Tramway Rails ; and I wish to notice 
this one specially, as showing the enormous economic 
value of the work done. When the Tramway-Rail Sub- 
Committee work, it was found there were no less 
than seventy-six different profiles of tramway rails, differ- 
ing. many of them to such a small extent that it was 
difficult to conceive why they should have been designed. 
But the smallest difference necessitated a se te set of 
rolls, and the capital sunk in rolls was prodigious. Had 
the Committee halved the number of sections, it would, 
I think, have been considered good work; had they 

uartered the number it would have been wonderful ; 
that they have succeeded in fixing on five standard 
profiles is the highest testimonial which I can award to 
the sound common-sense of our engineers as a body, and 
this is what has been done. There are really only five 
sizes, but for curves the thickness of the lip requires to be 
altered on account of excessive wear, and the width of 
the groove increased, and hence there are ten sets of rolls 
required. That the action of the Committee in regard to 
the limiting of the number of types of tramway rails and 
corresponding sections has been warranted, and that these 
sections as issued have fulfilled all practical requirements 
has been proved by the ereamgen | attained fact that 80 
per cent. of the rails have been rolled to this standard. 

Another important specification was that upon cement, 
one of the princi materials used in civil engineering 
work, and one which, now that reinforced concrete has 
become so reliable, must continually grow in use. This 

also was unanimous, and has been adopted as the 
British standard. 

I have not specified in detail the others, but to those 
who are interested in the subject I would mary recom- 
mend the perusal of Sir John Wolfe Barry’s admirable 
paper, in which they will find many details which I have 


‘orce obliged to omit. 
While (as the diagram on the wall shows) the number 
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of industries and subjects dealt with by the Engineering 
Standards Committee has been very great, I would like 
it to be known that the Main Committee has had to 
decline a good deal of work, which appeared to them to 
be unsuitable, either as being of too personal a nature or 
not being yet in a sufficiently advanced state. The Com- 
mittee, for instance, have standardised carbon filament 
glow-lamps, but they have not yet taken up the con- 
sideration of metallic filament lamps, nor do I think it is 
likely they will do so until these lamps have been much 
longer on the market. It is an advantage, however, to 


have such a representative body, which is sufficiently | 


strong to say ‘‘ No,” and will only select those subjects 
which can be most usefully dealt with. 

The Engineering Standards Committee is recognised as 
an authority, as is shown by the fact that the Railway 
Clearing House, which controls the specifications for 
private owners’ wagons, accepts the Engineering Stan- 
dards Committee’s specification in all cases. f may, 
perhaps, be senuiieell te give two particular examples. 

A memorial from the makers of basic open-hearth steel 
asking the use of the material manufactured by them in 
the case of axles and springs for private owners’ wagons, 
the construction of which is controlled by the Railway 
Clearing House specification, was submitted to a meeting 
of the railway companies’ carriage and wagon super- 
intendents in July, 1908. The manufacturers were in- 
formed by this meeting that the: companies were willing 
to accept any material approved by the British Engineer- 
ing Standards Committee, and that the memoria] from 
the manufacturers should therefore be addressed to that 
body. The memorial has been presented, and the Com- 
mittee now has it under consideration. Or I might 
cite another instance. In a recent wagon specification 
issued by the Railway Clearing House it was stated in 
connection with iron axles that, so soon as the Engineer- 
ing Standards Committee had issued specifications for 
iron axles, the specifications of the Committee would be 
substituted for those at present laid down by the Railway 
Clearing House. 

As to finance, the five supporting institutions subscribed 
very considerable sums to the initial expenditure, and we 
were also fortunate in securing the patronage and the 
assistance of Mr. Balfour's Government, which has been 
continued by this present Government. Mr. Balfour 
received a deputation from our Main Committee most 
bow ay ay Fe y on May 30, 1902. At the Board of 
Trade Mr. Gerald Balfour, and at the Admiralty the late 
Mr. Arnold Forster, also exerted themselves to assist us, 
and we received grants from Government totalling 90507. 

I am sure none will object if I single out Mr. Arnold 
Forster for special thanks, as everyone knows how 
enthusiastic he was in anything he took up, and I feel 
that we are largely indebted to him for the benevolence 
of the Government. 

The back of the work has been broken; certain of the 
Committees are still sitting, but they have either reported 
or are on the point of reporting. My Committee and 
others must, however, remain in being, ready to consult 
upon any advance or alteration in practice which is called 
for, and we must therefore look forward to a certain 
amount of permanent expense. The shipbuilders and 
engineers connected with this Society have been most 
generous in their response when called upon for sub- 
scriptions, and I trust they will not object to subscribe 
annually certain sums to cover the necessary standing 
expenses ; these will—you may trust the Main Com- 
mittee—be kept as low as possible. The secretarial staff 
must be kept up, and in this respect I would like to 
acknowledge the advan which we have had in having 
as secretary Mr. Leslie 8. Robertson. He has grown 
with the work, devoted himself heart and soul to it; and 
it is, I believe, the unanimous opinion of all the members 
of =. Committee that a better secretary would be difficult 
to find, 

May I, in conclusion, take this opportunity of thanking 
all the members of my own Committee for their loyalty to 
me personally and their diligence in the work? Ma 
specially mention one of our members—Mr. Withy, Vice- 
Chairman of the Committee—who has virtually been 
responsible for the work since the year 1904? I am deeply 
indebted to him, and desire to take this opportunity of 
expressing my special thanks to him. 








EXPERIMENTS UPON THE FORCES ACTING 
ON TWIST-DRILLS WHEN OPERATING 
ON CAST IRON AND STEEL.* 


By Dempster Smirn, Associate Member, of the Muni- 
cipal School of Technology, Manchester, and R. Po.ta- 
koFrF, of the Imperial Technical Institute, Moscow. 

(Concluded from page 438. ) 

Experiments (j) and (k).—The Variation of Torque and 
Thrust w Drilling Steel of Different Grades without 
and with Lubricant, 

THESE trials were made with a 2-in, drill, and the results 

have been plotted on Figs. 25 and 26, annexed, after 

the manner of those already described. To avoid con- 
fusion with the spots, and to allow of an easy com- 
parison between the iy! and lubricated tests, separate 
vertical scales are used for each material, but the hori- 
zontal scale is common to all. 

F 25 and 26 represent the values given in columns 2 

and 4 of Table X. With the exception of the tests on 

hard cast iron already mentioned, and the hard steel, 
these trials were made under identical conditions to those 
previously discussed—viz., a fresh drill was used for the 

ba feed, and the other trials made in the order of increased 
feed without regrinding the drill. In the case of the tests 


The full lines drawn on 


* Paper read before the Institution of Mechanical 
Engineers on March 18, se 


T | Soft steel (lubri- 
ted 


under these conditions, owing to the blunting of t e chisel- 
with a freshly-ground drill for each experiment. It wi 
be observed that there is little difference between the 
torque and thrust for the soft and medium steel. This is, 
no doubt, due to the high percentage of manganese in the 
former. (For chemical compositions, see Table VL., 
page 436 ante.) Roughly s ing, the torque and thrust 
are practically proportional to the carbon plus the man- 
ganese for any given feed. : 

Lubricated Tests.—In order that an estimate of the effect 
due to lubrication may be made, the values given in 
| columns 2 and 4 have nm modified to suit a constant 
| index of the feed. These approximations are shown by 
| the dotted lines in the figures, and the mE oe = 
values are given in columns 3 and 5 of Table X. The 
lubricant used was Beckett’s turning oil mixed with water 
in the proportion of 1 to 50. 


Fig. 25. 





RESULTS WITH SECOND APPARATUS. 
TWIST DRILL EXPERIMENTS (onoinary). 


VARIATION OF TORQUE WITH FEED WHEN 
OPERATING ON STEEL & CAST-IRON WITH 2° DRILL. 


Torque(lbs.ft)CastIrom. _Torque(ths.ft,.) Medium Steel. 


(Inches per Revolution) 


TABLE X.—Equations to Lines Drawn on Figs. 25 and 26. 


(o@.a) 
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2. | 3. 
| | 
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Torque (Fig. 25). Thrust (Fig. 26). 


— oe 


Material. as bs 


ak ta Palins 
Full Lines. cf soemy 


Dotted 


| Full Lines. | pees 





53900 10-75. | 


45000 10-69 
45500 10-74 
+ 1500 
50060 10-6 


n 
.| 2600 09-7 | 


iron (dry) 57000 t0-75 


Hard cast iron 


(dry 
Soft steel(dry).. 


| 
| 
.| 2700 10-7 
290 £9-71 + 50 


4840 (0-7 - 
cated)... . .| 6100 10-785 | 4140 19-7 | 36260 10-6 
Medium _ steel | 
dry .| 5250 00-7 | 
9000 29°89 | 3830 19-7 
17250 t + 30 Re 


~~ i 54000 19-6 
Medium steel 

(lubricated) .. 
Hard steel (ary) 
Hard steel (lubri- 

cated)... si 


54500 t9°7 
55000 t0-6 


| 48980 10-6 





16750 ¢ + 15) 





T ¢.—An examination of the results themselves shows 
that the percentage decrease in the torque due to lubrica- 
tion is A comers the same in soft and hard steel ; also that 
this decrease is most conspicuous with the finer feeds. 
The average torque for each feed in these trials varies 
from 72 per cent. with the 4,5 feed to 92 per cent. with 
the 3; feed of that obtained when operating dry. 

Thrust.—The thrust for soft, medium, and hard steel is 
26 per cent., 37 per cent., and 12 per cent. respectively 
less than that obtained when operating dry. There is no 
marked difference in any case with these percentages and 
the feed as in the torque. 

Experiments Series (l) and (m).—The Variation of Torque 
and Thrust with Angle of Drill-Point when Operating on 

* Cast Iron and Steel. 

In this set of trials the included angle @ only was altered ; 

the pitch, chisel-point, &c. (see Fig. 11, 433 ante), re- 

maining as in previous tests, and given in Table ITT., 

434 ante. The results obtained have been plotted in Fi 

27 and 28, page 471, and full lines are drawn through the 

mean of the spots for each set. uations to the stron 

full lines for the 1}-in. drill only have been attempted, 

and these are given in Table XI. With the exception of 

the thrust on cast iron, the characters are generally alike. 

T .—From the statements made on La 
variation in the torque due to an alteration of the point 





Torque (lbs. ft.) Hard Steel. 


(bs) 


on hard steel, it was impossible.to get a complete set ' angle would be expected, since it also alters the plane in 


int, and th lts sh the diagram were obtained , angle. ; 
as leulicore inill for ead ill ' obtained by the method described on page 434 ante, and are 








which the shavings leave the work—1.c., the true cutting 
The mean cutting angles for these drills have been 


given in Table XII., page 471. Since the cutting pressure 
is proportional to the cutting angle, the torque for a given 
diameter of drill and feed is also portional to it. 
dividing the coefficient of ¢ in Table XI. | Bag cutting 
angle the quotient should be a constant. This, however, 
is not the case (see lines 7 and 8, Table XII.), and the 
variable quotient can only be attributed to a bluntness 
effect which is proportional to the length of the cutting 
lip. The length of the lips are equal to 
d-chisel point , 


¢ -$) 
cos ( 90 ’ 


and are given in line 6.of Table XII., from which it will 
be seen that they are in the order of the quotients above. 


By 


Fig.26. RESULTS WITH SECOND APPARATUS. 
TWIST DRILL EXPERIMENTS (ORDINARY). 
VARIATION OF THRUST WITH FEED WHEN 
OPERATING ON STEEL & CAST-IRON WITH 2° DRILL. 


Feed (Inches per 


Messrs. Bird and Fairfield found noZmarkedfdifference 
in the torque due to the alteration of the point angle. 
The results and conclusions given above are generally 
opposed to those of Frary and Adams on page 398 ante. 
TaBLe XI.—-Equations to Full Lines on Figs. 27 and 28 

for 14-in. Drill. 


iene 


2780 (0-7 





Torque. 

90 deg. 

1980 10°7 

4170 t0-7 
Thrust. 

..) _, 90 deg. 
. 79000t+ 250 100000t + 
64700 (0-7 66300 t® 


Point angle .. 
Soft cast iron 
Medium steel 


120 deg. 
1600 t9°7 
3400 t0-7 


120 deg. 150 deg. 
250 127000t + 250 
4 69700 10-7 


Point angle .. 
Soft cast iron 
Medium steel 


Thrust.—It will be noticed that the values for the 
thrust are in the order of the included angle and exactly 
the reverse of those for the torque. _That the drill having 
the keenest cutting angle should give the greatest back- 
ward thust may appear at first glance to conflict with the 
results obtained in the “‘ Experiments with a Lathe-Tool 
Dynamometer ” and common experience. It must be re- 
membered, however, that the drill having the least lip 
angle has also the greatest adverse chisel-point angle. 
Two distinctly opposite effects, therefore, enter this 
quantity, and the experiments are insufficient to assign 
a value to each. The minus chisel-point when compared 
with the ordinary trials give the effect due to the c isel- 
point for a common cutting angle. The amount due to 
the chisel-point was found to be about 25 per cent. and 
21 per cent. of the thrust for the whole drill in cast iron 
nlaed respectively (see page 438 ante), whilst the chisel- 
point is barely 10 per cent. of the drill diameter. For drills 
with included les other than 120 deg. it is reasonable 
to suppose that the value due to the chisel-point should 


vary as sin oie, cos f (see Fig. 11, page 433). It would 


be expected that if the quantity thus derived is subtracted 
from the total thrust the yonaiader should be a value de- 
creasing somewhat with the cutting angle of the lip. This 
answers fairly well with the steel trials (see line 1), 
Table XII.), but is very far out with the results obtained 
in the cast-iron tests. ; a 

Owing to the results of the steel tests coming so close y 
together they were repeated. The drill used in the latte: 
set was soft at the point and the 90 deg. tests fell on the 
top of the 120 deg.. owing to the former blunting at 4 
point. A set with the 2-in. drill was therefore made, anc 
a strong stream of lubricant was used to give the 90 deg. 
drill every chance of standing up to the work. 

The results obtained in the tests on cast iron have also 
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been plotted ona base of point angle at the left-hand 
corner of Fig. 27, below. Messrs. Bird and Fairfield’s 
experiments with a a drill are shown by the black 
spots with a dotted line drawn through them. These 
agree very Closely with results given herein. 

The results given above are the outcome of over one 
thousand tests. 

It will be gathered from what has been said earlier in 
this paper that the conception of these experiments is 
due to Dr. J. T. Nicolson. To him the authors here offer 
their best thanks for the many valuable hints in making 
the tests the outcome of an extended experience in this 
field of work. The authors further desire to acknowledge 
their indebtedness to Mr. J. T. Hodgson, mechanical 
superintendent in the School of Technology; Mr. C. 
Coups, turner ; and the latter’s successor, Mr. J. Masson. 
To the first for designing and reconstructing the machine, 
and the many helps rendered by him in facilitating the 
work. To the two latter for operating the machine and 


-27.RESULTS WITH SECOND APPARATUS 
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TABLE XII. 


(c) Since the tmgee is practically proportional to the 
diameter of the drill squared, the horse-power for a given 
feed and cutti is directly proportional to the 
diameter of the drill (see equations (4) and (9)). 

(d) The horse-power per cubic inch of metal removed 
is inversely proportional to the feed, and independent of 
the drill A cutting speed (see equations (4) and (9)). 

(e) The work required to drill a given hole, when one 
drill only is used, is greater than that i oey to drill 
the same hole in two operations with drills of different 
diameters. The greater the difference in the drill dia- 
meters the greater the saving in work ; speed and feed 
remaining the same throughout. This is due to the fact 
that the mean cutting angle of the single drill is greater 
than the average angle in use for the two drills, and that 
the stress is proportional to the angle (see equations (10), 
(11), and (12), also page 399 ante). ‘ 

(f). With twist-drills having the usual proportions 
(similar to those given in Table I.), the cutting angle is 









(@roinary). 


VARIOUS 


£ rt 








- Pointangle’.. o* . | 


. Mean cutting angle of lip x wag Sons 4 


so Pp 


. Mean cutting angle of backed -off portion x 
length along d 
d 


Mean cutting angle of chisel-point x eng 


> 


. Mean cutting angle for the whole cutting edge 


5 a 87.4 87.2 87.8 
6, Length of the cutting edge for one lip = 0.904 x 0.75 , 0.048 = 1.008/0-904 x 0.75 +0.048 = 0.83 pat 75 + 0.048=0.758 
0.707 0.866 0.966 

7, Coefficient of t for torque in cast iron 1980 = 1960 1600 _ 1930 1380 _ 1290 

Length of cutting edge for one lip : i 1.008 0.83 0.758 
_ Coefficient of t for torque in steel F P 4170 _ 4o40 3400 _ 4100 2780 _ sean 

Length of cutting edge for one lip 1.008 0.88 0.758 

9. Cosine B.. oa aA - * - ~ - 0.707 0.866 0.966 

10. Coefficient of t for thrust in steel . . os “ 64,700 66,800 69,700 

11. Thrust due tochisel-point 246,800 x cos B 11,450 14,000 15,800 
* 100 x cos 30 deg. 

12, Thrust due tolip (10)—(l1).. °° .. ww ete | 53,250 52,800 53,900 

for the care throughout this long series of tests with | not sufficiently keen to drag the drill into the work when 


which they i“ red the specimens and drills. To this 
care is largely due the accuracy and consistency of the 


results obtained. 
Conclusions.—Part 1. 


(«) The horse-power for a given diameter of drill and 
feed is proportional to the revolutions or the cutting speed. 

(6) The horse-power 2eN T) ;, proportional to the 
torque, and for a given drill and speed does not increase 
as fust as the feed (see equations (4) and (9)). 


90 deg. = 120 deg. 150 deg. 








67.56 65.96 65.26 
6.84 | 6.84 6.84 
13 14.4 15.8 





enlarging a hole in cast iron or steel (see equations (13) to 


(15) and (18a) to (18¢) ). \} 


Conclusions.—Part II. 
(g) Conclusion (6) confirmed. The horse-power, when | 
operating on soft cast iron or medium steel, varies as (°7 | 
for a given drill and speed (see equations (21) and (33) ). 
(h) The horse-power for a given feed and speed does 
not increase as fast as the diameter, but varies as d°* (see 
equations (21) and (33)). te ; 
(¢) The torque and horse-power when drilling medium 
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steel is about 2.1 times that pe ome to drill soft cast 
iron with the same drill speed feed. 

(j) The horse-power per cubic inch of metal removed is 
inversely proportional to d®? f°, and independent of the 
revolutions. *Thus the horse-power per cubic inch of 

4x 29 Nedi# 7 k 
Se Sn aeeenninentighg> 0 Siren WOOO OREO 
metal = "00 r @IN ~ @aps T tdont 
constants. 

If d remains constant, and feeds of 7}, in., yb, in., and 

in. be taken, the corresponding horse-powers will be 
in the order of 1, 0.66, and 0.435, which is in the order of 
the pressures given on 435 and 436. If ¢ remains 
constant, and values of d = 4 in., 2 in., and 4 in. be taken, 
then the horse-power for each successive drill will be in 
the order of 1, 0.76, and 0.66. 

(k) The power required to enlarge a hole may be esti- 
mated from the pressures given by equation (25a) for cast 
iron and 2.1 times the value for medium steel. 


Angle of Drill 
jenn 
Steel lubricated 
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1% Drill 


1% 
90° Med. Steel 


1% Drill 
Soft Steel 
90° 


Thrust (lbs,.) Medium 


DRILL EXPERIMENTS (orvinary 
TORQUE & THRUST WITH FEED 


oF 
OPERATING ON STEEL, FOR VARIOUS ANGLES OF 


ad Oe mapyeas 
1%*2Drih 
120° |p 


° 


Torque Medium Steel 1% Drill . 


per 
(2) In a two-lipped drill the actual depth of cut taken 


t 
9 


~ 


If the number of lips is increased, and t kept the same, 
the pressure produced is equivalent to that for a propor- 
tionately decreased feed. 

If the lips are unequally ground, so that the one lip does 
all the work, the cutting pressure is the same as that 
obtained by doubling the feed. 

By gashing the lips of the drill in such a manner that 
the cut taken by one lipis the metal left by the other, the 
pressure is the same as that given for twice the feed. 

It is shown on pages 435 and 436 that the finer the feed 
the greater the cutting pressure, and consequently the 
horse-power per cubic inch of metal removed. 

(m) The end-thrust, when operatin on cast iron or steel, 
does not increase in proportion to the feed for a given 
diameter of drill or in proportion to the diameter for a 
given feed. 

_ (n) Whilst the chisel-point scarcely affects the torque, 
it is accountable for about 20 per cent. of the end-thrust. 

(o) The lubricated trials on steel, when compared with 
the dry tests, show a diminution in the torque and horse- 
“sey varying from 28 wd cent. with the z}, feed to 
u 


by each lip is £; in a three-lipped drill . ; and 80 on. 


r cent. with the yy feed. This may be due to the 
cant washing away the small metal chips which tend 
to jam between the walls of the hole and the drill to the 
preserved cutting edge. The diminished frictional resist- 
ance of the shaving across the lip, together with above, 
reduces the end-thrust by about Aw cent. for all feeds. 

(p) The drill most commonly ado in ice has 
an included angle at the point of 120 deg. If this angle 
is increased the torque diminishes, but the end-thrust 
increases, whilst if this angle is decreased the reverse is 
the result. So far as economy in power is concerned the 











472 


ENGINEERING. 


[APRIL 2; 1909. 








torque is the factor to consider, as the feeding horse-power 
is only about 1 per cent. of the whole in small drills, and 
we much less for the larger sizes¢(see Tables VII. and | 

III., page 436 ante). From this point of view the drill | 
with the larger point angle is to be preferred. The accom- | 
panying increased end-thrust, however, strains the machine | 
parts in proportion. When the point of the drill breaks 
through the metal at the bottom.of the hole, a consider- | 
able portion of the end load is removed. The strain due | 
to that load is released, thereby causing the drill to} 
advance more than its rated feed, and possibly break the | 
drill. The drill with the greater included angle will be 
most likely to give trouble in this direction, both on 
account of the increased strain and torque, and conversely. 

(q) By decreasing the spiral of the drill a keener cutting 
angle, with a decreased end-thrust and torque, can be 
obtained without altering the I meg angle above the 
accepted standard (120 deg.). is, however, would in | 
turn affect the durability of the drill. (See ‘‘ Experi- 
ments with a Lathe-Tool Dynamometer.”*) 

(r) With a small included point angle there is little 
metal to support the cutting edge at the chisel-point, and 
trouble due to blunting of this part is to be expected. 

(s) In estimating the time required to. drill a hole of | 
given depth the length of the drill-point must be taken | 
into account. The length of the point for different in- | 
cluded point angles is :— 

90 deg. 
120 deg. 
150 deg. 


0.5d. 
0.29d. 
0.134d. 





Tue MercanTite YEAR-Book AND Directory or Ex- 
PORTERS, 1909.—This volume, like others of the directory 
type, grows steadily in size. Edited by Mr. W. Lindley 

ones, editor of the Mercantile Guardian, it now appears 
for the twenty-third year in succession. It forms a Tee: 
tory of exporters, &c., in the chief towns of the United 
Kingdom, and of several centres abroad, It is divided 
into six sections, three of which -refer -respectively to 
London merchants, provincial shippers, and tinental 
and American shippers. Another important section con- 
stantly growing in importance is one devoted to colonial 
and foreign importers. The book consists of over 500 

of directory information. It is published by Messrs. 
indley Jones and Brother, 21, St. Helen’s-place, Bishops- 
gate-street Within, E.C., at the price of 10s, 


Tue ‘“Enecrrician”: EvgorricaL Traps’ DrREcTorY 
anp Hanp-Book, 1909.—London: The Electrician Print- 
ing and Publishing Company, Limited, Salisbury-court, 
Fleet-street, E.C. [Price 15s. net.] New features con- 
tinue to be added to this directory, and the hand-book 
matter grows yearly in importance and utility. This year 
the volume gives numerous useful tables of electricity 
supply, power and traction undertakings, the Home-Office 
regulations, including the newly-issued rules concerning 
electricity in factories, &c., and rules governing the use 
of electricity in mines ; a record of electrical ap see of 
the past year, and a digest of the law bearing on electrical 
work. Particulars are given of the electrical undertak- 
ings of municipal and other authorities, and of their 
various schemes for extending the use of electricity. The 
import duties in British Colonies and foreign countries 
on electrical plant are given, while the general informa- 
tion includes a list of schools, col &c., at which 
courses of instruction in electrical subjects are given. 
Particulars are given of the telegraph systems of the world, 
and generally this work constitutes a review and directory 
on electrical enterprise in practically all its branches. 


HawortH’s PRACTICAL TIMBER-MEASURER AND ARCHI- 
TECTS’ AND BurtpERrs’ TABLES.—The publication of such a 
little book as the above is still most necessary, if only on 
account of the ignorance constantly displayed in specifica- 
tions on the subject of timber, and the appearance of a 
revised and enlarged edition of the work is opportune. It 
is sometimes surprising how little is really ose about 
the timbers used in buildings by those who specify most 
carefully the qualifications they demand. One would have 
thought that with regard to a material like timber, em- 

loyed so largely as it is in constructional work, pro- 
Cott men would have kept themselves as enlightened 
as possible. Such, however, is not the case, for it is no 
uncommon thing to find clauses of specifications referring 
to timber showing no knowledge of the changes that 
have taken place in the timber trade during the last 
twenty years. In fact, these clauses often amount to 
absurdities. They demand impossibilities, which would 
never have been asked had it not become the custom to re- 

t sentences and aon hs of ancient date, easily copied 
rom text-books. Not only is the timber now imported 
from certain ports (which at one time bore a name that 
was a sufficient guarantee of high quality) so poor as to 
be unfit for use in work, but it is in some cases not 
imported at all. Still we find it duly specified as though 
the timber trade, like Rip Van Winkle, had been asleep 
for twenty years. Therefore ve are glad to see a new 
edition of the little book we have referred to, which, though 
smal] enough to be carried easily in the pocket, is yet full 
of useful information, and we can aie seimnel it 
to all those who have to buy or specify timber. To them 
the facts brought forward as pfs oe can and what cannot 

got will prove extremely useful, and may prevent many 
ridiculous demands being made in the future. In addi- 
tion to what we have said the book contains much that is 
of value relating to the measurement of timber, rates 
of carriage, and cost per cubic foot, as well as rates of 
exchange, wage tables, &. It is Te by Messrs. 
Alfred Haworth and Co., Limited, 84, Leadenhall-street, 
London, E.C., price 1s, 6d. 








* Proceedings, 1904, Part 3, page 883. 


THREE-HEAD PLANO-MILLING MACHINE. 


CONSTRUCTED BY THE 


INGERSOLL MILLING-MACHINE CO, ROCKFORD, ILL., U.S.A 

















THE milling-machine illustrated above has been con- 
structed by the Ingersoll Milling-Machine Company, of 
Rockford, Illinois, U.S.A., particularly for machinin 
crank-cases and gear-cases of motor-cars, although, o 
course, it is equally applicable to any kind of surface 
or end milling within its capacity. 1t has three 
milling spindles, varying in speed from 15 to 120 
revolutions per minute. The speeds are arranged for 
face mills = to 10 in. in diameter working on iron 
or steel, while on aluminium larger mills can natur- 
ally be used. The machine is driven by a 15-horse- 
power direct-currentshunt-wound Westinghouse motor, 
mounted on a bracket at the rear of one of the stan- 
dards. The motor hasas variation of from 875 
to 1500 revolutions per minute by shunt regulation, 
and, in addition to this, there are four speed changes, 
obtained by means of gearing. 








CATALOGUES. 

Messrs. HAMMEL Broruers, 73, Hatton-garden, E.C., 
send us a circular describing their special form of rolled- 
steel stair-treads with lead filling. ; 

From Messrs. D. H. Bonnella and Son, Limited, 
58, Mortimer-street, W., has come a pamphlet respecting 
an electric incandescent lamp of candle form, the base 
being enclosed in an opal tube. In some patterns 
metallic filaments are used. 

A circular on a fuel-combustion indicator from Mr. W. 

. Casmey, Standard Buildings, City-square, Leeds, 
describes a dial-gauge worked by the flue draught and 
graduated to read off in pounds of coal consumed per 
square foot of fire-grate per hour. 

Messrs. M. Glover and Co., Holbeck-lane, Leeds, 
send us a circular having reference to their ‘‘ Universal ” 
vice. In this vice the limbs are set obliquely, so that the 
jaws are to the left of the screw. This allows long pieces 
of work to be held in a vertical position by the full length 
of the jaw. 

Messrs. Joseph — ard Sons, Limited, 93, High 
Holborn, W.C., have lately issued a price-list of oil-cans 
and a homer acta ww) _ well —_ and 
may expec to stand a good deal of roug usage, 
care having been taken to give them thoroughly suitable 
joints, &c. Torch-lamps are also included in the list. 


From the A at eering Com , King’s Bench 
Walk, Blackfriars, S.E., we have Seeloel ' circular 
spepecting artesian wells, and pumping machinery for 
these le by Messrs. H. Brown and Co., Bristol. The 
circular refers to pumping-engines and air-lift pumps, 
and is of special interest in view cf the present situation 
regarding water supply in London at the present time. 


Under the title ‘‘Power with Economy,. Messrs. 





Mirrlees, Bickerton, and Day, Limited, Hazel Grove 
near Stockport, have issued a pamphlet on the Mirrlees- 
Diesel oil-engine. This gives an account of the principles 
on which this engine works, figures, &c., obtained from 
working, and remarks on the various kinds of work for 
which these engines are specially suitable. 

The ‘‘Loco” Vapour-Gas Light Company, Limited, 
St. Ann’s-passage, King-street, Manchester, send us a 
pamphlet on the so-called ‘‘air gas,” and how to select a 
safe gas-lighting machine. This is written by Mr. F. C. 
Lynde, the designer of the ‘‘ Loco” vapour-gas machines, 
which work, of course, on the principle of making gas 
from -petrol. 

A little pamphlet from Messrs. D. Ramsay Smith and 
Co., Cheyne Walk Works, Chelsea, London, deals with 
special forms of screw propellers for towing and for high 
speed and for shallow-draught boats of comparatively 
small tonnage. A circular, also from the same firm, 
draws attention to their form of shallow-draught tunnel 
for hydroplanes, &c. 

Messrs. Vosper and Co., Limited, Broad-street, Ports- 
mouth, have sent us a catalogue of engines and boilers 
for*yachts and launches. This deals with engines of the 
vertical marine type, ranging in size from triple-expansion 
sets with cylinders 124 in., 19 in., and 31 in. in diameter 
by 21 in. stroke to single-cylinder engines with cylinders 
3} in. diameter and 5 in. stroke. articulars are also 
given of vertical boilers and Yarrow-type boilers of suit- 
able sizes for the smaller sets. 


Messrs. A. Ransome and Co., Limited, 63, Queen 
Victoria-street, E.C., send us a large catalogue of wood 
working machinery.. This is a book of nearly 300 pages, 
covering practically the whole ground of this class of 
machine. The book is well printed, and _the illustrations 
include a number of folding plates. The machines of 
which illustrations and descriptions are given include 
machine-saws of all descriptions, planers, moulding 
machines, joiners, mortising and tenoning machines, Xc. 
Notes on electric driving are given, and there are as well 
remarks on the upkeep of machines, tools, &c. Portable 
and other engines also find notice, as well as boilers, &c. 
The list is well indexed. 








Fort in Grermany.—The production ay &c., in 


the Zollverein in January, 1909, compa as follows 


with the production in January, 1908 :— 
Jan., 1909. 
tons 
12,010,715 
5,506,415 


Jan., 1908. 
tons 
es 12,579,152 
ignites .. 5,702,911 
ooke i Ps a; 1,858,998 
Briquettes ey = 1,412,431 
The imports of coal into Germany declined in January to 
509,153 tons; as compared with 543,960 tons in January, 
1908, The imports of coke also declined. 
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Comertep By W. LLOYD WISE. 
SELECTED ABSTRACTS OF RECENT PUBLISHED SPECIFI- 
CATIONS UNDER THE ACT OF 1907. 
mber of views given in the Specification Drawings is 
ea where none is mentioned, the Specification 
illust: 

Where inventions are communicated from abroad, the Names, éc., 
of the Communicators are given in italics. 

Copies of Specifications may be obtained at the Patent 7 
Branch, 25, Southampton Buildings, Chancery-lane, W.C., at 
the uniform price of 8d. 

The date of the advertisement of the acceptance of a Complete 
Specification is, in each case, given after the abstract, unless the 
Patent has been sealed, when the date of sealing is given. 

Any person may, at any time within two "temates ® the date of 

nee of a Com; Specification, 


the advertisement of the 
give notice at the Patent Office of opposition to the grant of a 
Patent on any of the grow mentioned in the Act. 


GUNS AND EXPLOSIVES. 

17,359. Ste WG prone. Yatowers. and Co., 

Limi ewcastle-on- 
'e , 

Ammunition-Hoists. (2 Figs.) August 18, 1908.—This in- 
vention relates to ammunition-hoists of the differential type, and 
consists broadly in a differential ammunition-hoist in which one 
of the cages has mounted thereon an operative member, rotation 
of which by any suitable means acts to cause relative motion 
between the one cage and the other. In carrying the invention 
into effect according to the form shown in the drawings, the powder 
magazine and shell-room are indi dat a and 6 respectively, 
the corresponding cages (shown in their lowest positions in full 
lines) being denoted by the letters candd. Of these cages, the 
upper one ¢ carries the powder, and is never required to go lower 
down the hoist than is sufficient to enable it to be charged from 
the magazine a ; to limit its downward motion stops are provided. 
The lower cage d, on the contrary, is required to descend to a 
position convenient for charging from the shell-room b. - The 
upper positions of the two cages are shown in dotted lines in 
Fig. 1, these pos:tions being chosen conveniently for discharging 
the powder into the receptacle f, and the shell into the receptacle 


stated 
is not 





















































a7. 


h, both located in the usual working chamber i below the gun- 
turret. In order to give the cages the differential travel required, 
the upper one ¢ is connected by way of a rope k ing over a 
pulley m to the usual multiplying sheaves of an hydraulic ram n. 
fhe lower cage d, instead of being operated directly from the 
motor n, is carried by a rope 0, ing toa winding-drum mounted 
on the upper cage ¢; to the shaft of this drum a pinion is keyed, 
the pinion gearing into a suitably disposed rack w fixed to the 
trunk. The action of the device is as follows:—As the cage ¢, 
directly operated from the motor n, is hauled up the trunk, its 
motion causes the pinion, which gears into the rack u, to revolve 
and turn the drum to which the upper end of the rope o support- 
ing the lower cage isattached. As the upper cage rises, therefore, 
the rope is gradually wound on to the drum, causing the lower 
cage to move at a quicker rate and approach the upper until the 
cages have assumed the discharging positions shown in dotted 
lines in Fig. 1. On the reverse action, when the cages are lowered, 
the rack w again acting on the pinion unwinds the rope ofrom the 
ee so that the — cage “ye as much further than the 

per C as may etermin: v the len f i A 
(Sealed February 27, 1909.) : st allt 


MACHINE AND OTHER TOOLS, SHAFTING, &c. 


Brothers Dynamo Works, Limited, 

a - (Siemens Schuckert Werke, G.m.b.H., Berlin, 
vermany.) Electro-Magnetic Clutches. (6 Figs.) August 
0, 1908.—This invention has reference to electro - etic 

clutches, and is designed to solve the problem of connecting or 
coupling two shafts together electro-magnetically without its being 
necessary to displace the halves of the coupling axially on the 
shaft. According to the invention, the electro agnet is ted 
in the ordinary position, but it is made stationary, and the halves 
of the coupling are fo! by lar magnet-armatures, one or 
both of which is connected with its hub (which is firmly seated on 
its respective disc. 
springs, or e two arma. 








shaft) by flexible means, such as a di 
rods, By means of the electro-magnet t 





| Bo 


iron, so 
| armatures. The action is as follows :—If the magnet f be excited, | heads P, P!, the segmental pieces N, N! are caused to slide round 


tures are attracted until they are brought into engagement with 
one another, and the shafts are thereby coupled together. Re- 


| ferring to Fig. 1, it will be seen that the stationary electro-magnet 


J consists of a iron ring encircled by the winding, the 
flanges at each side of said winding constituting the magnet-poles. 
of these poles have iron rings c situated opposite to them, 
and forming annular armatures. ese armatures are connected 


| by means of the elastic diaphragms b to the hubs on the shafts 


al, a2. Near their inner edges the armatures carry gripping-rings 

d made of any suitable material, and having friction surfaces or | 
These rings lie just inside the magnet and may be made of | 
as to provide a path for the magnetic flux between the | 


the two armatures are attracted equally towards each other, the | 











diaphragm discs b yielding sufficiently to permit of such move- 
ment. The said armatures do not, however, actually come in 
contact with the stationary, magnet /f, since before such contact 
can take place the friction rings (which act also as distance-pieces 
or stops) come into contact with each other and vent the 
further movement of the armatures, leaving just a very slight 
clearance or air-gap between the armatures and the magnet-poles. 
In this position it follows that by,reason of the gripping rin 

being pressed together.at their friction surfaces, they mutually 
drive each other round, carrying the armatures and the shafts 
al, a2 round with them. In Fig. 2, only one of the two armatures 
is connected with its shaft by flexible devices b, and the other arma- 
ture is fixed on its shaft by means of a ‘rigid disc or rigid spokes. 
The action in this example is, however, analogous to that described 


above. (Accepted December 23, 1908.) 
4601. Kendall and Gent, Limited, and G. Weiee 
Lathes. (3 Figs.) February 29, 1908.— iS 


invention relates to roller steadies used in supporting the work or 
piece whilst being turned in a turret-lathe, and the improvements 
consist of means for supporting in an improved manner the 
rollers forming part of such steadies whereby wear is reduced. 
The invention consists in the arrangement of a pair of slides for 
carrying the rollers, each slide being fitted in a circular ve in 
the ly, and consisting of a segment of a ring of suitable cross- 
section, slotted out at one end to receive the rollers, and drilled 
and ta‘ at one side of the same end to receive a stud on which 
the roller rotates. A designates the body carrying both the slide 
B for the tool-holder C and the projection D, in which is formed 
the circular groove or recess in which move the roller-carrying slides 
E, E!; these slides are of rectangular cross-section, with cham- 
fered corners, as shown in Fig. 2, and are retained in place, though 
free to slide in a circular path, by the retaining collar or washer 
F secured by a screw G and pin as shown. A circular aperture or 
hole H is formed in the body A, truly concentric with the line of 
centres or with the axis of the spindle of the lathe in which the 
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steady is to be used, and this aperture permits work which is 
being operated on by the cutting-tool 1 to pass through the body 
of the steady. In Fig. 1, K designates the finished work as it 
leaves the tool 1, which is shown in contact therewith. In order 
to resist the thrust of the cutting action of the tool 1 on the 
work K, so as to produce parallel and true cylinders or the like 
without any further stay or back centre, the rollers L, L! (which 
it is the object of this invention to support and carry in an im- 
proved manner) are brought.into contact therewith, thus prevent 
ing the tool from forcing away the work by the pressure of the 
cut. The rollers L, L!, being of hardened steel and highly 
polished, also assist in making a finished surface on the work by 
their burnishing action. The rollers L, L! have a length somewhat 
less than the width of the slides E, E! ively, and the slides 
at their inner ends are slotted out to receive the rollers, and pins 
M, M! are securely fixed in the ends of the slides to form journals 
on which the rollers can rotate. In order to provide a means for 
rapidly withdrawing the rollers from their position in contact with 





. 

and in this groove two short segmental slides or pieces N, N! are 
fitted, having the same cross-section as, and entirely filling, the said 
ve, and therefore in contact with the inner faces of the slides 

E). The nental pieces N, N! have a length somewhat less than 
the slides E, E!, and are so arranged as to be capable of being moved 
around in their groove by means of worms, which can rotated 
by milled heads P, P!. The worms rotate in recesses in the body 
A of the steady, and are prevented from endwise movement by 
collars, and can be locked when set by lock-nuts Q, Q! threaded on 
to the stems or axes of the worms. worms gear with a series 
of teeth hobbed or milled on the sides of the segmental pieces 
N, N!, so that when the worms are rotated by means of the milled 


in their grooves. About the centre of each slide E, E! is formed 
a recess, in which works a small plunger 8, 8S! ; such plungers are 
kept in position by spiral springs, and can be withdrawn by the 
small heads T, T! when desired, a recess U, U! being formed in the 
face of the slides E, E!, so that the heads T, T! can be conveniently 
grasped by the workman’s fingers. The plungers 8, 8! are eeey 
tapered at their inner ends, where they project beyond the 
face of the slides E, E!, and enter into correspondingly 
taper holes formed in the face of the nental pieces N, N!, thus * 
locking them both ther. When thus locked together both 
ere E! and N, N!)can be rotated by turning the milled heads 
, Pl of the worms, and the rollers L,L! can by this means be 
brought into contact with the work. (Accepted January 13, 1909.) 


18,221. Siemens Dynamo W: Limi- 
ted, Westminster, and M. Kiless, 8 ible 
SnateConntings. (2 Figs.] August 31, 1908,—It is well known 
that trouble is often experienced, more especially in the case of 
high- machinery, such as turbo-generator sets, in effectively 
coupling an electric generator to its prime mover, and in order to 
equalise any difference in the line of the two shafts, flexible coup- 
lings are usually employed. However, most of the flexible coup- 
lings hitherto constructed have the disadvantage that they exert 
a thrust parallel to the shaft axis, which interferes with satisfactory 
running, and the present invention has reference to an improved 
form of flexible coupling which overcomes the latter objection, 
and is otherwise suitable for the purpose in view. The new coup- 
ling is in some ts similar to the well-known Rateau coup- 
ling which has a number of steel or metal pins, In this latter 
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coupling, however, the pins are arranged parallel to the shaft, the 
result of which is that the bending moment which is put on to the 
ins exerts a force in an axial direction or parallel to the shaft. 
e pins in the new coupling are in a radial direction in 
the manner to be hereinafter described. The shaft a, which is to 
be flexibly coupled to the shaft b, is fixed by keying, for instance, 
to the coupling flange c, and the shaft b is also fixed to the other 
coupling flange d. ese two flanges have a ser:es of radial holese¢ 
arranged around their circumference, the holes of ¢ registering 
with the holes of d. Loose pins f of steel having longitudinal 
play are passed into the holes e and serve to couple the two flanges 
exibly together. In order to prevent the pins f from flying out 
when the machines are running, a sleeve g is fitted over the out- 
side flange c, and is secured to the latter by countersunk screws A, 
or by any other suitable means. A spacc & is left between the two 
flanges in order to allow the necessary play between the latter. 
(Accepted December 31, 1908.) 


2740. F. W. Hurd, Bothwell. Radial D: - 
Machines. (3 Figs.) February 7, 1908.—This invention relates 
to radial drilling-machines of the type in which power is trans- 
mitted to the vertical drill spindle from a horizontal shaft in the 
jib. Hitherto this shaft has not usually been movable endwise, 
and, consequently, to allow of the radial travel of the drili-head 
and spindle upon the jib, power has had to be transmitted from 





(e740) 


the shaft to the spindle either thro skew bevel gear—obviously 
objectionable—or through intermediate gearing—almost equally 

bjectionable—b it clearly is not possible to make the 
axis of the drill spindle cut at right angies the axis of the shaft. 
Again, where the horizontal has m movable endwise, it 
has not been directly coupled to a motor. The present invention 








the work, and for rep , when desired, in the same 
— again, a groove of rectangular cross-section is turned in the 
ittom of the recess for the slides E, E!, and concentric therewith, 


has for its object to provide a direct and electrically-driven radial 
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drilling-machine in which the horizontal shaft is movable endwise. 
According to the invention, the drill-spindle A is directly driven 
through bevel gearing from a shaft B parallel with the ji -guides 
C, at right angles to the spindle, and with its axis cutting the axis 
of the spindle. This horizontal shaft B is carried in bearings in 
the travelling drill-head, and moves endwise with it. It is directly 
driven by an electric motor G fixed upon the jib-framing, the 
axis of the spindle of which is coincident with the axis of the 
shaft B. To permit of the endwise movement of the shaft B, the 
motor spindle is, as shown in Fig. 2, in the form of a hollow 
sleeve, through which the shaft passes, and which is adapted to 
drive the shaft by means of a groove and feather. Thus a drive 
from motor to drill-spindle is obtained with correctly-formed bevel 


gear, and the use of intermediate gearing or impracticable skew | 


gear is obviated. (Sealed March 11, 1909.) 


RAILWAYS AND TRAMWAYS. 


1981. A. W. Maley and E. H. Cockshott, Leeds. 
Brakes. (2 Figs.) January 29, 1908.—This invention relates to 
a track-brake, in which the brake-block is capable of movement 
under the frictional drag occasioned by its application, and con- 
sists in the transmission of pressure to the main track-block 
through the medium of a vertically reciprocating stide bearing 
upon, but independent of, the main track-block. a represents a 
cross-bar forming a part of the framing of the car, and upon this 
framing are mounted two guide-plates b, between which moves the 
slide c, having surfaces d formed to engage with the guides b. 
Upon the slide c are arranged guiding surfaces e intended to receive 
a block f, which is thus movable within or upon the slide c. 
Secured to this block is a screwed pin g which passes through the 
upper cross-bar of the slide c, and is supported by a nut A resting 
on that cross-bar. By means of this nut and screw the height of 
the block f in the slide ¢ can be adjusted at will. At its lower end 
the block f has a projection k extending out from the side of the 
car, and within this projection is mounted a roller i, The foot n 
of the slide ¢ similarly extends outward, and within it are mounted 
tworollers p. A cross-shaft ¢, extending partially or wholly across 















































the car, is mounted in bearings, one of which may be formed in 
the bracket b. This shaft g has a crank r keyed to it, which crank 
is connected by links to the brake-handle, so that through its 
medium the shaft q may be turned. There is also keyed to the 
shaft q acam # arranged directly above the roller m, so as to bear 
upon it when the shaft ¢ is turned. The main track-block ¢ is 
mounted over the rail v, and the rollers p bear upon its upper 
surface. The application of pressure to the brake through the 
medium of a vertically reciprocating slide ¢ bearing on the upper 
surface of the main track-block permits of lateral movement of 
the main track-block without any variation in the pressure applied 
to it. The provision of the rollers p reduces the friction between 
the vertionlty sliding piece and the horizontally moving track- 
block. To obtain the first advantage, it would be sufficient if the 
cam 8, or other means by which the brake is applied, were per- 
mitted to bear directly upon the sliding-block c. In use, however, 
the parts of the brake wear so that it is desirable to provide 
means for taking up this wear. In the example shown this 


adjustment is secured by allowing the operating cam to bear, | 


not upon the main slide itself, but upon the block / adjustably 
secured within the main slide. (Accepted December 23, 1908.) 


21,628. The 8S. P. (Suchostawer Patents) Syndi- 
eats, Limited, and H. M. Sayers, Westminster. 
Ss tact Traction System. [3 Figs.) October 13, 
1908.-—This invention relates to that system of electric traction in 
which the vehicle or car receives the operatihg electric current 
from contact-studs on the permanent-way through a receiver or 
collector combined with a pick-up magnet or magnets, so disposed 
as to actuate the switch movements connecting the studs to the 
line wire. The present invention refers to improvements in the 
collector or receiver carried by the car and forming part of the 
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ick-up magnet system. The collector or skate to which this 


nvention refers is carried between or below the magnet-poles, or | 


one of them, and is of that type which is allowed, when over a 
stud, to turn or be drawn downwards and make contact by reason 
of w etic attraction ; whilst when not over a stud, the collector 
is held up out of contact with the surface of the road. According 
to the present invention, the back of the collector is made elastic 
by forming it of waved or corrugated elastic metal wire, these 
wires carrying U-s) contact-pieces. The wires are held to- 
gether, the whole collector forming a quasi-woven structure, The 





band, consisting of a number of parallel-waved wires 1, forms the 
backing of the collector, and upon these waved wires there are 
straddled the renewable contact-pieces 2, each consisting of a 
steel strip bent to form two legs, and this structure, composing 

lector, is surr ded by an india-rubber shield 3, which ex- 
tends nearly to the level of the stud surfaces, and is open 
below. The ends of the parallel-waved wires 1 are fixed to 
shackles 4, which are attached to the body of the pick-up magnet, 
the shackle 4 taking on to the eccentric head 5 of a bolt 6, by ad- 
justing the angular position of which any desired tension of the 
collector may be procured ; the bolt or stud 6 is preferably insu- 
lated from the magnetic body. The skate is composed of the 
parallel wires and straddled contact-pieces, and is electrically con- 
nected to the magnetic winding 7 through a fuse. At each end of 
the collector a squeegee of india-rubber 8 is provided, and outside 
such a squeegee there is provided a deflector or guard 9 of metal 
with an edge set obliquely across fhe track in order to push aside 
large obstacles clear of the studs and the path of the collector. 
(Accepted December 31, 1908.) 


STEAM ENGINES, BOILERS, EVAPORATORS, &c. 


89. J. Metcalfe, J. C. Metcalfe, and R. D. Metcalfe, 
Fallowfield. Injectors. {1 Fig.) January 1, 1908.—This 
invention relates to injectors of the type adapted for dealing with 
hot feed water with high-pressure steam, or with low-pressure 
steam, or with cold feed water. The invention comprises the 
method of controlling such injectors, whereby the movement of 
but one wheel regulates both the steam and water supplies for the 
efficient working of the injector under all conditions of steam 
pressure and water temperature. The steam and water valve 
spindles a, b are parallel to one another, and are connected by a 
cross-bar ¢, so that a longitudinal movement imparted to the one 
by means of a control-wheel causes a corresponding movement of 
the other. The stea.n-valve e is of the cone and cylindrical type, 
which is usually employed with the lifting and forcing steam- 
nozzles f and g respectively of an injector. e water-valve spindle 
6 is arranged to control both the main and supplementary valve- 
ways or passages /vand i, said spindle carrying two valve discs j, k 
and m, n for each valve-way, such valve discs being arranged to 
open and close the valve-ways in the order and for the purposes 
hereinafter described. To start the injector the steam and water- 
valve spindles a, # are moved by the control-wheel d so as to open 
the steam-valye e and admit steam to the lifting steam-nozzle f, 
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| and also open the main water-supply passage h, allowing of the 


flow of water under the suction action of the lifting steam-jet to 
the main water inlet cone 0, Further movement of the wheel d 
causes the water spindle to open the supplementary water-supply 
i» i and the steam valve spindle to allow steam to pass to the 
orcing steam-nozzle g. Steam now passes to the injector through 
the lifting and forcing steam-nozzles, and water can pass thereto 
through both the main and suppl ntary water ag e 
injector can now deal efficientiy with steam of hi “h pressure and 
water of high temperature. Should, however, the steam be of 
low pressure, or the feed water be cold, the injector will not work 
efficiently with the parts in the positions just described, and a 
considerable discharge will take place at the overflow e p. 
A further opening movement is imparted to the steam valve 
spindle a by means of the control-wheel d before referred to, the 
corresponding movement of the water-valve spindle b being 
arranged to cut off the supplementary water supply by the valve 
dise n, and then gradually to cut off or lessen the main water 
supply by the valve disc k. By this means a satisfactory working 
of the injector under all conditions of pressure and temperature of 
the steam and feed water dealt with by the injector is ensured. 
(Accepted Deceinber 31, 1908.) 





6877. C. A. Be London. Bngine P. 

(1 Fig.} March 28, 1908.—This invention has reference to packings 
for —s fluid-tight joints between the working parts of engines 
where a fluid-tight joint has to be made, and it relates more par- 
ticularly to that class of such packing which is flexible. In a 

king according to this invention, lamine of canvas, asbestos, 
or other flexible fabric and thin folded, pleated, or other metal 
strips are disposed diagonally in the packing — that is, so 





| formed in the stator. 
| desired section and are preferably cut and formed into semi- 
| circular segments, each of which is provided with two rows of 





arranged that these lamin in the packing, when in use, would lie 
obliquely to the axis of the working @ represents a lamina | 
of canvas, and b are the lamina of thin folded, pleated, or other | 
metal strips. ¢ represents an envelope enclosing the sking 
proper, consisting of the laminw a and b. The packing shown is 
rectangular in general form, and the lamine a and } are disposed | 
bliquely or diagonally to the planes of the sides; and in use, | 
therefore, with one of the sides bearing upon, and making joint 
with, a piston-rod, piston, or the like, the lamine would lie 





oblique planes in relation to the axis of such part. (Seale: Fee 
) 


ruary 27, 

28,556. O. Trosfin and L inson, London. 
Steam-Generators. [2 Figs.) December 28, 1907 This 
invention relates to steam-generators -of the water-tube ivpe 
and has for its object to construct a generator more particularly 
adapted for use with fuel in powdered or similar form, as, for 
example, coal-dust or small coal. According to this invertion 
the generator comprises a series of parallel tubes so dis). sed 
between headers as to form a central bank or group and ia‘ eral 
groups, a bustion-chamber being dis; approximately 
midway between the headers below the central bank, but between 
the lateral groups of tubes. This combustion-chamber, together 
with a partition extending upwardly from it, divides off the fur. 
nace chamber and forms a third chamber, into which the prodicts 
of combustion pass after they leave the intermediate chamber, the 
products of combustion in this further chamber passing over the 
main portion of the tubes. The lateral groups of tubes lie at the 
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sides of the furnace and of the second combustion-chamber. The 
generator comprises headers A and A!, between which are disposed 
a series of parallel tubes, of which one set B forms a central 
ay 4 or bank extending right across the width of the generator. 

he lower tubes B! are in two sets, disposed laterally with respect 
to the lower part of the generator. Approximately midway 
between the headers A, A! is arranged a chamber C of firebrick or 
similar material. The roof of this chamber lies just beneath the 
lowermost of the upper set of tubes B. One wall C2 of the cham- 
ber is extended upwardly and laterally to form a partition, through 
which the tubes B, B! pass. This partition with the chamber C 
separates off one end of the generator, forming a chamber D, 
wherein is disposed the furnace. Beyond the further wall C4 of 
the combustion-chamber C there is formed by this chamber 
another chamber E, into which the products of combustion pass 
from the chamber C. (Accepted December 31, 1908.) 


18,660. G. Wes house, Pittsburg, U.S.A. Tur- 
bines. [3 Figs.] September 5, 1908.—This invention relates to 
turbines, and more particularly to holding means for the stationary 
blades of such machines. The turbine illustrated comprises a 
rotor 2, a stator or enclosing casing 3, and alternate rows of 
moving and stationary blades 4 and 5, which are respectively 
mounted on the rotor and stator of the turbine. The moving 
blades are secured in any suitable manner in grooves or channels 
provided for that purpose in the rotor, and the stationary blades 5 
are mounted in segments of a ring or arc-shaped base-pieces 6, 
which are secured in place in undercut channels or grooves 7 
hese base-pieces are rolled or drawn tothe 


radially extending and circumferentially aligned holes 8, into 
which the stationary blades are mounted in any suitable manner. 
The rows of blades of each base-piece are so spaced that they co- 
operate with the moving blades mounted on the rotor in the de- 
livery of motive fluid. Each semi-circular base-piece is so mounted 
within one of the grooves 7 that it is capable of a certain amount 
of transverse motion relative to the stator and in a plane perpen- 
dicular to the axis of the rotor. This is accomplished by providing 
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a circumferentially extending and laterally projecting flange 9 on 
each side of each base-piece. These flanges co-operate with the 
shoulders formed by the undercut portion of the grooves ¢ in hold- 
ing the base-piece in place, and at the same time permit of a 
certain amount of play. The body portion proper of each base- 
piece forms a loose but sliding fit with the walls of the narrower 
portion of the grooves 7, and the flanges are of such thickness 
relative to the depth of the undercut portion of the groove that 
the base-piece is capable of moving inwardly relative to the groove. 
The portion of each base-piece which projects out of the groove : 
may be provided with a circumferentially extending flange 10, 
which projects laterally into close proximity with the outer or 
free ends of an adjacent row of blades 4 and forms a clearance or 
clearance-determining strip for those blades. That portion of the 
peripheral face of the base-strip adjacent to the outer or free ends 
of the row of blades 4, which is located and operates between the 
two rows of blades 5 carried by the strip, forms a clearance-deter- 
mining surface for the moving blades. Each base-strip is yield- 
ingly held in an operating position by means of a flat spring, or 4 
plurality of flat springs 15, which are mounted ina slot 16 cut in 
the inner wall of each groove 7, and which operate between a 
stator and the base-piece to force the flanges 9 into contact with 
the shoulders formed by the undercut portion of the grooves +, 


in | (Accepted January 13, 1909.) 











repair 


eee as 


fo ch ph eeye eeereeren 








APRIL 9, 1909.] 


ENGINEERING. 





“475 








LITERATURE. 


—a 
The Fixing of Rates and Fares. By H. Marnriort. 

London: The Railway Gazette [Price 2s. net.] 

We have received this work, which is an attempt 
(and a rather good one) by a prominent official of 
one of the leading railway companies to throw 
some light upon the difficult problem of the com- 
pilation of railway rates and fares. Although the 
author — to be somewhat biassed in favour 
of the railway companies, there is, no doubt, much 
in the book that is both interesting and at the 
same time instructive to the general public. 

When the immensity and intricateness of the 
subject are considered, the hardness of the task set 
to Mr. Marriott is evident, and any little discre- 
pancy that has crept in will be condoned. 

The book is divided under eight separate heads :— 

1. ‘*General.” 

2. ** Rates for Traffic by Goods Trains.” 

3. ** Rates for Traffic by Passenger Trains.” 

4, ‘*Ordinary Fares.” 

5. ‘Tourist Fares.” 

6. ‘* Excursion and other Cheap Fares.” 

7. ‘*Season and Traders’ Ticket Rates.” 

8. ‘* Workmen’s Fares.” 

With the exception of items 1, 2, and 3, the 
book is of more interest to the student intending to 
qualify for the railway service than to the trading 
or travelling public ; however, it may be said that 
the three items mentioned furnish some useful 
information to the trader. 

Some of the facts given in the general portion 
are very interesting, especially in view of the 
railway combinations which have recently been 
inaugurated. The average dividend paid on the 
ordinary stock is put down by the author as 3} per 
cent., which, to some extent, refutes what the 
railway people say of the lines not paying. 

We quote Mr. Marriott’s remarks, along with the 
figures for the year 1906 :— 


Total staff on the railways (esti- 


mated) ... “0 toe 600,000 
Capital a 1, 286,000, 0007. 
Gross receipts 108,000, 0007. 


Tonnage of merchandise and 


minerals carried 489,000,000 tons 


Goods train-miles run 159,000,000 miles 
Passengers, exclusive of season- 

ticket holders... os aa 1, 240,000,000 
Passenger train-miles run 500, 
Working expenses for the year 72,750, 0001. 


The pene of working expenses to the gross 
receipts during the last year were 62 per cent., which is 
an increase of 5 per cent. compared with ten years ago. 
The average dividend paid on ordinary capital was about 
34 per cent. 

It would have been rather better if the author had 
tabulated the figures so as to be easy for reference, 
and, at the same time, kept the receipts for the 
goods separate from the passenger class. However, 
passing on to the figures themselves, it must be 
admitted that they prove what enormous concerns 
our railway companies are, and the reader will be 
able to understand where part of the obstacle to 
railway nationalisation lies. 

Referring to the classification, the author says :— 
‘The classifications set forth in the old Acts were 
very crude and incomplete, and when it is stated 
that they did not as a rule exceed forty to sixty 
articles, one can understand the difficulties which 
arose with the growth of the trade of the country 
and (he development of its manufactures. To meet 
this trouble the railway companies set about to 
draw up their own classification, beginning in the 
year 1847 with something like 300 articles, and 
revised it from time to time to meet the circum- 
stances of the trade until, in 1900, it covered about 
25 ) articles.” 

these few remarks show what transformation 
railways have undergone in recent years, and it 
would have been interesting if the author had given 
the carly list which only contained the names of the 
forty to sixty articles. 

fae classification, as Mr. Marriott points out 
later, is now a statutory classification. 

"’ Eventually the Board of Trade issued a revised 
clas ‘heation, and schedules of rates and charges. 
Th classifications were identical for all railways, 
the maximum rates and charges being nearly the 


Bale for all lines.” 

lus 1s practically how the matter stands at the 
present day, and the people generally appreciate 
ve taken in the 
The author deals at a greater length 


the part the Board of Trade ha 


matter, 





(further on) with the classification, and gives ex- 
tracts of the articles enumerated in such classifica- 
tion, with the necessary explanations ; and although 
he mentions most articles, we cannot see where & 
refers to returned empties by goods train, neither 
can we find any scales referring to empties. In a 
work on rates and fares it is necessary that the rates 
for everything should be shown. 

Dealing with the rates for traftic by goods train, 
the author divides them into eight different classes, 
A, B, C, 1, 2, 3, 4, and 5; Class A being the 
lowest, and Class 5 being the highest. Various 
scales of maximum rates and charges are given, 
and if not found to be of much practical use to the 
trader, they will, at any rate, give him an insight 
into the methods by which railway rates are com- 
piled. Those tables dealing with ‘‘Maximum Rates 
for Conveyance and Maximum Terminals” are 
especially of interest to the public. They may be 
also taken as being correct, as they are an extract 
from the Railway Act, 1892. 

Some of the tables appear to have been put in 
indiscriminately, and it would have been better if 
the matter relating to any particular class had been 
kept to itself. 

ose again to the classification, Mr. Marriott 
says :—‘‘The chief considerations in settling the 
class to which a commodity properly belonged when 
arranging the classifications were :— 

**(a) Value of the article. 

‘**(b) Liability to damage during transit. 

‘**(c) The weight in proportion to bulk. 

‘*(d) The nature of packing and cost of handling 
entailed.” . 

This may be correct in the main, but many 
instances could be cited where this is true in theory 
but not in fact. 

The author also says on page 26 that ‘‘ When 
merchandise specified in Class A is consigned in 
quantities of less than 4 tons and not less than 
2 tons, the company may charge for such consign- 
ment the conveyance rates applicable to Class B, 
and if less than 2 tons the conveyance rates applic- 
able to Class C, provided that the company shall not 
charge more than as for a consignment of 4 tons 
or 2 tons respectively.” 

We notice that the author has not referred to 
the fact that a reduction in the terminals should 
also be made to meet the case, as it stands to 
reason that the same terminals for Class A do not 
apply to Class C; and even though the traffic is 
chargeable at Class C, it still remains Class A traffic. 
As a matter of fact, a reduction is made in such 
cases for the terminal differences. The above 
remarks with respect to the reduction for terminal 
differences also apply to traffic in Class B and traffic 
in Class C. Mr. Marriott has evidently overlooked 
this point, and it is one that is important to the 
public, especially when we consider the frequency 
with which such cases occur. 

Passing on to the fixing of rates, we find much 
benefit can be gained by a careful perusal of this 
part, and we can understand that much time and 
trouble have been expended by the author in the 
compilation of these figures. Reference is also 
given to the special or exceptional rates, which are 
generally less than the ordinary class rates. 

With respect to the exceptional rates, the writer 
says :—‘‘ The main considerations which are taken 
into account in fixing ‘ exceptional’ rates are :— 

‘*(a) The volume and regularity of traffic between 
the points concerned. 

‘*(b) The weight per truck and per train which 
can be obtained. 

‘**(c) The general earning power of the traffic. 

‘*(d) The liability or otherwise to damage. 

‘*(e) The competition, direct or indirect, by 
water or road, or by other means. 

‘*(f) A general consideration of what rate the 
traffic will bear.” 

The fifth reason to our mind (especially when 
given by a railway company’s official) clearly points 
to the fact that there will be less exceptional rates 
in the future when we consider that there will 
be less competition. The sixth reason is not likely 
to commend itself to the manufacturers of compact 
goods of high value, as it will lead to them being 
charged on a high scale, while more bulky and 
less valuable goods will go cheaper. We will, how- 
ever; leave this, as it has thrown some light on to 
the making of the exceptional rates. Most of the 
remaining part of this section—‘‘ the rates for traffic 
by goods train”—is purely technical, and we can 


appreciate the author's efforts to make it readable ; | 4 


and although we admit that justice has been done 





to a difficult subject, we consider that more detail 
should have been shown under this section. 

The remaining sections do not appeal much to 
the trading public, and, with the exception of 
‘** Rates for Traftic by Passenger Train,” can be 
passed over without remark. The scales of rates 
are facsimiles of those which are issued free to the 
public, and need no comment. The topic is ably 
dealt with by the author, according to the rules and 
em, and that part referring to the owner's 
risk is worthy of study, as there is no doubt that 
much can be saved by signing owner’s risk-notes 
for the various goods that are enumerated in the 
owner's risk scale. We are .pleased to see that 
machinery (maximum 2 ewt.) is now included in 
the owner’s risk list; and this, we believe, only 
took place quite recently. As Mr. Marriott says, 
charges at owner's risk are less by half than when 
the goods are carried at company’s risk. 

In conclusion, we may say that the work has been 
written by a thoroughly practical man; and as a 
book on the fixing of rates and fares it is good, 
but as a guide to the public for, say, checking rail- 
way accounts or the like, it is not so useful, as 
there is, no doubt, a vein of railway ofticialism 
throughout the book. In any case we may compli- 
ment Mr. Marriott on the production of an excel- 
lent reference-book, although it may not be con- 
sidered the last word on railway rates, 





Hydrawics. By S. Dunxeriry, D.Sc., M. Inst. C.E. 
ol, Il.: The Resistance and Propulsion of Ships. 
— Longmans, Green, and Co. [Price 10s. 6d. 
net. 
Tue second volume of Professor Dunkerley’s treatise 
on hydraulics is devoted to the discussion of ques- 
tions connected with the resistance and propulsion 
of ships, a subject on which the competence of the 
author is universally recognised, for he has, as is 
well known, done important original work in more 
than one branch of applied mathematics. In the 
— instance, however, Professor Dunkerley has 
en far from treating either himself or his readers 
fairly, and the extremely numerous misprints, and 
not infrequent contradictory statements, will make 
the book in its present unrevised form difficult to 
the student not already thoroughly well acquainted 
with the subject treated. The publishers are not 
themselves free from blame in this matter, since a 
competent printer’s reader should never have 
passed without comment long sentences guiltless 
of a verb, and some other errors in grammar and 
style nearly as serious. The book, in short, bears 
every evidence of having been written and cor- 
rected in haste, and the results of this hurry 
seriously detract from its value. 

Moreover, we are inclined to think that Pro- 
fessor Dunkerley rather over-rates the mathematical 
ability of the ordinary engineering student who is 
called upon, by him, to supply important steps in the 
demonstration of many of the formule given. In the 
case of a college student this point is perhaps but 
a small drawback, as assistance can be readily 
obtained by those in need of it; but the very 
meritorious class who try to gain by evening study a 
knowledge of the fundamental principles underlying 
their dail work in the office and shops stand on a 
different footing, and to them the book in its present 
state is likely to prove of very small utility. To 
our mind, moreover, nothing makes the use of a 
formula clearer to the student than a few examples 
worked out in detail. This has the further advantage 
that misprints in the formule can then be detected 
and corrected by students even new to the subject, 
but no such assistance is afforded them b - 
fessor Dunkerley, though the misprints, if collected, 
would, we believe, occupy the best part of a column 
of EnarneerinG. Including text and formule, we 
have counted fifteen on the first twenty pages of 
the book. 

A from the defects above enumerated, which 
can be easily corrected in a second edition, the work 
has many good points. It opens with an excellent 
chapter on stream-lines, which contains some capital 
diagrams representing particular cases of flow. In 
Chapter II. wave-motions are discussed, starting 
with the oe ag oe of the stationary wave, first 
investigated by Scott Russell. Trochoidal waves 
are next considered, and here again the letterpress 
is aided by numerous carefully-drawn illustrations. 
In the concluding section of this chapter ripples 
are discussed and the interesting fact establiched 
that the maximum length of these cannot exceed 
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by a fluid to the motion of a body through it are | 

enumerated, but in stating that the only reliable 

experiments on surface friction are those by William | 

Froude, we think Professor Dunkerley has forgotten 

Professor Unwin’s experiments made with a rotating | 

disc, which yielded very consistent, and apparently | 

very reliable, results. Such resistances are not | 
uncommonly taken as varying in proportion to the | 
square of the velocity of the fluid relatively to the 
surface over which it moves; but in the case of 
ships this assumption leads to serious over-estimates 
of the power necessary for the propulsion of a ship 
as deduced from experiments on its model. The 
error, Professor Dunkerley remarks, may amount 
to as much as 42 per cent. at high speeds. 

Froude’s ‘‘law of comparison” is next explained, | 

and the method of estimating the resistance of a| 

proposed ship from tank experiments is clearly set 
forth. An exceedingly interesting series of dia- 
grams showing the changes in the wave pattern of 

a torpedo launch at different speeds are given in 

the next ig which also contains a good sum- 

mary of Mr. W. Froude’s classical experiments on 
the influence of different lengths of middle body 
on the resistance of a ship’s hull. Trials on full- 
sized ships are considered in Chapter V., much use 
being made of Sir W. H. White’s Presidential 
address to the British Association in 1899. The 
effect of the depth of water on the resistance is 
illustrated by a description of Scott Russell’s ex- 
periments, and Captain Rasmussen’s experiments 
on the resistance of torpedo-boats in shallow water. 

The various theories of the propeller, due respec- 
tively to ‘Professor Rankine, Sir Alfred Greenhill, 
and Mr, Froude, are explained in the next chapter, 
which forms a very lal exposition of the present 
position of the problem, and obviates the necessity 
of reference to the original memoirs, which is 
seldom easy for the isolated student. The prac- 
tical problem of designing a propeller for a given 
ship is next attacked ; but here, we think, much 
amplification is necessary to render Professor 

Dunkerley’s work immediately useful to the prac- 

tical engineer. A discussion of cavitation and Mr. 

Parsons’ highly ingenious experiments thereon 

concludes the volume. 

Japanese Patents ; A Practical Hand-Book tothe Japanese 
Laws relating to Patents, Utility Devices, Designs and 
Trade-Marks, for the Patent Agent and Inventor. B 
H. 8S. Bickerton Brinpiey. London: The Britis 
Press, Limited. [Price 5s. net. ] 

The Industrial and Commercial Influence of the English 
Patent System. By A. F. RAVENSHEAR. mdon and 
Leipsic: T, Fisher Unwin. [Price 5s. net.] 

As regards the law of patents, the text-books, by 

their number and size, show the interest that is 

taken in this special branch of law, and also the 
importance of the subject. The greater number of 
the works are primarily intended for patent agents. 
and the legal profession, but some of them are 
written particularly for inventors, and are worded 
simply, and with as little legal phraseology as 
possible. The first of the books we have now to 
deal with is a hand-book to the Japanese laws 
relating to patents, utility devices, designs and 
trade-marks. The author has addressed the work 
to patent agents and inventors, and has stated in 
plain language the various formalities and require- 
ments that have to be complied with by inventors 
when seeking protection in ) nese under any one of 
the several laws we have mentioned. The book 
should prove useful as a guide to those to whom it 
is addressed, as it contains in a small space a great 
deal of information which is of interest and utility. 

The second book is of an entirely different 
character and scope. It does not deal with the 
question of patents either from a legal or from an 
historical aspect, but treats the question from an 
economic point of view, with a fulness nearly equal 
to that which the subject is dealt with from the 
other aspects we have mentioned. The author 
has examined the patent system anew, in order to 
ascertain how far the system as a whole can be 
justified on economic grounds alone. In pursuing 

is examination the author shows the economic 
function of invention, understood broadly, apart 
from patents, its influence in the production of 
employment and unemployment, its meres on the 
periodic rise and fall of trade, and the importance 
of its office in relation to the commerce of the 
world. All civilised countries—Holland excepted — 
grant an inventor protection for hisinvention. This 
exception enables the author, without entering upon 

a purely hypothetical consideration, to discuss what 


' mischievous tendencies of 
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the effect of the patent system is upon industry, 


and to show that while the progress of certain kinds 
of invention advances as freely without the aid of 
monopolies as with such, other kinds of invention 
require protection in order to reach full development. 

Although the general sense of the community 
has for a long time definitely decided in favour of 
granting patents, it is generally admitted that the 
system has its disadvantages, and chief among the 
tents is that they are 
capable of being put to usesinconsistent with the pur- 
poses for which they are granted. We have seen this 
with the dog-in-the-manger policy adopted by many 
foreigns firms who hold patents in this country, and 
who would not manufacture here, nor permit British 
manufacturers to take up the manufacture, pre- 
ferring rather to import. The Patents Act, 1907, 
has scared many of these patentees, and the firm 
attitude adopted by the late Comptroller in the 
administration of the Act has had a further whole- 
some effect. 

The work, which will be useful to all students of 
patent systems and of economics, concludes with 
a brief comparison of some of the economic features 
of the patent systems of the United Kingdom, Ger- 
many, and the United States of America. 


Applied Mechanics for Engineers: A Text-Book for Engi- 
neering Students. By E. L. Hancock, Assistant Pro- 
fessor of Applied Mechanics, Purdue University. 1909. 
at York: The Macmillan Company. [Price 8s. 6d. 
net. 

Tus work is written by an American teacher, 
and is intended primarily for American students. 
English students have already many text-books on 
applied mechanics at their command, and may, 
ecbine. not be inclined to trouble about an 
American work ; but there is one feature of this 
work which makes it worthy of attention. The 
exposition of theory follows pretty closely the 
customary lines—though the arrangement of sub- 
ject-matter for discussion is somewhat different 
from that usually adopted in English works. But 
we do not know of any English work of similar 
size and scope which forces upon the reader so 
continuously, and so thoroughly, as is here done 
the immediate application of theory to actual engi- 
neering problems of practical importance. In other 
words, the ordinary ‘‘class-room problem” is almost 
wholly eliminated, and in its place we find numerous 
problems, all taken from actual engineering prac- 
tice. The result must be to make the book more 
difficult for the student, especially as the author is 
often content merely to state the problem and leave 
the student to work it out without guidance and 
without knowing the correct result. But, on the 
other hand, the mere statement of these problems 
mupresses the student with the importance of the 
lesson in theory which he has just finished, and he 
is led at once—perhaps often unsuccessfully, but 
still usefully—to the application of that theory to 
the practical problem. e text is — written, 
and covers the subject very thoroughly. We believe 
that English teachers of applied mechanics will 
find the book useful to draw upon for problems to 
discuss in the class-room. 


Suction-Gas Plants. By C. Atrrep Smirn, B.Sc., 
A.M. I. Mech. E., A.M.I.E.E., Assistant Professor of 
es mag J East London College (University of 
London). mdon : Charles Griffin and Co., Limited. 
[Price 5s. net. ] 

THE text of this volume is based upon three lectures 

delivered by the author to students at the East 

At the close of the third lecture 

Mr. Smith invited discussion by correspondence 

from his audience, and as there was a_ hearty 

response to this invitation the author has been able, 
in preparing his lectures for publication, to deal 
with many points regarding which students had 
found difficulties, or desired further information. 

The net result, as here presented, is certainly a 

very readable volume, giving an excellent intro- 

duction to a detailed study of suction-gas plants, 
and containing much valuable instruction set out in 

a clear and interesting manner. 

The first lecture, after describing the genesis of 
suction-gas plants and the history of their develop- 
ment, explains the details of their construction and 
the features distinguishing good from bad design, 
and discusses the methods of testing such plants. 
The second lecture is devoted to the applications 
and uses of suction plants, giving instructions for 
working them, and describing a number of typical 
plants. In the final lecture, the author, after dis- 
cussing special plants for fuel containi 
especially bituminous coal, enters on a diseussion 
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of the advantages and disadvantages of the suction- 
gas plant, and thereafter gives some interesting 
data regarding the cost of gas production. There 
is every reason to expect that this kind of plant 
will be very widely adopted in the early future, and 
for that reason it is receiving much attention now 
from engineers. We can cordially recommend this 
little volume to students as containing an excellent 
general survey of the whole field. There are soine 
useful appendices on gas analysis, determination 
of calorific values of coal-gas and solid fuels, and 
the capital cost of suction-gas plants and engines. 
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THE MANUFACTURE OF CALCIUM 
CARBIDE. 
(Continued from page 445.) 
GENERAL ARRANGEMENT OF WORKS. 

Havine described the hydro-electric power- 
station, constructed at Tyssedal, for supplying the 
electricity extensively used, notably in furnaces, 
cranes, and conveying plant, and in driving the 
crushing-mills and other machinery at the cal- 
cium carbide and cyanamide or nitrolim factories, 





(164 ft.) long, there are two cranes, the lifting power 
of each being 2 tons. The material raised from 
the holds of the ships by the cranes is deposited 
into hoppers, from which tip-wagons are filled, 
and are then run on the quay level to the cable- 
way station, where the wagons are automatically 
weighed and afterwards automatically gripped to 
the cable on the aerial railway. This cable rail- 
way extends from the quay along the course of 
the River Opaaen, and through the works to three 
silos, arranged respectively for the storing of 








filled into cars running on a telpher track, and 
having their own electric-traction motors. Cur- 
rent is taken from the overhead conductor, 
which is divided into circuits coincident with the 
distance between the hopper-doors, so that the 
workman, when he has released the contents of 
the silo-hoppers into the car, may switch on the 
current to enable the car to travel either to the 
producer in the case of gas-coal, to the kiln in the 
case of limestone, or to the anthracite hopper, in 
communication with the breakers, in the case of coal 
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Fig. 32. 
we turn now to a description of the factories. | 
~y view above illustrates their position at Odda| 
at the 


head of the Sondre Fjord, the power-| 
station being beyond the point seen on the right | 
bank of the fjord. Fig. 32, also on this page, | 
is a veneral plan of the works. On the rot m of 
the fjord there has been constructed of timber | 


an import quay, which is entirely independent of 
the export wharf, to be referred to later. Along- 
mck the quay there is a depth of water of 
«< |. at low water, the rise and fall of the tide 
at t's point (110 miles from the sea) being 6 ft. 
to “ft. At this wharf, which is about 50 metres 


2000 tons of anthracite, 2000 tons of limestone, 
and 1500 tons of gas-coal. The wagons are passed 
from the aerial cableway to a telpher railway, 
extending along the top of the three silos, and 
provided with movable tipping-levers, so that the 
workman at the silo can arrange for the automatic 
teeming of the contents of each car into any of the 
hoppers of any of the silos. The limestone cars 
may also be shunted to a siding over a reserve bin, 
as shown on the plan, Fig. 32. The silos are 
arranged with hopper-bottoms, shoots, and doors 
at frequent intervals. The material, when re- 
quired for the manufacture of calcium carbide, is 





GENERAL Pian or CARBIDE AND NitRoLm™ Factories. 


for the carbide furnaces. The charging-platform 
of the lime-kilns is at a high level, and cable trac- 
tion has been adopted for the gradient; to the 
method of automatic transfer from electric to cable 
traction at the base, and from cable to electric trac- 
tion for the down-gradient, we shall refer later. The 
calcined lime is similarly conveyed by electric cars 
on a telpher railway from the discharge doors of 
the kilns to the mixing-room, which forms part of 
the electric-furnace house. Here the two main con- 
stituents of the furnace charge—lime and anthracite 
—are automatically weighed in double-compartment 
wagons, mixed, and lifted to the charging-platform 
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of the electric furnaces. As already explained, the 
furnaces are charged by hand, as this ensures a 
better mixture of the contents. There are five 
kilns, each of 30 tons capacity, in a house alongside 
the limestone and -coal stores, as shown, with 
their cone-shaped chimneys in the perspective view, 


Fig. 50, on page 492. In line with this building is | 


seen the electric-furnace house, with twelve electric 
furnaces, each of 1400 kilowatts capacity, producing 
from 7 tons to 8 tons of carbide per day of 24 hours. 
The furnaces are teemed into special ladles, which 
are taken up byan electric high-level telpher railway, 
and their contents deposited as a flat square block 
on the cooling-house benches, where it is broken 
up into lumps, and as such subsequently taken by 
band-conveyors to the extensive ae for breaking 
it up into cubes of the desired size, or direct to the 
Fy or nitrolim works. From first to last, 
the handling of material is almost entirely me- 
chanical.’ In the same way labour - minimising 
machinery has been introduced for the manufacture 
of the drums and the covering wooden cases in which 
the carbide is exported. 

The nitrolim works form a continuation of the 
carbide works, and are seen to the right of the en- 
gravings, Fig. 31, on page 477, and Fig. 49, on 

ge 492, the largest building being the silos. The 

inde house, shown on the plan, Fig. 32, contains 
the refrigerating machinery, by means of which 
nitrogen and oxygen are extracted from the air 
by liquefaction, the former at a temperature of 
— 194 deg. Cent., and the latter at — 181 deg. Cent. 
The Linde plant is run by a 200 E.H.-P. motor 
and produces 375 cubic metres (13,244 cubic feet) of 
nitrogen per hour. Calcium carbide, pulverised in 
in the crushing-house shown on the plan, is fed 
through hoppers and shoots into the portable fur- 
naces, which are then placed on the furnace benches 
and there have connection with the nitrogen gas 
mains, and with the electric conductors for energis- 
ing the electrodes. There are 200 furnaces in the 
furnace-house, and the current is of 75 volts, to 
maintain a temperature of 800 deg. to 1000 deg. 
Cent. (1475 deg. to 1830 deg. Fahr The cyana- 
mide or nitrolim is crushed and taken by belt- 
conveyors and elevators to the silos, which form 
a continuation of the furnace-house, as shown in 
Fig. 31. There is a warehouse, for nitrolim as 
well as carbide, as shown in Fig. 32. The export 
quay is built of stonework, and has a length of 
100 metres (328 ft. 1 in.) and a width of 12 metres 
(39 ft. 4 in.). There is an electric travelling-crane, 
which is shown in the mid-distance in the perspec- 
tive view, Fig. 51, page 492. ~ It has been designed 
to load 50 tons of carbide per hour, the lifting 
capacity being 1 ton. 


THe Import Quay AND CRANES. 


In dealing in detail with the mechanism for carry- 
ing out the various operations, we may again follow 
the sequence from the reception of the raw material 
to the export of the finished product. The import 
quay has at present a length of 50 metres (164 ft. ), 
but provision is made for its extension at both ends 
to make the total length 100 metres (328 ft. 1 in.), so 
as to accommodate two more cranes, as shown in the 
dotted lines in Figs. 33 and 34, on e 480. The 
width is 12 metres (39 ft. 4 in.). @ quay is con- 
structed entirely of timber, the piles being pine 
trees with suitable bracing, transverse and longi- 
tudinal, as shown on the plan and sections repro- 
duced on page 480. On page 492 there are two 
perspective views. A fender piling has been pro- 
vided in front of the quay, as shown in the cross- 
section, Fig. 36, so that the thrust of ships along- 
side may be taken independently of the main wharf, 
and therefore without any possibility of the exten- 
sive-machinery on the wharf being affected. The 
cranes and other gear are operated on a higher 
platform than the decking of the quay (Figs. 33 
and 36), and the crane-buckets discharge their 
contents into hoppers, through which the cable-cars 
are filled. j 

The capacities of the cranes and the cableway are 
directly proportionate to each other. The cable- 
way has a length of 750 metres (2460 ft.), with a 
continuation over the tops of the silos in the form 
of a telpher railway, making the total length about 
1000 yards, including the loop over the limestone 
reserve-bin, The combined capacity of the cranes 
and aerial line is 50 metric tons of coal or 70 metric 
tons of = per ery bi — and cable- 
wagons of a capacity of 1 ilogrammes and 
1600 kilogrammes respectively for aaa and lime- 
stone, with a hoisting speed of 11 metres (36 ft. 1 in.) 





per minute, with an interval between the wagons 
along the cableway of about 200 ft., and with a 
travelling speed of 90 metres (295 ft. 3 in.) per 
minute. e type of crane adopted is clearly 
shown in Figs. 33 to 36, on page 480, and by the 
rspective views Figs. 51 and 52, on page 492. 
The jib, of lattice construction, has an outreach of 
18 metres (594 ft.), giving an overhang of about 
43 ft. beyond the front of the quay, and of 25 ft. 
beyond the fender-piling. This has been found 
sufficient for the size of the steamers trading 
in the fjords. The buckets are raised and lowered 
by the operation of electric winches through a 
trolley travelling on the bottom beam of the jib, 
the lifting speed being about 1 metre (3 ft. 3.37 in.) 
per second, while the jib can be rotated through 
110 deg. at a speed of 60 metres (196 ft. 10 in.) per 
minute at the furthest outreach. After raising 
the bucket from the hold of the ship, a brake 
automatically comes into action to prevent over- 
winding, and the trolley, by reason of its 
gravity, travels down the jib to a point beyond 
which further travel is arrested by gearing. <A 
counterbalance weight within the vertical standard 
of the crane is simultaneously raised by means of 
pulleys on the trolley. After the contents of 
the bucket have been emptied into the hopper 
this weight runs the trolley and empty bucket back 
to the outer end of the jib, where it is lowered. 
Interlocking gear is provided to prevent raising and 
lowering unless the trolley is at the end of the jib. 
The buckets are fitted with a loop, into which there 
engages a locking lever, having a projection which 
comes into contact with an iron all fastened on the 
jib at a position convenient for the automatic dis- 
charge of the contents of the bucket into one of the 
hoppers. The lever holding the bucket in a vertical 
line is mounted eccentrically to the centre of gravity, 
so that when it is released by the rod the bucket 
overbalances, and the contents are tipped into the 
hopper ; as the circle is completed the locking lever 
f back into ition. he buckets are fitted 
with wheels for facility of movement in the hold of 
the ship. The crane-winches are accommodated in 
one house, along with the 100-horse-power electric 
motor, which not only drives these winches, but 
also provides the motive power for the traction rope 
of the cableway. Two intermediate transmission 
shafts transmit the power from the motor to the 
traction rope and crane-winches respectively. The 
dimensions of the crane are as follow :— 


Length of outreach 

Maximum load ... 3 
Weight of coal-bucket . 
Capacity of coal-bucket ... 
Weight of limestone bucket 
Capacity of limestone bucket ... 
Vertical travel of bucket 


Lifting speed per minute i 
Rotating speed per minute on 

the furthest outreach ... ... 60 m. (196 ft. 10 in.) 
Rate of travel of trolley on jib 

per second 1 m. (3 ft. 3.7 in.) 


TIMBER SUSPENSION BRIDGE. 


To afford access between the works and the quay 
there isa timber suspension bridge, which may here 
be described, as its main pier corresponds to those 
forming the supports for the overhead cableway. 
This bridge, which is illustrated by Figs. 37 to 48, 
on page 481, is interesting in itself; the type is 
largely adopted for spanning ravines and rivers in 
Norway, and is suitable for foot traffic in isolated 
parts, being cheap. The drawings reproduced are 
so complete and self-explanatory that little descrip- 
tion is necessary. The load provided for is 150 
kilogrammes per square metre (30.74 lb. per square 
foot), and the bridge has a length of 71.9 metres 
(236 ft.). It affords access across the river from the 
works to a pathway leading to the wharf, as shown 
on the plan, Fig. 32. The longest span is 31.2 
metres (102 ft. 4 in.). The pier for the smaller 
span is shown in Figs. 40 and 41. The pier in the 
river corresponds to those for the cableway, and its 
construction is illustrated by Figs. 42 and 43. It 
will be seen that the gangway consists of three main 
longitudinals, formed by 1}-in. cables. These are 
anchored at one end in a mass of concrete 6 ft. 6} in. 
by 13 ft. 1 in. by 4 ft. 11 in., as shown in Figs. 38 
and 39. At the other end there is a simple fasten- 
ing ina stone. On these cables are carried 
sin by 6-in. cross-timbers at intervals of 2 ft. to 

e a platform of 1}-in. planking (Figs. 44 and 45). 
The hand-rail is a wire with iron standards (Figs. 
45 and 46), The cables may be tightened by eye- 
bolts arranged at one end; but from the details of 





construction reproduced on page 481, anyone might 
build the bridge without further description. 


(To be continued.) 








THE INSTITUTION OF NAVAL 
ARCHITECTS. 

(Continued from page 464.) 
INTERNAL-CoMBUSTION ENGINES FOR SHIPs 
AND SUBMARINES. 

WHEN the members reassembled on the morning 
of Thursday, the 1st inst., for the second day’s 
proceedings, the Chairman, Sir William White, 
announced that, for purposes of discussion, the first 
two papers would be taken together. He thereupon 
called on Mr. H. C. Anstey to read his paper on 
“Some Considerations on the Application of Internal- 
Combustion Engines for Marine Propulsion.” The 
author gave the additional facts that some Diesel 
engines of 300 horse-power were being built for 
the French Government, weighing only 26 lb. per 
horse-power, excluding silencers and fuel-tanks. 
Commercial Diesel engines for marine purposes 
could be built for 50 lb. per horse-power, and two- 
cycle types might be lighter still. Mr. F. R. 8. 
Bircham then read his paper on ‘‘ Internal-Combus- 
tion Engines for Submarines.” These papers we 
reproduce in full on pages 485 and 507 of the 
present issue. 

Sir John Thornycroft, who was called on to open 
the discussion, expressed his interest in the sub- 
ject, and considered Mr. Anstey deserved the 
thanks of the members for the consideration he had 
given to the estimation of the comparative weights 
of engines of similar type. He had, by basing his 
comparisons on cylinder diameter, made it appear 
as if the arguments led to the use of a large number 
of small cylinders. This rather alarmed the speaker, 
as he was a strong supporter of simplicity. With 
internal-combustion engines one got a steadier turn- 
ing effort than with steam-engines, unless in the 
latter case the boilers were amply large and well 
fired; otherwise the steam pressure fluctuated 
and caused the speed to vary. Ina boat which his 
firm had built and fitted with internal-combustion 
engines the power was remarkably constant. With 
such engines the consumption of fuel was so greatly 
reduced that their use must extend, at any rate for 
moderate powers. There was also a saving in 
stoking ; in fact, stokers and trimmers might be 
abolished. This applied to oil-fuel in any form ; 
and when steam-boilers were fired with oil-fuel, and 

wer regulated by shutting off burners, the turning 

me almost as steady as when internal-combus- 
tion engines were used. 

With rd to submarine work, a most important 
consideration was the safety of the men. The ques- 
tion of the disposal of the exhaust from these 
vessels had been raised, and the danger of the boats 
being noticed by reason of the bubbles and commo- 
tion on the surface of the water. Sea-water 
seemed to have the property of holding air longer 
than fresh water. A steamer left a white wake of 
froth when at sea, whereas the disturbance dis- 
appeared almost immediately in a river or lake. The 
employment of heat from the exhaust-gases of the 
engine to warm the compressed air before use was 
a good proposal. If electric batteries for submarine 
work could be done away with, it would be a good 
thing. Electric light would probably be always 
necessary, but large batteries required ventilation 
that was not easy to effect under water. 

The Marquis of Graham said he could not speak 
on the subject of marine gas-engines as an expert 
engineer, but as an amateur and seaman who had a 
great faith in their future, and had had some prac- 
tical experience of their use. Mr. Anstey had 
called attention to the saving effected in the weight 
of fuel carried, in the fuel space, and in labour, by 
gas-engines. So far as the speaker's own exper'- 
ence went with gas-engines on a gunboat, these 
claims were borne out. He had simply taken out 
the steam-engines and boilers and replaced them 
by gas plant of 500 horse-power, making no attempt 
to save weight. With the old steam - engines 
the engine-room complement numbered seventeen 
—four engineers and thirteen stokers. After the 
change was made they ran on the three-watch 
system with three engineers and three stokers, 
ri effecting a reduction of eleven hands. The 

uestion of economy in fuel depended largely on 
the class of fuel used. The speaker used anthracite, 
and doubled the radius of action of the ship, show- 
ing how great was the saving. Reverting to the 
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question of weight, Lord Graham said he had 
noticed that Mr. Anstey called attention to the 
fact that piping, &c., in steam plant was necessarily 
heavy because it had to bear pressure. There was 
no such reason in the case of gas plant, and this 
should not be overlooked. It was generally taken 
that the weight of boilers was about equal to that 
of the engines, but the speaker had not the 
slightest doubt that the producer with its accessories 
was nowhere near the weight of the engines. Mr. 
Anstey had calculated that to get 500 horse-power 
on one shaft with oil-engines, the weight would 
be 12 to 15 horse-power per ton. The speaker 
considered that, taking gas- engines, producer, 
and accessories, the weight would work out to 
7 to 8 horse-power per ton. As to reversing, 
he dared say that electrical transmission might 
be feasible, but for cargo-boats the cost would 
be too great. It might be practicable for pas- 
senger and river work. For powers up to 3000 
horse-power on three shafts there would be no 
difficulty in employing gas-engines. Gas-engines 
could be made to reverse, and should be made to 
do so; the use of a reversing clutch was bad, in the 
speaker’s opinion, The experiments on the Rattler 
were carried out last autumn, and although the 
speaker did not claim to be a naval architect, there 
was nobody there with a tirmer belief in the future 
of the internal-combustion marine engines. 

Lord Graham rose again, at the request of the 
chair, in reply to a question, and said that he had 
complete confidence in the reliability of plant 
similar to that on the Rattler. He had covered 
7500 miles in the boat, including one continuous 
run of 460 miles, and the engines ran as well at the 
end as at the beginning. 

Professor Henderson said the theory of similar 
structures, made use of by Mr. Anstey, had been 
fully developed by Professors Thompson and 
Barr, the latter in a paper read before the Insti- 
tution of Engineers and Shipbuilders in Scot- 
land,* in 1899. In that paper Professor Barr 
had shown that the horse-power varied with the 
square of the dimensions, so that one might 
take the power as proportional to the square of 
the cylinder diameter. The weight, however, 
varied as the cube of the dimensions, so that it 
was advisable to have the cylinders as small as pos- 
sible. But as engines in practice were not similar 
structures, it became of great importance to deter- 
mine the ratio of bore to stroke that gave the best 
results. This had been fully considered in connec- 
tion with recent work or the rating of petrol engines. 
The piston speed was proportional to the stroke- 
bore ratio for equal powers, and the horse-power 
was not proportional to d? alone, but to (d? r®-*), 
where r was the ratio of stroke to bore, and d was 
the bore. Mr. Lanchester had dealt with the ques- 
tion of the design of petrol engines of minimum 
weight in a paper read before the Institution of 
Automobile Engineers. He had found that the best 
ratio of stroke to bore for minimum weight was 0.8, 
and he used this proportion in the Lanchester 
engines. The long stroke, fashionable at present, 
was adopted for practical reasons, among them the 
greater ease of working the valves. 

Mr. H. M. Napier gathered that Mr. Anstey 
anticipated no saving in weight by the use of 
internal-combustion engines. The speaker con- 
sidered this view wrong, and Mr. Bircham’s paper 
confirmed his views. About four years ago he had 
made «a proposal to a firm to use a dynamo and 
internal - combustion engine combination for a 
vessel. The weight worked out to half the ordinary 
amount, but the cost was heavy. The matter was 
not proceeded with, as it seemed too risky an 
experiment, but the speaker considered it could be 
carried out. The title of the paper by Mr. Anstey 
contained the word ‘‘application,” but there was 
only one ible application considered by the 
author. e fact that at high speeds the front of 
& vessel rose, and the propeller sank, was well 
_ n, and suggested the peor eee principle. 

he Speaker believed that by using internal-com- 

Uustion engines coupled to air-propellers a vessel 
need have little structure below the water, and at 
high speeds would float on the water. This remark, 
of e urse, did not apply to submarines. 

Mr. W. H. Whiting considered Mr. Anstey’s 
paper important, but regretted it had not found a 
a 'n the Transactions of the year before last. 
At that time the subject of gas propulsion was 
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raised, and Sir William White had put some crucial 
questions to the advocate, pointing out how highly 
speculative the idea was. If internal-combustion 
engines were ae on the lines of other | 
engines, there would no great saving. As the) 
author had pointed out, the large powers required | 
for warships were out of reach of the marine | 
internal-combustion engine at present, while even | 
for units of 500 horse-power the result obtained | 
did not compare favourably with steam-engines as 
regards weight. Electrical transmission had been 
suggested for the propulsion of large ships, and the 
author had said quite truly that the proposal repre- 
sents the only practical means of applying the 
internal-combustion engine to vessels requiring 
several thousand horse-power. This plan, how- 
ever, had the very great disadvantage of entailing 
a larger floor space than ever, which, in the 
speaker’s opinion, was a fatal objection. 8 
was the determining factor. The distribution of 
the plant in small units made ventilation difficult 
to arrange for, and it was still more difficult to 
provide means for getting rid of the products of 
combi&tion. Steering difficulties would also arise, 
and, in fact, the whole situation resembled that of 
twenty years ago with regard to the attempts to 
employ locomotive boilers for large vessels. Per- 
sistent attempts were made to use these boilers for 
large powers for ships, but all resulted in complete 
failure. Mr. Whiting’s own opinion was that if 
internal-combustion engines were to be employed 
for large work, great improvement of individual 
engines was needed, and great increase in size of 
plant, while more attention must be paid to sub- 
sidiary conditions than at present. 

Professor Bertram Hopkinson was then called 
on by the Chairman, and was asked to deal with 
the question especially from the point of the par- 
ticular difficulties that arose in connection with 
large internal-combustion engines. Professor 
Hopkinson remarked that his knowledge had been 
derived entirely from engines designed for land 
service, and he knew nothing about marine en- 
gines or the conditions they had to meet. He 
would like to ask Mr. Anstey about the rela- 
tive weights of steam and gas-engines. The 
author did not appear to have taken into account 
the cooling water-tanks necessary, though they 
weighed three times as much as the cylinders 
of a land engine. Was any provision necessary for 
getting at the jackets to clean them out in marine 
work ; as a salt deposit seemed likely to be feared 
if sea water circulated through them? The ques- 
tion of gas-producers had been mentioned in the 
paper. e speaker thought the real pressing 
problem was to get producers to work with bitu- 
minous coal without having to make excessive pro- 
vision for cleaning the gas, for this limited very 
seriously the introduction of gas-producers. He 
had devoted some attention to the difficulties of 
large gas-engines. The troubles arose entirely 
from the fact that, as the size of gas-engines in- 
creased the temperature difficulties incr . There 
must be a flow of heat through the cylinder-walls, 
and therefore there must be a gradient of heat to 
cause the flow. That temperature gradient was of 
the same order of magnitude for every sized ees 


But with thick cylinder-walls the same ient | parts. 


demanded a greater difference of temperature. 
Therefore troubles due to differential expansion 
arose, and the heat of the piston and walls caused 
pre-ignition. That seemed to the speaker the cause 
of the difficulty of designing large gas-engines, 
especially when the piston was not water-cooled. 
Mr. Bircham had given some designs of engines for 
marine purposes ; would he give also the speeds of 
revolution for the various engines illustrated? The 
speaker noticed that all the engines had about 12-in. 
cylinders, and about half of them had water-cooled 
pistons. Was it to be inferred from this that 12 in. 
was about the limiting diameter of piston which 
could be used without water-cooling for the pur- 
poses in question ? 

Mr. C. Humphry Wingfield, referring to Pro- 
fessor Henderson’s formula (H P « x 7-5), 
where r was the ratio of stroke to bore, pointed 
out that this really amounted to saying that the 
indicated horse-power per revolution per minute 
varied as the cubic contents of the cylinder, a fact 
which was very useful for designers to bear in mind. 
Of course, both statements assumed the same 
mean effective préssure. He recognised an old 
friend in the first formula given by the author. He 
had used it constantly for nearly 27 years, generally 





jn the form of a diagram, The second term plotted 


as Fig. 1, and it would be observed that a constant 
©, had to be added to the term a before mul- 


tiplying by K. The base was ‘ rev.-power,” a 
convenient term for power per revolution per 
minute. There was also a constant to be added 
to the indicated horse-power in the left-hand 
term. This varied for each item, being least 
for cocks and valves and greatest for condensers. 
If measured from a horse-power base, these constants 
were determined, as in Fig. 2, by the distance to the 
left of zero at which the sloping line cut the base. 
Mr. Wingfield preferred to measure from a diagram 
rather than to attempt to express the results as 
formulse, since the variations, especially with con- 
densers, were often considerable, and with the dia- 
gram it was easier to use one’s judgment. The 
speaker had also found it useful, if a formula was 




















wanted, to plot one item of cocks and valves as in 
Fig. 3. This line was then used as a base on which 
to plot the weights of another item, and so on. 
The final constant C was measured from the inter- 
section of the uppermost line with the base. 

Uf Mr. Wingfield’s three diagrams, Fig. 1 gave 
the weight of the moving parts, such as shafting 
(per 100 ft. run); main engines (including cylin- 
ders, bed-plates, &c.) ; t fittings 100-ft. 
run of shaft, &. Figs. 2 and3 inbindigh stitionnry 
Boilers were preferably plotted on a base 
of square feet of heating surface. The form of 
equation which the speaker preferred was 


I.H.-P.+ C I.H.-P. 
~ perp + K; ( N -_- + ©) 


and he had found diagrams as described, embodying 
this formula, to be of the greatest value in checking 
weights of machinery. 

ngineer-Lieutenant Sillince expressed his agree- 
ment with the first part of Mr. Anstey’s paper. 
Gas-engines had develo greatly for lead | pur- 
poses, and, as usual, the application to marine 
uses would come p Mel when reliability 
and other qualities had been Pog a gpm In one 
Continental works the speaker seen 30,000 
horse-power of oil-engines on the test -beds at 
one time. No unit was larger than 1000 horse- 
power, though there were more than one of that 
size. A large number of our warships had oil- 
engines aboard. There were twelve battleships 
and three armoured cruisers fitted with an aggre- 
gate of 26 engines. An oil with a flash-point of 

deg. Fahr. was used, and it had a consistency 
somewhat less than treacle at ordinary temperatures. 
The sets were of 105 kilowatts each, and weighed 
18 tons each, which was as nearly as possible double 
the weight of a steam-engine to do the same work, 
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But the engine had to have a boiler and condenser, 
so that the double weight came down to an equality 
when these were taken into account. It was early 
in the day to state what the weight of internal-com- 
bustion engines would be. The first formula of Mr. 
Anstey was excellent, and was based on a large 
range of size. In talking of weight the question of 
fuel requirements should not be overlooked. A gas- 
engine required 1 1b. of coal per brake horse-power, 
and a steam-engine 1} 1b. of coal per indicated 
horse-power. Therefore a gas-engine used roughly 
half the fuel of a steam-engine, and this reduced 
the weight and bulk to be carried, and increased 
the radius of action. The same work was done by 
10 ewt. of oil as by 7 tons of coal on our battle- 
ships, but the coal should be credited with the 
power used for auxiliary purposes. On that very 
day the speaker had read of the launch of a vessel 
carrying 6450 tons of cargo and 1200 tons of fuel. 
Tf the fuel could be reduced to 300 tons, there was 
a saving of 900 tons, which was several times the 
total weight of the machinery. Mr. Sillince had 
some information regarding three months’ commis- 
sion of a ship with oil-engines such as he had 
referred to. e engine was running at 80 to 100 
per cent. of full load for 80 to 90 per cent. of the 
time. One month it ran 96 per cent. of the time 
at full load, and there was no stop at all. As regards 
the question of cooling, salt water was used, but the 
temperature was low and there was no deposit of 
salt. The subject of reversing had been mentioned, 
and in this connection the speaker remarked that 
with steam-turbines only 40 per cent. of the full- 
ahead power was available for reversing with all 
boilers under steam. When, as often was the case 
in warships, only half the boilers were under steam, 
there was only 20 per cent. of reversing power, and 
to this was entrusted the safety of a vessel costing 
half a million pounds. He would suggest for a 
vessel driven le oil-engines that between full 
and half speed the variation should be got by 
regulating the engines, and below half speed a 
dynamo and motor combination should be used. The 
electrical combination would be used also for 
reversing, and need not be more than 20 per cent. 





of the power of the main engines. The difficulties 
due to heat, which one speaker had referred to, 
were diminished by the use of ample cooling water. 
The engine which used least fuel would naturally be 
the least subject to jacket troubles, as the heat to 
be disposed of would be less. It was dangerous to 
ut the exhaust overboard under the water-line. 
ith a 150-horse-power engine the exhaust-pipe 
was 5 in. in diameter, and when the engine stopped 
the products of combustion cooled and formed a 
vacuum, with the result that the water was drawn 
into the engines. It was the best practice to have 
funnels for disposing of the exhaust, and these need 
not be more than one-seventh or one-eighth of the 
ae of the funnels for corresponding steam 
plant. 

The Chairman remarked on the continual re- 
see in the daily Press of absurd stories about 
the development of funnelless gas-engine-driven war- 
ships. The fable was resuscitated only a couple of 
months ago with regard to one of the new British 
vessels, although at that very time turbines for the 
ship in question were under construction. He 
hoped in time that gas-engines might become pos- 
sible for warships, but there was a very long road 
to be travelled first. Internal-combustion engines 
had a field in the production of auxiliary power on 
the vessels, and experience gained in that connec- 
tion would be of use in their development for 
greater duties. Mr. Sillince had spoken of reducing 
fuel carried from 1200 to 300 tons, and gaining the 
difference for extra cargo capacity. The speaker 
advised him to try doing this, as he would find 
shipowners ready enough to purchase such vessels, 
and incidentally his fortune would be made. His 
deductions as to the power required for reversing 
were unsound. This was purely a matter of 
Sa and the allowance was dictated by 
considerations of the duties of the particular vessel. 
Sir William White had been on the Turbinia at 
very high speeds, and there was no provision at all 
for reversing her at the time. The Viper, and 
other turbine boats, could make 14 knots astern, 
but nobody could steer them at the s In the 
express Cunarders careful consideration had been 





given to the allowance of reversing power, and 
what had been provided had proved satisfactory. 

Mr. Anstey, in reply to the discussion on his 
paper, said that Sir John Thornycroft had appa- 
rently misunderstood his remarks as to uniformity 
of turning moment. The paper had referred to 
cyclic variation, not speed variation of the engines. 
The internal-combustion engine was, like the oil- 
fired steam-engine, dependent upon a steady mecha- 
nical supply of fuel, and consequently ran without 
speed variation while the firing was unchanged. In 
making comparisons it must not be forgotten that 
the steam machinery of the Rattler, which was re- 

laced by gas plant, was built in the ’eighties. 
Besides, what yf of engines should be taken for 
comparative purposes — torpedo - boat machinery 
giving 40 horse-power per ton, or engines such as 
those of the Caronia, giving only 5 horse-power 

r ton? The speaker was obliged to Professor 

enderson for calling his attention to the 
“law of similar structures,” with which he was 
not previously familiar. Mr. Wingfield had added 
some useful refinements to the formula the speaker 
had given for weights of engines. As to circu- 
lating-water difficulties, very little deposit was left 
by the salt water in the jackets, as the supply was 
both ample and cold. In land practice the cooling 
water became hotter, and the salvation of internal- 
combustion engines for marine purposes was the 
fact of ample cold water for the jackets. There 
had been no trouble from cracked cylinders or liners 
in any of the twenty-five engines Mr. Sillince had 
mentioned. The locomotive type of boiler was only 
introduced into marine work to obtain a reduction 
of weight, and the analogy which had been drawn 
between it and the gas-engine did not hold. He 
agreed with Sir William White that much harm 
was done to the cause of the internal-combustion 
engine by claims of which there was not the 
remotest likelihood of realisation. ; 

Mr. Bircham then replied to the discussion on 
his paper. He said there were two types of internal- 
combats engines for marine use. Mr. Anstey 
had discussed those working on the Otto cycle, but 
many of the arguments against such engines did not 
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apply to engines working on the constant-pressure 
principle. Land gas-engines were now being built 
with cylinders of 36 in. and 48 in. diameter, as the 
troubles were being got over, and the speaker 
understood that 3000 or 4000 horse-power gas- 
engines were running satisfactorily, and that makers 
were prepared to generate 2000 horse-power in one 
cylinder. The Nuremberg Company were prepared 
to build six-cylinder Diesel engines of 1000 horse- 
power, weighing 40 tons, including accessories, and 
consuming less than 200 grammes of Westphalian 
oil per brake horse-power per hour. No difficulty 
was experienced with the Diesel enginé with regard 
to cleaning jackets. A greater efficiency was ob- 
tained by using hot water than cold water, circulating 
through the jackets. [Mr: Anstey expressed dissent 
to this remark.] The speeds of revolution of the 
engines illustrated in his paper were as follows :— 
The engine designed by the author and illustrated 
in Figs. 1 to 8 (see pages 484 and 486), ran at 550 
revolutions; the American Standard engine at 475 
revolutions ; the Thornycroft engine at 550 revo- 
lutions ; the White and Middleton engine, with a 
10}-in. cylinder, and piston and rod weighing 
180 lb., ran at 400 revolutions. To get over the 
danger alluded to, of exhausting beneath the water- 
line, a non-return valve could used, and a snift- 
ing valve to prevent a vacuum being formed. Many 
people thought that because a 40-horse-power engine 
for a niotor-car had been ro in two years, 
therefore in two years more we should have 4000- 
horse-power engines for battleships; but the de- 
duction was, of course, absurd. In reply to the 
question as to the limiting size of uncooled pistons, 
the speaker thought that one could use sizes up to 
14 in. or 15 in, in diameter, especially if water was 
Sprayed in the cylinder. 


Contrary TurRNING PROPELLERS. 


= the afternoon meeting, on the Ist inst., Sir 
illiain White in: the chair, the first paper taken 











was one on ‘‘ The Propulsion of Ships by Means of 
Contrary Turning Screws on a Common Axis.” 
This paper was by Lieut.-Colonel G. Rota, of the 
Royal Italian Navy, and in the unavoidable absence 
of the author, was read by the Secretary. We 
reproduce the paper in extenso in this weck’s issue 


(page 503). 

he discussion was opened by Mr. W. J. Luke, 
who remarked that at one time and another a large 
number of novelties had been introduced in con- 
nection with the use of propellers. Among others 
he instanced the Mallory manceuvring propeller, 
Herreshoff and Thornycroft’s patents, &. ; but 
all these had been tried on small vessels. He did 
not know, but perhaps the mechanical difficulties 
became too great for them to be tried on a large 
scale. He thought probably the advantages of, 
contrary turning propellers were not so many 
or so great as the author claimed. For instance, 
with regard to the claims for lessened thrust 
and the gain in wake, he was not sure that 
improvement would always’ be shown in these 
respects. However,,with regard to the shorten- 
ing of the A-brackets, the claim of gain due to 
this would most certainly hold. The author stated 
that the actual gain recorded was 20 per cent., 
and this would seem to suggest that the improve- 
ment was due to the propellers. Some time ago 
Professor Durand, in the United States, had made 
a large series of experiments with two propellers 
on the same shaft. In these he had varied the 
distance apart of the propellers and their phase ; 
but his conclusion was that using two propellers on 
one shaft resulted in a loss of 10 per cent. At 
Clydebank they had made experiments on pro- 
pollens revolving in different directions behind 
obstructions, and had found that the loss when 
revolving one way was equal in amount to the gain 
when revolving the other way. In view of these 
results, and of Professor Durand’s estimate of a 
loss of 10 per cent., he did not think the gain of 


20 per cent. could be claimed for the system of 
contrary turning screws. He did not, of course, 
impute inaccuracy in the author's figures, as he 
was too well known as an experimentalist to permit 
of such inaccuracy, but though an over-all gain of 20 
per cent. was obtained in this instance, he thought 
that in practice the actual gain was doubtful, and 
before being finally accepted tests should be made 
on a much larger scale. 

Mr. W. H. Whiting followed, and remarked on 
the importance of former papers presented by 
Colonel Rota. The present paper he thought 
suggestive, and it was possible that small indirect 
advantages might be obtained from the system. sug- 
gested. The claims made on the ground of -reduc- 
tion of length of the shaft-brackets, and for the 
increase of efficiency due to increased depth of 
water above the propellers, could obviously only be 
small at the best, as the differences would not be 
great. He thought, however, that the system 
might have considerable advantage from the point 
of view of the increased steadiness of the screw 
wake, and this might lessen the difficulties expe- 
eas with rudders near rapidly-revolving pro- 

ers. 

P The next speaker was Mr. C. J. Blackburn, who 
said that it might be of interest to the members to 
know that at the present time there was being tried 
in Liverpool a boat fitted with an arrangement of 
screws bearing some resemblance to that described 
by the author. On this boat a small propeller took 
the place of the nut, the blades being placed 
between the main blades. This was done to increase 
the efficiency, and although he had no figures, from 
conversations with the captain and engineer of 
the boat on which this arrangement was fitted he 
gathered that there was a gain, not only as regards 
speed, but also on the behaviour of the screw in 
rough weather. 

Professor J. B. Henderson, continuing the dis- 





cussion, pointed out that this paper added still 
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another set of propeller experiments to the already 
long list awaiting correlation. With to pro- 
pellers, certain facts were well established, as, for 
instance, that the thrust of the propellers was 
equal to the flux of the movement sternwards, and 
that the sternward wake was the chief loss of 
energy. From this it seemed to follow that the 
bigger the wake was made the smaller would be the 
loss of energy. In the author’s experiments, how- 
ever, it was the larger screw that gave the smaller 
efficiency. The cause for this must be sought in 
renga | phenomena. The 26 cent. loss on 
the smaller propeller could not be attributed to the 
rotational energy of the wake, due to the forward 
propeller, and must be sought in causes which at 
present cannot be explained. 

Mr. F. Baker spoke on the claim of gain in wake 
being considerable in the case of double screws, 
saying that he always understood that a certain 
wake was best for each individual propeller, and 
that no other would give equally good results. 
Sir William White interposed here to say that he 
thought that what Colonel Rota really intended to 
express was that with two screws there was a gain, 
owing to the utilisation of the frictional wake. Mr. 
Baker, resuming, asked if the author would give 
the basis uf the deductions made in Fig. 10 of the 
paper, and the allowance made for the frictional 
loss in the gearing. 

In bringing the discussion to a close the chairman 
thought they would be ready to accept Colonel Rota’s 
estimate of saving in this particular case, but data 
were lacking to give members a basis to work upon. 
He thought, perhaps, Mr. Whiting or other mem- 
bers present could supply information on small 
launches, &c., which would give a base upon which 
to estimate the gain. He thought that Colonel 
Rota would willingly give the information asked for 
with regard to the corrections he had made to the 
curves. While the results now given were good, 
he thought it probable that mechanical difficulties 
would render the adoption of the system in large 
work impossible. 


THE DETERMINATION OF THE THRUST OF 
PROPELLERS. 


The next paper taken was one by Mr. J. H. Heck 
on ‘‘ A Mechanical Method for Determining the 
Thrust of Propellers.” This paper we reprint in 
full on page 500 of the present issue. After it had 
been read by the author, discussion was invited 
by Sir William White, who said that the appa- 
ratus and method described had satisfactorily fal. 
filled the function it was called upon to perform, 
and that the results of this investigation might 
have an important bearing on the future. 

Dr. John Inglis opened the discussion, stating 
that many years ago he had to'get out a design for 
a shaft dynamometer, and found that in practice 
the dimensions were so t as to render the use 
of such an apparatus impossible. He therefore 
wished to know what sizes Mr. Heck had worked 
on. Could the method be adapted to large ships / 
He regretted that no dimensions or scales were 
shown on the figures accompanying the paper. 

Professor B, Hopkinson followed, stating that it 
had occurred to him whether or not it was a prac- 
tical thing to divide the propeller-shaft in the way 
the author had done, and whether the torque 
would be properly transmitted in trials, under 
these conditions. He referred to his torsion-meter, 
in which a short base was used and small displace: 
ment, so that it could be employed under ordinary 
service conditions, and he thought, if it were worth 
while, a similar instrument might be easily devised 
for measuring the compression of the shaft, and 
the measurement of the thrust be obtained in 
this manner. The measurements would only be 
of the order of about one-tenth of those utilised 
in the torsion-meter, but such an instrument could 
be made capable of accurate use in skilled hands. 
He asked whether it wou'd be worth while to make 
such an instrument as this. Sir W. White here 
interposed with the remark that all work would be 
valuable that would help to connect the results of 
model propellers with full-sized propellers. At 
present the relation of model vessels to full-sized 
ships was well understood, but as regards pro- 
pellers we still lacked a great deal of useful informa- 
tion. The laws were unknown, and instruments 
not available. Professor Hopkinson, resuming, 
stated that he would use perhaps a length of about 
10 ft. on a 12-in. shaft. This (he spoke from 
memory only, not having the actual figures by him 
at the time) would give a compression of about 


goth of an inch. This might be measured, and the 
thrust obtained from it. Mr.Whiting here asked if 
'the instrument proposed by Professor Hopkinson 
| would still work if the shaft were subjected to slight 
bending, and a reply was given in the affirmative. 
| Mr. Heck, in reply, said that the stationary ex- 
| periments had been conducted with 100-ton jacks, 
|7} in. in diameter and 5 in. in diameter. In the 
experiments on revolving shafts he had conducted 
many experiments with shafts }, 4, and 1 square 
inch in area, and with various other sizes up to 6 in. 
With regard to Dr. Hopkinson’s remark on the 
dividing of the shaft, he would point out that this 
ractice was a very old one, } in. or so being allowed 
arena the engine and the propeller shaft. This 
ractice was still in use, as, for instance, on such 
»oats as the St. Paul, the St. Louis, &c. He drew 
attention to the fact that his method was distinctly 
one in which compression was measured, but 
instead of measuring the slight reduction of length 
of the shaft, the increased pressure of the water 
was read off on a gauge—a much easier method than 
Dr. Hopkinson’s. He thought the chance of being 
able to use Dr. Hopkinson’s instrument. satisfac- 
torily would be very small indeed in practice, owing 
to the great vibration, &c., in the tunnel. He stated 
that in all other accounts of experiments on such 
lines, no account had been taken of the effect of 
friction. In his method of working he had elimi- 
nated this. 
At the close of Mr. Heck’s remarks, the meeting 

adjourned until the evening. 


Tue Suction Drepcer ‘ LEVIATHAN.” 

On reassembling in the evening of Thursday, 
April 1, with Sir John Durston in the chair, the 
proceedings commenced with Messrs. A. G, Lyster 
and W. Boyd’s paper on ‘‘The Suction Dredger 
Leviathan,” for the Port of Liverpool. A large 
chart of the Mersey Channel was exhibited. Mr. 
Lyster read the first part of the paper, and Mr. 
Boyd then read the latter part, dealing particu- 
larly with the design of the dredger. We shall print 
this paper in full in a future issue. 

Professor J. H. Biles, who opened the discus- 
sion, said that all who had taken an interest in 
sand-pump dredgers would be glad to have a record 
of the first vessel of its type, and the largest sand- 
pump dredger in existence. In smaller vessels the 
problems were not so difficult. The speaker was 
not unfamiliar with the vessel in question, because 
Mr. Lyster had been in communication with him 
on the subject. The problem of stability was a 
very important one. ater caused loss of stability 
when loose inside the vessel, and there were many 
ways of providing for this. In one design which 
the speaker had looked into there was no centre 
bulkhead. By not having the central division the 
number of hoppers might have been reduced to 
four, and each pump connected to its own hopper. 
Another interesting point was the design of the 
landers, which might be of very different size. The 
speaker had carried out experiments on a small 
scale to determine what was the proper area of 
landers. He had found that with large landers the 
velocity was so slow that they got choked up, but 
the settling in the hoppers took place simul- 
taneously. It seemed possible to facilitate the 
settling by the use of large landers ; but it would 
require too great experimenting to determine the 
best proportions ; but no doubt Mr. Lyster’s ex- 
perience had enabled him to hit on the best for his 
particular purpose. It had occurred to the speaker 
that it might be possible to seal up the hoppers, and 
create a vacuum inside them, thereby saving pump- 
ing power. are p however, the disadvantage 
of a heavier coal-bill was preferable to the risk of a 
breakdown of the pumping’ arrangements. The 
structure of the dredger was also interesting as an 
example of the collaboration of the civil engineer 
with the naval architect. Could not some way be 
devised of depositing the sand dredged on to the 
land, where it was wanted? It seemed a pity to 


'ea 


again. 
Mr. H. L. Potter said that the Leviathan 
;umped a great deal more material than any dredger 


they had on the other side of the Atlantic. In the 
United States the question of putting the material 
on to the land, referred to by the last speaker, did 
not arise, as they had plenty of land already. The 

had four dredgers at work in the Ambrose Channel, 
the entrance to New York, which had been dredged 
before the speaker was born. The channel was 
7} miles long, and would be 2000 ft. wide. At 








raise so much material only to put it back into the | 





present it was 1000 ft. wide, and the speaker had 
recently noticed a statement that vessels could now 
go in at any time. Previously they had to wait for 
the tide. The first two of the present dredgers 
started work in 1894, They were based on English 
designs, and did good work outside the bar in course 
sand. They raised 50 cubic yards a minute in ordi- 
nary work. The Government subsequently built 
two more dredgers 300 ft. long by 47 ft. wide, with 
a capacity of 2400 cubic yards of sand. They had 
each two hoppers of equal capacity, and two cen- 
trifugal pumps driven by 450-horse-power engines, 
The main engines were of 850 horse-power, and 
worked two screws, which gave the vessels a speed 
of 10 miles an hour. Each load had to be taken 
9 miles out to sea and dumped in 90 ft. of water, 
The outer end of the bar was 7 miles from the 
dumping ground. It took an hour to get to the 
dumping ground, and 6 minutes to get rid of the 
load. They did not do nearly so much work at New 
York as at Liverpool. Since 1905 they had been 
working night and day, until noon on Saturdays, 
when any necessary repairs were done. It was very 
rarely they worked on Sundays. These dredgers 
(the Atlantic and Manhattan) had been doing 1200 
yards a month. The engines were overhauled every 
month. 

The total cost of getting the material out was 
54 cents per cubic yard. Last year people feared the 
Lusitania would not get through the channel, but the 
speaker was on the bridge with Captain Watts on 
the first trip, and the vessel did not touch bottom. 
Two more dredgers had been built, 325 ft. long, 
with twin screws and two bins of 3000 cubic yards 
capacity. There were two sets of engines of 950 
horse-power driving centrifugal pumps with closed 
vanes. The earlier pumps had open vanes, but 
trouble arose from bricks and other things getting 
into them. The pumps were 6 ft. 6 in. in diameter. 
Work started with these dredgers in July last. 
They had two suction-pipes, instead of four as in 
the Leviathan. Progress was made at the rate of 
265 yards per month with each of the new dredgers. 
The cost was 3$ cents per cubic yard, and the com- 
plement numbered 60 men. The coal burnt at first 
was very soft, and there was trouble with the fur- 
naces getting overheated and coming down. They 
then changed to the poorest coal obtainable, and 
used four boilers instead of three, and no more 
trouble was experienced with the furnaces. 

Mr. Etheridge said those who had had to work 
with the old typeof hopper-doors could appreciate the 
wonderful improvement introduced by Mr. Lyster’s 
valves. The speaker had had to dock hoppers many 
times to get them sand-tight, as tightness was very 
difficult to obtain when fine sand was being dealt 
with. However eventually sand-tightness was 
obtained by the use of elm-blocks, rubber, &c. All 
suction and sand-dredgers should have the Lyster 
doors. Mr. Boyd ought to be congratulated on the 
first vessel he built at Tranmere. Professor Biles 
had referred to the landing of silt. Messrs. Har- 
land and Wolff's new yards were entirely on re- 
claimed land, and the speaker was now engaged on 
a large scheme at Nantes, in which the silt was going 
to be dumped ashore. At Port Talbot it was being 
put ashore, and it certainly did seem a pity to put 
it in the sea. 

A member asked the reason for the mid-feather in 
the suction-pipes of the Leviathan. 

Mr. A. G. Lyster, in reply, referred to the asso 
ciation of civil engineers and naval architects in 
connection with the development of the Mersey 
port, and said that the latter were only waiting on 
the former to build bigger vessels even than at 
present. The deepening of the Mersey was a work 
of great expense, and requiring years to accomplish. 
It was looked upon at one time as absolutely neces- 

to have recourse to permanent works. The 
latter would have involved an enormous outlay, 
and have determined the measure of improvement 
to be carried out. Possibly any permanent work put 


|down might have to bé done all over again to meet 


the increasing needs of shipping. Without perma 
nent works the cost of improvement was confined to 
current expenses. There were two main conditior s 
to be provided for in dredgers of the Leviathan 
type—namely, heavy sand and light mud such ¢= 
was found at the bar or in shoal water, and which 
was very difficult to deposit. With heavy sand, 
40 per cent. of the volume settled, but with mud 
not more than 10 percent. With sand, nothing 
but water went poll wd but 50 per cent. of the 
mud was lost. Sand could be discharged through 
doors in the bottom of the landers. With mud it 
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was different. Two conditions were essential, a 
considerable degree of quietness in the water and a 
certain amount of time. In the case in question, 
the mud and water entered the landers at the 
after end of the hoppers, and travelled the full 
length. It was then discha over the end of 
a weir. The velocity was reduced to a minimum, 
and the time occupied was favourable to the deposit 
of mud. With regard to Professor Biles’s sugges- 
tion as to forming a vacuum to ease the load on 
the pumps, he thought it quite impossible. A 
hopper would not stand a vacuum inside it, even 
were it ible to produce one. The deposit of 
silt on the land was carried out where the condi- 
tions were favourable. In the Mersey it was out 
of the question, as they were many miles out at sea. 
Besides, they did not want toremovethe great natural 
breakwater, but to shift sand from the channel 
to the banks. It was, of course, difficult to compare 
costs in England and America, but he ho the 
new dredger would do the work of three ers 
at the cost of two, so that the cost per ton would 
be reduced to two-thirds, which was a most impor- 
tant saving when millions of tons had to be dealt 
with. The object of the mid-feather was to pre- 
vent the collapse of the pipes. Sometimes they 
had worked in a 10-ft. sea, and a dredger in such 
heavy weather tended to roll on her pipes, and the 
use of the mid-feather was justified by experience. 

Mr. W. Boyd, also in reply, stated that the 
stability of the Leviathan was ample because of her 
breadth of beam. It was considered an advantage 
to have many hoppers, as each hopper formed a 
weir, the water flowing from one to the next. Each 
division of the landers formed a baffle to catch 
the sediment as it passed along. On the trials, the 
pipes of the Leviathan were immersed 33 ft. in 
sand, and this gave a very considerable strain on 
the gear. Messrs. Gwynne deserved great thanks 
for their assistance in connection with the pro- 
blems presented by the pumping machinery. 


THe TurBINE STEAMER ‘‘ BEN-My-CHREE.”’ 

The paper by Mr. C. J. Blackburn on the per- 
formances of the turbine steamer Ben-my-Chree 
was next read by the author. This we print on 
page 511 of the present issue. 

The discussion was opened by Mr. Hatch, who 
claimed to have had a little experience with turbine 
steamers. Very little information had been pre- 
viously published with regard to the running of 
these boats, and the author deserved thanks for what 
he had given. The remark at the close of the paper 
regarding the abnormal bearing pressures and the 
choking of steam s when a reciprocating 
engine was overloaded only referred to badly de- 
signed engines. It was curious that on every single 
trip recorded in the published log, the turbines 
used exactly 47} tons of coal, although time, speed, 
pressure, vacuum, &c., all varied. Again, the con- 
sumption on one particular day was worked out at 
35.5 tons per passage, as against the 47} tons given 
elsewhere. e consumption amounted to 1.85 lb. 
per indicated horse-power hour, but this included 
steam for auxiliary engines and for cooking. Could 
the author differentiate, or, at least, not debit the 
turbine with the coal for cooking! Perhaps the 
author would give the meeting the cost per 1000 pas- 
sengers carried for screw, paddle, and turbine boats 
respectively on the Isle of Man service. Some 
hoats might use more coal but require less labour, 
for example. 

Mr. Robert J. Walker recalled the objections 
raised to turbine steamers when they were first pro- 
posed, One was with regard to manceuvring capacity, 
and it was gratifying to find the Ben-my-Chree so 
satisfactory in this respect. Certain marine tur- 
bines had not been so satisfactory as those on the 
Ben-my-Chree. As regards the question of priming, 
dry steam was desirable from all points of view. 
Priming clogged up the blading and rusted the 
rotor, and the speaker desired to emphasise the 
necessity of looking after the boiler end. For com- 
mercial purposes it might be desirable to express 
consumption in terms of fuel used, but for scientific 
Work it was better to give the steam consumption. 
In trials made with measuring tanks on board, 
steain consumption has been got down to 13 1b. per 
shaft horse-power, and sometimes lower. In the 
7 system, such as that employed in the Otaki, 
uilt by Messrs. Denny, and in the new White Star 
boats, an economy of 12 to 15 per cent. was stated 
x a been obtained, as compared with ordinary 

Sseis, 


Mr. W, J. Luke asked as to the power of the 


turbines. The revolutions were identical, and, on 

account of slip, one would expect the high-pressure 

turbine to be doing more than its fair aa of the 

work. He was not familiar with Douglas Harbour, | 
but was it n to go astern for so great a 

distance? A triple-screw vessel can turn out very 

quickly, as the centre screw drives water past the 

rudder and gives a virtual steering way. triple- 

screw boat manceuvred more quickly than one with 

twin-screws. 

Mr. H. W. Ridsdale thought papers of the type 
under discussion ought to be encouraged. This was 
a plain tale of a turbine steamer, and they had too 
few practical papers. There was a difficulty in 
making consumption and other tests on service, 
because there were so few observers available. If 
the author had given particulars of the torque, as 
well as the revolutions, it would have been interest- 
ing. The interconnection between the factors of 
revolutions, slip, thrust, weight, and propeller was 
most obscure. The speaker would like to know 
whether the author had estimated the steam con- 
sumed by the auxiliaries, and whether the feed- 
water heater was on the delivery or suction side of 
the pumps. The displacement of the ship was 
stated to be 3353 tons ; but was it so much? Mr. 
Ridsdale also asked whether it was to be inferred that 
closed stokeholds were used, what was the calorific 
value of the coal used, and whether gravity or 
forced lubrication was adopted for the turbines ? 
The question of priming was of vital importance, 
for not only did priming cause a falling-off in power, 
but it increased the upkeep of the turbines. 

Mr. C. Humphry Wingfield said he was glad to 
know that the Ben-my-Chree had such good 
manceuvring powers, because the capabilitios of 
turbice vessels in this connection had been so much 
questioned. He ho the author would explain 
the statement that when priming occurred re-evapo- 
ration took place in the later s' of the turbine, 
and reduced the useful work. a reciprocating 
engine there might be re-evaporation on the exhaust 
stroke, but this was an entirely different thing. In 
turbines the steam tended to get wetter rather than 
to evaporate as it passed through the blades, and as 
the low-pressure end of an ordinary turbine was by 
no means hot it was difficult to account for the 
author’s statement. Would the author give his 
experience of corrosion inside the rotors? It had 
been said that these rusted very badly, probably 
when lying up, and there were stories of cases of 
corrosion so bad that the rotors were thrown out of 
balance. Another curious happening was the 

presence of a chalky deposit between the blades. 
n a case of which the speaker had information 
this occurred in both stator and rotor-blades to 
such an extent as very seriously to reduce the steam 
passages. The deposit was almost entirely confined 
to the low-pressure blading. Highly superheated 
steam was used ; the superheaters hhad no deposit in 
them, neither had the steam-pipes. What con- 
sideration had determined the directions of rotation 
of the several propellers? Had the system used 
been chosen to minimise vibration or for any other 
mn? 

Mr. C. J. Blackburn, replying to the discussion, 
said that the only practical way of getting at the 
coal consumption was to measure the amount of 
coal put into the bunkers, and to divide this by 
the number of runs made. This accounted for the 
uniformity of the figures which had been referred 
to by Mr. Hatch. He would have liked to measure 
the coal used for different purposes but unfortu- 
nately had no facilities. Priming caused corrosion 
of the dummy rings, and that was the main reason 
for opening up the turbines, otherwise they would 
corrode away. At any rate the speaker would not 
like to be the first to neglect it. He could not 
give figures as to the power on the three shafts, but 
there must be a difference, as Mr. Luke had stated. 
There was no reason why the facts about turbine 
vessels should not be published, and he had tried 
to do what he could to make his own experience 
known. He thought it not proved that a marine 
turbine gave so an economy as a reci- 
procating engine, but it had other advantages. 
As to the mancuvring at Douglas, the pier 
was inside the harbour, and it was necessary 
to back out to clear the headland. The ship 
steered best when all the screws were going 
ahead, but the reason why she could be turned so 
quickly was because she had such large propellers. 
When they were fitted many people thought they 
were too large to permit of the required speed being 








got out of the boat. The feed-heater was on the 


discharge side of the pump, and was of the Quiggins 
type, and fed with steam from the cmuliieaion. the 
displacement had been questioned, but was correct, 
the vessel running with increased draught. She 
always ran full, and the service conditions were 
more severe than on trial. Mr. Blackburn then 
proceeded to describe the anti-priming plates fitted 
in the boilers. These were transversely-corrugated 
plates bolted to the stays just above each furnace 
crown. The steam had to get round the edges of 
the plates to rise. The plates reached within about 
a foot of each end of the boiler. Above them, in 
the steam space, was a single large plate, which also 
acted as a that. The light scale formed in tur- 
bines was an oxide, due to moisture. It was well 
known that if marine reciprocating engines were 
laid up in port, it was necessary to oil the inside of 
the cylinders to prevent corrosion, and the same 
danger occurred with turbines. Regarding the 
question as to the reason for the direction of rota- 
tion of the screws, the speaker pointed out that the 
two outside screws revolved outwards as in general 
practice, and the centre one had to agree with either 
one or other of them, but it did not matter which. 


Water-HAMMER IN STEAM-PIPEs. 


Mr. C. E. Stromeyer’s paper on ‘‘ Explosions of 
Steam-Pipes due to Water-Hammer” was next 
taken, but, owing to the lateness of the hour, the 
author summarised its contents, and exhibited to 
the members a working model of the apparatus 
shown in Fig. 2 of the paper. He also described 
some experiments carried out on a full-sized pipe 
by Mr. Aiton, of Derby. We reproduce the paper 
in full on page 508, 

The discussion was opened by Mr. J. A. Aiton, of 
Derby, who said he had approached the subject of 
water-hammer in a critical spirit, believing that it 
would never occur in a well-designed pipe system. 
He had erected a length of about 100 fe. of 4-in. 
pipe, and had a depth of about } in. of water in 
the pipe. When steam was turned on there was 
no result. Then he put a depth of 1} in. of water, 
and the moment steam was turned on there was a 
violent water-hammer. Steam was turned on care- 
fully, not in a hurry, anda man with every care 
might produce water-hammer unintentionally. If 
one tried to drain such a range, water would flow 
for a short time and then stop, as a partial vacuum 
was formed inside and no more water would flow 
until air was allowed to enter. The stopping of the 
flow was naturally deceptive to the workman, who 
would naturally conclude that all the water had 
run out. If he then turned on steam, a dangerous 
hammer might result. The pipes he (the speaker) 
used in his experiments were ordinary lap-welded 
steam-pipes. Fie tried the experiment of raising 
the far end sufticiently to give a 2 per cent. rise in 
the direction of flow. A violent hammer was 
caused, thus showing the foolishness of draining 
steam-pipes back to the boiler. When the fall was 
in the direction of flow there was no hammer, A 
little air in the pipe had a great cushioning effect, 
and had enteuacdiy saved many a catastrophe at 
starting up. Mr. Stromeyer, in his lecture, had 
ap to advise the turning on and off of steam, 
to break the vacuum in a pipe being drained and 
to allow the water to flow. In the speaker’s opinion 
this was a dangerous practice. 

Mr. L. Pendred asked whether a snifting-valve 
would not automatically destroy any vacuum in the 
pipe, and so prevent one of the causes of water- 

ammer by letting in air. 

Mr. Hatch said he had sometimes experienced 
water-hammer in the water-pipe between an econo- 
miser and a boiler working year in year out. It 
was difficult to understand, as there was a check- 
valve at one end of the pipe and a pump at the 
other. For some time he Nad been puzzled, but 
had come to the conclusion that as the hot-well 
water was often from 210 deg. to 211 deg. in tem- 

rature, the suction of the pump became stopped 

y vapour. The water in the economiser then 
turned into steam and caused the trouble. 

Mr. ©. Humphry Wingfield referred to an 
interesting case of water-hammer. Some years 

o he had seen three or four copper bends 
which had been taken from inside the boilers of 
H.M.S. Blake. They had been fixed to the front 
tube-plate, and for some reason they had all become 
bulged and cracked round the outside of the bend. 
He suggested, as a cure, that a small hole should 
be drilled through similar bends. 

The author, in reply, said that there were on 
record cases of water-hammer occurring when the 
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GENERAL ARRANGEMENT OF 10*10,S1X CYLINDER, DOUBLE ACTING ENGINE, REVERSIBLE 
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flow of steam was not against the drainage fall. 
He adjusted the model to show the possibility of 
this. With regard to his advice to open the 
drain-cock and steam-valve alternately to get rid of 
air, he did not mean for a moment to suggest 
blowing the water out by steam. The admission of 
steam was only to warm the air. As an example of 
criminal foolishness, Mr. Stromeyer told of an 
engineer who, having opened a drain-cock and 
caused a water-hammer, proposed to repeat the 
experiment to show somebody else. He thought 
the water-hammer mentioned in connection with an 


economiser was due to the cause to which it was 
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ascribed—namely, the formation of steam in th 
economiser, 


At 10.45 the meeting was adjourned till Friday, 


April 2. 
(To be continued. ) 





INTERNAL-COMBUSTION ENGINES FOR 


SUBMARINES.* 
By F. R. 8S. Brrcnam, Associate. 


Brrore considering the features embodied in the design 


“* Paper read before the Institution of Naval Architects, 


April 1, 1909, 


| | SY 


e|of internal-combustion engines for submarine use, it is 
| desirable shortly to consider some of the various methods 
| of propulsion in use or proposed, having engines of this 
| type as a salient feature. Naval requirements, such as 
| speed, both surface and submerged, radius of action, 
and armament are debatable questions differing accord- 
ing to the use to which the boats will be put in time of 
war and to the ideas of the various nations for whom they 
are built. It is not within the author's province to dis- 
cuss them. There are, however, certain nn ed 
desirable in all submarine boats, which are influenced, to 
a ter or less extent, by the system LO ne used. 
ese may be su ised as follows : when sub- 

; invisibility ; safety and comfort of crew ; speed 

and radius of action for a given weight of machinery. __ 
| The method of propulsion most generally adopted iz 
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that in which internal-combustion engines are used on 
the surface and electric power is employed when sub- 
merged. 
e advantages of this system are :— 
1, Silence. 
2. No possibility of foul air from engine leakage when 
subme 7 


3. Invisibility, there being no splash from exhaust pro- | 


ducts. 

4, Constant weight when submerged. 

5. Coolness and internal silence when submerged. 

6. Ease of auxiliary drives. . 

7. Ease of manceuvring and engine starting. _ 

Against these may be placed the manifest disadvan- 
tages :— 

1. Great total weight of machinery available at one 
time either on the surface or submerged, due to the fact 
that the permissible weight of machinery is divided be- 
tween the two separate systems. 

2. Slowness of recharging cells when exhausted. 

3. Small submerged radius of action and speed. 

4, Accumulator dangers. 

Various methods of overcoming these objections have 
been suggested, most of which involve other objectionable 
features in their stead. 

The best known of these alternative systems is that of 
Del Proposto, in which he uses one cylinder of a four-cycle 
four-cylinder Diesel engine as an air compressor when 
running on the surface to charge storage bottles to a high 
pressure. The remaining cylinders are used in the ordi- 
nary way to propel the boat and to drive the compressing 
cylinder. hen submerged, this cylinder is used as an 
air engine, exhausting into the boat and keeping the air 
therein fresh, The remaining cylinders take air from the 
boat when running in the ordinary way. By correctly 
gens the air cylinder cut-off, the air balance is 

ept as desired. The exhaust of the remaining cylinders 
is discharged overboard. This immediately brings in the 
objection of visibility from the spray thrown up by the 
rising bubbles of exhaust products. 

This possibility is an insuperable objection to all pro- 
posals for using the engines below the surface, should the 
surface commotion be visible as far as would be imagined. 
By the adoption of exhaust pipes of great length, having 
fine outlet holes, the exhaust would be divided over so 
large an area that serious surface commotion would not 
take place. The periscope wash of a boat running at any- 
thing above the lowest = is clearly visible on a calm 
day at quite a considerable distance, but is next to impos- 
sible to follow should there be the smallest sea running. 

This, it appears, would apply equally in the case of sur- 
face commotion from a distributed exhaust. Del Proposto 
overcomes this difficulty, when approaching the enemy, 
by using the remaining cylinders, not as an internal-com- 
bustion engine, but as an air engine, discharging with the 
fourth cylinder into the boat. is can one for quite 
a considerable time, owing to the fact that men can stand 
a gradually increasing pressure up to three or four atmo- 
spheres without harmful results. The zone of secrecy or 
greatest danger having been passed, the engine is again 
used in its ordinary form with the more or less compressed 
air contained in the boat. 

Sabathe, in France, has suggested an ingenious method 
of overcoming the same difficulty, by supplying oxygen 
to the exhaust and working on a partly closed cycle. The 
author believes that this system is now undergoing trial 
abroad. It certainly appears worthy of consideration, 
although the necessity of carrying and storing compressed 
oxygen is a great drawback. Various similar systems are 
being tried abroad, and the author himself some time ago 
put forward one, allied to that of Del Proposto, by which 
the efficiency is greatly increased. In this system the 
internal-combustion engine is coupled to a multi-stage 
compressor which, when the boat is submerged, is run as 
an air — of a multi-expansion type, the exhaust 
being u by the internal-combustion engine, a part 
being turned into the boat to renew the air therein when 
required. The compressed air before use is reheated by 
the exhaust of the internal-combustion engine. The 
author prefers this system to that of burning fuel in the 
air before use, in that fewer chan; in the engines are 
necessary, and the exhaust of the air engines may be 
_— into the boat for purposes of secrecy when 

uired. 

he full amount of power installed is also available, 
and for short dashes the cut-off of the air engine may be 
increased and the balance of air not used by the internal- 
combustion engine may be turned into the boat or, if of a 
suitable type, the engine may be fed with the additional 
air under pressure, thus giving more power still. With 
this system it is possible, on a given weight, to more than 
double the submerged radius given by electric power, and 
to use large outputs without loss in storage efficiency. 
Further, in common with other like arrangements, the 
storage of power is confined to compressed air alone, 
necessary in any case for tank blowing and torpedo dis- 
charge. Battery dangers are entirely avoided, and it 
appears probable, also, that .he compass problem would 
be simplified. 

There is, it is true, not the same silence with the 
engines running submerged as with the electric drive, but 
the author is uncertain whether this noise could be de- 
tected at a distance, even by a ship fitted with suitable 
under-water acoustic apparatus. It might possibly be 
detrimental to the comfort and nerves of the crew. 

The advan of constant weight is lost, and there are 
difficulties in efficiently jacketing all hot parts and _pre- 
venting the escape of vapour from the engines. ese 
last requirements are, however, necessary for surface 
running. With compressed air stored in the quantities 
necessary for subme' running no difficulty is expe- 
rienced in starting and manceuvring, while auxiliaries are 
reduced to a minimum, tanks and bilges being blown free 


and the hydroplanes and rudders operated by pneumatic 
rams. 

The dynamo for electric lighting is driven from the 
| main engine, if cells are , or from an auxiliary engine 
| adapted to run either as an internal-combustion engine 
| or com -air engine, as required. The same engine 
might drive the winch, and, ibly, a spare bilge pump. 

veral objections to the electric system are overcome, 
as the whole weight of machinery is available for use at 
any time, and particularly when submerged, and less 
weight is normally lost for surface propulsion. The speed 
of recharging is very greatly inc , arrangements 
being made to use some of the internal-combustion engine 
cylinders as compressors during the initial stages of com- 
se i if great speed is required, the remaining stages 
eing attended to by the compressor proper. 

The internal-combustion engine will probably be of the 
sane type in any system, although the use of heavy fuels 
is greatly simplified when high-pressure air in quantity is 
available. 

With engines of the Diesel or similar cycle little diffi- 
culty is experienced in the use of heavy oil, the starting 
and reversing being simple and reliable. For the higher 
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wers this type is becoming universal, there being no 
imitations to the cylinder dimensions, due to overheating 
and pre-ignition. The weight of Diesel engines at pre- 
sent 1s excessive, being in the neighbourh of 100 Ib. 
= horse-power, although those of the two-cycle variety, 
uilt by the Nuremberg Company, are reported to weigh 
from 40 lb. to 50 lb. per horse-power. These weights 
would be very considerably reduced if air were supplied 
from a general source, instead of being comp by 
each engine with its own sto system. The cost, 
which is at present high, would be very considerably 
lowered. Various Governments, including the French, 
Russian, German, and our own, are carrying out practical 
trials with engines of the type mentioned, both of the 
four and two-cycle varieties. 

It is, in the author’s opinion, unlikely that oils of the 
lighter class, such as kerosene, will be used to any large 
extent. They are very inflammable when warm, and are 
objectionable through fumes and creeping. It isextremely 
difficult to make the ordinary type of explosion engine 
run well on them, starting and reversing being unreliable 
and changes of load upsetting their operation. 

Cylinder dimensions are strictly limited, owing to pre- 
ignition being so readily obtained, and a supply of fresh 
water is necessary for injection purposes. aporisers 
are a necessity, but are seldom satisfactory, for in those 
in which the oil is vaporised by the exhaust heat, diffi- 
culty is experienced when running light for long periods 
or on a change of load. Open flame vaporisers, on the 








other hand, while overcoming these difficulties, are quite 
unsuitable for submarine use. 

It will also be found that the weight of explosion 
engines increases considerably with the use of the heavier 
oils, and approaches that of engines of the combustion 


type. 

"The use of petroleum _~ is objected to by many on 
the score of danger, but if proper precautions are taken, 
the author does not think it any more dangerous than 
oils of the kerosene type. It has, however, many advan- 
tages, among which are light weight and cleanliness. It 
further enables lighter engines to be built, which will 
reverse and start reliably. ethods of ignition are neces. 
sary in all Otto type engines, this being an inherent objec. 
tion to the type. The weight of thoroughly relial|- 
engines of this class using eae spirit as fuel may |x 

uced with safety to 35 Ib. or 40 Ib. per horse-power all 
included. 

Although engines for racing boats and cars may be built 
down to 10]b. or 12 1b. per horse-power, it is not possible 
to build commercially a reliable engine suitable for naval 
use within the weights mentioned. The weights specified 
by various makers are rg J misleading, many necessary 
parts being often omitted, but it will be found that 40 Ib. 
per horse-power is the average foo ag of modern Otto 
cycle engines burning the lighter fuels, rising to 60 Ib. for 
those using the heavier grades, and 100 lb. for Diesel 
id engines. i ge 

he weight of the electric installations, including cells 
loads, and motors, varies, the author believes, from 140 Ib. 
to 180 lb. per horse-power hour of output for boats having 
an a capacity for submerged work. Owing to the 
restricted space in which the engines have to work their 


design is as compact as possible, attention being paid to 


accessibility and to the removal of any part from the 
boa‘ 


t. 

The author has recently completed designs for a foreign 
Government in which the engine-bed is of a novel type, 
enabling the crank-shaft to be readily removed without 
removing the bed from its bearers. The pistons and rods 
are also removed through doors in the bed and bearings 
may be adjusted and refitted with ease. The engravings on 
page 484 show clearly the means taken in this engine to 
carry out the various requirements of the service. 

Fig. 1 is a plan showing a section of the engine-bed and 
various sections through the cylinders and valve-ports, 
Fig. 2 being a cross-section of the boat for which these 
engines were designed. Fig. 7, on page 484, and Fig. 8, 
annexed, show clearly the construction of the bed to enable 
the crank-shaft to be removed ; it also shows the water- 
cooled rings, oil-cooling pipes, and water channels 
through the top of the bed under the cylinders. Figs. 3 
to 6, 484, are sections showing details of the cam- 
shaft and eto drives. 

Cylinder joints under pressure are a continual source of 
trouble, and there is no apparent reason for their use. 
In a recent cruise of some “Holland” boats for the 
American’ Government the joints gave such trouble that 
the cruise was stopped, and one boat was nearly lost, in 
addition to which the crews were overcome by the escaping 
products of combustion. 

Efficient cooling of every part is essential, cylinders 
being entirely jacketed, and the exhaust-pipes water- 
cooled to the boat’s skin. Much heat escapes down the 
cylinders to their crank-case, and it is becoming usual to 
cool either the cylinder feet or the crank-case top. 
Troubles arise through ‘‘blow” past the pistons, which 
make it imperative to ventilate the crank-case thoroughly, 
to prevent explosions, rise of pressure, and undue heating 
therein. This is carried out by either taking the main 
air supply through the crank-case or by a separate fan or 
water-ejector discharging direct overboard. Water- 
cooling is generally applied to the main bearings and 
to the bottom of the crank-case. Forced lubrication is 
nearly always fitted to all the main bearings and big 
ends, the oil being forced from large circulating-tanks 
either having cooling arrangements in them or reliance 
being placed on the coils in the crank-case bottom. Other 
parts are fitted with ring lubrication, so that attention 
when under way is reduced toa minimum. _ 

In the engine shown on Figs. 1 to 8 the oil and water 
circulating systems are supplied by separate pumps, 
although these are not shown. In the author’s opinion it 
is better to have this arrangement, as it gets rid of a mas» 
of small gear from the engine, and further it enables the 
water circulation to be continued after the engine has 
been stopped for a submerged run. Whatever arrange- 
ment of induction is adopted, whether direct or through 
the crank-case, it is usual to have non-return valves on the 
intake to prevent any back explosions or puffs back from 
entering the boat. If these precautions are taken and a 
small negative pressure kept on the crank-case, there 1s 
no opportunity for fumes to enter the boat. 

Crank-case compression engines of the Koerting, type 
are unsuitable for this duty, in the author’s opinion, 
owing to the extreme difficulty of keeping a crank-case 
tight without ere 5 | adding to the weight. Various 
methods are adopted for fuel supply, some engines havin 
measuring and injecting devices for each cylinder anc 
others pumps, while others again have constant level car- 
burettors. ‘There is possibly more danger of leakage with 
carburettors, although by suitable design this may be 
overcome, and they save the continual worry of adjust 
ments where separate devices are used for each cylinder. 

Engines of the Diesel cycle are entirely free from all 
troubles of the kind, as the heavy fuel is injected after 
the pure air has been drawn in and compressed, and no 
mixing of air and fuel takes _— — _ a, a 

Ignition is, at present, of many types, ‘ 
tap high tension magneto machine is taking the place of 
all others, owing to its simplicity, size, and <a 
reliability. Other types of ignition are used for stand-by 
purposes and for starting, where sufficient speed cannot 
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be obtained to actuate the magneto when turning the 


engine. 

The older form of make-and-break ignition gave much 
trouble to keep adjusted, and coil ignition is unsuitable 
at sea, owing to its size and to insulation troubles. Tube 
ignition is seldom used owing to constant compression 
being necessary, and to the fact that open flames in the 
boat are objectionable. haust arrangements cause 
some difficulty in installation owing to the necessity of 
complete jacketing inside the boat. 

It is usual to run the pipes out as soon as possible, 
contianing: Sime outside to silencers aft. The author 
believes that exhaust-ejectors of the Koerting type will 
come into use to eject the exhaust direct overboard, water 
being — by a pump coupled to the engine. This 
would probably be a necessity, should any of ‘ee 
having engines running beneath the surface be ‘ 

Many engines are very complicated and difficult of 
access, and to help this open-type engines have been 
tried. While too much attention cannot be given to 
accessibility and clean design, the disadvantages thew 
the lea! = the pistons and the fumes from hot o1 
entering the boat entirely outweigh the added accessibility 
riven. 

4 Figs. 9 and 10, on page 485, show an American Standard 
engine of this type, and Figs. 11 and 12, on the same 
page, show a double-acting engine of the same make, 
where the difficulty of piston leakage would be overcome. 

Horizontal engines such as are used on the British 
submarines are particularly difficult of access. 

Few engines are at present arranged to reverse, although 
there is no great difficulty in doing so should power be at 
hand for starting. Either compressed air or the main 
motors might be used for the purpose. The author 
believes the reason is that it is very simple to use the 
main motors for going astern, and that there is sufficient 

wer available with them for all manceuvring pu 
The main motors are used, as a general rule, for starting 
four-cycle engines, the compression being momentarily 
relieved. Compressed air is, however, coming into use, 
and for engines of the Diesel cycle it is necessary. 

A great variety of clutches are used between the main 
engines and the electric motors, the most common and 
at the same time the most awkward being the dog-clutch, 
necessitating the stopping of all machinery and barring 
round into position for coupling up. This is one of the 
causes of the delay necessary when preparing tosubmerge. 
Friction clutches, hand and pneumatically operated, are 
used and work well, but the best clutch is that of the 
magnetic type. Difficulties were experienced in the past 
with these clutches not freeing owing to residual mag- 
netism, but there are now on the market clutches that free 
perfectly and will take up the drive atfullload. A clutch 
of this type for the engines designed by the author is 
22 in. in diameter, and will transmit 750 horse-power at 
500 revolutions per minute. It is arranged to take up 
this load at full speed, and uses very few watts and has 
no end thrust or springs. One is fitted between the 


- six-cylinder engines and between the engines and main 


motors ; these clutches take the place of fly-wheels. The 
control is by means of a switch at the end of each pair of 
one « . 
he author has attempted to discuss generally the points 
of design of these engines, hoping that it may be the 
means of opening up the subject. It is doubtless right 
and proper that many features of these boats should 
remain secret for national reasons, but discussion of the 
po machinery, probably already known to those 
interested, cannot but tend to promote and lead to im- 
provement. The present secrecy and lack of competition 
and discussion at home are surely harmful to our national 
interests. The author has found it extremely difficult to 
obtain particulars of all the various systems and engines, 
owing in some cases to informatiou being refused, and in 
others to his being requested not to publish drawings and 
rticulars. He trusts, therefore, that he will be excused 
or the many omissions that areapparent. The following 
drawings illustrate various types of engines built for the 
particular purpose of submarines :— 

Figs. 13 to 17, on page 488, show Thornycroft 12 in. by 
8 in. four and “en inder engines, arranged to run on 
paraffin, having beved lubrication and water-cooled bear- 
ings and crank-case bottom. ° 

Figs. 18 and 19, on page 489, show White and Middleton 
engines, arranged to run on petroleum spirit, having fuel 
pumps to each cylinder, and splash lubrication. 

Figs. 20 to 22, on page , Show an arrangement of 
cylinder head fitted with auxiliary exhaust ports, un- 
covered by the piston at the bottom of its travel, after 
the American practice. 

In Fig. 23, on Page 489, is shown a similar head with 
loose cover encl in the water-jacket for the engine, in 
which it is not possible to withdraw the piston from the 
bottom, or where there is not head room to remove the 
cylinder with the piston in place. This method avoids a 
complete cylinder fad joint. 





THE INSTITUTION OF MEcHANICAL ENGINEERS: GRa- 
DUATES’ ASSOCIATION.—The seventh general meeting was 
held at the Institution, Storey’s- Westminster, &.W ™ 
on Monday, the 5th inst., at m., Professor H. 8S. 
Hele-Shaw, F.R.S. (Member of Bouncil), in the chair. 
The minutes of the sixth general meeting were read, ap- 
proved, and + by the chairman. A paper entitled 

Mechanical ught for Steam Boi ” was mted 
aad read by Mr. L. J. J. Murfix, Graduate of London. 
Mr. A. B. E. Cheeseman ee the discussion, in which 
the following graduates took part :—Messrs. Cartwright, 
Popping, and Duncan. The chairman and Mr. Druitt 
Halpin (Member), also contributed to the discussion. 

e —ae concluded with a vote of thanks to the 


ECONOMICAL CONSTRUCTION OF SHIPS 
WITH LONGITUDINAL FRAMING. 
To THe Eprror or ENGINEERING. 

Sir,—The meritorious advance in methods of ship con- 
struction exemplified by the building of several vessels 
according to the constructive desi of Mr. Isherwood 
inaugurates a departure from established practice which 
has constantly exercised the minds of progressive ship- 
Lg for as oan half a century. apes ae 

pproximately fifty years r. J. G. Lawrie, in a 
paper read at a meeting of “the Scottish shipbuilders, 
took exception to the longitudinal system adopted in the 
construction of the Great Eastern. He pointed out 
that “the transverse frames were cut across in no less 
than thirty-two ys by the longitudinal ribs” ; and 
added, “that although at the intersections the transverse 
ribs are riveted together, it is ——— to restore the 
transverse frames to the strength they would possess 
uncut.” This is absolutely correct, and such lost strength 
can never be fully restored. The same remarks, however, 
are equally applicable to the longitudinal members as 
hitherto fitted, between the transverse frames, such as 
narrow stringer plates and intercostal keelsons. 

In the one case the strength of the vertical web-plates 
adjoining the shell, to resist initial stresses due to trans- 
verse straining, is impaired by extensive notching. In 
the other case, these longitudinal members are weakened, 
by being cut in way of the transverse members, to resist 
longitudinal age The economy consists in the lesser 
degree by which the whole fabric is weakened by such 
notching, and this depends upon the length and propor- 
tionate dimensions of the structure. 

The adoption of web-frames, which were first recom- 

L. INDICATES LONGITUDINAL 
é ELEMENTS COMMONLY 
Fig.l. FITTEO PRIOR TO A. 0.1905 
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A SYSTEM OF LONGITUDINAL 
CONSTRUCTION, DEVISED iN 1870 
Fig. 2. By ayers YVORODAN 
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mended by Henry H. West in the Liverpool Registry of 
1885 as ‘‘ plated frames,” has proved a most im t 
factor in facilitating the constructive features of this new 
system. 

Now, while not depreciating the value of this practical 
contribution to constructive science, permit me to 
that this conservation of fragmentary efforts to devise a 
strong and economical method of longitudinal framing is, 
in a degree, evolutionary. 

The arrangement of continuous longitudinal girders 
directly connecting the lower and upper bottoms, by 
transverse intercostal diaphragm plates between the 
longitudinals, was an early step in this evolution. This 
system was inaugurated, to my personal know] , for 
cargo steamers at least, by the designing and buil ling of 
the s.s. Fenton by Mr. G. B. Hunter, at the shipyard of 
Austin and Hunter, Sunderland, in the year 1875. 

Prior to this date, however, Mr. McIntyre, late 
manager of Palmer’s, had devised the ‘“‘McIntyre tank” 
system. This was, without doubt, the most radical and 
meritorious early departure—especially bearing in mind 
the strenuous opposition of the classification surveyors to 
the cutting of the frames at the bilges—since Brunel's 
wonderful achievement in economical shipbuilding, in 
the direction of longitudinal construction. 

Then, in oil-carriers, where the main frames, whether 
longitudinal or transverse, must be cut to secure direct 
connection to the shell or bulkhead plates, to allow of 
metallic caulking i of “stopping,” this constitutes an 
element of longitudinal construction. Cutting off the top 
end of frames below the structural deck, to permit of a 
continuous age bar being fitted below the ordi- 
oe gunwale bar, added another element to the system 
under discussion. In the s.s, Tyne, built for the Moss 
Steamship Company by Charles Mitchell, there was a 
continuous stringer below the deck, all fore and aft, in 





| pletion of the work. Since the work 


line with the hatches. This longitudinal element was 

fitted at the suggestion of William Esplin, the superin- 

tendent engineer. I enclose an illustration (Fi . 1) of these 

several longitudinal features, designated by the letter L. 

As a concrete example, however, of an ear —— for a 
odinal method, I t 


strong longit refer to the patent of 
Henry Sein, which was ss the earliest arrange- 
ment patented in England for longitudinal framing. 


illustration (Fig. 2) shows one view of Jordan’s device, 

on which the writer was engaged. Two vessels, the 

Eliza Walker and William Scott Walker, were built by 

John Vernon, of Liverpool, in accordance with Jordan's 

plans, about forty years . Having sailed on one of 

these steamers, Tom vouch for her seaworthy qualities. 
Very truly you 


JosEerH R, OLDHAM. 
Cleveland, O., March 21, 1909. 


P.S.—That the dead-weight ability of the new vessels 
shows favourably in comparison with ordinary ships is 
not surprising, as the longitudinal frames are broader 
than the ordinary transverse frames. This reduces the 
capacity of the holds, and results in a smaller ‘under — 
deck” tonnage. The truly interesting question to the 
shipowner is: ‘‘ How much less weight, say, than one- 
third of the gross displacement is the equipped weight of 
the new type ?” i nage is a most variable 
number, as it takes in such superstructures as houses and 
hatches, and then takes a portion of these off again, and 
sometimes a whole deck. 

“The poem hangs on the berry bush, 
When omen the poet’s oor 
Likewise, Mr. Isherwood was the first to see that by 
hanging his longitudinals on the web-frames (transverses) 
he secured an economical constructive arrangement com- 
bined with accurate vertical spacing for his longitudinal 
frames.—J. R. O. 





‘““THE PROBLEM OF FLIGHT.” 
To THE EpiTor oF ENGINEERING. 

Srr,—It was with great regret that I, with others, 
failed to complete the reconstruction of the improved 
helicopter which I exhibited at Wembley Park in 1905, 
in time for the Olympia Show. Permit me, therefore, to 
state that I am concluding negotiations with the Crystal 
Palace management with the view of their aid in granting 
space for the erection, exhibition, and trials in their 
beautiful unds of full-sized machines and possibly 
models. Personally, I consider that although space may 
be restricted for aeroplanes, the ornithopter and heli- 
copter types may be safely tested. I should be glad, 
therefore, if the Aeronautical Society, Aero Club, and 
kindred bodies will assist by permitting their members to 
join company in taking their machines to the Crystal 
Suen in order that the engineer and aerodynamical 
scientist working harmoniously together may keep abreast 
of other nations in the problem of flight, and who can 
foretell the ible supremacyoftheair? 

I am glad that my proposition for a British Aerial 

e, published in your columns, has ey the 
institution of that name and the Aeroplane Club of 
Captain Windham, who was one of those who wrote me 
in reply. 

It Lanetiiving to note Mr. Phillips’ more friendly tone, 
but one should not condemn without actual of that an 
advanced machine like Mr. Davidson’s did not accom- 
plish what he claims. Has Mr. Phillips ever expe- 
rimented with two 27 ft. in diameter screws of improved 

ign with 80 horse-power? The result would convince 
him of the high lift that may be recorded in practice. 

Sir Hiram Maxim’s book is worthy of careful study, 
though I would contest his statement that with regard to 
helicopters the screws should work on undisturbed air, 
or which has been driven downward. The same law may 
apply to the aerop as, for instance, Langley’s ma- 
ps i Boy in practice, the machines, whether active or 
passive surfaces, will % 

am, Sir, yours faithfully, 
Epear WILSON. 
77, Glamorgan-street, Pimlico. 





‘ELASTIC BREAKDOWN OF MATERIALS 
SUBJECTED TO COMPOUND STRESS.” 
To THE Eprtor oF ENGINEERING. 

Srr,—I have read with interest the papers of Mr. L. B. 
Turner, in Encryeerinea, February 5 and 12, relat: to 
“The Elastic Breakdown of Materials Subjec to 
Compound Stress.” Iam glad that more work is bei 
done along this very important line. I feel, however, 
that some of the statements made enemas my on 
the author mentioned above should not go unnoticed. 
After reading the articles referred to, one would have the 
ares that the work done by myself was of little 
value on account of certain so-called inconsistencies in 
the reports, one of these being in substance as follows :— 
That the lowering of the elastic limit was linear when it 
should have appeared circular, if the shear th held 
true. It must be remembered that the tests made é the 
writer were made by first _—e material to tor- 
sion, and then, while it was under this torsion, subjecting 
it to tension. It is evident that for the solid bars 
and tubes of such thickness as was used the elastic 
strength in tension could not wholly be destroyed by 
subjecting the bar to its elastic limit in torsion. The 
writer insists that the impression given the reader is mis- 
leading, and not warranted by the results of tests as 
published. The writer made the, possible, mistake of 
publishing his results in a series of progress 
the tests were made, without wai for the final com- 
been done, how- 





ever, a summary of the results has been published in the 
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INTERN AL-COMBUSTION ENGINES FOR SUBMARINES. 


(For Description, see Page 485.) 


GENERAL ARRANGEMENT OF 4 CYL. /2°X 8° Olt ENGINE. 
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OUTLINE ARRANGEMENT OF 8CYL /2 x 8 TWIN 


ELEVATION PORT ENGINE 
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of the American Society for rs 
and also in the’ Philosophical: Magazine, 


ie 
rials, 1 I 
November, 1908. A comparison of the results of Guest, 
Scoble, and the writer shows a close agreement when they 


are all redu 
report seems to have been oyerlooked by 


Yours pet ma * — 
1. L. Hancock. 


to the same basis for ee. This 


r. Turner. 


Lafayette, Indiana, March 22, 1909. 





**THE CONSTITUTION OF STEEL.” 
To THE EprTor oF ENGINEERING. 

Sitr,—Mr. Rogers’ letter in your issue of March 26, 
ing Professor Arnold’s statement that the ‘allo- 
tropic theory had gone by the beard,” revives an interest- 
ing and debatable point. But is there not substantial 
evidence that the phenomenon observed during the heating 
and cooling of steel is due to ch in the state of the 
carbon as well as to allotropic modifications of the iron ? 
It is known that in steel the exists in three 
different forms, according to the treatment of the metal— 
viz., (a) cement carbon (as FesC below the critical point 


ie peewee eeesenence — ~ 


Mate. | 
] of about 700 deg. 





Ari}; and (c) tem cobar tomer’ Seagal od heating of 
; c per ti 
pro ng 


othe ade rie chews Inaba pred serye hee ate 
temperatures, content of car’ 
that the three points Ari, Ard and Ar all con. | 


verge in a single point as the carbon increases_(probably 
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at 0.82 per cent. carbon and upwards, at a temperature 
Cent.). This is direct evidence that 
some change is brought about by the carbon. 

On the other hand, it has been proved that, apart from 
carbon, iron can exist in three distinct allotropic forms, 
known as alpha iron (below the critical point Ar 2), 
beta iron (between Ar 2 and Ar 3), and gamma iron (above 
Ar3); and since these c occur in practically B sag 
iron, they cannot be held to be due to carbon. Further, 
the allotropic changes may be modified by the intro- 
duction of other elements. 

It would appear, therefore, that the explanation lies in 
both theories—the phenomenon resolving itself into a 
question of molecular c the change being accen- 
tuated by the amount of carbon present in the steel. 


Yours, &c., 
F. M. Tuomas, F.C.S. 








New Russian Rattways.—A number of Podolian landed 
owners, in conjunction with a Moscow financier, have 
secured a concession for the construction of a railway— 
enjetz-Podolsk. The capi- 


Schepetowka-Roskurow-Kami 
tal consists of 3,500,000 roubles in shares and 19,700, 
roubles in debentures, guaranteed by the Russian State. 


Tae InstiruTtion or Civit ENGINEERS: STUDENTS’ 
Meetinc.—At the students’ meeting held at the Institu- 
tion on Friday, the 2nd inst., at 8 p.m., Mr, F, 
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Wentworth-Sheilds, M. Inst. C.E., presiding in the 
unavoidable absence of Mr. Alexander Mr. Wilfrid 
Gurney, Student, read a paper entitled ‘Reinforced 
Concrete on Railways.” The author described generally 
the design and application to railway and other structures 
of the various remforced-concrete systems in use, illustrat- 
ing his remarks by a number of lantern-slides and several 
models. A pots f and interesting discussion followed, 
contributed to by Messrs. R. P. Mears, J. Muirhead, 
H. P. Hutt, G. Lacey, L. W. Atcheriey, C. J. May, 
F. A. Sutton, J. M. S. Culbertson, C. J. Guttmann, J. 
H. Segrave, and G. Lovegrove. 


Spring MEETING oF THE AMERICAN Society oF Mr- 
CHANICAL ENGINEERS. —The semi-annual convention of the 
American Society of Mechanical Engineers will be held 
in Washi m, D.C., May 4to7. It will be opened on 
Tuesday, May 4, by a reception at the New Willard Hotel, 
with an address of welcome by Hon. Henry B. F. Macfar 
land, President of the Board of Commissioners, with « 
response by Mr. Jesse M. Smith, District President of the 
Society. ing the convention there will be profes- 
sional sessions devo to steam-turbines, the specific 
volume of saturated steam, stay-bolts, gas-power eng}- 
neering, oil be a oe ay &c. There will be an illus- 
trated lecture by Mr. F. H. Newell, Director of the Re- 
clamation Service, on ‘“‘Home-Making in the Arid 
ions,” and an address by Rear-Admiral Melville on 
- Engineer in the Navy,” to be followed by presen 
tation to the National ery of a portrait of Rear- 
Admiral Melville, retired, former ineer-in-Chief of 
the United States Navy, by friends, with acceptance by 
Dr. C. D. Wolcott, secretary of the Smithsonian Institu- 
i ing the nation. The entertainment features 


tion, representing 
include a reception by the President of the United State= 


an exhibition drill by at Fort Myer, and possibl) 
E, | exhibition flights of a dirigtble balloon and an aeroplane. 
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INTERNAL-COMBUSTION 


ENGINES FOR 


SUBMARINES. 


(For Description, see Page 485.) 


QUADRUPLE CYLINDER MARINE ENGINE /0°x i2- 





Fig. 18 
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IMPORTANT DECISIONS WITH REGARD 
TO RATING. 


_WE have frequently had occasion to call attention to 
‘he unsatisfactory condition of the law relating to the 
rating of property, and have pointed out how anomalous 
the present state of things is. Many ag tee | cases 
have come before the public illustrating how difficult it 
's under existing circumstances to know what the actual 
rules which govern rating are. 

Two cases have recently come before the courts on 
which important decisions have been obtained. In one of 
these the House of Lords, on the 30th ult., gave judg- 
inent on the appeal of the Overseers of the Parish of 
Denaby and the Assessment Committee of Doncaster 
Union ‘against the decision of the Court of Appeal in 
favour of the Denaby and in Collieries, 


ee p Cadeby Main : 
uimited, and unanimously disminees the appeal, with 
costs, The other was a case touching the rating of 
machinery, 











Fig .19. 





VALVE GEAR AS IN Fig?18& 719 


Water Pipes 


Fig. 21. 








SECTION ALONG A.B. 


Tt was in October, 1907, that the former case arose at the 
Sessions for the West Riding of Yorks, out of an appeal by 
the company against a largely increased assessment on 
their collieites. It was a matter of the giving of notice ; 
and the Sessions decided pag the company had failed to 
give the Overseers fourteen days’ notice of their intention 
to — as provided by the Sessions Act of 1849, 
and had also failed to give the Assessment mittee 
21 days’ notice of appeal, as provided by the Union 
Assessment Committee Amendment Act, 1864, the 
Sessions would not accede to the appellants’ application 
to enter the appeals and respite the same to the following 
sessions. 

The company contended that as the Poor Relief Act 
of 1743, which first gave an aggrieved party the right 
to appeal to Quarter Sessions, provided that where 
**reasonable notice” had not been given to the church- 
wardens and overseers, the justices should adjourn the 
appeal to the next Quarter Sessions, they were there- 
fore entitled to have their a ) entered and respited, 
because the 14 and 21 days’ notice to be given to the 
overseers and assessment committee respectively was 
nothing more than a definition of the phrase “reasonable 
notice” used in the Poor Relief Act of 1743, and the over- 
seers and assessment committee not been constituted 
at the time when this Act was . It was, moreover, 
urged by the company that long use had established the 
practice, and that several decisions of the High Court 





had affirmed it, at any rate so far as notice to the over- 
seers was concerned. Although the point had never been 
raised in the case of an assessment committee, there was 
no reason why the practice should not hold good in their 
case as in any other. If any distinction were allowed, an 
anomaly would at once arises 

After the decision of the Quarter Session against the 
contention of the company, the latter obtained judgment 
in their favour on a rule nisi for a mandamus to the 
Justices ordering them to enter and ite the appeals, 
both inthe Divisional Court and the Court of Appeal. 
this being affirmed by the House of Lords, The Assess- 
ment Committee have now been held to be wrong by all> 
the Courts. The costs they have incurred must have been 
very heavy. Had they succeeded they would only have 
deprived the colliery company of their right to haye'their 
case heard by the Sessions. is being so, the wisdom of 
i @ rates in litigation of this kind is.very 


The other case te which we have alluded was one 
touching the vexed question of the rating of machinery. 
The dispute arose between the firm of Edmund Evans, 
Limited, Colour-Prin of Southwark, and the Assess- 
ment Committee of the thwark Union, and it affords 
a striking instance of the futility of an attempt to 
levy a. rate on the machines machine-tools used 
by the occupiers in question. Shortly after the quin- 
quennial re-valuation of 1905 the appellants removed 
some of their colour-printing machines and paper-cutters 
which were then on the premises, replacing them b 
similar machines of an improved type, the cost of whi 
was greater than the value of the machines removed. The 
following } ewes yr — Aayaew J — ponene ml was 
naturally objec’ to t ts, who presen 7 
notice of objection. When the a appeared to 
a a pee Ne | aeues it was found that the _— had 

n arrived at by placing a upon the increased 
value of the appellants’ mie ie Tne London Quarter 
Sessions were appealed to by the ap ts, it being 
urged that there been no altération in value of the 
rateable hereditaments within the meaning of Sections 
46 and 47 of the Metropolis Valuations Act, 1869, and 
and that, therefore, the assessment should be struck out. 

Attempts to increase the assessment of machinery 
have Semy been alluded to in our pages, and the 
case of Kerby v. Hunslet Union, to which we referred on 
page 220 of our eighty-fifth volume, will no doubt be 
resh in the minds of our readers ; and it has been made 
clear by many decisions in the High Courts, which have 
led up to decisions in the House of Lords, that by law 
assessors have no authority to assess directly the value of 
machinery for taxation. In the case of Edmund Evans, 
Limited, v. the Southwark Union, to which we have 
alluded, the case raised the question of the rating of 
tenants’ machines and machine-tools in such a manner 
as the appellants were advised would best enable a deci- 
sion being obtained ee yrar anes ata npmmamnay ead rating 
authorities attempting to ex in any way the = 
of earlier decisions. All technical points were therefore 
withdrawn by the appellants’ solicitor in order that this 
point might not be obscured, but the respondents declined 
to pi further with the case, and consented toan order 
that the new assessment should be struck out, and that the 
appellants’ costs should be paid. By this means a direct 
attempt to rate an occupier’s machinery and machine-tools 
was rendered futile. appellants were advised by. the 
Machinery Users’ Association (Incorporated), of 22 and 
23, Laurence Pountney-lane, Cannon-street, E.C., through 
their solicitors and surveyors, Mr. B. Duncomb Sells and 
Messrs. Humphreys-Davies and Co. We have always 
advocated that in such cases appeals should be made, for 
it is only in this way that, under the existing state of the 
law, the tendency to make extrav t assessments is 
likely to be checked. If ae ail to appeal, they 
will find that assessors will take an exaggerated view of 
the rateable value of their machinery. 








Coat In Norts.—The Bolsover Colliery Company is 
about to commence sinking a new pit in the neighbour: 
hood of Blidworth, on Lord Savile’s Rufford Abbey 
estate. The new pit, which is to be named the King 
Edward VII. Colliery, is expected to be carried to a 
depth of about 650 yards, when it is anticipated it will 
reach the top hard or Barnsley seam. 





A West InpiAn Passenger AND Fruit-Carryine 
SreamMer.—The s.5. A built by Messrs. Work- 
man, Clark, and Co., Limited, Belfast, for the Tropical 
Fruit Steamship Company, Limited, G w (Messrs. 
Clark and Service, managers), comple trials over 
the Skelmorlie measured mile on the inst., attaini 
an average 8 of 14? knots, and has left for Cent: 
ee The new es is 394 ft. long, Mer a —_ 
tonnage of over 5000 tons. special system of venti 
peek ae ps introduced by the eo Fresh = is 

a sapeeen over a series 0 containi ine 
circulation, which cools it effectively, and the roy 4 then 


| conveyed to the various decks 





> ond saarimente means 
of ducts. Each apartment is pro with small electric 
fans he pony circulating yen so that an 
regulate the temperature in their rooms according to their 
own ideas of comfort. Accommodation is provided for 
over 100 first-class in state-rooms on three 
i cargo space is divided into eight 
compartments, each of which has been fully insulated 
and otherwise for the reception of fruit and meat 
cannes in For ie pounivesien of these 
the steward’s stores fresh air is deli by 
electric fans through ducts to each comparimaent, the 
refrigerating machinery being on the “ L pps’ _ Triple- 
expansion engines and five single-en multitubular 
forced-draught boilers provide the propelling power. 
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THE LATE MR. HENRY WARRINER. 


In last week’s issue we briefly announced the death 
of Mr. Henry Warriner, in his ninetieth year, and now 
return to the subject to give fuller details of a life 
which was practically contemporaneous with the intro- 
duction of steam for propulsion of ships by the Navy, 
the first Government steam-packet having commenced 
running from Dover in 1821, while Mr. Warriner was 
born on August 16, 1819, at Bloxham-grove, Banbury, 
Oxfordshire. | 

In June, 1837, Mr. Warriner became a pupil of 
Messrs. Braithwaite and Milner, of Bath-place, New- 
road, a firm of millwrights and engineers, and through- 
out his long life he well maintained the high reputation 
for thorough and conscientious work of the millwright 
of those early days. During his pupilage he constructed 
—about 1840—the high-pressure engines of a small 
25-ft. serew-propelled steamboat called the Firefly. 

On the completion of his time in 1842, he went to 
Liverpool to assist Captain Ericsson in carrying out 
experiments with high-pressure steam in the Robert 
Stockton. He next went to the Eastern Counties 
Railway, and in 1843 fitted, in the Guiscardo for 
the Neapolitan Navy, the engines made by Messrs. 
Maudslay, Sons, and Field, and afterwards served as 
second engineer in her. Later he became chief engineer 
of the Ercole, and left the service in June, 1845. 
His next work was at Newcastle, superintending the 
erection of some locomotives for Robert Stephenson for 
the Cologne and Minden Railway, and he took them 
out there in 1846. In September, 1846, he was engaged 
in the survey of the Coventry and Nuneaton Railway, 
and on its completion  eosg Mr. Stephenson’s office 
in London, remaining there until August, 1847, when 
he returned to Coventry for the commencement of 
traffic on the railway, which was opened in January, 
1851. In March of that year he entered the service of 
the firm of Messrs. Ransomes and May, of Ipswich, to 
design and erect some engines for an oil-mill at 
Lowestoft. 

Messrs. Maudslay secured orders from the Admiralty 
in 1854 for high-pressure engines and boilers for 
several gun-boats, and they secured Mr. Warriner’s 
services in January, 1855, as an engineer of experience 
in high-pressure work, and he remained with the firm 
until the termination of its work in 1901, and carried 
out their unfinished work for the Admiralty till 1903, 
when he retired at the age of eighty-four, full of years 
and honoured by all who knew him. He had thus 


been occupied in every development of the marine 
tg in the Navy and mercantile marine for nearly 
ha 


a century up to the days of the steam-turbine and 
of oil-fuel. 

As during the years 1854-6 Maudslays received 
orders from the British Admiralty alone for the machi- 
nery of two floating batteries, 75 gunboats, 9 despatch 
vessels, and 15 battleships and cruisers, it will be seen 
there was room for great energy for the outdoor 
manager, and never was there a man who more 
thoroughly devoted himself to his duties than Mr. 
Warriner, not only during the time of his maximum 
capabilities, but even when he was over 80 years 
of age. 

In 1855 the screw had superseded the paddle in all 
new ships for the Navy, except tugs and vessels for 
special services; the pressure of steam was very 
low, 15 lb. per square inch being a maximum. The 
boilers were of the box type, and had to be fitted 
not only with safety-valves to prevent excessive 


internal pressure of steam, but with others to prevent | p 


the internal pressure becoming so much below that of 
the atmosphere as to produce crushing in of the boiler 
shells. The engines also were of the simple jet-con- 
densing type, running at about 55 revolutions per 
minute at full power. 

Of notable types of ships whose machinery he in- 
stalled and carried through the trials may be mentioned 
the following:—In 1863 the Octavia, frigate, the first 
Navy ship fitted with surface condensers, and in 1871 
the Goshawk, noted for her trials in competition with 
the Livinger to determine the relative merits of simple 
and compound engines. About this time, too, the 
White Star liners Germanic and Britannic were engined 
for the Liverpool to New York service, and he used 





to remark that even in those days a difference of three 
hours on the voyage had an influence in drawing more 
passengers to the fastest ship. In 1873 the machinery 
of the torpedo-vessel Vesuvius was designed with high- | 
pressure boilers worked by induced fan-draught the | 
unnel being led horizontally along the upper deck, and | 
the products of combustion being dischar; on the) 
extreme after part of the quarter-deck. After many | 
trials, in which the specified power was obtained, the | 
ordinary upright funnel was reverted to. A few years | 
after, the Iris and Mercury, the first Navy cruisers 
built wholly of steel, to the designs of Sir Nathaniel | 
Barnaby, were engined by Maudslay’s, and the trials | 
were carried out by Mr. Warriner. The results of | 
these trials had a considerable influence on the shape | 
and proportions of propeller-blades. In the ‘eighties | 
there followed the large cruiser Impericuse and the | 
battleship Camperdown, of 10,000 and 12,000 horse- | 


wer respectively ; and in the ‘nineties the cruisers 
yal Arthur and Theseus, the battleship Renown, 
all of 12,000 horse-power—the last-named making a 
record passage for a battleship across the Atlantic 
from Bermu 
and Zebra; finally the cruiser Spartiate and battle- 
— Albion, Irresistible, and Venerable. 
uring the gradual increase of boiler pressures to 


300 Ib. on the square inch, the introduction of water- | 
tube boilers (and Maudslay’s were especially interested | 


in the Belleville type), the introduction of surface- 
condensing, of compounding and tri-com 
engines and the increase of speed of revolution up to 
over 130 per minute in the large ships, such as the 
Spartiate, and to over 400 in small ones and torpedo 
destroyers, Mr. Warriner necessarily took an active 
part in all the trials, one week in a battleship, 
and the next in a destroyer, and his endurance, cool- 
ness, courtesy, and sanguine good temper were the 
theme of remark by all with whom he came in contact. 
Another of his characteristics was his constant deter- 
mination to give full measure of good work in carryin, 
out his firm’s contracts. No inferior work was pass 
with his knowledge, and no expense ever stood in the 
way in the remedying of any defect arising on trials. 
He was a total abstainer from alcohol and a vege- 
tarian. He enjoyed splendid health, and his end, as 
announced a week ago, came on March 18 in the 
natural course. He is survived by his widow, to 
whom he was married sixty-two years ago. 








CATALOGUE DE DICTIONNAIRES TECHNIQUES EN TOUTES 
Lancurs.—Messrs. Boyveau and Chevillet, 22, Rue de la 
Bourse, Paris, have recently issued a pamphlet givi a 
list of general and mony ag ee dictionaries, classified 
alphabetically according to the special subjects they deal 
with. The works lis cover the European languages, 
also Arabic, Japanese, Chinese, &c. 


PERSONAL.—We understand that Messrs. Barlow and 
Chidlaw, Limited, Pendleton, Manchester, have appointed 
Messrs. Edmiston, Brown, and Co., 224, St. Vincent- 
street, G w, their representatives for Scotland.— 
Messrs, Richard Moreland and Son, Limited, have re- 
moved their works from Old-street to Silvertown, their 
general offices remaining still at 80, Goswell-road, London. 


Tur VEREIN DEUTSCHER INGENIEURE.—One of the 
results of the successful construction of Zougelin airships 
has been the foundation of a branch of the Verein Deut- 
scher Ingenieure, the forty-seventh of its kind, on the 
Bodensee. The new branch is to be initiated this month 
at Constance, under the honorary presidency of Count 
~ or von Zeppelin ; so far, 157 members are on the 
roll, 


PROGRESS IN AERONAUTICS.—The past week has seen 
two quite interesting events in connection with the pro- 
made in aeronautics. The first of these is concerned 
with the German rigid Zeppelin airship. These vessels 
have always been eyed rather cunpeiealar on account of 
their difficulty in effecting a safe landing on anything 
but a water surface. Though several attempts to land on 
terra firma m made, some damage had always re- 
sulted, and it was not until March 16 that the first success- 
ful landing on the ground was made. In the last week 
the same vessel demonstrated its ability to withstand 
with some degree of success the effects of a gale which, from 
all accounts, was of a violent description. Although not 
successful in making headway against the storm, the 
vessel remained throughout exposed to its violence 
without damage. On April 1 the Zeppelin set out from 
riedrichshaven on a trip to Munich, a distance of 
112 miles, and manceuv over the city, but the wind 
increasing in strength the vessel was unable to make any 
headway on her homeward journey. She drifted, in fact, 
rapidly astern, though her engines were kept going 
ahead, and it is stated that she remained practically 
steerable throughout. From Munich she gradually drifted 
north-east to Landshut, and after a time landed still 
further to the north-east, near the vill of Loiching. 
This is apparently about 180 miles from Friedrichahaves, 
and 68 beyond Munich. Here the vessel was anchored, and 
successfully rode out the storm in spite of the wind veering 
through about 90 deg., and being very gusty. On Friday, 
the wind abating,*the ship returned to Munich and 
effected a landing on the parade-ground, and returned 
subsequently to its dépét on the Lake Constance. 
Although this has been a good test of the Zeppelin’s 
qualities, it does not promise altogether well for the 
success of the airship trips promised for the Frank- 
fort Exhibition this summer, and excursionists in this 
realm will have to allow themselves a margin of 
time in which to return to their starting-point. The 
second event of the t week was the influential 
meeting held on Monday at the Mansion House, in 
support of the objects of the Aerial League of the British 
panic. At this meeting, which was well attended, the 
Lord Mayor a and speeches were made by Lord 
Montagu of ulieu, Admiral Sir Percy Scott, Dr. Hele- 
Shaw, Sir H. S. Maxim, and others. A resolution was 
passed expressing regret at the backward state of this 
country in view of the rapid progress made recently in 
aeronautics on the Continent. Sir Percy Scott advocated 
a two-Power standard with regard to airships, and inci- 
dentally remarked that he had, in connection with a firm 
of gun-manufacturers, been en, aged in devising a weapon 
that would shoot to a height of & ft. 


to Plymouth at 154 knots—and also | 
the — destroyers Conflict, Teazer, Wizard, | 


unding of | 


|may be seen. 





FOUR - CYLINDER COMPOUND TWELVE.- 
WHEELED EXPRESS LOCOMOTIVE ; 
PARIS-ORLEANS RAILWAY COMPANY, 
FRANCE. 

In our two-page engraving, Plate XXXIII., with this 

week’s issue we give drawings of some powerful four- 


| cylinder compound six-coupled twelve-wheeled express 


passenger locomotives recently supplied to the Paris- 
Orleans Railway Company, France, by the American 
Locomotive Company. These were built at the latter’s 
Schenectady works, and are interesting engines for 
several reasons. This week we give only an elevation 
and sectional half plans, from which the chief features 
On a future occasion we intend giving 
other drawings, &c., of the locomotive, and of details, 
and will postpone the complete description to that 
date. We may as well state, however, that the loco- 
motives have two high-pressure cylinders 390 milli- 
metres (15.36 in.) in diameter, and two low-pressure 


| cylinders 640 millimetres (25.21 in.) in diameter, with 


a stroke of 650 millimetres (25.6 in.). The driving 
wheels are 1.85 metres (6.07 ft.) in diameter, and the 
total weight in working order of the engine and tender 
is 131.6 tons. 








SourH AMERICAN RaILways.—News is to hand that the 
contract for a length of railway of 300 miles across the 
Andes has been p with Messrs. Sir John Jackson, 
Limited. The line in question runs from Arica, in Chili, 
to La Paz, in Bolivia, and in crossing the mountain range 
will attain an elevation of some 12,000 ft. - Estimates 
in the cost of construction of this line at about 


Tue City or Hvit Orrician Hann - Boox.—This 
profusely illustrated hand-book contains 150 pa and 
ives an historical and commercial review of the town 
xy Sir Albert Kaye Rollit. It is edited by Messrs. H. 
E. Cooper Newham and Joseph Franks, and published 
under the authority of the — by Messrs. A. 
Brown and Sons, Limited, Hull. It takes the visitor 
on an imaginary tour round the old town, round 
modern Hull and the docks, and. describes in detail 
the various municipal establishments as they now stand. 
The effect of this interesting publication is not a desire 
to see Hull “ and die,” but to settle there for carrying on 
business. The hope that the hand-book will contribute 
to the activity of the city by making known the facilities 
that are available for further business extensions is 
frankly expressed. 


Lonpon Fire Bricape.—Captain Hamilton’s equip- 
ment was last week nero by two more motor ap- 
pliances, each comprising a petrol-motor escape-van and 
combined “‘ first aid ” fire-engine, thus completing orders 
for three such vehicles carried out by Messrs. Merry- 
weather and Sons, the first having been delivered last 
October. These latest machines, which are driven by a 
55-horse-power four-cylinder motor, can travel at a speed 
of 25 miles an hour on the level and negotiate any hill in 
the London district. They were officially tested with 
very satisfactory results during the severe snowy weather 
experienced at the beginning of March. 


THE LATE Dr. Heinrich WirGAND.—The chairman of 
the North German Lloyd, Dr. Heinrich Wiegand, died on 
March 29 last at Homburg, after a long and painful 
illness. Dr. Wiegand was a capable man, and a most able 
organiser ; he was also animated with the highest patriotic 
aspirations. By the personal energy whiek he displayed 
over a long ge in a true self-sacrificing spirit, and 
apart from the weight which attached to his influential 

ition, he furthered in the most able way the ship- 
uilding industry throughout Germany, and that on the 
Lower Weser most especially. It is due in a very large 
measure to the personal endeavours of the deceased that 
shipbuilding on the Weser has taken, over the last twenty 
years, a development which was never dreamt of, thus 
cpenien out rich sources of wealth to the whole nation. 

e pointed out new directions for the German shipbuild- 
ing industry, and was ever ready to afford advice and 
assistance to the shipbuilding yards of the district. His 
death means for them an irreparable loss. His name will 
always be intimately associated with the development of 
the Weser shipbuilding yards. 


Fioatinc Dock’s Voyacrk To CALLAo. — News has 
reached England of the safe arrival at Callao of the large 
floating dock built by Messrs. Swan, Hunter, and Wigham 
Richardson, and despatched some seven months ago from 
England in charge of the two tugs Roodzee and Zarutzee, 
of Messrs. Smit and Co., Rotterdam. It will be remem- 
bered that the voyage started unfortunately, and the tugs 
with their tow were compelled to put into the Thames, 
where the dock spent some time on the mud off Tilbury. 
Proceeding, Madeira was reached on October 1, the Ca 
Verde Islands being the next stop. From _ thence the 
voyage was made direct across to mte Video, where 
dela occurred owing to one of the tugs running on to the 
breakwater, so that another had to be despatched from 
Rotterdam to take its After passing through the 
Straits of Magellan the tugs and dock proceeded up the 
Pacific Coast to Callao, thus accomplishing a voyage of 
10,300 miles, of which the lo t port-to-port run was 
3800 miles, between the Ca erde Islands and Monte 
Video. The dock, it will be remembered, ‘is capable of 
lifting vessels of a displacement of 7000 tons, or, by the 
addition of an extra section, vessels of 9500 tons. 











APRIL 9, 1909. ] 


ENGINEERING. 


491 








NOTES FROM THE NORTH. 
Giascow, Wednesday. 
Glasgow Pig-Iron Market.—Last Thursda: i 

firm tone prevailed in the ag market, but the turn- 
over only amounted to about 3500 tons of Cleveland 
warrants. That business was done at 47s. and 47s. 04d. 
cash, 47s. 14d. eighteen days, 47s. 3d. one month, and 
47s. 83d. three months, and closing sellers quoted 47s. 1d. 
cash, 47s. 4d. one month, and 47s. 9d. three months. In 
the afternoon the market was stronger, and Cleveland 
warrants changed hands at 47s. 3d. and 47s. 4d. , and 
at 47s. 6$d. and 47s. 6d. one month. At the close there 
were sellers at 47s. 4d. cash, 47s. 64d. one month, and 48s. 
three months, and the turnover was 5000 tons. On Friday 
morning the firm tone was maintained, and a fairly 
good business of 6500 tons of Cleveland warrants was 
put through. Cash iron was done at 47s. 4d., 47s. 34d., 
47s. 5d., and 47s, 44d., while forward deali were at 
47s. 6d. and 47s. 74d. one month, and 47s. 11d. and 48s. 
three months. Closing quotations were 47s. 5d. cash, 
47s. 8d. one month, and 48s. 04d. three months sellers. 
In the afternoon the market was steady, and 4000 tons 


of Cleveland warrants c’ hands at 47s. 44d. and 
47s. 5d. cash, 47s. 6d. eleven days, and 47s. 74d. one 
month, and sellers” closing prices were 47s. 5d. cash 


47s. 8d. one month, and 1}d. three months. There 
were buyers of hematite at 55s. 9d. cash, and sellers at 
56s. 3d. cash. On Monday morning the market was 
quiet, and only some 1500 tons of Cleveland warrants 
chengell hands. The tone was strong, however, and the 
dealings were at 47s. 7d. cash, and from 48s. 14d. to 
48s. 3d. three months, with closing sellers quoting 
47s. 7d. cash, 47s. 10s. one month, and 48s, 24d. three 
months. At the afternoon session the tone was rather 
easier, and 4000 tons of Cleveland warrants were done 
at 47s. 6d. cash and fourteen days, and 47s. 7d. eighteen 
days. The closing quotations were down to 47s. 5d. cash, 
47s. 8d. one month, and 48s. 14d. three months sellers. 
On ‘Tuesday morning the market was weak, and Cleveland 
warrants were in easier. The business consisted of 
4500 tons at 47s. 3d. and 47s. 34d. cash, 47s. 4d. and 47s. 34d. 
seven days, and 47s, 7d. and 47s. 6d. one month, and at 
the close there were sellers at 47s. 34d. cash, 47s. 6d. one 
month, and 47s. 11d. three months. In the afternoon 
the tone was again easier, and 1500 tons of Cleveland 
warrants were dealt in at 47s. 34d. and 47s. 24d. cash, and 
47s. 44d. twenty-four days. The closing quotations were 
4d. down, at 47s. 3d , 47s. 54d. one month, and 
47s. 104d. three months sellers. The following are the 
market quotations for makers’ (No. 1) iron: yde, 
60s.; Gartsherrie, 60s. 6d. ; Summerlee, 61s.; Calder, 
ie wa Peony os and [i ee e (all 
shipped at gow); Glengarnock (at rossan), 62s. ; 
a (at Leith), 60s. 6d.; and Carron (at Grangemouth), 
62s. 6d. 

Sulphate of Ammonia.—Sulphate of ammonia is practi- 
cally unchanged in value, and only a moderate amount of 
business is passing. For prompt lots the price is round 
11/. 15s. per ton Glasgow, and from 11/. 15s. to 111. 17s. 6d. 
per ton Leith. The shipments from Leith Harbour last 
week amounted to 640 tons. 


Scotch Steel Trade.—The large increase in shipbuilding 
orders recently placed on the Clyde has not as yet made 
itself felt to any extent in the Scotch steel trade, and pro- 
ducers are waiting patiently for the turn, which cannot 
be long delayed now. Specifications are very scarce, and 
employment has not improved. The export trade is 
rather quiet, but there are some very good inquiries to 
hand this week. These are pe athe’ # for the Coloni: 
and amount to quite a fair , but the prices nam 
by buyers are none too high. e demand for material 
for structural work is not much better than of late. With 
regard to local selling rates, no c has been made in 
official prices, but merchants continue to quote very keen. 


Malleable - Iron Trade.—Although the prospects of 
trade in general may look brighter, no improvement falls 
to be reported in the-affairs of the malleable-iron trade 
of the West of Scotland. Makers continue to ex- 
perience much difficulty in keeping their mills going 
owing to the want of specifications. There is very little 
business ) werd in the export departments, but inquiries 
are a trifle better. Severe competition still exists. 


, Scotch Pig-Iron Trade.—There has been no abatement 
in the demand for the ordinary brands of Scotch pig-iron 
during the past week, and ers have sold ‘considerable 
quantities. So much has been booked lately that some 
producers have withdrawn their current quotations for 
the ordinary brands. The demand has been very general 
and has come from local consumers as well as from those 
in the south and abroad. In some cases buyers have tried 
to fix contracts up to the end of the year, but at present 
prices makers do not consider it advisable to commit 
themselves so far ahead. Hematite is moderately active 
at steady prices. 


Scotch Shipbuilding During March.—There is no dis- 
puting the fact that shipbuilding in Scotland is showi 
signs of improvement, and the returns for the past month 

war this out. i h the number of vessels 
launched from the various yards was 22, with a total 
tonnage of 31,917, as compared with 44 vessels, of 
31,467 tons, during the same month last year. The total 
for the three months is now 45 vessels, of 80,822 tons, as 
against 100 vessels, of 76,070 tons, for the first three 
months of 1908. The figures for the t month are 


made up as follow:—The Clyde, 14 vessels, 27,198 tons ; 
the Forth, 2 vessels, 2600 tons; the Tay, 3 vessels, 1650 
tons ; and the Dee, 3 vessels, 469 tons—the latter includes 


the Moray Firth. The Cl 


shows a steady output for the past month 


= Weereniey: 8 verde, Pay 


increase, 
7 vessels, 21,430 tons ; and for 


tons; and the total for the first quarter of the year is, 
therefore, 29 vessels, of 71,113 tons. This marks an im- 
provement on last year, when the return for the three 
months was 66 vessels of 60,084 tons. With to 
new work, the past month has certainly been very fruit- 
ful, as contracts amounting to over 100,000 tons have 

n ze . When that ton is added to almost 
a similar amount booked during January and February, 
we have the quite respectable total of about 200,000 tons for 
the first quarter of the year. One firm, Messrs. Russell 
and Co., Port Glasgow, have secured the lion’s share of 
the orders, their total being estimated at something like 
64,000 tons. Some of the yards in the upper reaches of the 
Clyde have not been very fortunate yet, but it is believed 
there are several orders, meantime unplaced, which are 
likely to be fixed with these builders. Messrs. William 
Hamilton and Co., Port Glasgow, have secured a contract to 
build three steamers of between 5000 and 6000 tons dead- 
weight carrying capacity. They are to be 300 ft. in 
length, and are for Continental owners. Triple-expansion 
engines will be supplied by Messrs. David Rowan and 
Co., Glasgow. The Clyde Shipbuilding and Engineering 
Company, Limited, Port Glasgow, are re to have 
received an order for another steamer. essrs. apy + 
Brothers, Port Glasgow, have booked the order to build 
and engine a twin-screw floating-crane vessel for harbour 
work in India. After completion the vessel wi 
taken to pieces and shipped to her destination, and re- 
constructed there. 





NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 

South Yorkshire Navigation.—At the annual meeting 
of the South Yorkshire Navigation Company, held in 
Sheffield on Monday, it was stated that there had been 
an increase of 32,959 tons in traffic during the year, and 
an increase of 937/. in tolls, wharfage, &c., com with 
last year. The cost of maintenance and working showed 
a decrease of 626/. An increase of 1205/. was noted in 
law and Parliamentary charges, which had arisen in con- 
sequence of the action of the Great Northern Railway in 
obstructing the water from the This matter was 
still under litigation. After payment of a dividend of 3 
per cent. a balance of 326/. was carried forward. 


Iron and Stcel.—The opening of the new quarter has 
not brought with it ude aaa business, and very little 
work been carried over from the previous quarter. 
There are, however, signs of renewed confidence, and a 
slight, ifslow, improvement is evident. The iron market 
is quiet, awaiting developments after the Birmingham 
pain 6 meeting. There has been up to the present no 
appreciable expansion, though consumers are showing 
some anxiety at the aov ee Lincolnshire pig con- 
a t 


tinues at the price quo fter the drop a fortnig) x 
but for Jul Sesion ls. more is being asked, colt tor 
August and September an additional 1s., making a pre- 


mium of 2s. per ton on deliveries at the time when the 
autumn demand will be felt. Bar iron remains quiet, 
with prices at 6/. 10s. per ton. There is not much doing 
in the 7 trades, many of the large houses preparing 
to take stock during the holidays. e Easter stoppage 
will be normal. Business in railway material continues 
dull both in home and foreign departments. ‘The engi- 
neering trades are slack, though the settlement for five 
years of the question of wages will prove a boon to the 
district when business does settle down. An improve- 
ment is noted in both the saw and file trades. 

South Yorkshire Coal Trade.—There has been a fair 
though diminishing demand for house coal during the 
week. Stocks in merchants hands are low, and supplies 
are being called for to meet current requirements. The 
pits have been working about four days a week. Prices 
are well maintained in the better qualities, but the cheaper 
sorts are plentiful, and rates are very easy. Hards show 
a somewhat better tone. There is ter activity in 
shipments, and the industrial demand is stronger than it 

been for some time. The Hull trade is only moderate 
for the period of the year, but there are signs of a 

iness during the coming shipping season. Prices are 
somewhat variable. Trawler and railway requireménts 
are satisfactory. Gas-coal is weak, and contracts are being 
renewed from July 1 next, for twelve months, at 6d. per 
ton less than last year’s figures, In other branches of 
trade the position is not very satisfactory. Slacks are not 
in such strong demand, though the better qualities are 
meeting with a fair sale. Coke shows but little change, 
though the tendency of prices is downward. 





NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 

MIppLEsBRouGH, Wednesday. 
The Cleveland Iron Trade.—Some little fluctuation in 
warrants due to speculation has had little or no influence 
on the values of pig iron. A genuine demand for Cleve- 
land pig appears to have sprung up. Buyers are now 
coming forward and inquiries both from home and foreign 
customers are on a pretty good scale. A fair number of 
sales have been reported this week. It is 
notice that only a small quantity of Cleveland pig—an | 
av so far this month of little over 300 tons per 
day—is going into the warrant stores, but the stock | 
there is close on 200,000 tons, and makers have con- 
siderable stocks of both Cleveland and hematite iron. 
Deliveries of pig are improving, sh'pments this month 
being very satisfactory, averaging up to date well 
over 4000 tons working day. No. 3 g.m.b. Cleve- 
land pig is sendy ond firm at 47s. 6d. f.0.b., at which 

figure both makers and merchants have sold fairly gc 
No.1 is firm at 50s., and the lower qualities, 
are dear in com to the better kinds, 








ing scarce, parison 
No. 4 foundry standing at 47s., and No. 4 forge at 46s. 6d. 





The East Coast hematite pig-iron trade is in anything but 
a healthy state. Some slight improvement in demand, 
however, is noticeable, and those interested in this branch 
of the staple industry are not without hope that the worst 
of the depression m_ seen. Prsdenere adhere to 
their quotation of 55s. for Nos. 1, 2, and 3, but some of 
them would doubtless make contracts at a little less, and 
there are merchants still prepared to sell at as low as 
54s, 6d. A few inquiries for foreign ore are reported to 
be in the market, but sales appear to be few. Quotations 
continue to be based at 16s. ex-ship Tees for Rubio of 50 
per cent. quality. Coke is in fairly good request, and 
notwithstanding a plentiful supply, values are upheld, 
average blast-furnace kinds being 14s. 9d. delivered here. 


Blast-Fwrnacemen’s Wages.—The average net selling 
price of No. 3 g.m.b. Cleveland pig* iron for the first 
quarter of the year was this (Wednesday) evening certified 
at 48s. 10.87d. per ton as against 49s, 4.2d. per ton for the 

revious three months. ere has thus mn a fall. of 
.33d. per ton during the first quarter of 1909, and in 
accordance with sliding-scale arrangements wages of 
blast-furnacemen in the North of England are reduced by 
0.5 (4) per cent., which brings wages from 21.5 per cent. 
above the standard to 21 per cent. above the standard. 
The reduction takes effect from the 3rd inst. 


Manufactured Iron and Steel.—Very little new can be 
reported concerning the various of the manu- 
factured iron and steel industries, but what slight changes 
have occurred are for the better. Producers of ship- 
building material are rather better employed, rail-makers 
keep busy, and sheet-manufacturers have a lot of work 
on hand. Bar-producers have held a meeting and have 
decided nof#to c their prices. Other quotations 
are also stationary. principal market rates are :— 
Common iron bars, 6/. 15s. ; packing-iron, 5/. 10s. ; iron 
ship-plates, 6/. 7s. 6d. ; iron shi les, 6/. 15s. ; iron 
ship-rivets, 7/. 3s. 9d.; iron boiler-plates, 6/. 7s. 6d. ; 
steel bars, 6/. 5s. ; steel ship-plates, ; steel ship-angles, 
5l. 12s. 6d. ; steel boiler- 7l.; steel —, Bl. 15s. ; 
steel strip, 67. 7s. 6d.; steel hoops, 6. 10s. ; cast-iron 
railway chairs, 3/. 10s.; light iron rails, 6/. 10s.; heavy 
steel rails, 5/. 5s.; and steel railway slee 6l. 10s.— 
all less 24 per cent. discount, except railway material, 
which is net cash at works ; whilst iron or steel galva- 
nised corrugated sheets, 24 gauge, in bundles, stand at 
121. 10s. f.o.b.—less 4 per cent. 








NOTES FROM THE. SOUTH-WEST. 

Cardiff.—Business in steam coal has been somewhat 
restricted with the approach of the Easter holidays. 
Quotations for large steam coal have, however, been 
maintained with firmness, the best Admiralty descrip- 
tions making 14s. 6d. to 14s. 9d. Ee ton, while secondary 
qualities have ranged from 12s. $d. to ids. per ton. The 
best ordinary house-coal has been quoted at 14s. 6d. to 
16s. 6d. per ton, while No. 3 Rhondda large has made 
17s. 6d. to 18s. per ton. Foundry coke has been 
quoted at 17s. 6d. to 20s., and furnace ditto at lis. 6d. 
to 16s. 6d. per ton. As iron ore, Rubio has 
made 15s. 6d. to 15s. 9d. per ton, upon a basis of 50 per 
cent. of iron, and charges, including freight, insurance, &c., 
to Cardiff or Newport. 

Devonport yp ete 75-ton electric crane, mounted 
on the sea front of No. 8 jetty, Devonport Dockyard, was 
subjected on Friday to a series of trials.’ All the appli- 
ances worked smoothly and satisfactorily, the main 
electric motors and purchases raising a combined weight 
of over 100 tons without difficulty. 


Welsh Railway Trafic.—The revenue of the three 
principal Welsh railways—the Barry, the Rhymney, and 
the Taff Vale—has remained about stationary thus far 
this half year. The receipts of the Barry are returned at 
177,8591., as com with 171,995/.; those of the 
Rhymney at 80, » as com with 76,816/. ; and 
those of the Taff Vale at 343/., as compared with 
240,067. Upon the whole, these results are somewhat 
panel favourable than might, perhaps, have been antici- 
pated. 

_ Dredging at Portemouth.—Extensive dredging o - 
tions are now in progress in the part of Portsmouth Har- 
bour lying. between the dockyard and Whale Island. 


These d ing operations have been rendered necessary 
. order to enable Dreadnoughts to enter the large basin, 
t is pro 


to dredge away the whole of the mud 
between the dockyard and Whale Island. 


The Boadicea.—The Boadicea has made a satisfactory 


2 poner | a trial se <r ; = machinery. 
t one stage she attained a o ots per hour, 
while during the remainder of the trial she tamed 25 
knots, or 1 knot in excess of her maximum anticipated 
speed. 


Llanelly.—New mills at the St. David’s works are being 
—— forward as rapidly as possible. A Pontardulais 
rm secured the contract for castings, &c. 





tifying to | 


Dowlais.—The condition and prospects of the steel-rail 
trade are considered favourable, orders being on hand for 
Indian railways. Among orders is a contract for 


| 6000 tons just concluded. The collieries have been well 
| employed. 





A Po.isu Inon Trust.—The Polish iron works, in- 
cluding several concerns which are under n control 
—viz., the Katharinenhtitte (owned by the German 
Laevrahiitte), the Sosnowice Works, the Hantke Works, 
Warsaw L ping by the Upper Silesian Gleiwitz Com- 
pany), and the Milowice Iron W. have formed a trust 
as regards production and sale. respective allot- 
yaaa the different works have been completed 
in 
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THE ADMIRALTY AND CONTRACTORS’ 
RESPONSIBILITIES. 


Now that there is a slight cessation A the vol- 
canic upheaval of the Empire because of the naval 
situation, it may be well to indulge in a little of|s 
= reflection which is difficult, if not impossible, 

periods of crises. We shall not refer further 
er nebular hypotheses the comparative 
number of capital ships which Germany and Britain 
may have in 1911 or 1912. No fresh facts have 
been disclosed since we made our detailed examina- 
tion of the situation. Moreover, it is accepted that 
our position is grave ; and it is—if not avowedly, 
ot Se, | hem tacitly—admitted by the Government that by 
practicable July there will be justification for the laying down 
of the second quartette of ships refe: to in the 
+ nals Estimates as con mt on the en situa- 
tion, eight ships thi — t is practi- 
cally hem he the speech of the Foreign Secretary. 
Nor do we propose to consider whether this assur- 
ance is satisfactory, or whether a guarantee should 
have been given. We prefer rather to direct 
attention to a question, hitherto forgotten, which is 
concerned with the justification for increased capital 
expenditure in adding to our resources for producing | q 
munitions of war, and to the future responsibilities 
of the Admiralty i in connection with such contrac- 
tors’ plant and with trained staffs 

Throughout the excitement of the recent anxious 
times much has been said about pec ws agp 
and it has been assumed—somewhat hastily, we 
think—that the undoubtedly great developments in 
Germany have placed the German authorities in a 
much stronger position than our own Admiralty. 
The facts do not justify this assumption, and con- 














Bank, | siderations of sound national economics demand 


calmer reflection on this phase of the situation. Is 
it not the case that what is wanted is a more con- 
tinuously regular utilisation of the resources, we 
possess than the provision of additional resources 
to meet alternating periods of haste and leisure / 
We shall be told that it is necessary to await an 
opponent's move before one can checkmate it ; that 
an excelling design ape be prepared until the 
details of the op ship are known. But the 
‘chess-player, w: age weighs the worth of, 
and the aweshiee to, every possible move. The 
history of warship design does not disclose many 


4 | fundamental y rn Dore Even the Dreadnought 


was, more or less, an evolution of the Lord ran 
Moreover, with Germany’s ‘‘ speeding up” in war- 


ee ship building, the idea of awaiting information of a 


move before pre to checkmate it may be 
fatal. The rules of the As are not so reciprocally 
fair in war as in chess. The designer must ever 
do his best ; our opponent’s ambition must be a 
path wer a 2 the guide. ne 
ve not failed in oi ity since the 

the era of the ha arene gor We is = 
advanced in each succeeding type oll the Royal 
Soverei to the King Edwards, and from the 
elsons, through the Dreadnought and St. 


the two vessels for which tenders have just been 
invited yn = nee ones y _— 
design as the Neptune, for the building of whi 
parations were begun at Portsmouth last autumn. 
These two new ships will not be one whit su 
in the line of battle than the Neptune, rod 
slight improvements in detail could not justify any 
delay which might jeopardise our relative cm cto 


.| tion. It was 





e business of the Admiralty to dis- 
cover this—they probably did ; but were 
mitted to act accordingly ? The whole ole attitude of 
the Government more than suggests the view that 
financial =o rather than a prudent apprecia- 
tion of the naval necessities of die tatinde, caused 
them to delay, during the three years, the 
ordering of some ships which were essential to 
maintain our position relatively to other Powers in 
the immediate future. 

While the Government were delaying the building 
of ships, plant involving millions of pounds of 
capital, as well as reir of men specially trained 
for naval work, were idle. We fear the extent and 
special character of the plant necessary in warship 
building is not realised. This does not apply so 
much to hull and propelling machinery construction 
in the. case of a maritime nation: such as Britain. 
Our builders and engineers have a greater experi- 
ence than those of any nationality in the building 
of large and fast merchant ships, — the problems 
are not dissimilar to those req solution in 
warships. Protective deck- lates are probably the 
only units in the hull as such which require 
machine - tools. _Water-tube boilers necessitate 

] ap ces ; but in this, as in turbine work, 
the Admiralty have met with an enterprise far 
entailing the reward they have paid. In turbine 
building the work for the merchant service assists 
the contractors to meet their capital responsibilities. 
Thus the shipbuilders’ and engineers’ resources are 
thoroughly adequate. It is in the case of armour, 
guns, and gun-mountings that very heavy capital 
charges are involved, without any possibility of 
return except in naval work. 

In the m»nefacture of armour we find first that 
hydraulic presses of 10,000 to 12,000 tons are needed 
for slabbing down the ingot to moderate thickness, 
and that lheavy rolling-mills are. required to finish 
this work.. The furnaces for super-carburising the 
face of the plate add more thousands to the capital, 
and are useless so far as merchant work is con- 
cerned. Then there are the immense tools for 
cutting the plates to size, and for planing and 
edging them to any bevel or dovetail form re- 

i Finally there are the furnaces, oil and 
kes tanks, and sprinklers for the completion of 
the hardening process. These are all very expen- 
sive appliances, and, moreover, there is no guarantee 
that much of it will not require to be scrapped at 
any time because of the ever-impending possibility 
of a new We can produce armour for ten 
or twelve battleships per anhum, and it would not 
be consistent with sound national economy to seek 
for, or encourage, any addition merely to meet any 
haste in increasing our fleet due to lack of foresight 
in ordering armour in good time to meet needs; 
Men in Sheftield have had to be relieved for months 
by charity, or have had to be engaged on unremune- 
rative relief work. Valuable — has been idle, 
earning no return on capital. ere new plant put 
down now to meet a clamant. demand due to L- 
mature consideration, of permanent uirements, 
this serious loss in: interest on ca vital would -be 
aggravated. It may be urged that armour cannot 
be ordered until the design of the ship is settled ; 
but armour can be manufactured up to a certain 
point without reference to the ultimate size or 
curvature of the plate: thus it can be rolled and 
carburised, processes which take considerable time. 
Indeed, of the time taken for manufacture—77 days 
—from the casting of the ingot until the com perc 
of the plate ready for the ship, 35 days’ wor 
be done before any iuanciens aitin thickness 
need be decided upon. Do the Admiralty give out 
the armour orders at the earliest moment after the 
design is fixed? Do they take advantage of the 
armour-producing facilities in a consistent system, 
in order to enable the contractors to keep their 
plant and men as regularly employed as possible / 

The cost of ordnance-manufacturing plant is a 
serious responsibility for contractors.  pro- 
blems of design directly affect the issue as to the 
continuous utilisation of the plant and trained 
workers. Taking first the guns, apart from their 
mountings, the ballistic properties have to be 
fixed, and we admit that it would be waste of 
money to knowingly fit which were weaker 
r | than those being applied by our opponents. But 
have the Secunmsa bean able to ascertain, for 
instance, what are the ballistics of the guns in 
German ‘ships now building in time to influence the 
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design of the = for our latest ships? Is the 
practice not rather to get as great power as possible 
at every stage of naval expansion! The recent de- 
velopments in the 12-in. gun have been continuous, 
and here also we doubt if the procedure of Germany 
had more than a general influence common to that 
of other naval Powers. For the present the 12-in. 
gun holds the field, and the only probability of 
increased energy beyond the 53,000 foot-tons now 
possible lies in improved methods of construction 
and increased length. A 12-in. gun takes ten 
months to construct, and our resources are quite 
adequate if orders are issued regularly. Even were 
too many built, our reserves would gain, and they 
need oak gain. 

In this consideration of probable developments 
in guns we have had in view the question of the 
design of gun-mountings rather than of the gun 
itself. Because, as Sir Edward Grey and others 
have pointed out, the time required for the con- 
struction of a capital ship is dependent on the 
period needed for the ee of the gun mount- 
ings. Those for the Dreadnought took nearly nine 
months more than the ship itself. In other words, 
the mountings were ordered six months before the 
ship, and, therefore, a long time before the detailed 
design was completed. If that were possible then, 
why not now? Why not in November last in con- 
nection with the ‘ships to be begun in June next ? 
Would not that have been the most appreciative 

nition by the Government of the acceleration 
of Germany’s programme? There remains the 
question of design of mounting. The first _ 
to be determined is the stresses due to the firing 
or recoil of the gun. But as a considerable factor 
of safety is allowed, some variation is possible. 
The bore and calibre and the explosive compound 
used are factors in the stress problem, but any 
robable immediate development on the 53,000 
oot-tons is well within permissible variation in 
view of the margin of safety. The form of the 
gun—due to all-forge or wire-wound construction— 
would only affect the gun-slide. All other items in 
the gun-mounting need not be greatly affected by 
the gun if of known bore and length. There re- 
main questions of design of mounting, the —- 
of which is that between the hydraulic and electric 
systems of power. It is true that the electric 
system was tried in one of the cruiser battleships, 
and was favourably referred to by the First Lord of 
the Admiralty in his statement explanatory of the 
Estimates ; but from our information we doubt if 
it will be applied in any — owing to the 0 
practical efficiency of the hydraulic system. Here 
again, therefore, we do not think any probable 
improvements in details of gun-working machinery 
justify any delay in placing orders even in advance 
of the design of the ship. The diameter of the 
barbettes can be made to suit the mountings, 
which can be designed to meet possible develop- 
ments in gun energy, so that there seems no 
obstacle to a more continuous employment of the 
existing resources for the construction of gun- 
mountings in advance even of hull design. 

This is the more important in view of the 
enormous capital involved in ordnance plant. It is 
true that the forging-presses used for armour, 
shafting, &c., are suitable for gun-jackets, &c., and 
that the boring and turning machine-tools can occa- 
sionally be utilised also on peace productions ; but 
there are other apparatus serviceable only on guns 
and their mountings. There are the great vertical 
furnaces for heating, tempering, and shrinking on 
the units of the barrel of the gun, and there are the 
rifling-tools. Then for gun-mountings great pits, 
built on jally prepared foundations, have to be 
made. Planing and other machines have to be fitted 
of a combined size, power, and accuracy not required 
in mercantile engineering. Such specialised ap- 
pliances should only be multiplied under the fullest 
assurance of their necessity. The Government 





themselves have rejected the idea that Woolwich 
should be adapted for the making of modern gun- | 
mountings, and they acted wisely. But if Govern- | 
ment money is withheld in the absence of guarantee 
for continuous utilisation and a steady earning of | 
| 


interest on capital, why should private firms be ex- | wi 


pected to spend their money, or the money of the. 
nation, tg same end, and ae any such 
guarantee e existing resources have not yet, 
been proved inadequate. Nor is there the least | 
likelihood of this, if the Government will exercise | 
care to ensure that there should be continuous 

tion. It takes about eighteen months from the 
ing of the order to the completion of the latest 


0 
P 


form of barbette mounting for two 12-in. guns, and 
if ee are issued as soon as Bad — of the 
relimi designs justify, all wi well. 
4 A couidenition of the whole subject calls for 
caution on the part of engineering firms in embark- 
ing on additional facilities for producing warships 
and their armour and ordnance. Within the next 
twelve months six battleships will be ordered, but 
twelve berths will still be vacant. But last year 
not a single armoured ship was ordered from private 
firms, and only one in ok of the two years before 
that. Again, as regards armour, we have shown 
that we can provide for ten or twelve ships per 
annum; whereas in the past three years armour 
for only eight ships has been ordered. The same 
applies with almost equal force to ordnance ; men 
and plant have not been fully employed for two or 
three years. Nodoubt the prospects are in favour 
of fuller employment in the early future ; provided 
Germany continues her naval expansion at the 
ge rate. There is, however, always the possi- 
ility that with the strong demonstration of 
our determination to be supreme at all costs, 
with the splendid spirit displayed by New Zea- 
land, New South Wales, Nr istoria, and other 
colonies, and with Germany’s increasing financial 
burdens upon shoulders less able to bear them 
than those of the Briton, there may be such a 
relaxation on the part of the German autho- 
rities as to cause a check in our present inten- 
tions. We do not prosecute any aggrandise- 
ment ; we seck to maintain only the status quo. 
What, then, would become of armour and ordnance 
me in excess of our requirements? To-day we 
ave sufficient if they are utilised with judgment, 
in order that the highest efliciency may be con- 
tinuously kept up. is is a question as much for 
the nation as for individual firms, for sound 
economics call for no waste of resource, no haste, 
no hesitancy. Well-conceived industrial enterprise 
is quite another matter. 








THE NEW REGULATIONS FOR MOTOR- 
OMNIBUSES. 

THE Commissioner of Police of London has issued 
some new regulations with reference to the use of 
both motor-omnibuses and taxi-cabs which are of 
considerable importance. 

The first, and most important, is to the effect 
that the maximum allowable weight of motor- 
omnibuses is to be reduced to 3} tons, which, 
it is stated, will allow of a vehicle capable of 
carrying twenty-six people. The reason stated 
for the reduction of maximum weight is, firstly, 
the reduction of vibration from the omni- 
buses, and, secondly, the reduction of noise. 
As regards the reduction of vibration the smaller 
weight may be an advantage, though the vibra- 
tion caused by motor-omnibuses is probably 
greatly exaggerated, and it seems probable that in- 
creasing the size of the road wheels would do more 
to diminish it than slightly reducing the weight. 
As regards the noise, however, it is very doubtful 
whether a simple reduction of weight will have any 
beneficial effect whatever. A very great part of the 
noise made by the present omnibuses is caused by 
the fact that they have engines and gears running 
at very high speeds. These high speeds are neces- 
sary to get the required power for the usual load of 
thirty-six people within the present weight limit. 

In order to get the motor-omnibus quiet, what is 
wanted is a slower-running engine and larger gears 
run at a lower om and also a sufficient margin of 
strength in all the various parts to enable them to 
stand hard continuous use without rattling. There 
is little doubt that, on the old limit of weight, these 
points could have been attended to, and a satisfac- 
tory vehicle produced, which would have run with 
a reasonable amount of repairs, if the omnibus com- 
panies had been content to carry the same number 
of people as the old horse-buses did—viz., twenty- 
six. Such vehicles would probably have paid well. 
This did not, however, satisfy the ideas of the 
omnibus companies, who tried to increase the carry- 
ing ss in order to get still greater profits, 

ith the result that the repairs have been enor- 
mous, the noise intolerable, and the service, on the 
whole, very unprofitable. It is obvious that if two 
omnibuses are the same weight, and one has to 
carry thirty-six people, while the other only carries 
twenty-six, the former will require a heavier body, 
frame, wheels and axles, and therefore there will 
be actually less weight for the engine, gears, and 
all wearing parts, though the load and power trans- 





mitted are both greater. Hence the engine must 
be run much faster, and the noise be far greater, 
while the road wheels must also be very small. 

It is very doubtful whether the reduction in 
weight in the same proportion as the load will 
improve matters in this respect at all. It is quite 
true that the power required will be less in the 
smaller vehicle, but as the weight is also less, it 
does not appear that there will be any more margin 
for the enlargement of parts to reduce wear, or that 
the engines and gears can be run slower. What is 
wanted is a smaller load in proportion to the weight 
of the chassis, so as to leave a margin for the instal- 
lation of quiet machinery. 

That the principle of the reduction in weight for 
a given power being accompanied by increase of 
noise is true is well illustrated by a comparison of 
a slow-running stationary engine with a high-speed 
one, such as is used in a torpedo-boat, and it is 
well known in pleasure-cars that it applies within 
the limits of the motor-car. Thus the noisy cars, 
at a given speed, are not the large, powerful ones, 
but the small, under-powered ones, and, in fact, 
the main reason why very powerful cars are made 
at all is that they can be got to run more quietly 
at ordinary running speeds than those with small, 
fast-running engines. Besides this, there will neces- 
a_i 50 per cent. more of the small omnibuses 
for the same number of passengers carried, and the 
collective noise of these will be considerably greater. 
No doubt omnibuses built under the new regula- 
tions will be quieter than many of the old ones as 
long as they are new, but it appears as if a limit 
in the ngers, with a little more liberality in 
weight of the chassis, would have produced far better 
results, 

In addition to the new weight limit, the Commis- 
sioner has intimated that at an early date he will 
require all public-service vehicles to have an auto- 
matic device giving audible warning on all occa- 
sions when the statutory speed is exceeded. The 
reason given for this regulation is that vehicles are 
at present driven at speeds causing danger to the 
public and damage to property, and that it is 
necessary to have means of detecting such speeds. 
While there is no doubt that it is very neces- 
sary that dangerous s should not be allowed, 
it seems doubtful whether the adherence to a 
definite speed, quite regardless of the circum- 
stances, is the best way of preventing them, and 
it is difficult to see how a vehicle can be driven 
at a dangerous speed without detection. Under 
the ordinary laws of the highway the police, as 
well as private persons, can prosecute for driving 
to the common danger, or being a nuisance. It is 
the duty of the police to do so, and, as a matter of 
fact, all horse-drawn vehicles are controlled by this, 
no speed limits being in force, and itappears, so far, 
that this system works far better than the speed- 
limit system applied to motor-cars. 








THE VALIDITY OF PATENTED 
MACHINERY MONOPOLIES. 

Tue Judicial Committee of fhe Privy Council 
delivered, on the 24th ult., a judgment in an appeal 
from the Supreme Court of Canada, the result of 
which is not unlikely to cause legislation in the 
Dominion in order to remove a grievance that is 
sorely felt by the boot and shoe manufacturing 
industry in Canada. The case throws a curious 
light upon the methods of the all-powerful mono- 
polists across the Atlantic. The appellants were 
the -United Shoe- Manufacturing Company, of 
Canada, and the respondents were Brunet and 
others; Canadian boot and shoe manufacturers. 
The appellants are manufacturers in Canada of 
certain machines of such superior character that 
practically every boot and shoe manufacturer in 
Canada is using them, and as the appellant company, 
which is subsidiary to the United States Manufac- 
turing Company, of Boston, enjoys a monopoly, it 
enforces conditions in its contracts with persons to 
whom it leases the machines. The respondents in 
this case had on lease from the appellants nine 
separate machines for the various a of boot 
manufacture, and the appellants alleged these were 
all included in their ‘‘system,” and, by their con- 
tracts, the appellants stipulated that no one of their 
machines, or any part thereof, should be used by 
the lessee along with any other person’s machine. 
In one lease, for example, it was provided that the 
leased machine should not be applied to the manu- 
facture of boots and shoes which are welted, on soles, 
stitched on welted sewing, or on any sole-stitching 
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machines, which were not leased to the user by the 
appellant company. 

In all the appellants’ leases were these ‘‘ tying 
clauses,” which bound the users as the ‘“ tied- 
house ” publican in this country is bound to the 
brewery company. In addition tothe nine varieties 
of machines for welting, sewing, pegging and last- 
ing, &c., there were ‘‘ allied machines,” also leased 
to the lessees by the monopolist company, and it 
was a condition of each lease that all the machines 
should be used as one complete ‘‘ system.” 

The respondents in the year 1903 got from E. 
Caron—another machine manufacturer—machines 
which were somewhat similar to the appellant 
company’s machines. The respondents used them 
together with the appellants’ ‘‘allied”’ machines, 
in spite of their contract with the appellants. 

The appellants’ agent thereupon induced the 
respondents to put aside Caron’s machines, and 
use only the appellants’ machines, whose leases 
were the subject in dispute. It was alleged by 
the respondents that the appellants’ agent did this 
by pointing out that the use of the Caron machines 
exposed the respondents to an action for breach 
of contract, and also for infringement of the 
appellants’ patents. The respondents thereupon 
notified the appellants to remove their ‘‘allied ” 
machines, as they had ceased using them, and in 
reply the appellants began legal proceedings in 
Quebec, and obtained an interim injunction pend- 
ing trial restraining the respondents from using the 
appellants’ machines with other machines of out- 
siders, and at the same time the appellants filed a 
declaration in the action complaining that the 
respondents, in spite of the interim injunction, 
continued to use the machines and asking that the 
injunction be made perpetual. The respondents’ 
answer was that the appellants had falsely repre- 
sented that they were the patentees of the machines 
demised on leases sued on, and that the appellants, 
by assuming a monopoly, were acting in restraint 
of trade, and that they acquired this monopoly in 
Canada by inducing the respondents, by false repre- 
sentations, to take up the lease of the machines. 

The case having been sent to a jury, the evidence 
submitted showed that the respondents satisfied 
themselves in May, 1905, that they had been de- 
frauded, and that they had called on the appellants 
to take away their machines ; but, instead of 
putting the machines aside, and thus repudiating 
their contract of lease, the respondents continued 
the use of the machines till July 21, 1905, and paid 
up royalties, thus by implication acknowledging 
that the contract was not void, although no 
doubt the respondents, by their act, did not 
intend to be bound by the ‘‘tying clause” in 
their leases. The respondents relied much on 
their allegation that the appellants, as manufac- 
turers of superior machines, which they would not 
sell, but only lease on payment of royalties, con- 
veyed to the Canadian Eablic that they controlled 
the patents, and that such machines could not be 
obtained except from them. The respondents’ 
argument was that the contract of lease was void 
because it was in restraint of trade. The re- 
spondents further insisted that even if the appellants 
were patentees, the appellants were bound to sell 
or hire on reasonable terms. In the Canadian 
Court of King’s Bench the jury found that the 
appellants’ representations were false and fraudu- 
lent. They also found that proof was not furnished 
that the appellants were the patentees. The jury, 
it will be noticed, ought not to have found that 
the appellants, in claiming to be the patentees, were 
“fraudulent,” seeing that no proof, one way or the 
other, as to the patents, was brought forward. 
The jury, in the absence of proof, had no right 
to assume the appellants’ representations were 
false. The question as to whether the leases and 
the conditions as laid down by the appellants were 
really oppressive to Canadian trade the jury ab- 
stained from answering. The Privy Council, upon 
the finding of the jury, held it removed all foun- 
dation for the charge of fraud. The findings of 
the jury were really inconsistent with one another. 
When all is said, it must be remembered the 
question whether a contract is in restraint of trade 
is not for the jury, but only the facts which go to 
Satisfy the judge that there has been a contract in 
restraint of trade. 

; The Privy Council, consisting of Lords Atkinson, 
€ ollins, Gorrell, and hten, were agreed that 
the dispute did not involve any patent law of 
Canada. There was sim ly a matter of contract 


tween the owners and the users of the machines. 








The respondents had voluntarily entered upon the 
leases with the conditions attached. By that very 
principle of freedom to trade, for which the respon- 
dents said they were contending, the appellants, 
who own the machines, are free to sell or not to 
sell. The Privy Council took little or no account of 
the monopoly of the appellant company and of the 
fact that Canadian manufacturers had signed leases 
tying them up to the exclusive use of the mono- 
polists’ machines, which might, it was alleged, 
prevent the introduction into Canada of new inven- 
tions which would improve the machinery for boot 
and shoe manufacture. The real fact seems to be 
that the appellant company, who have captured the 
trade in Canada, would be the first to acquire any 
new improvements. - 

In reversing the judgment of the Court of King’s 
Bench in Quebec the Privy Council, it will 
noted, had to consider the validity of the contracts 
for lease of the machines, quite apart from the 
Canadian Patent Act. The appellants wero really 
before the Court as non-patentees, and, of course, 
the respondents had no right, therefore, to expect 
the law to compel the appellants to sell their 
machinery as ms the Patent Act of Canada. It 
was evident the Privy Council did not approve of 
the conduct of the appellant company, for they 
said the evil of it, if offensive, can only be met by 
competition and by legislation, but not by litiga- 
tion. The respondents have to pay the appellant 
company nominal damages of 1 dol. for breach of 
the contract, and all the costs, and a perpetual 
a was granted restraining them from using 
other machines with those of the monopolist com- 
pany, so long as the present leases run. It is a 
vexatious situation for the Canadians, and the 
findings of the Quebec jury indicate Canadian feel- 
ing as to the conduct of the appellants, but it is 
clearly not a matter for the Courts, but for. the 
common-sense of the Canadian people to remedy by 
legislation. 








ELECTRICAL STRIATIONS. 

Tue Friday evening lecture at the Royal Institu- 
tion last week was delivered by Professor Sir J. J. 
Thomson, F.R.S., who took the nature of the stri 
observed in vacuum-tubes as the subject of his 
discourse. 

At the outset the lecturer showed a number of 
vacuum-tubes in action, pointing out that the 
luminosity was not uniform throughout the length 
of the se but that there were alternate light and 
dark patches constituting the striz in question. The 
character of these striz, he said, depended upon the 
nature of the gas, and also on the am of the tube, 
the pitch of the patches being much smaller in 
narrow tubes than in wide ones. This peculiarity of 
the discharge had, he proceeded, been noted for the 








first time in 1843, and had since then attracted the 
interest and attention of many physicists, particu- 
larly in Great Britain. Opinion as to the origin 
of these strizee was, however, still unsettled, but he 
pro that evening to advance a view which did 
account very satisfactorily for many of the peculiari- 
ties observed. When the discharge through the 
tubes was produced by an induction coil it was apt to 
be irregular, making impossible accurate measure- 
ments of the electric force at different points of 
the striations. De la Rue accordingly had, in his 
experiments, obtained the discharge by making use 
of a batte nsisting of many thousand chloride- 
of-silver cells. The introduction of the Wehnelt 
cathode afforded, however, means by which the dis- 
charge could be obtained, using a battery of but few 
cells, since an electromotive force of some 70 volts 








was then all that was necessary. The Wehnelt 
cathode, he continued, consisted of a strip of plati- 
num kept red hot by a subsidiary current, and carry- 
ing a speck of a barium or a calcium salt. Such 
cathodes were most conveniently prepared by 
dropping a speck of melted sealing-wax on to the 
foil and than expelling the volatile portion of the 
wax by heat. e sealing-wax, being commonly 
sold by weight, was loaded with barium salts, 
which were remarkably heavy. 

= wpe, Fe wom of this character in conjunction 
with a battery, absolutely steady discharges could 
be maintained, the position of the strie not altering 
by the fraction of a millimetre in the course of an 
hour, and he had therefore thought it worth while 
to repeat experiments — made with less 
convenient apparatus. In this work he had at first 
attempted to determine the value of the electric 
force at different points of the tube by means 
of exploring-wires connected up to the quadrants of 
an electrometer. These led tothe surprising result 
that at certain points—viz., close up to the convex 
surface of each of the striee—the electric force was 
—- tothe motion of the current. As the use 
of the exploring-wires was based on the h esi8 
that the current was in the same direction as the 
force, other means of investigation were necessary. 
The apparatus ultimately = are was, Professor 
Thomson said, represented in Fig. 1. The two 
electrodes A and B, between which the discharge 
was passed, were coupled a by a glass rod, 
and were mounted on a bulb C floating in mercury. 
By raising or lowering the level of this mercury 
the two cathodes could be traversed up or down 
the tube. A cross-tube having its cathode at D 
was arranged, as shown, and shot a fine pencil of 
cathode particles acrossthe main discharge. These 
particles impinged on a phosphorescent screen, as 
indicated at E. In ing through the electric field 
in the main tube, this cross discharge was deflected 
by the electrical force, and the phosphorescent 
spot was displaced accordingly up or down its 
screen, the amount of the Ticstnseniciet being a 
measure of the electric force. The results ‘thus 
obtained confirmed in every particular the indica- 
tions got with the previous arrangement of ex- 
ploring- wires. The electric force had a small 
negative value close to the convex side of a bright 
patch, but in less than half a millimetre further on 
it shot up toa large positive value. The method 
of exploring the nature of the electrical field just 
descri had, he said, the further advantage 
that, owing to the extreme lightness of the par- 
ticles constituting the cross-pencil, it was possible 
to watch the gradual establishment of the peculiar 
electric field described. On first turning on the 
main discharge, the cross-pencil was always de- 
flected in the positive direction, whatever its 
position relatively to the permanent position of the 
strie. If, however, it were suitably located, the 
positive deflection gradually changed into a small 
negative one. The field between two successive 
bright patches was found to be as indicated in 
Fig. 2. From a small negative value at a, just in 
front of the luminous pe hh, it increased suddenly 
to a large positive value, with a maximum at }, 
diminishing again to a small negative value at c, in 
front of the next striation. “The la negative 
value of the force at a showed, Sir Joseph said, 
that there was a large condensation of negative elec- 
tricity just in front of each bright patch, so that the 
striations were associated with big ‘‘slabs” of 
negative electricity, which were repeated at equal 
intervals down the tube. These slabs, he con- 
tinued, arose because the negative electricity, 
starting from the cathode at a very high velocity, 
lost this velocity by collision with molecules 
of the residual gas, which they ionised, creating fresh 
negative particles. In this process the original 
particles lost energy, and thus the further they 
moved the slower they went, with the result that the 
rear crowded in on the van, almost in the same way 
as happened at a street-crossing when the traflic 
was stopped by the police. The individual members 
of the crowd of negative particles repelled each 
other, those in front trying to send those behind 
back, and vice versd, until the electric force due to 
this crowding and pushing became so great that the 
particles in front were again shot off at a high 
velocity, which was lost again in exactly the same 
way as before, the process being repeated again 
and again down the tube. 

In this .way the peculiar distribution of electric 
force along the tube could be accounted for, but it 
was also necessary to explain the distribution of 
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luminosity. A gas, Professor Thomson said, was not 
luminous unless it was at a very high temperature, 
or, what amounted to the same thing, unless it was 
moving at a very high velocity. e residual gas 
in the vacuum, however, taken as a whole, was at 
quite a low temperature—not much above that of 
boiling water. The gas, however, when the discharge 
was a mixture of charged and uncharged 
particles. The charged icles were acted on b 
electrical forces, and could acquire accordingly hig 
velocities, which, as stated, were equivalent to high 
temperatures. Hence the charged particles could 
be at one temperature, and the uncharged particles 
at another. Only those charged particles which 
uired a very high temperature became appreci- 
ably luminous. In this luminosity the positive 
particles alone were concerned, as they had atomic 
proportions. A  free-moving positive particle 
in the region of c, Fig. 2, would be acted on 
by a fone itive force, and thus acquire a 
low velocity to the left.. As it travelled, however, 
this force me greater and greater, and in the 
strong part of the field the particle could acquire a 
very high temperature indeed, and thus become 
luminous. Hence, where the field was weak the 
positive particles were cold and a dark patch was 
obtained. In the strong part of the field their 
temperature was high and they got hot enough to 
give out their appropriate light. 
. Again, different colours were often observed at 
different points. This was due to two causes. In 
the first place, red light could be produced at a 
lower temperature than colours of shorter wave- 
length. se the red colour appeared where the 
velocity of the particle was still insufficient for the 
production of the more refrangible rays. Hence 
one side of a luminous patch might be tinged with 
red, whilst the remainder was greenish. There was, 
however, another cause for these variations of 
colour which had been discovered by Mr. Mellish 
at the Cavendish Laboratory within the last few 
weeks. He found that in a mixture of gases, such 
as, for instance, a mixture of CCl, and hydrogen, 
the positive charges originally on the molecules of the 
carbon tetra-chloride under suitable conditions left 


them, and transferred themselves almost instan- |i 


taneously to the molecules of hydrogen. The 
molecule which could hold on best to the positive 


charge would be that tinging the luminosity in the 
strongest part of the field. 





THE RAILWAYS OF VICTORIA. 

From the time that they were taken over by the 
Commissioners, the railways of Victoria have shown 
a very general improvement. The first five years 
of the Commissioners’ control ended in 1908, and 
the contrast of this period with the preceding five 
years shows that, from a very unenviable ition, 
the railways have been raised to one which must 
afford considerable satisfaction to the State. For 
the five years 1898-1903 the deficit paid on account 
of the railways out of the State’s Consolidated 
Revenue amounted to no less than 1,201,678/.— 
nearly a quarter of a million sterling per annum. 
Contras with this, in the last five years, 1903- 
1908, 543,366/. surplus to the railways has been 
credited to the Consolidated Revenue. 

These figures do not convey any adequate impres- 
sion of the change unless mention be likewise 
made of the fact that extraordinary liabilities to 
the extent of 825,180/. have also been wiped off 
out of revenue in the last five years, compared 
with liabilities not more than a quarter of this sum 
in amount in the previous five years. The all-round 
rise in revenue from traftic, and the decrease in the 
ratio of working expenses to gross revenue, likewise 
betoken a much improved position. It is fortunate 
that this is so, for in the past the Victorian Railways 
have been no more successful than other systems 
in the Australian continent. During the past five 

ears, including the working of the St. Kilda and 

righton Electric Street 2ailway, operated by the 
State, the exchequer has profited by a sum of 
531,9471. In the ten years prior to that calls to the 
amount of 2,998,698). were made on the Con- 
solidated Revenue to meet the interest on railway 
capital, while the actual deficit on their working 
since the commencement is put. somewhere between 
seven and eleven millions sterling, which has had to 
be made from the Consolidated Revenue Fund 
in the ury: Nor is this all. Not satisfied 
with raising, by taxation, through the Consolidated 
Revenue Fund, money to pay the deficit on railway 
capital interest, the State has not scrupled to applyin 


the. past such revenue as railway capital, charging 
no interest on it, to an amount which, although 
reduced of late, still stands at nearly four millions 
sterling. It stands to reason that by such doings 
as these the result of the working of the railways 
is considerably obscured, especially as no complete 
profit-and-loss account is given. 

There now appears to be some desire to put 
things on a better basis. It is evident that, with 
things as they are, considerable fluctuations of the 
Consolidated Revenue Fund must result from profits 
being paid in one year by the railways, while, 
perhaps, the next it may be drawn upon to make 
good a railway deficit. . order to obtain greater 
stability a law was passed last year authorising the 
institution of two railway funds, of which one was 
a Railway Interest Reserve Fund, and the other a 
Railway Additions and Improvement Fund. The 
Interest Reserve Fund is intended to meet possible 
deficits in bad years in the future. The railway 

rofits, instead of being paid into the Consolidated 
nit Fund, will be halved between the Interest 
Reserve Fund and the Improvement Fund, until 
the former amounts to 300,0001. and the latter to 
200,000/. Both these funds will help the railways 
to an independent position, although the amounts 
to which they are limited do not appear to be unduly 
large on a capital of 41,986,090/., since deficits have 
in several comparatively recent years amounted to 
well over this figure, and since much of the system 
of railways has been laid in a manner which will 
compel heavy expenditure on improvements in the 
future, should traffic greatly develop. The Im- 
provement Fund should, however, enable such work 
to be done without recourse to new loans in the 
case of many of the smaller works. 

The capital account, as just stated, now stands 
at 41,986,090/., the net amount of current loans 
(i.e., proceeds of loans less discount and expenses, 
&c.) standing at 38,394,112/. The interest charged 
to the railways is equivalent to 3.72 per cent. on 
the total amount of the current loans (39,902, 9041. ), 
and absorbs, with expenses, 1,483,8071. The 
amount of capital provided out of the Consoli- 
dated Revenue is 3,809,7151.; on this no interest 


is gn 
Ye mentioned above that the last five years have 
seen a great improvement in the position of these 
railways. So far asactual magnitude of result goes, 
they reached a high-water mark in 1906-7, when a 
gross revenue of 4,012,641/. was obtained. The 
results for that year work out at 7s. 11.96d. per 
train-mile; but the result for the year before, 
though less in the total figure, showed a gross 
revenue per train-mile of 8s. 0.79d. In the most 
recent year for which the report has lately been 
ublished—1907-8—the gross revenue fell to 

,873,3681.—a decrease of about 34 per cent., but 
the train-miles increasing by nearly 3$ per cent. in 
the twelve months,. the gross revenue per train- 
mile fell to 7s. 5.53d.; which happens to be the 
lowest figure touched during the control by the 
Commissioners, though greatly in excess of the 
amounts common in the days before the present 
system of management was inaugurated. e de- 
crease in revenue in the past year is partly attri- 
butable to lower rates and smaller tonnage of 
goods, the shrinkage being solely visible in this 
class of: traffic, all others having increased con- 
siderably over the traffic handled in 1906-7. The 
decrease of revenue from goods traffic was equiva- 
lent to a drop of no less than 14.11 per cent., the 
fall in tonnage amounting to 8.2 per cent. 
The decrease is further attributable to the relin- 

uishment of claims made under Act 1439, Sec. 14. 

is clause provides for the payment by the State 
to the railways of the deficit on any working or 
service, conducted by order of Government in spite 
of its known unremunerative nature. Under this 
clause the carriage of agricultural produce at very 
low rates has resulted in a loss; the deficit on this 
account is assessed by the Commissioners for the 
latest year’s working at 250,000. Ordinarily, this 
sum would have been paid over from Consolidated 
Revenue, but the Commissioners now forego this 
claim, owing to the generally improved position of 
the railways. 

In the matter of expenditure, the year 1906-7, 
though not actually the best, was next to the best 
of the five of the Commissioners’ control. On the 
other hand, expenditure per train-mile was greatest 
of all these five years in 1907-8. In 1906-7 it 
amounted to 4s. 1.66d. per train-mile, and in the 
most recent year to 4s. 4.84d. Expenditure has 





risen steadily since 1903, but during the same 


period the service has also greatly increased. For 
the recent year, however, the working does not 
appear to have been quite so economical ; the ratio 
of working expenses to revenue, in fact, shows a 
figure of 51.75 for 1906-7, compared with 59.02 per 
cent. in 1907-8, thus approaching very near to the 
figures of the pre-Commissioner days. In main- 
tenance and renewal of permanent-way, and in the 
working, repairs, and renewals of rolling-stock there 
has been considerably higher expenditure per train- 
mile. The maintenance-of-way expenses have in- 
creased by 6.3 i cent. to 14.99d. per train-mile ; 
the working of rolling-stock by 6.5 per cent. to 
13.27d.; while the repairs and renewals of rolling- 
stock have inereased by 14.2 per cent. to 8.84d. 
per train-mile. In both the way and works de- 
poten and rolling-stock branch the expenditure 

steadily grown since 1903 on account of the 
need of general improvement. The permanent way 
is steadily undergoing transformation to bring it up 
to a higher standard, and the expenditure is there- 
fore well advised. Similarly, a large part of the 
expenditure of the rolling-stock branch 1s accounted 
for by the construction of new engines and stock 
for replacement purposes. 

The net revenue for the year 1907-8 is thus 
3s. 0.69d. per train-mile, or 4681. per mile of rail- 
ways worked. These are low figures compared with 
other years of the Commissioners’ régime ; in the 
four previous years the net revenue per train-mile 

ing between 3s. 6.8d. and 3s. 10.3d. The figure 
is, however, still well above earlier results when 
2s. 5.8d. was the highest figure ever reached, and 
is accounted for by the policy mentioned above, 
which apparently is directed towards making the 
railways stand more by themselves than they have 
in the past. 

We notice that in 1907 and 1908 orders of con- 
siderable “my 2-N for steel rails were placed with 
firms in the United States at prices of 61. 17s. and 
61. 3s. 6d. per ton, delivered into trucks at Williams- 
town Pier. These rails, which are stated to be of 
excellent quality, were rolled at Lorain, Ohio. In 
additional rolling-stock the railways, during the 
past year, put into service, for the Melbourne- 
Adelaide traffic, six first-class and four sleeping- 
cars, each 71 ft. long; two mail-vans, one mail 
luggage-van, and four luggage-vans, each 60 ft. 
long. A large amount of ie stock is now 
under construction for use on the principal trains 
on important lines, including fifty -eight more 
71-ft. cars, of which some are dining-cars, others 
mail-vans, passenger-coaches, &c. Twelve loco- 
motives were built at the Newport workshops 
during the year 1907-8, making a total of fifty- 
six engines constructed there since 1903. Prac- 
tically no new lines were constructed in 1907-8, 
the length of the system amounting to 3401 miles, 
of which 3314.3 miles are 5-ft. 3-in. gauge, and 
81.6 miles 2 ft. 6 in., the balance being made up 
by the St. Kilda and Brighton Electric Street Rail- 
way, which at present can only produce a balance 
on the wrong side of the ledger. 








THE PROPERTIES OF MATTER. 

In commencing the-concluding lecture of his 
course on the above subject at the Royal Institu- 
tion on Saturday afternoon last, Professor Sir J. J. 
Thomson said that in his preceding discourse he 
had proved that, owing to surface tension, the 
pressure inside a drop of liquid was higher than 
the external atmospheric pressure. This fact had 
some very important consequences, particularly in 
meteorology, since for an unconfined liquid the 
rate of evaporation depended upon the pressure to 
which it was subj . Hence a drop of water 
would go on evaporating to a greater extent the 
greater the pressure to which it was exposed. The 
smaller the drop, on the other hand, the greater 
was the pressure inside it, and hence it was e.- 
tremely Jifficult for a drop of water to increase 
from a very small size to sensible dimensions. A 
small drop, in fact, was in the state of a man whose 
expenditure was inversely proportional to his 
capital. 

condensing, therefore, water vapour availed 
itself of snenae of dust to build upon, and in this 
way the drop sprang into being of adult proportions, 
avoiding the enormous mortality attaching to the 
infantile condition. This fact had, Sir Joseph pro- 
ceeded, been first established by Mr. Aitken, and 
the lecturer showed that on suddenly supercooling 





the vapour-laden air in a dust-free vessel there was 
no formation of fog, which, however, formed 








— a oe ee ee | 36 


ww 


swe = ww «© & 


w 





APRIL 9, 1909. ] 


ENGINEERING. 





497 








copiously in similar circumstances when dust was 
allowed to enter. Were there no dust or chemical 
vapour in our atmosphere, rain-storms, he stated, 
would be invariably very violent. 

There was, he continued, another way in which 
the consequences arising from the pressure due to 
surface tension could be avoided. If a drop were 
electrified, the different portions of the charge all 
repelled each other, and hence tended to produce a 
state of tension inside the drop, and this tension 
might more than counterbalance the pressure due 
to the surface tension, so that the drop was even 
more stable than a flat surface of liquid. Hence, if 
a gas were ionised by Rontgen rays or otherwise, 
condensation could take place on the electrified 
particles as nuclei. 

Since the pressure due to surface tension de- 
pended on the size of the drop, there was one 
particular size which had the same vapour pressure 
as if it were a flat surface, and drops of this size 


could be stable. They were very small — oT 


centimetre in radius—but could nevertheless serve 
on occasion as nuclei for larger drops. Thus was 
explained the fact that if a cloud were once obtained 
in a dust-free vessel, it was possible to get fresh 
clouds pretty easily for some considerable time 
afterwards. 

Jamin, the lecturer proceeded, had long ago 
showed in an interesting way the difference between 
the pressure inside a liquid as bounded by a curved 
or by a flat surface. A long tube filled with drops 
of mercury, closely spaced, could withstand a 
pressure of several atmospheres between its ends. 
Surface tension was, he said, also responsible for 
the propagation of waves over the surfaces of 
liquids. As stated in the last lecture, the surface 
film had the properties of a tightly-stretched mem- 
brane, and could thus transfer a wave. Waves, he 
went on, could also travel owing to gravity, and 
the long waves met at sea depended almost entirely 
on gravity for their propagation. In small waves, 
however, surface tension played an important part. 
The laws governing the prdpagation of the two 
classes of wave were, however, very different. 
Where gravity was the motive power the velocity 
of propagation varied directly as the square root 
of the wave-length, whilst with waves maintained 
by surface tension the velocity was inversely 
pees to the square root of the wave- 
ength. Gravity waves of infinite length would 
thus have an infinite speed, whilst surface tension 
waves of zero length would also have an infinitely 
great velocity. Taking gravity and surface tension 
both into account, there was a limiting velocity of 

ropagation below which no waves could travel. 

his limiting velocity was about 23 centimetres per 
second, and the wave-length was 1.7 centimetres. 
No wave in water could exist with a velocity 
smaller than the figure stated. 

Surface tension, the lecturer proceeded, was 
also responsible for the changes in form observed 
in a falling drop of water which vibrated about 
its mean Bey These vibrations he showed by 
letting a drop of water fall into a solution of 
nearly the same specific vity, so that the 
motions of the drop were slow enough to be ob- 
served. Cinematograph records of these drops had 
been taken, and from them it was ible to cal- 
culate the surface tension of the fluid from the 
observed time of vibration and the known weight 
of the drop. The periodicity varied as the square 
root of the volume. A drop 2 in. in diameter 
would have a natural period of 1 second, hence 
a dewdrop should dovdep a very high frequency, 
giving perhaps ‘‘a music of the spheres” audible 
to insects. A spider, he continued, in getting its 
living made use of certain properties associated 
with surface tension. Thusa very long thin column 
of liquid was unstable because it exposed a very large 
surface in comparison with its volume, and the poten- 
tial energy of the surface was therefore relatively 
very large. As a consequence such a column broke 
up spontaneously into little drops, the sphere being 
the form in which the potential energy of the surface 
was least in proportion to the total volume. Thus 
if a glass fibre were dipped into water and with- 
drawn, the film of water it brought out immediately 
broke up into little drops. This fact was known 


to the spider, which in spinning its web covered 
the web with a gummy fanny anal which then 
Spontaneously broke up into drops. For the same 
reason a fine jet of water also broke up into drop- 
ite belene it got far from the orifice from which it 
issu ; 


The effect of oil ce a h sea was also 
due to surface tension. e ‘capheidiien of its 
action in this regard was, the lecturer stated, based 
on Marignoni’s principle, which had reference to the 
behaviour of slightly contaminated surfaces. Ona 
previous occasion he had shown that it was possible 
to add so little oil to a water surface that the tension 
of the latter was hardly affected, whilst if more than 
a certain small amount were added, the surface ten- 
sion was that of pure oil. Between the two was an 
intermediate stage, to which ignoni’s principle 
applied. In this intermediate condition any motion 
which caused the oil-film to thicken reduced the 
surface tension, and anything that thinned the film 
increased it, so that there was a variable surface 
tension. This had been applied to explain the 
fact that a vibrating body maintained its vibration 
better if wholly immersed than if half in and half 
out ofa liquid. Ifthe surface of the liquid were not 

uite clean, a motion in one direction would reduce 
the surface tension on the one side by thickening 
the film, and increase it on the other by thinning 
the contaminating film. Hence there would be a 
resultant force tending to check the motion. In a 
similar way the existence of soap-films was accounted 
for. A soap-film in a vertical position did not fall 
down by gravity, although the surface tension was 
independent of the thickness of the film. If this 
tension were uniform, the pull upwardsand the pull 
downwards would be equal, and there would be 
nothing left to balance gravity. That such films 
actually had an existence was, Professor Thomson 
said, due to the fact that the soap-film was not a 
pure liquid, and in such a film there was more 
soap at the bottom than at the top, so that the 
upward pull was greater than the downward one 
by an amount sufficient to counterbalance gravity. 

In a similar way an explanation was possible of 
the effect of oil in stilling waves. Suppose, for 
instance, that the surface of the water were greasy, 
though not enough for the surface-tension to be 
that of the oil alone ; then if a small ripple were 
raised, the surface in the region concerned would 
be stretched, thus increasing the surface-tension by 
the thinning of the greasy film. This had the effect 
of stifling the production of the ripple at its birth, 
so that it could not run along — 3 build itself up 
under the influence of the wind. The oil, in fact, 
did not affect adult waves, but quelled the sea by 
checking the formation of small disturbances. 





NOTES. 
SYNTHETIC PREPARATION OF AMMONIA, 

THE synthetic preparation of ammonia remains 
practically an unsolved problem. The two gases 
nitrogen and hydrogen do not react on one another 
at ordinary temperature ; at higher temperature the 
combination is facilitated by the presence of certain 
catalysers like iron, but the resulting ammonia is 
not stable at 1000 deg. Cent., the temperature at 
which Haber and Oordt experimented. (We should 
mention, however, that a successful electric-arc 
process is now spoken of.) It has hence been 
attempted to make use of metallic nitrides (com- 
pounds of metals and nitrogen) and hydrides (com- 
pounds of. metals and hy n); but the just- 
mentioned experimenters did not find the dissocia- 
tion pressures of the nitrides and hydrides of 
calcium and manganese suitable, and E. Baur and 
Voerman do not recommend chromium-nitride for 
other reasons. On the suggestion of E. Baur, 
J. Lipski has hence tried, in the Brunswick Tech- 
nical College, the compounds of the rare earths, 
with a certain amount of success. The way in 
which he proceeds does not look simple. But 
we ubiioher that after years of failures the 

reparation of incandescence mantles for lamps 
me an important industry, and that the rare 
earths are now obtainable in quantities which their 
name hardly justifies. Utilisation of the rare 
earths is a very different thing at present from 
what it was twenty years ago. In preparing the 
cerium nitride Lipski started either from the metal 
cerium, which the Elektrochemische Werke Bitter- 
feld supplied to him, or more frequently from the 
dioxide of cerium, which he treated with magnesium 
metal in an atmosphere of nitrogen. The metal 
cerium is steel-grey, and can be turned, but is 
inclined to spark ; the nitride is a black powder, 
which evolves ammonia in damp air ; the hydride is 
a reddish or brown substance, which slowly ignites 
on exposure to air. These compounds were known, 
but Lipski has studied their dissociation pressures 





and reactions. He finds that at 200 deg. or 300 deg. 


Cent. two reactions yield ammonia: hydrogen and 
cerium nitride give cerium hydride and ammonia, 
and nitrogen and cerium hydride yield cerium 
nitride and ammonia, so that the cerium serves 
in both cases as carrier to effect the combination 
of nitrogen and hydrogen; a third possible reac- 
tion, the re-liberation of nitrogen from cerium 
nitride and hydrogen, does not take place to any 
noteworthy degree. Very small quantities of mois- 
ture and of oxygen interfere with the formation of 
ammonia, however; even in their absence the 
catalysers become exhausted after a certain time, 
but they recover. The cerium compounds need not 
be pure; the technical ceria is just as efficient as 
raw material. The ammonia percentage in the 
mixture did not exceed 6.4 per cent., when using 
cerium nitride, and 1.5 per cent. when using the 
hydride. That would technically be sufficient if 
these yields could be maintained for long periods ; 
the intimacy of the contact is of importance in this 
respect, of course. 


AERIAL FiicuHt 1In THEORY AND PRACTICE. 


In his lecture on the above subject delivered at 
the Royal Institution on Thursday, April 1, Pro- 
fessor G. H. Bryan, F.R.S.. said that considerable 
light on the character of the motion of a fluid past 
an aeroplane was shown by some recent experiments 
of Mr. W. E. Williams at Bangor. In these expe- 
riments a plane was set in motion through water, 
through which bright spangles had been scattered, 
and the motion of these spangles was recorded 
photographically. The velocity of motion in these 
experiments varied from 0.5 centimetre up to 1.6 
centimetre per second. Passing on to the question 
of stability, Professor Bryan stated that he had 
arrived at something like a solution of the problem 
of automatic longitudinal stability, but he did not 
give any indication as to what this solution was, or 
whether it was compatible with the somewhat 
moderate velocities of flight imposed by the weight 
with which one horse-power can at present be 

enerated. He gave the impression, however, that 

e proposed to use square planes, the lifting power 
of which is relatively very small. Aeroplanes, he 
said, were liable both to a long and to a short 
period pitching motion, and in the case of square 
planes, he said, the short period motion might be 
dangerous. Lanchester’s discussion of the longi- 
tudinal stability of the flying-machine was said to 
be lacking in rigour, and to be applicable only to 
narrow planes, such, we unde , as those now 
actually used in practice. Curved aerofoils, with 
the concave side downwards, were, he said, liable 
to get into positions such that the, shift of the 
centre of pressure following a tilt, instead of 
correcting the tilt, actually increased it. Aerofoils 
with the concave side upwards, on the other hand, 
were free from this danger, but had less lifti 
power. A form, concave downwards in front 
convex behind, combined, he said, to a large degree 
the advantages of both types. 


TURBINES FOR MARINE PURPOSES. 


Mr. Gerald Stoney’s concluding lecture on steam- 
turbines was delivered before the Royal Society 
of Arts last Monday. The two previous lectures 
had dealt respectively with the construction of tur- 
bines and the application of turbines to land pur- 
poses, and the last was devoted to the development 
of the turbine for marine propulsion. This, the 
lecturer said, was the test development of all, 
and had revolutioni marine practice. It was 
only in 1860 that a trans-Atlantic — of 13 
knots had been attained, and a writer of the period 
had said, ‘‘ faster than this it was neither safe nor 
advisable to go.” Yet to-day the’ Mauretania was 
capable of crossing at double this speed. That this 
was ible was solely due to the invention of such 
a li " and economical prime mover as the turbine. 
After the trouble which had arisen in connection 
with the 40,000-horse-power engines of the large 
German ships, no builders dared to risk building 
70,000-horse-power ee and. put- 
ting them afloat. All the new British battleships 
and cruisers were fitted with turbines, and foreign 
nations.were following our example. This was 
a wonderful record for an invention, for it was 
only in January, 1894, that, in the neg | of 
Mr, Parsons’ gos it was first A: _ 
a com to develop the ion of shi y 
hem sa As an aba oO this the Turbinia | was 
built, a boat 100 ft. 1 by 9 ft. beam, and of 
44 tons measurement. Radial-flow turbines were 








fitted because the control of Mr. Parsons’ parallel. 
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tlow patents was temporarily suspended. The first 
trials of the little boat proved, ditngeciating, as 
cavitation troubles arose with the propeller and 
limited the speed to 20 knots. This was hardly 
surprising, as 2000 horse-power was being applied 
to a single screw at revolutions. "tt was de- 


cided to put in three turbines, with three propellers Ca’ 


on each shaft, and this brought up the speed to 344 
knots ; the fastest speed of any existing vessel being 
27 knots at that time. The Turbinia made a sensa- 
tion by her speed at the naval review in 1897, and was 
sent to the Paris Exhibition later. Her machinery 
never gave a moment’s trouble. But, Mr. Stoney 
remarked, the real development of the marine 
turbine dated from the construction of the King 
Edward, thanks to the enterprise of Captain John 
Williamson and Denny Brothers. This vessel had 
the standard three-shaft arrangement, and it and 
its sister-vessel, the Queen Alexandra, were highly 
successful in every respect. Then the Aaneiigts 
cruiser was built for the Admiralty. She was 
3000 tons displacement, and had turbines of 1500 
horse-power. She outclassed the Topaze—a sister- 
ship with reciprocating engines—in speed, and was 
more economical at all speeds above 10 knots. Her 
radius of action was 3600 knots, as compared with 
2000 knots of the Topaze. The greatest triumph 
of marine turbines was in the Cunard liner 
Mauretania. A careful analysis of her perform- 
ances by Sir William White had shown her to 
give 14 per cent. better results than the fast 
German ts. The only marine turbines other 
than the Parsons type were the Curtis, but these 
had not given nearly so good results as the Parsons. 
There were now 120 vessels fitted with Parsons 
turbines, aggregating 1} million horse - power, 
and seventy more building, which would have 
another million horse-power. For slow-speed ships 
the combination of reciprocating machinery and 
turbines showed great promise, the turbines taking 
steam at 8 lb. or 9 1b. absolute, and exhausting into 
the condenser. The Otaki, recently built by 
Messrs. Denny Brothers, was on this principle, and 
had only consumed 12.3 lb. of steam per shaft 
horse-power for all purposes. Mr. Stoney’s lecture 
was illustrated by a large number of lantern-slides 
of various vessels and their turbine machinery. 








CANADIAN DEVELOPMENT. 

THE opening of what is virtually the Grand Trunk 
of Cai Railway to Edmonton, the capital of the 
Province of Alberta, has had the effect of directin 
attention to the progress made in the development o 
this portion of the great Canadian North - West. 
The Grand Trunk of Canada Railway, for the 

urpose of carrying its system from Winnipeg to the 
Pacific coast, organised the Grand Trunk Pacific Rail- 
way, and this extension has now been carried from 
Winnipeg to Edmonton, while it is hoped that the 
company’s locomotives will reach Prince Rupert, a 
newly-organised railway port on the Pacific, in the 
course of 1909. Already population is beginning to 
accumulate at Prince Rupert. In consequence of the 

reat extent of wharfage which it will afford, it is con- 
fidentl predicted that the place will become another 
San Francisco, if, indeed, it does not grow into a 
second New York. The town has received the name of 
Prince Rupert from the talented, but somewhat unfor- 
tunate, prince to whom Charles IT. airily donated prac- 
tically the whole Canadian North-West. This great 
gift proved little more than waste paper to the princely 
recipient ; but after the lapse of 240 years untold 
wealth appears likely to be developed in the vast area 
which the careless Stuart gave away so lightly. 


Already the advent of the Grand Trunk Railway to| ,; 


Edmonton has greatly increased the value of real 
estate in the neighbourhood. In 1898 land in the 
Edmonton district could be picked up at 3 dols. per 
acre, while in 1908 it could not be had for less than 
20 dols. per acre. To put the matter in other words, 
in 1898 a farm of 160 acres went begging at 480 dols. ; 
to-day from 2000 dols. to 3000 dols. might be obtained 
for the same land. 

Edmonton claims that it is situated midway be- 
tween Winnipeg and Prince Rupert, on the shortest 
line round the world. At the close of June, 1908, 
there were 1323 miles of railway in operation in the 

rovince of Alberta, but at that time the Grand Trunk 

acific had not opened its line for business purposes 
between Winnipeg and Edmonton. The Coniien 
Northern and the Canadian Pacific Railway Com- 
panies are also proceeding with the construction of rail- 
ways in Alberta, so that the length of completed rail- 
way will soon be nearer 3000 miles than miles. It 
is expected also that in another year the Grand Trunk 
Pacific Railway will be completed between Winni 
and Fort William on Lake Superior. This will a 
Edmonton another. direct line to the East. The 





Canadian Pacific Railway Company has now 992 miles 
of line in operation in the province of Alberta—viz. : 
Main line, 336 miles; Coleridge and Lethbridge, 109 
miles ; Calgary and Red Deer, 93 miles ; Red Deer and 
Strathcona ( onton section), 97 miles; Lacombe 
and Stettler, 49 miles; Wetaskiwin and Hardisty, 
95 miles ; Lethbridge and Crow’s Nest, 106 miles ; and 
ry and Macleod, 105 miles. -The Canadian 
Pacific Railway Company has not at present direct 
access to Edmonton, but it has established a freight- 
yard in the city, and has made an arrangement by 
which its cars are handled across the river upon tracks 
controlled by the Canadian Northern Railway Com- 
pany The present terminus of the Canadian Pacific 
ilway Company for passenger business is at Strath- 
cona, and two fast nger-trains are now run daily 
over the Edmonton branch to that point. There is 
thus abundant evidence that Alberta means to have a 
vigorous and effective network of railways. It may 
be added that Edmonton, the capital, and Strath- 
cona, the university city of the province, are situated 
on the north and south banks of the Saskatchewan, 
200 miles from Calgary and 805 miles from Winnipeg. 
The situation of the twin cities is such as to render 
them in the early future one of the most important 
centres of Canadian population. Already Edmonton 
has 25,000 inhabitants. 
Another factor which appears to guarantee the 
future of Alberta and Edmonton is the existence of 
t beds of coal, which are gradually being brought 
into working. Some of these a it may 4 added, 
are within two miles of Edmonton. The aggregate 
production of coal in Alberta last year was 18340745 
tons. This total was made up as follows :—Lignitic 
coal and lignites, 639,335 tons; bituminous coal, 
939,295 tons; and anthracite coal, 256,115 tons. 
During the past twelve months 73,782 tons of coke 
were made from 112,887 tons of Alberta coal ; anthra- 
cite coal-dust was also turned to account and produced 
49,585 tons of briquettes. The mines near onton 
produced lignitic coal and lignites ; and although last 
year railway communication was not available until the 
autumn, their output for the twelve months was 113,588 
tons. This year the production is tolerably certain to 
show a great increase, as the Grand Trunk Pacific 
Railway will be enabled to render the mines more 
assistance. There are three coal seams at Edmonton, 
and one, about halfway down the bank of the river, 
has been worked in a small way for years. Another 
mine at Strathcona, and another south of the town, 
are also working. A larger seam was discovered 
beneath the level of the river, and several mines have 
now carried shafts to it. This lower seam continues 
eastward to Clover Bar, and comes above the river at 
that point. Like most of the seams, it is of varyin 
thickness, running from a minimum of 2 ft. to 15 ft.; 
the average is upwards of 5 ft. The mines which will 
shortly be connected with the railway system are :— 
Twin City in Strathcona, shaft 160 ft. passing through 
the Clover Bar seam, and ending in the Twin City 
seam ; Parkdale, in Edmonton, shaft 200 ft. to the 
Clover Bar seam, which is from 4 ft. to 5 ft. thick 
at this point ; Clover Bar, east of Edmonton, near 
the Grand Trunk Pacific Railway bridge over the 
Saskatchewan. A new shaft has been put down 
to the Clover Bar seam at a depth of 100 ft., and 
the mine on the river bank is being extended to this 
new shaft, to which a spur from the Grand Trunk 
Pacific Railway will shortly be built. Another mining 
centre, 23 miles north of Edmonton, and connected b 
the Canadian Northern Railway with that town, is in 
the vicinity of Morinville. wo mines are there 
working on a 15-ft. seam, which appears tobe near the 
horizon of the Clover Bar seam. 








Brercu-Biocks.—With reference to our article under 
this title on 220 ante, it has been asserted that a 
screw breech-block in which the eccentricity of the striker 
is provided for, even over the smallest extent, can 
en as affording, theoretically, absolute safety against 
premature firing. The case would appear to be met by 
the Schneider screw breech-block, referred to in ENGI- 
NEERING, vol. lxxxiv., 775 and 776. 
other hand, attention is called to the German review, 
Artilleristische Monatshefte, of November, 1908, page 383; 
this mentions an accident due to premature firing, 
which occ’ in Spain, in September, 1908, with a 
Schneider gun. At first sight, therefore, this occur- 
rence would appear to disprove the above. Such is, 
however, not the case. The Artilleristische Monatshefte 
did not mention the pattern of Schneider gun with 
which the accident occurred, and this omission may 
have led to misunderstanding. Full light is thrown 
upon the matter by the Jahrbiicher fiir die deutsche 
Armee und Marine, November, 1908, 554, which 
states that the gun which gave rise to the accident at 
Vicalvaro (or Barajas, as the place is also called) was of 
the 1899 pattern, and not of the PD, 1905 pattern, now in 
the service. The latter is fitted with a screw breech- 
block, in which the eccentricity of the striker is provided 
for (see page 220 ante); the 1899 pattern has the older 
type of screw breech-block, and it is with this older type 
that the accident occurred. No cases of premature firing 


have ever occurred with the newer type of screw breech- 


block, and our conclusions as to its y remain true. 


Y | at the present time, the Conciliation Boards appea 


But, on the | i 





INDUSTRIAL NOTES. 


Tue growth of trade unions during the last thirty 
years has been av pam The Chief Registrar's 
returns just published only take us down to the end 
of 1907, at which time there were on the register 
677 unions; of these, 652 furnished returns. hese 
are required by the Trade-Union Acts of 1871 and 
1876, and all registered unions are supposed to 
send in such returns, duly audited in the manner 
provided for in the rules of the several unions. It is 
a statutory obligation on the part of the trustees to 
see that they are duly sent in yearly. The registered 
unions are accorded privileges under the Acts, one of 
which is the exemption from income tax of all divi- 
dends and interest on investments to the extent of the 
whole of the funds devoted to provident benefits. In 
1907 the new unions registered were 33, while 828 were 
either dissolved or had given notice of dissolution. 
Some of the latter, however, might have amalgamated 
with other existing unions. 

The a te membership given in the returns was 
1,719,031 in 1906, and 1,973,560 in 1907. The total 
income was 2,709,665/. and 2,936,095/. respectively. 
The expenditure was 2,283,230/. and 2,379,937. re- 
spectively. The balance of funds was 5,864,342/. and 
6,424,176/. respectively. The latter is significant, but 
there was a sad drain on the balance of 1907 during 
last year. Going back, for comparison, to 1877, then 
to 1887, and thence to 1897, the following figures show 
the relative progress in each decade :—Number of 
returns, 157, 203, and 604; of members, 267,659, 356,416, 
and 1,210,195; total income, 323,763/., 722,812/., and 
2,164,723/. The expenditure is only given for 1906 
and 1907. The balance of funds at the respective dates 
were :—In 1877, 388,578/.; in 1887, 606,228/.; and in 
1897, 2,382,936/. It is somewhat remarkable that the 
balances show up so well, seeing that the benefits in 
the better class of unions are far in advance of those 
in the best friendly societies, including, as the unions 
do, sick, accident, superannuation, and out-of-work 
benefits, in addition to strike-pay. 


The report of the National Union of Boot and Shoe 
Operatives shows “‘ that trade is picking up very slowly 
indeed this year.” There is a cheery hope that next 
— will show decided improvement. One of the 
‘*Government contractors having refused to keep to 
the conditions of the Army statement,” the President 
of the union waited on the firm ; he suggested that the 
matter should be referred to the Army rd of Arbi- 
tration as the proper authority to deal with the case. 
A dispute at Leicester was promptly dealt with by 
the officials and settled. Three other disputes are 


8 | chronicled, in London, Kingswood, and Hinckley, and 


were similarly dealt with. One, at Glasgow, was re- 
ferred, and the settlement was in favour of the work- 
ame ge At Leeds, after negotiation, the union has 

en able to induce the manufacturers to agree to a 
statement regulating the wages and prices of the 
female workers. This is said to be the first of its kind 
agreed to. At Chesterfield the workers secured ad- 
vances in wages, and also in Dublin by a new state- 
ment agreed to by both parties. In the Bristol dis- 
trict there was still some unrest, but no strike had 
develo: The new statement agreed to at Cork 
comes into operation in May next. e terms appear 
to give the operatives great satisfaction. Considering 
the multiplicity of details in the boot and shoe trades 
r to 
be doing excellent work, with very little friction. 
Each side seems to desire peace, and negotiation pre- 
vents disputes from entering into strife. 


The Jronworkers’ Monthly Journal gives a good con- 
densed report of the annual meeting of the Midland 
Wages Board held last month. In the report, a brief his- 
tory is given of the fluctuations in wages, from 9s. 6d. 
per ton for puddlers, down to 8s. 6d. ; it also reviews 
the history of the revised scale made last year. Details 
are given of the matters which came before the Stand- 
ing Mea hes from time to time, and the modes of 
settlement. Two additional representatives, one on 
each side, have been elected to the Board, representing 
North Staffordshire, the increase being welcomed by 
all parties. The ers, in referring to the past 
year, agreed that the Board had been o t use in 
averting disputes, which, in other trades, been so 
disastrous. In the iron and steel industries there was 
harmony and good feeling, even though the times were 
trying. In other parts of the Journal attention 1s 
given to the law proceedings with respect to the pay- 
ment of Parliamentary levies, each case being noted, 
together with the decisions of the unions in face of the 
final ap to the House of Lords. The Pattern- 
makers have decided not to im the levies, and the 
Registrar has refused his sanction to the new rules of 
the Enginemen and Cranesmen’s Association relating 
to that subject. For the present the executives of the 
unions Gad theesclves in a difficulty over this sub- 
ject. Most of them think it best not to enforce the 
evies until the final judgment of the House of Lords. 
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The debate on the Sweated Industries Bill in the 
House of Commons last Friday was notable by reason 
of the general support given to it on all sides of the 
House. The second reading was moved by its first 
backer, the Unionist Member for Durham, its other 
backers being Sir Charles Dilke and Mr. A. Henderson, 
Labour Member. The Bill is describedas ‘‘ a Bill to 
improve the conditions of employment, including the 
establishment of a legal minimum wage for persons 
employed in certain industries.” It was notable that 
warm support was given to the measure on the Con- 
servative side. The Bill was not pressed to a division, 
as the Government Bill is still before the House. All 
admitted that it was a new departure in legislation, 
but the deplorable effects of sweating were such as to 
necessitate legislation. The Government measure 
provides for the requisite machinery for carrying out 
its provisions, and care is taken to ensure the repre- 
sentation of all the parties concerned. Only in this 
way can injustice be averted. The proposals are all 
new in labour legislation. 





Financial considerations and other circumstances are 
having the effect of moderating the aggressiveness of 
the Independent Labour Party. Instead of dumping 
down candidates in most of the constituencies, as was 
at one time threatened by some speakers at public 
meetings, the Council now suggest that only twenty- 
two, or, at most, twenty-five, candidates be fixed, and 
this, it is estimated, will cost the party 11,000/. At 
present no Parliamentary fund exists, and a grant of 
489/. has been made from the general fund to meet the 
deficits of recent elections, and now the Croydon con- 
test will create another debt. The council therefore 
recommend a levy of ls. per member, to create a 
Parliamentary fund available for election purposes. 
The income from the general fund is devoted to 
organisation, propaganda, rent, salaries, printing, 
and general office expenses. The total income is 
said to have been 8870/. last year, as compared with 
6800/. in the previous year; but the cost of pro- 
paganda increased from 1041/. to 1229/. 1t is _ 
posed to effect economies in printing and publish- 
ing by establishing a ‘‘ National Press” for the party’s 
use. In recommending the limitation of the number of 
candidates to 22, as already fixed, the members are 
reminded that ‘‘ some of the trade-union candidates on 
the Labour Party’s list are well-known members of 
our Party.” It is stated that there are now 887 
branches, a gain of 152 during the past year. As some 
of these branches appear determined to run indepen- 
dent local candidates, the proposed limitation might 
not be possible. At the present time there is a split 
in the Salford district, where two members of the Party 
are opposing each other at a local election, all efforts 
to heal the breach being abortive. The matter is to 
be referred to the Council in London, 





At a representative gathering of 150 delegates of 
operative cotton-spinners, acting on behalf of 22,900 
members of the unions, it was pro to alter the 
rule from four-fifths majority for or against a strike to 
three-fifths, but it was defeated by an overwhelming 
majority, only a few voting for the proposed alteration 
in the rule. It may be remembered that there ap- 
peared to be a revolt against so large a majority being 
required during the cotton trades’ dispute last autumn, 
when some of the more aggressive members complained 
that the majority required for a strike was too large, 
the rule requiring 80 per cent. of the total who took 
part in the ballot. The executive were averse to the 
proposed change, and urged that the rule should be 
adhered to intact. The result is a t victory for 
the more moderate section of the members, who prefer 
peace to strife. Besides, just now it would be most 
unwise to make the proposed alteration, as a joint 
committee is engaged in preparing a scheme which has 
for its object the prevention of strikes, and a smaller 
majority might upset the whole scheme. The officials 
and executive favour peaceful negotiation. 





The Seamen and Firemen, at a t indignation 
meeting held last week at North Shields, resolved to 
resist to the utmost the pro reduction in wages 
from 4/. 10s. to 41. per month. It was stated that the 
men’s representatives pro a conference with the 
North of England Shipowners’ Association, but it was 
refused. Mr, Winston Churchill had been approached 
with the view of arranging a conference, and it was 
hoped that he would use his influence in promoting it. 
Meanwhile the men generally, it is said, refuse to sign 
on at the lower rate, but the shipping trade is in a 
bad state, freights are not only low, but not easy to 
get, a lot of ships being at present hung up. 





The Central London Railway Company have con- 
sented to create a Conciliation , similar to that 
under the scheme of the Board of Trade ; conse- 
‘juently the intended opposition to the company’s Bill 
by the Labour Members was withdrawn, and the 
second reading was agreed to. 


There is very little change in the position of the iron 





and steel trades. The quarterly meeting towards the 
close of last week was poorly attended, and very little 
business was done. re an expectation 
that wages would have been reduced, but they were 
not, as the selli 
reduction, though in the North of England they did. 


The wages of West Cumberland blast-furnacemen 
were reduced 2? per cent. owing to the lower selling 

rice of pig-iron warrants du the past quarter. 

he wi are now, however, 174 per cent. above the 
standard basis. A year ago wages were 25 per cent. 
above that basis, and two years ago 42} per cent. above 
the standard. A rise in prices is not yet realisable. 


The Midland W Board, . the report of the 
accountants respecting wages during the past two 
months, decided to continue the same rate of wages as 
before: 88. 6d. per ton for puddling, other rates in 
proportion, as heretofore. - 





A number of miners were tried at the Somerset 
Assizes for rioting, intimidation, and assault last 
week in connection with the strike at the Dunkerton 
Collieries. Several were acquitted, but five were 
found guilty, and one was sentenced to nine months’ im- 
prisonment, two to seven, and two to four months 
respectively. The law does not allow of violence, 
even during a strike. 





The Distress Committees under the Unemployment 
Act have had all the grants possible out of the amounts 
laced in the hands of the Local Government Board 
or the financial year 1908-9. No fresh grant can be 
made until Parliament ratifies the proposal. But 
distress still exists in acute stages in many large towns 
as wellas in London. In the shipbuilding and engi- 
neering centres generally it is deplorable. 








WORKMEN’S COMPENSATION ACT: 
IMPORTANT APPEAL CASES. 

Death after Chloroform.— Amongst the ap; cases just 
decided by the Court of Appeal was that of Shift v. Calico- 
Printers’ Association, Limited, in which a novel and most 
important point was involved. A workman had been 
employed in a calico-printing factory, and had his hand 

ly crushed between the rollers of the machine. He 
was treated in the hospital, where in the ordinary way 
his hand would have been amputated, and the workman 
would have had a big claim —— his employers for 
being maimed, and unfitted for his trade for the rest o 
his hfe. There was an exceptionally skilful surgeon in 
the hospital, who, to avoid such serious consequences, and 
to save the man’s hand, had recourse to an ingenious 
experiment. He put the man under an anesthetic, 
cleaned the hand, and, as the veins of the forearm would 
maintain the blood circulation in the hand, he pro 
to cover a part of the hand with skin, and finally to treat 
it so that rigidity would be avoided, and the hand be 
made fit for ordinary use. The surgeon quite successfully 
performed the first operation of cleaning the hand, and 
temporarily discharged the man, who was afterw 
brought back for further treatment, which was to com- 
lete the job, and involve only a slight operation. Un- 
ortunately, the poor fellow succumbed to the second 
anesthetic, and died. 

The County Court Judge, as arbitrator, declined to award 
compensation to the widow, on the ground that the second 
administration of chloroform, which cost the man his lif 
was used for this second operation, which was a ‘‘novel an 
bold experiment.” Had the hand been simply amputated, 
the claim would only have been for the injury, and not for 
the less of the man’s life. It was shown, on the other 
hand, that the second experiment, although novel and 
ingenious, was not daring, and that had the man, after 
surviving the more important part of the operation, sur- 
vived the remaining and more simple part, he would have 
been free from permanent disablement. The two opera- 
tions were really one. There was no recklessness or ap- 
parent danger to life by the second operation, which was 
to avoid rigidity of the hand, than there was in the first 
operation. Had the man died under the first anzsthetic, 
there could, of course, have no defence on the em- 
ployers’ part ; why then, asked the Master of the Rolls, 
should the fact that the operation involved two adminis- 
trations of choloroform release the employers of the con- 
sequences. The operation, as designed by this skilful 
surgeon, would have been such a success as to restore to 
the man the full use of his hand, thus relieving the em- 

loyers of a more onerous responsibility, which would 
ve attended them had the man lost his hand. There 
was no “bold experiment” in administering a second 
anesthetic any more than there was during the first ad- 
ministration. The case was sent back to the arbitrator to 
assess the amount of the award due for the man’s death, 
which was entirely an accident in the course of the work- 
man’s employment. This common-sense decision of the 
Court of Appeal is welcome as settling a disputed point. 

Unexplained Drowning.—The Court of Ap had 
before it last week the appeal of the owners of the s.s. 
Wild Rose, against whom an award was made by the 
County Court Judge, as arbitrator, to the widow of an 
engineer named who was found drowned near 
his ship lying in dock. an engineer 
came on board at ten ——- at night, —_ both were ex- 

ing to get up steam for departure in the morning. 
PeMarchall was meses from his berth, and in the morn- 
ing he was found drowned close to a quarter of the ship 


prices realised did not warrant a pla 





where he and his mate were accustomed to sit when on 
deck. The presumption was that he had sat there after 
coming on board and that he fell over in the dark. 
The Court of A had to consider if this unex- 
ined cage, y happened to the unfortunate man 
e 


in the course of was no prima 


mplo t. There 
facie case involving the cebwes in liability for the acci- 
thought the i 


dent; at least the judges y were bound by their 
own decision in previous cases, and allowed the appeal. 

Previous cases—such as that of the cook of the s.s. Bana 
= T.L.R., 887), who disappeared off th 
ound drowned, and the similar case of Bender v. Owners 
of s.s. Tent, recently decided—left the Court of Appeal 
no alternative but to give judgment against the widow of 
the drowned engineer, but the were most reluctant 
to do so, as they recognised that in the nature of their 
employment the death or injuries caused to seamen were 
often unexplainable, and that to presume the accident 
occurred outside the scope of their employment might in 
some cases be most unjust to the ars or their repre- 
sentatives. The Master of the and Lord Justice 
Fletcher Moulton, for this reason, hoped the point will be 
taken to the House of Lords, as there is need of a final 
decision to assist the arbitrators and the judges, and so 

vent injustice being done in the administration of the 
orkmen’s Compensation Act in so far as it extends to 
all workmen on board ship. 

Refusal of ton.—One of the most difficult points 
which has yet been before the arbitrators in cases under 
the Workmen’s Compensation Act is that of determining 
when an applicant may awarded compensation, in 
spite of his refusal to submit to an operation, and when 
such refusal may be deemed “ unreasonable,” and may 
stop the a a mel claim to compensation. There have 
been few decisions on the point in the Court of Appeal, 
therefore the latest illuminating judgment of the ter 
of the Rolls, and agreed to by the other Lords Justices, 
will be welcomed as making a general understanding of 
the law more clear. 

On the Ist inst., in the case of Tutton v. Owners of 5.5. 
Majestic, an a was heard from the judgment of the 
County Court Judge as arbitrator, who had refused suffi- 
cient compensation under the following circumstances :— 
The applicant, Tutton, wasa seaman, and in the course of 
his employment on board the s.s. Majestic he met with a 
serious accident, which caused a double rupture. He 
was treated by the ship’s surgeon, and on arrival at 
Southampton was sent to hospi where the doctors 
recommended an operation, which applicant refused, 
as his own doctor said it would be attended with grave 
risk, as the man had Bright’s disease and a anty 
enlarged heart. The County Court judge had the evidence 
of medical men on both sides, and he apparently weighed 
in his own mind the relative value of the evidence for and 

inst the operation, and came to the conclusion that 


f | the doctors who advised the operation were right, and he 


accordingly awarded the oa compensation only for 
the period dating from the time of his arrival at the 
hospital till the estimated time of his recovery, had the 
operation taken place. 

fenee this the applicant appealed. 

e Court of Ap was guided by the principle in the 
few cases already decided in the Court of Appeal and in 
Scotland—namely, that the law could compel no man to 
submit to a surgical operation ; but that if his objection 
to it were frivolous and unreasunable, the arbitrator 


ards —_ stop his claim to com 


a 
na ay reported, Warncken v. R. Moreland 
and Son, Limited, the applicant refused the operation, 
even when it was strongly recommended by his own doctor 
as well as those called in by the employers. His refusal 
was deemed to be unreasonable, and his compensation 
disallowed. On the other hand, in this latest appeal case 
the Court held the County Court Judge was wrong in 
balancing one medical opinion against another, and con- 
cluding in favour of one of them, and in assuming that the 
applicant was un in not taking the same view. 
question for the arbitrator is not whether or not the 
pro operation is by an outsider as advis- 
able, but whether the applicant is reasonable or unreason- 
able in objecting to it. This seaman’s own doctor said 
the operation under an anesthetic would be a serious 
risk, considering the man’s constitution, and without an 
anesthetic the operation would be “barbarous.” This 
opinion may, or may not, have been correct, but the Court 
of Appeal thought it sufficient to justify the man’s refusal. 

This case, it will be seen, makes the point more clear 
that it is not. what is the balance of ical evidence in 
favour of an operation that has to be considered, but 
whether the workman has any reasonable cause to be 
afraid ; and if there is, he may refuse, and the employer 
cannot compel him to submit to an operation, or stop his 
compensation. The Court. of Appeal therefore allowed 
the applicant’s appeal. 

Workmen Employed Abroad.—The question has often 
been asked, Does the Workmen’s Compensation Act apply 
to accidents happening to English workmen employed 
abroad? It is a most important point, considering that 
British contractors are accustomed to send their workmen 
to all parts of the world. 

Curiously enough, no case has arisen till now to decide 
what is the scope of the jurisdiction of the Workmen’s Com- 
pensation Act, 1906. On the 3ist ult., in the Court of 
Appeal, the case of Tomalin v. Pearson and Sons, Limited, 
proved of great interest, as raising for the first time the 
question ofjthe liability of employers in respect of accidents 
to their workmen when engaged on jobs outside the United 
Kingdom. A fitter named Tomalin had been in the 
employ of the well-known contractors for some years at 
the Dover breakwater, when he was sent by them to similar 
work on the breakwater at Malta, where he was engaged 
from July, 1907, till August, 1908, when he met with a fatal 
accident in the course of his employment. His widow, 
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as his sole de t, naturally enough claimed com- 
tion. @ deceased wor! before quitting 

ver, had entered into an agreement of service in 
Malta at 50s, a week. The contract made no reference to 
the Workmen’s Compensation Act, and in any event it 
would not have affected the widow’s claim. was no 
y to the.contract, and as a dependant any rights she 
were on 


of the United Kingdom ? 

arbitrator, had awarded com 

seins, Sine caviar: Spee oe ae a 
gran a) ng e 

on the ground that the Act of 1906 clearly was not in- 

tended to have any application outside the United King- 

dom, except in the case of seamen. : 

It will be remembered that in its application to 
the crew of any registered British ship the operation of 
the Workmen’s Compensation Act was, under ion 7 
of the Act of 1906, extended tu this class of workman for 
the first time. These are the only workmen who, as a 
class, are habitually employed within and without 
the limits of the United Kingdom. Nothing in the Act is 
left to inference, and it is evident that the Act which 
applies to seamen distinctly defines the limitations within 
which employers’ liability extends to accidents to work- 
men outside the United Kingdom. 

It should be noticed that in the interpretation of British 
Acts of Parliament it is the rule that they do not operate 
beyond the limit of the United Kingdom, unless other- 
wise distinctly expressed. Section 7 is the exception in 
this Act distinctly expressed, and there is therefore no 
doubt that its a= go is strictly limited to those 
workmen emplo on board ships registered in British 

rts. The widow in this case was clai ae. Sap 

nt, under a statutory obligation which did not apply 
to any workman employed abroad. It is a hard case, 
seeing that it was Deny of continued service from 
Dover to Malta, and that the parties to the contract of 
service were English. 

This case will probably suggest to British workmen con- 
tracting for service ab that in their contract the 
employers should be bound to observe the same obligations 
as are imposed by the Workmen’s Compensation Act, 
1906, in respect of injuries to workmen employed within 
the limits of the United Kingdom. It would be a wise 
and a just precaution, and it would not be wltra vires, 
where the workman as a contracting party is concerned, 
in the case of Saga barge his in the course of his em- 
ployment abroad. ut no provision such as we have 
fos, augers could apply in the case of a workman’s death, 
as the widow, being no party to the contract of service, 
could claim only for fulfilment of a statu obligation 
which has no force outside the United Kingdom, except, 
of course, in the case of seamen. 








Tue Trap or Hutt, 1908.—The Kastern Morning and 
Hull News Company, Limited, 42, Whitefri te, Hull, 
have sent us a copy of their annual review of the trade of 
Hull, dealing with the year 1908. Statistics show that the 
year 1907 was a record one so far as the port of Hull was 
concerned, some 800,000 tons more shipping entering 
the port that year than ever before. In 1908 affairs were 
not 8o , being about 457,000 tons short of a 
for 1907. The review before us deals, in turn, with the 
various trades as affecting the port, while figures are given 
in some instances for the whole Kingdom, in order to 
show the general state of trade in the country. Particulars 
are likewise given of other Humber ports, Grimsby, 
Goole, &c., receiving a certain share of notice. 


PortaBLe Vacuum CLEaNnerR.—On Thursday, the Ist 
inst., in response to an invitation from the British 
Vacuum Cleaner Company, Limi we were 
to be t at a demonstration of the use and work- 
ing of a new portable vacuum-cleaner which has re- 
cently been placed on the market. Unlike so many 
of the inefficient portable household cleaners that have 
been before the public during the last few years, the 
machine on view does not rely on bellows for the pro- 
duction of the necessary vacuum, but on a substantial 
rotary-pump which is capable of producing a vacuum of 
22 in. at the filter-box, and is, therefore, quite a different 
thing from many of those known to the public. The 
apparatus consists of the rutary-pump just referred to, an 
edabainbien, and a filter or dust-box. The machine is 
made in two sizes, the smaller one. having a pump not 
uite so powerful as the larger machine. In both cases 
the electric-motor used is the same. size, and absorbs a 
current of 2 amperes at a voltage of 220. In the case of 
the larger machine the motor, the pump, and the filter- 
box are all contained in a box about 3 ft. long by 18 in. 
wide and 18 in. deep; but in the case of the smaller 
machine the filter-box is placed on the floor of the room, 
and is not in the box. e smaller machine is capable of 
exhausting 1000 cubic feet tour, and the larger one 
1200 cubic feet. machines are well and evenely 
made, and should easily be capable of fulfilling what t 
makers claim for them. We were able at the demonstra- 
tion to form a idea of the work they would perform, 
for some of. the tests were sufficiently severe to have 
failed had the machine not been powerful. For instance, 
flour sprinkled on the floor underneath a thick pile 
Axminster carpet was drawn up through the fabric of 
the carpet by the vacuum, and thick cushions were de- 
ived of the whole of their dust. Included with the 


” 


nderstand, speci adapting this machine for clean- 
oe eee iaein stan saree. 


and | no description of 
blished. 





THE DETERMINATION OF THE THRUST 
OF PROPELLERS. 


Note on a Mechanical Method for Determining the Thrust 
of Propellers.* 
By J. H. Hecx, Member. 


Owrne, no doubt, to the magnitude of the forces and 
reactions to be dealt with, very few attempts have 
made in modern steam-vessels to determine the actual 
thrust of the propeller, and, where such have beén made, 
i the apparatus appears to have been 


pu 

A number of trials having been made with various forms 
of a tus, it was considered that a short description 
would be of interest ; the results appear to show that the 
thrust of a ler can with considerable 
accuracy, if one of the tunnel shafts is utilised to form 
the ram of a hydraulic press and a slight separation is 
allowed between any two of the tunnel-shaft flanges. 
The following is a brief description of the method for 
determining the thrust of propellers. 

@ propeller-shaft coupling end and the adjoini 
tunnel t coupling end are enclosed for a short le 
within a hollow cylindrical casing, in which the shafting 
can revolve (Figs. 1 to 6, page 501). 

The casing is fixed in the shaft tunnel, and is made 
water-tight by means of a stuffing-box at each end. It 
can be filled with water and put under pressure by a small 
force-pump, the pressure of the contained water being 
determi by a pressure-gauge or recorded by an in- 
dicator. When the apparatus is to be used for measuring 
the thrust, the enclosed coupling flanges are kept just 
clear from each other, and are also arranged to be capable 
of being separated a short distance apart (about 4 in.) in 
the fore and aft direction. This arrangement produces a 
powerful and compact hydraulic jack, in which the pro- 
peller shaft itself forms the ram, and the short casing in 
which it revolves the ram-chamber. 

The water in the casing finds its way between the faces 
of the enclosed coupling flanges, and, when put under 
sufficient will slowly force the shaft outwards, 
against the thrust of the propeller and the friction of the 
shaft ; while, if the Lrg is stopped and the pressure 
in the casing’ reduced by allowing the water to escape 
very slowly, then the thrust of the propeller will force 
the shaft back again, or inward, against the pressure of 
the water in the casing and the friction of the shaft. 

If the pressure (P,) of the water in the casing is recorded 
when the hand-pump is displacing or forcing the propeller 
shaft outward a distance, and the pressure (P.) of 
the water in the casing is also recorded when the thrust 
of the propeller is allowed to force the shaft back or 
apnea, then the thrust (T) of the propeller is very closely 
given by 


T= (P, ; Py) x area of shaft revolving in bearing .(1) 


and the resistance F due to the friction by 


F= f, — Fy) x area of shaft revolving in bearing (2) 


The test can be made on any two adjoining shaft coup- 
lings abaft the thrust-block. The oa see 7 gn coup- 
ling and the one adjoining it were only used for facility of 
illustration and description. 

In addition to a tests, two series of experi- 
ments have been le in order to determine and gauge 
the en of accuracy of the results obtained by this 
me’ . In the first series, a number of hydraulic jacks 
with vertical rams, having a lifting capacity up to 100 
tons, were employed (Fig. 7), the ram-chambers being 
connected with a small hand-pump and accurate pressure- 
gau Known weights (W pounds) having been placed 
on the ram-heads of A square inches area, the respective 


ed pressures P, and P, recorded on the gauges during the 


operation of lifting and —— the weights were noted. 
As the motion of the rams was slow, the acceleration was 
practically nil, and the pressure remained constant during 
such operations. When the weights W were being slowly 
lifted by working the hand-pump slowly, the pressure in 
the chamber was ter than that corresponding to the 
weight lifted, it being evidently proportional to W+ F, 
where F is the power necessary to overcome the friction. 
When the pumping was stopped, and the water per- 
mitted slowly to escape, so as to allow the weight to 
descend slowly, the pressure in the chamber was less than 
that corresponding to the ~~ descending, it being 
nos A proportional to W-F, the result being ex- 
y 


pressed 
P, x A = W+F (when lifting) . (3) 
P, x A= W-F (when lowering) (4) 


the sum and difference giving 


W = Fit Po) 4 (5) 


ns fie Ps) a (6) 


By referring to Tables I., II., and III., annexed, it will 
be seen that the weights lifted could be closely rmined 
when employing the recorded pressure, and it may be added 
that only a very trifling movement of the rams upward 
and downward was necessary to determine the respective 


ical passing through the 
centre of gravity of the known piled weights did not _ 
through the vertical axis of the rams or plungers, thus 
* Paper read before the Institution of Naval Architects, 
April 1, 1909, 





producing a'bending moment ; in other cases the friction 
was increased by artificial means. Under such circum. 
stances, while the difference between the recorded pres- 
sures varied, the sum of the pressures practically remained 
constant, and proportional to the weights. By watching 
uge, the instant when the hts were 


the pressure-ga’ 
being lifted or when they were descending could be noted 
with precision. 

TaBLE I.—Experiments with 75-Ton Hydraulic Jack. 


im 


Weight 
by 
Jack in 

Pounds. 





Pressure Corres- | Actual Pressure 


—_ to | by Ga in 
| Welght 7 ounds | Poun 


& 


COWRA Me wroK | 


80 
2480 | 87.6 | 88 


TaBLE II.—Exrperiments with 0-Ton Hydraulic Jack. 


101 101.5 
114.6 115 
128.8 130 
143.04 145 
157.2 156 
171.5 173 
185.7 186 
205 204 
214.1 213 
228.3 

242 | 
256.7 | 


TaBLe III.—Experiments with 100-Ton Hydraulic Jack. 


1403 
1627 
1851 
2075 
2299 
2859 
3419 
3979 
4539 
5099 


229 
242 
259 
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W = Weight lifted in pounds. 
A = Area of ram in square inches. 

P, = Pressure in chamber when lifting weight. 
P2 = Pressure in chamber when lowering weight. 


TABLE IV.—Ezxperiments with Revolving Shafts. 
Revolutions, 50 to 60 per minute. 





Thrust on Ends of Revolving 
Shafts in Pounds per Square 
Inch of Shaft Section as Deter- 
mined by Meter 
i. P, + Po 

> 


Actual Thrust on 

Ends of Revolving 
Shafts in Pounds 
per Square Inch 
of Shaft Section. 
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TABLE V.—Experiments with Revolving Shafts. 
Revolutions about 410 per minute. 

127 

143 

158 

175 

189 

205 

223 

238 

255 

271 

ll 285 

12 ! 319 
Pressure on end of shaft produced by apparatus illustrated in 

Figs. 8 and 9. 

1 = Pressure in pounds per square inch in meter when shaft was 


being forced outward by force-pump against the end thrust. 
re in ds per square inch in meter when shaft was 


Po= Pressu 
being forced back oy heme by the end thrust. 
TaBLE VI.—Experiments with Revolving Shafts. 
Revolutions about 50 to 60 per minute. 
37 F 
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~ ‘Ends of shaft revolving in accumulator as illustrated by Figs. 10 
“ne Roe oieeboee 
in per inch in © when shaft 
dn a 


P, = 
= in uare inch i ter when pres 
pounds per sq inch in me . 
forced 


iat in accumulator back again into meter. 


The results of the tests made with a number of hydraulic 
— demonstrated that the weight or thrust on the ram- 
could be accurately determined, and that the results 
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were independent of the friction of the ram ; and isolated | thrust ranging from 50 Ib. to 500 Ib. per square inch of 
experiments also proved that this held good if the rams, | shaft section. , ‘ 
while in the act of lifting or lowering weights, were at| The thrust-meter employed (Fig. 12, page 502) consisted 
the same time revolving or rotating in the ram-chamber. | of a short cylindrical casing rende water-tight by a 
In order to test the method further a number of ex- | stuffing-box at each end, in which two enclosed shaft- 


Fig.1. SKETCH ILLUSTRATING CONSTRUCTION 
OF THRUST TER. 





water being determined or recorded by a pressure-gauge 
eS dof the shaf 1 

e outer end of the t represent a tunnel or 
thrust-shaft was fitted with two thrust-colle 80 as to 
prevent any end motion, and with two wheels, so that it 


Fig.4. SKETCH ILLUSTRATING CONSTRUCTION 


THRUST METER. 
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END ELEVATION 


ARRANGEMENT OF HYDRAULIC JACKS 
EMPLOYED DURING EXPERIMENTS 
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Fig.8. 
APPARATUS EMPLOYED FOR DETERMINING 
THE END THRUST ON REVOLVING SHAFTS 
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periments were made with small revolving shafts, which ompinn ends could revolve. The casing could be filled 
could be subjected to various conditions in regard to speed | with water and put under pressure by a small hand-pump, 
of revolutions, end-thrust, and friction resistance. The | and the pressure could also be controlled and i - ge 
apparatus, which could be hand or power driven, is | by a screw ate owe (H, in Figs. 8, 9, 10, 11, and 12). 

Dosteated by Figs. 8, 9, 10, and 11. The maximum; The onhene anges were so that their faces 
number of revolutions exceeded 600 per minute, the end- | could be slightly separated, the pressure of the enclosed 
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could be either hand or power driven ; the outer end of the 
other shaft, representing the ge page revolved in 
a bearing, and was capable of sliding a short distance 
either astern or forward. 

A crank-lever having a long and short arm was employed 
in one arrangement (Figs. 8 and 9) to produce the desired 
end thrust, and, in order that this could be regulated, a 
scale-pan, in which known weights could be placed, was 
suspended from the end of the long arm. 

In another arrangement (Figs. 10 and 11) the lever for 
producing the end thrust was dispensed with, the end of 
the free shaft representing the propeller-shaft being in- 
serted into a power or hydraulic accumulator, the connec- 
tion pone | made water-tight by means of a stuffing-box 
and gland, in which the shaft could revolve. By piling 
on known weights, the oil contained in the accumulator 
could be put under any desired pressure, and therefore 
the thrust of the liquid on the end of the revolving shaft 
could be varied at will. 

During the experiments the ram of the accumulator was 
kept revolving, in order to ensure accuracy of pressure ; 
it was very easily moved or rotated, and although there 
was nopacking of any kind, it was quite free from | 
at all pressures. It is a fine specimen of accurate work- 
manship. 

With the arrangement fitted with the crank-lever 
having a long and short arm a spirit-level was used, in 
order to indicate when the revolving shaft was travelling 
in or out of the meter or casing, a short movement being 
found quite sufficient to get accurate results. When the 
apparatus with the accumulator was employed, the in- 
and-out movement of the revolving shaft was determined 
by a simple extensometer and level, and with this instru- 
ment only a very trifling in-and-out movement of the shaft 
was necessary in order to obtain the data required. 

A number of experiments, under varying conditions, 
were made with the apparetes, both when hand and power 
driven, the pressure P, in the meter being noted, which 
‘was necessary to force the shaft (area A) slowly outward 
aie the thrust (T) and the resistance due tw the friction 
(F); the pumping then being stopped, and the water 
allowed to escape very slowly from the meter, the re- 
duced pressure in the meter was also noted when the 
end thrust was forcing the eg en | shaft back or in- 
ward. As in the case with the hydraulic jacks, it was 
found that the thrust T and the force F n to 
overcome the friction were closely given by the expres- 
sions :— 


T =Fi+ ts x area of shaft revolving in meter. (7) 


PP, a x area of shaft revolving in meter. (8) 


F= 

When the thrust to which the shafting was subjected 
was kept constant, and the other conditions varied, then, 
while P; and P, would vary, the sum of the two pres- 
sures P; + P, practically remained constant or propor- 
tional to the thrust. 

In cases where the thrust was of a varying character, 
the casing was connected with a suitable indicator, so that 
the ures could be recorded. In such cases it was 
found convenient to employ a small accumulator in con- 
nection with the thrust-meter, the hand-pump communi- 
cating with the accumulator, and the accumulator with 
the meter, and the method of working was as follows :— 

The miniature accumulator was loaded to a pressure 
slightly in excess of that required to overcome the maxi- 
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mum thrust, and was kept full by means of the small | experiment are illustrated and given in a comparative | end view of an ordinary propeller thrust-meter.—It consists 
hand-pump, the water from the accumulator being allowed | form in Tables IV., V., and VI. The plan illustrated in | of a cylindrical hollow casing M, formed of repeats bolted 
slowly to leak into the meter, thus forcing the shaft gradu- | Fig. 1 is the outcome of a number of plans (Figs. 14, 15, and | together, having stuffing-boxes and —- G G at each 
ally out. When this had been done the connection with | 16, pages 502and 503), which were first tested ; in all cases end in order to make it water-tight. The casing is bolied 
the accumulator was cut off, and the water allowed very aslight separation of the two coupling flanges was required. by a foot F toa seating in the tunnel, and can be filled with 
slowly to escape from the meter-casing ; in this way it, Fig. 18, page 503, shows a general plan of the tunnel, | water and put under pressure by a small force-pump. A 
was ible to obtain a mean pressure both for the out- | showing the arrangement of thrust-meter, hand-pump, in- | suitable gauge and indicator are fitted where necessary, in 
ward and inward travel of the shaft. As the pressure in licator-gauge, and ordinary shaft-bearings. The thrust-| order to determine or record the —— of or some] -_ 

and T are enc an 


the accumulator was slightly higher than that required meter is only intended to be used on trial trips or on special | water. The shaft-coupling ends 
'can revolve in the casing; the faces of the flanges are 


Y r z | arranged so as to be capable of being separated 3 in. apart 
YY YY , eal ieidansite iagitedial tek Te uceh aon 
YYy Wy ing subject to heavy thrust, as in the case of torpedo 

«K << < vessels, the short portion of the shaft working in the bear- 

NS NN WN \N |ings of the meter-casing could be made of greater dia- 

7 NN YA 'W \ a |meter. This would increase the effective area opposing 
IG CLddddddl V a” eee ent — the retention of moderate pressures 
4 ' | Figs. 4, 5, and 6. Sectional elevation, plan, and end view 


Fig.W. APPARATUS EMPLOYED FOR DETERMINING of a thrust-meter M, having separate stuffing-boxes and 
THE END THRUST ON REVOLVING SHAFTS. glands GG at the ends.—The casing M may be of two or 


| THRUST METER EMPLOYED ON EXPERIMENTS 
| wi EVOLVING SHAFTS 


| Fig.12. 
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tg. 14. ARRANGEMENT OF THRUST METER & Fig.15. ARRANGEMENT OF THRUST METER FIRST EMPLOYED 
~~ HYDRAULIC JACK FOR HOLLOW SHAFTS. WITH REVOLVING SHAFTS. 
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to overcome the maximum thrust, this water of higher | occasions. After a trial the upper cap could be lifted, the | more parts, or it can be mad lindri i i 
; te . scons , the " le of one cylindrical piece, if 
aaey very slowly into the meter-casing, the special bolts removed, other sed aren in, and the nuts the men is put into position before the shafts P and ‘I 
shaft was also slowly forced out and the pressures in the , tightened up, and it could then be used to form a tunnel- | are connected together. 
o— on proportional to the thrust. shaft bearing. It could, however, also be designed, if| Fig. 7. Elevation of the arrangement employed in the 
sure ae ape os ve the et yan small, the mean pres- required, to be capable of being used at any time during | experiments with hydraulic jacks having a lifting capacit) 
detenmined | Ae Sear ye trol d be fairly well judged and | the course of a voyage. | up to 100 tons. —The jacks were sineedl with the rams H 
Peas lg y . om denon ro - - hand-pump, provided A full description of the apparatus and the arrange-/ in a vertical position, the known weights W being pile: 
pond : alee roth ‘the: haft aw watched, and by ob- ments is given in the Appendix. on the table T ; the ram-chambers were filled with wate: 
ne sateen sf e shaft when revolving was moving, In conclusion, I have to express my thanks to many and put under pressure by a small force-pump P, th: 
In the experiments it w Sound: the ; , gentlemen in Newcastle for the apparatus which they | pressure being determined by the gauge G. 
Pegg fem 2 sae was foun .s ut the resistance F, made, and the various experiments they carried out on} Figs. 8 and 9. Plan and elevation of the apparatu 
aaiie w Wi as very greatly diminished when the my behalf. employed in connection with the tests made with small 
ti me revolving, and this indicates that in actual | revolving shafts, which were subjected to various end 
Sr a power necessary to force the shaft out against APPENDIX | thrusts. The apparatus was driven at different speeds, 
© thrust, or to produce the slight longitudinal displace- , 2 = | the maximum rate exceeding 600 revolutions per minute. 
ment, will be found less than was originally anticipated. Description OF ILLUSTRATIONS. the end thrust on the shafting varying from 50 Ib. tu 


Some of the results which were obtained during the Figs. 1, 2, and 3, page 501. Sectional elevation, plan, and | 500 Ib. per square inch of shaft section. 
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P. Shaft capable of moving endways a short distance. 

T. Shaft prevented from moving endways by thrust- 
collars CC, 

W. Driving-pulley. F. Fly-wheel. 

M. ator temp 9 a ends of om 2 and T, ~ 
coupling flanges of which were capable of being separa 
a short distance apart in the direction of the eaghudind! 
axis of the shafting. 


D. Pressure-gauge. E. Connection to hand-pump, and, | 
| the casing could be filled with water and put under pres- 
' sure by a small hand-pump; the casing M was bolted to a 


if necessary, to indicator and accumulator. 

H. Small screw force-pump for controlling and regu- 
lating pressure in the meter-casing M. 

K. Crank-lever for producing end thrust on end of 
shaft P. 

L. Scale-pan for weights to regulate end thrust. 

O. Bearings for revolving shafts P and T. 

GG. Glands and stuffing-boxes. 





Fig. 13. Special form of shaft-coupling used during a 
portion of the tests. . 7 

Fig. 14. Sectional elevation of ap tus in which an 
hydraulic ram was employed in a hollow shaft. In this 
arrangement an hydraulic ram R wasinserted in a small 
hollow shaft T and revolved with it, a water connection 
being made between the ram R and the meter-casing M 
by means of a small aperture H. The head of the ram 
pressed against the coupling-face of the adjoining shaft; 


suitable foundation. ‘ 

Fig. 15. Sectional elevation of modified form of appa- 
ratus, illustrated by Fig. 14.—In this arrangement the 
shaft P is utilised to form an hydraulic ram, the casing 
Mo, which revolves with the shafting, being the ram- 
chamber. This chamber is rigidly attached to the collar 


Figs. 10 and 11. Plan and elevation of the apparatus em- | Cy of the shaft T, and is an easy fit and capable of sliding 


Fig.16. ARRANGEMENT OF DOUBLE THRUST BLOCKS & HYDRAULIC JACKS 
WITH SEPARATING SHAFT FLANGES BETWEEN. 
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Fig.i7. ARRANGEMENT OF DIFFERENTIAL THRUST METER 
_ IN PARALLEL 
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ARRANGEMENT OF THRUST METER IN TUNNEL 
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ployed in connection with the tests made with small revolv- 
ing shafts, in which the end thrust was produced by the 
cirect pressure of the water or oil contained in an accu- 
mulator.—The general arrangement was similar to that 
illustrated in Figs. 8 and 9. The end thrust, however, was 
produced by inserting the end of the shaft P into an 
accumulator K, the connection being made water-tight 
hy means of a stuffing-box and gland in which the shafts 
could revolve, 

R. Ram of accumulator. 

V. Table for weights to put oil in accumulator under 
pressure, so that the thrust on end of shafting can be 
\aried as desired. 

X. Extensometer or indicator-gauge for determining 
end movement of shafts in or out of meter M. 

C. Connection for pressure-gauge or indicator. 
h:. Connection for hand-pump and accumulator. H 
ig. 12, page 502). Sectional elevation and end view 
of meter employed in connection with apparatus illus- 
trated by Figs. 8, 9, 10, and 11. 
P. Shaft capable of moving endways a short distance. 
[. Shaft prevented by thrust-collars from moving end- 


WAYS, 
_ M. Meter-casing having stufting-boxes and glands G G 
inorder to make it water-tight, and in which the shaft 
could revolve. 

BBB. Bosses or flanges for connection to hand-pump, 
pressure-gauge, indicator, or accumulator. 

H. Screw force-pump for regulating and controlling 
pressure in casing. - 


in the fore and aft direction on the collar C of the shaft P. 
The chamber M is fastened to a suitable foundation, and 
together with My can be filled with water and put under 
pressure by a small force-pump, a water connection being 
made by means of the small aperture H. The water 
finds its way between the faces of the couplings B and B,, 
and the two shafts could be omer ightly apart by 
putting the water contained in the casings under sufficient 
pressure. The one are made ore by means of 
the stuffing-boxes G G and the packing L L. — 

Fig. 16, abeve. Plan of arrangement with two hy- 
draulic jacks and two thrust-blocks.—In this arrangement 
two thrust-blocks T and T, were used, T being fixed, and 
T, capable of shifting a short distance in the longitudinal 





direction. Hydraulic om H H, one on each side, con- 
nected the two thrust-blocks. The coupling flanges CC 
between the two blocks were capable of slight separation, 
so that when the jacks were put under pressure the after- | 
block and the shaft would be forced back a short distance. | 
A pipe P connected the two jacks, and also afforded attach- | 
ment for a pales and pressure-gauge. 

Fig.17. Sectional elevation of differential thrust-meters 
in parallel.—In this arrangement two meter-casings M M | 
are shown, enclosing at one end an ordinary part D, and | 
at the other end an enlarged or swelled part L of the 
tunnel-shaft S. The casings are connected together by 
the pipe P, which is in communication with a hand-pum 
and gauge, in order that the —— can be filled wit 
water and put under pressure, and the 





The casings are made water-tight by means of the stuffing- 


boxes and glands G G, in which the shafts revolve. The 
coupling C is capable of being separated a short distance 
apart from the adjacent compliant C,. 

Fig. 18. General arrang t in tunnel of thrust- 
meter, hand-pump, indicator-gauge, and ordinary shaft- 
bearings. 











PROPULSION OF VESSELS BY CONTRARY 
TURNING SCREWS. 


The Propulsion of Ships by Means of Contrary Turning 
Screws on a Common Axis.* 
By Lieut.-Colonel G. Rora, R.I.N., Member. 

THE method of propulsion by two contrary turning pro- 
pellers on a common axis was first applied to marine pur- 
— by Ericsson in the Robert F. Stockton in 1839. 

ore recently we have had a general application of the 
same principle in the well-known Whitehead and similar 
torpedoes. In 1892 a little steamboat for passenger traffic 
on the Brent Lake (Neuchatel) had a similar engine work- 
ing the propellers by means of = under the patent of 
Stengen, of Strasbourg. Another similar patent} was 
claimed for a double propeller on a common axis, in asso- 
ciation with an oil-engine and belt drive. 

The guide-blade of Thornycroft’s system, and also the 
systems of Rigg and Parsons, can be considered as special 
cases of the double-propeller arrangement, the after screw 
being replaced by guide-blades. At the time that the 
above arrangements were devised, the reciprocating 
engine was the only kind of engine available for marine 
propulsion, and it was only possible to drive one of the 
two shafts (the inner one) off the engine, as no arrange- 
ment of gearing or belt-driving was found to be practic- 
ally workable for the outer propeller. The working screw 
was therefore placed in front of a fixed blade device, 
which acted as a guide to divert the stream of water 
issuing from the screw in parallel lines astern. 

But the fixed guide-blades, independently of their bene- 
ficial influence on the efficiency, certainly increase the 
resistance of the hull. It is well known, however, that 
this increase of resistance can be reduced if the guide- 
blades are not fixed, but form instead an integral part of 
the propelling apparatus. Withsuch an arrangement the 
stream of water is conveyed to the after part of the pro- 
pon in a more convenient direction, thus ensuring the 
»eneficial influence of that propeller on the forward one. 

In his interesting paper of 1888} Professor Greenhill, in 
explaining his yar hy the screw propeller, first analysed 
the case of the double-screw meant ee on & common axis, 
and pointed out the maximum efficiency it would be pos- 
sible to obtain by a special arrangement for increasing the 
pitch of the screws. I venture to say that a gain of effi- 
ciency is generally obtained by the double-screw propellers 
on a common axis, not as a consequence of increasing the 
pitch under the Greenhill arrangement, but merely by the 
subdivision of the propeller into two parts acting in oppo- 
site directions, yet of constant pitch. 

As the result of careful observations it may reasonabl 
be assumed that an increase of efficiency is possible wit 
the above arrangement of propellers instead of the ordinary 
single-screw. It is well known that with an hydraulic 
turbine an essential condition to get efficiency is to 
have the water conveyed by the guides before acting on 
the buckets ; in that case the guides evidently act in the 
same way as the forward screw on the after one. Similarly, 
with steam-turbines it is necessary, in every case, to have 
the acting fluid diverted from its ordinary course, and 
conveyed to the principal part of the moving apparatus in 
a direction more conducive to efficiency. 

Turning to the question of the reciprocal influence of 
hull and propeller, a most convenient result is obtained 
with the double-contrary turning-screws on a common 
axis instead of the ordinary single screw. 

1, Because the increase of resistance caused by the 
action of the double propellers is lessened when compared 
with that obtained by the single screw, in consequence of 
the smaller diameter of the screws. 

2. Because the gain in wake is considerable in the case 
of the double screws. 

Comparing the above arrangement of screws with ordi- 
nary twin-screws, we also get :— 

3. Reduced length of bracket for propeller-shafts, and 
consequently t reduction in the resistance caused by 
brackets, which commonly produce a great additional 
resistance in the hull ; 

4. Increase in the depth of water above the propellers, 
that causes another gain of efficiency. 

Other beneficial effects will ensue when considering the 
question from the point of view of maritime and inland 
navigation. Until now, although the arrangement of 
fodlie contrary turning screws on a common axis is not 
new, its superiority as compared with the single screw 
has not yet been demonstrated in a practical manner. 
That has been the subject of my researches, and I am 
indebted to His Excellency the Minister of Marine in 
Rome for having permitted me to carry out a complete 
series of trials with a steamboat in the Royal Dockyard at 
Castellamare di Stabia, first with a single screw and 
afterwards with two contrary turning screws of different 
diameters on a common axis with a constant pitch and 
alsu with increasing pitch, according to Professor Green- 
hill’s rules. The results obtained by these trials showed 
that a great gain of efficiency is to be expected with the 
double screws. It appears that about 20 per cent. of the 
horse-power can be saved. 

In the experimental arrangement on the vessel which I 

* Paper read before the Institution of Naval Architects, 
April 1, 1909. 

+ Described in the ‘‘ International Marine Engineering 





latter determined. | Magazine,” x 1907. 
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rans. I.N.A., vol. xxix,, page 319. 
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had at my dis 


1 for the trials the two shafts are driven 
hy gearing off the reciprocating engine, and the loss of 
power by friction should be taken into account in estimat- 


ing the probable gain resulting from the use of the double 
screws. Considering the improvements that should be 
possible in designing a installation on the double- 
serew system, there is no doubt that a considerable gain 
in efficiency may be secured. 


The main difficulty in the use of two propellers one |s 


behind the other, and acting in contrary directions, may 
he now surmounted by the use of turbine engines, by 
which it would be possible to drive in opposite directions 


two shafts with a common axis without gearing, belt, or | 


other driving apparatus which is unsuitable for use on 
board ship. It might also be tried if the combination of 
steam-turbines and reciprocating engines. could be con- 


veniently arranged to drive respectively the outer and | 
the inner shafts, connected with the forward and the after | 


screws respectively. The special turbine for reversing 
would thus be dispensed with, and the other advantages 
claimed for the ‘‘combination system” of machinery 
would be secured. 

The special arrangement of propellers I have described 
is also of advantage in disposing of the conflict between 


Fig. 2. 


-” 


the shafts to prevent water entering in case of accident to 
the shafts, the lubricating arrangements, &c., should all 
be subjects of careful inquiry. 

The experimental arrangement of shafts and propellers 
which I installed on the steamboat for trials has, howeyer, 
been working satisfactorily for a period of about a year 
in the ordinary service of the boat. 

Fig. 11 (below) shows an arrangement of double shafts 

Uy; ted for an installation of moderate power, but no 
doubt a better disposition for the various parts may be 
devised by specialists. 








APPENDIX. 

TRIALS WITH A LARGE STEAMBOAT TO ASCERTAIN THE 
ComMPARATIVE EFFICIENCY OF THE SinGLte ScREW AND 
THE Dous.Le Screws on A ComMON Axis REVOLVING IN 
OpposiITE DIRECTIONS, USING IN BOTH CASES THE SAME 
RECIPROCATING ENGINE. 


Principal Dimensions. 


Boat : 
Length 14 m. (46 ft.) 
Breadth a 3.60 m. (11 ft. 9 in.) 
Displacement 25 tons 


Scale Ye“ full sire. 





Boi'er : 
Grate surface... 0.71 sq. m. (7.64 sq. ft.) 
Heating surface 20.80 sq. m. (224 sq. ft.) 
Steam pressure 5.3 kg. per sq. cm. 
(75 Ib. per sq. in.) 


Figs. 1, 2, and 3, pages 504 and 505, show the experi- 
| mental arrangement adopted to rotate the two shafts in 
opposite directions with an ordinary reciprocating engine, 
the constructional arrangement of shafts aaa Wentleae 
and the shape and dimensions of the screws. 


Screw Dimensions. 
Stngle-Serew Trial : 
Diameter * 
Constant pitch 
Number of blades 
Double-Screw Trials. First Series: 
Shape, similar to that of the single screw. 


1.15 m. (3 ft. 9} in.) 
136, ¢ 5 ,,) 
4 





iameter $1 Le 0.814 m. (2 ft. 8 in.) 
Constant pitch bs a ee re 
Combined blade area of the two screws equal to blade 


area of the single screw. 


DISPOSITION OF SHAFTS ON THE STEAMBOAT FOR TRIALS. 






































on 







NY 
a eormmecree 





























: 








SS 


etl 
SSG 


GIIITILAELEELEE EL 


eee 
VINZTINV/ LSS 











IT | 
SS AUN ENS SE J 
., eee Sieiempeeneet SUM IPELIDILET Lo ogy, 


. Y) 













Derr ie 


NY 
\ 












eee 
Of 
Y La 











SECTION CC. 


steam-turbines and screw efficiency. It is well known 
that steam-turbines used on board ship cannot be so 
efficient as those used for land plants, it being impossible 
on board ship to have the high rate of revolution required 
for the highest possible efficiency. The screws have to be 
reduced in diameter, and consequently their efficiency is 
lowered compared to that of the single screw driven by 
reciprocating engines. The special ca g mony | of pro- 
pellers, the one behind the other, which I have described 
allows of a greater number of revolutions, and con- 
Seyuently produces a higher efficiency of the steam- 
turbines, and yet, with the reduced diameter of the screw, 
it allows a considerable increase over the propeller effi- 
cieacy than is possible with a single screw. If, as 

be'ieve, the gain in power were not less than 20 per eent. 
in a cruising ship of moderate size—say 10,000 tons— 


SECTION B.B. 





about 250 tons would be saved in weight of machinery 
rec uired to obtain 224 knots, or, on the other hand, a knot | 
more speed could be obtained with the same horse-power. 
‘he arrangement for a installation of two shafts | 
on a common axis and turning at high speed would, no | 
doubt, involve difficult practical ems. The most | 
convenient design of bearings for both shafts, the relia- | 
bility of the apparatus, the maintenance of the different 
parts, the special structure of the hull in the vicinity of 
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TABLE A. 


DousLe Screw in Use. 


First Serins. 





Seconp SeRigs. 

















; 
| Single (ee a, | 
se, | * | | | 
Boat. | 1H. | pay eng BE Sate t Dene lof Power for =H P.2”| Gain of Power 
LH.P. ower | “(cor- | LH.P.-LH.P.2 j99 | 1LH.P.” : (Cor- | LHP.) - LH.P.9” 
for Friction rected). LELP Friction | rected). | HB * 100 
(Deduction). re | Deduction. LH.P.,; 
knots per cent. per cent. 
FA 6s | 5.45 1.09 4.36 30.5 6 | 19 | «80 | 23.8 
5h as | “zal 1.46 5.86 29.4 | 7.90 158 | 632 | 23.8 
6 “Cee 2 8 28 | 10.80 2.16 8.64 | 22.1 
64 | 15.15 13.7 2.74 10.96 27.6 15 3 | 12 20.8 
7 21 19.2 3.84 15.36 26.8 21.70 4.34 17.36 17.3 
Engine: Number of revolutions, V2 x the corresponding 


Diameter of cylinders 0.20 m. (7.87 in.) 


ages blades on A 
er ... Fx 
Om gp a: a 0.18 m (7.08 in.) 


number for the single screw. 
General shape, similar to the single screw. 
Pitch, according to Professor Greenhill’s rules, 
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INTERNAL-COMBUSTION ENGINES FOR 
MARINE PROPULSION. 
Some Considerations on the Application of Internal- 
Combustion Engines for Marine Propulsion.* 
By H. C. ANsTrY. 

Tue principal advantages claimed for the internal-com- 
bustion engine are economy in fuel, weight, and 5) . It 
is generally conceded that the least economical of internal- 
combustion engines is more economical than the best 
steam-engine, and there are abundant data to substantiate 
this claim. This faetor alone would seem to make it more 
than probable that the internal-combustion engine may 
play an important part in the future of marine engineering. 

On the question of economy of weight and space very 
little data are available. What little there is is only 
applicable to small units, and it by no means follows that 
the results obtained in small units can be applied directly 
to larger installations. It is to a general consideration of 
some factors affecting weight and space that the present 
paper is directed. a: ‘ 

Some very remarkable results have been obtained with 
small petrol-engines in respect to power developed on a 
given weight, but it is to be remembered that this ex- 
treme lightness is due peaneey to two causes—-viz., 
(1) a high — of revolution, and (2) the use of —— 
materials of construction. No part of the extreme light- 
ness is due directly to the engine being of the explosive 
type. The word “directly” is used advisedly, because, 
as will be seen presently, there are certain conditions 
incidental to the internal-combustion engine which make 
higher speeds of revolution possible than are possible or 
advisable with a reciprocating steam-engine of similar 
size. 

To arrive at a proper sense of proportion on the ques- 
tion of weight and space, it is desirable to examine it 
on broad mechanical principles. Of the factors which 
together make up the horse-power of an engine, the only 
one which in an engine of given power may be altered 
without affecting its weight is the number of revolutions, 
subject always to the consideration that the inertia forces 
due to the speed are not such as to require special strength 
and weight of parts and foundations. 

If we suppose the mean pressure fora particular engine 
to be constant, and the product of the remaining three 
factors—viz., area of c finder, stroke, and revolutions— 
constant also, it will follow that any increase in speed of 
revolution will accompanied by a reduction in area of 
cylinder, or in length of stroke, or both, and ones 
} to reductions a saving in weight will be obtained. For 
an engine of given power, therefore, increase in speed of 
revolution is accompanied by a reduction in weight per 
horse-power, or, put conversely, an increase in the horse- 
power per ton of engine weight. Some years ago the 
author, in examining a number of machinery weights of 
His Majesty’s ships, found that the engine — could 
be divided into two parts—one proportional to the horse- 
power, and the other proportional to the horse-power 
divided by the number of revolutions. Taking a mean 
of weights for all the vessels of the same class, in order 
to eliminate differences in design, the engine weight could 
be exp as— 

I.H.-P. +a I.H.-P 
k 1 N’ 


N being the number of revolutions per minute. 

The values obtained for the constants k and k, gave a 
close approximation to the actual weights in several classes 
of vessels, and it was possible to determine with some 
degree of certainty what increase in weight would be in- 
volved in a new design by ans the stroke and 
decreasing the number of revolutions. As to the first 
term, it is clear that in a steam-engine there are items of 
weight, such as steam-pipes, valves, condensers, and many 
others, which will depend upon the weight of steam pass- 
ing, and hence directly upon the horse- power. The 
existence of the second term is accoun for by the 
reasoning previously given. 

As these elementary principles are purely mechanical, 
and independent of the fluid employed, the formula given 
above, with suitable values for the constants depending 
upon the type of engine, will no doubt apply to any 
reciprocating engine. 
_ Returning to the factors in the formula for horse-power, 
if we assume piston area, stroke, and number of revolu- 
tions to be constant; the power is proportional to the 
mean pressure. The weight of the engine is, however, 
proportional to the maximum pressure for which the 
engine has to be designed, and the horse-power per ton is, 
therefore, proportional to the ratio, mean to maximum. 
In considering what this ratio is in a marine steam-engine, 
we are faced with the difficulty that the power is divided 
between several cylinders, each having a different ratio of 
maximum to mean, but for purposes of comparison we 
shall probably not be far wrong if we assume that the 
whole of the ex ion is carried out in the low-pressure 
cylinder, which develops the whole power, and is credited 
with the whole of the weight. Under this assumption 
the maximum pressure will say, 250 Ib., and the mean 
50 1b., giving a ratio of maximum to mean of 5. This 
ratio will je Bag the ratio of expansion, and will be 
generally higher in the merchant service than in naval 
practice. In internal-combustion engines, in spite of 
variety of t there is not very great variation in this 
tio. In the engine with which the author is best 
acquainted it is approximately 4. In petrol-engines it 
will be rather less, and in engines using a high compres- 
sion it will be somewhat more. Lean | the ratio as 4, it 
must be corrected for the cycle employed, and as the 
iternal-combustion engine has in most types only one 
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working stroke in four, the ratio must be multiplied by 
four, and the comparative figures will then be : for the 
steam-engine, 5; for the internal-combustion engine, 16 ; 
that is to say, consid from the point of view of pres- 
sure alone, the horse-power per ton in an internal-combus- 


tion engine will be is times that of a steam-engine of the 


same linear dimensions. f 

There are, however, certain factors to be considered 
which will make the comparison more favourable to the 
internal-combustion engine. First, the items of weight in 
a steam-engine which are directly proportional to the 
horse-power account for a fair proportion of the total 
weight, but in the internal-combustion engine the propor- 
tion of similar parts will be very much less. 

Steam-pipes and condenser, for example, have a counter- 
part in the air and exhaust silencers, which are not pres- 
sure parts, and may be made a quite inconsiderable pet 
of the total weight. Inlet and exhaust-valves also will be 
lighter in proportion than the slide-valves of a steam- 
engine. Secondly, the single-acting engine of the trunk 
type is lighter - dh a double-acting engine of the same 

iameter andstroke, as the latter requires additional height 
and heavier parts, due to the piston-rod and crosshead ; 
hence the horse-power per ton will be, in a double-acting 
engine, not quite four times what it will be in an engine 
of the same linear dimensions working on the four-stroke 
cycle. Thirdly, the internal-combustion engine is capable 
of a higher continuous s§) than a steam-engine, for two 
reasons :—(1) lighter parts, and (2) lower mean pressures 
on the bearings. With to (1), the following are 
some weights of reciprocating parts ex in pounds 
per square inch of piston area :— 


High-pressure steam cylinder, 8 in. diameter... 2.95 

” ”” 33 Lad ” ose 5.46 

” ” 40 ” ” 7.7 

Petrol-engine ... hes we She ie 0.63 

Oil-engine 7 we 9 1.45 

” sped aon < 2.2 
Gas-engine ere i 4 


With regard to (2), the sizes of journals in internal-com- 
bustion engines are larger than those of steam-engines of 
the same power, and although the maximum pressures on 
them may be as high in the one case as in the other, the 
mean pressure in the internal-combustion engine will be 
much less, as there is only one working stroke in four. 

If we assume that the satisfactory working of a bearing 
depends upon the product of pressure and velocity not ex- 
ceeding a safe limit, it will follow that the lower the pres- 
sure the higher the _— at which the ring can be 
run, and this rule will be found to be generally observed 
when we compare steam and internal-combustion engines 
used for such work on shore, where the design has become 
standardised to the requirements. For example, a cer- 
tain 10 horse-power (nominal) steam-engine runs at 135 
revolutions per minute, while a 20 brake-horse-power oil- 
engine, which is capable of doing the same work, runs at 
245 revolutions. ‘ 

Taking the three factors, lighter accessories, lighter 
parts, and higher possible s s of revolutiqn, into con- 


. . 1 . 
sideration, it would appear that the figure a” which was 


arrived at from considerations of maximum and mean 
pressures alone, can be considerably increased. How 
much it may be increased is more or less a matter of con- 


. P P 1 
jecture, but it will possibly be of the order of 5 ws 


that for engines of the same linear dimensions the horse- 
aged per ton will in the internal-combustion engine only 
about one-half what it will be in a steam-engine. 

So far we have left out of account the question of weight 
of boilers and their accessories. These will have a counter- 
part in the gas-producers for the pong. but have no 
equivalent in the oil-engine. So far as the gas-engine is 
concerned, the weight and space required for producers is 
largely dependent upon the type of fuel used and the 
cleaning arrangements yey A to deal with the gas, and 
this is too 1 a subject for the present paper. As the 
weight of boilers is usually about equal to the weight of 
engines, it follows from the above conclusion that the 
horse-power per ton will, for the ——- installation, be 
about equal to that of anoil-engine of thesame linear dimen- 
sions as the steam-engine. It is possible that there ma 
be some saving, but it ap certain that if the internal- 
combustion engine is to develop on lines lel to that 
of the steam-engine—that is, with few cylinders—there will 
be no very great saving, such as has sometimes been 
ee y inference from the results obtained with 
small-sized units, where the speed of revolution is high. 

The limit of speed of revolution will generally be deter- 
pee by the inertia — and To to be — 
side rst as se te forces requiri equate stren 
of the individeal pasta; and, endl , in Scotioelion 
with a view of making their algebraic sum as nearly zero 
as possible. With a sufficient number of cylinders com- 
plete balance is comparatively easy to obtain, but the 
individual forces still remain and must be provided for. 
It is usual to assume that the inertia forces, exp in 
pounds per square inch of piston area, should be less than 
the compression pressure, in order to avoid shock due to 
reversal of stress when combustion follows at the end of 
compression. It is argued that there is no reversal of 
stress on the idle strokes (suction and exhaust), but this 
is only true if we neglect the effect of friction of the 

i and slackness in the bearings. It is well to re- 
member, when a the possibility of shock, that 
the effect of a load suddenly applied is double that of a 
load steadily applied, and er, that the calculation 
for inertia force can only be made on the assumption of 
uniform angular velocity of the crank, an assumption pro- 
bably some distance from the truth in ~~ reciprocating 
engine, The safe rule is to keep the calculated inertia 


, 80 





force per square inch of pi as low as practicable ; and 
if we assign a limit to this which, from present experi- 
ence, the author would be inclined to put at 100 Ib., we 
obtain a formula of the following kind :— 


w.t. N? constant, 


where w is the weight in pounds of the reciprocatin ts 
per square inch of pi area, lis the stroke, ‘and. N the 
number of revolutions per minute. This may also be 
written— 

w.P.N = constant, 


where P is the rr ; from which it follows that, 
at constant piston s , the permissible speed of revolu- 
tion varies inversely as the — of reciprocating parts 
per square inch of piston. The permissible speed of 
revolution can be connected with the diameter of cylinder 
in the following manner:—If we look at the table of 
weights given above we find that the reciprocating 
weights per square inch of piston increase with the dia- 
meter, and are approximately proportional thereto. This 
is reasonable ; for, if we take one part—say the base of a 
piston, for example—its weight will vary as its area and 
thickness ; and as for eq strength the thickness will 
vary as the diameter, the weight will vary as the cube 
of the diameter; hence, per square inch of piston, 
the weight will vary as the diameter. It will be found 
that similar rules hold good for other reciprocating parts. 
Hence, if as found above— 


w. N =constant, for constant piston speed, 
and if w varies as d, the diameter of cylinder, then— 
d.N = constant, 


that is, for a given piston speed the permissible s; of 
revolution varies inversely as the diameter. It follows, 
therefore, that a necessary condition of high speed of 
revolution and ee power per ton of weight is a small 
diameter of cylinder. 

This reasoning is applicable to engines designed for a 
particular maximum pressure, but it can be extended to 
varying pressures by considering that the weights per 
square inch of A amy will vary approximately as the 
pressures, If be the maximum pressure, we may 
write— 

d.N. 11 = constant, 


that is, the higher the maximum 
permissible speed of revolution wit 
cylinder. 

This relationship may be called a mechanical law of 
comparison, and may be applied approximately to deter- 
mine the relative weights of engines of different dimen- 
sions. If we suppose, for example, a petrol engine of, 
say, 5-in. cylinder diameter aud 5-in. stroke, at 1200 
revolutions to give 100 horse-power per ton, and if we take 
such an engine as a model for one ten times the linear 
dimensions, the diameter will be 40 in., the stroke 50 in., 
the allowable revolutions will be 120, and the horse-power 
per ton will be 10. 

A modern marine steam-engine havi 
sions for its eg pone cylinder will give (engine 
weight only) about 20 horse-power per ton, or double the 
horse-power per ton of the internal-combustion engine 
of the same linear dimensions—a conclusion arrived at 
previously by a different method of reasoning. 

The direction in which light weight is to be sought lies 
in keeping down the diameter of the cylinder, thus allow- 
ing a higher speed of revolution ; but for large powers this 
involves a large number of cylinders. 

That a larger number of cylinders than usual with steam 
practice is inevitable is apparent from considerations of 
uniformity of turning moment, but how far the number 
can be advisedly increased can only be determined by 
experience. Up to the present sixteen cylinders have 

n used on one shaft, and there seems no reason why 
this number should not be increased by successive steps 
of four or more cylinders at each step. The powers, how- 
ever, which have been obtained per cylinder in engines 
whose design admits of application to propulsion are not 
large—probably not ex ing 100 horse-power ; and until 
the unit is largely inc the very ) powers re- 
quired in many present-day vessels are out of reach of the 
internal-combustion engine, the immediate application of 
which would appear to be concerned mainly in the pro- 

ulsion of boats and small vessels. In powers, say, of 
——f yor4 on one shaft, it ap ~3 reasonable to 
expect 12 to 15 horse-power per ton of machinery weight ; 
and though this is ow en with laegar-powered 
engines for naval work, it.is higher than the ordinary run 
of merchant service practice. The res given above 
refer to a complete installation of oil-engines without 
auxiliaries ; the saan See be greater with gas-engines, 
for the reasons al y given. 

In connection with the use of a large number of cylinders 
some reference should be made to the proposals which 
have been made from time to time for transmitting power 
from engine to propeller electrically. 

By this means the total power can be split up into a 
number of convenient units, and a much number of 
a be employed than is immediately practic- 
able to place together on one or two shafts with direct 
coupling to the propellers. The weight of the engine 
per horse-power is thus kept low, but, on the other hand, 
the extra weight due to the addition of dynamos and 
motors to the installation will counteract the saving due to 
the large number of cylinders of small diameter. There 
are the further disadvan’ of increased cost and higher 
fuel consumption per horse-power. On the other 
hand, the system a) to be the only one at present 
sapere y which the internal-combustion engine can 

applied to the propulsion of vessels requiring several 


thousand horse-power. 
The author has made an approximate estimate of the 
weight of such an installation for 3000 horse-power. The 


ressure the lower the 
a given diameter of 


these dimen- 
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total power is supposed generated by ten equal-sized 
elevtele eats of 300 horse-power, or, say, 200 kilowatts 
each, running in parallel with one another, and the vessel 
propelled by three shafts, each fitted with a 1000-horse- 
power variable-speed reversing motor. The weight of the 
generating sets would be approximately 240 tons, and 
the weight of the three motors, with bedplates, 43 tons. 
Switchboards, cables, shafting, and propellers would 
probably require not less than 17 tons, ng the total 
weight about, but not less than, 300 tons; and of this 
weight, approximately one-third would be due to the 
electrical portion. is weight is exclusive of auxiliary 
machinery, the installation of which in a large vessel 
propelled by internal-combustion engines would give rise 
to a number of problems of some importance, particularly 
with regard to steering apparatus, 

The total floor-space required for the generating sets 
would be about 1500 square feet, or 2 horse-power per 
square foot. This is probably somewhat better than the 
results obtained with steam-engines and cylindrical boilers 
as fitted in the mercantile marine ; but it does not com- 
pare favourably with the space uired for engines and 
water-tube boilers as used in tr | work. The problem 
of electric propulsion is one of great interest, and its 
adoption in special circumstances may be justified ; but 
it would seem that generally it does not offer sufficient 
commercial advan for mercantile work, and, on the 
other hand, for naval work it cannot compete with exist- 
ing steam machinery in the all-important considerations 
of weight and space. The question of the economical 
application of the internal-combustion engine to propul- 
sion in large sizes, whether the economy is viewed from 
the standpoint of cost, weight, or s , is largely bound 
up with the problem of making a reliable reversing engine, 
In small sizes, the familiar devices of reversing pro- 
peller or reversing clutch will, no doubt, do all that is 
required, but few, if any, marine engineers would care 
to contemplate their adoption in thousands or even several 
hundreds of horse-power. 

An account of a successful experiment in a reversing 
engine of 80 brake horse-power of the Hornsby type has 
been given by the author in another place. * The method 
there described is applicable to larger engines of this 
type. With such a reversing engine there is a possibility 
of considerable saving in space over steam machinery, 
and as compared with mercantile practice some appre- 
ciable saving in weight without reference to saving in 
quantity of fuel carried, 

The main claims, however, which the internal-combus- 
tion engine has for consideration are in the superior fuel 
economy and smaller number of men requi for work- 
ing, and these claims are so unquestionable that there 
appears no reasonable doubt that it must eventually, in a 
large number of cases, take the place of steam machinery 
at sea, as it is now doing on red y 

The author has endeavoured to place the question of 
weight and space required for internal - combustion 
engines in its true perspective, and although the saving, 
particularly in space, will in most cases be real, he oa 
repeat that, on the whole, there will be no great saving 
in weight such as has sometimes been imagined by infer- 
ence from results obtained in small units. 

The author is indebted to Mr. W. H. Scott, of Messrs. 
Laurence, Scott, and Co., for the weights of the dynamos 
and motors embodied in the estimate of total weight of 
the oe or, mm of electric propelling apparatus described 
in the text. 


APPENDIX. 

The constants in the formule connecting weight of 
reciprocating parts and speed of revolution may be readily 
obtained. 

If w = weight of reciprocating parts in pounds per 
square inch of piston, 
= length of stroke in feet, 
N = revolutions per minute, 
Inertia force expressed per square inch of piston area 


w 2rN\ 
= {= F 
g 4 ( 60 ) 
At the top end of the stroke this is increased by the 
angular motion of the connecting-rod. If the rod is equal 
in length to twice the stroke the multiplier is 1.25, and 
inertia force per square inch of piston area at the top of 
stroke, where it is a maximum, is— 
@ 7 teON® . 195, 
g : 
If we assign a limit of 100 Ib. per square inch to the 
inertia force, 
w 4"2N2 
LAY fp bow 
g 3600 
whence in round numbers 
wilN? = 460,000. 
As the piston speed P = 27 N 
wPN = 920,000. : 
And for constant piston speed of 1000 ft. per minute 
wN=920 . . » 
The connection between wand d (the diameter of the 
cylinder) will depend largely on design, but for pistons of 
the trunk type the weight per square inch of piston 
in terms of the diameter (d) and maximum pressure II, 
the following should give average results : 
adil 


x 1.25 = 100, 


(1) 


(2) 


w= 


- (4 


which can be substituted in (1), (2), or (3). 
in (2) we have 
d.11.P.N. = 1840 millions, or 184 x 10. 


The constants based on an “inertia pressure” of 100 Ib. 
per square inch must be regarded as giving rather extreme 
values, and in actual practice it would be desirable to keep 
as much below as possible. 


Substituting 








SPEED TRIALS OF THE DESTROYER 
** COSSACK.” 


Speed Trials of H.M. Torpedo-Boat Destroyer ‘‘ Cossack” 
at Skelmorlie and the Maplin Sands.* 
By Sir Pamie Warts, K.C.B., F.R.S., LL.D., 
Vice-President. 


In the discussion which followed the reading of Mr. 
J. E. Thornycroft’s paper last year I stated that the 
Admiralty were taking steps to obtain by a series of 
comparative trials additional data concerning the effect 
of shallow water upon the speeds of ships. : ’ 

The trials have been carried out, so far as the exigencies 
of the service have permitted, and, although they are far 
from being as full as could be desired, they will probably 
be regarded as of sufficient interest to be placed on record 
in the Transactions of this Institution. 

A full series of measured-mile runs was made with the 
Cossack at oe varying from 17 knots to 34.5 knots, 
first on the plin Sands, and afterwards at Skelmorlie 
(depth, 7.4 fathoms at the Maplins and 40 fathoms at 
Skelmorlie). They were made under as fair conditions as 
can ordinarily be secured without undue expenditure 
of time and money in waiting for specially favourable 
weather. The conditions were practically the same as on 
the official trials of this type of ship, except that there 
were no restrictions as to the consumption of fuel. The 


SPEED TRIALS OF HM. TORPEDO BOAT DESTROYER COSSACK” 
AT MAPLIN AND SKELMORLIE. 
DISPLACEMENT 856 TONS. 
MAPLIN 74 FATHOMS —- 


” 


Cossack was chosen for the as she had recently 
been delivered, and her propeller shafts had been cali- 
brated for torsion stresses. 

Each shaft had Bevis-Gibson flashlight torsionmeters of 
the axial type, supplied and erected in place by Messrs. 
Cammell Laird. tt was found ible to get a length of 
shaft of 20 ft. between the two does of the apparatus, so 
that the readings on the scale at the eye-piece were fairly 
open and reliable ; and as the torsionmeters, when once 
fitted, were not disturbed till the experiments were com- 

leted, any slight fluctuation of torque with revolution 
oes not vitiate the comparison of the results obtained on 
the different trials. 

Revolution counters, worked from each shaft, were fitted 
on the upper deck, and a 20-ft. water level was erected in 
the middle line plane of the ship, to enable the change of 
trim to be accurately measured. The vessel was kept as 
nearly as possible at the same trim and displacement 
throughout the trials. 

The speeds over the mile were carefully taken by inde- 





pendent observers. The wave profiles were obtained by 
measuring down from the gunwale at various positions 
along the ship. Inthe case of the stern wave the height 
and distance of the crest astern were accurately measured 
and the profile in other respects was sketched by an ob- 


server. 

The depth of the water in which the runs were made on 
the Maplins was taken at fairly regular intervals through- 
out the trials, the course having been previously carefully 
—— from end to end, and found to be very uniform 
in depth. 

_ The data obtained, after correction for any slight varia- 
tion in displacemen ., are shown in the figure annexed. 
It will be seen that the general characteristics of the curves 
closely correspond to those obtained by Messrs. Yarrow, 





* Proceedings of the Institution of Civil Engineers, 
vol. elxviii. 





* Paper read before the Institution of Naval Architects, 
April 2, 1909, 





Herr Popper, Major Rota, Captain Rasmussen, and 

Messrs. anal ith her maximum powers the Cossack 

is able to develop in shallow water a a of about 1.4 

knots in excess of that which she would develop in deep 

water at the same displacement and with the same sh:{t 
- power. 

It is probable that the water at Skelmorlie is sufficien*!y 
deep to eliminate the effect of the bottom in these experi. 
ments. The results given by Major Rota show that a 
depth of 34 fathoms should be sufficient for this vessel's 
purpose. This is also confirmed by the experiments with 
a German torpedo-boat in 1904, which showed that at 
depth of 40 metres the resistance differed but slightly from 
that ata — of 60 metres. 

The results obtained for the Cossack may be used for 
other vessels of approximately the same size and form, but 
they do not apply directly to vessels differing materially 
in size and form. 








WATER-HAMMER. 
Explosions of Steam-Pipes due to Water-Hammer.* 
By C. E. Srromryer, Member of Council. 

THIs question had engaged my attention for many 
years, but it was not until about 1900¢, after constructing 
a glass model with which I reproduced water-hammers at 

ill, that I felt justified in publishi: ug my views by read- 
ing a paper before the Manchester Literary and Philoso 
phical Society (Vol. xlvi., Part 1), in which I showed how 
the intensities of water-hammer blows could be estimated 
from the relative velocities of sound in water and of a 
moving plug of water suddenly brought to rest. On that 
occasion it seemed desirable to demonstrate, what had pre- 
viously been assumed, that the velocities with which 
sound-waves and pressure-waves travel are identical. The 
following short table gives the estimated velocities of 
pressure-waves in water :— 

| | | : 
Corresponding) Relative | Modulus of | Estimated 
se ~ a pn | vetemes of |" Come Pressure 
, | Pressure. 





Water. | pressibility. Velpoitien 





deg. Fahr. Ib. per sq. in. Ib. per sq. in. 

39.2 0.117 292,100 
833,000 
357,100 
317,500 
275,200 
193,700 
143,600 
119,200 
77,960 


feet per sec. 
4658 


4984 
5186 
4961 
4654 
3980 
3489 
3224 
2727 


oii 














Wertheim had found experimentally that the velocity 
of sound in water was as follows :— 


Temperature (deg. Fahr.) 49 86 122 140 
Velocity (feet persecond) 4714 5014 5420 5659 

The slight discrepancies between the two tables are 
doubtless due to the fact that the water was contained in 
iron pipes, and these would assist in transmitting the 
sound. 

As it is desirable not only to demonstrate the nature of 
water-hammer blows in absolutely rigid pipes, which was 
the assumed condition in my first paper, but also to esti- 
mate the allowances which have to be made for the elasti- 
city and plasticity of the pipe materials, and as it would 
be difficult to make clear the interference of stress veloci- 
ties in the pipe materials with pressure velocities in the 
water, the subject has been re-examined from another 

int of view, the case of a = consisting of an abso- 
utely rigid material being first dealt with. 

In Fig. 1, which represents a pipe closed at one end 
with a tank flange, a plug of water of the volume W is, 
by the difference of the steam pressure p, and p:, moved 
from its original position W, to W, where it is. suddenly 
arrested. e amount of work done during this forward 
motion is 


(pi a Po) . Vv, 
where V is the (partial) vacuum space in which an easily 
condensable aqueous vapour of the pressure ps» exists. 

As soon as the front end of the plug of water rests 
against the blank flange a pressure p will come into exist- 
ence, which is due to the sudden stoppage of layer after 
layer of the water, and which spreads towards the back 
end with the velocity of sound. When the entire plug 
has come to rest, the pressure p will extend from end to 
end, and the plug will have shortened a little. This 
amount of compression could also have been produced 
by means of a plunger acting on the back end of the 
plog, and the compression work would then have been 
equal to half the maximum pressure p, multiplied into 
the decrease of volume, which is, of course, also pro- 
portional to the maximum pressure p. As the plu of 
water is momentarily at rest, the work done w ile 
imparting motion to it must necessarily be equal to the 
work of compressing it— 


-p)V= " w. 
(P, — Pe) 30 
and therefore the pressure due to the water-hammer blow 
in a rigid pipe is 


BIT oomaerrs, 4 
p=a/2(n Px) C 


It will be seen that this pressure is proportional to the 
square root of the relative volumes V and W , the smalle: 
the plug of water and the larger the partial vacuum space 





* Paper read before the Institution of Naval Architects, 
April 1, 1909, 
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the intenser the blow. As the formula is independent of | rushing into a long pipe containing water. The resulting | a D 
the sectional area of the pipe and of ps tint tne — cut off this — supply, 4 the a 7 
shape of the plug of water is 0! tively little con-| which was going on forward crea a vacuum whic : : "te 
iene ooh the x mee action as indicated above would | sucked the Sure Seivech and smashed the furthermost | ®"4 the increase of the circumference # . Dof the pipe is 
occur with waves of water, which might accidentally fill | valve. f eS D=Z2., Dt 
the steam section of a pipe which is partly filled with} As already mentioned, some allowance has to be made a5 TET 


ter. Also, as the underlying water in the steam-pipe, 
ow of which the wave song would hardly be dis = 
turbed, it is possible to get a very intense water-hammer 
blow with a small surface wave, even when a pipe contains 
a large volume of water. _ ] E 7 

The nature of the reaction which takes place in hori- 
zontal or nearly horizontal steam-pipes in which water 
has found a lodgment is best understood by trae = the 
movement of the waves of water ina glass model of the 
form shown in Fig. 2. ; 

F is a flask, or small boiler, of about one quart capacity 
heated by a Bunsen burner B; its stopper is provided 
with a Bunsen safety-valve b, and a pipe c, which repre- 
sents the steam-main 8, Fig. 3. The L-shaped tube T T 
(Fig. 2) represents the junction-pipe between the main 
and the boiler stop-valve X in Fig. 3. The india-rubber 
pipes and pinch-cocks P, and P, represent drain-cocks, 
and are used for blowing out water and lowering the 
water-level to a little below the top of the horizontal length 
of the tube T T. On account of the rapid heating of the 
water which in early experiments was found to take Pe 
soon after the water-level was lowered, the pipe T T has 
been surrounded with a water-jacket as shown. . Under 
these conditions the water in the tube remains cold, and 
the water-hammers follow each other for an indefinitely 
long time, which would otherwise not be the case. 





Having prepared the apparatus, the water in F should | 








in the above estimates for the elasticity of the water and 
the pipe material. . . . 

If one reconsiders the case illustrated in Fig. 1, and 
assumes that the plug of water, instead of being stopped 
by an imaginary absolutely rigid - blank nge, is 
arrested by another plug of water, the contact surface 
will not be stationary but will move forward with half the 
plug’s velocity, and there will be two pressure waves, one 
moving onward, the other one backward. The in- 
tensity of the pressure will be the same in both pressure 
waves, but, as double the bulk of water will be under 
compression, and as half the original energy is repre- 
sented by the movement of both plugs of water, the pres- 
sure will only be one-half the pressure of that estimated 
above. The struck portion of the water will be resting 
against a stop-valve or blank flange, and the pressure 
wave, when it reaches this point, will be reflected, and, 
doubling upon itself, the pressure will be doubled at this 

int and will be equal to the pressure which it would 

ve produced if the water-hammer blow had taken 
place at this point. This explains why, for instance, in 
the case of the s.s. Amsterdam, No. 1109, the valve on 
No. 3 boiler, which was half-way. along the pipe, did not 
burst, while the valve of No. 5 boiler, at the extreme end 
of the pipe, was shattered. Evidently the half pressure 
was not sufficient to cause fracture, but the full pres- 
sure was. 











_ = Ba the yn eyed g Se —_ 
work done in ex ing the pipe is the uct oO! 
the stress S, into the sectional area of the pipe shell L.T, 
and into the stretch of the circumference. But as 


* D?L=W, 
4 


the work done in stretching the shell of the pipe is 


W.D.p* 
2.T.F 
and we have , w . 5 
Vs. (2 7 2) 
(Pi — Pe) 2 - +ET 


This expression is almost identical with that obtained 
for an absolutely rigid pipe, except that 1 is replaced by 
i. 
1 e D 
—({1+ ° , 
c ( E*? ) 
Although, as shown in a previous table, ¢ varies with the 


temperature, one may assume it to be equal to 300,000 Ib. 
= — inch. The modulus E is 30,000,000 for steel 
and 12, 





12,000,000 for copper, and about 15,000,000 for most 
cast irons. The following small table gives the values of 











be made to boil violently, steam escaping out of the valve b. 
Then either of the pinch-cocks P, or P, should be opened 
till the water-level sinks just below the top level of the 
horizontal leg of T T, and the conditions indicated in 
Fig. 3 havenow been created. Steam from the main S is 
being ~ey condensed by a long surface of cold water, 
and, rushing over it with a velocity about ten to twenty 
miles an hour, waves are raised at the left-hand end ; 
and, when one of these blocks the steam passage, as 
indicated in Fig. 3, the imprisoned steam is almost 
instantly condensed, a partial vacuum is formed at the 
right-hand end while the steam pressure is maintained 
at the other end, and with lightning rapidity the wave is 
shot forward and delivers a blow which is known as water- 
hammer. With such a model as is here shown, the steam 
produced by heating with a Bunsen burner is not sufficient 
to maintain atmospheric pressure. Possibly the available 
difference of pressure does not exceed 1 Ib. or 2 lb. per 
square inch, the ratio of V to W is also probably about | 
lor 2, and therefore, according to the above formula, the | 
water-hammer blow delivered in the glass model should be | 
p= /2 x 300,000 = 770 Ib. per square inch. 
As will be shown later, this pressure has to be halved, 
on account of the elasticity of the water, and, as there are 
merally a few air-bubbles in the tube, the water-hammer 
lows probably produce no ter pressure than a few 
tens of pounds per square oa - larger pipe, if of glass, 
— unquestionably be shattered. aa 5 
umerous steam-pipe explosions, as repo upon by 
the Board of Trade, can “ satisfactorily explained on 
these lines, and are referred to in the Appendix under 
headings A, B, C, D, KE, F, and G. One of the most 
imteresting cases occurred on board the s.s. Bermudian, 
Report No. 1537. The vessel had a heavy list to star- 
board. The boiler stop-valve of the port boiler was open, 
and the engines were ing worked slowly. Water must 
have condensed in the pipes, and was io over the 
starboard valve, and when the vessel suddenly took a list 
to port, this water, rushing down to the port-valve, must 
ve risen in waves, of which one at least would fill the 
Sections of the steam-pipe, and the vacuum which would 
then form on the starboard side would propel the wave up 
to the starboard valve and smash it. 
Another instructive case is that of the s.s. Amsterdam, 
port No, 1109, noted under G in the + The 
main steam-pipe was a forked one, one length pans 
over the port boilers, the other over the starboard boilers. 
The inclination of these pipes as compared with the keel 








was i ft. it in. in 43 ft., but, owing to the vessel drawing 
4ft. Sin. less forward than aft, the actual inelination of | 
the pipes must have been about 6 in. or 8 in., and if at the 
time one of these forked pipes was half full of water, its | 
Upper surface would be 43 ft. long and capable of condens- | 
ing a large amount of steam. It ap that steam had | 
been raised in all the boilers, and that the aft central 
iler and the aft port boiler stop-valve had just been | 
X forward stop-valve exploded. 
vidently the steam from two high-pressure boilers was 


spened, when the starboard 





Obstructions in a pipe, such as partly-opened valves, 
seem to have been looked upon as causing very intense 
pressures if a plug of water travelling at a high velocity 
attempted to ‘~~ them, but such cases are both rare and 


doubtful, and are generally more easily explained by 
assuming that a pressure wave due to water-hammer in a 
pocket travelled up a vertical leg to the engine stop-valve, 
which it pam te 4 Such cases are to be found under 
headings D and K in the Appendix. It is ible, but 
not very likely, that in these cases air had leaked through 
the engine stop-valves, filling the vertical pipe to the 
water-level of the low-lying water-pocket, then, on sud- 
denly turning steam into the pipe-range, the water in the 
pocket would fly towards the engine throttle-valve and 
compress the imprisoned air, pared a much greater 
pressure than that of the prope ling steam. For the sake 
of completeness the pressure produced by such compres- 
sion (adiabatic) has been estimated 


a ttant=2 
p= 2.5 py eee 


Here nis the ratio of »,, the boiler pressure to pg, the 
initial pressure of the imprisoned air. This formula 
shows that very intense pressures can be produced, but 
only if the steam is turned on quite suddenly—a condition 
which is not even completely attained with gun-barrels 
whose muzzles have been plugged ay and which, as is 
well known, are sure to burst if fired. The other sug- 
gested explanation of these cases is that the engine 
throttle-valve was not quite closed when steam was 
turned on at the boiler end of the pipe, that the relativel 
light air rapidly escaped through the may onal 
orifice ; but the heavy water, which was following at the 
same velocity as the air, encountered a serious obstruction 
and smashed it. The reverse of this case occurs when a 
bullet is fired vertically down into a wooden bucket 
full of water. The bullet does not penetrate the bottom 
of the bucket, but the bucket’s sides are shattered by the 
pressure wave which is set up i impact of the bullet 
with the surface of the water. ith a velocity of 1000 ft. 

r second the pressure close to the bullet should be about 

,000 Ib. per square inch, which would be reduced to 
about 100 1b. at the circumference of the bucket. 

In order to be able to deal with the effect which the 
elasticity of the material has in modifying the in- 
tensity of water-hammer blows, it is necessary to return 
to the first formula in which (r= P2). V represents the 
work done during the propulsion of a plug of water. 
When this plug has been arrested this work is converted 


into static energy ¥ P, but only on the assumption 
c 
that the pipe is absolutely unyielding. If the pire 
material is elastic, then some of the available work is 
expended on stretching the circumference of the pipe 
as far as the length L of the plug of water extends. 
cirodmferential stress S set up in a pipe of the diameter 
D and the thickness T is 





coefficients by which p, as found for rigid pipes, has to be 
divided :— 











Pipe Material. Copper. Mild Stecl. | Cast Iron. 
Values of D:T 18 2% 2/18 2 8 6 8 10 
Do. 


1+ . ~ 1.20 1,26 1.82)1.09 1.11 1.14'1.06 1.08 1.09 








A similar, but even smaller, correction would have 
to be made for the longitudinal stretching of the pipe, 
allowance being made with regard to L, for the rela- 
tive velocities of pressure waves in water and in metals, 
but the above values suffice to show that these corrections 
for pipes made of elastic materials are negligible as com- 
pared with uncertainties of conditions fenido of « steam 
pipe containing steam and water. 

Jast-iron pipes and valve-chests which have burst may 
be considered to have done so under water-hammer pres- 
sures of, say, 4000 lb. per square inch, which would mean 
that if, as seem to have been the average conditions, the 
steam pressure was 100 Ib. per square inch, then the 
average ratio of V to W will have been about 1 to 4. This 
very small vacuum space may be the cause of explosions 
of cast-iron . 

It will now be necessary to deal with the stretching of 
plastic materials beyond their elastic limits. It appears 
that when copper is stretched beyond its elastic limit, even 
to the extent of 5 per cent., it offers practically a constant 
resistance, which varies for different qualities, but may 
here, for convenience, be assumed to 25,000 Ib. per 

uare inch. Weldable mild steel used for steam-pipes 
offers a fairly steady resistance of 40,000 lb. per square 
inch up to 5 per cent. stretch. For a customary value of 
D to T for copper pipes of 20, the pressure which will 
produce a stress of 25,000 Ib. per square inch is 2500 Ib. 
per — inch, and in a steel pipe or which the ratio of 

to T is 24, the pressure would have to be 1667 Ib. per 
square inch. Now the work done in stretching the pipe- 
shell to the extent of 5 per cent. is the product of the 
water-hammer pressure into twice 5 per cent. of the water 
volume W, and, neglecting the work done on the com- 
pression of the water, we have in the case of copper— 


100 Ib. x V = 2. W. 2500 
20 
, 
wo 2.50. 
In the case of mild steel we have— 
10 x V= 2.w 
20 
Vv 


- 1667. 
1.667. 


These ratios of V to W are respectively 10 and 6.7 
times greater than the ratio which it was estimated would 
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result in the fractures of cast-iron pipes, which means 
that the conditions which would fracture cast-iron pipes 
have to be exaggerated 7 to 10 times for steel and copper, 
and yet would only result in a swelling of the ye 
Thus one would expect that with a pressure of 100 Ib. a 
wave of water 4 ft. long, travelling through a vacuum 
space of 1 ft. in length, would smash the pipe if of cast | 
iron, whereas, if the pipe were of copper or mild steel, it | 
would require lengths of 10 ft. and of 6? ft. respectively, | 
through which the same wave of water would have to | 
travel, and even then it would not necessarily burst the 
pipe, but would only cause a swelling. 

razed copper pipes are probably but little stronger as 
regards water-hammer than cast-iron pipes ; for, although 
the copper portion of the pipe may swell when subjected 
to a blow, the brazing is too Brittle to do so, and the blow 
is naturally too sudden for any relief to be afforded by 
the adjoining copper. 

These several . = are fully borne out by the 
Board of Trade reports on explosions due to water-hammer, 
which are briefly summarised in the Appendix. The 
several sketches are, of course, only diagrammatic, for it 
is practically impossible to convey by means of small 
drawings the idea of ranges of pipes which may be several 
hundred feet long. Whether plugs of water can travel 
over such long distances without being broken up is a 
question which cannot be answered at present, but in one 
or two cases it is alleged that the opening of a valve at 
poe end of a long range caused an explosion at the other 
end. 

The largest number of explosions—49—are due to the 
draining of pipes while under steam pressure. These 
cases are grouped under headings A, B, C, D, E, and F. 
The lesson which they teach is that steam-pipes should 
not be drained by opening cocks or stop-valves if there 
is steam in the pipe. In those cases where the water will 
not run out on opening the drain, because of want of pres- 
sure, it would be well to open and close the drain-cock and 
the steam-valves alternately, so as to introduce air into 
the pipe by suction. On admitting more steam it will 
warm the air which has been previously sucked in, and 
this should expel the water. Even if it does not do this, 
it will act as an effective cushion in softening any water- 
hammer which may occur. 

Group G contains nineteen cases which are the reverse 
of the above, and in which pipe or valve explosions fol- 
lowed on the admission of steam into pipes which probably 
contained water. This water should have been drained 
away before opening the valves. These explosions seem 
to occur chiefly with fairly long pipes having slight inclina- 
tions, although this is not always stated, and most marine 
cases of exploded copper pipes will be found under this 
heading. 

Group H contains nine interesting, but often compli- 
cated, cases, in which the explosions seem to have been 
brought about by the damming up of water in dead ends 
of the pipes by steam which was flowing to the engines. 
These cases can only be unravelled if the very fullest 
details, as regards inclinations of pipes, velocity of steam, 
&c., are supplied, and that is not the case in all reports. 

Group I contains six cases of explosions due either to 
the sudden admission of water into the steam-pipes or to 
formation of water-pockets caused by slow condensation. 

Group J contains six cases, of which it is probable that 
steam was blown into water, as is done in the case of 
hydrokineters. It is believed that the first effect of 
opening the steam-valve would be to propel the water 
along the pipe, and then, when the attendant, frightened 
by the noise, closed the valve again, the water would 
shoot back into the steam space, which had now been 
converted into a vacuum, and smash the valve. In most 
of these cases the attendants have been killed, and the 
conditions which brought about the explosions can only be 
guessed at. It is difficult to suggest how these accidents 
can be obviated, because generally the steam cannot be 
shut off, and to drain the pipes with steam on is as danger- 
ous as opening the valve. Such pipe arrangements 
should be automatically drained, and if the drains do get 
choked, it would be well to shut off the steam even if the 
works are thereby deranged for a time. 

Group K contains seven cases in which plugs of water 
cause! the mischief, or in which it is suspected that that 
was the case. For instance, in the three mine explosions 
no details are given about the overground steam-pipes, 
but itis very probable that they had pockets in which 
water could ules, and that the opening of some valve set 
this. Water in motion, which then descended down the 
steam-pipe to the bottom of the pit, in one case 1110 ft. 
deep, and smashed the pipes. 

Under ‘Group L fourteen cases are mentioned for 
which details are too meagre to be used as a basis for 





discovering causes for the explosions. These amount to 
one-fifth of the total number of water-hammer cases, 
which, although a fairly large proportion, is rather less 
than might be expected, if one takes into account the t 
difficulties under which Board of Trade surveyors labour 
when making their inquiries. In many cases the men who 
caused the explosions were kiiled, and one can only make 
guesses as to what they had Seen doing ; in other cases 
notices of explosions are received so late that the actual 
conditions as they existed at the time of the explosions 
cannot be ascertained. Then, too, in the early days of 
the administration of the Explosions Acts the very 
vaguest notions seem to have prevailed as to the nature of 
water-hammer blows, and essential details were not then | 
inquired into. The most tantalising cases from an in- | 
quirer’s point of view are the formal inquiries. Days and | 
days are often spent in hearing witnesses and barristers | 
who set about creating a personal responsibility for an 
accident, and then try to roll it from one person on to 
another ; and in the findings of the court, which is all 
that is published of these proceedings, those details which 
would help one to discover the mechanical causes of ex- 


| point A (Fig. 4) :— 


plosions are ignored. It is, of course, natural that lawyers 
should fight shy of mechanical details ; but in the interests 
of the engineering profession, to whom these inquiries 
should be of the greatest value, I would suggest that the 
Board of Trade might arrange that even in cases of formal 
inquiries their surveyors’ reports should be published, and 
that these should contain details about diameters, thick- 
nesses, inclinations, and mechanical tests. 

In making this request I would like to remind this 
mast, how the Boiler Explosions Act came into exist- 
ence. Sir William Fairbairn, more than fifty years ago, 
being dissatisfied with the tendency of coroners to seek 
for personal responsibility, and to be satisfied with absurd 
mechanical theories, and -being fully convinced that, 
contrary to the notions of the day, there must be mechani- 
cal causes for all boiler explosions, founded the Man- 
chester Steam-Users’ Association, and under his presi- 
dency their surveyors had, whenever there were explosions, 
to inquire into their causes. The reports on these 
explosion were, as is well known, published up to 1882 | 
in ‘‘Monthly Notes.” However, the difficulties which | 
even now hamper Board of Trade surveyors were so | 
great at that time that a Bill was drawn up by the | 
Association, and introduced by its then President, Mr. | 
Hugh Mason, M.P., and became law in 1882. Its object 
was to delegate to the Board of Trade the duties which | 
Sir William Fairbairn had imposed on his society, and | 
also to facilitate that work by taking evidence on oath. | 
That the Act is intended to facilitate the discovery of the 
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E. Explosions at W H due to draining pipes at lower 
point B (Fig. 4) :— 
Marine cases: None. 
Land cases: Board of Trade Reports Nos. 1360 and 
1759 ; two fractures. 

F. Explosions at B or at T piece due to reflected pres. 
sure-wave from W H caused by draining water at B 
(Fig. 4) :— 

Marine cases: None. 
Land cases: Board of Trade Reports Nos. 147, 164 
754, 1311, 1400,* 1472, 1479, 1673,* 1685, 1717.’ 

G. Explosions at W H or X due to damming up water 
by admitting steam at S above water-level (Fig. 3, 
page 509) :— 

Marine cases: Board of Trade Reports. Copper 
pipes, Nos. 468, 572, 580, 1056, 1515, 1582; cast. 
iron boiler stop-valves, Nos. 1048, 1109, 1537, 
1738, 1747. 

Land cases: Board of Trade Reports Nos. 147, 
1022, 1554, 1569§, 1603 (isolating valve), 1658, 
1669(,), 1678. (In this case the pressure wave 
seems to have travelled through the steel pipes 
of a superheater without injuring them.) 


H. Explosions either at W H or at X due to damming 
up of water in dead end of a steam-pipe (Fig. 5) :— 
Marine cases: Board of Trade Report No. 1537. 








l 











mechanical causes of explosions is evident from the fact 
that neither the surveyors nor the Courts can punish those 
who they think are responsible for the accidents. The 
only concession in this direction is that the Courts may 
blame those who they think have brought about the 
explosions, and in serious cases they can also order them 
to pay the cost of the inquiries; but that these inquiries 
should still be scientific, and directed towards discovering 
the mechanical causes of explosions, goes without saying ; 
and when mechanical causes are not discovered, the time, 
and also the cost of legal inquiries, which generally amount 
to hundreds of pounds, would have been better spent in 
making mechanical tests and mathematical investigations. 


APPENDIX. 


DIAGRAMMATIC REPRESENTATIONS OF TYPICAL CASES OF 
WatTeR-HAMMER. 


Pipes Drained by the Opening of Valves or Drain-Cocks. 


A. Explosions at the point of water-hammer, W H (see 
Fig. 3, page 509) :— 
Marine cases: None. 
Land cases : Board of Trade Reports Nos. 324, 1751, 
1772, 1787. 
B. Explosions of valves or pipes at X due to reflected 
warwe waves which were created by water-hammer at 
V H (see Fig. 3, page 509) :— 
Marine cases: Board of Trade Reports Nos. 589, 
926, 929, 1264, 1295, 1398. All cast-iron valves; 
no pipes. 
Land cases: Board of Trade Reports Nos. 119, 373, 
422, 473, 475, 501, 639, 785, 869, 1041, 1089, 1180, 
1249, 1252, 1341 (?), 1344, 1397,* 1414, 1476 (tore 
cover bolts), 1511, 1557,+ 1619,t 1677 (?), 1722, 
1727. 
C. Explosions at W-H, due to draining pipes at upper 


Marine cases: None. 

Land cases : Board of Trade Reports Nos. 951,* 1732. 

D. Explosions at A due to reflected pressure wave from 

W H, caused by draining water at A or B (Fig. 4) :— 

Marine cases : Board of Trade Report No. 1437. 

Land cases : Board of Trade Reports Nos. 313, 340 

(copper), 471, + 885, 1388,+ 1390, 1471, 1571,* 1636,t 

1761, 1783. 


pipes in range did not burst. 





* Steel or wrought-iron 
+ Steel pipe burst. 











Land cases : Board of Trade Reports Nos. 477 (%), 
1125, 1162, 1274 (?) ring main, 1486, 1530, 1604, 
1646 (?) ring main. 

I. Explosions due to slow or rapid admission of water 

into steam-pipes :— 
Marine cases: None. 
Land cases : Board of Trade Reports Nos. 1498, 1653. 

Nos. 1125 (see above) and 1653. On opening a low-level 
stop-valve, with water resting on it, the water welled into 
steam main, and the pressure wave of the resulting water- 
hammer caused a fracture. Nos. 1603 and 1658 are 
doubtful cases. 

J. Explosion due to steam being admitted under the 
water which was lying in valve-chests (Fig. 6) :— 

Marine cases: None. 

Land cases : Board of Trade Reports Nos. 245 (see 
above), 1059, 1282, possibly W H in upper main, 
1334, 1417.§ In No. 1751 there was steam on both 
sides of the valves. 

K. Moving plugs of water suddenly arrested (Fig. 7) : 

Marine case: Board of Trade Report No. 512. 

Land cases: Board of Trade Reports No. 1076, 
mine shaft, 530 ft. deep; plug velocity, say 
185 ft. per second. No. 1519, mine-shaft, 600 ft. 
deep; plug velocity, say 196 ft. oe second 
No. 1556, mine-shaft, 1110 ft. deep; plug velocity, 
say 267 ft. per second. No. 1617, boiler blow-off 
sucked water from pond ; plug velocity, probably 
45 ft. per second. 

Other cases: Nos. 471 (?) and 594. 

L. Explosion, in which, oe to insufficient details, 
often due to the death of the boiler attendant, the cause» 
are extremely doubtful :— 

Marine cases: Board of Trade Reports Nos. 93: 
and 986 : _ 
Land cases: Board of Trade Reports Nos. 954, 
995, 1009, 1263, 1283, 1343, 1461, 1465, 1523, 1622, 

1669, and 1737. 








CurnesE Rartway DevELoPMENT.—-Five railways now 
run into Peking. One of these (the Peking and Kalgan 
line) tunnels under the great wall of China. All railway 
concessions now by the Chinese Government 
stipulate that the Government shall become possessed of 
the lines conceded after 25 years’ traffic. 








} Wrought-iron pipe burst, 


* Steel or mene ee pipes in range did not burst, 
§ Pipe vibrated before explosion, 
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THE TURBINE STEAMER “ BEN-MY- 
CHREE.” 


The Turbine Passenger Steamer ** Ben-My-Chree” and 
Practical Experience of the Parsons Marine Steam 
T ‘urbine.* 

By C. J. Buacksurn, Member. 


Tux steam-turbine system associated with the name of 
the Hon. C. A. Parsons is now so firmly established as 
the most suitable mode of propulsion for fast Channel 
steamers that the fact of one more success having been 
attained does not perhaps call for any special comment. 
The Ben-My-Chree is, however, such an advance on any 
Channel steamer preceding her in respect to size, 
senger-carrying capacity, and speed, that I trust the con- 
sideration of her performance on service will prove of 
some interest to the members of this Institution. 

When the Isle of Man Steam Packet Company invited 
tenders for this vessel, it was recogn that the con- 
ditions laid down would not be easily fulfilled. 

The dimensions proposed were :— 


of their being closed from the bridge or from below. The 
ship is uae of floating with any two compartments 
flooded. A bow rudder worked by steam gear is fitted to 
facilitate manceuvring operations. For the stern rudder 
there is a combined steam and hand gear, the steering 
engine aft being operated by telemotor gear from the 
bridge. Very wide alleyways are provided on the decks, 
with the result that even when carrying the full com- 
plement of 2549 passengers there is ample space for 
walking about. 

Boilers.—There are four double-ended boilers, 16ft. 9 in, 
in diameter, 20 ft. 74 in. long, with eight furnaces, 3ft. 6in. 
diameter in each, fitted with common combustion cham- 
bers. The working pressure is 170 lb. per square inch. 


pas- | Grate area, 754 square feet ; heating surface, 27,446 square 


feet. 

The Turbines.—The turbines are arranged on three 
shafts, the high-pressure driving the centre shaft, and 
the two low-pressure driving the wing shafts. Astern 
turbines are incorporated in the casing with each low- 
pressure turbine. The starboard and centre propellers 
are right-handed, and the port left-handed. The diameter 











their under surface and the surface of the cylinders. There 
| is an electric fan in each of the forward ventilators in the 
| vicinity of the starting platform, and these largely increase 
the amount of fresh air entering the engine-room. 

The propellers are three bladed, and made speciall 

rge to insure good manceuvring powers; they are all 
three of the same dimensions, viz., diameter, 7 ft. 2 in. ; 
pitch, 6 ft. 8 in. 

The result of the trials was regarded as very satisfactory, 
and the highest praise is due to the directors and staff of 
the Naval Construction Works at Barrow-in-Furness for 
the efficient manner in which they carried out every 
detail of the contract. It was felt that, as the ship was 
intended for service on the popular Liverpool and 
Douglas route, she would soon make a reputation for 
ee and comfort. 

It may be well to mention here that the name Ben-My- 
Chree is thoroughly Manx, and tianslated into English 
means ‘“‘ Woman of my Heart.” Her season commenced 
on July 15, 1908, and she ran without interruption until 
August 24, when it closed abruptly owing to an unfor- 
tunate collision. While lying at anchor in the Mersey a 















































































































































ft. in. of the rotor drum of the high-pressure turbine is 3ft. 11 in. ; | steamer drifted down on to her bows, doing such extensive 
Length ec sie ny a the low-pressure 5 ft. 7 in.; and the astern rotor drums ey at she had to be withdrawn from service and 
Breadth BS. a ote Sd .. @'@ 4 ft. 2 in. Each low-pressure turbine exhausts into a | sent k to the builders for the necessary repairs to be 
Depth ... Ek oa me ba — =. separate condenser, the total cooling surface in the two | effected. 
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Speed : 24 knots on a six hours’ run—three hours out 
and three hours return. 

Cylindrical boilers worked on closed stokehold principle, 
with an air pressure not exceeding 1} in. water column, 
and the ship to be capable of carrying about 2500 pas- 
engers on a No, 2 B.O.T. Certificate. 

essrs. Vickers Sons and Maxim, Limited, of Barrow, 
were entrusted with the contract, and the conditions have 
not only been fulfilled but exceeded, both on trial and 
on regular service. 

It is not necessary to occupy much time in minutely 
describing the ship, as the plans reproduced on the 
—— nying Plates+ give a good idea of the arrange- 

S. 

The -hip is very strongly built to the requirements of 
Lloyd’s and the Board of” Trade The builders have been 
most successful in the form and arrangements for stiffeni 
the hu!l aft. The water ballast tanks are carried on eac 
side of the shaft space, and the fore and aft bulkheads 
shown in Figs. 1 and 2, forming the sides of these tanks, 

vide a very efficient stiffening for the decks, the result 

ing the lessening of vibration. There are 11 watertight 
compartments, and five of the bulkheads are fitted with 
watertight doors on the Stone-Lloyd system, which allows 


_— 





* Paper read before the Institution of Naval Architects, 
April, 1909, 
nt [As the Ben-My-Chree was very fully described and 
ustrated in the issue of ENGINEERING for August 14 last, 
we have not considered it necessary to reproduce the 


condensers being 14,348 square feet. The two circulating 
pumps are of the centrifugal type, each driven by a 
separate reciprocating engine, the suction ayd delivery 

ipes being 23in. in diameter. The air pumps are of the 
Sosbesting twin type, fitted in duplicate for each con- 
denser, the diameter of each pum ing 33 in. and the 
stroke 18in. The exhaust steam en the auxiliaries is 
led into a surface heater by which the temperature of the 
feed water is raised to 160 deg. 

While on ~ oi nd —_ the shi  emppygoner - 
ave speed of 244 knots with ease, and for a portion o 
ho oe her speed was 255 knots. An astern § of 
16.6 knots was attained on the measured mile, and 
stopping and turning operations were accomplished in a 
very satisfactory manner. From going 23 knots ahead 
the ship was brought to rest in a distance of three of 
her own lengths. It was noticed that the power neces- 
sary for propelling the ship astern was about twice that 
required for going ahead at the same speed. The general 
arrangement of the engine-room has proved most con- 
venient. 

Turbine engine-rooms are usually extremely hot, but a 

t improvement in this respect is noticeable in the 
n-My-Chree, due to the large hatchway and the 
efficient lagging of the turbine casings. This lagging is 
arranged on an improved design, the result being a very 
small loss of heat by radiation as shown by the fact that 
the planished steel covering plates of the high-pressure 
turbine are no more than blood heat at full power. This 
result is obtained by supporting the magnesia 





Plates here referred to,—Ep, E,] 





blocks so as to give an air space of 3 in, to 4 in, between 








The work done on service is shown by the extract from 
official engine-room log, giving the s for each run, in 
Table I., overleaf. e mean 8} for ten consecutive 
runs in deep water between the Liverpool Bar and Douglas 
Head was 24.12 knots. The speed of all vessels has to 
be slackened between the Liverpool Bar and the Rock 
Light while passing dredgers ; and the sheal water of the 
Channel, oeeney at low tide, tends to reduce speed to 
a very considerable extent. In spite of this, and of the 
still further reductions of speed on approaching the 
landing stage, the average for the total distance is 23 
knots. The mean draughc of the ship during these runs 
was 13 ft. 5 in., and the displacement 3353 tons. The 
mean air-pressure in stokeholds was less than one inch 
water column. 

The coal consumption is obtained by dividing the total 
weight of coal put on board by the number of trips, and 
includes the used each day at Liverpool in going from 
the stage to anchorage, coal used while at anchor, coaling 
bars in the morning, cr up fires, steaming to 
the stage. The total of all this has been carefully 
measured, and amounts to 24 tons per day; this deducted 
from 95 gives 71 tons consumed per day on two trips, 
and, as the mean horse-power is 14,700, it works out to 
1.87 pounds per horse-power per hour. This consumption, 
of course, includes the coal used in raising steam for the 
various culinary purposes on all parts of the ship. 
Lancashire coal is used throughout. A noticeable fact 
is that the number of revolutions is almost identical in 


mg | the case of each of the three turbines. In looking over the 


results obtained, the following points may be noted ;—~ 
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and leayes at 110 deg. The cooler is of the surface- 
condenser type, the oil traversing the tubes four times. 
The tunnel-shaft bearings are 9 in. in diameter and 18 in. 
long, and have water circulation. The lubrication by the 
usual syphon wool is supplemented by a necklace of 
plaited lamp-wick at the es or high end of the wre 
which revolves with the shaft and dips into an oil bath. 
No appreciable wear has taken place on any of the 
turbine bearings, and there has been no mp | 
Maneuvring Powers of Turbine Steamers.—Having had 
experience of the handiness of paddlers, the Isle of Man 
Steam Packet Company were dubious as to how the 
turbines would fulfil their requirements in this respect, 


Regularity. of Runs.—This-is due largely to the fact 
that we had dry steam during the whole of the time. At 
no_ period, either during the trials or on service, was there 
the least indication of the boilers priming. -The Isle of 
Man Steam Packet Company have a long experience 
with paddle-wheel steamers, and have adopted an arrange- 
ment of corrugated steel anti-priming plates in the new 
boilers of their ships. These plates are secured to the 
fore and aft stays of the boilers at the water-level. Their 

od effect in preventing priming has been proved beyond 
doubt. We have adopted a similar arrangement in the 
boilers of the Viking and Ben-My-Chree, knowing how 
liable new boilers are to produce wet steam. I am con- 


Fig.3. 
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ABSTRACT OF ENGINE-Room Log.—AVERAGE FOR TEN CONSECUTIVE TRIPS ON 
LIVERPOOL SERVICE, FROM JULY 21 TO 27, 1908. 


T.S.S. ‘* Ben-My-Curer.” 


On HEAD AND | HkAD AND 
Passace. | Rock. Bar. 
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133.4 19.6| 19.5 27.5 
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Remarks:—July 21—* Going at reduced speed between Bar Ship and Rock Light through low water in channel. 
July 22—+ Reduced speed between Rock and Bar Ship on both passages, through low water in channel. } Record 
passage to date between Head and Rock. § Delayed off Douglas for five minutes through fog. (26th Sunday). 
Distances :—Douglas Head to Stage .. 69} knots 

Douglas Head to Rock .. art ma 
Douglas Head to Bar 56 


Codt Consumption for Indicated Horse-Power. 


Horse-power_ .. Ry 14,700 
Revolutions per minut “ ¥. a5 454 
Time between Head and Rock (2 hours 
53.4 minutes). . 2.89 hours 
79,520 Ib, 


Coal Consumption, 


Total consumption for one day 95 tons 
Coaling bars ¥a = 
Making 


= fires .. 
Consumed at anchor 


8} tons 
103 ,, 


4, Coal consumption between Head and 
Rock (35.5 tons) .. ie vim os 

Coal consumption per horse-power per 
our .. os $6 o ee . 


, 
/ 


71 tons 
1.87 Ib. 


Consumed on single passage (71 + 2 35.5 tons 


vinced that to this cause is due much of the credit of the; but the results, I am glad to say, have removed all | 


splendid performances of hese two vessels. The dis-| doubts on this score. 
advantages of wet steam are as great in the case of} The ship has run through the season taking the piers 
turbines as in reciprocating engines. Wet steam con- | most satisfactorily, and has not sustained the slightest 
tains initially less internal energy, and the re-evaporation | damage. Taking into consideration the ex position 
that must take place in the latter stages of the expansions | of Douglas Pier, and the difficulty of berthing at the 
is bound to reduce the useful work which the steam is | Liverpool landing-stage when the big Atlantic liners are 
capable of giving out. The engineer in charge of a steam | alongside, it speaks well for the manceuvring powers of so 
turbine is very ism 2 made aware of the fact when | large a steamer that she has come through without a 
priming takes , and also when steam is wet. The | scratch. On any day during the season the Ben-My-Chree 
ble whistling sound that is an indication to him | may be seen performing a very expeditious mancuvre. 
that all is well has gone, a reduction in the revolutions is | The time occupied in backing out with the bow rudder (a 
soon apparent, and the glands at once indicate the | distance of about a quarter of a mile from the pier), in 
presence of water. : ; | stopping and getting under way until she is again in line 
Iubrication.—Very careful attention has been paid to | with the pier, averages four.minutes. This, for a vessel 
the distribution of oil in the beari The pressure in | of her dimensions could hardly be improved upon by any 
the pipes is 451b, The oil enters the cooler at 126 deg. | other method of propulsion, 


Overhaul.—The Ben-My-Chree is well equipped with 
lifting gear, one arrangement of which is shown in Fig 3 
and the opening up of the turbines for survey has been 
carried out at a comparatively small cost by the ship’s 
engineers and firemen. The internal condition of the 
turbines was most satisfactory, the blading throughout 
being in perfect condition, quite clean, and free from any 
obstructive matter in the spacing. The spliced Rams. 
bottom gland rings, which had been fitted instead of the 
ordinary Ramsbottom rings, have proved, along with the 
radial gland strips, most efficient, and were in perfect 
condition, with the exception of two rin which were 
slightly worn, and which were renewed. he only parts 
of the three turbines that showed any defects were the 
radial dummy strips of the port low-pressure turbine, five 
out of ten of which were flattened through rubbing 
against the casing. The reason for this remains a mys- 
<7, as the other low-pressure turbine was in perfect con- 

ition. 

Condensers. These remained perfectly tight through- 
out the season, and were tight when tested at the finish. 
The vacuum averaged 27} in., the augnzentary condensers 
contributing on an average 1 in. to this, With a view to 
facilitating the testing of turbine steamers’ condensers 
while on service, a distance-piece has been introduced 
between the flange of the exhaust bend and the condenser 
flange, to -which a sectional blank flange can be bolted. 
The importance of being able to fill the condenser for 
testing purposes without filling the low-pressure turbine 
will be readily appreciated by those who have had to do 
with turbine steamers. The condensers must be kept 
tight, otherwise evils arise ; a leaky condenser frequently 
causing priming. 

Lying Up.—As steamers of the class referred to are idle 
for about six to eight months of. the year, it is necessary 
to take es against deterioration during this 
period. It is advisable to open up the casings as soon 
after the ship is laid up as ible, then with wire 
brushes to remove all rust and light scale from the inte- 
rior of the rotor and casing, to paint these parts with 
aluminium paint, oil the dummy rings, and close all up 
again, keeping a heating stove in the engine-room during 
the damp weather. 

Speaking after a four years’ experience of the Parsons 
marine steam-turbine, from a superintendent engineer's 
point of view, the small amount of trouble and anxiety 
involved in the maintenance of this class of engine, as 
compared with the big paddlers, has astonished me. The 
turbine steamer gives no trouble whatever. She comes in 
and goes out, and nothing in the way of repairs is required 
throughout the season. Take this one item alone—the 
paddle steamer Empress Queen, of 10,000 indicated horse- 
power, which is still doing excellent work, is propelled by 
two wheels weighing together about 140 tons, the power 
being transmitted through two shafts 30 in. in diameter. 
The Ben-My-Chree is propelled by three screw propellers 
of the total weight of 44 tons, the shafts being 9 in. in 
diameter. The disparity between the weights of the 

dle-wheels and screw-propellers. indicates to a very 
arge extent the difference in the trouble and cost of 
upkeep of the two classes of engines. . 

In comparing turbine steamers with the ordinary reci- 
procating twin-screw Channel steamers, there are two 
— in particular which may be noted in favour of the 
‘ormer :— 

1. Regularity of speed and economy of fuel in bad 
weather, the propellers being always well immersed and 
racing being quite unknown. 

2. Capacity for developing the maximum power at any 
time without undue strain. The steam-turbine responds 
at once to the increased demand made upon it whenever 
an extra push is required, whereas, when that time comes 
with a reciprocating engine you have abnormal bearing 
pressures and choking of steam passages, which absorbs 
1. of power and causes increased anxiety to those in 
charge. 2 

Only those who have experienced the stress of managing 
reciprocating engines when pressed to the utmost limit 
can fully appreciate the contrast presented by the quiet, 
steady working of a turbine, and our best thanks are 
due to the Hon. C. A. Parsons for his worry-saving 
invention. 








Larce Hypro-Exectric InsTALLATION IN MEXICO.— 
Extensive hydro-electric installations have been decided 
ee for the utilisation of the rivers Chapalasee and 

ololtatlan for purposes of irrigation. he power 
station will be located on the Guadalajara, and will, in 
the first instance, have a capacity of 60,000 horse-power, 
capable of su uent enlargement, if necessary, to 150,000 
horse-power. he area to be benefited by the new 
irrigation works is some 200,000 hectares, and the Govern- 
ment pays the concessionist 25 dols. for each hectare duly 
irrigated. The whole of the plant is to be delivered 
without loss of time, and the cost of the installation 1s 
estimated at about 750,000/. 


ENGINEERING IN DENMARK.—The Burmeister and Wain 
Shipbuilding and Engineering Company, Copenhagen 
last year earned net profits amounting to 202,049 kr. 
(about 11,0002.), which it is proposed to add to the reserve 
and renewal fund. on orders in hand from pre- 
vious years have tended to reduce the profits. The firm 
has delivered six new vessels during last year, with an 
aggregate tonnage of 11,001 registered tons, but at the 
end of the year there was one new vessel in hand. The 
engine-shop has been fully employed with a numbe of 
large, principally public, installations, and the sale o! 
Diesel motors has exceeded that of any previous year. 
The sale of forged is has been limited, but the 
new steel works, which produce excellent steel, will, it 1s 





expected, mend matters in this direction, 
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BEARDMORE'’S STEEL WORKS AT 
PARKHEAD, GLASGOW. 
(Continued from page 442.) 
THE Forces. 

Tne work in the forges is common to gun- 
making, to armour-plate production, and to the 
manufacture of shafting and other similar work, so 
that it becomes necessary to deal with the plant and 
operations in these forges before turning to a con- 
sideration of the successive processes and of the 
special machinery directly associated with these sepa- 
rate departments of the establishment. The prelimi- 
nary steps for each manufacture are indiscriminately 
undertaken by the same presses and other plant in 
the forges. These include departments designated 





.for guns, shafts, &e., which cannot be conveniently | 
dealt with by the smaller presses. The building is 
150 ft. long by 70 ft. wide, and is served by two over- 
head electric travelling-cranes—one of 90 tons lifting 
capacity, and the other of 30 tons capacity, the span 
in each case being 65 ft. The roof of the building 
runs transversely, which ensures great stability to 
the structure. 

The hydraulic press illustrated in Figs. 17 
and 18 is the special feature. The power neces- 
sary for it is provided by an hydraulic pumping 
engine housed in an adjoining building. is con- 
sists of four sets of double horizontal compound 
steam-engines, having cylinders 21 in. and 43 in. in 


diameter by 18-in. stroke. 


sixteen hydraulic rams, 18 in. in diameter, and 





Each engine actuates 


The head-room from the bottom of the entablature 
to the crosshead is 10 ft. The total height of the 
press is 46 ft. 3in. 

For manipulating the slabs, or plates, between 
the tools there is on each side of the press a car- 
riage, on to which the armour-plate, slab, or ingot 
is conveyed by the overhead cranes. The carriage 
is advanced to, or withdrawn from, the anvil 
by hydraulic rams, working in cylinders under 
the floor. On each side, adjacent to the outer 
columns, are two vertical hydraulic cylinders, the 
rams of which support two cast-steel arms fitted 
with rollers for raising and lowering the slab or 
ingot when a fresh squeeze has to be taken. The 
rc eR of each squeeze consists of lifting the 
slab by the arms sv that it is free to move between 





Fic. 13. 


the armour-bending hydraulic-press shop, of which 
general views are given in Fig. 13, annexed, and 
Figs. 17 and 18, on Plate XXXIV.; the general 
hycraulie-press shop, shown in Fig. 15, on page 516, 
and the axle forge and minor presses and forges, 
wh h need not be particularised. Fig. 14, on page 
ol‘, and Fig. 16, on page 516, illustrate typical 
forsings in their rough state. 

In the armour-shop there is an hydraulic press of 
12.000 tons power, three re-heating furnaces, two 
heiug of the bogie type, for armour, and a heat soak- 
ing furnace or pit for re-heating large ingots. The 
work done isprincipally the slabbing of armour ingots 
preparatory to rolling, the bending of the armour 
plates to any required shape when hot, or adjusting 
them when cold, and the working of large forgings 





makes, at full load, 100 revolutions per minute. The 
steam pressure is 100 lb. per square inch, and the 
hydraulic pressure is 3 tons per square inch. The 
main cylinder of the press is of nickel steel, 74-in. 
bore, 114 in. thick, and weighs 42 tons. The 
stroke of the press is 5 ft. The lifting cylinders 
are 15 in. in diameter, and receive their pressure 
from a general-service accumulator close by, which 
gives 1100 Ib. persquare inch. The width between 
the columns of the press is 15 ft., and each of them 
is composed of three mild-steel rolled bars, which 
make an aggregate thickness of 23 in. by 21 in. for 
each column. There are three columns on each 
side, and they are securely attached to the top and 
bottom entablatures, each of which consists of three 
steel plates 7 ft. 9 in, deep and 10 in, in thickness, 


Foremne tHe A Tuse or A 12-In. 50-Catisre Gun at THE 4500-Ton Press, 


the tools, advancing for withdrawing it by the car- 
riage, and then lowering it by the arms on to the 
lower tool again. With the means provided the 
slab can thus be manipulated with ease and safety. 
All the movements of the press are controlled from 
an adjoining platform conveniently placed. Another 
operator above this post controls the movements of 
the crane when placing the slab on the carriage. 
Fig. 17, on Plate XXXIV., illustrates the operation 
of slabbing an ‘armour-plate ingot of 55 tons, while 
Fig. 18, on the same Plate, shows the press in use 
for bending a’9-in. barbette plate when hot. 
Though mainly used for armour-making, this press 
has to be occasionally employed in other forging 
work, an example of which is a number of ammuni- 
tion tubes which were made for the Minotaur 
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class. These in the finished state measured 
7 ft. 3in. in internal diameter, 7 in. thick, and 
12 ft. 6 in. long, each being forged out of an ingot 
of 94 tons. 

The two bogie furnaces, which are of the type 
described in the previous article on the armour- 
plate rolling-mill, have carriages 20 ft. by 12 ft., 
and the third re-heating furnace is of such capacity 
as will take the very heaviest ingots. 

The general hydraulic-press shop, of which Fig. 15, 
on page 516, is a general view, is in the eastern de- 

rtment of the works, and covers an area of 430 ft. 

y 90 ft. It is intwosections. The older part con- 
tains three presses, of 3500 tons, 2000 tons, and 1500 
tons respectively, and seven re-heating furnaces, 
served by three electric travelling-cranes, of 60 tons, 
50 tons, and 30 tons capacity respectively, each with 
a 60-ft. span. At the western end of this shop is an 
annealing-pit, with a maximum internal dimension 
of 90 ft. by 12 ft., and capable of being divided into 
four parts. The three presses in this older sec- 
tion are used for forging all marine or other engine 
shafting, the parts of comparatively small guns, air 
vessels of torpedoes, and other steel articles ; Fig. 16, 
on page 516, shows a marine-engine shaft being 
forged out, hollow, under the 3500-ton press. This 
shaft was ultimately 86 ft. long and 23 in. external 
diameter. e 

The newer part, which is a continuation of the 
older, contains a press of 4500 tons capacity, four 
re-heating furnaces, and is served by two cranes, 
each of 80 tons capacity. This shop is illustrated in 
Fig. 13, page 513. The.work done is entirely in con- 
nection with gun-making ; the illustration shows the 
operation of forging out a tube for a 12-in. 50-calibre 
gun, which is, of course, forged hollow. All. the 
presses are of the intensifier type, the hydraulic 
pressure being 25 tons per square inch, and the 
steam pressure in the intensifiers 120 lb. The 
steam supply is from Babcock and Wilcox boilers, 
working at a pressure of 200 lb. 

The three cranes of the older part of the shop are 
of the usual electrically-driven type; the burden- 
chain, which holds the forging, passes over a pulley 
suspended from the lower pulley of the crane-pur- 
chase, and, by means of the gearing shown, the pulley, 
burden-chain, and forging are rotated during the 
squeezing pees a telescopic shaft, driven by a 
motor on the crane above, actuates this gear. 

As may be seen in Fig. 13, the cranes for mani- 
pulating the forgings under the new 4500-ton press 
differ from those in the older part of the shop in 
having an hydraulic lifting cylinder instead of wire- 
rope purchase. The lower end of the ram carries 
the burden-chain pulley, the gearing of which is 
driven by a motor contained in the casing of the 
pulley. The pressure for these lifting cylinders is 
provided by a small hydraulic pump driven by a 
motor on the bogie of the crane. 

The eleven re-heating furnaces, in the general 
forge department, are of the Siemens regenerative 
vattern ; seven are in the older part, and four, of 
arger dimensions, inzthe newer part. The latter 
are capable of taking the largest gun-forgings. The 
gas is primarily supplied from the producer plant 
in the eastern portion of the works, but an alter- 
native supply from the s~western half is provided. 
As with all other furnacésin the works, it reaches 
the furnaces after the’ by-products have been 
recovered. The doors of the furnaces are raised or 
lowered by means of an hydraulic ram. 

The press-shop has lines*of rails running into it, 
whereby the ingots are brought from the casting- 
pits for forging, ana the forgings, as completed, 
taken to the machine-shops.” On an ingot arriving 
for forging, one end of it—the sand-head, or smaller 
end—is fitted into a ‘‘thimble” at one end of a 
porter-bar. The burden - chain’ of the crane is 
round the porter-bar, and counterweights, if neces- 
sary, are put at the end of the bar. With ingots 
of 80 or 90 tons considerable counterweighting is 
required, and the total weight that has to be lifted 
by the crane sometimes runs up to over 100 tons. 
The ingot is then charged into one of the re-heating 
furnaces, the door of which is closed so far as 
possible, and the remaining opening bricked up, 
only the thimble being just outside (Fig. 15). The 
ingot is heated to a temperature suitable for forging. 

n the case of a heavy gun ingot, the first process 
in forging is to bloom it into cylindrical section, 
and get rid of the sand-head. The ends of the 
bloom are then cut off in a parting-machine, and 
the centre is trepanned out. ‘All gun-forgings 
except the smallest are worked hollow ; these will 
be referred to again in articles on the machine- 





shops and gun manufacture. The bloom is then 
forged out under the press on mandrels ; this is, 
of course, a long and tedious process, requiring 
the re-heating of the forging many times. It is 
obvious that to squeeze out a bloom measuring, 
say, 12 ft. 6 in. by 66 in. diameter, into the tube 
of a 12-in. gun, 57 ft. long, requires a great deal of 
work. Ultimately the forging is completed to 
dimensions which allow a good margin, both in dia- 
meters and length, to give scope for testing and 
machining. The mandrels, which are of steel, are 
themselves hollow, and a stream of water plays 
through them while the forging is being squeezed 
round them. For removing the mandrel, which 
occasionally gets jammed in the forging, a large 
800-ton hydraulic jack is provided. This is seen 
standing by the side of the press in Fig. 13. 

The axle-forge is in the western part of the works, 
on the site of the original forge; from this site 
the works have gradually spread to their present 
boundaries. There are three axle-hammers, in 
which the tools shape the bars directly to the 
finished dimensions, and four other forging-ham- 
mers, used for small engine and other forgings. 
The whole of these are steam-hammers, and range 
from 4 tons to 2 tons in power, For the axle work 





breech of the gun, there is a breech-screw, which 


gears into a bush screwed into the rear end of the 
barrel, the pull on which, when the gun is fired, is 
transmitted through a breech-ring to the jacket, 
and thence forward to the B tube. 

The design having been decided on, each solid 
part is ‘‘taken out,” and a ‘‘forging drawing” of 
it prepared. The forging drawing settles the size 
of the ingot of steel required ; that for the jacket 
of a modern 12-in. 50-calibre gun weighs, approxi- 
mately, 90 tons, although the jacket itself is only 
about 28 tons. The ingot when cast is passed, as 
soon as it is cool enough to be manipulated, to the 
forge, where, as already described, it is re-heated, 
‘* bloomed,” or reduced to cylindrical shape, under 
an hydraulic press, and the superfluous ends cut 
off in a parting-machine. The next operation is 
the ‘‘trepanning” of the bloom—the cutting out 
of the solid core. The bloom is re-heated and 
forged out under a press to the dimensions of the 
forging drawing. he tube is next annealed to 
take out any internal strains set up during the 
forging. This process consists in raising toa certain 
temperature the annealing-pit containing the gun, 
and then allowing it to cool again slowly. The 
forging, after being straightened under a press, if 


Fic. 14. Foreine a 12-In. Gun-Jacker unpDER 3500-Ton Press. 


there are gas-fired furnaces, and for other forgings 
coal-fired furnaces. There is also a 12-ton steam- 
hammer, which, before the days of hydraulic presses, 
was employed for all heavy forging, but is now no 
longer used. 


THe New Gun SHops. 


The gun factory at Parkhead is a recent develop- 
ment of the business of Messrs. William Beardmore 
and Co., Limited, and the firm have already under 
manufacture guns of 12-in. and 4-in. bore, 50 
calibres in length, for the British Admiralty. , An 
experienced and able designing staff has been 
brought together, and the firm is now competent 
to design and produce any weapon, wire-wound or 
solid steel, from the small mountain-gun of 3-in. 
bore up to the largest that seems within the 
probable requirements of the Naval Service, say, 
a 13.5-in. gun with a muzzle velocity of 3000 foot- 
seconds. The capacity of the plant is such that 
twenty 12-in. 50-calibre guns could be produced per 
annum, or larger or smaller weapons in propor- 
tionately less or greater numbers. 

In describing the new shops, it will be more 
interesting to follow the sequence of operations in 
the manufacture of a 12-in. wire-wound gun, and 
it will be readily understood from the narrative that 
from ten months toa year is by no means a long 
period for the numerous processes entailed in its 
construction. 

As is now well known, the body of a modern 
wire-wound gun, as is shown in the section of a 
Beardmore 12-in. gun (Fig. 21, on page 517), is built 
up of five principal parts—viz., the inner A tube or 
liner, the A tube or barrel, the wire winding around 
the barrel, the jacket, and the so-called B tube 
covering the wire. For closing the rear end, or 





necessary, goes next to the machine-shop, and is 
there turned and bored to the dimensions shown in 
the ‘‘rough-machined ” drawing. The tools in the 
machine-shops for this and other purposes will be 
described in a subsequent article. 

The tube then goes to the gun-treating shop for 
hardening and tempering. This is the critical 
phase in the progress of the steel. It has, of 
course, been analysed and tested in the soft state 
previously, after forging, and its physical qualities 
are fairly well known ; it remains to so adjust the 


treatment it now receives that the subsequent 
mechanical tests will lie within the limits of the 


specification to which the gun is being made. The 
gun-treating house at Parkhead isa new building, and 
for completeness and efficiency is certainly not ex- 
celled by any similar installation existing. Sections 
and plans are reproduced in Figs. 22 to 24, on 
page 517 ; an external view is given in Fig. 25, on 
the same page ; and two interior views in Figs. 19 
and 20, on Plate XXXIV. 

The plant in this department is for the following 
processes :—Annealing the gun-forgings, hardening 
and tempering the tubes and jackets after rough 
turning and boring, and finally ‘‘building up” the 
gun by shrinking one tube over the other while 
hot, or tupping one tube into another while 
cold. Owing to the extreme height necessary for 
dealing with guns up to 60 ft. in length, the build- 
ing is of a special design, and entirely a braced 
structure. The principal dimensions are :—Length, 
166 ft.; breadth, 66 ft.; height from floor to apex, 
126 ft. Two overhead electric cranes travel the ful! 
length of the building, one of 100 tons capacity on 
a track 94 ft. above the‘ floor, and the other oi 
30 tons capacity underneath it on a track 54 ft. 
above the floor level (Fig. 23). 
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The furnace for tempering (or annealing) is hori- 
zontal and nerative, of the bogie type. In 
Fig. 20, Plate XX XIV., the door of this furnace is 
seen to the right, behind a 12-in. gun-jacket lying 
on the bogie. The bogie or trolley is of 100 tons 
capacity, to take gun-forgings up to 60 ft. long, and 
of a width of 8 ft. 4in. e furnace is arranged so 
that it can be worked in three sections, if required, 
three independent sets of valves being installed. 
The trolley is run in and out by a geared electric 
motor, and the door is lifted hydraulically. 

There are four vertical heating furnaces for the 
hardening processes—those to the left of the section 
and plan, Figs. 22 and 24, and illustrated in Fig. 20, 
which shows a 12-in. tube coming out of the high 
furnace, and about to be dipped for hardening. 
Two of these furnaces are arranged to deal with 
the gun-tubes, the larger being capable of heating 
tubes up to 60 ft. long, while the smaller is for 
tubes up to 32 ft. in length. The two other fur- 
naces are for heating the gun-jackets, the larger one 
being 6 ft. 3in. in diameter and 32 ft. high, and 
the other for the jackets of smaller guns. Along- 
side these furnaces are two oil-tanks, one 70 ft. 
deep and 7 ft. in diameter, for dipping the gun-tubes, 
the other 50 ft. deep and 11 ft. in diameter, for 
taking the gun-jackets ; each contains about 16,000 
gallons of oil, An auxiliary tank, 50 ft. deep and 
11 ft. in diameter, in the corner of the 
building close by. three tanks are connected 
to electrically-driven pumps, so that the oil may be 
kept in constant circulation, or disc from one 
tank to the other as required. The tanks are sunk 
into brickwork pits in the ground, surrounded by 
cooling water, and project 19 ft. above the floor- 
level (see Fig. 22, page 517). The oil-pumps can 
also deal with this water when an external examina- 
tion of the tanks is necessary. 

When a tube or jacket has been heated in the 
furnace it is brought by the 100-ton crane over one 
of the tanks and bey into the oil at a very high 
rate of speed. The crane has been specially con- 
structed for this high duty. The lifting and lower- 
ing operations are hydraulic, the power being sup- 
plied by two sets of electrically-driven pumps which 
are fitted on the crane. These actuate two hydraulic 
rams, the cylinders of which are 19 in. bore and 
16 ft. 6 in. stroke ; the ratio of the rope-gearing is 
5} to 1, and the hydraulic — 3000 Ib. per 
square inch, The crane has a wheel-base of 
15 ft. 8 in., with four wheels on each side, running 
ona rail 6 in. wide. The falling speed of the load 
is recorded on a dial in the operator's cage, together 
with the exact position of the load with respect to 
the oil-tank, so that he knows exactly when to draw 
up. A special regulation is also provided whereby 
the falling speeds for various loads shall not exceed 
a pre-determined figure, apart altogether from the 
operator’s handling-lever. This gives him perfect 
control when dropping the load. 

Throughout the heating of the tube or jacket in 
the furnace its temperature is constantly recorded by 
a pyrometer. It is essential that the last recorded 
heat of a tube in the furnace before dipping should 
conform as closely as possible to its temperature 
during immersion in the oil. This important fact 
has been carefully considered in the design of the 
crane, so that the time taken to withdraw the tube 
from the furnace and dip it into the oil is reduced 
toa minimum. Tostill further facilitate the fulfil- 
ment of this condition, the longest ‘‘ tube ” furnace 
is fitted with a series of hinged doors on the side 
adjacent to the deep-oil tank. These doors, which 
are shown open in Fig. 20, extend from the top of 
the furnace down to the same level as the top of the 
oil-tanks ; the tube then need only be lifted up in 
the furnace to this height and traversed across 
the tank and lowered. In the smaller furnaces 
the tubes are lifted straight out at the top. The 
tanks are so arranged that the tube can be left 
hanging in the oil, and the crane set free for other 
work, The 30-ton crane is principally used for 
general lifting work, and is electrically operated 
throughout ; but it is also specially arranged to 
deal entirely with the dipping arrangements of the 
smaller types of gun-tubes. 

_When cool, the tube or jacket is lifted out of the 
oil and placed horizontally on the bogie of the 
tempering furnace ; the bogie is run home, and the 
tube raised to a certain temperature, and then 
allowed to cool again gradually, thus bringing the 
hardened metal to a proper temper. At the other 
end «f the building is the shrinking or building-up 
pit—that to the right of the section and plan 
(Figs. 22 and 24), and illustrated in the view 


(Fig. 19 on Plate XXXIV. This shrinking-pit is 
14 ft. in diameter and 30 ft. deep from the floor- 
level. A steel structure, which carries platforms 
at intervals of 5 ft., extends above the pit to a 
height of 30 ft. The pitis fitted with sliding water- 
sprays and gas rings for locally cooling or heating 
the tubes during the process of shrinking, and the 
pit is kept dry by means of a three-throw electri- 
cally-driven pump. Adjacent to the shrinking-pit 
are two vertical furnaces for heating the gun-jackets 
before shrinking. 

All the vertical heating furnaces are non-re- 
generative, but are air-jacketed, and specially 
constructed to maintain a uniform temperature 
throughout. They all work on ‘‘ washed” gas 
brought to the building from the gas-producers 
in a steel tube 4 ft. in diameter, and the products 
of combustion are led outside the building into a 
common stack 5 ft. 6 in. in diameter and 121 ft. high 
(Fig. 25). The covers of the furnaces are operated 
from the floor-level by chains working through 
worm-gear ; one chain raises the cover slightly, and 
the other slews it round to allow the heated tube 
to be withdrawn. All the furnaces are arra sO 
that they may be increased in height to take longer 
tubes when the occasion arises. 

The tube or jacket, having been hardened and 
tempered, is tested ; if it does not come within 
the specification limits, it is again treated either by 
hardening, by tempering, or by both. Having 
passed its test, the final machining in the machine- 
shops is proceeded with. In the case of the inner 
and outer A tubes, the exterior diameter of the 
former is finished to a few thousandths in excess 
of the interior diameter of the latter, and the two 
are telescoped together, and the inner forced home 
by tupping, so that the two become practically one 

iece. _ This operation is carried out in the shrink- 
ing pit illustrated in Fig. 19. The shrinking-pit 
has such depth that, in combination with the 
height of Pi, wet crane, there is sufficient height 
to admit of two 60-ft. tubes being - telescoped 
together. 

Over the tubes the wire is then wound, a pro- 
cess which will be described and illustrated in our 
next article along with other machining operations. 
The wiring having been completed, the A tube 
returns to the treating-shop for the shrinking over 
it of the B tube. here the B tube covers the 
wire only a few thousandths of an inch shrinkage 
is allowed, merely to ensure a good mechanical fit; 
but over such of the inner tube as are not 
wired, the B tube is securely shrunk on. In this 
— the B tube is warmed up in one of the 
shrinking-furnaces, and when sufficiently heated 
is lifted out bya crane, carried over the pit, and 
dropped on to the A tube; the cooling is regu- 
lated by gas-rings and by water-rings, so that the 
shoulders are “eeu to bear properly. The 
B tube having been placed, the packet is then 
dealt with in a similar manner, and the gun is com- 
plete so far as its circumferential strength is con- 
cerned, It remains only to screw the breech-piece 
into the rear end of the A tube, and then to screw 
the breech-ring over this on to the rear portion of 
the jacket. When completely built up, the gun is 
turned and bored to its final outside dimensions and 
then rifled. The rifling may have a uniform or an 
increasing twist, and the rifling-machine effects this 
in the former system by gearing, and in the latter 
by means of a copying-bar, as shall be described 
when we come to deal with the tools in the machine- 
shop. 

r (To be continued.) 








THE INSTITUTION OF NAVAL 
ARCHITECTS. 
(Concluded from page 485.) 
At the adjourned meeting of this Institution on 
Friday morning, April 2, Sir Philip Watts took the 
chair. The Secretary having announced the names 
of eight new members recommended by the Council 
|for election, these were formally elected, as were 
| also the scrutineers for the ensuing year. 


THe ResIsTaANCcE OF PLATES. 


The es entitled ‘‘The Resistance of Thin 
Plates and Models in a Current of Water,” by Dr. 
T. E. Stanton, was then read by the author, This 
paper we print in full on page 524. 

Mr. R. E. Froude, who opened the discussion, 
referred to the paper as an able piece of work. The 





exceedingly useful for certain purposes, and the 
speaker was very glad that a beginning had been 
made with it. The paper was interesting to himself 
because he had been over the greater part of the 
und with the Haslar tank many years ago, but 
his results had not yet been published. . the 
Haslar experiments the plates moved and the 
water was stationary. The plates that he had used 
were, moreover, larger (6 in.), though the con- 
ditions were much the same. At Haslar he had 
not tried the effect of putting one plane in front 
of another, nor had he tried the effect of a plane 
behind a ship-model, but had carried out analo- 
gous experiments, which gave results comparable 
with those of the author. Among the proportions 
tried were square plates, and lar plates of 
the same proportions as Dr. Stanton used. He 
had not made accurate comparisons, but the results 
appeared to be exactly the same as the author’s. 
is was very encouraging, as there was so great a 
difference in the scale of the models. It gave 
grounds for believing that model screw-propeller 
experiments would trustworthy. The model 
screws could not have blades of more than a few 
inches area, and one was glad to have confirmation 
of the belief that from small models reliable deduc- 
tions as to the behaviour of large screws could be 
made. The fact that air and water resistance was 
found by Dr. Stanton to follow the same laws gave 
und for believing the experiments were reliable. 
That two fluids of such different density gave com- 
ble results indicated that the results were pro- 
Sand by something more than mere superficial 
characteristics. 

Mr. C. E. Stromeyer had seen the apparatus at 

the National Physical Laboratory, and had been 
leased with its accuracy. He s ted to Dr. 
ocien that experiments should made with 
revolving blades with water flowing past, so that 
the velocity of the water in the tank (2.4 ft. 

r second) would represent the slip of the blades. 

e did not think it was correct to draw conclusions 
from low-speed experiments with fixed blades, and 
trusted that revolving blades would be tested. The 
speaker felt differently from Mr. Froude with 
regard to the agreement between the results ob- 
tained with air and water. If the results agreed, 
might the fact not be explained by the existence of 
a definite relationship between the tank and the 
model, which was the same in both cases ? 

Sir John Thornycroft remarked that Mr. Stro- 
meyer appeared to think that, because air was so 
much more compressible than water it was un- 
a # maces the oe eee with the two fluids 
should agree, and that the a mt agreement was 
due to the fact that some rela ionship as to size had 
masked other differences. But the compressibility 
of air did not enter paar wg into the question, 
because the air was already at a pressure of 15 lb. 
to the square inch, and the minute increases of 
pressure in the experiments entailed almost no 
change of volume. Sir John had looked closely 
into the matter once for the purpose of deciding 
whether to propel a boat by an aerial or a water 
ropeller, and had come to the conclusion that the 
orce was proportional only to the weight of the 
two fluids respectively. 
Mr, W. H. Whiting asked as to the possibility 
of error acing out of the relative dimensions of 
planes andtank. It appeared as if the interference 
with the stream-lines by the sides of the tank might 
upset the measurements. The author had stated 
that he did not know what rules were used for the 
design of rudders, but in practice the vessel had a 
relative motion with respect to the stream-lines. 
Probably in connection with canals of small width 
as compared with the dimensions of the boat Dr, 
Stanton’s werent might have some value. 

Professor J. J. Welch said that he also had been 
struck by the ingenuity of the apparatus at the 
National Physical Laboratory, and the accuracy of 
which it was capable. It was encouraging to know 
that one could make experiments on a small scale 
and get accurate results. In such experiments as 
had Teds described the question arose of how to 
get rid of the eddies in the water set up by the 
centrifugal pump. . How did Dr. Stanton know 
that there was no eddying, as if there was it would 
vitiate the measurements? The little tank was 
valuable, as it would indicate profitable lines of re- 
search for the larger and more costly tanks. 

Mr. C. E. Stromeyer, rising again, said it had 
occurred to him that the theory of critical velocity 
which Osborne Reynolds had propounded would 





method of experimenting described ought to be 





explain the hump in the pressure curves, It 
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looked as if up to 30 deg. or so inclination the 
velocity was below the critical point, and afterwards 
was above it. Perhaps Dr. Stanton would deal with 
this question. 

Mr. R. E. Froude, also speaking for the second 
time, said, with reference to the last speaker’s 
remarks, that at Haslar they had made experiments 
at two speeds, one of them twice the other. The 
hump occurred at the same place, which disposed 
of the idea that its presence there was due to speed. 

Professor Henderson said that, theoretically, the 
curves for air and water resistance should agree, 
provided that the resistance varied as the square of 
the velocity, and that the velocity was below that 
of sound, If the resistance did not vary as the 
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square of the velocity, it was not due to inertia 
alone, but partly to the viscosity, and the problem 
was then complicated. With reference to the ex- 
periments on planes set one behind the other, the 
results hardly seemed to agree with Froude’s ex- 
periments on two, three, and four-bladed screws. 
Mr. Hillhouse said that in connection with every 
ship the question of rudder design arose. He had 
inquired of various steering-gear makers as to the 
pressures they allowed for, and had found their 
ideas varied by 30 to 40 per cent. He had himself 
found the following formula serviceable :— 
Tons pressure at 35 deg. = Al . y 
in which A was the area of the rudder in square 
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feet, and K was the speed of the vessel in knots. 
He had compared this formula with the one in Ir. 
Stanton’s paper, which was based on a speed of 
2.4 ft. per second, and it worked out to a pressure 
of 5 lb. per square foot, which agreed with the 
author’s result. It was interesting to find that the 
results obtained with small planes agreed with those 
for large ones, because the ratio between periphery 
and area varied, and one would have expected the 
influence of eddies at the periphery to have had an 
effect. There was a general impression that a 
narrow long rudder was better than a deep short 
one. If two small planes were put edge to edge, it 
was not easy to see why the pressure on the two 
together should not be the sum of the pressures 
on the two separately. It could only be due to 
water not being able to escape round the adjacent 
edges. Would Dr. Stanton give the length of the 
trough occupied by the zinc lining, and state what 
precautions he had taken for avoiding eddying at 
the end of the lining? No doubt the method of 
experimenting would apply to ship models as well 
as planes, but the difficulty with the former would 
be to make them sufficiently accurate on such a 
small scale. 

Dr. T. E. Stanton, in reply, said that the ques- 
tion of the similarity of the results obtained with 
air and water had been raised. He had found that 
with air the constant in the pressure-velocity for 
mula was 0.0027 for small plates and 0.0032 foi 
large plates. In water the constant in the corre 
sponding formula was apparently the same for large 
and small plates, and is given by 0.0032 multiplied 
by the ratio of the density of water to that of air, 
and on that account small-scale experiments 1) 
water were more easily interpreted than in the case 
of air. With reference to the effect of the smallnes» 
of the channel on the experiments given in th: 
paper, the speaker had thought that possibly, when 
the angle of the plate was great, there might lx 
some small effect due to this cause. He had there- 
fore not used the results obtained with the 2-in 
plate in preparing the formula for the pressure with 





517 








Foals ig7vLS 





ENGINEERING. 


LLddddddsbddiiis sisi QQ 


= Raa 


IGIF LIJULS 


caeeoem 








ESO HT HAA AN VV ATL _  §BF Wt sss SS = ak Za 
aaanenanensonnenneee WSIEIELILETTEISS bs Vee da usaiiéa : ee ; Sa SS 
VLLILEL LLL LL IYLMLLLELDLLTLTSLELIITITITIVOLLELELDEDELLALTLDESLE EL oa ¥ E SS a O_O OO DAA ATS 77 Wit opr “ity Whllts 


NNO SRA NANI SS S SOS TRANS 
SS WILT 
























































AprIL 16, 1909.] 























CEOEEL <LILTETUEOPEEPTPIEEIEEEEEEEE PDR EEEE PEEL 


BAWnhhnwwewww_+"W"™Awo(’( OOOKEZKXKKKKKK SW I< WC 2?.”?”)2)212,280eeeexencxaq—xeiiii tl: 
———e ————S == = SaaS SSSSSSSEQEEQEEEENR SSS SSS S SSS i 





SSN 





















































AL LLLALLLL ALLL ULLTTELLLLLLLLL LLL LOLA LL ———— SSS SSIS, iss <«< 
SS . 5 LLL BRASS —————————————————————————— 
SKK ANNAN SSS Wr = a en = — = WAH oe 





(Eig eng aas ‘uoudiusag 40,7) Od 


dOHS ONILVAYLNOS FHL ‘MODSVID ‘SHUOM IDNLS GQVHHYMUVd AHL 


_ 518 


ENGINEERING. 


[Aprit 16, 1909. 








normal impingement, but had used a smaller plate, 
which, when set trausversely to the channel, was 
only about 1 per cent. of the cross-section of the 
channel. There had been some difficulty with the 
end boxes of the tank with regard to eddying, and 
were another tank to be made the end boxes would be 
made larger. Dr. Stanton sketched the arrangement 
adopted on the blackboard, and explained that the 
water rose up between bafile-plates, and then flowed 
into the channel throughseveral sheets of wire-gauze. 
Just beyond the gauze was a curved horizontal plate 
in contact with the top of the water, which smoothed 
out any surface waves. Projecting downwards from 
the underside of a second similar plate were a number 
of longitudinal fins, parallel to the flow, to still 
further ensure steadiness. He thought the eddies 
were thoroughly got out, because no pressure could 
be observed on a plate set parallel to the channel, 
and the readings at 4 deg. on each side of this 
position were equal. - Moreover, if a 2-in. plate 
were put 18 in. in front of a similar one, with only 
0.2 in. projected area, there was an appreciable 
effect on the original plate. This proved the flow 
was straight and steady. Ship models had been 
tried in the tank, but the results were not satis- 
factory, on account of surface waves. With the 
large tank which would soon be at the National 
Physical Laboratory they hoped to get useful 
results from such models, 


Tue Roiune or SuHips. 


The Chairman then called on Mr. A. W. Johns 
to read his paper on ‘‘The Accelerated Motion of 
Bodies in Water, with Special —a to the 
Rolling of Ships.” This paper we hope to print in 
full in a future issue. 

The discussion was opened by Professor Bryan, 
who said that in his work Mr. Johns had practi- 
cally assumed the mass of the fluid moved to be 
constant. Taking the case of a sphere moving in a 
viscous liquid, nobody had been able to work out 
the equations of steady motion, though the condi- 
tions at starting could be expressed mathematically. 
There was a zone of disturbance which extended in 
Late ag to the acceleration. A solution of the 
problem had been attempted experimentally by 
floating particles on the surface of a liquid, and 
taking a photograph of them as they were disturbed 
by a moving body. Mr. W. E. Williams, of 
Bangor, had used a rectangular tank full of water 
with a sphere hanging in it. A quantity of dust 
was suspended in the water. the sphere was 
moved along, and automatically pho phed as it 
passed a camera set for the p se. The exposure 
was not instantaneous, but sufticiently long to show 
the path of the dust particles in the water. The 
tank was, of course, strongly illuminated. When 
the sphere moved slowly the eddies formed were 
nearly on the vertical diameter, but at higher speeds 
they lagged behind. Similar experiments had been 
carried out with moving plates, and confirmed the 
ees current of air curling round the leading 
ec ge of an aeroplane. 

r. R. E. Froude thought the paper suggestive, 
but hardly lending itself to detailed discussion. 
The term ‘ virtual mass” seemed to be one of 
those tempting and illuminating conceptions that 
were liable to be pushed too far. It must be re- 
membered that the idea was conventional, or there 
was danger of being misled rather than instructed. 
The stream-line theory showed that when a body 
was moving through a perfect fluid, the effect of 
the fluid on the body could always be repre- 
sented by a single force proportional to the 
acceleration and nothing else. The proportion 
between acceleration and force was, however, 
constant, and it followed that there would always 
be the same value for what was called ‘ virtual 
mass.” The effect of the fluid was therefore 
indistinguishable from the addition of mass to 
the body, so that with a perfect fluid the conception 
was entirely justified. But ii so far as fluid motion 
differed from that given by the stream-line theory, 
the appropriateness of the virtual-mass idea dimin- 
ished. ith bodies of easy lines it was known 


that the stream-lines were something like the! 


perfect-fluid theory indicated, and therefore the 
virtual-mass theory would hold. But when a blade 
or plane moved perpendicular to itself, conditions 
were absolutely different from stream-line motion. 
There was a mass of dead water behind the plate, 
and not only was the contiguration different, but 
the history and character of the disturbance differed 
from stream-line motion. Stream-lines had no 
growth. They sprang into existence instanta- 


neously the moment motion occurred. With water 
the dead water behind the plate was totally absent 
at the start, and as it grew the forces acting were 
all changing. When the plate had a reciprocating 
motion the mass of dead water behind commenced 
to over-run the plate, and the whole phenomenon 
turned inside out. The speaker failed to see that 
in connection with the rolling of ships the con- 
ception of virtual mass was justified. The force 
changed, and therefore the virtual mass changed, 
and the whole idea of virtual mass was that it 
should be constant. There was no advantage in 
expressing one variable in terms of another. More- 
over, though one could measure the force and the 
acceleration, the resistance varied, and there was 
only one equation. It was therefore necessary to 
assume, as Mr. Johns had done, that the resistance 
varied as the square of the velocity. 

Mr. C. E. Stromeyer said that Denster’s experi- 
ments contained an enormous amount of informa- 
tion, and gave data from which the equations which 
Professor Bryan had wanted could be worked out. 
The speaker had published a paper some time ago 
that one could work out a differential equation in 
which the resistance was dependent upon the velo- 
city and acceleration. 

r. John Smith was rather sorry to see the close 
agreement between the experimental and calculated 
values of the b coefficient in one of the Tables. 
It showed that the b coefticient could be accounted 
for by either of two considerations—firstly, direct 

ressure ; and, secondly, eddying motion. These 
fot out the effect of the stream-line pressures on 
the bottom of the ship and the suction at the back 
of the bilge keels, although these two factors had a 
very considerable effect in reducing motion. It 
had been attempted to account for the increased 
value of the a coefficient by the bilge keels. The 
latter anchored the bottom of the ship and increased 
v. In H.M.S. Revenge the a coefticient was in- 
creased by the bilge keels, whereas in another 
vessel it was decreased. Although Mr. Johns had 
done valuable work, there were many further points 
to be considered before the subject was exhausted. 

At this point the discussion was adjourned, in 
order that the report of the Tank Committee should 
be read. ] 

The discussion was resumed by Mr. W. S. Abell. 

Mr. W.S. Abell remarked that in dealing with 
resisted rollings the method of analysis hitherto 
adopted had been to calculate the resistance of the 
bilge keels, assuming a steady motion. In effect, 
however, there was no steady motion, the problem 
being one of acceleration entirely, and the speaker 
believed Mr. Johns’ paper to be the first to give a 
practical solution from an acceleration point of 
view. The author had attacked the problem from 
an estimate of the resistance experienced, based 
upon the acceleration resistance of flat plates, 
although it appeared simpler to deal with it from 
the energy point of view, since the drain of energy 
from the ship was known and could be easily cal- 
culated. The experimental facts of the case were 
two in number: Firstly, for small angles of roll 
the decrement in a single swing was given by A@ = 
a 0a + b 8a*, where 6a was the mean angle of roll. 
The loss of energy for the same time, assuming 0 
small and the curve of statical stability a straight 
line, was W G M (a 6a? + 6 6a*), where W was 
the displacement and G M the metacentric height. 
+ ies , in the case of a ship and a dynamically 
similar model, for the same mean angle of roll the 
decrement of the swing was the same for the model 


jas for the ship. One had therefore to find reasons 


for losses of energy varying as 6? and 6 which 
would, at the same time, satisfy the second con- 
dition. As regards the 6? term, Mr. Froude had 
shown that the creation of surface waves gave rise 
to such a loss, and satisfied the experimental con- 





ditions. The waves left the ship, and constituted 
a drain of energy. In the case of the second term, 
it appeared that the discontinuities existing in the 
ship would account for the loss of energy. 

Mr. Abell sketched on the blackboard a bilge 
keel composed of a single plate, and rotating with 
the ship. In order to take account of the motion 
of the water, he pointed out that it would be neces- 
sary, when a certain velocity was reached at its 
outboard edge, to assume either an infinite velocity 
|of the water or a negative pressure producing 
|cavitation. An infinite velocity was impossible. 
| The effect of the negative pressure was to set up a 
| surface of discontinuity which increased in extent 
and trailed behind the keel. The velocities 
|measured along the tangents at each side of this 





surface were different, and the surface was what 
was known as a vortex-sheet. Such asurface when 
once created was indestructible, and the effect of the 
viscosity was to cause the sheet to diffuse outwards, 
as stated by Professor Bryan, thus causing a drain 
of energy. Taking asa first approximation that the 
length S of the sheet was proportional to @, the angle 
of roll, the energy per unit area might be shown tv 
be proportional to s? and the total energy to ;°, 
which, again, was proportional to 6°. Therefore 
the loss of energy from such a cause would produce 
the & term, and it appeared reasonable to attribute 
the total losses of energy to two causes—namely 
(1) surface waves and (2) vortex sheets produced at 
surfaces of discontinuity, such as bilge keels, flat 
keels, &c. 

The method of calculation given in the paper for 
obtaining the virtual mass assumed W constant 
between two near values of the velocity V, and V.,,. 
Had Mr. Johns tried rewriting the force equation, 
substituting for W a quantity k (v) since he had 
found W to vary as v, k being presumed constant / 
If this were done the force equation became 


F = (kv) of 4 F(q)> 


F( 1 - (u) jas =kv*dv. 


Integrating, the left-hand side gave the energy 
lost during acceleration, which on the right-hand 
side became proportional to k (v*). This quantity, 
assuming k to be constant, in accordance with Mr. 
Johns’ finding, was of the same dimensions as the 
energy required for the creation of a vortex sheet, 
and in the case of a ship where v varied with 6, 
became k (6)'. 

Considering Mr. Johns’ calculations for the Re- 
venge, Mr. Abell thought the calculated losses of 
energy in columns 2 and 6 of the table were the 
vortex sheet energies ; while those in columns 3 
and 7 were based on steady motion resistance where 
the energy absorbed in one roll might be retained 
to the ship in another. If therefore columns 3 
and 7 were neglected, and if the figures in columns 2 
and 6 were multiplied by four-thirds (since Mr. 
Johns had taken three-fourths of the calculated 
values) it ought to give something approaching a 
correct result if the foregoing theory were correct. 
The results were as follows :— 





Vortex 
Theory. 


Actual 
Col. 5. 


Vortex Mr. Johns’ | 
Theory. Col. 4. 


Mr. Johns’ | Actual, 
Col. 8 | Col. 9 





0.34 
0.23 
0.15 
0.08 


0.36 
0.28 
0.13 
0.06 


0.35 
0.24 
0.16 
0.09 


0.33 
0.15 
| 0.07 


0.30 
0.14 


0.29 
0.15 
0.06 0.06 





which were nearly as close as those obtained by 
Mr. Johns, and further they involved no assump- 
tion as to the proportion of energy returned to the 
ship, asin the paper. There did not appear to be 
physically a virtual mass of any magnitude, as Mr. 
Johns suggested, although his assumptions seemed to 
afford.a ready means of calculating the vortical energy 
produced by discontinuity. The author had com- 
— the Sultan and the Revenge. The former 
ad rectangular keels 8 in. deep and 134 in. broad, 
while the latter had triangular keels 3 ft. deep. In 
the Sultan there was little discontinuity to cause 
vortices as compared with the Revenge, and this 
appeared a more reasonable explanation for the dif- 
ference than assuming larger masses of dead water. 
The author was, no doubt, aware that in the 
case of the Greyhound the a coefficient was de- 
creased by fitting keels 100 ft. long by 3 ft. 6 in. 
deep, which were large in proportion to the ship. 
The variation of the a coefficient might possibly be 
due to the nearness of the bilge keels to the surface, 
interfering with the surface waves. In one case 
calculation showed that the « coefticient was in- 
creased by 6 per cent. by lightening the ship about 
In reply to the discussion, the author was very 
brief. He said that Professor Bryan had implied 
that virtual mass was constant, whereas in the paper 
it had been taken as varying with the velocity. 
Mr. Smith had referred to the effect of shape, 
which no doubt entered into the question ; and he 
a Mr. Abell’s remarks on the subject of 
the loss of energy in rolling. 


Report or THE TANK CoMMITTEE. 


The report of the Tank Committee was pre- 
sented and discussed during an adjournment of 
Mr. A. W.-Johns’ paper for the purpose, Sir 
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William White taking the chair. The first por- 
tion of the report was taken as read, while the 
latter part was dealt with by Dr. Glazebrook. We 
print the report on page 539 of the present issue. 

Sir J. Wolfe Barry opened the discussion. He 
stated that he was acting as Chairman of the 
National Physical Laboratory in the absence of 
Lord Rayleigh, and Sir William White had sug- 
gested that he should say a few words about what 
was being done at the Laboratory to provide a 
tank, which would be open to everybody for the 
solution of naval problems. A Committee of the 
Royal Society had the matter in hand. There 
were very few men who would give such a large 
sum as Mr. Yarrow had offered, and he deserved 
the thanks of the community. The maintenance of 
the tank would cost 2000/. a year, and the committee 
decided that if 12001. were forthcoming for this 
purpose they would proceed with the erection of the 
tank, preferring to take some risk rather than let 
the matter be shelved. They saw that the funds of 
the Committee might be jeopardised, but considered 
it their duty to put the work in hand. The speaker 
felt pretty confident that when the great firms 
became properly aware of the tank that 20001. would 
be forthcoming. The Committee relied more imme- 
diately upon what should be done by the firms 
directly interested in tank research. Those who had 
any problems would receive the most cordial assist- 
ance from Dr. Glazebrook, and he hoped soon to 
know that the income of the tank was assured. 

The Chairman said that though shipbuilding at 
the present moment was not in a very prosperous 
condition, by the generosity of Mr. Yarrow and the 
labours of the Committee, Great Britain would 
shortly come into possession of a first-class experi- 
mental tank forresearch. He asked the meeting to 
authorise the Secretary to send a telegram to Mr. 
Yarrow, expressing their gratitude to him, and this 
was approved of with acclamation. The meeting 
then adjourned for the midday break. 

On resuming, Sir John Thornycroft expressed a 
sincere hope that the tank would be made, and was 
told by the Chairman that it was certain. He was 
glad of this, and trusted that the tank would be of 
as large a cross-section as could be afforded. With 
a large tank there was need for great care to ensure 
rigidity of the trucks, but no doubt the Committee 
would see to this point. 

Professor Henderson asked if the hunting which 
had to be guarded against in the recording appa- 
ratus was due to variation of thrust or to instability 
of the apparatus. He sketched diagrammatically 
on the blackboard a type of apparatus which he 
thought would be more stable than the one re- 
ferred to. 

The Secretary then read a communication re- 
ceived from Mr. Wilding, who thought that Table I. 
suggested a point which had been omitted in recent 
establishments, although the French seemed to have 
taken account of it. A tank might suffer from 
shoal-water effect, due to transverse wave making. 
If the depth of water was less than § (speed)? this 
trouble arose. A depth of 12 ft. was too little for 
high speeds, and Yarrow had shown that compara- 
tive shallowness gave a marked increase in resist- 
ance. It was quite possible for the tank horse- 
pr wer of torpedo-boat models to be overrated 

ecause of the shoal water effect in the tank. 

Mr. W. J. Luke said that Mr. Wilding had in- 
troduced the question of the section of tank in rela- 
tion to the experiments to be carried out. When 
Messrs. John Brown and Co. laid down the Clyde- 
bank tank they had some doubt as to what cross- 
section would be adequate, and got some informa- 
tion from Mr. Froude and Mr. Wilding, who was 
then at Haslar. The question also arose at Bushy, 
and with a view of assisting a little in its elucida- 
tion Messrs. John Brown and Co. had made a 
model of the City of Paris, 240 in. long, or 50 per 
cent. longer than the usual sized model adopted 
for the tank. The ship itself was 525 ft. long. At 
speeds from 16 to 25 knots they were able to repro- 
duce in the tank the effective horse-power, &c., as 
well with the 240-in. model as with the 160-in. one. 
They inferred from that that a section 20 ft. wide 
by 10 ft. deep would be’ sufficient to give good 
results with ordinary ships. It might be different 
with vessels of extreme proportion, and also, as Mr. 
Wilding had said, for fast vessels, but these were 
the minority. A tank 30 ft. wide by 12 ft. or 13 ft. 
wan would be quite satisfactory for all ordinary 
work. 

Mr. L. Pendred; whose interest in tank research 
the Chairman alluded to in calling on him, thanked 








Dr. Glazebrook for the appreciation he had expressed 
of the articles that were appearing in The Engineer. 
Mr. Pendred said that, as regarded tank experi- 
ments on hull resistance alone, the length of the 
model did not much affect the results. Mr. Luke 
had given an illustration of this. But the next 
work would be in connection with screw-propellers, 
and for this the models must be large to ensure 
accuracy. It was extremely difficult to get small 
models accurate. He hoped the Bushy tank would 
enable propeller experiments to be carried further 
than the Paris tank. 

Professor J. H. Biles wished to say how greatly 
the meeting was indebted both to Mr. Yarrow and 
Sir William White-for the money and labour ex- 
pended. 

Sir Philip Watts said the members owed an 
obligation to Dr. Glazebrook for his account of the 
tank and the part he had taken in their proceedings. 
Thanks to Mr. Yarrow, they would soon have an 
experimental tank where problems could be worked 
out. The advances made during recent years in 
the forms of ships and the determination of pro- 
blems connected with their speeds and performances 
have been largely due to the experiments in the 
Admiralty tank at Haslar. It was difticult to 
understand why there were not more tanks in the 
country ; some firms probably had always been too 
busy to build themselves a tank, and others shrank 
from the cost. In future, shipbuilders would be 
able to have confidential tests made of their models. 
Sir Philip had satisfied himself that the dimen- 
sions as now settled fulfilled every condition both 
for screw tests and trials of high-speed models. 

Sir William White, after referring to Dr. Glaze- 
brook’s work at the National Physical Laboratory, 
said the credit of being the first firm to put down 
money for the maintenance of the tank was due to 
the P. and O. Company, and Sir Thomas Sutherland 
had promised a special subscription, which was paid 
at once, and was now in the bank. Mr. James 
Dixon, the treasurer of the Committee, had also 
shown a remarkable interest in the work, and sub- 
scribed to it, and Lloyds were among the guarantors. 
The shipowners would benefit most from the tank, 
for even a saving of 1 per cent. in their coal bill 
amounted to an enormous sum. It was to be hoped 
that they would come forward and guarantee 1001. 
a year, which was all that was asked of each. It 
was not possible to pursue research at Haslar as it 
would be the case at Bushy, because frequently 
everything at Haslar had to be put aside to make 
way for the Admiralty requirements. 

r. Glazebrook said it was now nearly ten years 
since he came to Bushy to apply to industrial 
roblems the science he had learnt at Cambridge. 

e work had been the greatest possible pleasure 
to him. Referring to the points raised in the dis- 
cussion, he thanked Professor Henderson for his 
remarks on the question of hunting. Mr. Horace 
Darwin had made the same suggestion as likely to 
be of benefit. As to the possible shoal effect at 
high speeds, he agreed that it was better to reduce 
the width of the tank than the depth, and would 
look into the matter of transverse wave-making. 

The Chairman then announced that Sir George 
Greenhill was unavoidably absent, and his paper 
on ‘*Ship Geometry,” which we publish in full on 

ge 542, would be taken as read. A paper by Sir 

hilip Watts on ‘‘The Speed Trials of H.M. Tor- 
o-Boat Destroyer ‘Cossack’ at Skelmorlie and 
the Maplin Sands”’* was also taken as read. 


LauncHING CALCULATIONS. 


The next paper taken was one by Mr. John Smith 
on ‘* Launching Calculations, with Special Reference 
to the Effect of Camber.” This paper dealt with 
methods introduced by Mr. Smith in the course of 
instruction for the senior naval construction students 
at Greenwich, by which the launching calculations 
were readily performed, and the variation in the load 
on the fore poppet from the time the stern lifted 
to the point at which the ship dropped off the ways. 
The effect of different amounts of camber in the 
groundways was also dealt with in the paper. We 
pro to reprint this paper in a future igsue. 

e discussion on this paper was opened by Pro- 
fessor J. J. Welch, who thought that the thanks of 
the Institution in connection with this paper ought 
to be extended not only to Mr. Smith, but to the 
students at Greenwich as well. At the Armstrong 
College they had done a good deal of work on this 





_ * This paper was printed in full on page 508 of our last 
insue. 





subject of launching calculations with the aid of the 
integraph, but had not carried it sofaras Mr. Smith 
had done. He thought the author rather under- 
estimated the number of people who were aware of 
the fact that an increase of camber was equivalent 
to arise of tide. This was well-known, for instance, 
in the drawing-office at Birkenhead and elsewhere. 
What Mr. Smith called ‘‘ buoyancy balancing” 
was not usually gone into. In the case of the 
Mauretania the pressure on the fore poppet was 
3700 tons when the stern lifted and 1600 tons when 
the ship left the slip. Mr. Smith deduced all the 
effects of different cambers and different declivities 
from one set of calculations, which made his method 
valuable. The method of arranging water-line areas 
was also useful. The quantitative results worked 
out were interesting, and the effect of camber 
could be clearly traced by the method used in the 


paper. 

Mr. W.S. Abell thought the paper notable for 
two features; one was the completeness of the 
calculations, and the other that the conditions 
brought about by camber and declivity were so 
clearly shown in it. He wished to ask if the 
curves of buoyancy after the stern-lifts given in 
Fig. 11 of the paper were for a particular case or 
general. He thought if they were for a general 
case the divergence between them was rather great. 
One effect of camber was, of course, to reduce the 
declivity at the start. In the Lusitania he had 
found that for every foot of camber added the 
declivity had to be increased by ,4,5. Actually it 
depends on the coefficient of friction. If a perpen- 
dicular was drop from the centre of gravity of 
the hull on to the curve of camber of the ways, 
and a line set off at this point of intersection, 
making, with the tangent, an angle correspond- 
ing to the coefficient of friction, the slope of this 
line must be less than the horizontal for the vessel 
to start. 

Mr. W. J. Luke, the next speaker, said that this 
was just the kind of paper eagerly looked for by 
many, such as instructors, &c., who were not able 
to keep absolutely in touch with modern facilities. 
It was a Pes that brought out practical points, 
such as that the effect of camber was to increase 
the moment against tipping, and to decrease the 
maximum pressure on the after end of the ground- 
ways, and to increase the load on the fore poppet. 
Launching in practice involved a compromise be- 
tween the precautions necessary to avoid two 
dangers. If the safety against tipping was in- 
creased, the load on the fore poppet was increased 
at the same time. These were two ever-present 
troubles, and in recent launches he had seen cases 
of both tipping and of the rising of the stern, and 
these are very serious matters, especially with what 
he might call soft-bottomed ships. If too much 
camber be given to the groundways the chance of 
a successful start is lessened. He gave an instance 
in which several small vessels were being built 
on cambered ways, and pointed out that those 
lowest down had an excess of declivity, while those 
at the upper end had practically no declivity at all. 
Sufficient camber should be used for large vessels, 
in order to avoid the expensive work of lengthenin 
the ways; if too much were given, the ships would 
get out of control. In launching, climatic con- 
ditions often had a very great effect, and could not 
be fully allowed for, of course, owing to their 
uncertainty. The best that was possible was there- 
fore a working compromise, a balancing between 
the dangers of tipping and excessive loading of the 
fore poppet. 

In reply to the discussion, Mr. Smith stated that 
he did not intend to imply in his paper that few 
people knew that increase of camber was equivalent 
to a rise of tide, but that the people who were aware 
of this fact only made use of trial and error methods 
of calculations in this connection. The idea was 
not concrete, and the method he used was sim- 
plified, and allowed of easy investigation under 
conditions involving different degrees of declivity 
and different cambers, without trying the hit-and- 
miss method. With regard to the fluctuation of 
load on the fore poppet the method of calculation 
adopted in the paper pointed to the desirability of 
large cambers, and he been therefore careful to 
draw attention to the drawbacks. For this reason 
he gave the curves in Fig. 11, but this was an ex- 
ceptional case, and the broadness of the stern of 
the vessel taken as an example had much to do with 
the fluctuations. As a rule, the fluctuations were 
quite small. With regard to the reduced declivity 
at starting, this, of course, was so, and the slope at 
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the point below the centre of gravity marked the 
limiting point as Mr. Abell had pointed out. With 
regard to oon ee said that a wide | 
1 i ipping sho secured. 

Be tha close Sr Willinms Walhe mmdcé ew xe-| Points in Connection with Shipbuilding oa‘ tio 
marks stating that such a paper of calculations Great Lakes, U.S.A.” This paper, in the absence 
should prove a guide of considerable value in the | of the author, was read by Professor Biles. It was 
matter of temporary strengthening inside a ship at largely descriptive in character. A short summary 
launching. e meeting then adjourned until the Was given of the trade on the Great Lakes, and 
evening. the manner in which it was handled, and of the 

climatic and other conditions that the boats had 

Surpsvurnpine on THE Great Lakes, U.S.A. |to meet. The typical ‘‘ Lake freighter” was then 
On reassembling at7.30 p.at., the first paper taken ' described, reference being given to no particular 
was that of Professor H. C. Sadler on ‘‘Some | vessel, but rather to general practice. At the close 
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of the r, however, ticulars were given ofthe 
8.8 Thomas L. Cole, an drawings of this boat 
were given on the accompanying plates. We intend 
to ublish the paper in full in a future issue. __ 
ning the discussion, Mr. H. Raylton Dixon 
said that three or four years ago he had had the 
leasure of calling on the president of one of the 
Com American shipbuilding companies on the 
Great Lakes, and submitting to him the cantilevei 
type of vessel with which his name was associated, 
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He was, however, informed that it was useless 
trying to get a footing in that work, as the methods 
adopted there were as good as any could be for the 
service. The president of this firm had told him 
that he had tried, with the assistance of Lloyd’s and 
surveying a a eee to build two steamers for the 
Atlantic, and had completely failed. His business was 
with Great Lakes conditions, and with those he did all 
right, but failed when he tried to deal with sea-going 
conditions. He told him (Mr. Dixon) that it was 
no use trying to get the Lake shipbuilders to adopt 
steamers largely on sea-going needs. These 
freighters, continued Mr. Dixon, were of great 
length compared with their beam and depth. ey 
thus form a very long beam, with the defect of in- 
sufficient strength in the top member. In this 
respect the cantilever principle, with its top-side 
tanks, would seem to offer advantages, giving addi- 
tional strength to the upper portion. The Great 
Lakes boats were too weak longitudinally to be 
launched end-on, but the broadside method of 
launching was also ly adopted for convenience. 
The stresses met with on the Great Lakes were, of 
course, not so severe as in the Atlantic. The ships 
in question were strong athwartship, from the arch 
form of construction, and they had large hatchways. 
These features could be equally well arranged in the 
cantilever type, which had the additional advantage 
of being self-trimming. The method described in the 
paper of emptying the water-ballast tanks as the 
cargo was loaded could advantageously be employed 
with the cantilever type,as in this case it would 
simply mean running the water out of the top-side 
tanks instead of pumping it out, as at present. When 
discharging, water could also be pumped into the 
top-side tanks, to keep the same deck-level. 

The following speaker was Mr. F. King, who 
sai that this paper brought to a focus, for the 
benefit of members of the Institution, a great 
deal of information scattered throughout the tech- 
nical Press. It struck him that, being unfettered, 
they had on the Great Lakes evolved a type of 
vessel in which everything gave place to the loading, 
carrying, and unloading of bulk cargoes at the 
lowest possible cost. This is sometimes neglected 
over here, and might, perhaps, be more attended 
to. He noticed that no devices for unloading 
were provided on board these vessels, whereas 

ere there was a tendency to provide an excessive 
amount of expensive plant on the ships themselves. 
This he considered working at the wrong end. 
The paper mentioned waves 200 ft. long and 20 ft. 
high. is, he thought, was very high compared 
with the length, and he would like to know whether 
the bending moments were only half those for 
Atl«ntie conditions, as Professor Sadler said. He 


spoke of a type of canal boat used over here, em- 
ployed under similar conditions to the freighters 


on 


the Great Lakes, and stated that if the bend- 


mg moments were thus reduced, these boats of 
250 tons could be made a 
A thickness of 


t deal lighter than at 


Present, ttom plating of 25 Ib. 














ath, 
N Neonode 
= 


\ 


per square foot would be appropriate to a 
length of 300 ft., with 3 ft. frame pitch. He 
asked if there was buckling or failure at the 
rivets with these Lake boats. If the plating, 
&c., given in the paper was ample to meet 
docking and other strésses arising in service, 
he thought it looked as if the United States 
were pointing the way to this country. He 
would like to know whether the framing of 
these ships was closed up at the fore-end, as 
was common in canal boats such as he had 
spoken of above. 

Dr. J. Bruhn, following, said that with regard to 
the spacing of the frames the main point was nob 
so much the thickness of the plating as the 
efficiency of the riveting. With the form of con- 
struction used on the Lakes there was little stress 
on the rivets attaching the plating to the shell. 
Longitudinal strength could be provided for by the 
thickness of the stringers and shell-plating. If one 
thickness were insufficient, doubling can be resorted 
to. He thought for the length of waves ex- 
perienced the ships appeared strong enough, and 
therefore assumed that the bending moments were 
reduced. 

Mr. W. H. Whiting wished to ask whether it 
was necessary to carry much helm when light, or 
when light in the bow. He thought the longi- 
tudinal strength was sufficient, mt because 
the waves were short, but 20 ft. high. If they had 
to encounter these regularly, however, he thought 
it seemed rather extraordinary, because if the vessel 
was steaming in a direction making about 30 deg. 
with waves, the length would be about equal to the 
length of the vessel itself. 

Professor J. H. Biles said that the question of 
waves was, perhaps, not quite understood. The large 
deep-sea waves were never met with on the Lakes, 
and waves of 200 ft. length seemed to be the maxi- 
mum, and he thought there were not really many 
of these. Even witha series of such waves the stress 
would not be very considerable, and, of course, the 
conditions in which a vessel steamed obliquely 
across waves 20 ft. high would not last long, on 
account of the rolling, &., set up. The actual 
stresses must depend upon the frequency with which 
a vessel encountered these conditions. As a matter 
of fact, there was really very little bad weather 
on the Great Lakes. Most of the time, except 
near the very end of the season, the weather was 
very good, and the frequency of bad weather was 
much less than in the Atlantic. For this reason 
the fatigue was much reduced. He thought that 
the ratio of length to depth about reached the point 
in these vessels where flexibility was neéded ; the 
5-in. or 6-in. deflection mentioned in the paper, he 
thought, showed flexibility, but not necessarily weak- 
ness. He thought the details of machinery in- 
teresting, and perhaps adaptable in special cases to 
practice elsewhere. 

Sir William White closed the discussion with a 





few remarks, stating that the type of vessel was 





Derarts oF CABLE HAULAGE ON 
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Fig. 64. 


quite away from British practice. These ships were 
nothing more than huge steam-barges, and were 
adapted to very special requirements of special 
trades. The trade was bulk traffic in two directions. 
It was of enormous quantity, and the question of 
expedition was most important. There was no variety 
of cargo, and the vessels sailed from and to fixed ports 
where there were special arrangements for handling 
the cargoes quickly. It was for this reason, of course; 
that the ships did not carry their own unloading 
machinery. Here, on the contrary, steamers had a 
variety of cargo to handle, and ali kinds of ports to go 
to, some well equipped, some far from it. The 
simplicity of construction of these vessels was 
remarkable, the whole of the body being repeat- 
work, as simple as bridge-work. He thought 
broadside launching interesting, and, perhaps, even 
a practice we should come to if we had to fulfil 
the same conditions. These vessels grew out of 
the whalebacks, but were considerably more ship- 
shape than their predecessors. 


INFLUENCE OF ForM AND BULKHEADS ON THE 

on Srrenetu or Suxips. 

The next paper taken was one by Dr. J. Bruhn, 
on ‘‘ The Influence of Form and Bulkheads on the 
Strength of Ships.” This paper dealt with a theo- 
retical investigation into the strength of ships as 
influenced by the curvature of form, the general 
form of a vessel being determined, as a rule, by 
other considerations than those of strength. The 
effect of giving various forms to the arches was dis- 
cussed, and the forms taken by the bending moment 
and stress-curves for several types of ship sections 
were described and illustrated. The author ad- 
mitted that adequate data were lacking with respect 
to certain portions of the investigation, and con- 
cluded that ‘‘in the meantime mathematical results 
must be of service only as guides in the formation 
of a more or less reasonable guess as to the character 
of the actual stresses.”’ 

Sir W. White, before inviting discussion, stated 
that the author had applied high mathematics in an 
attempt to solve questions of great difticulty, but 
remained practical, qualifying his work with the 
statement quoted above. marine work they had 
to face the unknown in making a new departure, , 
and the limit was only reached. when it was pushed 
to the actual point of failure by someone or other. 

Professor J. H. Biles remarked that ho had 
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applied some of Dr. Bruhn’s former work to special 
cases, but as he had then developed it the stresses 
appeared to be higher than ay seine possibly be, 
in view of the work the vessels were doing. He 
took, for instance, the case of a vessel in dock, with 
two boilers, one on each side. This would give, 
according to Dr. Bruhn’s methods, very severe 
stresses indeed. Two transverse bulkheads in this 
particular case strengthened the ship and pre- 
vented bad stresses on the intermediate frames. 
Influences of this nature had been taken into 
account in this paper to a greater extent than 
previously, so that we were now one step nearer 
the exact determination of the stresses. The fact 
was that as soon as stresses in a ship become large, 
others come into help, and thus the high figures of 
Dr. Bruhn were never reached. Stress and strain 
were yr nate and he (Professor Biles) 
hoped that the use of the strain-indicator, as it 
had been employed on the torpedo-boat de- 
stroyer Wolf, would become more common. 
The tests on the Wolf were, of course, made 
under favourable conditions and had proved most 
useful. Information, if collected in this way, 
would ultimately enable laws to be found con- 
necting the stresses and strains in vessels and 
would serve to check elaborate investigations of 
this character. 

The discussion on this paper was not lengthy, 
but Mr. Foster King asked a question with regard 
to the vessels Carbon and Labuan, built about 
1855 and described in Dr. Bruhn’s paper as depend- 
ing entirely on the curved form of shell and deck- 
pons for the necessary transverse strength, and 

aving absolutely no internal framing. He re- 

marked that the paper did not lend itself to 
discussion, as Dr. Bruhn did not ask them to 
accept his premises, stating also that his conclu- 
sions were not infallible, owing to lack of informa- 
tion on certain points. 

In making reply to Mr. Foster King, Dr. Bruhn 
sketched on the blackboard a rough section of the 





s.s. Carbon. This showed the vessel to have an 
elliptical form of cross-section. From the top of | 
the keel-plate the bottom-tank top-plating was | 
carried up towards the sides at angles of about | 
30 deg., as far as could be gathered from the rough 
sketch made. This plating was stiffened by longi- 
tudinals extending from underneath it to the shell- | 
— The bottom tanks thus formed were used | 
or eee No internal frames were used 
at all, 

Sir W. White corroborated this description, 
stating that at one time he had possessed drawings 
of the vessel. The ship was not built by ordinary 
builders, but by boiler-makers, and it was a first-class 
boiler-maker’s job. Instead of ordinary material, 
Yorkshire iron of excellent quality had been used 
in its construction. 


DiverGine WaveEs. 


A paper by Professor W. Hovgaard was next 
summarised by Mr. Whiting. is paper was 
virtually a continuation of that contributed to the 
proceedings at the London meeting of the Institu- 
tion of Naval Architects in April, 1908, reprinted in 
vol. 1, of the Proceedings. It was an investigation 
on the subject of diverging waves, based upon a 
number of observations made on a series of trans- 
Atlantic voyages, and upon data obtained from ex- 
yerimental work on models in the United States 

odel Basin in Weshington. The paper was 
accompanied by tables of the observed measure- 
ments, &c., and by diagrams of the forms and 
sizes of the waves. Asa result of the investigation 
Professor Hovgaard found nothing to invalidate the 
approximate formula for wave resistance suggested 
by him at the 1908 meeting. At the conclusion of | 
his summary of Professor Hovgaard’s work Mr. | 
Whiting remarked that until many more observa- 
tions of this hcaracter had been made the question 
of resistance of ships coulc not be cleared up. Sir 
William White concluded with a few appropriate 
remarks, thus bringing to a close the actual business 
of the meeting. 

Before proceeding with the customary votes of 
thanks a telegram, dispatched earlier in the day to 
Mr. A. F. Yarrow from the Institution, was read 
out by the Secretary. This ex the hearty 
thanks of the Institution to . Yarrow, whose 
generosity had enabled the scheme to provide an 
experimental tank at Bushy to be actually started. 
In a telegram in reply, Mr. Yarrow thanked the 
members for their message, adding that all would 








agree that every member should do his utmost to 


maintain our supremacy, not only on professional, 
but also on patriotic, grounds. This message was 
received by the members present with evident 
approval, 

e vote of thanks to the Royal Society of Arts 
for once again allowing the Institution the use of 
its building was proposed by Professor J. J. Welch, 
and seconded by Mr. J. B. Kidston. This was passed 
with acclamation, and Sir W. White, as Chairman 
of the Council of the Royal Society of Arts, briefly 
replied. Sir G. Holmes next proposed, and Mr. 
G. Wiltshire seconded, a vote of thanks to the 
Council of the Institution of Naval Architects for 
the excellent work they had done during the past 
year. This having been cordially passed, and 
acknowledged by Professor Biles, Mr. W. J. Luke 
proposed the vote of thanks to the various chair- 
men who had presided at the meetings of that and 
the two previous days, regretting at the same 
time the unavoidable absence of their Presi- 
dent, Lord Cawdor. This was seconded by Mr. 
E. L. Attwood, and passed with great cordiality. 
Sir W. White, on rising to reply, was received 
with acclamation, and after a few words of acknow- 
ledgment, spoke of the arrangements made for 
the Institution’s Jubilee celebrations next year. 
The plans for this event would, he thought, pro- 
ably “ based on the successful programme of 1897. 
Although matters had not developed to any great 
extent as yet, a preliminary committee had been 
appointed to study proposals, &c. This committee, 
which had power to add to its number, consisted, 
at present, of their President, the Right Hon. the 
Earl Cawdor, with Mr. J. Dixon, treasurer, together 
with Lord Brassey, Sir Philip Watts, Lord Pirrie, 
Dr. J. Inglis, Vice-Admiral H. J. Oram, Sir W. 
White, the Hon. C. A. Parsons, Mr. J. T. Milton, 
and Mr. S. J. P. Thearle. 

After a few words following this announcement 
the proceedings concluded. 








THE MANUFACTURE OF CALCIUM 
CARBIDE. 
(Continued from page 478.) 
THe CaBLEWAY. 

To return to the transit of material, the complete 
machinery for which was supplied by Messrs. Adolf 
Bleichert and Co., engineers, Leipzig-Gohlis, the 
cable cars, when loaded from the hoppers on the 
import quay, are run on the deck of the wharf to the 
cableway, and there the gripper comes automati- 
cally into action on the traction-rope. Figs. 53 to 59, 
page 520, illustrate the cable loading-station at the 
wharf. To suit the capacity of the crane the cable- 
gear was designed to take about ninety coal-cars per 
hour, and about seventy limestone-cars on the open 
track. The carrying-rope for the loaded cars is 
45 millimetres (1.77 in.) in diameter, while that for 
carrying the empty cars is 36 millimetres (1.42 in.) 
in diameter. e most interesting features are the 
anchorage and tension-gear of the cable. The 
former is shown in Figs. 54, 56, and 57. A con- 
crete pier, 4 metres (13 ft. 1.48 in.) by 5 metres 
(16 ft. 4.85 in.), was built to take the thrust of 
heavy raking struts, which support the vertical 
and horizontal members of the quay carrying the 
anchoring-plate. The piles carrying the beams 
and plate are bedded by concrete at their base. 
The anchoring-plate itself is an iron forging of some- 
what irregular shape, and the upper part is thicker 
than the lower; the hole formed for receiving 
the end of the cable is at an angle to suit the 
inclination of the rope. The rear end of the hole 
is splayed out, and the cable is secured by wedges 
driven between the strands. 

The cable extends through a length of 750 metres 
(2460 ft.) from the quay, terminating at the tension 
gear near to the first—the anthracite—silo. At 
this point the cars pass automatically to the telpher 
railway suspended to the roof over the cable tension 
gear and silos. The tension counterbalance weight 


for the cable for loaded cars is 26,500 kilogrammes 


(58,422 lb.), and for the return rope to the wharf 


for the empty wagons 8800 kilogrammes (19,400 Ib. ). 


These counterbalances are about 19 ft. apart, and 
are carried by triangular tension ropes instead of the 
usual chain, so that the danger of complete collapse 
is avoided. The telpher rails, to which the cars 
are transferred near the tension pulley, are of the 
double-bulb section, 6} in. deep, and a loop line is 
formed over the reserve bin for limestone, with 


suitable points. The deflection shoes, not only for 





the entrance and exit cars at the wharf, but at these 
points, are of steel rail, which is better suited to 
take up the jar at the crossing over. 

The traction rope, 15 millimetres in diameter, is 
also of steel, and is designed for a load of 140 tons 
of limestone per hour, at a speed of about 4 ft. per 
second. The power required was estimated at 
25 horse-power, but the driving gear is calculated to 
transmit 40 horse-power. The motor which drives 
the crane-winches serves for the haulage, and thie 
arrangement of the driving-pulleys at the wharf 
is shown in Figs. 54 to 58. The incoming rope 
winds round two pulleys, then round the tension 
pulley, and finally round a single pulley. These 
pulleys are 2 metres (6 ft. 6.74 in.) in diameter, 
and the sliding grooves for the tension pulley allow 
a play of 4 metres (13 ft. 1.48 in.). There is, of 
course, a suspended weight to give tension (Fig. 56), 
and there are at various points on the cableway a 
—— device for obviating sag in the traction rope. 

he 100-horse-power motor for crane and cable- 
haulage is coupled by belting to a countershaft, 
which drives, through bevel gearing, the first- 
motion pulley. The haulage rope is, of course, con- 
tinuous, and for return there is a 6-metre (19ft. 8in.) 
grooved pulley, mounted at the further end of the 
range of silos and supported from the roof and on 
the upper floor of the silo-structure. The cars 
travel round this pulley without releasing their grip 
of the traction-rope. This is shown on Fig. 64 on 
page 521. 

The gripper is important to the efficiency and 
utility of the system. In Bleichert’s automatic 
system the gripper is combined with the car, and is 
actuated through levers by the weight of the hanger 
on the car. The details are illustrated on Figs. 60 
to 63, on page 521, which do not necessarily apply 
to the Odda cars, but serve rather to illustrate 
the system. The gripper has two jaws, one fixed 
and the other in the form of an angle lever con- 
stituting a counterpiece to the fixed jaw. The 
weight of the car and load is borne by the longer 
arm of the angle-lever. The gripping power is 
directly proportionate to the length of this arm, so 
that any increase in its length provides for steeper 
gradients. The centre bolt with its bearing is con- 
nected with a sliding box within the carriage, and 
movable in a vertical plane. To the centre bolt is 
suspended the hanger, and thus the upward move- 
ment of the hanger, car, and load, acting through 
the lever-arm, opens the jaw-gripper, while the 
downward movement closes it. e extent of the 
vertical movement possible is sufficient to enable 
the traction-rope to enter between both jaws with 
safety at the coupling station. The centre bolt 
carries on each side a coupling roller, which at the 
coupling station runs on horizontal ‘‘ coupling” 
rails, independent of the main track. If the main 
track is then on an upward gradient, the load raises 
the coupling roller, causing the hanger to slide up- 
wards and thereby open the jaws of the gripper, so 
that the car is released from the traction rope. If, 
however, the main track is on a downward gradient, 
the coupling roller takes the load, depresses 
the sliding box, and, acting through the lever-arm, 
causes the jaw of the gripper to close on the traction 
rope. Thus the worker is only concerned with 
running the car on to the station, where the main 
track has a downward gradient, to bring the load 
on to the hanger and to close the jaw. In other 
cases where the rope has to be released a rail is 
interposed, so that by means of the coupling roller 
the jaws of the gripper are opened. 

At various points guide-pulleys are titted to 
assist in taking up the slack. These pulleys are 
supported on rods carried by a toggle lever to the 
upper framing of the silos (Fig. 64), and there is 
free lateral play to enable the car to run clear of 
the supports. For the tipping of the car there are 
cunpenten to the beams in the roof of the silos 
levers which may be lowered by hand at the centre 
of each compartment of the silos. One of these is 
shown attached to the bottom beam in Fig. 64. 
When this lever is in position it comes in contact 
with the projecting end of the locking-gear on the 
car, so that the bolt is withdrawn and the car over- 
balances, emptying its contents, and, as with the 
buckets on the crane, on completing the circle, the 
locking-bolt falls back into position. One work- 
man on the upper platform of the silos may thus 
control the discharge of a ship’s cargo into the suc- 
cessive buckets of the silos, according to the con- 
tents, whether gas-coal, limestore, or anthracite 
coal. 

(To be continued.) 
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THE LATE MR. HENRY WARRINER. 
To THE Eprtor OF ENGINEERING. 

Sir,—I have just read with interest your outline bio- 
graphy of the late Henry Warriner, whom I shad the 
pleasure of knowing for some years; in my student 
days I was on many trial trips carried out under his 
charge. [heard from him a few years ago several interest- 
ing incidents of his early engineering career, and among 
them that he had at first gone to sea as second engi- 
neer in the paddle-steamer Yorkshireman, owned by 
Messrs. Brownlow and Pearson, of Hull, and tradi 
between that port and London. He was interes 
to learn from me the history and particulars of that 
ship—namely, that she was built by Richard Pearson at 
Thorne, between Goole and Doncaster, in 1822, and was 
originally 120 ft. long and 164 tons; in 1833 she was 
lengthened 14 ft., and then was 1944 tons register, 134 ft. 
long, 21 ft. 14 in. beam, and 11 ft. 9in. deep, and in the 
year in which he joined her she was sold to some people 
at Lynn, in Norfolk. Warriner was able to inform me 
that the machinery was made by the Butterly Com- 
pany, of Derbyshire, and consisted of a pair of fast- 
running engines geared down to the slow-running paddle- 
shaft by spur and pinion wheels; on the voyage in 
question the seating on which the pinion shaft rings 
were erected was carried away, when he distinguished 
himself by effecting its repair, in spite of suffering from 
sea-sickness. 

He also informed me that H.M.S. Meteor, in 1855, 
came to be fitted with three screws as a consequence of 
ner complete failure as a single-screw ship, due to the 
smallness of her screw, that the wing screws were driven 
from a centre screw-shaft by spur-wheels; but the loss 
from them, together with that from the extra shafts, &c., 
outbalanced the benefit derived from the additional screw- 
surface. 

I remain, Sir, yours truly, 
A. E. SEaTon, 

32, Victoria-street, London, 8.W., April 14, 1909. 








‘TRIALS OF A STEAM-TURBINE PLANT.” 
To THE EpitTor OF ENGINEERING. 

Sir,—Notwithstanding Mr. Briggs’s remarks which 
appeared in your issue of March 27, I am perfectly 
satisfied that the form ——— by the Committee of 
the Institution of Civil Engineers is a very convenient 
one in which to record the trials of steam-turbines. It 
would be interesting to know on what authority your 
correspondent states that the form was drawn up exclu- 
sively for mre are Dina nape oma There is nothing 
in the report to am | im in arriving at that conclusion, 
rather otherwise, and I have good reason for believing 
that it was the Committee’s intention that the form 
should be used as far as possible in recording the trials 
of all heat-engines, whether using steam, oil, gas, or air. 
When considered as heat-engines, I am unable to distin- 

uish between a steam-engine and a steam-turbine of the 
arsons type; and if it is legitimate to take the upper 
limit in front of the first expansion of the turbine, as 
suggested, then it would as te legitimate to take it in 
the case of the engine in the cylinder during admission. 

Mr. Briggs will find that this question is dealt with on 
page 13 of the report (see ENGINEERING of February 26), 
and the remarks apply to steam-turbines as well as 
reciprocating engines. 

As to the turbine being supplied with steam so much 
out of proportion to its requirements, one of the condi- 
tions on which the makers guaranteed the steam con- 
sumption was that they were provided with steam at the 
turbine stop-valve at a pressure of 200 1b. If, therefore, 
they have given my friends a larger plant than they bar- 
gained for, then it is their business, not mine. y can 
assure Mr. Bri however, that the mill-owner does not 
object, and will in time be able to make good use of the 
reserve power, and no doubt it will be a consolation to 
Mr. Briggs to know that there is some hope for the ‘‘de- 
graded” heat that has caused him so much anxiety. 

Faithfully yours, 
GEorGE B. Storie. 

Station Buildings, Maclure-road, Rochdale, 

April 9, 1909. 








“THE PROBLEM OF FLIGHT.” 
: To THE Eprtor oF ENGINEERING. ; 

Sik,~-At a minor meeting of the Aeronautical Institute 
and Club it was decided that the general meetings shall 
be resumed at St. Bride’s Institute, the date of which 
will shortly be announced. 

‘This society was founded at the Society of Arts in 1901 
with the main object of mutual advancement of aviation 
in England by means of advanced machines on the heli- 
copter and wing principles, although the aeroplane with 
its excessive limitations was not ignored. That it has 
accomplished sterling work may be gathered from the 
fact that it has held several important meetings in which 
Kress and Chanute have lectured. Mr. 8S. H. Hollands 
contributed a brilliant series of articles in the official pub- 
ication, An instructive and interesting exhibition was 
held in November, 1903, at the Alexandra Palace, Mr. 
P. 'Y. Alexander cordially assisting to enhance success. 

. Papers from well-known scientists will be read, whilst 
it is hoped that members will describe the full-sized 
machines they are working upon, including Mr. Wilson, 
who was early associated in establishing the institute, 


and who advocates the construction of a “glider ” in order | 


that members may secure initial experience in the air. 
Club grounds for the erection and tests of full-sized 
machines are being rapidly pushed forward, whilst a 
library is at the use of members at St. Bride’s Institute 
ealing exhaustively with aviation. 

Balloon ascents have been made at Beckenham under 





|guns provided with our modern 


the club auspices, but in future dynamic flight only will 
be dealt vib. 

Students of flight wishing to attend the meeting, show 
models or take part in the discussion are cordially invited 


to communicate at once with 
P. L. S&necar. 


29, Stayton-street, Chelsea. 








INTERNAL-COMBUSTION ENGINES FOR 
MARINE PROPULSION. 
To THE EprTor OF ENGINEERING. 

Srr,—In the discussion upon Mr. Anstey’s paper upon 
**Some Considerations on the Application of Internal- 
Combustion Engines for Marine Propulsion,” the ques- 
tion was raised of the advisability of using salt water for 
cooling cylinders, and the answer given was, “‘ Very little 
deposit was left by the salt water in the jackets, as the 
supply was both ample and cold.” My experience—and 
for some years I was responsible for a plant of sixteen 
engines using dock water for yey | F gggee fF t 
the water can be used hot—150 deg. r., providing no 
loss takes place from evaporation, so that the density of 
water is kept constant. 

Twelve of the engines referred to above ran with circu- 
lating tanks and four with water running through. The 
liners ran remarkably free from any deposit ; the accumu- 
lation of mud had to be flushed out, but this would only 
be found necessary with dock water. One trouble ex- 
perienced, which may also be helpful, was the corrosion 
of the liner bolts, and this was excessive. It would, I 
should imagine, be a serious thing if the liner joint of an 
engine leaked badly when at sea. Generally, these bolts 
cannot be examined without drawing the liner. 

With reference to the efficiency due to the temperature of 
the water-jacket—upon which point the authors, it would 
appear, did not agree—generally, the saving with a hot 
jacket at light loads is considerable, but at full load the 
difference is small, and in some cases there is a loss with 
a hot jacket. The varying efficiencies from this cause, I 
believe, I was the first to point out in an article in the 
Mechanical World, September 6, 1895. 

am, Sir, yours faithfully, 
i. J. Davis. 
Great Eastern-road, Stratford, E., April 10, 1909. 








INTERNAL-COMBUSTION ENGINES FOR 
SUBMARINES. 
To THE Eprror OF ENGINEERING. 

S1r,—Several interesting points were raised in Mr. 
F. R. 8S. Bircham’s recent paper on submarine engines. 
He mentions the difficulty of a light or changing 
load when using paraffin. I should like to know the 
reason of this, and whether it is customary (with exhaust 
jacketed vaporisers) to vary the heat supply with the 
throttle opening. 

It has often surprised me that designers of large marine 
engines du not adopt a forced air draught for cooling 
trunk pistons. The temperature of the crown might 
me mah | to, say, 500 deg. Fahr., which is safe as 

re-ignition, and is at the same time more conducive to 
Fuel economy than the lower temperature produced by a 
water circulation. There is also, of course, a considerable 
reduction in the weight of the piston, consequently less 
vibration. 

I suggest a centrifugal blower exhausting the closed 
crank-case, the intake to the casing being guided by suit- 
able piping to the underside of each piston. With this 
arrangement there will be a slight depression in the 
casing, which precludes the possibility of escaping fumes. 

Yours truly, 


READ. 
9, Mount Preston, Leeds, April 12, 1909. 








BREECH-BLOCKS. 
To THE Epitor OF ENGINEERING. 

S1r,—In your issue of the 9th inst., 498, you men- 
tion an accident which occurred in Spain with a field-gun 
of our make. The gun in question, as you correctly state, 
was of a type now comparatively ol (quick-firing 1898- 
1900 pattern), which is different from our ‘‘P.D.2” t 
now the Spanish regulation gun. The accident at Vil- 
cavaro (or Barajas), was but the repetition of an accident 
which occurred in Spain also in September, 1906, at a 

lace called Pefieranda, with a field-gun built by another 

rm, and also fitted with a screw breech-block of an old 
pattern. 

We beg, however, to add the following with regard to 
our gun, with which premature firing took place :-— 

The percussion-piece was found broken, and the striking- 

int wedged in the breech-block face; by closing the 

reech the round was fired before the block could be given 

the rotary action to close the breech completely. The 

reussion-piece in question had been manufactured in 
Spain, and not in our works. 

Much before the date of the accident we had proposed 
to the Spanish authorities to fit the breech-blocks of our 
1898-1900 guns with a device the object of which was to 
ensure to them the absolute safety which obtains with the 
breech-blocks. This 
proposal had been accepted, but not acted upon. 

Under these circumstances the Spanish Artillery De- 

ment did not for a moment hesitate to relieve us 

m all responsibility. 

Yours truly, 
ScHNEIDER AND Co., 

Paris, April 10, 1909. Per E.B. 


[The above statement agrees with our own informa- 
tion. The gun which gave rise to an accident at Pefie- 


randa was, we understand, fitted with a screw breech- 
In the matter of the screw versus the wedge 


block. 


» }and Steel,” by Mr. A. S. Cushman; ‘‘On the Rusti 





| dealt with by corres 





brevch-block, it has been stated that Japan had selected 
a wedge breech-closing device for her new field artillery, 
instead of the screw-closing device which she has 
hitherto used exclusively. is rumour, we are told, 
is not accurate. The Krupp guns bought by Japan during 
the late war, and taken, we ne Sane r then in 
hand for Turkey, have, it istrue, the wedge breech-block. 
But the closing device of the Japanese guns now in con- 
struction, to complete the armament of the Japanese 
artillery, is a screw block, probably the Krupp coned 
screw, a description of which has recently been given in 
German and Swiss journals. This type of breech does 
not provide for the required eccentricity ; for this reason, 
and reverting to the classification we gave on 220 
ante, we should hardly call it a ‘‘ modern pattern of screw 
breech-block,” whatever be its other possible qualities. Its 
adoption, however, would show that the Japanese 
artillery, after the experience acquired in the course of 
the late war, is far from having given up the screw for 
the wedge.—Ep. E.] 








WEIGHT OF MACHINERY ON SHIPBOARD. 
To THE Eprror oF ENGINEERING. 

Str,—In the report of my remarks at the recent meet- 
ing of the Institution of Naval Architects, which appears 
on 479 of your last —_ there is a slight inaccuracy, 
possibly due to my own carelessness. The base of Fig. 1 
18 ye given as ‘‘rev.-power” (.H.P./Revs.), but 
Figs. 2 and 3 should be plotted over I.H.P. simply. If 
your readers will erase the sign of division and the word 
‘*revs.” under these two figures they will be quite correct. 

As a further check, I have been in the habit of also 
plotting the weights in more detail. Thus the weight of 
main engines of a given type, including crankshaft, will 
os in a straight line over a basis of the sum of the cylin- 

rical inches in all the cylinders. ‘Cylindrical inches,” of 


course, = { stroke, in inches, x (diameter of cylinder in 


inches)? }. 

The weight of condensers will plot over square feet of 
cooling surface ; boilers over square feet of heating sur- 
face, if _~ on similar lines; shafting (per 100-ft. 
run) over (diameter of shaft)? ; thrust-blocks, plummer- 
blocks, bulkhead stufting-boxes, and stern-brackets, over 
(diameter of shaft)* ; and so on. 

here there are exceptional features in a design, such 
as an unusual proportion of cooling surface, for instance, 
such diagrams will enable a designer to make a rapid 
approximation to the final weight. 
Yours faithfully, 
C. Humpurey WINGFIELD. 
28, Victoria-street, Westminster, April 12, 1909. 





A New Esecror.—The Lunkenheimer Company, Cin- 
cinnati, Ohio, have recently brought out a new steam- 
ejector for use in raising water from deep wells, mines, 
&c., or for transferring liquids from one tank to another. 


be | This ejector is very simple, consisting merely of three 


— The steam and water-supply pipes and the de- 
ivery-pipe are connected to it by means of screwed unions. 
The ejector consists of a T-shaped body, into which are 
screwed two cones, one at either end. The tapers of the 
cones have been adjusted to give as economical results as 
possible. The smaller a. ranging from 250 to 2000 gallons 
per hour capacity, are le of brass; the three larger, of 
which the biggest has an hourly capacity of 11,000 gallons, 
are of iron. ese capacities are for feed water at 75 deg., 
with a lift of 20 ft., and steam at 50 lb. pressure. The 
lift of the ejector, with feed water at 75 deg., ranges from 
3 ft. with 5 Ib. steam pressure, to 144 ft. with 100 lb. The 
ejector will force, n with feed temperature of 75 deg., 
and when lifting 5 ft., water up to an 18-ft. level, with 
steam pressure of 20 Ib., ually increasing with the 
pressure up to 92 ft. at 100 Ib. steam pressure. 





Tux Iron AND Sreet InstituTe.—The annual meeting 
of this Institute will be held on Thursday and Friday, 
May 13 and 14 next, at the Institution of Civil Engineers, 
Great George-street, Westminster. The papers to be 
read on the first day are ‘‘On the Preservation of Iron 
of 
Iron and Modern Methods for its Prevention,” by Pro- 
fessor W. H. Walker; ‘‘On the Value of Physical Tests 
in the Selection and Testing of Protective Coati for 
Iron and Steel,” by Mr. J. Cruickshank Smith ; “On the 
Relation of the Solubility of Iron and Steel in Sulphuric 
Acid to its Heat Treatment,” by Professor E. Heyn and 
Mr. O. Bauer; and ‘* On the Chemical Physics Involved 
in the Decarburisation of Iron-Carbon Alloys,” by Mr. 
W. H. Hatfield. The papers to be read on May 14 are 
**On the Roechling-Rodenhauser Electric Furnace,” by 
Mr. W. Rodenhauser; ‘‘On the Manufacture of Peat 


Fuel,” by Dr. M. Ekenberg; “On a Heat Treatment 
Study of Bessemer Steels,” by Professor A. McWilliam 
and Mr. E. J. Barnes; and “On a Comparison of the 


Methods of Determining the Hardness of Iron and Steel,” 
by Professor T. Turner. Should time permit the fol- 
lowing papers will be taken also, otherwise they will be 
dence :—‘‘On the Production of 
Iron Sheet and Tubes in One Operation,” by Mr. S 
Cowper-Coles; ‘‘On High-Tension Steels,” by Mr. P. 
Longmuir; ‘“‘On the Bristol Recording meter,” by 
Mr. P. uir and Mr. T. Swinden; ‘On Further 
Experiments on the Ageing of Mild Steel,” by Mr. C. b. 


| Stromeyer; and a em to the Report on the 


Determination of Carbon and Phosphorus in Steel, by 
Mr. A. A. Blair. The annual dinner of the Institute 
will be held in the-Grand Hall of the Hotel Cecil on 
May 14, at7 p.m. The autumn meeting of the Institute 
will take place September 28 to 30 next, at the Institution 
of Civil Mnginewn a” 
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ON THE RESISTANCE OF THIN PLATES 


| small scale observations. It is, 


of course, obvious that ex- 
periments on the scale of existing tanks would be hardly 


AND MODELS IN A CURRENT OF WATER.* | practicable owing to the great cost of the circulating 


By T. E. Stanton, D.Sc. 


| arrangements for the water. 


On the conclusion of the author’s experiments on the 


Some years ago it was suggested by Professor Perry | resistance of plates and models in a current of air in 1904, 
that part of the work of an experimental tank could be | it was hoped to adopt Professor Perry’s suggestion for the 


carried out in a less costly manner than by. towing experi- | correspondi 


determinations in water, but the necessary 


ments, by the use of a channel in which a current of | time and facilities were not available until the autumn of 


Fig .1. 


GENERAL ARRANGEMENT OF EXPERIMENTAL CHANNEL 











x 


| 


a few inches in linear dimensions with those obtain: 


by previous experiments on a much larger scale. 

With reference to the latter consideration, the autlior 
has failed to detect any such marked variations in resistance 
with dimensions (for similar plates) as appear to exist in 
the corresponding cases in air instead of water. This con. 
clusion has been arrived at, not by a variation in dimen- 
sions of the plates used in this apparatus, which was 


|, hardly ‘possible, but by comparison of the results with 
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water was maintained at a uniform velocity. 
method the plates and models on which experiments were 
required would be fixed relative to the stream, and it 
would be possible to measure their resistances with con- 
siderable accuracy. The chief advantages of such a 
method are the rapidity with which the er pany can 
be carried out compared with that obtainable in a tank 
with a moving carriage, and its particular adaptability to 


* Paper read before the Institution of Naval Architects, 
April 2, 1909, 





In this | 
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1907, when the present sk Roma was put in hand with 
the hope that, if the method was found to be satisfactory, 
a channel of larger dimensions would be constructed for 
general research work in hydraulics. 

The object of the author in venturing to bring the 
results obtained with this apparatus before the Institu- 
tion are :— 

1. To give illustrations of the kind of experimental work 
which can be easily carried out by this method. 

2. To inspire confidence in smal] scale experiments by 














a comparison of the results obtained on plates and models i 


those of other observers. Further, no attempt has been 
made to attain a large range of speeds, as the laws 0! 
variation of resistance with speed are much better studied 
in tanks provided with a moras carriage in which high 
velocities can be more easily reached. 

The problems dealt with in the present paper are : 

1. The normal pressures on inclined plates for all angle 
and the effect of the ratio of length to breadth of the 
plate on this resistance. ee 

2. The effect of diverging streams of varying inclina- 
tion on the normal pressures on inclined plates. 
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3. The effect of diverging streams on the resistance of | ference with the plate is necessary to obtain a whole set |at an angle of about 16 deg. This effect appears to be 


submerged solids. 


| of observations of no: 


:, The effect on the normal pressure on an inclined | to the current. : 
The velocity of the current at which the experiments | pressure on it was still considerable. 


of the presence of a similar plate parallel te and in 


ront of it. 
DESCRIPTION OF THE APPARATUS. 


The general arrangement of the channel with the circu- 


lating pump is shown in Fig. 1. 
lengths of cast-iron ae 
available for the purpose, bolted 


at each end to a cast-iron box. The internal dimensions | 


which happened to be | double the breadth, and rectangular 
together and connected | breadth. 
The results obtained with plates 2 square inches in area were therefore made on a plate of 1 square inch in area, 


were made was 2.4 ft. per second. 


RESULTS OF THE EXPERIMENTS. 


1 1. Normal Pressures on Inclined Plates.*—The form of | slight 
It consists of three plates used were three—square, ger with length | being too large relatively to those of the channel when the 
with length half the | plates were normal to the current, although it would be 


pressure at varying inclinations | due to the eddy from the convex side, as it was found that 


| when the flat face was parallel to the current the normal 


_ To obtain an accurate value of the ure for normal 
| impingement, it was not considered advisable to use the 
| results plotted in Fig. 3, as there was a possibility of a 
wall effect, due to the dimensions of these plates 


| negligible for smaller inclinations. A set of experiments 


of the trough are 16 in. in width and 8 in. indepth. The | are plotted in Fig. 3, and exhibit precisely the same char- and from these it was found that the pressure for normal 
return flow takes place through a 9-in. pipe connecting | acteristics as those which are obtained in air-currents with impingement was given by 


the two boxes. In the return pipeis fixed a centrifugal- | the same form of plate.t Thus the curve for the square | 
plate has the well-known “hump” in the region of an 
here the normal pressure attains for fresh water. 
per cent. of that due to normal found by Mr. R. E. Froude and Colonel Beaufoy. 


pump, worked by an electric motor, provided with an 
regulation. The central | inclination of 35 deg., w 
riments are made, |a value which is 


adjustable resistance for speed 
rt of the channel, in which the ex 


P=120V2 


This result is slightly higher than that 
Assum- 


is lined with zine, and here the width is 12 in. and the | impingement of the current. In the case of the long plate | ing the value for the pressure on the front face given by 


— 7 in. 


‘he disturbances of the water entering the channel are 
corrected by layers of wire gauze, and the surface waves 


are dam b p H 
to the correct height by screws in the supporting-plate. 
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by a measurement of the difference of pressure in two 
tubes, one of which is an ordinary Pitot tube, and the 
other the form of static pressure tube which the author 
found satisfactory in his air experiments. The arrange- 
ment of these tu is shown in Fig. 2, in which P T is 
the Pitot tube and S the static. pressure tube. 

In the latter, which is stopped at the ends and gradually 
tapers to a point, a number of small holes, 0.02 in. in dia- 
meter, are drilled in the parallel part, and the pressure 
in this tube is assumed to be the same as when the water 
isat rest. For convenience in measurement these tubes 
are connected to an inverted glass U-tube, with a tap at 
the top, so that by slightly exhausting the air space the 
height of the columns of water may fe set to any con- 
venient level in the tubes, and read off from a scale. 

‘ The plates of which the resistance is required are held 
»y the vertical arm of the lever L, which rotates about a 
horizontal knife-edge K, lying in the plane of the experi- 
mental plate P, is lever is provided with a horizontal 
graduated arm and sliding weight, a scale pan, and a 
dash-pot for damping the oscillations of the plate. In 
this way the normal pressures on the plate can be very 
accurately measured. Further, in order to measure the 
normal pressure for all angles of inclination of the plate 
to the current, the whole mechanism of the balance is 
arranged to rotate about the vertical axis of the arm 
carrying the plate. The rotating standard of the balance 
18 provided with a circular brass scale set out in d 

so that when once the plate is set parallel to the stream, 
and the index set to the zero of the scale, no other inter- 


3. NORMAL PRESSURE ON INCLINED PLATES OF 
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this hump takes place at the greater inclination of 45 deg., | Lord Rayleigh to hold in this 
—— is relatively greater. For the short cates that the intensity of the suction effect at the back of 

. i effect is a maximum at an inclination of about | the plate is, roughly, 

by horizontal plates, which can be adjusted | 25 deg., and extends down to very small angles. On this | sity on the front of the 

account this form of plate is much more efficient for 

The method of estimating the velocity of the current is steering purposes than a long plate of the same area, as is 


and its 
late this 
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Plate ww 
Plate, in 


Pressure in Pounds per Square Foot. 


the above value indi- 


ow cent. of the maximum inten- 
te, which is approximately the 
| same ratio as that found to exist in the case of air. 

| The author is not aware to what extent these values 


4. EFFECT OF DIVERGING STREAMS ON NORMAL PRESSURE. 
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Resistance of Aft Plate. 


evident from {theZfac [that the/normal ‘ ure on the 
short plate is almost double that on the bes plate up to 
an inclination of 12 deg. 

It will be seen from Hig. 3 that for angles up to 15 deg. 
the curves for the square and short plate agree fairly well 
with the usual assumption that the normal pressure varies 
as the sine of the angle of inclination. 

The value of the pressure in pounds per square foot for 
angles up to 15 deg., calculated from these curves, is 
given by 

P = 1.8 V? sin a for the square plate, and 
P = 2.7 V? sin a for the short plate. 


The value of the constant for the square plate is thus 
seen to in close agreement with that obtained by 
Mr. W. Froude ‘vhich was 1.7. For the long plate the 
normal pressure for small angles appears to vary approxi- 
mately as sin" a, where n has the value 1.4. 

Experiments on plano-convex plates of the form shown 
in Fig. 7 gave appreciably od values of the normal 
pressure for small inclinations, but the ratio of the pres- 
sures for the two cases, which is as high as 1.2 at an angle 
of 4 deg., rapidly diminishes, and the pressures are equal 

* In this paper the axis of the plate inclined to the 
current is in all cases refe to as the “length” of the 
plate, and the vertical axis of rotation as the “ breadth” 
of the plate. 

+ The corresponding curves for long and short plates 
in a currrent of air are shown in the corner of Fig. 3. 


‘ 0 
uulengths — Tetab Displacement of Forward Plate in Terms of 
R-Resistance of Aft Plate when Front Plate is removed. 
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are ‘used fin the design of rudders, but a few preliminary 
observations with a ship-shaped model in front of the 
plate indicated so marked a divergence from the results 
obtained from the plate alone that more careful measure- 
ments were taken. 

A typical case is shown in Fig. 4, in which are plotted 
the normal pressure curves for a plate of length equal to 
half its breadth—(1) without any obstruction in front of 
it, and (2) with a model in front of it such that the stream 
on each side diverged relatively to the walls of the 
channel at.an angle of 5 deg. e streams, as a whole, 
are, of course, converging towards the plate, but it is 
obvious that the motion of the streams on either side of 
the model will be that due to flow in a diverging channel 
with its characteristic instability. It will be seen that in 
the latter case the no pressure is very considerably 
reduced, showing that at even such small angles of diverg- 
ence an eddy must exist of thickness comparable to the 
i of the plate. 

xperiments on inclined plates with streams diverging 
at a greater angle than the above gave values of the normal 
pressures still lower, although in no case was the resistance, 
even at small angles, found to be zero. 

These results seemed to indicate that the thickness of 
the eddy belt adjacent to the sides of a submerged body 
of continually diminishing cross-section was a variable 

uantity, depending on the angle of divergence. Tostudy 
this rather more fully, three were made with one 
end hemispherical and the other conical. The hemi- 
spherical ends were of the same radius, but the angle of 
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the cone was different in each case. The resistance of 
these models was determined in the current alternately 
with the hemispherical and conical end facing the stream, 
and general experience of the value of fineness of line aft 
was fully confirmed, as will be seen from the results in 
Fig. 5. A somewhat remarkable feature, however, is the 
extent of the reduction in the eddy loss by a diminution 
of the angle of divergence. Thus for angles of 6 deg., 
10 deg., and 20 deg. the resistances are as 


1: 1.15 : 1.95, 
or per unit of volume as 
1:1.9: 4.8. 


Another interesting feature is the variation of the resist- 
ances when the conical ends are facing the current. In 
such a case it might be assumed that the resistance of the 
stern of the model would be constant for all cases, and 
that of the conical part proportional to its area, whereas 
the experiments indicate a marked reduction in resistance 
with increase of surface as the divergence of the streams 
diminishes, 


EXPERIMENTS ON PARALLEL PLATES AT SMALL 
INCLINATIONS TO THE CURRENT. 


The extent to which the normal pressure on a plate at 
a small inclination to the current is affected by the pre- 
sence of a parallel plate in front of it is interesting, owing 
to its bearing on the efficiency of propeller-blades.* In 
these experiments the aft plate was attached to the balance, 
and the forward plate was fixed to a bar sliding on the 
edges of the channel, so that it could be set to the same 
angle as the other plate and at any given distance ahead 
of it, Inthe case in which the aft plate is completely 
shielded by the front plate it would be natural to expect 
some interference ; and this is found to be so, although, 
as the distance between the centres is inc , the effect 
does not die out so rapidly as might be supposed. Thus, 
in the case of the plates in Fig. 6, whose planes are 
inclined at 6 deg. to the current, and in which the aft 
plate is completely screened, the reduction in the normal 
pressure is still very considerable, even when the front 
plate is nine lengths ahead of the aft one. 

When the front plate is moved sideways, so that the 
one behind is entirely unscreened, there is still a very 
marked interference, which does not die out until the 
lateral displacement is considerable. This effect is shown 
in the curve of Fig. 7, which indicates that the action of 
the eddies from an inclined plate extends far outside the 
projected length of the plate on a plane perpendicular to 
the direction of flow. In the case plot the action does 
not become negligible until the ae is displaced by 
approximately five times its projected length. Now, ina 
propeller of pitch ratio 1, and with a slip-angle of 6 deg.. 
the relative lateral displacement which would correspond 
to two elements of succeeding blades may be approxi- 
mately three times its projected length, so that there 
appears to be a possibility of appreciable interference 
under such conditions. 

A similar set of experiments, in which the angle of 
inclination is 4 deg., which is a fairly common angle of 
slip, showed a smaller amount of interference ; but for a 
propeller of the same pitch ratioas the above, it appeared 
that the action might still exist. 

As it was thought that the plano-convex form of an 
ordinary propeller-blade might. affect the results, a set of 
observations was made with a pair of plates of this shape 
in which the maximum thickness of the plate was one- 
tenth of its length. These are also plotted in Fig. 7, 
and show that the action is much the same as in thin 
plates, but of somewhat less magnitude. ; 

The author desires to express his thanks to his col- 
] e, Mr. R. G. C. Batson, of the National Physical 
Laboratory, who has prepared all the drawings and 
curves for the paper. 





Contracts. — Messrs. Crossley Brothers, Limited, 
Openshaw, Manchester, have lately completed two of 
their new pattern four-cylinder vertical engines, of 110 

rake horse-power each, to the order of Messrs. J. Simp- 
son and Co., London, for the Richmond main — 
Other plants on the point of completion include a 1 
brake-horse-power engine for the Middlesbrough Corpo- 
ration Water - Works, and two of the same size and 
pattern for Poole, &c. 


LaunoH oF A Rartway Ferry SteamMer.—On the 
7th inst. the launch took place at Messrs. G. Rennie and 
Co.’s Greenwich Iron -Ship- Building Yard, Thames- 
street, Greenwich, of a railway ferry steamer, which the 
firm has just completed for Nigeria. This is a paddle- 
steamer, and has n built to the order of the Crown 
Agents for the Colonies, for use in connection with the 
new railways now under construction in Nigeria. The 
vessel has a length of 160 ft., a beam of 33 ft. 6 in., anda 
depth of 10 ft. Loaded it draws 5ft. 6in. The railways 
of which this steamer will fo: the time form the connect- 
ing link are of 3 ft. 6 in. gauge, and the vessel is desi 
to accommodate six wagons of 24 tons each, or four 
wagons of 30 tons each, and 42 ft. over the buffers, The 
weight of the steamer, loaded, is 150 tons. Ultimately it 
is proposed to build a bridge across the river at the points 
at which the railways touch the banks, but this is likely 
to be postponed for some time, and in the meantime the 
ferry steamer will maintain communication between the 
two termini. The steamer is very completely fitted out, 
but as she will proceed to her destination under her own 
steam, a number of temporary ments have had to 
be made to enable her to stand any weather she may 
encounter. 





* Professor Cotterill, Transactions of the Institution of 
Naval Architects, 1879, 


NOTES FROM THE NORTH. 
Glasgow Pig Market. Lon Wodnowte : 
ig-Iron Market.— n y m 
the pig-iron market was steady, and about 5000 tons a 
Cleveland warrants were done at 47s. 24d. cash, 47s. 54d. 
one month, and 47s. 9d. and 47s. 84d. June 22. At the 
close sellers quoted 47s. 34d. cash, 47s. 6d. one month, 
and 48s. three months. In the afternoon the market was 
quiet, and the turnover consisted of 1000 tons of Cleve- 
land warrants at 47s. 11d. and 48s, three months. 
Closing sellers quoted 47s. 4 cash, 47s. 7d. one 
month, and 48s. 04d. three mont: On Thursday morn- 


advanced slightly. The business only amounted to 2500 
tons at 47s. . and 47s, 6d. cash, 47s. 74d. and 47s. 84d. 
one month, and at 48s, 14d. three months, and the closing 
prices were 47s. 64d. cash, 47s. 9d. one month, and 48s. 2d. 
three months sellers. In the afternoon the market was 
firm, and 3000 tons of Cleveland warrants were put through 
at 47s. 64d. cash, 47s. 9d. one month and May 13, 48s. 
June 10, and 48s. 2d. three months. Closing sellers 

uoted 47s. 7d. cash, 47s. 94d. one month, and 48s. 3d. 
three months. The market was closed for holidays on 
Good Friday and Easter Monday. When business was 
resumed on Tuesday morning the strength was main- 
tained, and 2000 tons of Cleveland warrants were 
dealt in at 47s. 10d. and 47s. 11d. one month, and at 
48s. 3}d. and 48s, 4d. three months. At the close 
there were sellers at 47s. 9d. cash, 47s. 114d. one 
month, and 48s. 44d. three months. In the afternoon 
the tone was again firm, and Cleveland warrants 
advanced 3d. per ton. The only transaction was one 
warrant at 47s. 114d. cash, and the closing quotations 
were 48s. cash, 48s. 3d. one month, and 48s. 74d. three 
months sellers. To-day (Wednesday) the market opened 
with a flat tone, and the weakness was due in some 
measure to the political crisisin Turkey. The dealings 
were limited to tons of Cleveland warrants at 48s. 
and 47s. 10d. one month, and at the close of the session 
sellers quoted 47s. 8d. cash, 47s. 104d. one month, and 
48s. 4d. three months. In the afternoon the market 
was again weak, and Cleveland warrants changed hands 
at from 47s. 9d. to 47s. 7d. cash, at 47s. 94d. one month, 
and 48s. 5d. three months. Closing sellers quoted 
47s. 74d. cash, 47s. 10d. one month, and 48s. 3d. three 
months, and the turnover amounted to 3000 tons. The 
following are the market quotations for makers’ (No. 1) 
iron :—Clyde, 60s.; Gartsherrie and Calder, 60s. 6d. ; 
Summerlee, 61s. ; Langloan, 68s.; and Coltness, 88s. 6d. 
(all —— at Glasgow); Glengarnock (at Ardrossan), 
62s. ; Shotts (at Leith), 60s. 6d.; and Carron (at Grange- 
mouth), 62s. 6d. 

Sulphate of Ammonia.—A steady tone prevails in the 
sulphate of ammonia market, and business is quiet. The 
price quoted to-day is 11/. 15s. per ton for prompt deli- 
very, G w or Leith. Last week the shipments from 
Leith Harbour amounted to 538 tons. 


Scotch Steel Trade.—The general state of affairs in the 
Scotch steel trade has not improved, and the prevailing 
conditions are much the same as last reported. Very 
little material is being ordered for home consumption, but 
inquiries for lots for shipmentare, if anything, a trifle 
better. The demand for constructional sections is stated 
to have improved, but employment all round is very poor 
indeed. erchants continue to undersell producers, but 
the latter have made no alteration in their official selling 
prices. 

Malleable-Iron Trade.—The malleable-iron makers in 
the West of Scotland are still very quiet, and broken 
time is general. Specifications are about as scarce as ever, 
but inquiries are stated to be rather more numerous, 
although the prices offered leave very little, if any, margin 
of profit. For home business the quotations are hased on 
61. 7s. 6d. per ton, less 5 per cent. for crown bars, but the 
export figure is considerably less than that. 


Scotch Pig-Iron Trade.—The strong tone which has 
characterised the Scotch pig-iron trade during the last week 
or two is still in evidence, and a good demand continues. 
The amount booked this week is very satisfactory, and 
buyers have been endeavouring to cover their require- 
ments during the latter half of this year. The producers, 
however, are not desirous of a so far ahead on present 
seme ry Hn have consequently stiffened their rates. 
Hematite been in fairly good demand round 57s. per 
ton. 








Fire Tests with Ro .iinc-Suutrer Doors.—Tests 
were recently carried out under the supervision of the 
British Fire-Prevention Committee, on a set of two steel 
rolling-shutter doors made by the Wilson Manufacturing 
Company, New York, U.S.A., and fixed by Messrs. 
Mountain and Gibson, Limited, Bury, Lancs. The doors 
fitted an opening 7 ft. wide and8 ft. high in a 14-in. wall, 
one door being on either side of the wall. The doors 


ed | were made of interlocking steel strips of 20 B.W.G. 


and they rolled up into hoods attached to the lintel. 
The test consisted of myocy! them to a temperature 
gradually increasing up to 1800 deg. Fahr., forfour hours, 
this temperature being uced by means of a gas fire 
within the chamber to which the doors were fitted. This 
riod of heating was followed by the Spanien of water 
or five minutes on the fire side, The doors were classified 
after the test as affording “‘ full protection ” (Class B). 
At the conclusion of the tests w and paper 12 in. in 
front of the outside shutter were not burnt. No flame 
— through the outer shutter, nor were the shutters, 
rames, or gear of either displaced. At the conclusion of 
the test the maximum bulge of the inner shutter did not 
exceed 6 in., and that of the outer shutter j in., the latter 
still being workable by its ordinary gear. 





NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 

Armament Firms.— There has been a remarka!)e 
levelling up of armament shares on the Sheffield market 
during the t few weeks, consequent on the movement 
in naval ond Pulliaainey circles in favour of a strong 
Navy. Vickers’, Brown’s, Cammell’s, and other firms 
dealing in war material have oy ay op almost a boom, 
the buying being almost wholly by the general public, 2s 
apart from the speculator. The long period of depres. 
sion has told seriously on these heavily capitalised ev- 





ing a fairly strong tone prevailed, and Cleveland warrants | 


cerns, and the prospect of profitable orders from the 
Government later in the year is cordially welcomed. 


Iron and Steel.—The Easter holidays have been of a 
| normal length. Most of the large firms re-started to-day, 
| but in some instances the stoppage was prolonged for 
stock-taking purposes. Considerably more confidence is 
shown in the iron market, there being a general belief 
that prices are now more favourable to buyers than they 
are likely to be later in the year. Already rates are 
advancing. A few weeks ago Lincolnshire ironmasters 
cut prices 1s. 6d. per ton at one swoop. They have now 
decided to sell no more this quarter except at a premium 
of 1s. perton. For the following quarter the premium 
has heen fixed at 2s. per ton, and for the last quarter of 
the year 3s. per ton on the quoted rates. In hematites, 
too, better prices are being obtained, and there has been 
a considerable amount of forward buying. The finished 
iron market shows signs of strength, a fair business 
having been done during the past few weeks. Quotations 
are unchanged. The steel trades are brisker, and hopes 
are entertained of a revival during the present quarter. 
Firms specialising in tramway and electric material find 
plenty of work, and other isolated departments have been 
setting on more hands. The position of the tool trade is 
somewhat brighter. The past week has seen a run on 
garden tools; and makers of scythes, sickles, and agri- 
cultural implement parts are busy. 


South Yorkshire Coal Trade.—Owing to the improved 
state of the coal trade the Easter holidays have not been 
of long duration. Many of the pits resumed on Tuesday 
morning, and others restarted this morning. Stocks 
have been considerably reduced. House coal continues 
to go out of hand with considerable freedom, but should 
the present weather hold, it is probable that the demand 
will be considerably reduced. Owners and merchants 
are anticipating an early change, and prices are weaker, 
6d. per ton under quoted rates being accepted for prompt 
sales. Barnsley house is making 12s. to 12s. 6d. per ton, 
with seconds at from 10s. to 10s. 6d. Steam coal is mov- 
ing more freely, and with the early opening of the Baltic 
ports, and other favourable conditions, considerable 
activity is prevailing at the ports. Heavy bookings have 
been noted to extend over the export season. The best 
grades of South Yorkshire hards make 8s. 6d. per ton at 
the pit, and many owners are well sold ahead. The gas- 
coal branch is stronger, though consumers are not hurry- 
ing business. Slacks are fairly brisk in best qualities, but 
there is still a plentiful supply of smalls and smudge. 








THE Corrosion OF STEEL REINFORCEMENT IN Con- 
CRETE.—At a meeting of the Society of Engineers on 
Monday, the 5th inst., Mr. Ernest R. Matthews, A.M. 
Inst. C.E., F.R.S.E., Borough Engineer of Bridlington, 
after referring to the importance of the above subject, 
dealt with the experiments Which had been carried 
out in recent years in connection with the rusting of 
steel in concrete, especially those by Professor 8S. B. 
Newbury, Professor C. L. Norton, and Mr. J. M. Braxton, 
of the United States, by M. Breuille, of France, by 
certain German engineers, and, at the instigation of Sir 
John Brunner, at the. National Physical Laboratory, 
London. He showed how very much the results of these 
experiments varied, and also dealt briefly with the report 
of the Special Committee appointed by the Royal Insti- 
tute of British Architects to investigate this important 
matter. He gave his own experience with regard to 
the subject, and explained in detail the various tests 
which he had recently carried out, the conclusions 
arrived at being briefly as follows :—1. That rusty 
steel embedded in concrete will in a very short time 
become bright, regardless of whether the concrete is in 
water or air. This point had, in the author’s opinion, 
been conclusively proved by his experiments. 2. That 
the application of cement grout to steel is an effectual 
safeguard inst corrosion, but that the greatest care 
should be taken in the grouting process to see that every 
portion of the steel is well coated, and that before the 
steel is embedded in the concrete the cement grout 1s 
allowed to dry upon the steel. 3. That if the aggregate 
used for the concrete is not porous and the concrete is 
well mixed, the reinforcement being well embedded, no 
cement coating is needed. This is proved by ex- 
periment. (Seeing that the application of a coat of 
| cement groutis such an inexpensive procedure, the author 
|made it a rule in carrying out work of this kind 
|to have all reinforcement coated in this manner.) 4. 
That no porous materials such as coke breeze or slag 
should be used in connection with reinforced concrete 
work if such concrete is intended to be under water or 
ex tothe air. 5. That linseed oil or turps, or prob- 
ably any other coating except cement or lime, applied to 
| steel before its insertion in concrete, facilitates rather 
| than prevents the rusting of the metal. 6. That it is o! 
great importance to ensure that the reinforcing steel i» 
well embedded in the concrete, so that every portion o! 
it is covered with cement. 7. That the best results are 
obtained when the aggregate consists chiefly of broken 
stone or brickbats. Gravel would, no doubt, answer equally 
well. The author was surprised that such a good result 
was obtained with an aggregate composed of brickbats. 
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NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 

MIDDLESBROUGH, Wednesday. 
The Cleveland Iron Trade.—Business was resumed to- 
day after the holidays, but only a few people put in an 
appearance on’ , and there was not much doing. 
At the same time the market had a fairly cheerful tone, 
and traders were inclined to take a more hopeful view 
of the situation. The production of pig iron is still 
slightly in excess of the requirements, but the addi- 


tions to the stocks are on a much smaller scale this month | As 


than we have been accustomed to witness of late, and as 
the season advances the whole of the output promises 
to be absorbed. Deliveries of pig iron are improving. 
Shipments of pig to date this month average 4420 tons 
per working day, as compared with a daily average 
of 2717 tons to the same date last month, and 4§ 
tons per day to the corresponding date of April, a year 
ago. Inland deliveries are also better. i general 
market quotation of No. 3 g.m.b. Cleveland pig iron is 
47s. 9d. f.o.b., at which figure a good many sales have 
occurred. There are still both makers and merchants 
prepared to accept that price, though some of the former 
report having done business at 48s. No. 1 is 50s. 3d.; 
No. 4 foundry, 47s.; and No. 4 forge, 46s. 3d. East Coast 
hematite pig iron is firmer and some rather extensive sales 
are reported to have been made. Quotations are based 
on 55s. for early delivery of Nos. 1, 2, and 3. Foreign 
ore continues firm, and rather large supplies are coming 
to hand. Market rates are in proportion to 16s. ex-ship 
Tees for Rubio of 50 per cent. quality, and sellers are not 
pressing business just now. A rather good demand for 
coke for local consumption is met by a very ample supply, 
and average blast-furnace qualities are obtainable at 
14s. 9d. delivered here. 


Manufactured Iron and Steel.—Rather better accounts 
are given of the manufactured iron and steel industries, 
and certainly in some branches a few orders have been 
placed. Producers of railway material and manufacturers 
of sheets keep busy, and makers of shipbuilding material 
are turning out a ttle more work. Principal quotations 
stand :—Common iron bars, 6/. 15s. ; best bars, 7/. 2s. 6d. ; 
best best bars, 7/. 10s. ; packing-iron, 5/. 10s. ; iron ship- 
plates, 6. 7s. 6d. ; iron oe ae oom 61. 15s. ; iron ship- 
rivets, 7/. 3s. 9d.; iron boiler-plates, 7/. 7s. 6d.; steel 
bars, 62. 5s.; steel ship-plates, 6/.; steel ship-angles, 
51. 128. 6d. ; steel peat pee 7l.; steel strip, 6/. 7s. 6d. ; 
steel hoops, 62. 10s. ; steel joists, 5/. 15s. ; cast-iron railway 
chairs, 3/. 10s.; light iron rails, 6/. 10s.; heavy steel 
rails, 5/. 5s.; and steel railway sleepers, 6/. 10s.—all less 
24 per cent. discount, except railway material, which is 
net cash at works ; whilst iron or steel galvanised corru- 

ted sheets, 24 gauge, in bundles, are 12/, 10s. f.o.b.— 
oe the usual 4 per cent. 


Trade Statistics.—The quarterly returns of the Middles- 
brough Chamber of Commerce, just issued, cannot be 
regarded as satisfactory, and, in fact, in some respects 
they are the worst for some years past. Certainly less 
satisfactory figures have not been published since 1905. 
The returns show that at the end of March of the eighty- 
one hlast-furnaces built within the port of Middlesbrough 
fifty-three were in operation, and produced in the first 
three months of the year 525,000 tons of pig iron, 335,000 
tons of which was Cleveland pig, and 190,000 tons hema- 
tite, spiegel, basic, and other special kinds of iron. For 
the corresponding period a year ago fifty-eight furnaces 
turned out 565,000 tons, 365,000 tons of which was Cleve- 
land iron, and 200,000 tons hematite, &c. The imports 
of foreign iron ore into Middlesbrough during the first 
quarter of the year reached 381,391 tons, as compared 
with 518,263 tons during the previous three months, and 
389,716 tons during the first quarter of 1908. The total 
value of goods other than coal and coke exported to forei 
and colonial destinations from Middlesbrough during the 
past three months amounted to 1,773,010/., as against 
— ),6787. for the corresponding part of 1908—a decrease 
of 97,6682. 





New Cana Works tn Russia.—The Government has 
approved of the plan prepared by the Minister for the 
Interior for canal and waterway works in the vicinity of 
St. Petersburg. The Government intends to carry out 
the works with the aid of the Corporation of St. Peters- 
burg, for which purpose a special departmental commis- 
sion will have to a formed. Several other Russian towns, 
including Omsk, Samara, Tscheljabinsk, and Tjumen, are 
also contemplating improvements of their waterway 
system. 





KERRAWALLA’S TEXTILE AND ENGINEERING DIRECTORY 
AND YEAR-Boox, 1909.—We have several times referred 
to this desk-book and diary, published by Messrs. Kerra- 
walla and Co., Chinchpoogly, Parel, Bombay, and the 
latest is just as useful a publication as former editions 
have been. It is primarily intended for firms engaged in 
the textile trade and engineering applied to this industry. 
It has, however, gradually extended its scope, and in 
addition to directory and tabular matter dealing with 
ginning factories, pressing factories, cotton, jute, woollen 


NOTES FROM THE SOUTH-WEST. 


Cardiff.—Business has, of course, been interrupted to 
some extent by the Easter holidays. The best la 
steam coal has made 14s. 9d. to 15s. per ton, while 
secondary qualities have ranged between 12s. $d. and 
14s. per ton. - As household coal, the best ordi- 
nary qualities have been . to 16s, 6d: 
per ton. No. 3 Rhondda t 17s. 6d. to 
18s. per ton. Fi coke 17s. 6d. to 20s. 
per ton, and furnace ditto 15s. 6d. to 16s. 6d. per ton. 
iron ore, Rubio has been quoted at 15s, 6d. 
to 15s. 9d. per ton, upon a basis of .50-per cent. of iron, 
and charges, including freight, insurance, &c., to Cardi 
or Newport. 


South Welsh Coal.—The exports of coal from the six 
rose Welsh ports—Cardiff, Newport, Swansea, Port 

albot, Neath, and Llanelly—in the first quarter of this 
year were as follows :— iff—foreign, 4, 108 tons ; 
coastwise, 760,494 tons ; total, 5,133,602 tons. ewport — 
foreign, 1,069,541 tons ; coastwise, 186,264 tons ; total, 
1,255,805 tons. Swansea—forei 672,792 tons ; coast- 
wise, 56,650 tons; total, 729,442 tons. Port Talbot— 
foreign, 320,437 tons; coastwise, 52,940 tons; total, 
373,377 tons. Neath—foreign, 41,226 tons; coastwise, 
61,751 tons; total, 102,977 tons. Llanelly—foreign, 
41,281 tons; coastwise, 9558 tons; total, 50,839 tons. 
The aggregate shipments for the quarter were accordingly 
7,646,042 tons. 


New Cruiser.—The keel of a new unarmoured cruiser 
was laid at Pembroke on Monday, the ceremony being 
performed by Mrs. Mundy, wife of the Captain-Superin- 
tendent of Pembroke Dockyard. The new cruiser will be 
of the same dimensions as the Bellona, recently launched ; 
=< a is expected that her launch will take place in 

tober. 


Dowlais.—There has been a ~~ production of heavy 
and light steel rails, sleepers, angle iron, &c. The heavy 
section steel rails and steel sleepers have been made prin- 
cipally for Indian State railways, home railway com- 

nies taking only a small proportion. The blast and 
Daewaer furnaces have been well employed, but a labour 
difficulty has adversely affected the Siemens department. 


The Swansea Valley.—The weekly yield of pig iron has 
been of late about an average. e steel trade has been 
quiet. Seven furnaces are out of blast. 


More Welsh Coal.—A company having the opening out 
of the Bryncethin colliery has for some time been carrying 
on operations with the object of securing the Gribbwr 
seam, which is one of the most valuable. . The company 
in its search has struck a seam of coal about 3 ft. thick, 
and of good quality, superior to a seam at present worked. 
It is not pro , however, to develop this new seam at 
present, as the Gribbwr is expected to Prepara- 
tions are being made in laying sidi 
surface of land in the lower part of Ogmore Vale, where 
sinking operations are shortly to start. It is stated that 
three pits are to be sunk to the lower measures, 


~ 


near. 





Prrsonat.— The Switch-Gear Company, Limited, 
Cornwall-buildings, Newhall-street, state that — have 
opened an office at Wilfred-street, Salford, Manchester. 
—The Browne ineering Company, Limited, have 
removed to Norfolk House, Laurence Pountney-hill, 
London, E.C.—Messrs. R. Easton and Son, engineers, 
lift and crane builders, have removed to their new pre- 
mises, 28 and 30, Southwark Bridge-road, S.E.—Messrs. 
Walker Brothers, Limited, W: constructional engi- 
neers, makers of steel. buildi steel roofs, bungalows, 
&c., have o; a London office at’ 9, Bury-court, St. 
Mary Axe, E.C. ; 


Square PiaireD Drivine-Roprs.—A 
to hand from the Quadratseilfabrik, Mannheim-Neckarau, 
Baden, describing a form of square plaited dri -rope 
which ie to give very eal results in practice. ese 
ropes not turn in the groove, and are, for equal duty, 
claimed to be 10 per cent. lighter than the ordinary 
pattern, a 13-in. rope, for instance, replacing a 2-in. round 
rope. Greater flexibility than round ropes is also claimed, 
their use being possible over pulleys only 18 to 20 times 
the section of the rope. The pamphlet illustrates a large 
number of drives in works where t ropes are in use, 
over 20 million-feet being at work at the present time, so 
that the system has been well proved. 





pape comes 





Garckr’s Manual or ELkorricAL UNDERTAKINGS, 
1909. London: Published by the Electrical Press, Limited, 
37 and 38, Strand. [Price 21s. net.}—This volume, com- 
piled under the direction of Mr. E. Garcke, M.1.E.E., 
now appears for the thirteenth year. The volume shows 
in a striking manner the growth of electrical enterprise. 
In 1896 a volume anes iculars of some 200 under- 
takings practically covered the whole field. The present 
edition contains particulars of very nearly 3000 instead of 
200. In thisinterval the financial interests involved have 
grown sixfold, and, excluding capital for Government 
telegraphs, now stand at about 386 millions sterling. 
The general character of this annual is now so well known 





and silk mills, &c., in India, information is also given 
pear per iron-works, gi. copper, man, a. coal, 
an other mines, sugar, oil, saw, r, and other types 
of mills in India. = list of canlenanitie in China and 
Japan is also given, while statistical tables, formule, and 
other matter of interest to mill-managers, engineers, &c., 
make it quite a useful volume to keep at hand. A large 
section is given up to a diary, interleaved with blotting- 
paper. The publication is circulated freely in the prin- | 
cipal Asiatic, European, erican countries directly 
inte a in the industries with which it is chiefly con- | 
cerned, ’ 


"some of which deal with electric lighting, traction and , 1 
h | Exhibition will open on May 25, 1910, and applications 
| systems, list of companies Too, 


| additional interest to the work. 





as to render unnecessary any lengthy review of its con- 
tents. The general information is divided into sections, 


es and 
registered since 1856,’ manu- 
facturing enterprises, &c.- The volume deals with works 
and projects in Great Britain, Ireland,’ India, and the 
Colonies, Notes on the of the year lend 
A directory of officials 
and a list of members of the chief electric-lighting and 


power schemes, others with tele 


and draining the | be 





ELECTRICALLY-DRIVEN INSURANCE 
ADDRESSOGRAPH. 


WE have on previous occasions alluded to the now well- 
known addressograph, an appliance for printing addresses 
on envelopes and similar pa: as well as for filling in 
printed matter of various kinds on pa where such 
additions have to be made. On and 348 of our 
fifty-sixth volume we published iflwsteations and a de- 
scription of a modified form ofthe original appa- 
ratus, which was designed for filling in on pay-sheets 
the names and the numbers of workmen, together 
with the rates of wi machines have now 
been before the public for some years, and have 
become very well known, performing as they do most 
useful work«in‘ a great number of offices. There has, 
> been ex arenes ae awe tly a wed ~y = 
the apparatus, whi specially design or t 
Prudential Assurance Company for preparing premium 
notices and receipts. The Addressograph Insurance 
system of b go apie J these has been in use for about five 
years, and has proved so successful that it was thought 
desirable to have an automatic machine for doing the 
work. Hence the invention of the present machine, 
which is called by the makers the “electric insurance 
addressograph.” 

In principle the new machine is like the voy 
addressograph, which, as is well known, prints the 
dresses from rubber type which is ar ed in the form 
of an endless chain, each link (containing the address) 
of which is moved into place as required by the action of 
the machine. The new apparatus is driven by a small 
electric motor of about 4 horse-power, the current bein 
taken from any ordinary lamp-bracket. The origina 
add ph was worked by means of a foot-pedal, as is 
well known. In the electrically-driven machine the forms 
can have the policy particulars printed at the head, these 
particulars containing the policy number, the name of the 
assured, the amount of premium, the date the premium 
is ppowe. and the cy to whom the premium is pay- 
able. At the bottom it ts the name and address of the 
assured. These particulars can be printed on the form at 
the rate of 2000 complete sheets per hour. 

The forms are automatically guided through the machine, 
so that the printing is done in the exact position ; and if 
the paper should be laid on crooked, the automatic guides 
straighten it. The paper is carried to the is point 
by tapes, and is kept down on the tapes by means of a 
very ingenious arrangement of balls carried on two strips 
of metal, which press on the paper from above. Four 
different sizes of forms can be used, and the stops which 
control their positions can be set instantaneously. When 
all the particulars on one chain have been printed the 
machine stops automatically. Policy particulars can be 
printed on forms without the addresses, or the addresses 
without the policy particulars. The envelopes can also 

ry ap —- t me gee 1 pe se Ay 
machine is made by ressograph, Limited, 91 and 92, 
Shoe-lane, London, E.C. - 





CANAL AND Harpour Works, New Zgatanv.—His 
Majesty’s Trade Commissioner in New Zealand reports 
that, in order to connect Christchurch more closely with 
the coast, it is proposed that a ship canal shall be built 
from the sea to a point near the town; this would entail 
an expenditure of some 2,000,000/. An alternative pro- 
posal is to increase the harbour accommodation at Lyttel- 
ton (the port of Christchurch), and to construct another 
tunnel through the hills between the two towns. 


PROPELLERS OF BuLt’s Merat.—Measrs. Bull’s Metal 
and Melloid Company, Limited, Yoker, send us details 
of results got with propellers of their metal fitted to the 


8.8. dra, between Glasgow and Montreal 
and St. John’s. The mean results on eight consecutive 
voyages with steel — show a speed of 12.297 knots, 
as com with 1 knots on five subsequent voyages 
with Bull’s metal pean although the revolutions 
were reduced from to 71.7 per minute, and the coal 


consumption from’ 86.57 tons to 84.4 tons per day. The 
average draught on leaving was, however, 23 ft. 8 in. 

nst 23 ft. Eh in. The firm also state that they have 
e permission of the owners of the Allan liner Pretorian 
to state that the substitution of their solid propeller for a 
loose-bladed bronze peller increased the speed fully 
? nautical mile per hour, with reduced revolutions and 
coal consumption. 





INTERNATIONAL EXHIBITION OF RaiLways AND LAND 
TRANSPORT EXHIBITION AT BuENos AIRES.—Arrange- 
ments have been made for holding an International Ex- 
hibition of Railway and Land Transport in Buenos Aires 
from May to November, 1910, This promises to be quite 
an important event, and is being organised by an indene- 
tial executive commission. The Argentine is admittedly 
a country with a great future before it, and the trade of 
the country, ey = 4 important, is likely to ex con- 
siderably. The Exhibition of 1910 is to be held in com- 
memoration of the centenary of the country’s indepen- 
dence. The exhibits are to be classified into sixteen 
sections, of which the more important are railways, steam 


and electrical, &c., automobilism, cycling, post-office work, 
—_ telegraphy and tohapheay, roads, vehicles for 
teams, &c., military transi aeronautics, &. The 


may be made by exhibitors ~ oes June 30, The 
rules and regulations are somewhat complex, and a multi- 
tude of dates are given for the time-limits, of which ex- 
hibitors should e note, and we would advise all inte- 
rested in the Exhibition to write to the Consul-General 
for the Argentine Republic, 2, Budge-row, E.C., for full 





tramway committees, with their addresses, are given. 





particulars on the matter, 
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NOTICES OF MEETINGS. 


Tue Instrrors or Marine Enomveers.—Monday, April 19, at 
8 p.m. Adjourned discussion on Mr. A. Ross's paper on “ Efficient 
Circulation of Water in Steam Boilers.” 

TaE . April 20, at 
8 p.m. mes Bui 


—— or Orv, EnGIngERs.—Tu 
be discussed :—“* The New York 

by Mr. Gosden Tier Purdy, M. Inst. C.E.; and ballot tor new 

members, Students’ meeting, Friday, April 23, at Sp.m. Paper 

to be read :—“* The Development of Hydro-Electric Power Schemes, 

with Special Reference to Works at Kinlochleven,” by Mr. J. M. 8. 

Culbertson, Stud: Inst. C.E. Colonel R. E. B. Crompton, C.B., 





l, | M. Inst. C. E., will occupy the chair. 


Tue Junior InstrruTion or Enorxeers.—Tuesday, April 20, at 
7.30 p.m., at the Royal United Service Institution, Whitehall. 
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tions in the Philippines, 1908,” by the Rev. José Algué, 8.J., Hon. 
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THE RIGHT TO WORK. 


‘* Tue right to work ” is quite a modern phrase. 
There have been in the past periods of unemploy- 
ment much more acute than the present, but it 
never occurred to any one that those out of work 
were suffering a social wrong and were being de- 
frauded of something that belonged to them. At 
such times benevolent landowners often carried out 
works of drainage and road-making which were not 
urgently needed, but this was done as a neighbourly 
act of kindness and was not recognished as a legal 
duty. Unemployment was regarded in the same light 
as plague, pestilence, and famine, and ht have 
wl included in the Litany as an antithesis to 
‘all times of our wealth.” Unemployment had 











23|to be borne like other ills, and, like other ills, it 


pressed most hardly on the poor. Its alleviation 


539 | Was a matter for private charity, and could not be 
530 | demanded as a right. 


But if the right to work was not conceded, or 
even demanded, the right to live was always 
admitted after the passing of the Poor Laws in the 
533 | Teign of Elizabeth. Up tothe time of Henry VIII., 
the unemployed were sure of subsistence at the 
doors of the monasteries ; and there was bred a 
race of sturdy unemployables, for whom the - 
lature prescribed the whipping-post and the gib 
in liberal measure. The closing of the monasteries 
left the worthy poor—the young, the old, and 
38/the sick—in a wretched plight, and the Poor Laws 
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u3 who can show himself to be destitute can claim food 


and shelter. Human nature recoils at the idea. of 


544 | men and women dying of want amid abundance of 


food, and the most austere political economist sto 
short of that point. Whatever evils may be wrought 





by charity or idleness, they are not necessarily irre- 


t}is now bought by the out-of-work. 


mediable, whereas death puts an end to all things. 
** A living dog is better ion a dead lion.” 

So far every one is agreed, and, further, there 
can be few so hard-hearted as not to feel deep pity 
for the thousands of homes into which no weekly 
wage is now coming, and which are not likely to 
see any for some time. Humanity in such a case 
demands for the sufferers something more than the 
right to live, and economic science recognises the 
— desirability of enabling them to keep their 

mes together. The Socialist, who despises 
economics, proclaims -the right to work at trade- 
union rates of wages, which means that the work- 
man shall have his weekly pay whether there is any 
genuine demand for his labour or not, Pauper 
relief and a steady competence represent the 
two extremes of opinion as to what should 
be provided for the unemployed, and, as usual, the 
majority of people would advocate something 
between the two if they were called upon for a 
suggestion. Unfortunately, it is almost impossible 
to devise any scheme for assisting the unemployed 
that will not do almost as much harm as good to 
the working classes. Without accepting in its 
"| entirety the conclusion laid down by Mr. Harold 
Cox, M.P., in the Quarterly Review for January, 
that all contributions, voluntary or forced, for the 
unemployed represent so much wages div erted from 
other workpeople, it is nevertheless quite clear 
that this contention is true to a great extent. 
In the case of the larger class of ple who 
live up to their income it is evident that increase 
of taxation, or of charitable contributions, means a 
decrease of expenditure on food, clothing, or plea- 
sures. Generally, of course, it is the pleasures that 
are curtailed. But whatever the source of economy, 
money is diverted from its accustomed channels, 


Mr, |@nd the change must cause distress to a great many 


people, even if it is an advantage to others. It is 


| evident, nevertheless, that there are types of labour 


that might be displaced in time of bad trade with 


h/a resultant advantage to the community. For 
and | instance, if as the effect of rates levied for the un- 


employed a theatre were closed and the money 
that would have been taken at the doors were 
spent on sewerage, it is clear that not only are a 
large number of people put in the way of earning 
wages, but the town would also be made more 
healthy for the future. Work would be found for 
greater numbers of people than those displaced at 
the theatre, and the result of their work would be 
pene bearing interest in the form of increased 

ealth and length of life for years to come. At the 
same time there would be added to the unemployed 
the actors, the musicians, the door-keepers, and 
others, while the life of the community would have 
lost something in art, or in gaiety. 

A small number of highly-skilled men and women 
would have been displaced to find work for a larger 
number of labourers and bricklayers. Upon the 
theory of the right to work the citizens should 
have maintained the theatre and built the sewers 
also, but how they could do both on a limited 
sum of money is not clear. A man who spends 
all his income may apportion it as he likes 
among the various classes, of workers, but he 
cannot add to the volume of employment. If he 
choose to curtail his consumption of necessities 
or luxuries, he may transfer a portion to the 
unemployed. He may, for instance, live on 
bread and water, and hand his beef and vegetables 
to an out-of-work neighbour, without in any way 
disturbing the labour market. Or he may pass 
over an equivalent sum of money, and leave the 
out-of-work to spend it on food. In this case it 
will probably be spent on food of lower quality, 
but still the change of conditions will not be serious. 
But if the economy practised be not related to 
food, but to (say) books, the circumstances are 
quite altered. Then authors, publishers, printers, 
and paper - makers suffer, and the food they 
would have bought if they had sold their books 
In place 
of food they have unsaleable books. So far 
the illustrations we have taken are forms of 
charity, and we assume that the out-of-work still 
remains workless. He is fed because somebody 
else goes short. Let us now suppose that instead 
of money being given to the man he is employed 


and paid. He might be set to gardening, and 
the regular ener discharged. That would 
evidently be an absurdity. r both gardeners 


might be kept on, and no books be bought. 
Then we revert to the condition set forth above, 








with this difference, that the garden is better 
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cultivated and yields more. On a large scale 
authors and publishers would be unemployed, and 
then possibly wages would be handed to the men 
who are now gardening—one kind of labour is 
displaced by another. e result of the gardening 
is enjoyed by the householder, who now, instead 
of books, has a second supply of vegetables. 

Fortunately, all people in the country do not live 
up to their incomes. Every year they put aside 
money which does not go directly from their hands 
to pay for goods which represent wages. Usually it 
is put into commercial enterprises—railways, ships, 
manufactories, and the like—and in this way it soon 
becomes available for wages. In times of depression, 
however, there is not a ready outlet for savings. It 
is always possible to buy stocks and shares, but 
that is merely a shuffling of the cards ; it does not 
represent manufacture. At the present time, for 
example, no one is laying out shipyards, steel works, 
blast-furnaces, cotton-mills, and the like. The 
world cannot absorb the possible output of the pre- 
sent works, and there is no advantage in adding to 
the glut. Here and there a far-sighted man, with 
faith in the future, may be taking advantage of the 
present low prices to restock his works, but such 
action is exceptional. Present-day savings are not 
going into industrial concerns, and only create a 
demand for labour very indirectly by depressing 
the Bank rate, and so reducing the burden of 
interest on borrowers. If they are diverted to the 
relief of the unemployed, it does not follow that an 
equal sum will be at once deducted from the money 
available for wages for those still in work. The 
man with a balance at his bank can employ a 
second gardener without cutting off his expenditure 
on books. He can add to the value of his land by 
having it drained, or deeply dug, and can thus get 
a return for his outlay, while at the same time he 
furnishes employment. In the same way he may 
contribute to the cost of a work of sewerage in 
his town, and gain his share of the advantages that 
follow, or to a scheme of afforestation, and add to 
the assets of the nation. 

We are thus brought to the conclusion that it is 
only those whose income habitually exceeds their 
expenditure who can be compulsorily made to assist 
the unemployed. The thriftless man may be taxed 
to any extent, but his personal expenditure will 
contract pari passu, and at least an — amount 
of labour will be displaced as that employed. The 
right to work can only be enforced at the cost of 
the thrifty—those who habitually deny themselves 
to put away a surplus, and only then if they do not 
carry their self-denial further, and reduce their 
expenditure to meet the increased demand for taxes. 
These are the people who have built our railways, 
our canals, and our great works. It is they that 
a occupations for the steadily enlarging popu- 
ation and increase the material resources of the 
country. It would certainly be hard if the whole 
burden of the unemployed were laid on their 
shoulders, and it would not be long before they 
broke down under the load. 

For the time being the country offers a poor field 
for the investment of savings, and other lands are 
attracting them. Of course, much of the talk 
about manufacturers taking their works abroad 
is pure nonsense. Nine-tenths of the wealth of 
this country consists of land, buildings, and plant, 
and is irremoveable. Further, it is of little value 
without floating capital; hence a manufacturer 
who owns plant dare not dispose of his capital. 
The man who enters into manufacture burns his 
boats ; unless he can succeed in making a profit, 
he finds it very difticult to realise more than 
a third of what he has invested in his plant. 
The great body of the wealth of the country 
cannot go abroad ; it is only the margin between 
earnings and expenditure that can do so. This, 
however, still represents a large annual sum, and, 
with an increasing population, it is desirable that 
it should be retained if possible. But even when 
foreign loans are taken up with avidity, as they have 
been of late, our savings still find work for the labour- | 
ing classes, and are largely spent in wages. Money | 
borrowed by Japan, or by an Argentine railway, is | 
not sent in gold. It goes in locomotives, rails, steel- | 
= yarn and cloth from Manchester, and in a | 

undred other forms that are the product of labour, | 
and the interest on the capital comes back year by | 
year to be spent here. It is not money we lend, but 





and others. If it goes abroad, it carr‘es its needs to | depreciation, and the payment of the interest due on 


other lands, and we are not the better for them. 
We are told that the present stagnation of trade is 
caused by the supply having overtaken the demand. 
And yet there is a vast unsatisfied demand. Tens 
of thousands of men, with their army of wives and 


children, are in want of food and clothing, and | 
|systems. With a clear statement of the capital 


sometimes even of shelter, and the bulk of them 
are able and willing to work. And yet society is 
unable to utilise their ability to supply their needs, 
and all that it can suggest is to gather forced con- 
tributions which create ‘nearly as much unemploy- 
ment as they assuage. 

The situation affords a grim illustration of the 
untruth of the statement that labour creates wealth. 
Here is labour in abundance and yet it cannot 
gather a subsistence for itself, much less wealth for 
other people. Further, there is capital at liberty in 
the form of half-oceupied works and swollen bank 
balances, and yet, with plenty of available labour, 
it can produce nothing that can be exchanged for 
money. Neither labour by itself, nor capital by 
itself, nor the two together, can create wealth. 
As Sir Christopher Furness pointed out in the 
address in which he introduced his co-partnery 
scheme, a third element is needed, and that is 
‘*enterprise.” Labour and capital are both material 
and need the intellectual element to guide and direct 
them, especially in periods of difficulty. Enterprise, 
in one aspect, means paying cash for an uncertain 
future profit, and just now the future does not seem 
to promise a profit, so enterprise is absent. What 
good would be — by creating an artificial demand 
to be paid for by those who had denied themselves 
and so accumulated capital, it is hard to see. The 
right to live lays a heavy tax on the community, 
but the right to work would spell ruin for all. 








SOUTH AFRICAN RAILWAYS AND 
THE UNION. 

From the proposals contained in the Draft 
South Africa Act, with reference to the working 
of the railways in that country after federation, it 
would appear that the authorities are anxious to 
avoid, if possible, many of the pitfalls usually to 
be found along the ‘‘ Nationalisation” road. In 
this respect the working of the South African rail- 
ways will, if the present proposals are eventually 
adopted, form a distinct contrast to the conditions 
obtaining in some other portions of the British 
Empire. We have especially in mind at the present 
time cases in which the railway accounts are given 
in returns, in such a way as to render impossible any 
clear understanding of the actual economic status of 
the systems. Practice of this kind has frequently led 
to fictitious values being placed on the returns of 
the railway working. For instance, the railways 
are frequently credited in the annual reports with 
net returns of a certain rate on capital invested, no 
word being given that the rate of interest actually 
due on the Government stock forming the railway 
capital is considerably higher, so that the net re- 
turns are not profits at all. In other cases money is 
taken from the State Consolidated Revenue Fund 
and used as railway capital bearing nointerest. In 
many cases, systems now pronounced successful are 
still actually behindhand, if arrears of interest are 
taken into the railway accounts. But these, accu- 
mulated sometimes by reason of misfortune rather 
than mismanagement, are now hidden from view, 
and a year or two’s working is all that is now 
allowed to appear at a time. 

The Draft South Africa Act provides for better 
methods. While it does not appear that the money 
to be raised for the provision of railway capital is 
to be differentiated from ordinary State loans, 
there seems to be every desire to make the railways 
stand by themselves in all other respects. In the 
first place, Clause 117 of the Draft Act provides for 


the formation of a Railway and Harbour Fund, in | 
addition to, and distinct from, the Consolidated | 
Revenue Fund. All revenues from the administra- | 


tration of the railways and harbours are to be paid 


into this fund, and no money is to be withdrawn from | 


it but under appropriation made by law, except 
fora certain period at the commencement, when the 
Governor-General in Council may draw sufficient to 
carry on, for the time, these public services. 

But the stipulations go a good deal further than 
this. The railways and harbours are to be adminis- 


capital, The amount of interest due is to be paid 
out of the Railway and Harbour Fund into the 
Consolidated Revenue Fund, the balance remain- 
ing in the Railway Fund. This arrangement should 
prevent any veiling of the railways’ liabilities, as 
1s the practice, for instance, in certain Australasian 


account, and the interest claims arising therefrom, 
it will be possible to arrive at definite opinions with 
regard to the working of the South African systeins. 
e Act sets down broad lines of policy, but at 
the same time is careful to make provision for 
the expense their adoption may entail, so as still 
to keep the railways’ accounts on a business basis. 
For instance, it provides for pushing railways into 
new agricultural districts ; but since this work 
always involves a loss to the railways for some time, 
it is arranged (Clause 132) that this loss on each 
year’s working shall be made good by the payment of 
an equivalent sum from the Consolidated Revenue 
Fund over to the Railway and Harbour Fund. This 
provision should enable the State to open up really 
suitable districts while avoiding trouble with the 
Railway Commissioners. A similar provision (Clause 
133) is made with regard to additional facilities 
and services required by the Government, but which 
the Commissioners would be loath to adopt as being 
unremunerative. It often happens in State rail- 
way operation that the chief official in charge is held 
responsible for the financial results of the working 
of a railway in spite of the fact that the Govern- 
ment compels him to institute services which he 
does not consider businesslike in policy. The 
Draft Act, by settling this beforehand, removes one 
of the most fruitful sources of friction between the 
legislative and operating authorities. 
he railways are to be managed by a Board of 
three Commissioners, appointed by the Governor- 
General-in-Council, and a Minister of State, who 
will act as chairman. This again seems to be a 
satisfactory compromise, and will ensure the work- 
ing of the system being in competent hands, while 
at the same time keeping the Executive in touch 
with State policy. On the whole, the arrangements 
proposed in connection with these railways appear 
to be, of their kind, a great deal better than many 
now in practice elsewhere. 








AERO-MOTORS. 

In taking a general survey of the various light 
aeroplane motors shown at the recent Exhibition at 
Olympia, the first question to be considered is to 
what extent very extreme lightness is really neces- 
sary in an aeroplane. Naturally, if equal relia- 
bility, durability, quietness, &c., can be secured, 
the lighter the engine the better, as is the case in 
every self-moving machine, for the natural reason 
that the power the engine spends in moving its own 
weight is practically wasted. It seems, however, 
to be rather doubtful whether in the aeroplane it 
will be desirable to go to any extreme in the 
reduction of weight, because as a matter of fact 
it is not generally possible to reduce weight with- 
out autities some of the above-named desirable 
properties. 

At present there does not seem to be any very 
great difficulty in providing an aeroplane with 
enough power to lift itself and its driver with a 
margin to spare, as is proved by the fact that on 
several occasions flights with two people have been 
made. On the other hand, absolute reliability is 
probably of more importance in an aeroplane than 
anywhere else, as it is quite impossible to stop 
in the air, even for the very shortest time, 
with the engine not running, and therefore no 
adjustments can be made without coming to the 
ground. In trial flights over a prepared course 
there is, of course, no difticulty in descending and 
again ascending, but in practical flight there would 
be many situations where a safe descent would be 
impossible, and still more where, if a descent was 
|once made, it would be impossible to ascend again. 

It is true that durability is not at present so 
important as reliability, as the engines will not 
be subject to continuous daily running in the im- 
'mediate future, but practically the conditions for 
| reliability and durability are very much the same. 
| Noise is also a matter which may be of very 
|great importance. At present it appears as 1! 





goods. Unfortunately, goods lent to the nate a do | tered on business principles (Clause 129), due regard | the question of flying was largely one of oar 
10 


not afford permanent occupation to British 


bour. | being had to the promotion of cheap transport. So | personal factor, and that the difficulty is - 


A locomotive here requires the services of a driver | far as may be, the total earnings are not to be more | always so much in the machine as the driver. 
and a stoker, besides cleaners, fitters, coal-miners, | than will cover upkeep and betterment expenses, | this case noise may be of serious importance, 4» 
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it is extremely tiring to most people to work 
with a great deal of noise. Some of the very 
light motors depend largely for their power on 
there being no silencing arrangements whatever, 
but this seems a very doubtful plan. Even in 
racing-cars, where the nerve strain is consider- 
ably less than that in a flying-machine at the 
present time, it is known that arrangements of 
exhaust which increase the power of the engines 
sometimes make so much noise that in practice 
the driver cannot do his best, and the majority of 
races have been won by cars which have some 
sort of exhaust-pipe and silencer to modify the 
sound, 

It is, therefore, quite possible that eventually 
the best engine for aeroplane work will be found 
to be the ordinary vertical type, carefully designed 
to eliminate cast iron as much as possible. We 
can in this matter draw some deductions from 
the results of the motor-car racing. In this sport, 
under the old weight limit, the essential mechanical 
problem was to get the greatest power in the 
smallest weight consistent with enough durability 
to get through the race ; and it is rather curious 
that practically all long-distance races were won 
by cars with the ordinary vertical four-cylinder 
engine. It does not, of course, necessarily follow 
that the aeroplane engine will follow the same lines, 
but it appears very probable that this will be so. 

Naturally the simplest way of getting the engine 
light is to make the valves large and run it fast, 
and it has been proved in the racing-boats that 
engines of 50 brake horse-power can be run up to 
1500 revolutions per minute for several hours at a 
time without being in the least unreliable, and pro- 
bably this speed could be considerably exceeded with 
experience. In fact, in the racing-boats the engines 
are often run at a slower speed than that at which 
they give their best power in order to suit the pro- 
peller. Apart from increasing the speed of the 
engine, the reduction of weight can be effected by 
the use of steel cylinders with sheet-metal water- 
jackets and the use of steel forgings to take all 
stresses in place of castings. There appears no 
reason why sheet-metal should not be used for 
parts of the crank-casing as well as for the water- 
jackets. 

Turning to the more special arrangements, the six 
or the eight-cylinder diagonal engine seems the 
most promising, as it departs the least from the 
ordinary type. There appear to be no essential rea- 
sons why this type should not be made as reliable as 
the vertical, though, of course, the more cylinders the 
greater the chance of one of them going wrong, and 
also the smaller and more delicate the parts for a 
given power. Roughly speaking, the cylinders in a 
diagonal engine should weigh about the same as 
those ina vertical, but as the crank-case and shaft 
are only about half the length, their weight will be 
much less. The reduction in weight is, however, 
accompanied by a reduction in the bearing surface 
per horse-power, and in practically working out the 
design it will be found that there are greater diffi- 
culties in securing accessibility and getting details 
into a satisfactory shape than is the case with 
the vertical type. If the engine is arranged with 
several cylinders on one crank, as is sometimes 
done, the weight of the crank-case is no doubt 
reduced, but the difficulties of design become 
still greater. 

Theoretically, the lightest engine should no doubt 
be that in which the crank-shaft is fixed and the 
cylinders revolve. The difficulties in the design of 
this are, however, greater than in the others, and 
it remains to be seen whether it will come into 
general use. Among other points in this class of 
engine is the fact that as the crank-case revolves it 
cannot be used to fix the engine to the frame, and 
therefore a special frame must be provided. It is 
quite possible that this will absorb a good deal of 
the saving in weight otherwise effected. 

It is somewhat difficult to compare accurately the 
weights of the various types per brake horse-power, 
as the amounts of power claimed from the same 
sized cylinders by different makers vary to such an 
extent that it is quite clear they are not estimated 
in the same way. It is well known that an engine 
run on a test-bench, where there is plenty of room 
round it for adjustments to be constantly made, 
can be tuned up to give a far higher power for a 
short time than can be maintained in practice. 
Some makers rate their engines according to the 
results obtained in a test of this kind, others at 
the power they will maintain for a reasonable time 
with such attention as they would be likely to get 








in an aeroplane. How great this discrepancy is can 
be seen from the results of the racing of cars, and 
still more, of boats, where an engine which will 
actually maintain, say, 50 brake horse-power, will 
often beat engines which have on a test-bench 
developed 80, or even 100 brake horse-power. 

The following table, however, probably repre- 
sents a fair average of the results claimed for the 
different types :— 


Weight | 50. Brake- 
per Brake “Horse. 
Type of Engine Horse- Power 
Power. En Ki i. 
Ib. ; 
Four-cylinder vertical ... es 8 400 
Eight-cylinder diagonal... de 300 
Diagonal, with several cylinders 
grouped on one crank-pin 200 
Rotary te ih 3 150 


The weight of the 50-brake-horse-power engine is 
given to show the actual weight of motor for a fairly 
large aeropiane. As the total weight of the latter, 
with passenger, will be usually over half-a-ton, it 
will be seen that the saving in engine weight, by 
going to an extreme type, is only a small propor- 
tion of the whole. Further, the ordinary type has 
a crank-chamber which affords a convenient means 
of attachment to the aeroplane, while in some 
others the absence of this would, as we have 
already pointed our, entail extra weight in the 
attachments. 

A point of some interest is the reintroduction of 
air-cooling in the aeroplane engine. This is no 
doubt a case of necessity in the rotary type, and 
the velocity of the cylinders should keep them cool 
enough. Inthe other types it appears, however, 
that it is a very doubtful advantage. However 
much air is drawn past the cylinders, it does not 
seem possible to keep them anything like as cool by 
air as by water, and in this case there must be loss 
of power. It is interesting to note in this con- 
nection that all the long-distance car-races have 
been won by water-cooled engines, though it would 
appear that the air-cooled engine would have a 
better chance on a racing-car than on an aeroplane. 
This is because the car engine is never run at its full 
power for more than a few minutes at a stretch, the 
exigencies of the road making it necessary to fre- 
quently slow down. In the aeroplane, on the other 
hand, the engine may be called on to give its full 
power for long periods; and if the air-cooling was 
not found to be so satisfactory for the car, it is 
likely to be less so for the aeroplane. In addition 
to this, the speed of the racing-cars through the 
air was much higher than that attained by aero- 
planes, so that there was greater facility for 
getting draught round the cylinders. The matter 
is, however, of course, one which can only be 
decided by actual experience. 








THE DISPOSAL OF DISTILLERY 
WASTES. 

Tue Royal Commission on Sewage Disposal, which 
was appointed on May 7, 1898, has recently issued its 
sixth report, dealing with the disposal of the liquid 
refuse proceeding from distilleries, and suggesting 
improvements in these methods.* The report first 
gives an abstract of the operations involved in 
the manufacture of whisky, the waste liquids from 
which manufacture, counting — a consumption 
of 1000 bushels of barley per week—this figure being 
that of a medium size distillery plant—amount to 
a total of about 45,000 gallons also per week. Of 
this total, there are, when the barley is allowed to 
soak in tanks, about 8000 gallons of steep-water —a 
foul-smelling and polluting liquid ; and about 13,000 
gallons of pot-ale—a heavy, brown, turbid liquid— 
a residue of the still, which very rapidly putrifies. 
There are further, approximately, 4000 gallons of 
spent lees, the residue in the second still ; and 
me 20,000 gallons of wash-waters, being the 
waters used for washing out the steeping-tanks, 
fermenting apparatus, stills, &c., at the end of the 
week. Of the four above-mentioned liquid residues, 
the most difficult to deal with are the steep-water and 
the pot-ale. The steep-water is from three to ten 
times as strong as ordinary sewage. When instead 
of allowing the barley to soak in tanks for a total 
period of about 60 hours, water is allowed to flow 
in and out the tanks for the same period, the liquor 
is much less charged with organic matter ; but, on 
. Sixth Report 
ommissioners : ‘‘ Disposal of Liquid Refuse from 
1909, Price 1s. 3d, : 
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the other hand, there is a much larger quantity to 


deal with—30 to 40 gallons per bushel of barley, 
instead of about eight, by quiescent steeping. The 
béte noire of distillers is, however, pot-ale, which 
rapidly becomes, when exposed to the atmosphere, 
forty times as strong as ordinary sewage. 

During its journey through the Highlands the 

Commission gave its attention to the attempts made 
to purify the pot-ale mixed with steep-liquors and 
some of the other waste liquids by a system of 
contacs-beds, the first bed being constructed of 
very coarse material, and the last one of dust. Both 
the effluents, however, were bad, the purification 
being far from efficient. This was due to the fact 
that an extremely acid liquor was being dealt with, 
which only became neutral after emerging from the 
fifth or the sixth contact-bed ; also to the fact that 
the liquor was so strong organically as to require 
a very large quantity of oxygen for its complete 
oxidation. A quantity of pot-ale was further dealt 
with in laboratory experiments, when it was found 
that when it was neutralised with lime-water, 
and the sludge allowed to settle, the resulting 
liquor could be efficiently purified—for some time, 
at all events—by passing it through a continuous 
filter which had, in the first instance, been matured 
by sewage. The dilution should not be less than 
about six times the original volume of pot-ale. The 
“eames feed the liquor must be slow. When limed 
iquor is not being passed through the filter, river 
water might be used for washing out solids, The 
effluent would be excellent for passing over grass 
land; the precipitated sludge, however, would 
probably prove the chief difficulty; it would have 
to be dealt with anew, otherwise it would consti- 
tute a nuisance. 

These laboratory experiments led to the erection 
of a trial plant at Coleburn Distillery, aiming at the 
obtainment of an effluent which would not appre- 
ciably deoxygenate the water of a stream, which 
would not be injurious to fish, nor cause the pro- 
duction of objectionable or fungoid growths in a 
stream, and would not render the water of a stream 
unfit for domestic use. A series of tanks were put 
down, combined with a percolating filter 24 ft. in 
diameter and 12 ft. deep, filled with gas-works coke 
of good quality in pieces varying from Lin, to 3in, in 
diameter. The filter contained 68 tons of coke and 
had a capacity of 200 cubic yards. The coke rested 
on a false bottom of perforated bricks, and the whole 
stood on a slightly convex foundation of concrete. 
The filter was fitted with an automatic revolving 
sprinkler, which was protected by a wind-screen 
standing 2 ft. 6 in. above the top of the coke. The 
report gives a plan showing the arrangement of the 
plant. As soon as this was completed—in May, 1906 
—the maturing of the filter was commenced at once, 
it being sprinkled on alternate days with 200 to 
300 gallons of a mixture of pot-ale and water (one 
part of the former to 2.5 of the latter), Additions 
were made occasionally of a solution containing the 
nitrifying organisms from soil. 

The liquid treated from June to September, 1906, 
was a mixture of one part of pot-ale and nine parts 
of water, limed and settled. Up to September 20, 
1906, the total quantity treated was 11,500 gallons 
of pot-ale, this period including the time spent in 
maturing the filter. On starting, 30 gallons of 
pot-ale, 300 gallons, therefore, of limed liquor were 
dealt with in the filter per twenty-four hours ; the 
final quantity during the last week, September 13 
to 20, was 530 pox Bong equal to 5300 gallons of 
limed liquor. The progress of the experiment was 
temporarily interrupted by an attempt to treat 
limed liquor of twice the strength ; analysis of the 
effluents from this latter liquor—formed of one part 
of pot-ale to four parts of water, limed and settled 
—showed that it was too strong for the filter—at 
all events, for the filter in its existing state of 
maturity. The experiment with this stronger 
liquor was stopped ; it had, however, the advanta, 
of showing that the filter, like a sewage one, could 
recover its efticiency by resting and being kept 
moist. A rest of 14 days was given, after which 
the filter resumed its treatment of the 10 per cent. 
liquor, this yielding a good effluent. 

From September 25 to October 25, 1906, the 
filter treated undiluted limed steep-water at the 
rate of about 1100 gallons per day, the whole out- 
put of the distillery ; this separate treatment of 
steep-liquor showed the excellent purification 
obtainable with the filter. From November, 1906, 
to June 20, 1907, the filter treated daily a liquor 
consisting of 400 gallons of pot-ale and about 1000 
gallons of steep-water and other distillery waste 
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liquids, the whole diluted to 4000 gallons, limed 
and settled, equal therefore to 2 gallons of pot-ale 
plus 4.5 gallons of the other mixed waste liquors 
per cubic yard of filter per day, or approximately 
the ratio in which the various liquors proceeded 
from the distillery. 

This plant was sufticient to deal with 2500 gallons 
of pot-ale and 7000 gallons of the other waste 
liquids per week of six days. The capital cost 
amounted to 2501. A plant five times the size, to 
deal with the waste liquids produced in a distillery 
dealing with 1000 bushels of malt per week, would 
cost 12501. The working expenses for forty weeks, 
as in the case of the experimental plant, would 
be :—Labour, one man, 40l.; lime, 12 tons, 121.; 
depreciation, 5 per cent., 621. 10s.; interest on 
capital, 4 per cent., 501.; technical supervision, 501. ; 
giving a total of 2141. 10s., as a set-offagainst which 
there would be produced about 20 tons of manure, 
worth 301., leaving a net working cost of 1841. 10s. 
Such a distillery would produce about 2400 gallons 
of whisky per week. Allowing 4d. per ga lon of 
whisky as a charge for the disposal of the waste 
liquors, this would yield 51. per week, or 2001. for 
the forty weeks. Experimental channels dealing 
with the effluent from the percolating filter were 
laid, and on no occasion was there found in them 
any sewage fungus, but only growths similar to 
those occurring in another channel carrying water 
alone. 

More or less of the pot-ale derived from distil- 
leries is dis d of on land, and good results, as 
regards purification and cropping, are obtained by 
careful management and best possible distribution. 
The volume that can be treated thus depends mainly 
upon the nature and depth of the soil and sub-soil. 
Care has to be taken to avoid overdosing. Peat 
land is unsuitable for the purification of pot-ale, 
owing to its spongy and acid nature. Land _per- 
meated by springs is ‘also to be avoided. Where 
land is to be used for the treatment of pot-ale, it 
should receive small dressings of lime at fairly fre- 
quent intervals. The difficulty lies in obtaining 
suitable land at a reasonable price, and in the cost 
of carting, conveying, or otherwise distributing the 
pot-ale. 

In the great majority of cases, distilleries have 
been provided during recent years with contact-beds 
for the disposal of waste liquors; the results did 
not afford the Commission sufticiently accurate data, 
and an experiment was made to elucidate the point, 
to see how far the existing plants might become 
available in any future schemes. The seven con- 
tact-beds at the Mortlach Distillery were modified, 
the first and second beds were made 6 in. deeper 
by the addition of coarse clinker similar to that 
already in them ; four others were emptied and re- 
filled with clinker which a 1-in. screen, 
while their depth was increased to 3 ft.; about 
4 in. of coarse limestone was placed at the bottom 
of each of these four beds for drainage purposes, 
all other limestone being removed. The seventh 
bed was emptied and | as a storage-tank for the 
effluent. ne six beds held 380 cubic yards of fil- 
tering material, of which that of the last four beds 
was of fine grade. The first portion of the experi- 
ment yielded unsatisfactory effluents, and the second 
portion, with stronger liquor, effluents which were 
putrescent upon incubation. 

The conclusions arrived at in regard to contact- 
beds were to the effect that diluted pot-ale, limed 
and settled, was amenable to purification by this 
means; six, or even seven, contacts, however, 
were insufficient to produce a uniformly non- 

utrescible effluent from either a 10 per cent. or a 
B per cent. solution of pot-ale limed and settled. 
Probably eight contacts, in beds composed of fine 
material throughout, would do so, treating a 10 per 
cent. solution. The contact-bed system, therefore, 
compared unfavourably, as regards efticiency, with 
percolating filtration. 

Besides the disposal of pot-ale on land, and its 
treatment in contact-beds, to which we have re- 
ferred, the Commission examined two other pro- 
cesses in operation, these being destruction by heat, 
and by evaporation followed by torrefaction for the 
production of a marketable manure. These pro- 
cesses, in the opinion of the Commission, are far 
from being satisfactory ; they only deal with pot- 
ale, and other means are yay for purifying the 
other waste liquids ; an acrid and penetrating odour 
is also emitted. 

In short, the waste liquids from distilleries can 
be treated on land where this is in a suitable loca- 
tion, has a satisfactory formation for the purpose, 








is sufficient in extent, and is of a reasonable price. 
Where these conditions are not met, the use of 
percolating filters is recommended. 





THE LATE SIR DONALD CURRIE. | 

ALTHOUGH not a constructive engineer, the late | 
Sir Donald Currie generally exercised such an in- 
fluence on marine construction during the past 
thirty years that an appreciation of his life’s work 
is certainly justified in our columns. During his 
whole life, indeed, his -work was associated with 
maritime progress, and the duration of that asso- 
ciation is indicated by the fact that he was with the 
Cunard Company almost from the beginning of 
their enterprise, and was the main stay in creat- 
ing the mail service to our great South African 
colonies. Born at Greenock in 1825, the son 
of the late Mr. James Currie, of Belfast, he was 
in his 85th year at the time of his death. He 
owed his upbringing to the capital of Antrim, 
where he was educated at the Academy, and sub- 
sequently at the Royal Academical Institution, 
but his business career, curiously enough, was 
commenced in the town of his birth, and at the 
early age of 14. Two years later he migrated, in 
1842, to Liverpool, where he became a clerk with 
the Cunard Company, which was inaugurated in 1840. 
It is a remarkable fact that he and the late Mr. 
Edmund Taylor, who subsequently became the head 
of the Inman Line, were the two officers responsible 
for the bills of lading for all the material exported 
from Liverpool to New York at that time. For 
twenty years he was connected with the Cunard 
Company, and so early had he developed those 
organising qualities, which were his outstanding 
characteristic of later years, that the owners of 
the Cunard Company appointed him a special 
agent to organise various Continental departments. 
Thus he served for six or seven years in France, 
acquiring an experience which was subsequently 
of great advantage to him. His work for the 
Cunard Company extended over France, Belgium, 
and Germany, and connecting lines were made 
from Havre, Antwerp, and Bremen. In 1856 
he returned to Liverpool to occupy a promi- 
nent position in the head office staff, and six 
years later—in 1862—he took the most impor- 
tant step of his life in organising a shipping line of 
his own. It was only consistent with his high 
integrity that he should refrain from any inter- 
ference with the ramifications of the Cunard Line. 
Instead he inaugurated the Castle Line to India, 
beginning with clippers to Calcutta. One feature 
which differentiated his scheme from those of earlier 
Eastern trades was in dispatching the vessels accord- 
ing to time-table, instead of spasmodically. This re- 
gularity proved very acceptable to the general trader. 
After ten years’ experience of the Calcutta service 
he changed the objective point of his ships to South 
Africa, adopting steamers, while the point of depar- 
ture continued to be London; and about the same 
time he became a partner in the Leith, Hull, and 
Hamburg concern, which in its North Sea traffic is 
as successful as the main undertaking connecting 
with South Africa. 

The progress made by Sir Donald Currie’s Castle 
Line has been dominated essentially by commercial 
rather than sensational considerations ; but, never- 
theless, the advance made has been most creditable, 

rticularly in view of the length of the voyage. 

fore the Castle Line began their service to the 
Cape the duration of the voyage was about 35 days, 
whereas now it is only 17 days. The Union Line 
had the mail contract, but very soon the Currie 
enterprise was rewarded by a moiety of the Govern- 
ment patronage. Thirty years ago the Kinfauns 
Castle was the ‘‘crack”’ ship of the flect. She was 
360 ft. long, and of 13 knots service speed at 3000 
horse-power ; ten years later the length of the 
vessels had increased to 420 ft. and the service 
speed to 15 knots. In 1894 the Tantallan Castle 
was of 16.37 knots, and the Armadale Castle, 
570 ft. long, exceeds 17 knots at 11,500 horse- 
power. The speed given in each case is the highest 
service 8 which is obtainable at sea when 
the vessels are at the maximum service draught, 
but they have always had a considerable re- 
serve of power to ensure regularity, irrespective 
of weather, in order to comply with the terms of 
the mail contract. The increase in trial-trip speed 
from the Kinfauns Castle of 1879 to the Armadale 
Castle, the latest ship, is from 13.9 knots to 19 knots. 





The fuel consumption, notwithstanding the great 
increase in gross tonnage, and consequently in earn- 


ing power, has only been from 28 tons to 40 tons per 
100 miles steamed at the service speed. Had the 
fuel consumption per unit of power been the sane 
as thirty years ago, the amount of coal required «1 
the South African voyage with the latest 17-kn«: 
steamer would have been nearly 1800 tons greater, 
It follows that without improved and more econ- 
mical machinery the present high speeds could it 
have been realised on moderate dimensions. Sir 
Donald Currie was one of the most active agent; 
in stimulating the engineering progress thus 
exemplified. 

He advanced engineering science in other-dire 
tions, and among the most serviceable of his bene- 
factions was the subscription in 1904 of 100,000). 
to the London University, to make it more worthy 
of the Metropolis of the Empire. He also gave 
10,0001. to Queen’s College, Belfast. He did much 
to soften the acerbity of our relations witn South 
African Republics, counselling conciliation, arranging 
friendly conferences, and, when these failed, assist- 
ing the Government in its punitive and other opera- 
tions. It was for such service that he received his 
successive decorations in the Order of St. Michael 
and St. George, which is specially associated with 
colonial work. us he was made Companion 
in 1877 in connection with the negotiations for the 
settlement of the Orange Free State boundaries 
and the ownership of the diamond fields, he was 
advanced to knighthood in 1881 for services during 
the Zulu War, and he got the Grand Cross in 1897. 
Other honours came to him, and high appreciation 
was accorded for twenty years’ Parliamentary ser- 
vices, from 1880, as a member for Perthshire, where 
he had his country seat at Garth Castle. But the 
distinction which he cherished most was that of 
being the founder of the Castle Line, whose renown 
will long continue a fit memorial of that life of 
eighty-four years which terminated so peacefully 
at Sidmouth on Tuesday morning last. 





THE RAILWAYS OF SOUTH 
AUSTRALIA. 

We have again the pleasure of recording the 
satisfactory results of a good year’s working on the 
South Australian Railways. For the year 1906-7 
a surplus, after payment of interest on capital, of 
227,643]. resulted. In the year 1907-8 a surplus of 
277,0931. was obtained. This was due to substan- 
tial increases in traffic of nearly all classes. The 
gross revenue was, in fact, the largest that has ever 
been earned on the railways of this State, amount- 
ing to 1,741,259/., or 165,891/. more than for the 
year 1906-7, equivalent to an increase of about 10.53 
per cent. The capital expenditure now stands for 
the complete State systems, at 13,909,6351., so that 
the net profits, after payment of interest at the rate 
of 3} per cent. on this capital, are not large. That 
is to say, had the capital taken the ordinary shape 
of debenture, preference, and ordinary stock, the 
system would not make quite so good a showing. 
As things are, however, the surplus is quite appre- 
ciable, and affords the State the satisfaction of still 
further reducing the arrears accumulated on the 
adverse side of the profit and loss account through 
poor results in the past. The reduction of this item 
should, if the present rate be maintained, give 
these railways a clean sheet in another four or five 
years’ time. At present the net result of the work- 
ing of the railways since their commencement is a 
loss to the State of 1,173,724/. Three years ago it 
stood at 1,788,886l. so that material progress has 
recently been made. ‘ 

The reports for these railways always give a state- 
ment of the capital account, showing the loans 
raised and redeemed. There is, however, no state 
ment accompanying these as to the rates of interest 
due thereon, and now, for the purposes of the railway 
accounts, ‘‘ the interest chargeable to the profit and 
loss account has been calculated at the rate of 3j 
per cent. per annum .. . . instead of charging the 
interest payable on railway bonds current, as for 
merly.” Presumably the rate adopted fairly repre- 
sents the actual average, but no explanation for 
this change of procedure is offered. The actual 
percentage of profits—i.e., of excess of gross revenue 
over expenditure—to capital cost is 5.57 for the year 
1907-8, compared with 5.16 per cent. for 1906-7. 
The increase of capital was 185,334/. during the year. 
This expenditure was due chiefly to the completion 
of the Largs-Outer Harbour Railway, a 5 ft. 3 in. 
gauge line on the Midland System, of a length of 
4 miles 18 chains ; to the construction of the Port 
Lincoln-Cummings line of 3 ft, 6 in. gauge and 
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41 miles 70 chains in length ; to the doubling of 
other sections, and to expenditure on rolling-stock, 
&c. The new line from Port Lincoln inland is on 
the western shore of Spencer’s Gulf, at the southern 
extremity of the Eyres Peninsula. This work, 
after calling for tenders, was finally put in the 
hands of the engineer-in-chief, and has cost, as far as 
it has gone at present, only 21871. per open mile. As 
may be gathered from this figure, this line is being 
constructed to deal with light traffic at first.. .The 
country it taps is at present largely undeveloped, 
but will probably warrant, in time, the expenditure 
of a good deal of money on the betterment of the 
railway. A previous report stated that much 
second-hand material was available and could be 
used on this light railway in its early stages, as, for 
instance, light rails removed from lines elsewhere 
to give place to heavier sections. A survey is being 
carried on for an authorised extension of this line 
10 miles further inland. Among other surveys, it 
may be mentioned that one is being carried out for 
the Western Trans-Continental line. 

Returning to the results of operation, it may be 
mentioned that the largest increase in earnings for 
1907-8 occurred in second-class passenger traffic, 
minerals and live stock. Mineral traffic, amounting 
to 1,146,365 tons, increased 19.2 per cent. in re- 
ceipts, and nearly 15 per cent. in tonnage. The 
whole tonnage shows an increase of over 10 per 
cent. on the previous year. The average haul ap- 
pears to have increased, being 120.73 miles per ton 
for goods and live stock (the latter reduced to equi- 
valent tonnage) for 1907-8, compared with 117.41 
miles per ton in the previous year. The only item 
showing any important reduction was wheat, of 
which the tonnage moved was smaller by 24,673 
tons, or 7.8 per cent.; but the receipts for this 
traftic fell by 10 per cent., the balance being due to 
reduction of rates. The mileage of the system now 
amounts to 1879 miles open for traffic. The re- 
ceipts per mile open thus amount to 936l., a sub- 
stantial increase of 68/. on the figure for the pre- 
vious year. But as train-mileage now stands 
at 5,010,121, compared with 4,334,243 train-miles 
run in 1906-7, the receipts per train-mile are rather 
below the figure for the year before, being for 1907-8 
83.41d., against 87.23d. of the previous year. 

Expenditure showed a considerable increase all 
round—namely, 14.3 per cent. increase in mainten- 
ance of way, about 9.2 per cent. in the locomotive 
department, and about 13.3 per cent. in traffic 
expenses, &c. The total increase in working ex- 
penditure amounts to 101,525/., but the gross figure 
of 969,5301. given includes the sum of 203,0131. 
classified as extraordinary expenditure, of which over 
80,0001. represents recoups to capital for con- 
demned stock, plant, &. These recoups make 
the working expenses appear greater than they 
are, the difference in the case of the locomotive 
department amounting to 2.4d. per train-mile. The 
total expenses per open line were 52I1I., and per 
train-mile 46.44d., against 4781. and 48.06d. respec- 
tively for 1906-7. Incliiding these amounts charged 
as recoups to capital account, the increase in ex- 
penditure is a good deal lower than the increase 
in train-mileage. The increase of expenditure on 
maintenance of way is large because of extra- 
ordinary expenditure connected with relaying, 
re-sleepering, &c., in bringing up lines to a standard 
for heavier traftic. ‘The increase in locomotive 
expenses is well below the increase in train-miles, 
suggesting that this additional train-mileage has 
heen handled economically so far as motive power 
is concerned, The increase of traffic expenditure, 
however, is not capable of quite so satisfactory an 
explanation. Thus it will be seen that an increased 
service was given for smaller returns, the net 
roccipts falling from 39.17d. in 1906-7 to 36.874. 
pcr train-mile in 1907-8, the percentage of working 
expenses to revenue being 55.68. per cent. in the 

er and 55.10 per cent. in the earlier year. 

‘Mf the lines that have not been paying in the 
the Wandilo and Glencoe branch has now 
‘urned the corner, and for the first time a balance 
to its credit is recorded. The net result of workin 
‘is branch, after payment of interest on the capita 
volved, was a balance of 7221. The new Port 
‘-neoln line, as might be expected, is unremunera- 
‘ve, a loss of 12071. being the result of some 6} 
months’ working. The Tailem Bend-Pinnaroo line, 

‘ 0 ft. 3 in. gauge, a venture of about two years’ 
‘landing, continues to make good the mise it 
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“ve soon after its opening for traftic. e line is 
“6 iniles in length, and taps a very good district, 
which in time will probably result in , net traffie.- 





A profit on the last year’s working of 4772I. is 
recorded for this branch—nothing, indeed, of a 
phenomenal character, but, nevertheless, satisfac- 
tory. Working on this branch is being conducted 
on very economical lines, the ratio of working 
expenditure to receipts being some 48.5 per cent. 
This may ap to be bordering on the injudicious, 
but it must be remembered that for a short period 
at the commencement renewals will probably only 
figure to a small amount. 

The Palmerston and Pine Creek line in the 
Northern Territory, for the cession of which the 
State is negotiating with the Commonwealth, shows 
a slight increase in receipts and in expenditure. 
This unfortunate line, 145 miles long, now has a 
gross revenue of 14,462/., against an expenditure of 
14,060/. The capital expenditure on this line has 
amounted to over 1,180,0001., sc that the return 
of 402/. is infinitesimal, the interest charged for 
last year actually being 46,746/. The net results 
are less by 3001. than in 1907, the increase of 
expenditure in 1908 being considerably greater 
than the increased receipts. Altogether there now 
stands a sum of 986,104/. on the wrong side of the 
balance-sheet, from the profit and loss account. 
The working of this line is kept separate in the 
reports from the remainder of the State system. 
If all were grouped together, the good results of 
the southern sections would be to some extent offset 
by this northern line. As all pay into or draw 
from*the one State exchequer, the results to the 
State may be taken as the effect of working 
of all lines, instead of differentiating between the 
more successful and the less successful, as is done 
now. The question is one of some difficulty, owing 
to the apparently hopeless position of the northern 
line. Its drag on the finances of the State are very 
real, however they are taken. 











NOTES. 
TURBINES IN THE Unrtrep States Navy. 

News from America received this week shows 
that the superiority which the United States 
scout Chester, fitted with Parsons’ turbines, showed 
on her builder’s trials over her two sister-boats, 
fitted respectively with Curtis turbines and recipro- 
cating engines, has been emphasised on a run of all 
three boats over a 280-mile course between Block 
Island and Sandy Hook. The Chester won easily, 
maintaining an average speed of 25.8 knots, whilst 
the Salem averaged 24.54 knots, the Birmingham 
dropping out of the contest at the end of twelve 
hours. The coal consumption of the Chester was 
also slightly less than that of the Salem, the amount 
consumed being 415 tons in place of 420. In 
spite of being fitted with cruising turbines, the 
total weight of the Chester’s six turbines is 
but 158 tons, whilst the two turbines of the Salem 
weighed 204 tons. In future, cruising turbines 
will be dispensed with in many cases, or, rather, the 
high-pressure turbine and the cruising turbine will 
be combined into one casing, the cruising blades 
being by- at full power, just as are the high- 
pressure blades of an electric lighting turbine, 
when an overload has to be taken. A very sub- 
stantial reduction of weight will thus be possible, 
even on the relatively low figure already reached 
in the case of the Parsons marine turbine. 


Larce Iron-Ore Deposits In ALGERIA. 

The large iron-ore deposits at Ouenza, which are 
calculated to contain some 60,000,000 tons to 
80,000,000 tons of ore, have lately attracted re- 
newed attention. They are owned by the French 
State, which in the year 1901 gave a concession to 
the Société Concessionaire des Mines d’Ouenza, 
and in the year 1904 another to another company— 
the Société d’Etudes d’OQuenza—which comprised 
sixteen leading English, French, German, and Bel- 
gian firms, and to which the Government rented the 
right to break ore on the surface. The latter con- 
cession did not formally neutralise the former, inas- 
much as the French law makes a difference between 
‘*mines ”—that is, mines which are being worked 
underground, and to which the first concession re- 
ferred—and ‘‘miniéres ” deposits, which are worked 
from the surface. The syndicate of 1904, however, 
had all the advantages, and after some competition 
the older concern gave in, a compromise having been 
arrived at. The concession given to the Société 
d’Etudes d’Ouenza, however, is dependent upon the 
construction of a railway from Djebel Ouenza to 
Béne for the transport and shipment of the ore. 
The Government proposal of last year concerni 
the final railway concession was opposed on national 





grounds, but as the firm of Krupp has now retired 
from the syndicate, hopes are entertained that the 
proposal will meet with a more favourable reception 
this year. The conditions of the Algerian Govern- 
ment stipulate that the concessionists shall build 
the railway at their own cost, and shall pay a mini- 
mum fee of 150,000 francs, taking 1,500,000 tons of 
ore for the first year, and rising to 650,000 francs 
for the fourth year from the commencement of 
working, and with a sliding scale for subsequent 
years. As soon as the aggregate fees paid amount 
to 15,000,000 francs, the syndicate is at liberty to 
reduce the output to 150,000 tons, with an annual 
fee of 112,500 francs. 


DAYLIGHT AND THE RanGE oF RADIOTELEGRAPHY. 


In 1902 Marconi obtained definite proofs of the 
influence of daylight on the range of radiotele- 
phic waves. is ship was receiving messages 

m Poldhu, in Cornwall. As long as the distance 
did not. exceed 900 kilometres (nearly 600 miles), 
day and night made no difference ; at a distance of 
1300 kilometres daylight signals were no. longer 
received, whilst communication could be kept up 
during night time at distances up to 3800 kilo- 
metres. Signals sent out from Poldhu also failed 
to reach ships at 1200 kilometres when despatched 
after sunrise, whilst they had been distinct before 
sunrise. Marconi ascribed this strong influence of 
daylight to a dissipation of the negative charge of 
the antenna by the light, whilst J. E. Taylor 
thought that the light ionised the medium, the air, 
and caused an absorption of the electromagnetic 
waves by the air. Recent experiments by J. 
Zenneck tended, however, to show that this absorp- 
tion of waves was too unimportant, owing to the 
slight ionisation of the air in the lower atmospheric 
strata, which would appear to be concerned in radio- 
telegraphy. But Zenneck suggested to Mosler to put 
Marconi’s view to direct tests. Ifthe daylight dissi- 
pated the antenna charge, the damping and the reso- 
nance curves should not be the same in sunlight as 
atnight-time. In the Elektrotechnische Zeitschrift of 
A ri 1 Mosler gives an account of the experiments 
which he has conducted at Brunswick and Berlin 
for more than a year. The morning, noon, even- 
ing, and night curves were in all cases quite similar, 
although the experimental and atmospheric con- 
ditions varied strongly. The aerial consisted either 
of a system of horizontal wires, 50 metres in length, 
stretched at a height of 32 metres, or of a fan of 
fourteen wires. Evidence of a direct photo-electric 
effect, in the sense of Marconi, could not be ob- 
tained. Mosler further ascertained that the dis- 
tinctness of the received signals was not affected by 
the light, neither in communicating between Bruns- 
wick and Berlin, a distance of 200 kilometres, nor 
in communicating between Brunswick and Nord- 
deich, a distance of 300 kilometres. In the latter 
ease the fan antenna was sometimes replaced 
by a single wire, and the apparatus so arranged 
that the signals were just audible at night-time 
in the telephone receiver ; they proved equally dis- 
tinct in daylight. This latter o ation appears 
to contradict one of the statements of Marconi, 
whose preliminary experiments on this point were, 
however, not made under conditions permitting 
of precise measurements. Mosler noticed, on 
the other hand, that the overheard signals from 
Poldhu—1100 kilometres distant—were often quite 
distinct at night, but not in daylight. The observa- 
tion that the effect becomes only noticeable at 
considerable distances is thus confirmed. The 
explanation suggested by Mosler is that the waves 
which reach stations at great distances travel in 
the higher atmospheric strata, in which we assume 

reater ionisation than we observe near the surface. 
hat the waves are not chiefly radiated parallel to 
the earth surface, but rather at an angle upwards, 
has recently been concluded by Zenneck for other 
reasons, 
Prorrt-SHARING. 

The participation of labour in the profits of an 
undertaking, says La Métallurgie, has been recom- 
mended by a number of economists as an excellent 
means for solving the existing social problems. 
Such a proposal has given rise to numerous objec- 
tions, and all economists generally agree-—it, would 
be surprising were they not to agree—that should 
labour share profits without being called upon to 
bear losses, labour would certainly have no fault 
to find with an arrangement which, to an employer, 
might lead to serious consequences. Labour, how- 
ever, is not easily satisfied, and our contemporary 
refers to an article in a recent issue of the Journal 
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des Débats. It appears that in December, 1903, a 
works owner in one of the Paris suburbs arrived at 
an understanding with his men, according to which 
profits were to be divided on the following basis :— 
1. Each workman was to have a share in the annual 
nage provided he had been employed at the works 
or one year. 2. The profit-sharing was to form a 
complement to the sum being paid each man in 
fixed wages. 3. Profits were to be divided as 
follows :—35 per cent. to capital; 25 per cent. 
to labour; 17.5 per cent. to the plant; 22.5 
per cent. to general expenses. 4. The sum of 
profit falling to labour was to be divided among 
the men proportionately to their annual wage. The 
men received the above proposals with much dis- 
trust, notwithstanding the fact that their employer 
had also provided that they should have free access 
to the books and accounts. For a time matters 
proceeded satisfactorily and smoothly, so much so 
that the Confédération Générale du Travail—the 
French Central Labour Union Committee—became 
alarmed, because nothing is more contrary to the 
ideals of this Committee than an arrangement 
likely to promote a cordial understanding between 
capital and labour. A propaganda campaign was 
therefore instituted by the committee with the 
object of demonstrating to the men that they were 
the victims of machinations. It was explained to 
them that as the employer was thus distributing a 
share of his profits, he was evidently earning large 
amounts, and it was incumbent upon him, in con- 
sequence, to hand back a portion of these to his 
men, but in the shape of increased fixed wages only, 
the increase to be based on the proportion of profits 
previously distributed to them. The bait took and 
the men went on strike, without, at first, stating 
their reasons for their action; a few days 
later, however, they handed in to the works 
owner a list of their ‘‘ claims,” the greatest stress 
being laid upon an increase of fixed wages. The 
works owner, very rightly, refused to agree. 
The men had been terrorised by the Labour Union 
Committee, but after three weeks of inaction some 
of them returned, and the owner undertook to keep 
them in work in spite of all eftorts to bring about 
their expulsion. ter, the owner transferred his 
concern to a company. Then came last year’s 
industrial crisis, and a period of slackness; the 
same men who had returned and been taken on 
afresh grew remiss. For seven or eight months 
the company lost 120/. to 160/. per month, and it 
had to inform the men that it was compelled to 
reduce their wages ; it also asked them to show more 
conscientiousness in their work. They agreed to 
the reduction, but the output did not increase. The 
company finally gave the men notice ; they refused to 
leave, on the strength of the former owner’s under- 
taking to wg 4 them in work, and they had to be 
capes by the police. They brought an action 
against the company, which was dismissed with 
costs. They are now, aided by the Labour Union 
Committee, who pays all law costs, bringing an 
action against the former owner. All this because 
the latter was a philanthropist. 


Liasiiry or Ramway Companies IN RESPECT OF 
EXTENSION. 

A very interesting case for contractors was lately 
tried in the House of Lords, upon appeal from the 
Trish Courts, and is of importance in settling the 
responsibility of railway companies for work done 
on new lines. The appellants, Messrs. E. Pearson 
and Son, Limited, claimed 23,442/. for work done 
under a contract for the extension of the system 
of the respondents, the Dublin and South-Eastern 
Railway Company, from New Ross to Waterford. 
Such a contract would have been ultra vires with- 
out the private Act of Parliament (1897) obtained 
by the railway company authorising the extension. 
It was contended on behalf of the railway com- 
pany that the contractors were employed to 
execute works under the authority of that Act, and 
the respondents had no other warrant than this, as 


a railway company can only apply its funds by | 


statute. It was further relied on by the respon- 
dent company that the construction of the exten- 
sion under this contract was a separate undertak- 
ing, and the Act of 1897 authorised the company 


to raise capital for this construction with the autho- | 


rity only of three-fourths of the shareholders. 
The counsel for the respondents argued that the 
separate undertaking—.e., the extension—had prac- 
tically no connection, as far as this contract was con- 


cerned, with the general undertaking, and that | 


therefore the general assets of the company were 


not liable for the debt contracted for the extension. 
This ingenious construction of the respondent’s 
authority was upheld by the Court of Appeal. in 
Ireland and by one of the Irish members of the 
House of Lords (Lord Ashbourne), but the Lord 
Chancellor and Lord Macnaghten allowed the 
appeal, and gave judgment for the appellants for 
the amount claimed with costs. The question was 
whether the appellants, as creditors, had a legal 
right to an ordinary general judgment enforceable 
against the assets of the company in general, or 
only against the assets-comprised in the special 
extension made under the private Act of 1897. It 
was clear by the Act of 1897 that the extension was 
to be regarded as a separate undertaking in its con- 
struction and working. The capital was to be 
separate, and the dividends were to be paid out of 
the profits of the separate undertaking. As to how 
the company was to maintain and deal with the 
extension there was no question ; all was provided 
for under the separate undertaking authorised by 
the Act of 1897. The Courts in Ireland were 
apparently assured by the provisions of the Act 
that the separate undertaking involved the general 
undertaking in no liability for its separate contracts. 
They reckoned without the fact that this Act of 1897 
has no section which expressly says that if the assets 
of the extension are not sufticient—to meet the cost 
of construction, &c.—that there shall be no claim 
upon the general assets of the company. The 
Lord Chancellor, in his judgment, held the view that 
the extension was promoted by the general company; 
and, although it was to be a separate undertaking, 
they were not thus to get rid of their liability for 
the cost of the extension which was undertaken for 
the railway’s advantage. The railway company made 
the contract with the builders for the building of the 
extension without making any condition limiting 
their liability to any particular assets, and this is 
only inferred from the character of the Act author- 
ising the extension as a separate undertaking. The 
Lord Chancellor was strongly of opinion that in 
pursuing the sections of the Act authorising the 
railway company to build their extension, that the 
Courts in Ireland had lost sight of the unqualified 
covenant of the railway company to pay the money, 
as if a private Act of Parliament could rid the com- 
pany of their general liability to pay their debts in 
respect of this separate undertaking. As the Lord 
Chancellor reminded their lordships, no section of 
any private Act of Parliament can apply to the 
relations of ordinary general creditors, but only to 
the internal and domestic relations between the 
classes of shareholders, mortgagees, and debenture- 
holders. This ruling is of great interest to con- 
tractors, who may now understand that a separate 
undertaking promoted by a private Act, however 
clearly it may be meant to be in all respects a sepa- 
rate concern, does not at all involve the limitation 
of the promoters’ liability to the assets of that 
separate undertaking. 








Unrtep States Sree. Corporation. — The gross 
revenue of the United States Steel Corporation last year 
was 482,307,840 dols., as compared with 757,014,768 dols. 
in 1907, and 696,756,926 dols. in 1906. The working ex- 

mses stood last year at 388,736,140 dols., as compared 
with 589,562,156 dols. in 1907, and 539,991,634 dols. in 
1906. The net earnings last year were accordingly 
93,571,700 dols., as compared with 167,452,612 dols. in 
1907, and 156,765,092 dols. in 1906. After making allow- 
ances for sundry miscellaneous income, interest charges, 

rofits of subsidiary companies, depreciation, sinking 
unds, &c., there remained a balance for 1908 of 45,728,714 
dols., as compared with 104,565,564 dols. for 1907, and 
98,128,587 dols. for 1906. It will be seen that the profits 
of last year were very seriously affected by the great 
depression prevailing in American business ; but there is 
a prospect of a recovery this year, as the higher prices 
current for agricultural produce will be of great assist- 
ance in promoting a return of American prosperity. 
The amount distributed in preference dividends was 
25,219,677 dols. in each of the three years, while the divi- 
dends id upon the common p me amounted to 
10,166, dols. in each oye It will be seen, there- 
fore, that in spite of the depression, the dividends 
upon both the preference and ordinary shares were 
maintained last year at their former level. The balance 
carried forw from 1908 to 1909 was, however, re- 
duced to 10,342,989 dols., as compared with a carry-over 
of 69,179,837 dols. and 62,742,860 dols. in 1907 and 1906 
respectively. The blast-furnace production of the cor- 

ration for 1908 was 6,934,408 tons, as compared with 
1,422,795 tons in 1907. Steel ingots were turned out to 
the extent of 7,834,713 tons last year, as compeees with 
| 13,342,092 tons in 1907. Other steel was made last year to 
the extent of 6,206,932 tons, as compared with 10,364,537 
tons. e number of persons employed by the corporation 
in 1908 averaged 165,211, 1s compared with 210,180 in 1907. 
| The amount paid in w: last year was 120,510,829 dols., 
| as compared with 150 895,822 dols. in 1907. 





| 
| 





NOTES FROM THE UNITED STATES. 
PHILADELPHIA, March 31. 

THE past week has been much like previous weeks 
in regard to orders, inquiries, and actual sales of iron 
and steel. Steel rails have been ordered to a smail 
extent, a Canadian road ordering 15,000 tons, while 
Western roads gate 6000 tons for the week. 
There is more business being done in structural mate- 
rial than has been reported in the public Press, and 
this fact is ascertained by inquiries at the offices of the 
larger structural material concerns. The concerns are 
not willing to give any definite figures as to the amount 
of material contracted for, nor price, nor date of 
delivery. . It is known that considerable material has 
been ordered for delivery beginning May 1. Smaller 
railway material, such as frogs, switches, spikes, and 
the like, have been ordered pretty freely during the 
week, but only in small quantities, because of the 
prevailing policy of nearly all consumers to buy for 
current necessities. Advance buying may set in as 
soon as the tariff schedule is agreed upon, or as 
soon as it can be pretty safely known what the reduc- 
tions are to be. Just at present there are prospects 
of antagonism, and it is therefore unsafe to say that 
the rates which the manufacturers said they were 
willing to accept will be finally established. There 
is no immediate prospect of an adjudication of 
tariff duties. The chances are that it will be far 
into May before the work will be completed, although 
some manufacturers are quite confident that the 
entire tariff issue will be Mapesed of within thirty 
days. The pig-iron market is a little weaker because 
of an accumulation of stock in the Pittsburg district 
and in the Middle West. The southern furnace com- 
ea are anxious to secure orders, but their most 
avourable quotations fail to elicit responses from 
buyers. There is a little weakness in bar iron to-day 
and merchant steel has also been shaded within a 
week. A large amount of cast-iron pipe worm is in 
sight, and orders will be definitely placed before the 
middle of the month. A great deal of pipe-line work 
has been resolved upon, and this work will be vigor- 
ously prosecuted. aterial for cast-iron pipes can be 
bought at very low prices. 








SIROCCO MINE FAN TEST. 
_ A TEST was recently made of the ‘‘Sirocco” mine fan 
installed on the No. 6 pit of the Glamorgan Coal Company 
at Llwnypia. It was carried out under the personal super- 
vision of the general manager of the company, Mr. Leonard 
Llewellyn, with instruments carefully calibrated for the 
occasion. The fan is of the double-inlet type, 11 ft. 8 in. 
in diameter, and is direct coupled to a three-phase motor of 
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the British-Thomson-Houston manufacture. The figures 


given represent the average of three tests :— 


8) of fan and motor 
ater-gauge in fan drift 
ma main drift 
Average velocity of air.. 
Area of drift ay be 
Volume of air 


183 r. p.m. 
6 in. 


os 6,, 

. 1842 ft. per min. 
oe 184.6 sq. ft. 

. 840,033 cub. ft. 

per minute 
Horse-power input at motor .. 420 
Efficiency of motor .. = 93 per cent. 
Brake horse-power on fan-shaft 390 
Indicated horse-power in air .. : $21.5 
Mechanical efficiency of fan .. ve .. 82.43 per cent. 
Combined mechanical efficiency of fan and 
motor .. és a es “s .. 76.6 

The accompanying engravings show clearly the position 
of the water-gauge, as well as that of the screen A, where 
the air measurements were taken. It is worthy of notice 
that the fan was capable of maintaining the water-gauge 
in the drift when running at the low peripheral speed of 
6705 ft. per minute. 





A Peat Etecrric Station.—The utilisation of large 
peat deposits has of late attracted much attention, and 
in several places the erection of electric power stations 
with peat fuel in some shape or other is under contem- 
plation. One of the first localities likely to realise the 
idea, at least as far as Scandinavia is concerned, 1s the 
town of Svedola, in West Sweden, and according to calcu- 
lations electricity can there be generated at a very (oW 
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AUTOMATIC. CO, RECORDING. 


THE steady development of scientific fuel-combustion 
has been nowhere so marked as in those industrial 
establishments fitted recently with boilers adapted ‘for 
firing with cheap coals, slack, &c., and the fact that 
modern boilers can be worked efficiently with fuel that 
some few years ago would have been considered value- 
less has been well established. It is not too much to 
say that only lately has the full available effect been 
obtained from any kind of fuel, for makers of : boilers 
and stoking machinery have been compelled by in- 
creasing competition to abandon the rule-of-thumb 
method of estimating boiler efficiencies, and now the 
installing of a type of boiler carries with it the gua- 
rantee of definite possibilities in the way of steam- 
raising.. It has naturally followed that the mainte- 
nance of this efficiency in every-day working has neces- 
sitated better organisation of the boiler-house staff, 
and the provision of means for the indication of the 
degree to which such working approaches the test 
results upon the figures of which the boilers were 
installed. : 

One of the principal machines to which the require- 
ments of a modern boiler-house have given birth is the 
automatic recorder of carbon dioxide. Since the first 
comprehension of the elementary laws of combustion, 
hand tests have been conducted for CO, in all econo- 
mically-run works, and the enormous importance of 
such tests has been established completely. But the 
impossibility of keeping a staff of chemists constantly 
at work in day and night shifts is obvious, and it is 
equally obvious that such constant testing is necessary. 
Therefore the automatic recorder has filled a gap, and 
its use is constantly and rapidly extending, Ona the 
most conservative of chemists must feel that Orsat, or 
similar, tests made even every hour must be supplanted 
by an instrument which turns them out every minute 
or two, so long as the results, obtained automatically, 
may be regarded as accurate. This point has been 
yretty well settled by the comparison with Orsat tests ; 
bat everyone will admit that some authoritative series 
of tests, not made under the rush and worry of a busy 
boiler-house, but under purely scientific conditions, 
has been required. It is well known that to absorb 
the last traces of CO, in a gas is not easy, and in a 
rough approximate test like the Orsat (now so gene- 
rally used) it is only by repeated absorptions, or by 
the devoting of considerable time to the test, that any- 
thing like absolute accuracy is possible. Considerable 
interest, therefore, attaches to a series of tests, ex- 
tending over some weeks, which have lately been com- 

leted by the National Physical Laboratory upon the 
Simmance-Abady combustion-recorder. To make such 
tests required some elaboration of arrangements. A 
combustion-recorder has to draw from a flue (possibly 
at a partial vacuum, and sibly at a pressure of 
anything up to 14 in., but almost always at a condi- 
tion other than atmospheric, and very seldom the 
same for two minutes) a definite volume of gas, pass 
the same through an absorbent for CO,, and re-measure. 
The physicist or experienced chemist will realise the 
difficulty of accurately measuring off and reducing to 
the same. pressure successive volumes of gas drawn 
under such differing conditions of pressure. This has 
to be done every 3 or 4 minutes, and the recorded 
result must be within a decimal point of the figures 
obtained by a hand analysis in which the gas is 
brought again and again in contact with the absorbent 
until the last minute trace of CO, is extracted, and in 
which by the most delicate adjustment the volumes 
before and after absorption are measured. Bearing 
these facts in mind, the figures now arrived at become 


important. 
‘he method of testing employed by Dr. Rosenhain 
and his assistants at the National Physical Laboratory, 


under Dr. Glazebrook’s superintendence, was to draw 
into a holder a large volume of gas of a definite com- 
position, test this with the best possible apparatus, 
and secure an absolutely accurate indication of the 
percentage of CO,. This test was repeated at intervals, 
and the elusiveness of the impurity in its last traces 
may be judged by the variations, slight, but important 
to the scientist, which successive tests on the same 
gas exhibit. The Simmance-Abady machine was then 
connected with the gas and run for an hour, each 
reading, one every 4 minutes, being recorded to 0.1 
per cent., the ordinary scale of yan: & per cent. being 
carclully subdivided into tenths. Thus on the chart 
each pen-stroke was measured to 0.15 of a millimetre, 
. finer division than could be read under working con- 
tions. 

The first sample of gas collected gave an average by 
the Sudeau hand analysis of 4.99 per cent. of CO 
This result in a boiler flue would indicate an avoidable 
loss in fuel of 4 32 per cent., and is not at all.an un- 
usual condition of things. 


N.P.L. hand-test 


Simmance-Abady recorder... 


Average of 
’ 4.91 
The above test was made under an/artificial flue 
draught of # in. of water. 
Another sample of about 9 per cent. CO, was taken, 


which would indicate an avoidable fuel loss of + 10 per 
cent. 


Average of N.P.L. hand-test —... 


” 9.09 
Simmance-Abady recorder... 


” 8.98 
A sample containing about 16 per cent. of CO, was 
taken, a percentage which is practically the highest 
possible under any economical working with bitumi- 
nous coal, and resulted (at an atmospheric pressure) 
as follows :— 
Average of N.P.L. hand-test —_... .. 15.88 
Simmance-Abady recorder... 15.39 
An abnormal sample of over 18 per cent. was taken, 
and worked out thus :— 


Average of N.P.L. hand-test : ar 
Simmance-Abady recorder... 


” 


18.77 
” 17.83 

Taking the mean of all tests from 5 per cent. to 
19 per cent., with all the variations of draught, the 
recorder was less than half of 1 per cent. low ; and it 
must be remembered that CO, recorders are only 
graduated to read tol per cent., whereas the hand 
analysis instruments are made to read to 0.01 per 
cent., so that the fact that the recorder, registering 
every four minutes with one short contact for ab- 
sorption, ran the hand analysis, with its meticulous 
adjustment and lengthy exposure, so close, is a thing 
to be remarked ; especially so considering that the 
recorder was working on a vacuum and making its 
own automatic adjustment to atmosphere. 

To emphasise this point of varying pressures—per- 
haps the most difficult of all to cope with in gas 
analysis—the National Physical Laboratory then re- 
peated the tests under pressure, and with freshly- 
stored gases, and again under atmospheric conditions 
—that is to say, the conditions varied from. # in. 
vacuum through atmospheric pressure up to # in. 
pressure. The recorder, under every change of flue 
draught, accommodated itself to the new condition 
without losing its accuracy, and the report throughout 
shows figures comparable with those above, but is too 
voluminous to be set out in extenso. Thus the tests 

roved conclusively that it is possible to obtain results 
xy an automatic CO, recorder which are more near] 
accurate than the Orsat tests made under the condi- 
tions prevailing in boiler-houses. 

Dr. Rosenhain states, in concluding his report, that 
it was found that the Simmance-Abady CO, recorder 
would draw in gases for analysis against any draught 
vacuum up to 24 in. of water, at which point the 
safety-seal opened. 








ELECTRIC HARDENING FURNACES. 

THe paper on ‘‘A New Electric Hardening Fur- 
nace,” which Mr. E. Sabersky and Mr. E. Adler pre- 
sented to the Faraday Society on March 30, shows 
that good progress has been made in electrically-fused 
salt furnaces for hardening, to which we first referred 
more than two years ago. The chief points are that 
the metal is heated while surrounded by fused indif- 
ferent salts in a bath, whose temperature is uniform 
and can easily be controlled, because the heat is pro- 
duced in the bath itself and not applied from outside, 
and that the dangers of oxidation, or other chemical 
contamination, are avoided. It is very difficult to 
maintain a uniform temperature in ordinary hardening 
ovens or muffles. This, the authors mentioned, was 
forcibly brought to their notice when they introduced 
their furnaces. Manufacturers who had asked for 
certain temperatures complained that the electric fur- 
nace did not appear to produce those temperatures. 
The reason was that the real temperatures to which 
parts of their articles had been exposed were higher 
than the manufacturers had thought ; the temperature 
would be higher near the walls than at the centre of 
the furnace, where the pyrometer is usually placed. 

The electric hardening furnaces are illustrated in 
the diagrams (Figs. 1, 5 and 3 overleaf), and in the 
photograph (Fig. 4). The authors explained that the 
cubical crucible consisted of fireclay, and was sur- 
rounded by asbestos and a layerof insulatin lagging, the 
whole being contained in an iron case. The electrodes 





|'were slabs of a low-carbon Swedish iron, melting at 


1500 deg. Cent. or higher. These electrodes ended in 
iron terminals which were sweated to copper conduc- 
tors. The lagging was said to be so perfect that the 
|ironcase of a furnace would, after ten hours’ working 
| at 1350 deg. Cent., not rise above 40 deg. Cent. How 
| important efficient lagging was in such cases was pointed 
out during the discussion by Dr. Harker, who was able 


constitution of the salt-bath depended upon the tem- 
perature aimed at. As regards this point, the authors 
gave Table I., in the next column. 
| The nitrates of sodium and 
| admitted, might attack iron, oka 
verted into nitrites. The chlorides did not, they said, 
| corrode iron, except at the surface, where the air had 
| access ; the upper portions of the electrodes were hence 
provided with exchangeable tips. The barium chloride 





* See ENGINBERING, page 410 ante. 





|a coke furnace. 


| to refer to the economy of his improved furnaces.* The | 


was the salt most usually employed. The fluorides of 
calcium and magnesium had so far only been used for 
experimental purposes. Some vapours were evolved 
when the furnace was started; to carry these off, a 
hood with chimney and damper was put over the 
furnace, and this hood was utilised as a pre-heater. The 
photograph, Fig. 4, illustrates a large installation for 
tool works, fitted with transformer, switchboard, and 
cooling-tank. The standard sizes of the furnaces are 
given in Table II.; larger sizes are built for special 
purposes. 

TaBLe I,-—Baths for Different Temperatures. 














Process. Temperature Salts. 
deg. Cent. 
Tempering steel Zs .. 200to 580 NaNOs and KNO, 
Annealing copper alloys, &c.. 650 ,, 900 | NaCl, or NaCl + KCl 
Hardening carbon steels ..| 750 ,, 1100 KCl + Ny 
Hardening compound steels 1050 ,, 1350 BaCl. 
Ditto 1500 ,, 1600 CaF, or MgFy 
Tas IT. 
Size. I, Il, II. IV. 
Length of bath . . mm. 120 150 200 300 
Breadth of bath 120 150 200 300 
Depth of bath .. . 120 170 270 370 
750 deg. C. 2.5 3.5 7.5 17.5 
Kilowatts con- | 850 deg. C. 3 4.5 8.5 20 
sumed at )1160 deg. C. 5.5 9 16 36 
| 1300 dew. G| 7.8 12 22 48 
Maximum second. current at 
1300 deg. Cent. amperes 700 900 | 1700 2800 


The authors explained that as the salts did not con- 
duct the current in the cold, the heating had to be 
started. This was done with the aid of a short piece 
of arc-lamp carbon, 8 mm. in diameter, and of an auxi- 
liary electrode, a rod of iron, fitted with an insulating 
handle. The carbon was pressed by the rod against the 
one iron electrode ; it became white-hot and melted the 
salt near it ; the rod was then drawn over to the other 
electrode, the molten salt trailing behind it until it 
established a bridge between the two electrodes. The 


Y | temperature was very uniform within a few degrees 


throughout the bath, except at the surface, which 
might be 10 deg. or 20 deg. Cent. colder. 

n order to avoid electrolysis alternating currents of 
at least 25 cycles were applied. The diagrams con- 
cerned single-phase plants ; where direct-currents were 
alone available a motor-generator or converter would 
have to be installed. On three-phase systems the fur- 
nace could be joined to the one 2 ay ofcourse. If the 
supply company raised objectionson accountof balancing 
the load, a transformer was put up in three-phase plants 
to generate two-phase currents for another type of fur- 
nace provided with two pairs of electrodes. The heatin 
up of the salt was then done on one phase, and the | 
might be unbalanced for five or ten minutes ; after- 
wards the phases would be equally loaded. The start- 
ing required about 70 volts, the operating voltage was 
25 or 30, and as these low voltages would not, as a 
rule, be at disposal, a special transformer was gene- 
rally installed for primary pressures up to 550 volts, 
and secondary pressures up to 70 volts. The tempera- 
ture was regulated, on the whole, by altering the 
impressed voltage. When a separate generator or 
converter was used, the regulation was by means of 
the exciter voltage; in other cases tappings were 
brought out from the primary to a fifty-step regulator- 
switch giving fifty temperatures; by inserting resist- 
ance in the primary five hund steps could be 
obtained. 

The amperemeter readings at steady voltage served 
for the temperature control, and were checked by 
means of a pyrometer (Fig. 3), which was supported 
by a bracket. The thermo-couple of platinum and 
- tinum-rhodium was sheathed with a tube of 

arquardt composition, protected in the upper portion 
of the bath by a movable sleeve of steel held by a set 
screw. The crucible might crack without becoming 
useless ; the salt would fill the cracks. In practice 
the articles were either directly dipped into the salt 
bath—being held by wires or tongues—or pre-heated in 

When articles were dipped into gas- 
heated salt-baths the temperature 4. y drop con- 
siderably. In the electric furnace the level of the bath 
would rise, the resistance of the bath would diminish, 
and the temperature and current thus adjust themselves 
toa certain extent. That the heat was produced in the 
salt, and not merely conducted by it, as in the case of 
external heating, was the great advantage of the 
electric furnace. The temperature control was, more- 
over, much more easy and reliable. We have already 
pointed out that the use of pyrometers does not make 
this control reliable in other furnaces in which the 


tassium, the authors | specimens are heated in air or other gases, because a 
ually become con- | uniform distribution of temperature can hardly be 


attained in them. For that reason pyrometers are 
regarded with a certain distrust by some manu- 
facturers ; it is not only their cost and the skill re- 
quired in handling them which prevents their more 
general application. 

Another advantage claimed by the authors for the 
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electric furnace may be doubtful. It was said that 
the thinner parts in pieces of uneven cross-section 
would heat up quicker than the thicker portions, but 
could not overheat, since they could only assume the 
temperature of the bath. That might so if the 
alternating current did not enter the iron; but the 
point is practically unimportant. When taken out of 
the furnace the specimens were either directly dipped 
into the cooling-tank or quenched in other li Aes or 
were wiped, to remove the salt coating which would 
split off in the cooling bath, and cooled in the air. 
The heating in the furnace only took a few minutes, 
as the following Table III. indicated :— 


TABLE IIT.—Hardening in Electric Furnace. 
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Passing to the problem of hardening, the authors 
sinietaal that the modern practice seemed to incline 
to a compromise between self -hardening steels of 
ternary and quaternary alloys and carbon steels ; each 
steel, of course, had its special hardening temperature. 
Among the slides exhibited were two prepared by 
Mr. C. Straube. The first showed a drill, 15 milli- 
metres in diameter, which had been dipped into u bath 
at 1300 deg, Cent. without being pre-heated ; this steel 





was martensitic in the middle, but displayed a carbide 
structure on its periphery, which was soft to the file. 
The other drill, of 16 millimetres, had been pre-heated 
to 800 deg. Cent., then immersed in the same bath, 
and cooled in tallow (the other in air). This steel 
appeared most uniform, martensitic and hard through- 
out; the first drill had evidently been heated too 
long, while in the latter case the pre-heating to the 
critical point, followed by rapid high heating, had 
secured a uniform structure. 

The furnace was recommended for hardening tools, 
drills, cutters, dies, rollers, needles, pens, sword- 
blades, surgical instruments, and projectiles ; a mas- 
sive roller weighing 127 1b. had been heated from cold 
up to 850 deg. Cent. in 35 minutes. For scientific 
work, seen a ges researches, and for melting 
metals in crucibles placed in the bath, as well as for 
engineering tests, the furnace offered particular advan- 
tages, because the conditions could exactly be controlled 
and re A number of drills were exhibited to 
show that annealing could be effected in the furnace ; 
the dark-blue tint would result by heating for one 
minute at 350 deg. Cent., or for four minutes at 200 
deg. Cent. 

ming to the cost item, the authors stated that the 
crucibles lasted from 1200 to 1800 hours at 1300 deg. 
Cent., and longer at lower temperatures, and the parts 
most subject to deterioration—the electrode tips— 
could pet be renewed after 400 or 800 hours. ihe 
cost estimate which was added to the paper was based 
upon experiments conducted in Austria, where gas 
was 3s. 6d. per 1000 cubic feet, and this estimate was, 
of course, attacked during the discussion. The cost 
will depend on local conditions. In the discussion 
both praise and criticism were heard, but, on the 
whole, appreciation. Mr. Harbord had found the tem- 
perature control easy and effective, and emphasised 
the absolute freedom from oxidation during lon 
periods of re-heating and annealing, which rende 





the furnaces exceptionally useful; if larger heating 
furnaces of the kind could be supplied, one of the most 
important requirements of modern practice would be 
fulfilled. Mr. Rosenhain and others, acknowledging 
the valuefof the novelty, feared that expansion stresses 
might be set up by the rapid heating of pieces of un- 
equal, cross-section, to which Mr. Adler replied that 
such stresses from rapid cooling were not feared. Mr. 
C. Darling said he would prefer radiation pyrometers 
as less- corrodible ; but they are also less handy. Mr. 
Vaughan Hughes recommended his own large size fur- 
naces (7 ft. by 3 ft. by 2 ft. 6 in. maximum), in which 
the articles were heated in producer gas ; the absence 
in salt baths of gaseous currents, which swept away 
gases occluded in the steel, he considered a disadvan- 
tage. That effect does not appear important, and the 
maintenance of a uniform temperature in large gas 
furnaces will not be easy. The authors mentioned 
that about 200 of their furnaces, the invention of 
Mr. H. Krautschneider, and manufactured by the 
Aligemeine Electricitits-Gesellschaft, of Berlin, had 
been installed in this country by the Electrical Com- 
pany, Limited, of Charing Cross-road, W.C. An 
interesting case was the use of such a furnace for 
hardening rock-drills underground in a South African 
mine. 








Our Locomotive Exports.—So far as the new year has 
developed itsélf, the experience acquired in connection 
with our locomotive exports has not been particularly 
encouraging. ‘Theengines despatched have gone princ'- 

lly to South America, British India, and the Australian 

Yolonies ; but there has been a good deal less doing upon 
South American account. On the other hand, British 
locomotives appear to be making progress upon Antipo- 
dean markets. The value of the locomotives exported to 
March 31, this year, was 764,339/., as compared with 
774,138. in the first three monthe of 1908, and 883,459/. in 
the first three months of 1907. 


IMPERIAL COLLEGE OF SCIENCE AND TECHNOLOGY.—At 
a meeting of the Governors of the Imperial College ot 
Science and Technology, held on Friday, the 2nd inst., a 
decision was arrived at to recognise the association of tle 
College with the metallurgical department of the Sheffield 
University, subject to the approval of the King in Council, 
for the subiost of advanced metallurgy in iron and steel. 
The arrangement should enable the em of much 
greater facilities than would be ible by starting a 
second department, which would of necessity be on a 
much ler scale than the combined establishment will 

robably in time become. In connection with the new 
Puildings and alterations n for the work of the 
Imperial College, Sir Aston Webb been instructed to 
prepare plans for a new building to accommodate tlie 
mining, metallurgical, and geological departments, to ' 
erec in Prince Consort-road, extensions also being 

lanned for the engineering department of the City and 
Guilds College in that road and Exhibition-road, 
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Wer annex engravings illustrating a new pattern 
of spring wheel for motor-cars, devi as the result 
of a prolonged series of experiments by the Hon. R. C. 
Parsons, M. Inst. C.E., of 39, Victoria-street, S.W. 
The car shown in Fig. 1 is fitted with the wheels in 
question, and has now run more than 1000 miles over 
rough roads, and has attained speeds of 40 miles an 
hour with comfort to the passengers. At a first 
glance the wheel, as represented in Fig. 2, would 
appear to be merely a replica of ideas already tested 
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and abandoned, but a reference to Fig. 3, which repre- 
sents the wheel with one of the side flanges removed, 
| will show that.there are importent differences in the 
_new type. From this view it will be seen that the wheel- 





centre is not, as might be imagined from Fig. 2, con- 
nected to the outer rim, but merely rests on it by spring- 
mounted feet. In short, as the car progresses eac 

wheel-centre rolls round inside the outer ‘rim, ‘being in 
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contact with it at the bottom only. The spring feet 
are shown separately in Fig. 4, and the fixed seatings 
of the springs in Fig. 5. The wheel-centre, complete 
with its spring feet, is illustrated in Fig. 6. The outer 
rim, shown separately in Fig. 7, is, mechanically speak- 
ing, entirely separate from the centre, the two being 
I ala together solely by the side flanges, of manganese- 
bronze, best shown in the cross-section in Fig. 8. 

The outer rim, shown separately in Fig. 7, and in 
section in Fig. 8, is a rim for a driving-wheel, and is, as 
will be seen, lined with corrugated plates. These 
plates, which are shown separately in Figs. 9 to 11, are 
aluminium castings secured by rivets to the steel 
channel forming the outer rim. The rubber tread is 
compressed into place, and under-lapping the turned- 
in edges of the channel, is held with ect security ; 
but it can nevertheless be replaced, when worn, by any 
coach-maker used to solid rubber tyres. 

When running, the wheel-centre ‘‘ walks round” 
the inner face of the outer rim. The grip necessary for 
the driving wheels is provided by the corrugations 
already alluded to, which are gripped by the rubber 
toes of the spring ‘‘ feet” carried by the wheel-centre. 
Driving power being unnecessary in the case of the 
leading wheels of a car, the outer rims of the latter 
are provided with linings of smooth brass. 

The feet with which the wheel-centre is provided 
are aluminium castings, having dovetails, into which 
the rubber cushions or toes are cemented. The feet 
are themselves secured to helical springs made of 
i-in. square steel, and so proportioned that the spring 
closes completely long before the load on it can 
approach that which would strain the metal to 
its limit of endurance. The total compression pro- 
vided for is 1 in., of which one-half is the static 
deflection of the spring under the loaded car, leaving a 
further possible play of 4 in. to compensate for road 
shocks, however arising. The seating with which the 
spring is fitted at its root is also an aluminium cast- 
ing, and is shown in Figs. 6and 8. It has cast in it, 
as indicated, a length of ? in. hydraulic tubing, which 
serves as a safety-stop, preventing undue distortion 
of the spring, either tangentially in the case of an 
emergency stop, or sideways in turning a corner 
sharply at high speed. This it effects, because it pro- 
jects into a 1}-in. hole left for the purpose in the cap 
at the other end of the spring. The shoes at the outer 
ends of the springs are illustrated in Figs. 12 and 13. 

Both of the caps are used as cast and without fitting 
or machining. The spring is secured to them in the 
following way :—It is in the first place sherardised 
all over, to prevent rust, but at each end, where 
thinned down in the usual way, it is also coated with 
tin. 
cast in the caps, and are secured there by running 
block-tin in through the openings shown in Fig. 12. 
The cap castings are, moreover, shaped so that the 
spring, when closed, bears on them over the whole of 
a circumference. The wooden wheel-centre has two 
steel bands shrunk on to it, so arranged as to have a 
T-slot between them. The heads of the bolts securing 
the springs to the centre are held in this slot. 

Any spring can be removed or replaced in about two 
minutes’ time. There was some apprehension when 
the wheel was first tried that it might collect mud 
and dirt, but this fear has proved to be unfounded. A 
governing feature in its design has been that no metal 
parts in mutual movement are to come into contact 
with each other, one of the opposing surfaces where 
wear is to be expected in the auiaeguneiion of the 
wheel being always of india-rubber, and this rubber 
has shown extraordinary endurance. A_ feature 
about the wheel is that it is flexible in all directions, 
within the limits afforded by the tubes down the 
centre of each spring, and the inventor has accord- 
in ly called his device the ‘* Panflex ” wheel. 

We have had an cpportunity of testing the wheel 
as fitted to a 30-horse-power Daimler car, over rough 
roads in the Metropolis up to a speed of 30 miles an 
hour, at which the motion was perfectly comfortable, 
there being an entire absence of unpleasant vibration. 

Careful trials have been made as to the petrol con- 
sumption of the car when fitted with the ‘‘ Panflex ” 
wheel and with ordinary pneumatics, and the mileage 
per gallon has proved to be the same in both cases. The 
weight was, however, 400 lb. more with the ‘* Panflex” 
wheels. It is claimed that a mileage of 10,000, 
without renewing the rub »er-treads, is attainable as 
easily as one of 4000 with large pneumatics, while, of 
course, the inconvenience attending a puncture and the 
dangers inseparable from a burst are totally obviated. 
A broken spring can, as we have already stated, be 
replaced, if necessary, in two minutes; but the car 
can be run even if three springs are missing from a 
wheel. It may be of interest to add that much of 
the experimental work executed before the desi 
described was arrived at was carried out with model 
wheels. These were tested by fixing them in a frame, 
so that they rested freely on the rim of a vertical 
wheel, which could be driven round at various speeds 
up to a maximum of 15 miles per hour. The model 
wheel under test was loaded in due proportion to 
the load to be carried by the full-sized wheel, and an 


These thinned ends screw into spiral tunnels | § 





autographic device was fitted giving a record of its 
action under test, when various obstructions were 
fixed to the rim of the ‘‘ track” wheel. 





INDUSTRIAL NOTES. 

THE award of the umpire—Lord Cromer—in the 
arbitration under the Board of Trade Agreement as 
between the Midland Railway Company and its em- 

loyés was published in the newspapers ‘on Saturday 
fast Mr. ll, M.P., was able to give an outline 
of the improved conditions under that award to a 
meeting of his constituents on the night — at 
Derby. In the course of his speech he said that ‘‘ the 
men not got all they wanted, or asked for, but 
they had gained very substantial concessions, and 
many thousands of the Midland Railway men benefit. 
Important principles which had been the subject of 
agitation for many years had been established.” He 
added : **During the whole of the ee" days 
occupied by the arbitration proceedings, Lord Cromer 
had been most painstaking, careful, patient, and 
indulgent ; and he would like to say of the Midland 
Railway officials that they displayed courtesy and fair 
play throughout.” This is the second great company 
which has completed its arbitration proceedings and 
given considerable concessions to the men. The award 
is to a great extent based on what the men denomi- 
nated ‘* the all-grade system ”—that is to say, it com- 
prises all the les whose grievances were the 
subject-matter of discussion by the various Concilia- 
tion Boards and those refe to arbitration. It is 
too long and varied in its character to be summarised 
in these Notes. There are no fewer than eleven heads 
under which the award is made, many with several 
clauses. Under ‘‘ K ” it is provided that in all branches 
Good Friday and Christmas Day are to be treated as 
Sundays. The provisions of the award, dated April 1, 
1909, shall come into operation on May 28, and shall 
be binding until December 31, 1913. All the parties 
concerned are to be congratulated on the result. 


An important report was issued by the Board of 
Trade last week on the wages and hours of labour 
in the textile trades. It forms Part I. of a general 
inquiry undertaken in 1906. This volume covers 
about half a million workers, whereas the inquiry of 
1886 only covered 300,000. But the machinery and 
agencies at the disposal of the Board have largely 
increased since that date—the Labour Department 
having been established at a later date. hen the 
whole inquiry is completed, it is estimated that the 
reports will cover 3,000,000 of workers in various 
roups of industries, or three times as many as were 
included in the reports of 1886. It is stated that the 
response by employers has been satisfactory. The 
number employed in the textile trades is given at 
1,171,000, of whom 482,000 are males and 689,000 
females. The average wages of the aggregate is given 
at about 17s. 6d. = head ; the average of men’s 
earnings was 28s. ld.; of women’s, l5s. 5d. ; boys,’ 
10s. 5d.; girls’ 8s. lld. The average earnings per 

ear are given as 43/. 10s. 5d. A comparison with 

886 shows that the average rise in wages in twenty 
years was 20 per cent. for men and 22 per cent. for 
women ; but taking two quienquennial periods the 
advance would be reduced to 16 per cent. for 
men and 18 per cent. for women. The reduction in 
working hours was 2 per cent. Besides the general 
report, there are detailed reports of each of the textile 
trades, and classified tables of occupation and earn- 
ings. The cotton trade is at the head in all cases. 
There was a large decline in the number of half-timers 
in most factories. The Education Acts will account 
for much of this. The estimated wages bill in 1906 
is given at 50 millions sterling. In one full week the 
wages bill in the cotton trade alone would be about 
512,000/., or nearly twice as much as in the next 
highest —the woollen trade. Men’s wages vary in dif- 
ferent centres, from 29s. 8d. to 34s. 10d. per week, 
women’s from 19s. to 23s. 10d. Altogether the report is 
the best yet issued on this subject, and the most com- 
plete. 


It was expected that with the end of the lock-out in 


the cotton trades last autumn the dispute between the 
Spinners’ Association and that of the card-room hands 





would cease, especially as both sides expressed the 
wish to ‘‘ bury the hatchet,” and to draw together into 
closer union, so as to avert differences in the future. 
But the paper war continues. The spinners in their | 
annual report blamed, and rightly, the card-room | 
hands for the lock-out and losses in wages. Now, in 
their quarterly report just issued, the card-room | 
officials reply, defending their action. The report | 
reproduces the passages complained of, and retorts 
that the union is constituted to protect wages, and is | 
not a mere friendly benefit society. Just so; but that | 
is no reason, as pointed out by the spinners, why | 
260,0002. of trade-union money should be spent 
foolishly, in a contest the end of which could only be 
failure, as all concerned must have known. ‘The card- 
room officials throw the blame of failure on the} 


spinners, whom they had to fight as well as the em- 
ployers’ association. There is then a defence of their 
opposition to Federation benefit going to the spinners, 
It is stated that the benefit was only granted for 
the last four weeks, because the card-room hans 
and the weavers joined in an appeal to the council of 
the Federation. The pleasing part of the report is 
that in which it states that the Home Office is trying 
to deal with dust in card-rooms, and that employers 
are taking a healthy interest in the matter. [t is 
—— that good results will follow the action being 
taken, beneficial alike to employers and operatives. 


The Trades Union Congress Parliamentary Com- 
mittee are early in the field with their preliminary 
notice of the next congress, to be held in the Public 
Hall, Ipswich, on September 6 and five following days. 
The Congress has not, and is not, losing its prominence 
in the trade-union world as some of the newer unionist 
leaders thought and predicted. The fact is the General 
Federation of Trade Unions has all its work cut out 
in other directions. The Labour Party is of too com- 
posite a character for the trade unions wholly to hand 
over to it the programme of legislation which the Con- 

8s has formulated yearly for the last forty-one years, 
he standing orders are more stringent than ever ; no 
society can send in more than three resolutions, and 
all must be in by June 14. The Parliamentary Com- 
mittee, by a new order, now will consist of sixteen 
instead of twelve members. The elective bodies are 
divided into eleven groups. The Engineers will not 
be represented at the next Congress, and, therefore, 
the representatives of the Engineers are transferred to 
other groups All subscriptions due must be paid on 
or before July 31, and no delegation cards will be 
issued to defaulting societies. All moneys due for 
— reports are also to be paid on or before that 
ate. 


Other important references are reported under the 
Board of Trade agreement, especially by two of the 
ter companies—the Great Resters and the Great 
Jestern Railway Companies. It appears that the 
Great Eastern Central Arbitration Board were unable 
to agree as regards the matters before them, and they 
also failed to upon an umpire. Therefore, in 
accordance with the Board of Trade agreement of 1907, 
the Speaker of the House of Commons and the Master 
of the Rolls were asked to nominate an arbitrator. 
They requested Lord Gorell of Brampton, the ex-Presi- 
dent of the Probate and Divorce Court, to undertake 
the task. It is stated that he has consented so to act. 
His character is a sufficient guarantee for careful con- 
sideration and an impartial award. 


The Great Western Railway Company Central Arbi- 
tration Court were unable to agree upon the several 
matters referred to it by the several Conciliation 
Boards, but they were able to agree upon an arbitrator, 
and Mr. H. E. Duke, K.C., was appointed, to which 
he agreed. All points will therefore be submitted to 
him in due course. It appears that the employés in 
both of the above-named companies put forward a 
claim for a general rise in wages of 2s. per week, a 
reduction of working hours in certain grades, time and 
a half for Sunday work, and several other improve- 
ments in the conditions of employment. All are on 
the lines of the all-grades movement of the last few 
years. 


It is reported that the sectional Conciliation Boards 
A. and B. of the London and South-Western Railway 
Company, at a joint meeting held at Southampton last 
week came to a complete agreement with respect to 
the hours of labour and rates of wages of the staffs in 
the traffic department ; the arrangement comes into 
force on May 6 and continues until June 13, 1913. All 
the above arrangements indicate the value of the Board 
of Trade Agreement entered into under Mr. Lloyd 
George, the then President of the Board of Trade. 


A renewal of labour troubles is threatened at Broken 
Hill mines. It appears that the mine-owners have 
appealed against the arbitration award given in favour 
of the men. The trouble originally arose through an 
effort on the part of the employers to reduce wages, 
and otherwise alter the conditions of employment ; this 
the men resented, and struck work. Prior to the 
strike, it is stated, the wages, though high, barely 
sufficed to support the men and their families, for the 
mines are in an arid desert, and all the necessaries of 
life are dear. The actual mining population—that is, 
the working miners—is about 8000, the total popula- 
tion about 38,000. The wages were 10s. per shift for 
miners ; truckers and labourers, 8s. 74d.; mechanics, 
from 8s. 74d. to lls. 6d. per shift. The working 
hours were eight per shift, and it appears that three 
shifts were worked in the day of 24 hours by relays, 
so as to keep the mines and machinery going. It is 
possible that some of the men put in two shifts per day 
at times, if the rules of the union permitted. W hen 
the attempted reduction in wages took place, the 
families, it is said, were in a state of privation ; the 
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strike rendered the situation more acute. All negotia- 
tions for a settlement failed, and there were some riotous | 
scenes, and it is — that attempts were made to 
destroy property. Thereupon some 300 police were 
drafted into the mining districts, and some thirty of 
the ringleaders were arrested. The Government of 
New South Wales then appointed an arbitrator to 
investigate, and to make an award. The result of the 
investigation was an award in favour of the miners. 
It is said that from 90,000/. to 100,000/. were lost in 
wages by the strike before the award was given. 





The unrest in Paris and some other large towns in 


France is generally ascribed to labour troubles, but this 
is altogether doubtful. It is to be feared that labour 
is used by the political This 


rties as a fulerum. 

is the great danger of the future. If political par- 
ties play with labour for party ends, there is a possi- 
bility of legislation which will be disastrous to industry 
in its best and widest sense. It is stated that a secret | 
committee have been appointed, with an aggressive 
leader at their head, and that they are empowered to 
call a strike of State employés when they choose. This 
should be repressed with a strong hand. 





The students’ “‘ strike” at Ruskin College, Oxford, | 
seems inexplicable. The parties are at utter variance 
as to the facts of the case. The executive committee 
have issued a statement, in which they say :—‘‘ It is| 
quite untrue to say that the present executive com- | 
mittee are hostile to Mr. Hird’s subjects—sociology and | 
logic.” This is definite enough’; and it is stated that 
three well-known Labour Members of Parliament are 
members of the executive, one of whom was appointed 
to investigate the grievances complained of before Mr. | 
Hird was requested to resign his principalship of the 
college. The executive committee’s circular letter 
makes it clear that the revolters are in the wrong ; 
and so, if that be the case, any funds subscribed by | 
trade unions will be antagonistic to the well-being of 
the college. All the members of the committee are | 
more or less Labourites ; four are representatives of 
trade unions, and three others are supporters of | 
labour, and not one of the others can BE cited as) 
antagonistic to labour. Surely this ought to satisfy 
the students that the interests of labour will be weil 
looked after in the curriculum of the college. 


Another, and a most important, step has been taken 
towards formulating a scheme for the regulation of 
wages in the cotton trades. A committee of twelve 
representatives of employers and of operatives re- 
spectively has been elected, and it met in Man- | 
chester last week to elect an independent chairman. 
The name was not disclosed at the time, because the | 
Joint Committee desired the sanction of the Board of 
Trade to the selection. It was, later on, reported 
that the choice fell upon Sir Edward Clark, K.C., and | 
that he had agreed to accept the post. The task | 
before the Committee is complicated and difficult, but | 
the Committee is composed of most able and competent | 
men on both sides, and the umpire selected is most | 
able and impartial. If the Committee can succeed in | 
formulating a workable scheme, conciliation in labour | 
disputes will have achieved a great victory. 


The Northumberland Coal Conciliation Board have | 
decided to reduce wages 8? per cent., owing to the low | 
level of prices. This is the heaviest reduction yet sus- | 
tained in the British coalfields. It was, however, | 
agreed to by the two parties on the Board, with, of 
course, deep regret on the part of the miners’ represen- | 
tatives that prices required it. 








| 


The Easter holidays began without any tangible | 


sign of improvement in the iron and steel trades. But 
there were some hopeful signs of revival, if the reports 
are to be believed of shipping orders being placed on | 
the Clyde, the Tyne, at Barrow, and other s 5 emcee, | 

ports. It may be that the revival will be widespre 
and far-reaching, beneficial alike to employers and | 
employed. 





| 

The coalowners in the United States have caught 
the miners napping. They have stacked a sufficient | 
supply of coal at the various dépéts to enable them to | 
set the union at defiance, and thereby reduce wages | 
to the level demanded. Even the leaders counsel | 
a but some-of the men appear determined | 
to fight. 











AccIDENTS FROM Exectric SHock.—A chart giving the 
treatment of persons who have met_ with accident from 
electric shock has just been issued by the Royal Life- 
‘viny Society, and gives a number of practical instruc- 
tions both with regard to freeing the person from contact | 
and fur subsequent resuscitation. e chart is intended | 
to be posted in works, &c., and contains a blank for the 
name and address of the nearest medical man. It may 
be obtained, post free, for 6d. from the head offices of the 
Society, 8, Bayley-street, London, W.C. The method of 
resuscitation described is the new Schiiffer system, which 





isextremely simple in practice. ie 





| by the Council on behalf of the Institution, and a 


REPORT OF THE EXPERIMENTAL TANK 
COMMITTEE (1908).* 


Part I. 


Ir has been thought desirable to lay before the members 
of the Institution a brief report upon the steps that have 
been taken by the Committee appointed by the Council of 
the Institution to carry out the scheme for establishing an 
experimental tank at Bushy. : 

At a meeting of the Council held on April 2, 1908, a 
letter} was from Mr. A. F. Yarrow, Vice-President, 
intimating his readiness, subject to certain conditions, to 
defray the cost, up to 20,000/., of an ey meng tank to 
be established in connection with the National Physical 
Laboratory at Bushy. The proposed tank was to be 
primarily devoted to research work in problems connected 
with ship propulsion, but was also to be made available, 
when possible, for conducting experimental investigations 
of a confidential character for private firms, suitable fees 
being charged for this work. 

Mr. Yarrow’s munificent offer was gratefully accepted 
m- 
necessary to give 
e Committee was 


mittee was formed to take the ste 
effect to Mr. Yarrow’s proposals. 
composed as follows : — 


The Right Hon. Earl Cawdor, President (ee officio). 

Sir William H. White, K.C.B., LL.D., F.R.S. 
(Chairman). 

Sir Philip Watts, K.C.B., F.R.S., LL.D. 

Professor J. H. Biles, LL.D. 

Mr. James Dixon. 

Dr. F. Elgar, F.R.S., LL.D. (since deceased). 

Mr. R. E. Froude, F.R.S., LL.D. 

Dr. R. T. Glazebrook, F.R.S. 

Mr. W. J. Luke. 

Mr. W. E. Smith, C.B. 

Professor J. J. Welch, M.Sc. 

Mr. A. F. Yarrow. 
. R. W. Dana, M.A. (Secretary). 


Subsequently it was decided to form a Building Sub- 
Committee to deal with the structural questions that 
would arise, and the following were elected thereon :— 


Sir William H. White. 
Mr. R. E. Froude. 
Dr. R. T. Glazebrook. 
Mr. W. J. Luke. 


The Committee here desire to express their regret at 
the t loss they have sustained by the death of the 
late Dr. F. Elgar, F.R.S., whose zealous co-operation was 
largely instrumental in securing support to the present 
scheme and whose wide experience would have m of 
the greatest value to the Committee in carrying out the 
work entrusted to them. 

One of the conditions of Mr. Yarrow’s offer was that, 
in order to ensure adequate provision for the maintenance 
of the tank during its early years, a fund of not less than 
20007. a year should be guaranteed for 10 years. In 
response to the appeal made by the Committee to the 
leading shipbuilding and my af ton firms, the following 
promises of support have so far been received, the amount 
in each case being promised annually for ten years :— 


£ 
Messrs. Armstrong, Whitworth, and Co. ... 100 
ae John Brown and Co. ... aes 100 
Cammell, Laird, and Co. 100 
‘. Doxford and Sons__.... ie a) 
»» Fairfield Shipbuilding Company ... 100 
os Harland and Wolff ... we on 
- Lloyd’s Register Society _... .. 100 
a Peninsular and Oriental Steamship 
Company... sie a es 
aia Swan, an Oe and Wigham Richard- 
son, Limited = fe .. 100 
“a Vickers Sons and Maxim 100 
Mr. James Dixon se we ; nO 
Messrs. Hawthorn, Leslic, and Co. ... . 
- Holzapfel’s Compositions Company 50 
a Parsons Marine Steam Turbine 
Company... as 50 
pa Scott and Co., Greenock 5O 
i Babcock and Wilcox... 20 
na David J. Dunlop and Co. 20 
us Thornycroft and Co. ... 20 
ne White Star Line ve om 20 
es Suter, Hartmann, and Co. ... 10 
1340 


This amount, it will be seen, falls short of the total 
required, but it must be remembered that during the past 
year particularly unfavourable conditions have prevailed 
in the shipbuilding and shipowning industries, and this 
has militated against raising funds from these sources, 
notwithstanding many assurances of sympathy with the 
object in view. Moreover, the first year or two of the 
working of the tank are unlikely to call for their full 
share of the cost of maintenance. 

Taking these facts into consideration, the Governing 
Body of the National Physical Laboratory, who were 
approached by the Committee, agreed that, in view of the 
importance of avoiding delay in the completion of the 
scheme, the Executive Committee of the National Physical 
Laboratory would become responsible for any deficiency 
that might be temporarily incurred in working and main- 
taining the tank in accordance with the donor’s wishes. 
Mr. Yarrow has expressed his willingness to concur in 





* Read before the Institution of Naval Architects, 
April 2, 1909. ‘ ; 
+ Copy of Mr. Yarrow’s letter is appended to this 
port. 


this arrangement, and it is intended, therefore, to 

as soon as possible with the execution of the scheme. It 
is most important, however, that the full amount of 2000/. 
a year should be guaranteed eventually, and it is antici- 
pated that this result will be attained at an early date. 


| As regards the management of the tank, it is pro 
that there should be an Advisory Committee, appointed 
| by the Governing Body of the National Physical Labora- 


tory, consisting mainly of representatives of the Institution 
of Naval Architects, who would draw up a definite scheme 
for the future working of the tank, advise as to the 
problems to be taken up, and arrange for the publication 
of results. The tank would be worked as a department of 
the Laboratory under the general direction of the Director, 
but with a superintendent appointed by the Executive 
| Committee on the nomination of the Tank Committee, or 
in some similar manner. 

The scheme drawn up by the Committee would also 
settle what the- staff of the department should be, and 
would indicate generally how the funds available for the 
maintenance of the tank and its work were to be expended. 
It would also provide for the maintenance of the con- 
fidential character of all work done at the tank for private 
firms, and would specify the conditions under which such 
work could be undertaken, and indicate the principles on 
which fees were chi . In general the scheme would 
provide that the Council of the Institution of Naval Archi- 
tects and the subscribers to the Maintenance Fund should 
have ample security that the tank was being worked in a 
manner consonant with the wishes of the donor. 

In order to take advantage of any improvements that 
may have been introduced into the construction or equip- 
ment of experimental tanks in recent practice, the Director 
of the National Physical Laboratory undertook, with the 
full concurrence of the Committee, to visit the most recent 
establishments of the kind, both in the United Kingdom 
and also in France and Germany. Dr. Glazebrook’s report 
upon the results of his visits is included in the second 

rtion of the present report, and gives details of such 
eatures of the establishments visited as it appears 
desirable to introduce in the proposed installation. 


LetreR FROM Mr, A. F, Yarrow. 
The Secretary of lst April, 1908, 
Tue IxstiruTion OF NAVAL ARCHITECTS, 
5, Adelphi Terrace, Strand, W.C. 

My DEAR Sir, 

It will be in your recollection that a proposal was made in 
1901, at the Glasgow Meeting of the Institution of Naval Archi- 
tects, that an experimental tank, unconnected with any firm, 
should be established in this country and made available for the 
general advancement of British Shipbuilding and Shipowning. 

Since 1901 the value of model experiments has become more and 
more evident, and one cannot help being much impressed with 
the fact that the Shipowners and Shipbuilders in this country, 
with a few isolated exceptions, are unaBle, without going abroad, 
to obtain information of a character which a Tank might be the 
means of supplying. There also can be little doubt that if the 
Tank were at the National Physical Laboratory, as formerly 
proposed, and largely devoted to research work, it would prove of 
great value in indicating the direction for possible advances in 
Naval Architecture. Having the above in view, I am prepared to 
present such a Tank, provided : 

(1) That one of the most modern character can be established for 
a sum not exceeding 20,000/., and that it is established at the 
National Physical Laboratory. 

(2) That suitable provision be made both as regards staff and 
means for conducting research work, as well as for experimental 
investigations of a confidential character which private firms may 
desire, and for which they would pay suitable fees. 

(3) That a sufficient sum be provided to ensure the Tank being 
efficiently carried on for a period of not less than ten years. This 
provision might take either the form of an endowment or of 

saranteed subscriptions from Shipbuilders and Shipowners. I 

lieve that an adequate provision for maintenance would involve 
not less than 20001. a year; that is to say, a total guarantee fund 
of 20,0001, would be required to maintain the efficient working of 
the Tank for the above period. 

Should this pro; 1 be entertained by the Council of the 
Institution, I would suggest that a small Committee be appointed 
to study the practicability of the scheme. 

I remain, dear Sir, 
Yours very truly, 
(Signed) A, F. Yarrow, 


Part IT. 


By Dr. R. T. Guazesrook, F.R.S., Director of the 
National Physical Laboratory. 

As indicated in the previous ed the report, it was 
thought desirable that I should visit the new tanks in 
Germany and France, with a view to reporting as to 
the design of the proposed tank at the National sical 
Laboratory, and the Committee have expressed the desire 
that the notes of my visit should appear as part of their 
report to the Institution. 

As regards their form I have left them as notes. They 
do not pretend to be a detailed description of each of the 
tanks visited ; the recent fully illustrated articles in The 
Engineer, September, 1908, have rendered any long de- 
scription quite unnecessary, and I am greatly indebted 
to the editor of The Engincer for his courtesy in furnishing 
me, previous to my visit, with very full information as to 
the Paris tank. y thanks are also due to the gentlemen 
who were good enough togive me details as to the various 
tanks, and in particular in Berlin to Professor Busley, 
Professor Dix, and Professor Thiele, also to Herr Krell 
and Herr Deetjen, of the Siemens-Schuckert Werke ; in 
Dresden to Professor Engels and Herr Gebers ; and in 
Paris to M. Bertin and ™. Petithomme. I also received 
valuable help from the officials of the English Embassies 
in Paris and Berlin. In the table on page 541 are given 
particulars of the dimensions of a number of tanks, and 
on page 540 are shown the sections of some of these. 

he notes follow the order in which the tanks were 
visited—Berlin, Uebigau, Paris. 


BERLIN. 
Description of the Tank.—A description of the Berlin 





tank has ~~ in The Engineer, and has been laid 
before the Committee. Its principal dimensions are 


 — 
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given in the table attached. Its section (Fig. 2, annexed) 
is roughly elliptical, being 33 ft. wide, but the carriage, 
it will be remembered, is carried on a track supported 
on rising out of the water, the span being about 
20 ft. The reports as to this plan were unsatisfactory. 
The track is not sufficiently rigid. It was suggested 
that the difficulties might be remedied by adopting an 
arrangement df reinforced brackets, springing from the 
walls of the tank building, and that the reduction in the 
weight of the carriage made possible by reducing the 
span was of considerable importance ; but the impression 
I. gathered generally was that no system of suspending 
the track was to be recommended, and that the rails 
should run on a solid foundation. 

. The Carriage.—Again, the carriage itself can be im- 


fitg.1. CLYDEBANK 











BERLIN 

















much of the moulding-box ; -it yields, however, to an 
appreciable extent, and the Berlin authorities recommend 
reinforced concrete with an iron top. The melting-tank 
is in two portions, with an arrangement for filtering the 
paraffin as it passes from one to the other, which has 
proved very satisfactory. ? 
Originally the trimming-table was of wood ; this has 
been discarded in favour of one of iron, and a ver 
beautiful measuring appliance has been added, whic 
measures and records graphically by a pantograph arrange- 
ment the shape of any section of the model. _ ; 
Model Shaping-Machine.—The model shaping-machine 
is of steel. It is driven by a motor instead of by hydraulic 
power as at Haslar; the motion of the table and the 
trough being controlled by screws geared together to give 


Fg. 3. HASLAR 























can only be used for one, two, or three screws, and various 
parts are said to be not sufficiently independent. 

The Electrical Driving Equipment.—The ‘drive is elec. 
tric ; two 10-horse-power motors, driven direct, off a hat- 
tery, being installed on the carriage. During the brief 
acceleration period, however, the motor can be overrun at 
least 100 per cent. The adjustment for speed is accom. 
plished by varying the number of cells and thus alterin 
the voltage up to a maximum of about 240 volts. Small 
adjustments of speed can be made in the carriage itself. 

tn discussing this part of the installation I gathered 
that it would tly a by the introduction of 
the Ward Loonnil auton of control used at Washington, 
Clydebank, and Uebigau. It was suggested also that the 
carriage could probably be made lighter and its construc- 
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proved. With a view to preventing vibrations, due to 
the motors, from affecting the dynamometers, the car- 
riage has been made in two parts. one carries the 
motors, the other the instruments. But this gives rise 
to difficulties. If the connection between the two is 
elastic, vibrations in the direction of the length of the 
tank are set up in the dynamometer carriage ; if the con- 
nection is rigid, the supposed advantage of the double 
carriage disappears. Moreover, probably in securing free- 
dom from vertical vibrations the necessity for lateral stiff- 
ness has been to some extent lost sight of. The deep 
longitudinal girders need transverse stiffening, and vibra- 
tions, which appear to be serious, are the uence. 
General tpment.—As to method of work and equi 
ment, Mr. Froude’s designs have been closel followed, 
except that metal has been used nearly throughout. Mr. 
Froude, as is well known, employs wood greatly. 
The German observers were emphatic in the view that 
the variations in humidity and temperature were so great 
that the use of wood was impracticable with them. 
+ As to some points of detail: Wood has been used for 





the uired relative speeds. Each cutter is directly 
driven v a small motor; thus rope gearing and pulleys 
are avoic The view was expressed that the construc- 
tion might be simplified by omitting the counterpoises 
arranged to take the weight of the cutters, &c., off the 
slides. The machine had aah used without these counter- 
poises, and was found to work quite easily. 

An addition to the equipment was an ingenious trim- 
ming-machine, working like the cutters, but employed to 
trim the upper edge of the models (which are of paraffin), 
before they were removed from the moulding-tank. 

The Dynamometers.—The dynamometers, which are of 
the Froude pattern, and differ from those at Haslar and 
Clydebank mainly in the greater use of metal, were made 
by Messrs. Fuess and Co.,.of Steglitz, the well-known 
instrument-makers. “al 

The resistance dynamometer, however, has just been 
altered so as to utilise a modification of the Uebigau method 
of working (see later), while considerable c' were in 
as for the screw dynamometer, which is prob- 
ably to be rebuilt to the Uebigau model. At present ‘it 
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tion improved by using four motors, one over each}wheel. 
The electric power is conveyed to the motors by an over- 
head trolley-wire. 

General Conclusions.—To sum up generally, I would 
suggest that the question of employing steel or other 
metal in place of wood in many parts of the machines and 
apparatus is one which ought to engage the careful atten 
tion ot the Committee. The cost would probably be 
increased by the change, but the machines would be made 
more reliable. The independent motors on the shajing 
machine and the filtering arrangements in the me'ting 
furnace also seem to me useful. : a 

A very —_ lete account of tn poe ge hy given. = 
a essrs. Eger, Dix, and Siefert on_ e 
Kénugliche Versuchsanstalt fiir Wasserbau und Schiffbau 
in Berlin, published in 1908. 


Drespen (UEBIGAv). 


The Versuchsanstalt Uebigau is a private installation 
maintained by the “Dresdner Maschinenfabrik und 
Schiffswerft Ushignn ” at their cost. 
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General Particulars oy the Tank.—The dimensions of 
the tank are given in the table, and its section is shown in 
Fig. 4, 540. Itis very fully described in The Engineer, 
September 18 and 25, 1908. The width of the channel is 
21 ft. 6 in., and its _ about 12 ft., the sides being 
approximately verti The tank differs from most 
others in that the water level is some 3 ft. 6 in. above the 
ground level, and the advantage of having the water sur- 
face thus near the eye level is very marked. Midway 
down the tank glass observation windows are fixed in the 
sides; thus under-water observations and photographs 
ean be taken. There are also ments for easily 
building in wood a tank of smaller section down the 
centre of the large tank. The rails rest directly on the 
concrete of the walls of the tank; great care has been 
taken in adjusting them, and, after being placed in 
position, they were carefully planed. 

The Carriage and its Equipment.—The carriage, which 
has a span of about 22 ft., weighs, with the apparatus 
and observers, 54 tons and is driven by a single motor of 
2 horse-power ; this is geared to the back axle. The 
current is supplied from a third rail running parallel to 
the others on suitable insulators. 

Velocities up to 5 metres per second can be reached in 
a distance which does not exceed 30 metres, while the 
carriage when moving at this speed can be stopped in 
7 metres. The carriage itself is stiff, and moves very 
smoothly and without noticeable vibration. The current 
is supplied from a battery at 110 volts through a motor- 
transformer controlled on the Ward Leonard system. 
This raises the voltage to anything required, depending 
on the speed desired, up to 440 volts. The speed is con- 
trolled from a fixed station near the transformer at the 
end of the tank ; it depends solely on the volts, and the 
engine-driver has before him a voltmeter graduated to 
show speed. All he has to do is to work his controller so 
as to keep the pointer of the voltmeter at the mark corre- 
sponding to the speed required. The operator on the 
carriage is entirely free to attend to the dynamometers. 

The Modcels.—The models are of wood. Herr Gebers 
considers them more reliable than those of paraffin. He 
gave details of experiments which had led him to this 
view. He estimates the wooden models as being, perha 
three times as costly as the paraffin ones, because of the 
destruction of the material. They also require more time 
for their manufacture. Still, the model can be stored for 
along time without difficulty, and the first cost of the 
model-making machinery is avoided. 

The Dynamometers.—The main interest of the Uebigau 
tank lies in the dynamometers (Fig. 8, page 540.) err 
Gebers has adopted a modification of the arrangement 
due to Mr. Taylor at Washington. In towing a model, 
the greater part of the resistance is balanced by a weight 
placed in one arm of a balance. The upper end of the 
dynamometer bar is in contact with a vertical arm pro- 
jecting downwards from the centre of the balance beam, 
and the small remainder of the resistance is balanced by 
the tension in a light horizontal spring, of which one end 
is attached to this vertical arm. The dynamometer bar 
is only capable of very slight motion between two stops. 
Contact against these stops respectively closes in opposite 
directions the armature circuit of a light motor. Thus, 
when the bar is in contact with the right-hand stop the 
motor moves in one direction ; as the bar moves over to 
the left-hand stop the motor is stopped, and it begins 
to rotate in the opposite direction when contact with the 
left-hand stop takes place. The amount of motion possible 
between the stops is very small—a fraction of a milli- 
metre—and the motor so light that its motion can be 
reversed, Herr Gebers states, fifteen times a second. The 
axis of the motor is prolonged as a screw, which turns in a 
nut mounted so as to be incapable of rotation. As the 
motor rotates the nut moves along the screw. The spring 
already referred to, which balances the small outstandin, 
part of the resistance, is attached between this nut an 
the vertical arm of the ce. Imagine the spring to 
be just so far extended as to balance the resistance of 
the model, and to hold the dynamometer bar midway 
between the stops. Suppose for some reason there is 
a slight increase in the resistance, and the bar is 
pressed up against the right-hand stop. The motor cir- 
cuit is closed and the armature rotated in such a way as to 
extend the spring and again break the circuit. When this 
happens the motor stops. A fall in resistance produces a 
contact with the left-hand stop; the motor moves in the 
opposite direction, reducing the length of the spring, and 
decreasing its tension until the dynamometer arm again 
leaves the stop. The extension of the spring is recorded 
in the usual way by a pen ona revolving drum, and the 
readings calibra by means of weights put into the 
balance-pan. The apparatus is designed to measure a 
Maximum resistance of 50 kilogrammes. It has been 
worked up to 60. The advantage claimed for the method 
is the much greater openness of scale on the recording 
drum. Against this must be set the tendency to hunt 
which occurs in all such apparatus, which has been dis- 
cussed by Mr. Froude, and which has led to the introduc- 
tion of damping arrangements in the Washington form of 
appcratus, 

I'he Propeller Dynamometer.—Herr Gebers’s propeller 
apparatus is also a modification of the original form, and 
appears to me to be a very distinct advance. In the 
oriyinal apparatus a single frame carries all the propellers 
—one, two, or three—and I believe no more t three 
pr gree be — In the Gebers arrangement ang 
are two frames, each carrying one or two propellers. 
Thus one, two, three, or four propellers can be tested. In 
the case of four, the two outer propellers are carried by 
one frame, the two inner ones by the other. The torque 
on each propeller is recorded separately, and also the 
resistance on each pair. The propellers can be rotated 
in the same or in opposite directions. Convenient means 
are provided for calibrating readily the torsion dynamo- 





meters used to measure the torque. The propellers‘are 


driven by a small motor on the carriage, and 
arrangements are at hand for observing and controlling 
the speed. 


Herr Gebers has also somewhat modified the frame by 
which the propellers are carried in such a way as to reduce 
very greatly the part of the measured resistance which is 
due to the frame. 


Tue Best DiweNsIONS FOR A TANK. 


In conversation with Professor Engels and Herr Gebers 
I went somewhat fully into the question of the dimen- 
sions desirable for a tank. Herr Gebers has recently 
published in Schiffbau, yol. ix., an account of investiga- 
tions bearing on this. Briefly put, the method of the 
observation was to make several series of similar models 
of linear dimensions in the proportion of 1 : 2 : 3, and to 
tow these in the tank. The area of the cross-section of 
the largest model was about 3}, of that of the tank ; those 
of the other two were, therefore, gt; and ye55- 

The observations on the smallest model were then used 
to calculate the resistance of the other two, and the 
results compared with the experiments, when the diffe- 
rences were found to be very appreciable. They amounted 
in some cases to 6 or 7 per cent. of the observed resist- 
ances, and varied in sign ; at some velocities the observed 
resistances were the greater, at others less than the calcu- 
lated. Herr Gebers assi, these variations to the effect 
of the sides and bottom of the tank. Moreover, he showed 
by decreasing the depth of his models and increasing the 
beam in such a way as to keep the cross-section constant, 
that the bottom of, the tank had more effect on the result 
than the sides. He then built of wooden planks, inside 
his large tank, a smaller one of one-third the linear dimen- 
sions, and towed his smaller models in this. Thus the ratio 
of the dimensions of the small model to the small tank was 
the same as that of the large model to the large tank. As 
a result, he found that the resistance of the small model 
was different in the two tanks ; and, further, that if from 
the resistance of the small model in the small tank he pro- 
ceeded to calculate the resistance of the large model in 
the large tank, he got very close agreement between obser- 
vation and calculation. The conclusion he comes to is 
that to secure freedom from any action due to the tank 
the area of cross-section of the tank should be at least 300 
times that of the model ; and he advises that the breadth 
should be fifteen times and the depth twenty times those 
of the model respectively. 

I had a very full discussion of this work with Professor 
Engels and Herr Gebers, and they expressed the opinion 
that, if possible, the clear run of the tank should be 
500 ft., the breadth 30 ft., and the depth from 12 ft. to 
14 ft. If funds require that the dimensions should be 
less, it would be better to reduce the width rather than 
the depth. 


HerrR WELLENKAMP’s METHOD. 


In concluding this account of my visit to the two 
German tanks I must refer to Herr Wellenkamp’s method. 
I was informed that the temporary installation at Kiel 
had been taken down, and that a new tank equipped on 
this method was about to be erected, but that at present 
there was nothing to see. 

Most of those with whom I discussed the question con- 
sidered the proposal to adopt the Wellenkamp method as 
the standard one, in place of Mr. Froude’s, quite imprac- 
ticable (1) because of the doubts they had as to whether 
the steady motion could be established in the short time 
claimed for it, and (2) because they were certain that, 
even if the method did prove suitable for model resistance 
work, it was impossible to conduct propeller experiments 
without a bridge moving with the model and carrying the 
dynamometers. 

At the same time, the point was strongly pressed that 
a small tank in which either experiments on the Wellen- 
kamp plan could be carried out or observations made by 
causing the water to move past the model would be a 
most important adjunct. 


Paris. 


General Description.—The dimensions of the Paris tank 
are given in the schedule. It is 33 ft. wide and 18 ft. 
deep, the section (Fig. 5, page 540) being roughly that of a 
segment of a circle. The building, including the roof, is 
entirely of reinforced concrete. I was told that this had 
been selected as being much cheaper than brick and steel. 
The difference in cost was stated to be about 33 per cent. 

Equipment of the Tank, the Carriage, &c.—The special 
equipment of the tank is entirely English. The carriage 
is extremely massive. It. weighs about 25 tons. Four 
motors are employed, each nominally of 25 horse-power. 
They are capable, however, for the short time they are 
in use, of very considerable overloads, and the generator 
which supplies them is rated at 200 kilowatts, over ten 
times that at Uebigau. A velocity of 5 metres per second 
can be obtained. e generator is run by a motor taking 
current from the city supply. It was stated that, except 
just at lighting-up time, they had found no difficulty in 
obtaining a s y supply. The speed is controlled from 
the engine-room by adjusting the volts on the supply to 
the motors on the carriage. The current is supplied to 
the motors from a third rail. 

ynamometers.—The resistance dynamometer is of the 
Froude pattern, with possibly some slight modifications 
by the maker. It appeared to work one p 

The propeller dynamometer was arranged for three 
propellers. All the records of thrust and torque are 
taken on the same cylinder, and the arrangements neces- 


sary for this are a little complex. The propellers them- 
selves, and the various yg | cyli are worked 
by cords from pulleys on a t geared to the main 


driving-motor. The plan of having se te motors for 
the various pieces of apparatus has distinct advantages. 
The general verdict with regard to the whole of the 


TaBLe I.—Detatls of Experimental Tanks. 























‘ | * 
| js je Piel fs i 
©. Og S" 
— -|8$) 8 | Sg 38) 8s Sale? | 2 G8 
RPE BEIGE 
5 | a> | ge |e| £8 2°) s > in° 
| ft.-|- ft, ft. .| ft. | ft. | tons ft.-per 
| | yds. } sec. | 
Berlin ..| 479) 11.5 | 34 29.5, 34.6 (19.8/13.5 [23 | 20 
Uebigau || 289/113 | 214 223 30.10/93 | 56 |166 | 20 
Paris ..| 528) 14 $2.8 (36.3)41 (84 | 25 15.5 | 100 
Haslar .| 400 20 (20.3289 [22 | 1.25/16 18 
Denny's ..| 275,10 | 26.11 28 |26 | 4 | | 
Clydebank* | 400; 9.5 |20 (20 |28 (21 /2 16.6 12 
Bremer.-| | } } | 
haven ..| 476 10.5 | 19.8 22 | 26.3 (20.6) 15.6 | 20 
Japan . | $60) 12 20 me $8 bles chi ze 20 30 
Washing- | | 
ton* ..| 384 14.75 | 44.6 /46.5/ 47.6 [45 (32 | 30 200 
4 22 23.3, .. Satie) | & 
" 
tank for | | | | 
N.P.L. ..| 5001125 |30 |40 |42 '31 |10 | 25 50 
The effective length means the length at the full depth, and does 
not include the docks or the sloping h at the end, 


dynamometer arrangements was that they worked, but 
might be improved. There is one detail in which the 
French practice differs from that at other tanks. It has 
been found desirable to fix the clock in the engine-room ; 
it did not go sufficiently regularly on the bridge. 

Model - Making Machinery.—Paraffin is used for the 
models, and the arrangements are generally similar to 
those at Haslar, with the exception that steel has been 
used for the main uprights, and possibly some other parts 
of the model-cutting apparatus which at Haslar are of 
wood. The view was ex that a paraffin filtering 
arrangement would be a valuable addition. 





APPENDIX. 


In considering the question of the effect of the width 
of a tank on the resistance of a model towed in it, it was 
suggested to me in conversation with Mr, Froude that 
some light might be gained from an investigation of the 
stream-lines round the model. 

Rankine, in his well-known paper, investigated the 
stream-lines for certain ship-shaped ovals moving in a 
free expanse of water. Dealing with the case when the 
solid is at rest, and the water streams pass it, the stream- 
lines are given by the equation— 


o T b) 
v= Uy- Ua tan— __ 2ey 
2 cot ¢ hy ip 
c 
where the angle 
wnt 2ey 
a+ y—c? 


must be taken to lie between O and x, U being the velo- 
city of the fluid at an infinite distance from the ship, 2c 
the length and 2a the breadth of the ship, the origin being 
at the centre of the ship and the axis of x being in the 
direction of the ship’s length. 

e stream-lines in a narrow channel past a circular 
obstacle have been considered by Lamb (“ Hydro- 
dynamics,” 3rd edition, page 514), and a drawing of them 
is given in a paper by Hele Shaw (Trans., I.N.A., 1898). 
Aslight modification of Lamb’s method gives as the stream- 
line function for the case of a ship-shaped solid, with its 
axis in the axis of a channel of breadth 2b, the value 


sinh =“ sin 7” 
y=Uy+Atan——— a 
cosh ©” — cosh *" cos *¥ 
4 b 4 
where 
Ta 


sinh *° sin 
b b 

cosh *© cog *% 
b b 

and the angles must be taken to lie between O and 7. 

_ From these formule we can get the values of the velo- 
city at the midship section of the ship for various propor- 
tions of length to breadth (i.) with the ship in an un- 
limited extent of water; (ii.) with the ship in a narrow 
channel ; and these results are collected in Table II., 


A= - Ua/tan— 

















Tasue IT. 
s —,— rs ee 
= = 
“= 0 “3 
Breadth of Channel. | Increase Increase 
. OverV. 7 yerV 
Valueof u,, ao — Value of af 
| Extended Extended 
| Channel. | Channel. 
ela ce lu x 0.087 JU x00 |U x 0.016 |U x0.0 
e 's le 0. 0.183 | 0.5 0. 
Theee -quadians ship's = 
a; | ONG | 0.09 0.294 0.178 
p's bs oé . | 0.055 0.216 0.1 
Cot-en8-0-halt ship's! - 
* wl 0.093 0.026 0.161 0.045 
Two ships length ..| 0.079, 0.012 0.135 | 0.019 
| 








2b=breadth of channel. 2a=breadth of ship. 2c=Jlength of ship. 


* [Full descriptions of these tanks will be found in 
ew (cn — = lxxxi., page 541, April 27, 
ington) vol. Ixvii., 137, A 4, 
1899.—Ep. E.] _ ogee 
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which gives, for two different values of the ratio “a/e— 
first, the value of u, the amount by which the stream-line 
velocity adjacent to the midship section exceeds U, the 
velocity of undisturbed flow ; and, secondly, the differ- 
ence between the value of u for the various channels and 
its value for an unlimited extent of water. 

A method of drawing the stream-lines has been indi- 
cated in Professor Hele Shaw’s paper, and this was 
adapted by Mr. Selby to meet the present case. 

In the diagram (Fig. 7, page 540) the strong lines show 
the stream-lines in the case of the short ship(breadth/length 
= 1/6) in unlimited water, while the dotted lines give the 
same stream-lines when the ship is moving in a channel of 
width equal to its own length. , 

Since in each case the velocity along a stream-line is 
inversely proportional to the distance between two con- 
secutive lines, the diagram shows clearly the increase in 
velocity near the ship due to the finite breadth of the 
pr emones f Moreover, since the pressure depends on the 
square of the velocity, the corresponding ap 
cha of pressure will be twice as great as the changes 
of velocity. But a very large correction is required before 
these results can be applied to the model in a tank. 

In obtaining them, the motion has been sup to be 
the same in all horizontal planes. The model extends 
with vertical sides down to the bottom of the tank. The 
water displaced in front of the model can only flow back 
behind the model past the sides, and the correcting factor 
depends on the ratio of the breadth of the model to that 
of the tank. In actual practice this is not the case. The 
model only extends a short way below the water surface, 
and the low back can go on all round the model—below 
it as well as at its sides. In the correcting term we have 
to consider the ratio of the area of the section of the 
model to that of the tank. 

Thus the alterations in velocity will be more nearly 
given by multiplying the quantities found above by the 
ratio of the breadth of the model to the breadth of the 
tank, and on this assumption the corresponding pressure 
changes which may give rise to alteration in the wave- 
making resistance are given in Table ITI, :— 


Taste III, 





Pressure Difference. , 
Length of 
| Model at 
Haslar. 
ast, Cs 
ft. in. 
40 0 
30 0 
20 0 
13 4 
10 0 


Breadth of Tank. 


0.256 

0.079 
0.011 0.033 
0.0085 0.0100 
0.0012 | 0.0031 | 

| | } 


0.073 
0.024 


Half ship's length a 
Three-fourths ship's length 
Ship’slength _.. a en 
One-and-a-half ship's length .. 
Two ships’ length + “a 





It will be observed that for a model moving in a tank of 
breadth equal to its own length, the change may be about 
1 per cent. for a long ship and 3 per cent. for a short ship. 

The step, however, from the two-dimensional to the 
three-dimensional case is a’somewhat speculative one, and 
the results can only be looked upon as very rough approxi- 
mations; the stream-lines due to the ship are not sym- 
metrical about the ship’s axis. Of the water disp by 
the ship the larger amount flows past horizontally. 





A NOTE ON SHIP GEOMETRY.* 
By Sir Grorck Greenuitt, F.R.S. 


Tus note is intended to discuss geometrically the 
alteration in trim and draught due to the operation of 
loading and unloading a ship, coaling a steamer in port, 
and burning the coal again on a voyage: or due to the 
movement of a — already on board, as in trimming 
the coal or cargo ; to investigate the change due to a 

yassage from fresh water into salt and back again. 

Invited by the owner for a cruise on his yacht, the 
guest is struck by these considerations, and most forcibl 
of all when first he steps into the small dinghy wi 
awaits him and his traps, and again as he steps out on 
board the yacht. The change of trim of the small cock-boat 
is alarming to the novice, unless he follows the instruction 
to step into the middle of the boat and take his seat there, 
meaning over the centre of gravity of the water-line area, 
called technically the centre of flotation (C.F.). The 
draught is thereby chan uniformly by an amount 
which increases the displacement to equal the extra 
weight of the passenger; and the trim is not altered, as 
it would be if he stepped in and sat down elsewhere. 

The same impressions are repeated in reverse order on 
stepping out of the dinghy, and a similar alteration of 
trim and draught is produced by the transference of the 
guest and his traps on to the deck, although they are not 
nearly so perceptible, in consequence of the extra size of 


7. 
here the change of draught is considerable, as it 
might be for the dinghy, the centre of flotation must be 
taken to correspond to the water-line area of mean 
draught, before — in and after, so as to allow for 
the varying slope of the boat's side at the water-line ; but 
this refinement may be ignored where the alteration of 
draught is small, as we may suppose is the case for the 
t. This is equivalent to the assumption that the hull 
is wall-sided, 
If the extra weight of the guest and his tra) 
in tons as P, is 


reckoned 
on deck at a point vertically over 


E on the water-line area, and if the yacht now displaces: 


W tons, the combined alteration of trim and draught is 
equivalent toa rotation through a small angle round some 


* Paper read before the Institution of Naval Architects, 
April 2, 1909. 








axis H K in the water-line area, and we have to determine 
the relations connecting these quantities. 

Draw the momental éllipse A B of the water-line area 
at O, the centre of flotation. 

The rotation of the water-line area in the ship, about 
the axis H K through a small angle of one in m, will cut 
out the volume of the additional displacement, of which 
the weight is P; and so, if the density of the water is 
reckoned at w tons per cubic foot— 

PpewAQ® . . .@) 
m 

—— O K is the epapeetinios from O on H K; and the 
centre of gravity of this volume will be at F, the centre of 

ressure of the water-line area with respect to the axis 
Hi K, and F is the anti-pole of H K with respect to the 
momental ellipse of the water-line area, in accordance 
with the fundamental theorems of hydrostatics. 








26) 


The centre of gravity G of the peek (C.G.) and B the 
centre of ganty of the water displaced, called the centre 
of buoyancy (C.B.), were originally in a vertical line 
BGC, cutting the water-line area in C, su . 

on board at E, G will move 
G’ vertical in the new position 
of equilibrium ; so that if gb denotes the projection of 
G’ B’ on the original water-line area, gb will be perpen- 


dicular to H K, and equal to ”, where BG = h. But 
m 


After the guest has ste 
to G’ and B to B’, with 


P P 
= — uy oa . . 
Cg CE, Cb= OF (2) 


so that EF is parallel to gb, and so perpendicular to H K, 


a oN Ww w Vv 
h h 
EF= £2... a 3 
pe" Pn ss OK KOK: ™ 
where V denotes the displacement of the yacht in cubic 
feet, and then— 
W=wV. ‘ ‘ . (4) 


t x2 fundamental theorem of confocal 
conics, that as F is the anti-pole of H K with respect to 
AB, the momental elli of the water-line area, the 
point E will be the anti-pole of H K with respect to an 
ellipse A’ B’ confocal with the momental ellipse, and such 
that A, the difference of the squares of the semi-axes O A 
and O A’, is given by— . 

\=EF.OK=Y"; , ! 

A (5) 

and then, if the equation of the momental ellipse is 
written— 


It follows, then, 


a A 
a2 ‘2 
the confocal ellipse will be— 
a ‘ y P =] 
a?—-r W-d - 
The sign of h and \ must be changed when G is below 
B, as might be the case if the yacht has a heavy lead keel. 
These theorems are given in any treatise on the 
conic sections ; they depend on the esseritial properties 
that if F is the anti-pole of H K, or pole of the parallel 
T K’, with respect to an ellipse A B, of which S is a focus, 
and if T K’ cuts OS in T, and F L drawn perpendicular 
to HK cuts OS in L. 


OL.OT=0O8%, (8) 


so that L is a fixed point for confocal conics with respect 
to the fixed straight line T K’, and F lies on a straight 
line L P perpendicular to T K’, L P being the normal at 
P where a confocal touches T K’. 

Again, if O K cuts the tangents Y Q and Z R of the 
confocals, parallel to H K, in Y and Z,and F f, Ee are 
drawn Pas to O K’ from F, E, the poles of the 
line T K’ with respect to the conics, 


On,OK=OY2,0ceC.0OK=O02, 
EF.OK=0Y2-0Z?= 0 A?-OA®=\, 
for the confocals. 


The points P, Q, 
with O K and O 3 


=1,. 


(9) 
- (10) 


R, S lie on a rectangular hyperbola, 
parallel to H K as asymptotes ; for— 


, OY. Y Q=OK’. K’ P; (11) 


also Q changes to R as F moves to E, and reaches S, where 
\ = a*—}®, when F reaches L. 

The study of geometrical conics is crowded out, as well 
as of Euclid, in a modern scheme of tical mathematics ; 
but geometry can still reassert itself occasionally, as the 
most concise demonstration of a theorem in mechanics 
such as the above. 

The diameter D O D’ parallel to H K is conjugate to 
O E with respect to the ellipse A’ B’ confocal with A B, 
the momental ellipse of the water-line area; and, as the 
guest advances in the direction E O to O, the axis H K 
recedes gradually to infinity ; while the vertical displace- 


ment of O, or change of mean draught, as it may be 
called, is— 4 
OK _ P 


lias sal , 
m wA 


which remains the same ; so that when E reaches O ihe 
yacht recovered its original trim, while the change of 
“— is given in (12). 
Taking O in this new water-line area, a step in displace. 
ment of the weight P in a direction away from O along 
will cause the yacht to heel about the line D O Dp’, 
conjugate to O E with respect to the confocal ellipse 
A’ B’, and through an angle of one in m, where 


m="A oK=W,A_ OR ng W A OR 
F P V OE r-V¥ @2 
6 denoting the angle between O D and O E. 

We need not restrict the displacement of the weight P 
to a step from O to E ; an equal llel step of a weight 
P already on board will cause the same change of trim; 
and so the varying trim may be investigated when P is 
suspended from a crane on board and swung round ; re. 
en aE however, that when P is slung by a chain of 
length /, the effective centre of gravity of the ship rises 
oo , or the metacentric height is diminished by an equi- 
valent amount. 

Taking the step OC E in the direction of a principal axis 
of the water-line area, O D is at right angles toO E and 


A @-),2-\_W GM 


8 | oo  F.0s. 


per tne C 


sin@ = OZ (13) 


n= (14) 
where— . 
Ad Ab? p 
GM= = (a?-\, ?-A) = -h, 5 
v ( ) Vv h V (15) 
the ordinary expressions for the metacentric height, 
longitudinal and transversal : and (14) is the formula 
employed in the determination by an inclining experiment. 
his is in accordance with fundamental theorems in 
the Hydrostatics of Ship Geometry (Dupin’s theorems), 
which assert that when, by a movement of weight on 
board, the water-line area is altered in trim so as always 
to cut off the same volume V of displacement— 

(i.) The surface, called the surface of buoyancy (S.B.), 
formed by B, the centre of buoyancy (C.B.), has a tan- 
gent plane parallel to the water-line area. 

(ii.) The water-line area turns about an axis through O, 
the centre of flotation (C.F.), and touches a surface called 
the surface of flotation (S.F.). 

(iii.) The lines of curvature on the surface B are parallel 
to the principal axes of the water-line area. 

(iv.) The principal radii of curvature at B are given by 
the Ee moments of inertia of the water-line area 
divided by V, that is 

Aa*® Ab? 
. e 
so that the momental ellipse of the water-line area may 
be considered the indicatrix of the surface at B. 

(v.) In a position of equilibrium of the ship, B moves 
so as to place itself in the same vertical line as G, the 
centre of gravity of the whole ship. 

The geometry preceding shows that when a change of 
trim is desired in a ship of given form and loading, by 
moving a weight on board, a surface made by G must be 
considered, parallel to the surface B and at a distance h, 
with an indicatrix confocal with the momental ellipse of 
the water-line area. 

Leclert’s Theorem, connecting the curvature of the 
surface of buoyancy and flotation, has been examined in 
a similar geometrical manner in the Transactions of this 
Institution of 1894. 

Invited down into the cabin, the step made by the 
guest, equal and parallel to O E, has a vertical component, 
and G moves to G’ in a parallel step, reduced from O E to 

e@w=F.on. . (17) 


_ 


(16) 


of which the horizontal component alone is effective in 
changing the trim, as the effect of the vertical component 
on h may be ignored. 

ing or unloading a ship, and coaling a steamer, 
may be considered in the same way as the arrival or 
departure of a number of passengers or guests on a yacht, 
in causing a succession of small changes of trim and 
draught, which become large in their cumulative effect. 

The conditions requisite for preserving the stability and 
stiffness are important in the design of a steamer, oaing 
into account the trimming of the coal and its remova 
during the voyage from bunker to furnace and thence up 
the chimney. 

Similar considerations arise as a vessel goes out of fresh 
water into salt, and back again. Suppose the density 
changes from w to w + Aw; taking fresh water as bulk- 
ing 36 cubic feet per ton, and salt water 35, this makes 
1 1 Aw 1 
a ) et 24 sae ee. (18 
se ” +Aw 5” 5 (18) 

If the displacement at sea is V cubic feet, and if the 
increase of — is c feet in fresh water, giving an extra 
displacement ¢ A cubic feet, 


W=(wt+Aw)V=w(V+cA), . 
=4wv V, 
aay dis » : 
and there will be no change of trim, provided G and B 
are in a vertical line through O, the centre of flotation. — 
But if the vertical B G cuts the water-line area, not in 


O, but in another — E, and the trim is to be pre- 
served, the couple due to a gain of buoyancy wc A = 


w= 


(19) 


c (20) 





Aw. V tons concentrated at O, and an equal loss at B 
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must be counteracted by the couple, Aw. V . O E foot-tons; 
and this can be secured by oonne 6 weight of P tons 
already on board through x feet parallel to O E, such that 


Pr=Aw.V.OK, 2=4¥-7-0F 
Aw W 
7° OP OF... om @& 

Now, if this P tons is brought back again to its original 
position, the change of trim will be given by a rotation 
about the axis O D conjugate to O E with respect to the 
ellipse A’ B’ confocal with A B, the momental ellipse of 
the water-line area ; while the combined alteration of trim 
and draught, on fons from fresh water into salt, will be 
the same as that due to a removal from the vertical B G of 





Aw.V =4%. Wtons, 


as in burning the coal at sea. 








SHIPS’ SPECIFICATIONS. 


Mr. J. R. Jack, in a paper read on this subject at the 
Institution of Shipbuilders and Engineers in tland on 
March 23, said :— 

‘In drawing up a specification without having at least 
skeleton plans to work from, there is difficulty in dealing 
with absolute sizes and relative positions of i and, 
therefore, these things are better omitted. To obtain a 
complete description of a vessel by means of words only 
is an unwise policy, and the specification should be con- 
sidered in conjunction with plans. Such items as scant- 
lings (which bristle in many specifications) are, in the 
majority of cases, better omitted. In vessels designed for 
particular trades special requirements in the way of scant- 
lings might exist, and these should be distinctly specified, 
but for the main structure of the vessel it is quite suffi- 
cient to state that the scantlings shall be as per approved 
midship section. Similarly, with rd to such items as 
state-rooms, while a particular number may be desired, 
the complete drawings of the vessel may show clear rea- 
sons for increasing or diminishing the number, and if the 
specification simply states that ‘these are to be in num- 
her, size, and ition as shown on approved plan,’ a lot 
of cumbrous descriptive matter can omitted. With 
regard to such items as may be manufactured by sub-con- 
tractors, it is advisable that the names of several firms 
should be included, or, if one only be entered, the words 
‘or other approved equivalent maker’ should be added. 
While many of these firms have a high standard of com- 
mercial honour, there are a few which, on getting to know 
that theirs is the only name in the specification, will take 
advantage of it materially to raise the price. With the 
aay pe = of a few patented articles, most ship fittings 
can be obtained of yma me equal quality from several 
makers, and the builder should be left some scope to make 
the best bargain possible. This raises the whole point of 
artificial restrictions. Many shipowners do not seem to 
recognise that, while it is easy to put restrictions into a 
specification, they have all got to be paid for, and often at 
a price far in excess of their value. Different builders 
have different facilities, and while the specification should 
be sufficiently rigid to require a good and satisfactory job 
from one and all, each should be allowed an amount of lati- 
tude in his method of fulfilling the requirements to enable 
him to produce the cheapest vessel. vernment depart- 
ments are notorious in this respect, and whether they buy 
an article or sell it, they hedge the transaction round 
with so many superfluous restrictions that a lot of the 
nation’s money is wasted, and some consulting engineers 
do the same, under the mistaken idea that they are 
thereby acting in their employer’s interest. 

“Another direction in which the owner unwittingly 
loses more than he gains is the lack of definiteness in a 
specification. Where items are specified to be done as 
the owner or his representative ‘may require or direct,’ 
the shipbuilder is uncertain how far he may be committed 
over these items, and in making up his estimate he natur- 
ally allows a margin on the probable cost to cover the 
‘unknown ’"—which man always dreads. The job may be 
finished well within the builder’s estimate, but it isdoubt- 
ful if the extra profit derived is worth the anxiety he has 
borne during the progress of the work, while the owner 


has to pay for this margin without getting any adequate | } 


return. Another peculiarity which occurs in some speci- 
fications is the demand that a certain item shall be done 
as in some previously built vessel. When such a specifi- 
cation is issued, for tendering purposes, to the builder of 
that particular ship, he is placed in an advantageous posi- 
tion for tendering to the detriment of his competitors, 
who must allow a margin to cover the unknown, and here 
again the owner’s interest suffers. ere several items 
are so oan each referring to vessels with which no 
single shipbuilder is thoroughly familiar, the result is as 
das in the case of the indefinite specification already 
referred to. If these points be kept in view in drawing 
out the specification, there will be no necessity for a para- 
graph requiring ‘the vessel to be fitted with everything 
necessary for her work as is usual in vessels of her om, in 
Spite of omissions in the specification,’ or the clause 
that ‘if anything has been specified twice it has only to 
supplied once.’ Such expressions are equivalent to 
con!cssions of the defective nature of the specification.” 





A THovsanp Mixes sy Exrcrric Cax.—The longest 
continuous trip in the history of interurban electric rail- 
ways been made by some of the officials of the 
Central Electric Railway Association, who journeyed 
from Louisville, Kentucky, to Cleveland, Ohio, without 
changing cars. The return journey was made in the same 
manner, the round trip covering miles. 





CATALOGUES. 


A crgcuLaR from the Linolite Company, 25, Victoria- 
street, Westminster, S.W., gives prices per foot of 
‘*Tubolite,” their special form of incandescent electric 
lamp for window-lighting, &c. 

The Electrical Company, Limited, Charing Cross- 
road, W.C., have sent us aes descriptive of their 
** Ex ” electric water-heater and of the ‘‘ A 
metal lamps, the latter taking their name from the A. E.G. 


_ Messrs. Joseph Adamson, Hyde, Cheshire, send us a 
list of sizes of dished ends for Lancashire boilers. These 
are flanged up to 9 ft. 1? in. in diameter, and dished to a 
radius of 11 ft. 6 in. t faces are pressed out at the 
same time for fittings, &c. 


The Browning Engineering Company, 6, Crutched 
Friars, E.C., have seuie Riel a bulletin showing 
several of their electric lifting- ets in use, and the 
controllers for operating them. ese are made at the 
company’s works at Collinwood, Ohio, U.S.A. 


We have received from Messrs, Hill and Pickles, 
64, Port-street, Manchester, a pocket hand-book of their 
sections of rolled steel joists, angles, tees, channels, &c., 
as well as compound girders built up of these sections. In 
addition to these there are some useful particulars relating 
to the sizes of cast-iron columns. 


Messrs. A. Reyrolle and Co., Limited, Hebburn-on- 
Tyne, have tree ed a list of wall type switch panels for 
three-phase distribution and motor control. Low, medium, 
and high - pressure els are listed, the last - named 
for pressures up to volts. The gear is mounted on 
angle-iron framing, covered with expanded metal. 


Messrs. J. P. Hall and Co., Limited, Blackriding Iron 
Works, Werneth, Oldham, send us a 1909 list of dynamos. 
There are four, six, and eight-pole machines for 110, 220, 
440, and 500 volts. Sizes and particulars are given, and 
a large number of illustrations of the various patterns, as 
well as complete sets. 


Messrs. Harvey, Frost, and Co., Limited, send us a 
booklet entitled “‘ Economy in Motor Tyres.” This little 
SS is produced by the co-operation of all the 
eading tyre manufacturers, who contribute remarks to it. 
It is divided into nine short chapters, dealing with the 
essentials of a good tyre and the care and repair of tyres 
while in service. 

A little pamphlet from Messrs. Babcock and Wilcox, 
Limited, Oriel House, Farringdon-street, E.C., gives half- 
tone illustrations, accompanied by brief descriptions, of 
their various manufactures. These include their well- 
known boilers, as well as mechanical stokers, feed-heaters, 
conveyors, piping, chimneys, and other boiler-plant 
apparatus. 

The Consett Iron Company, Limited, have recently 
issued a little book on their manufactures in Siemens- 
Martin steel. Sizes of plates, bars, angles, bulbs, &c., 
are given, together with particulars of tests for ships’ 
material, boiler-plates, &c., to various specifications, such 
as Lloyd’s, British Standard, Board of Trade, Bureau 
Veritas, &c. 


A list from Messrs. Marples, Leach, and Co., Limited, 
Adnil Building, Artillery Lane, E.C., gm the prices 
and particulars of electric motors in stock. These are of 
various sizes and types, including direct-current motors 
as wellas three-phase, two- , and single-phase induc- 
tion, and single-phase self-starting, motors. Particulars 
of special crane motors are also given. 


Messrs. F. W. Reynolds and Co., Acorn Works, 
Edward-street, Blackfriars-road, S.E., have sent us a 
circular respecting their ‘‘ Victor” 12-in. planing, joint- 
ing, rebating, and moulding-machine. This is provided 
with two tables capable of independent adjustment. The 
cutter-block is solid forged steel, and is of the skew type, 
using straight cutters. Bearings are of the self-oiling 
pattern. 


The Birmingham Carbon Works, Witton, near Bir- 
ag =e send us a little pamphlet on their British-made 
arc-lamp carbons. These are manufactured in qualities 
suitable for open-type lamps, enclosed lamps, flame-lamps, 
searchlights, &c. Open-t carbons are made in two 
rands, ‘‘ Apostle” and ‘‘ Nubia,” and prices are given of 
these and of the several other qualities of the other 
carbons manufactured. 


A list from Messrs. R. Waygood and Co., Limited, 
Falmouth-road, Great Dover-street, S.E., deals with the 
many patterns of hydraulic lifts and hoists manufactured 
- . . _ — Rg passenger = a lifts 
‘or buildings, goods lifts, railway i ifts, warehouse 
and wharf cranes of the standard, | 
types, &c. High-pressure pumping-plant, accumulators, 
&c., are also noticed. 

The Grindal-Kjellin Company, Limited, 20, Abchurch- 
lane, E.C., have sent usa catalogue on electric furnaces on 
the Kjellin, Colby, and Réchling-Rodenhauser systems. 
This gives a number of fomonee of the working of 
such furnaces, together with line blocks showing sections, 
&c. The letterpress contains brief descriptive matter, as 
well as short discussions, on the advantages of the various 
types. 

A large publication, to hand from the Leeds v- 
Company, Limited, deals with the Sheffield- 
Twinberrow steel wagons. It will be remembered that 
the principal features of these wagons were described in 
a paper read in 1905 before the Institution of Civil Engi- 


neers. The chief feature of these en gs is the plate- 

irder system of construction, in which the sides of the 

y form an integral part of the frame and girder 
supporting the load. 


and travelling | P’ 





Messrs. Cutting Brothers, Limited, Park Works, Stam- 
ford, have published a new list of their electric generators 
and motors. The motors are the two and four-pole 
machines of the “open protected,” “‘ enclosed ventilated” 
t ranging from } brake horse-power in standard speed 
machines to 32 e ery py for the largest high- 
—_ pattern. The output of the generators ranges from 

to 18,000 watts. Specifications and prices are given. 

A circular to hand from Messrs. Reavell and Co., 
Limited, Ranelagh Works, Ipswich, refers to their small 
vertical engines for paraffin, petrol, alcohol, or gas. 
These are made in five sizes of powers ranging from 3} 
to 15 brake horse-power on n. When poop Lamy may 
the engine is started on petrol. The engines have been 
— y designed for continuous running, and are suit- 
able for email electrio-lighting sets, &c. 

A small circular (No. 31) to hand from the Consolidated 
Pneumatic Tool Company, Limited, 9, Bridge-street, 
Westminster, S.W., has reference to their standard port- 
able electric lifting-blocks. These blocks are fitted with 
small motors driving a worm, which revolves a worm- 
wheel. The winding-drums are fitted on either side of 
this latter. The tackle is made in four sizes, ranging 
from 24 ewt. up to 1 ton. 

A catalogue on high-speed vertical engines for petrol, 
alcohol, paraffin, and gas comes to hand from een 
Crossley Brothers, Limited, Openshaw, Manchester. 
These are of stationary, portable, marine, and electric- 
lighting ty and have from one to four cylinders, the 
largest set being of 26 brake horse-power, with petrol, and 
17 on producer-gas. Rotary magneto ignition is used, 
and mechanically-operated valves. The cylinders are 
cast separately. Prices are given in this list. 


The Parsons Motor Company, Limited, Town Quay, 
Southampton, have issued their 1909 marine-motor list. 
This is quite an interesting list, giving a number of ex- 
amples of boats fitted with motors by this firm, including 
schooners, launches of various sizes and types, fishing- 
boats, and cruising motor-yachts. The engine is fully 
described and illustrated, as are also marine sets of various 
sizes up to 120 horse-power. The catalogue also contains 
reference to the use of these engines for stationary pur- 
poses, such as electric lighting, &c. The ’s patent 
reversing-gear, clutch, pump, and other parts are also 
described. 


A catalogue, Section Cy, issued by Messrs. Alfred 
Herbert, Limited, Coventry, relates to their ‘‘ Coventry ” 
concentric chuck. This is a self-centering chuck in which 
the jaws are moved to and from the centre by a rotating 
scroll operated by gearing. The scroll has three eccentric 
grooves in its face. The chuck is designed for great 
strength, with a large centre hole, reversible jaws, &c. 
The various parts are made of suitable steels, as, for 
instance, the scroll and crown-gear of 0.5 carbon steel, 
oil tempered ; the pinions of special case-hardened vana- 
dium steel, the jaw-slides of case-hardened mild steel, &c. 
The chuck ie worthy of the firm both in design and, as 
far as may be judged, in quality. 





Tue Junior InstiTuTION OF ENGInEERS.—At the last 
meeting of this Institution, held at the Royal United Ser- 
vice Institution, Whitehall, Mr. J. Wylie Nisbet, Vice- 
Chairman, presiding, the paper read was “The Use of 
Dielectrics, and the vias Tests Applied to them,” by 
Mr. Thomas Germann and Mr. Stanley M. Hills. After 
referring to the absence of information on what might be 
considered a very important subject, ee regard to 
the fact that there was scarcely any electrical apparatus 
in which some insulation was not to be found, the authors 
proceeded with some general observations on dielectrics, 
and indicated what were the uirements of an efficient 
insulator. The experiments of Fessenden, Symons, and 
Baur were dwelt upon, and problems mef with in high- 
tension distribution entered into. Construction and tests 
of insulators, _—— of porcelain, glass and air, mole- 
cular action, effective voltage and striking distance for dry 
air, methods of testing for breakdown voltage, and the 
influence of time of application of the voltage stress, were 
dealt with in that connection. Passing on to transformer 
and switch oils, their qualities were set forth and modes 
of testing described. © very important position held 
- 4 varnishes in dielectric work was pointed out and 

arner’s experiments referred to. e ageing effect 
on insulation was well illustrated by a series of curves, 
and it was shown that deterioration was due to atmo- 
spheric and drying effects, and to the stress pro- 

uced by the rapid alternations of the voltaic stresses. 
Linen, cambric, mi marble, and artificial stones 
having been considered, questions relating to dynamo 
insulators were reviewed, and an account given of the 
rocess of covering armature and field-coils. The slot 
method of testing for breakdown voltage advocated by 
the optas, ots personally-conducted experiments, was 
ibed, the test-circuit connections qulaned. and the 
cémparative results obtained were shown, the difference 
between the B.D. V. of solid insulation and one composed 
of several layers bei emonstra The paper con- 
cluded by urging the necessity for the exercise of the 
ver test care in conducting such experiments, and 
with the declaration that ‘‘all the t methods of coil 
insulation, such as rubber, varnished paper, &c., are un- 
satisfactory, the ideal insulation being one which can 
be applied in the form of putty or paint, and one which 
is a simple substance, an ey A discus- 
sion followed, in which Messrs. F. D. Napier, R. H. 
Parsons, E. J. Brunning, Louis T. Healy, James Good- 
child, Alex. Simpson, and H. Wolfe took and a vote 
of thanks was passed to the authors. At the next meeting 
of the Institution a paper on ‘ Distributi oy for 
the ag wa Electricity ” is to be read by Mr. C. H. 
Smith, .LE.E. 
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SHIPS AND NAUTICAL APPLIANCES. 


wan, Hunter, and Richardson, 
castle-on-Tyne. UF O. Schlick, Hamburg, 


629. § 

Limited, New 

Germany.) the Rolling of Ships. (2 Figs.) 
January 10, 1908.—This invention relates to apparatus for mini- 
mising the oscillatory movements of ships, and has reference to 
improvements in gyrostatic apparatus of the kind in which the 
precessional movements are retarded by means of braking devices, 
and returned to the normal position by recoil and returning 
mechanism, and has for its object to effect a similar control of 
such mov tsin « tion with gyrostatic apparatus of the 
kind comprising two gpa na revolving in opposite directions 
and mounted in suitable carriers geared together, so that on the 
precession of the gyrostats the said carriers will swing or turn in 
opposite directions. The device comprises two gyrostats a and a} 
arranged respectively on each side of the longit dinal plane or 
centre line of the ship, and parallel thereto, the axles of the 
bodies being mounted in vertically arranged frames ¢ and c! of the 
gimbal type, the latter having trunnions journalled in bearings in 
the ship. The rotating bodies a and a! may be operated by means 
of electric motors m and m!. The: bodies are adapted for rota- 
tion in —_— directions so that as the one is revolving in a 
forward direction, the other will be revolving in a backward 
direction, For effecting the simultaneous or synchronous rotary 
movement of the frames ¢ and cl in opposite directions they may 
be provided with toothed sectors'o and o! adapted to mesh or 
engage with each other, and thereby effect the aforesaid move- 
ment. The gyrostats a and a! being of equal size and weight, and 
adapted to revolve in opposite directions,.an inclination of the 
whole ship will change the oy of rotation of the gyrostats with 
respect to the longitudinal or centre line of the ship, and the 
gyrostats will turn or deviate to the right and to the left, the 
couples of the forces produced by the gyrostats being turned in 
opposite directions having the effect of counter’ neing or 
neutralising the said inclination or rolling of the ship. The 
braking effect and the returning of the gyrostats after deviation 
or turning to their normal positions may be effected by the 








following means :—The frames ¢ and cl may each be fitted with 
a pin, upon which are journalled piston rods ¢ and e! pertainin 
to brake devices, each frame being, if desired, provided wit 
a brake. The piston-rods ¢ and e! may be passed through 
the covers of the brake cylinders f and f! and their pro- 
jecting ends attached to springs ed and g!. When the preces- 
sion of the frames ¢ and c!, coup by the sectors o and o!, takes 
place, the piston-rods e and e! are displaced accordingly, and 
at the same time the springs g and g! are cocked or put under 
tension, one spring being comp and the other spring being 
under tension. After the braking has taken place, by means of the 
braking devices, the springs g and g! become released from pres- 
sure and strain, and tend to turn the frames c and c! back to their 
norma! positions ; in doing this the frames will move with a certain 

riod of swing about the plane of their normal position, Assum- 
ing one of the gyrostats a to revolve with relation to the body of 
the ship in the same sense as the paddle-wheels of a paddle- 
steamer going ahead, and the other gyrostat a! to revolve in the 

posite sense, if the ship by the action of a sea be inclined to the 
left side (port), the gyrostat @ will turn with its front towards 
the port side, and the frame c pertaining thereto rotating or swing- 
ing at the same time in a direction likewise tow: the port side, 
the other gyrostat a! during the simultaneous rotation of its frame 
c! rotating in a direction with its rear part towards the port side 
of the ship. The frames ¢ and e! being coupled with each other, 
the rotating of the frames and the precession or deviation of the 
gyrostats a and a! takes place synchronously in —_— direc- 
tions, whereby the couples of forces engendered by the gan 
device tend to neutralise the inclination of the ship. hen the 
ship is rolling in a more or less heavy sea, the gyrostats a and al, 
or their planes of rotation, will therefore or oscillate by the 
action of the recoil and return springs g g acting upon the 
frames ¢ and c! from one side to the other of the normal plane of 
rotation, which is parallel to the longitudinal centre line of the 
ship, and, in doing this, w ll damp or reduce the rolling move- 
ments of the ship by means of the couples of the forces engendered 
by the gyrostats a and a). (Accepted January 20, 1909.) 


731. Swan, Hunter, and. Wien Richardson, 
Limi Newcastle-on-Tyns. ; a Heneer’, 
Germany.) Minimising the Ships. [ A 2 .) 
January 11, 1908.—This invention -elates to tus for mini- 
mising the oscillatory movements of ships of the type in which 
sovetving bodies or fly-wheels journalled in gimbal frames or sup- 

are mounted in the ship, the object being to provide means 
lor regulating the braking effect automatically in accordance with 
the force of the waves: (a) by influencing the strength of the 
braking by the amplitude of the oscillations of the revo body 
or es ; (0) by influencing the stre of the braking dye. 
angular velocity attained by the oscil! of the axle or axles of 
the revolving body or bodies ; (c) by regulating the strength of the 
braki by the couple incidental to the apparatus for preventi 
the rolling movement of the ship, In a gyroscope with fiy-whee' 
axle or shaft arranged vertically or horizontally, rock move- 
ments of the said axle always arise during the rolling of ship, 
and their period should correspond as far as ible with the 
period of the roll of the ship in order to obtain the most favour- 





able action for preventing rolling movements. The amplitude of 
the rocking movement of the gyrosco coons axis depends mainly 
upon the magnitude of the forces ex by the waves upon the 
ship to cause it to incline, or, in other words, the amplitude de- 
pends — the size of the waves which the ship encounters. For 
accomplishing the objects aimed at, the present invention com- 

rises braking mechanism whereby the regulation of the force of 
the braking of the oscillatory movements of the axles of the 
revolving bodies or fly-wheels takes place automatically as the 
result of a regulating device adapted to be infil d by the 
amplitude of the oscillation of the said bodies ; braking mechanism 
whereby the automatically acting regulating device is influenced 
by the jitude of the angular velocity of the oscillation of the 
aforesaid ies; and braking mechanism whereby the auto- 
matically-acting ting device is influenced by the magnitude 
of the couple produced by the body or bodies, and serving for 
damping the rolling movements of the ship or vessel. Refer- 
ring to the re, which illustrates apparatus for regulating the 
strength of the braking by the amplitude of the oscillations of the 
rotating bodies, a is a trunnion of the apparatus which is vided 
with lateral arms a!, a2 adapted to carry pivoted rods c, c!, the latter 
being respectively connected to pistons c2 working in cylinders 

. taining a quantity of water or other appropriate liquid. 
The cylinders d, d) are in communication by way of a passage dg 























(731) 


capable of lation by a valve d®, so as to control the flow of 
liquid from the one cylinder to the other as the one or the other of 
the pistons c?, as the case may be, is depressed during the working 
of the apparatus. The valve d* is adapted for automatic operation 
from another piston-rod e which is in connection with the piston-rod 
el, The piston-rod eis made in two parts, and-provided with right and 
left-handed screws engaging with a hand-wheel e! for adjusting its 
length, one of the said parts having a slot e4, within which the 
pivot g! is situated. The said rod is operated by an arm g pivoted 
at g!, and carrying studs or projections adapted to en, with 
corresponding tappets e?, e%, Sonnet or provided on the rod e. 
This arm g has a horizontal slot formed at one end, which engages 
with a stud on the piston-rod cl, The piston-rod e also carries a 
stud, with which engages the slotted end of the two-armed lever 
k. The piston h/ pertaining to this rod is arranged in a cylinder h}, 
which is itself contained in a tank or receptacie j, containing water 
or other app iate liquid. The arrangement is such that, when 
the rod e is raised or lowered, as a result of the oscillatory move- 
ment of the trunnion a, the piston A will act to permit water to 
flow into or from the cylinder h!, a valve being provided at 
the lower end of the cylinder for this purpose, and another valve 
being also provided for allowing of the escape of the liquid. A 
spring h® may be arranged in connection, with the piston A and 
cylinder h! for assisting the return of the piston. The water or 
other liquid in the apparatus serves to retard the movement of 
the parts. (Accepted January 20, 1909.) 


STEAM ENGINES, BOILERS, EVAPORATORS, &c. 


1777. G. Wilkinson, Harroga Feed - Water 
Heaters. [6 Figs.) January 27, 1908.—This invention relates 
to feed-water heaters having trays, dishes, or baffles, over which 
the feed-water travels by gravity in direct contact with the 
steam. It has been found, as a result of experience in live-steam 
heating, and by careful experiment, that there is a limit to the 
number of heat units which can be economically transferred from 
the steam in a boiler to the feed-water brought into contact there- 
with, and to abstract either a greater or less number of thermal 
units from the steam per pound of feed-water will result in a 
diminished efficiency. The present invention consists in making 
the capacity of live-steam heaters adjustable to suit the output, 
working pressure, circulation, initial.temperature of feed, and 
other characteristics of the boiler to which they are applied. This 

















adjustment is especially advantageous where the feed-water has a 
low initial temperature pared with that of the steam within 
the boiler, as otherwise the extraction of heat from the steam to 
the feed-water may be so great as to produce a lower evaporation 

r pound of coal consumed when the heater is in use than when 

e boiler is working with the low temperature feed direct. The 
n y adjustment, according to this invention, can be ob- 
tained in a variety of ways; for instance, by heating a por- 
tion only of the feed-water, so as to adjust the heat extraction 
from the steam to the most ec ical point corresponding with 
the conditions under which the boiler may be working at the 
time. This method can be achieved by the simple method of 
ce the flow of water to the heater by valves outside or 
inside boiler or heater, as has previously been pi in 








connection with injector heating devices. a indicates the boiler 





shell, b the feed-water heater, c the feed-pipe, and da distribution. 
box between the said pipe and heater. This distribution-box q 
has two outlet pipes ¢, f, the former communi through a 
non-return valve with the top of the heater b, and the latter 
through a non-return valve with the bottom tray of the heater or 
with the channel through which the feed water is finally de. 
livered into the general body of the boilér water. The respeciiye 
areas of the outlets from the distribution-box d to these pipes », f 
can be varied by means .of a piston -h movable by a screwed or 
other rod hl, which rod may work through the body of the o::ji- 
nary feed check-valve (not shown). It is obvious that in certain 
cases the distribution-box d or its equivalent may be located ot. 
side the boiler shell, but in that case two admission SALES OF 
pipes would be required in the boiler, one to convey the water to 
the upper part of the heater, and the other to the lower part 
thereof. (Accepted December 23, 1908.) ‘ 
21,750. A. H. Hopkinson, F. Murgatroyd, and J. 
and Limited, Huddersfield. Check- 
Valves. (6 Figs.) October 14, 1908.—This invention relates to 
isolating or check-Valves for. use in steam mains, and has for its 
object the provision of means to control the transmission to the 
back of the valve of the fluctuations of pressure in the steam 
main, and thus to prevent or minimise the disagreeable and some- 
times dangerous chattering to which such valves are liable. For 
the pu of this invention, the speed of the steam issuing 
from the outlet of the valve-casing is increased, and this is accom. 
plished by wertins the outlet with a cone or cone-like attach. 
ment so as to cause the steam to pass from the valve-casing to the 
steam main in the form of a jet. By this means a cushion effect 
is obtained which prevents or minimises the injurious effects on 
the valve of fluctuations of pressure in the main on the outlet side 


of the valve. Fig. 1 illustrates a construction in which the outlet 
orifice is made by a right cone A cast integrally with the valve- 
casing B, an annular cavity C being formed between the cone and 
the casing. The cone ‘ensures a jet-like action on the issuing 
steam, and the cavity OC further assists the cushioning effect by re- 
sisting the backward transmission of fluctuations of pressure. In 
Fig. 2 the cone A is an oblique one, the construction in other re- 
spects being the same as in Fig. 1. In still another construction, 
Fig. 3, the same object is accomplished by providing a detachable 
cone F projecting into the steam main G, and secured, for example, 
by having a flange H on the cone bolted between the flanges of the 
valve-casing and steam main.- The -cone F has a continually de- 
creasing diameter, and an annular cavity J is formed between the 
cone and the steam main, which acts in the same way as the cavity 
C in Figs. land 2. (Accepted January 27, 1909.) 


8383. J. EB. L. den, Liscard. Stop - Valves. 
(12 Figs.] April 15, 1908.—This invention relates to stop and like 
valves for controlling the flow of steam, water, and other fluids. 
The invention comprises the provision between the valve or valve 
proper and its screw-down or operating stem of automatic means 
ee grinding of the valve faces when the valve is closing, 

ut a free release of said faces without grinding when opening. 
The valve proper a is made of a cylindrical form with its upper end 
closed by a gland-like cap b, through which passes the lower 
portion of the screwed stem c. Adjacent to the inner extremity of 
the said stem, on the portion within the space between the inner 
surface of the cap b and the bottom of the valve aperture into 
which the cap is fitted, there is formed a semi-circular flange d 
having a thickness less than the depth of the said space, thereby 
providing a vertical or longitudinal lost motion between the valve 
a and its stemc. In the side of the valve there is fitted a screw 
stud or its equivalent adapted to project into such interior space 
or chamber of the valve, and act as an abutment for the ends of 
the semi-circular flange d formed integrally with the stemc. Thus 
on turning the stem c in the direction for closing the valve a the 
latter is not only carried towards its seat, but also, by the abut- 








ment of one end of the semi-circular flange d against the internally 
jecting stud, the valve is positively rotated, and when closed 
by the steam pressure acting on the upper side of the valve, a self 
grinding action is set up between the valve and its seating w hich 
continues until the longitudinal lost motion has been taken up. 
On turning the stem in the opposite direction for effecting the 
pee nage Pe valve a, no movement is imparted by the stem ¢ 
to the valve until the stem has been rota’ through an angular 
distance represented by the semi-circle through which the flange 
d does not extend, less the thickness of the stud projection The 
extent of lost motion between the stem and the valve pro- 
vides for the effectual release of the latter from the closing —_ 
sure im) on it by the stem, so that when the opposite « id ol 
the semi-circular flange d to the end previously referred to has been 
brought into contact with the internal projection and the upper 
face of the flange against the lower end of the cap }, the val\ ef an 
be both rotated and lifted by the stem with great fre: ve 
Instead of employing a semi-circular flange on. the end of the 
valve-stem Pon te a pin may, as shown at Fig. 3, be in on : 
laterally across the valve-head @ at one side of its centre, sv ‘ 1a 
the central portion of the pin shall enter a semi-circular slot J 
formed around the valve-stem. (Accepted January 27, 190°. 
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GUESTS LAW OF COMBINED STRESS. 


By C. A. Ssrra, B.Sc., Assistant Professor of 

“Engineering, East London College, University of 

London. 

Tue Case OF THE CRANK-SHAFT. 

In a previous article* it was my privilege to ex- 
plain briefly Guest’s Law of Combined Stress (see 
ENcIvngertnG, July 10, 1908). The application of 
this law to the case of unstayed boilers was described 
in detail ; a reference was made to the case of the 
crank-shaft ; a short account of the system of the 
experimental work by which this law was discovered 
was also given, so that the nature of the foundation 
upon which T based the results, stated in the article 
mentioned above, could be noted, and, if necessary, 
referred to by the reader. 

Having fully discussed the case of the unstayed 
boiler, I treated the application of the law to the 
crank-shaft in more general terms. The various 
formule for combined bending and twisting were 
stated, and the results obtained by using the three 
different theories of the action of combined stress 
according to Rankine, Grashoff, and Guest were 
shown graphically. It appears, however, from the 
correspondence which has followed the original 
article, that the matter requires more minute 
explanation in order to prevent misapprehension of 
the point at issue. For purposes of lucidity I will 
first sketch the reasoning for the general case and 
then supplement it by a particular example. 

Guest’s law may be defined as follows :—When 
a ductile material is acted upon by two stresses, 
each of which is in a different plane, then the 
material fails by reason of the greater shear stress 
on the material caused by these two stresses. 

Let us take (see Fig. 1) a crank-shaft of a ductile 
material—say mild steel—loaded with a force P, 
acting at the point. A, the centre of the crank-pin, and 


Fig.1. 




















in a direction at right angles to the plane ACB, which 
plane contains the axes of the shaft (BC) and of the 
pin(A K). Then, if A B C isa right angle, the force 
P produces at the section of the shaft at C a twist- 
ing moment T = P x AB and a bending moment 
M=Px BC. The twisting moment alone pro- 
duces a shearing stress at the section C, which 
varies in intensity from the centre to the outside of 


the shaft, where it reaches the value’g = a3 . The 
cs 


bending moment M produces a stress varying from 


the plane A BC, and reaching a maximum 
32 J . 

P ~ at the points D D! of the surface of the 
re 


shaft, where DCD! is perpendicular to the plane 
ABC. The stress. at D is tensile, and at D! is 
compressive. The maximum stress action of M and 
I combined is, therefore, at these points. In 
Fiv. 2 is shown a small element of the shaft at the 


Fig.2 








surface at D, with the stress action on the cut 
Suriaces. This state of stress can be proved to 
be the same as that shown in Fig. 3, where the 





* See ENGINEERING, vol. Ixxxvi., page 27. 





sides of the element are inclined at an angle 
}tan-! 2% to those in Fig. 2, and the values 


Pp a ae 
of the stresses are o, = $ (./p? +4 q@ + p) 
tensile, and , = $(,/ p? + 4q? — p) compressive. 
These are the principal stresses at the point, and 
there is no shearing stress across the faces shown 
cut in Fig. 3. For if we take (Fig. 4) a triangular 
element D E F Gat the surface with the sides in- 
clined at an angle 6, the stresses on the cut surfaces 
will be p andgq, and the normal stress (P) and shear 
stress () over the inclined face DF. The forces 
on the surfaces will then be, if we take the element 
of such dimensions that the area of the side D F is 
one small unit (as shown in Fig. 5), as follows. 
Resolving the forces along and perpendicular to D F, 

P = psin?@ + 2qsin 0 cos 8; 

Q = @q cos? @ — qsin? @ + psin @ cos 6; 

=qcos 26 + F sin 26. 


These stresses vary as we incline the line D F, 
and if g cos 26 + £ sin 26 = 0 the surface D F has 


no shearing stress over it. It is evident that there 
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are two values of 6 (differing by 90 deg.) that make 
tan 20 =- 24 


rea 
the sides of the element over whose faces there is 
only tensile or compressive stresses , and @, and 
no shearing stress. The values of , and @, are ob- 
tained by putting the values of 6 obtained above in 

the equation for P. 
As there are always values of 6 to satisfy the 
2q 


— io 


and these give the directions of 


equation tan 26 = — we can always find an 


D 
element with the sane 2 so inclined that there is 
no shearing stress over them; and these two 
principal stresses are the simplest view we can 
take of any (two-dimensional) state of stress. This 
state of stress is similar to that which was dis- 





cussed in the case of the unstayed boiler, with the 
|exception that one stress is tensile and the other 
compressive ; but this difference is of importance 
in view of Guest's law, for the maximum shearing 
stress is now 4 (, + @,) = 4./p* + 49’, being the 
half sum of the principal stresses when one is tensile 
and one is compressive. 


Tue Greatest SHEAR Stress. 


| In order to ascertain what is the plane over 
|which the shearing stress is test, let us con- 
sider the case of the two principal stresses w, and 
@,, as shown in Fig. 6. These act on the faces H K, 
|G@H of the element GH K shown, the third face 





being inclined at an angled toGH. Proceeding 
as before, we find that 
Q ~ Wg) sin @ cos 

Me, — Wa) sin 2g, 

This is evidently a maximum when sin 2 ¢ = 1, 
or ¢=45°, so that the planes of greatest shearing 
stress bisect the angles between the planes of the 
principal stresses. 

In the case of the crank-shaft, , and , are of 
opposite signs, and the maximum shearing stress is 
4 (@, + ,), and occurs over planes which bisect 
the angles between the stresses , and @,. It was 

inted out in the discussion on the unstayed 
Boiler that, in order to ascertain the maximum 
shearing stress, we have to recognise the fact that 


Fig. 6. 








the material extends in three dimensions, and that 
the shearing stress is greatest (4 »,) over a plane 
cutting the surface at 45 deg., and not, as in the 
case of the crank-shaft, at 90 deg. 

These cases—the boiler and the crank-shaft—are 
typical, and the planes of maximum shearing stress 
are different, so that the results must be noted. 

We can also easily calculate the greatest elonga- 


tion, which ist (@, + @ wy) 


17h+ 
s( 2 


x Gp +8 Jpo iQ ifc = 0.2. 


¢ >; l-¢@ 
—/p? + 4 gq? + ~g 


I 


So far we have employed the laws of force and 
Hooke’s law only ; but when we ask how large a 
force P will just cause the material to yield, we 
require, beyond the information gained from a 
testing-machine tensile test of the material, to know 
the influence of the second principal stress ; and 
this is the knowledge that Guest’s law gives us. 
Without it we have to fall back upon the tentative 
hypotheses of Rankine and Saint Venant, which, 
it must be clearly borne in mind, have no experi 
mental backing. All of the evidence available from 
experiments simply, but with surprising uniformity, 
confirms Guest’s conclusions. It may not be out 
of place, however, to state that Guest, like every 
other student of engineering science, may express 
an opinion concerning what he thinks will happen 
as the result of an experiment, and somethi 
different may be co But in this a tye 
the law of combined stress he has, in the manner 
which an engineer instinctively believes to be the 
right method of making progress, come across a new 
fact by means of experiments made to determine 
the accuracy of the old opinion. 


RANKINE AND Guest CONTRASTED. 

It may be forgiven if I give here an explanation to 
those critics who, privately and in print, have sug- 
gested that I have been trying to prove that Ran- 
kine’s reasoning concerning the principal stresses is 
wrong. I plead ‘‘not guilty” to that charge. Refer 
to Fig. 3. Rankine, Guest, and everyone else, I 
suppose, state that , and , are the two principal 
stresses. Rankine stopped at that point of the 
deduction and said, in effect, ‘‘ calculate out on 
the assumption that the material fails by reason of 
the greater of these two stresses.” But Guest 
showed that a ductile material yields, not by reason 
of the stress due to @, alone, or to @, alone, but 
because of the shear stress caused on a plane at 
45 deg. with w, and #, when these two forces act as 
shown in Fig. 3, and as they do in the case of the 
crank-shaft. It is silly to attempt to choke know- 
ledge because a worker in a past decade was too 
occupied in other fields of engineering to carry 
out certain experiments. It does not belittle 
the mighty genius of Rankine to draw attention to 
a clever piece of original work by Guest, which was 
in danger of remaining unknown. It would be 
equally logical to say that the engineers who praise 





the internal-combustion engine belittle the debt 
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due by humanity to the genius of James Watt. 
Rankine’s master-mind will, of course, ever demand 
respect from the studious engineer. It is of inte- 
rest, however, to remark that in years gone by 
practical minds suspected the principal stress 
theory. I was recently informed by one who was 
intimately connected with the late Mr. David 
Kirkaldy that he (Mr. Kirkaldy) always cherished 
the hope that he would be able to find time to try 
tests on materials under combined stress. Let us 
return to the case of the crank-shaft. 

Suppose that P (Fig. 1) be gradually increased. 
Guest’s law states that the material will yield 
when the shearing stress (which is equal to 
$ (@, + w,) = $/p” + 4 q’) reaches the value of the 
greatest shearing stress of the same material at its 
yield-point in a ene tension test--i.e., 4 po, if pp 
were the tensile yield-point stress. That is to say, 


the material would yield when ,/p? + 4 q? = pp. 

If the second principal @, stress were without 
effect, which is the ‘‘ maximum stress” theory and 
the assumption of Rankine, the material would 
yield when @, or 

k(p + Vp? + 49°) = Do 

And, according to Saint Venant, it would yield 
when the maximum extension, or strain, became 
equal to the strain at the yield-point under a stress 
Po; or when 

I ap +hvprig= i 
pip + ive q") = jy Po 
or ¥ 
p+ BV p+ 4q = m 

As P was gradually increased, the condition of 

yield would be reached, first under Guest’s law, 


secondly under Saint Venant’s, and lastly under the 
Rankine assumption. 


THe Propiem or Desien. 

To save trouble in design, the values of p and q 
in terms of M and T may be substituted in the 
above conditions. Taking the Rankine expression 
for the moment, we have 


32 +a/™ 32), am/ 16 \_ 
4(M a) Ms ( =) raTe(- ii) _— 


ard 
32° 
16 


‘ 32 
for we write p = M 32 and q = T — as usual. 
rd wd 





ord M + 4S = 


3 
Now, since *< Py is the simple bending moment 


ve 


which would cause the shaft to just yield, the ex- 


pression } M + 4 ,/M? + T’ is called the equiva- 
lent bending moment—i.e., it is a bending moment 
equivalent to the effect of M and T together. 
Owing to the assumption involved—viz., that the 
second principal test is without effect—this formula 
is unsafe, for the shaft will yield before this. Ina 
similar manner we can build up, on the experi- 
ments of Guest, which showed that the yield-point 
in a ductile material under a combined stress is 
determined by the value of the shear stress, that 
the equivalent bending moment is \M? + T®. 
The cause of the similarity of the two formule is 
apparent from the reasoning given above. 
he expressions ‘‘ equivalent bending moments ” 
are merely conveniences for the use of the designer. 
When applied as bending moments they do not 
produce in the shaft the state of stress which M 
and T simultaneously applied produce. If 4M + 
4 ./M* + T* be applied as a bending moment, it 
would produce in the shaft a stress @,, or 4p + 
4 ./p® + 4q’, but this is not the same state of stress 
as the stress , with a simultaneous stress , at right 
angles to it. The fact that the bending moment 
4M +4 ./M? + 'T? produces the same maximum 
stress as M and T applied together produce might 
lead a superficial reasoner t» the conclusion that 
the shaft would resist } M + } M? + T? and the 
combination of M and T equa.ly well ; but this de- 
duction is erroneous, since the effect of the (com- 
pressive) second principal stress , is to weaken the 
power of the material to resist the maximum (ten- 
sile) stress @). 
Guest’s law tells us how we may take this second 
principal stress into account. The formula deduced 
from it for the equivalent bending moment leads to 


the correct result. If, however, ./M? +T? be ap- 
plied to the shaft as a bending moment, it gives a 
stress @, + @, alone, and not @, only, nor @, and 


at right angles to each other. If the law is correct 





—and in my previous article I gave the evidence 
for this belief in the shape of a sketch of Guest’s 
methods of experimenting and the subsequent 
work by Mr. Scoble—work which, in common with 
Guest’s, demands attention and respect—and others 
—then there can be no doubt of the above formula. 
Professor Carus Wilson has also supplied further 
evidence. In the correspondence on the subject, 
Mr. Turner has set forth the various considerations 
in a manner that is admirably definite and precise, 
and he has included rather more than I have men- 
tioned above; my only object in omitting more 
reference to Mr. Turner’s arguments is that they 
demand a mathematical reasoning, which possibly 
may not a 1 to some other correspondents and 
readers. My endeavour has been to put the subject 
in the language and manner most simple for the 
average student and practical engineer. 


A NumericaLt Exampte. 


Let us take a numerical case and consider it 
briefly on the above lines. Let the force P (see 
Fig. 1) act on a shaft of 10 in. in diameter, made of 
steel having a yield-point of 50,000 Ib. per square 
inch, in a simple tension test. Let A B = 28 in., 
and B C = 24 in. The bending moment, when 
P = 1000 lb., produces a stress p = 240 lb. per 
square inch. e twisting moment produces a 
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shearing stress g = 140 |b. ? ws square inch. Taking 
( 


a triangular element L M N (see Fig. 7) at the sur- 





face, with sides 3, 4, and 5 small units of area, then 
we see the stresses over the sides L M and MN. | 
We want to find the normal and shearing stresses 
on the side LN. In Fig. 8 are shown the forces 
over the three sides, the forces on L N being cal- 
culated from those on LM and MN ; and hence | 
we see that there is no shearing stress on L N, but 
1440 


only a tension stress of -—- = 288 lb. per square 
inch. In a similar manner,. taking a surface per- 
pendicular to LM, we shall find that there is no 
shearing stress over it, but only a compressive stress 
of 43 lb. per square inch. Hence, Fig. 9 gives the | 
simplest view—the principal stresses—of the stress | 
shown in Fig. 7. 
Now let us increase P until the material yields. | 
When will it yield? When P reaches the wales | 


150,000 lb. we see that #, = 43,500 Ib. per square 
inch, and #, = 6500 lb. per square inch (compres- 
sive), and the maximum shear in the materia] is 
then 4 (@, + @,) = 25,000 lb. per square incl. 
Now this was the shearing stress in the simple 
tension test when the tension was 50,000 lb. per 
square inch and the material yielded. According 
to Guest’s work, the material will yield at the sams 
shear stress (25,000 lb. per square inch), althouch 
the maximum tensional stress is then only 43,500 !!). 
per square inch. 

If the material did not yield, and we continued 
to increase P, when its value reached 175,000 }}), 
the principal tensional stress would be 50,000 1}. 
per square inch, and, according to the maximum- 
stress theory, the shaft would only then begin to yield 
—that is, according to this theory, the shaft would 
withstand a load P one-sixth greater than has been 
shown to be the case by modern experiments. One 
can imagine an opponent who says ‘‘ modern expe- 
riment 1s wrong,’ but it is difficult to produce any 
evidence to support such a statement of opinion. 
It is, however, almost impossible to understand the 
man who says, ‘‘Oh, yes, the experiments are all 
right ; but they are of no practical value.” They 
lead us a step further. There is still much work to 
be done in the subject of the strength of materials. 

The cases of combined stress met with in prac- 
tice can all be brought under the two typical cases 
of the unstayed boiler and the crank-shaft. The 
limiting shearing stress for steel is best found by 
taking half the tensile yield-point stress in an ordi- 
nary tension test. 

The question which every engineer, who works 
more intelligently than the man wedded to certain 
drawing-office constants, needs to ask himself is 
this : ‘‘ What is the effect of the second principal 
stress upon the power of a ductile material to with- 
stand the first principal stress?” The experiments 
to which I referred in my previous article agreed in 
assigning to the shearing stress an algebraic differ- 
ence between the greatest and least principal 
stresses, the determinate of the stress at which the 
material will yield. Further evidence has been 
referred to in the correspondence columns of this 
journal during the past five months. The evidence 
so far obtained on this point is sufficient to satisfy 
most of us that Guest’s law is true. We readily 
see that a ductile material fails by shear in tension. 
It is equally clear, from an examination of the 
fracture in torsion, that it fails finally by shear 
under twist. Why should it not fail by shear under 
combined stress ? 

The larger problem of reconciling the behaviour 
of ductile a non-ductile materials under stress is 
quite outside the scope of this article. But we 
must continue to experiment. Engineering science 
will stagnate if the fxint-hearted persuade us to 
diminish our energy and enthusiasm for expeti- 
mental work. Guest’s law is of importance in 
itself ; but the example of his powers of applica- 
tion, patience and accuracy, may be of more value 
than the actual results which he obtained. It is 
the unfortunate experience of some of us that eng?- 
neering experimental research is very expensive. 
Work which may lead us to find out things of which 
we now have but a faint suspicion is almost clamout- 
ing to be dealt with. We whose duty it is to 
attempt such work cannot be sufficiently grateful 
for the encouragement of those who help us by 
practical advice and sympathy. 

Thanks are due to Messrs. Warren and Surman, 
engineering students at the East London College, 
who have prepared the diagrams used above from 
rough sketches. Various correspondents who have 
explained their difficulties are also thanked. 








THE MANUFACTURE OF CALCIUM 
CARBIDE. 
(Continued from page 522.) 

THE Storace Si1os. 
Or the three silos, varying only in length and in 
cubical capacity, that for the anthracite is 50 metres 
(164 ft. long), with a capacity of 2000 tons, that 
for the limestone is 25 metres (82 ft.) long, with a 
capacity of 2000 tons, and that for the gas coal has 
a cath of 35 metres (114 ft. 10 in.), to contain 
1500 tons. each case the width over all is 12 
metres (39 ft. 4 in.), and the height from the ground 
level 13.5 metres (44 ft. 35 in.). The drawings repro- 
duced on page 547 (Figs. 65 to 72) clearly illustrate 
the design. The silos are- built entirely of timber, 
obviously because of its cheapness, with concrete 
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foundation walls around all four dimensions, and 
intermediate transverse walls at intervals of 16} ft. 
centres. These walls are about 6 ft. thick at base, 
and the main vertical members and several of the 
raking posts are embedded in the concrete, as 
shown also in the perspective view, Fig. 85, on 
page 552. The main uprights are 12-in. by 12-in. 
timbers, with longitudinal bracing, which further 
carries the boarding forming the walls. The bottom 
has an inclination of 45 deg. from the centre to the 
side walls, and the floor is carried on 12-in. by 12-in. 
longitudinal beams, supported on vertical and 
raking struts of pine trees, extended to and em- 
bedded in the longitudinal and transverse concrete 
foundation walls. The silo is divided by a central 
partition, as shown in the cross-sections, and by 
transverse timber walls, at intervals of 5 metres 
(16 ft. 4.8 in.), as shown on the plan. There are 
also side slopes, as shown in Fig. 69, to the hopper 
doors. Ata height of 10 metres (32 ft. 9.71 in.) 
from ground-level there is a working platform 
(Figs. 67 and 84), and over this again there is a 
te ol roofing, to which, as we have already indi- 
cated, the telpher railway, guide-pulleys and saddles 
for traction rope, deflection shoes, and other 

are suspended, while at the further end there is the 





6-metre pulley, already referred to, for the return 
of the traction rope. 

Parallel with the limestone silo there is a reserve 
tip for limestone, to be seen to the right of Fig. 84, 
on page 552. Over this tip there has been erected a 
gangway at the same height as the silos ; the length 
is 108 metres (354 ft. 4 in.), with a working plat- 
form about 10 ft. wide. This is carried on piers 
built up of timber, the main members being splayed 
to give a width at base of 5 metres (16 ft. 4.85 in.), 
with transverse and diagonal stays.« The piers are 

laced at 11 metres (36 ft. 1 in.) centres, and their 
ons are bedded in concrete foundations. A loop 
of the telpher railway is constructed from the main 
line along the silos to traverse the whole length of 
this reserve tip, with deflection points at each 
end, so that a connection may be formed with the 
main telpher railway. An independent traction 
rope is provided for this loop, with separate motor. 
The reserve stock of limestone which is deposited in 
the open may be very extensive, but as it requires 
to be loaded by hand into the cars in communica- 
tion with the limestone kilns, it is seldom used. 

The -coal silo is arranged beyond the lime- 
kilns, fhe limestone is alongside the limekilns 
(Fig. 73), and the anthracite silo is parallel with 





LIMEKILNS, 


10770-------->4 


the electric furnace house, so that there is the 
minimum distance separating the silos and the de- 
partment of the works in which the material is 
utilised. In each case there is a telpher railway 
for the conveyance of material from the hopper 
doors at the bottom of the silos respectively to the 
roducers, the limekilns, and the anthracite-coal- 
Scoaing plant. 


Tue TRANSPORT OF MATERIALS. 


The illustrations on page 552 form a ‘series to 
illustrate the conveyance of the material to and 
frem the silos. Fig. 82 shows the cars taking their 
supply from the hoppers on the import quay. 
Fig. 83 gives a general view in the works, showing 
in the centre the cableway passing on towards the 
tension gear, the silos being beyond, while to the 
right the limekilns are discernible in the distance, 
next the furnace house with its chimney, and in the 
foreground the warehouse. Fig. 84 shows the 
limestone silo in the centre with its telpher rai 
way, the kiln house on the left, and reserve 
limestone bin to the right. Fig. 85 illustrates the 
arrangement at the limestone silo hopper doors, with 
the cars for electric and cable traction to the kilns. 

The cars taking material from the hopper doors 
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this supplies sufficient vapour. The coal is charged 
from the floor-level of the kiln-house. The kilns 
are built at 15 metres (49 ft. 2.5 in.) centres, and 
rise to a total height of 24 metres (78 ft. 9 in.). 
The general arrangement of the kilns is shown by 
the plan and section of the kiln-house ; at the top 
an archway has been formed, 5 ft. 6 in. wide, 
the products of combustion ing on each side of 
the archway (Figs. 76 and 77). The chimney top, 
which is 3 ft. in diameter, has a cap pivoted on an 
iron standard, so that by means of a wire extending 
to the ground-level the kiln may be completely 
closed down (Fig. 84). The limestone wagons for 
charging the kilns pass through the archway, their 
contents being tipped into the limekiln through a 
hopper fitted with a valve. The level of this charg- 
ing-platform is 14 metres (45 ft. 11 in.) from the 
bottom of the kiln. The diameter of the kiln at 
the lowest part is 7.1 metres (23 ft. 34 in.), while the 
inside diameter is 3.150 metres (10 ft. 4 in.). The 
walls are 750 millimetres (2 ft. 54 in.) thick. In 
the centre, as shown in Figs. 78 and 79, there is a 
brick core with a conical top, leaving a combustion 
chamber in the form of a ring for the burning of 
the limestone. In the brick core there is a central 
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THE MANCEUVRING CAPABILITIES 
OF TURBINE-DRIVEN VESSELS. 


Ir is a matter of difficulty to arrive at a decided 
opinion as to the manoeuvring capabilities of turbine- 
driven vessels from the conflicting statements that 
appear from time to time. 
intended to show how the turbine-driven vessel is 
manceuvred in narrow tidal waterways, and is the 
result of personal observation of these vessels when 
leaving and entering a harbour. It is under such con- 
ditions that the most efficient working is demanded 
from the machinery, and the greatest care and 
skill from the officers in charge, to ensure the safe 


and speedy embarkation and landing of passengers. ben 


The turbine-steamers referred to are cross-Channel 
passenger vessels, which have to manoeuvre at all 
states of the tide, both in the daytime and also 
at night. When compared with a reciprocating- 
engined vessel the turbine-driven vessel labours 
under two disadvantages—viz. :— 

1. The small power of the reversing turbines in 
relation to the ahead turbines. 

2. The fact that during the period when the 
vessel has to be turned round by the use of her 


The following article is | 


| suffers any disadvantage, it ought to make itself 
apparent in this case. The distance from the 
entrance of the harbour to the landing-quay js 
about 2 miles, and in the e a right-angled 
bend has to be negotiated, which, at the necessarily 
reduced speed, makes the turning of a 350-ft. vessel 
extremely awkward. The speed, from the harbour 
mouth to within 400 yards from the quay, is about 12 
to 13 knots, and afterwards 9 knots. At/this speed 
the reversing turbines have the vessel perfectly 
under control, and can pull her up in two lengths. 
Except at high water, this limited speed is neces- 
sary even with a ship having reciprocating engines, 
due to the back-wash caused. In turning round the 
d in the river, use is made of the centre tur- 
bine, although it was only intended to use the out- 
side shafts when manceuvring into harbour. But 
the centre propeller has been found to have a re- 
markable effect upon the swinging of the vessel 
due to its action upon the rudder, it having 
more influence than either of the outer propellers, 
the vessel swinging in her own length through 
90 deg.:at a speed of 9-knots. The manceuvring 
at the quay is accomplished as shown in the diagram, 
Fig. 1, which illustrates the course of the vessel to 
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passage, which, as shall presently be described, is 
utilised for the passage of air to mix with the gas 
for combustion. 

The uptake for the gases from the producers is 
rectangular in plan (Figs. 78 and 79), and commu- 
nicates through a flue in the outer walls of the 
limekiln with a circular ge around the walls, 
having eighteen small inlets to the interior of the 
limekiln. Theseinletsor cavities extendrightthrough 
the outer wall, and are fitted on the outside with 
manholes, so that, if necessary, firebricks may be 
inserted for the regulation of the area of opening 
for the inflow of gas from the vertical flue. The 
air supply to assist combustion within the kiln is 
admitted, as already indicated, —? a vertical 

ge in the brick core, at the top of which small 
orizontal ducts pass the air to the combustion 
chamber. These air-ducts are above the level of 
the cavities admitting the producer gas. Thus the 
ascending gas meets a current of air at the top of 
the ring chamber of the kiln, and at the point past 
which the limestone falls from the main upper 
chamber at the top of the kiln into the ring 
chamber. The point of admixture of gas and 
air is about 4 metres (13 ft. 14 in.) from the floor 
of the ring chamber, so that the burnt lime is 
cooled before it reaches the discharge door of this 
chamber. 

The calcined lime is withdrawn, as shown in the 
engraving, Fig. 81, on page 549, into wagons running 
on a telpher railway, and fitted with 2-horse-power 
electric motors. This railway is constructed so that 
in its continuous travel from one end of the kiln- 
house to the other and back it makes the circuit 
of half of each of the successive kilns on the one 
side, and on the return journey compasses the 
other half of each successive kim. In this way the 
wagon passes every discharge door of every kiln. 
As with the silos, the overhead electric conductor 
is arranged in separate circuits, so that the work- 
men can stop the car by cutting off the electric 
supply at any door, while the car itself opens and 
closes the circuit when entering or leaving each 
**block.” The calcined limestone is taken by these 
wagons to a crushing mill adjoining the carbide 
electric furnace house. The lime is disc 
into hoppers, which feed, through transporting 
a the jaw crushers employed for breaking the 
ime, 

(To be continued, ) 
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own engines only one-third the power is available 
on one side, and a small reversing turbine on the 
other, this meaning that if the vessel be turning to 
port, the starboard low-pressure turbine is working 
ahead, and the port reversing turbine astern. If 
turning to starboard, the port low-pressure turbine 
works ahead, and the starboard reversing turbine 
astern. 

As compared with a vessel in which recipro- 
cating machinery is in use, which has the advantage 


of the full power of her own engines, whether | 


turning or stopping, it would appear that the tur- 
bine-driven vessel is sadly handicapped. Personal 
observation has, however, led the writer to the con- 
clusion that though labouring under these apparent 
disadvantages, the turbine-driven vessel is capable 
of being manceuvred with remarkable success, even 
in those rivers where extreme difficulty is met, 
if only the correct methods are employed. A 
case in point, and one worth taking note of, is 
that of the Isle of Man Steam Packet Company’s 
passenger vessel Viking, which has to enter the 
narrow channel at Fleetwood at all states of the 
weather and tide, and which, considering the nature 


of the harbour, has proved a remarkably handy | 


ship. The harbour is tidal, and in certain states 
of the tide the current is very strong and demands 
cautious navigation. If the turbine-driven vessel 
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| the pier, where the'anchor is dropped, and the vessel 

swung round by the flood tide in a smart manner 
|and hauled in to the quay.'At ebb tide the vessel 
is hung from the stern and swung in the opposite 
| direction. It is handled smartly, and is under 
perfect control throughout. 

In the case of a harbour where the current is not 
| available for manceuvring purposes, the provision of 
|a bow rudder materially assists manceuvring. The 

vessel is first swung round and then backed into the 
| harbour stern first, the ahead turbines being thus 
available for working in the opposite direction 
quickly. This construction has been adopted 
in the Midland Railway Company’s steamer Manx- 
man and the new Isle of Man steamer Ben-my- 
Chree, which vessels have to enter Douglas Bay, 
where the swinging has to be done away from the 
ier, and the vessels may be backed in or out safely. 

hen manceuvring in the open sea by rudder these 
vessels are remarkably handy, due to the action of 
the centre propeller on the rudder. The turbines 
can be brought into operation quickly, no difficulty 
| being experienced in sudden starting or revers- 
| ing of machinery. In this respect turbines are much 
| in advance of engines of the reciprocating pattern, 
| there sometimes being a tendency, even with the 
| best type of four-cylinder engine, to hesitate in 
| starting. The author has in mind a case in which 
| the quick reversing prevented a serious accident. 
| Fig. 2 shows a special case where an arrange- 
;ment, differing from the usual Parsons three- 
| shaft plan, might be adopted with benefit. The 
diagram shows a steamer which has to leave the 
pier at an angle to the swift current in order to 
clear the ship in front, the river being very narrow 
at this point. When clear, the vessel has to swing 
against the tide in order to keep her course, and 
this operation, there not being sufficient way on the 
| vessel for the rudder to operate, must be effected by 
| aid of the propellers, by working one ahead and the 
other astern, the centre propeller being out of 
use. The machinery in this case should be de- 
signed, according to the writer’s opinion, to allow 
the centre propeller to be capable of working 
ahead, at the same time the side and revers- 
ing turbines are in operation, on account of its 
efficient action upon the rudder materially assist- 
| ing in forcing the vessel round against the tide. 
The turbines could be arranged, as shown in dia- 
| gram, Fig. 3, with two auxiliary emergency valves 
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between the high and low-pressure turbines, so that 
the high-pressure turbine, with one low-pressure 
turbine, could be worked together ahead accord- 
ing to the direction of the swing, while the revers- 
ing turbine would be operated in the usual way by 
means of the auxiliary slide-valves A and B. The 
exhaust-valves C and D would have a connection 
to the low-pressure turbines, and also to the con- 
denser or atmosphere, and be of the slide-valve type 
worked by a steam-cylinder. The connection to 
the condenser, or atmosphere, is to allow part of the 
exhaust steam from the high-pressure turbine to pass 
away directly without going through the low-pres- 
sure turbine, as, only one low-pressure turbine being 
in operation at a time, only part of the steam from 
the centre turbine could be used for driving the 
low-pressure turbine. The non-return valves would 
still have to be adopted in order to prevent the 
return of steam to the high-pressure turbine in the 
event of only the two outside shafts being in use. 
An arrangement such as this would give the turbine 
vessel a better control, and in many cases do away 
with the practice of hauling vessels from the pier 
by tug-boat. 

It is possible with only two auxiliary valves to 
work the high-pressure turbine in conjunction with 
two others or separately. In this system the 
auxiliary valves to the low-pressure and reversing 
turbines usually adopted with three-shaft turbine 
systems are dispensed with, and an auxiliary valve 
arranged on each side of the high-pressure turbine 
exhaust to the low-pressure turbine. The valves 
are of the slide-valve type, worked by Brown’s steam 
gear, and capable of admitting high-pressure exhaust 
steam to the low-pressure cylinder, or condenser, as 
desired. Also steam from the main steam range may 
be given to the low-pressure or astern turbines as 
desired, and the high-pressure or low-pressure run 
at any speed. The whole arrangement is con- 
veniently under the control of the engineer, and can 
be worked as expeditiously as the present system, 
with the additional advantages. An arrangement of 
the former type, suggested by the present writer, is in 
use with Rankine and Blackmore triple-expansion 
engines, where the intermediate-pressure cylinder 
drives the port, and the low-pressure cylinder the 
starboard, propeller, with the high-pressure on the 
top, and is usually employed with success in tug- 
boats, the exhaust steam from the intermediate- 
pressure, when manceuvring, blowing to the atmo- 
sphere. 

With regard to a four-shaft arrangement, which 
appears to be gaining ground for large vessels of 
the trans-Atlantic and warship type; for which it is 
very suitable, reducing considerably the size of the 
turbine, little need be said for the manceuvring, as 
these vessels are frequently attended in harbour by 
tug-boats, and when turning in the open sea man- 
cuvre on the rudder. The four-shaft arrangement 
would not be so efficient in a cross-Channel steamer, 
as the space is limited, and the screws would have 
the disadvantage of fouling piers when starting, 
and also, due to their small size, would not have 
the driving power of the larger screws adopted with 
triple-screw vessels. In the manceuvring question 
the personal element is an important factor, and 
once the captain and engineer get the measure of 
the ship under their control, reliance may be 
placed in them to exercise such judgment as is 
necessary to meet the conditions. New conditions 
demand new methods. The driver of a slow goods 
engine placed in charge of a large express pas- 
senger train naturally feels, until his senses have 
adjusted themselves to their new conditions, that 
the engineer who designed the engine might have 
heen more considerate about his personal feelings 
and comfort ; but he will very soon shake off the 
effects of the situation, and work in his new sphere 
to the best of his ability. The persons responsible 
for the design and after management of turbine 
vessels should study each particular case, in order to 
design a vessel with as good a control as possible. 
The vessel should be cut away fore and aft as much 
as possible in order to facilitate turning, and the 
reversing turbines made as large as possible in the 
space available; and if the extreme conditions 
prevail, the suggestion about the centre propeller 
might be considered. The vessel should be worked 
into harbour at a speed dependent upon the power 
available for reversal, or should be backed in when 
provided with a bow-rudder. The effect of the 
former caution is a good one, as can be seen if we 
consider the case of a reciprocating-engined vessel, 
which is as liable to damage as the turbine vessel, 
(lue to the fact that the captain, placing reliance in 





the superior reversing power of the ship under his 
command, enters the harbour at a higher rate of 
speed. Should the engines fail him at a critical 
moment, the result is a serious smash. Not so 
with the turbine, as the reduced s would 
obviate much of the damage, and there is less 
likely to be trouble with the machinery. In con- 
clusion, the writer hopes that these few notes will 
help to make clear the difficulties of manceuvring, 
and assist those who have not fully decided in their 
minds on the merits of the turbine system. The 
reply to the question, ‘‘Can the turbine steamer 
be manceuvred under trying circumstances with a 
certainty that would warrant its adoption, in order 
to gain the undisputable advantages attending its 
use ?”’ is certainly in the affirmative. 





THE COPLEY MEDAL. 

THE annual award of the medals of the Royal 
Society is a matter of interest to all students of 
science. Especially so is this the case with the 
famous Copley Medal, the allotment of which is 
regarded as setting the final seal of recognition 
— some long, arduous, and successful research. 

e recipient of this medal always bears a highly 
distinguished name. His work will have been of 
the highest order. More often than not he will 
have spent the greater part of a long life working 
at the branch of science in which he fee earned his 
fame. For several reasons the Copley Medal is 
regarded as the chief prize in the gift of the Royal 
Society. Some of the medals can only be given 
for particular subjects. Some are reserved for 
scientists of British extraction.. Several have only 
been established in quite recent years. With the 
Copley there are few restrictions. It is open to 
the scientific men of all countries, irrespective of 
nationality, and it can be awarded for any subject 
it is possible to include under the term ‘‘ natural 
knowledge.” Besides which it is by far the oldest 
of them all. A list of Copley medallists would 
include a large proportion of the greatest natural 
rpg see of the last two centuries. To mention 

ut a few, what names are better known than those 
of Priestley, Franklin, Kirwan, Volta, Brewster, 
Foucault, Herschel, Lyell, Adams, Clausius, Joule, 
Regnault, Huxley, and Stokes ? 

This year an additional interest attaches itself to 
the award of this historic medal, inasmuch as it is 
just two hundred years since the death of Sir 
Godfrey Copley, the founder. It was in the spring 
of 1709 he died, and it was by his will; dated 
October 14, 1704, and proved April 11, 1709, that 
he bequeathed to his friends, Dr. (afterwards Sir 
Hans Sloane and Abraham Hill ‘‘ one hun 
pounds in trust for the Royal Society of London 
for improving natural knowledge, to be laid out in 
experiments or otherwise for the benefit thereof as 
they shall direct and appoint.” It has been pointed 
out that the term ‘‘ natural knowledge, ” at a period 
when witchcraft and divination were encouraged, 
would have, perhaps, a somewhat different meaning 
than we should assign to it to-day. But by Copley’s 
time natural knowledge and experiment were in- 
separably connected. ‘‘ From the nature and con- 
stitution of the Royal Society,” says Thomson, 
writing in 1812, ‘‘the objects of their attention 
were necessarily unlimited. The physical sciences, 
however, or those which are promoted by experi- 
ment, were their declared object ; and experiment 
was the method which they professed to follow in 
accomplishing their pu .” Whatever Copley 
had in mind, whether the whole of the natural 
sciences or more particularly the physical sciences, 
his wishes, fortunately, have been interpreted in a 
liberal manner. His intention to benefit science has 
undoubtedly been realised, and now, two centuries 
after his death, the high value attached to his medal 
is proved by the lofty character of those to whom 
it is given. Bearing all this in mind, it cannot be 
without advantage at this anniversary briefly to 
recall its early history. 

Of Copley’s life the known details are but few. 
Neither the year of his birth nor the exact date of 
his death have been handed down to us. His father 
was made a baronet soon after the Restoration, 
became M.P. for Aldborough, and died about 1684. 
Sir Godfrey became the second baronet, and was 
M.P. for Thirsk in every Parliament between 1695 
and the time of his death. Little is known of his 
early life during the reigns of Charles and James, 
but such evidence as there is points to his leaning 
towards the cause of the fallen Stuarts. However 





this may be, he was appointed a Commissioner of 





Public Accounts in 1701, and Controller of the 
Army Accounts, in 1704—the year Marlborough 
fought the battle of Blenheim. His death took 
place at his house in Red Lion-square early in 1709, 
and he was buried at his country home at Sprot- 
borough, near Doncaster. Twice married, he left 
one daughter, who became the wife of Joseph Moyle. 
The Copley baronetcy was revived in 1778 in favour 
of the Moyle family, but it has, we believe, again 
become extinct. Copley’s connection with the 
Royal Society began in 1691, when he was elected 
a Fellow. Like his friends Sloane and Hill, he 
was an active and energetic member. He helped 
the former in making those scientific collections 
which, when Sloane died, became the nucleus of 
our British Museum. Copley himself also pos- 
sessed a fine collection of prints and mathematical 
instruments. The first award of a prize under the 
terms of his will was made in 1731, when Stephen 
Gray received one for his electrical experiments. 
Gray also received another the following year. 
Meanwhile, no doubt, the interest on the money 
had been expended on apparatus and experiments 
for the Society. What mas prizes consisted of 
we do not know ; probably a sum of money, for he 
was very poor. e next recipient was John 
Theophilus Desaguliers, the lecturer and writer, 
who was given a prize in 1734. Two years later 
the Society resolved to convert the uest into a 
gold medal, and since then the award has been 


made annually. 
Gray and Deangulior lived in an age of intel- 
lectual growth. e ideas, the tastes, and the 


literature of Englishmen were undergoing as com- 
plete a revolution as their politics had done. The 
talk of the coffee-houses, the spread of newspapers, 
the increase of books, the writi of Steele, 
Addison, Pope, and Defoe, the publication of the 
cyclopeedias of Harris and Chambers were accom- 
panied by an advance in all spheres of thought, and 
the fashionable audience in Desaguliers’ lecture- 
room was but one sign of this expansion. His 
success was due largely to the extended use he made 
of easily-understood experiments, and to his power 
of divesting his reasoning of mathematical calcula- 
tion. At this period, too, the scientific reputation 
of England reached its zenith. What other single 
country could point to such mathematicians and 
astronomers as Pool Halley, Flamstead, Bradley, 
Taylor, MacLaurin, Keill, Cotes, Demoivre, and 
Whiston? Liebnitz belonged to Germany, the 
Bernouillis to Switzerland, and France could boast 
of Varignon and Cassini ; but in no other country 
were there living so many men whose names are 

rmanently inscribed on the rolls of scientific fame. 

ough neither Gray nor Desaguliers can be reckoned 
among the greatest, still their achievements are 
worth recalling. Gray’s position among electricians 
has long been recognised, and it would not be too 
much to say that he did more than anyone to lay 
the foundations of that science which to-day 
ministers so largely to our comfort and con- 
venience. His experiments surpassed those of all 
others in number, variety, and value. From them 
he was enabled to divide ies into the two classes, 
electrics and non-electrics, according as whether 
or not they became electrified when rubbed by 
the hand. Afterwards he discovered the more 
important facts that electricity could be communi- 
cated, that it was ible to conduct it from one 
body to another, and that bodies could be insulated. 
He ahem his experiments in 1696, but more than 
twenty years passed before he published anything. 
For forty years he devoted himself to his favourite 
subject. His apparatus consisted of such trifles as 
feathers, hair, silk threads, woollen cloths, soap 
bubbles, resin slabs, and cubes of oak. It was, as 
we have said, in 1731 and 1732 Gray received the 
first Copley prizes. For many years he was a 
pensioner lok inmate of the Charterhouse. It is 
said ‘‘his character was very particular and by no 
means amiable ;” but in truth, next to nothing is 
known of him. Priestley’s remark that ‘no 
student of science ever had his heart more entirely 
in his work ” is all the eulogy Gray needs to ensure 
our admiration. He died on February 15, 1736, 
the year Coulomb was born. Since Gray’s time the 
ok ha Medal has been awarded to several eminent 
men whose fame far outshines his, but who have 
only followed in his — In 1753 the Royal 
Society, having previously hed at Franklin’s 
observations on the identity of lightning and 
electricity, saw the errors of their ways, and 
presented him with the medal. In 1794 Volta 
received it, in 1837 Becquerel, in 1835 Sir William 
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ROOF OF REINFORCED CONCRETE (KAHN SYSTEM) AT THE NATIONAL GALLERY. 


CONSTRUCTED BY THE TRUSSED CONCRETE 
(For Description, see Page 554.) 
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Naturally, Gray’s experiments were known to his| ‘‘ conductors” and ‘‘non-electrics,” ‘‘ non -con- 
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Snow Harris, in 1868 Wheatstone, while in 1832 we | contemporaries, and among these to Desaguliers, ductors ” and “‘electrics,” and to him we are 
tind the name of the greatest of them all—Faraday. | who it was that suggested the interchangeable terms | indebted also for the felicitous term “ insulation. 
Desaguliers was one of the many Frenchmen 
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whose presence in England was due to the Revoca- 
tion of the Edict of Nantes. He was the son of a 
Huguenot pastor, who, we are told, smuggled 
him out of La Rochelle in a barrel. His father, 
after visiting Guernsey, came to London, and 
was preacher at the French Chapel in Swallow- 
street, Piccadilly. He also had a school at 
Islington, where his son assisted him. John, who 
was born on March 12, 1683, after lis father’s death 
was enabled to go to Oxford, where he entered 
Christchurch, took his B.A., and in 1710 was 
made a deacon, 

The same year he was appointed successor to 
Dr. Keill, the lecturer in natural philosophy at 
Hart Hall. Writing many years afterwards, he 
gives this interesting piece of autobiography. 
‘*When Dr. Keill left the University I began to 
teach experimental philosophy after the same 
methods that he done About the 
year 1713 I came to settle in London, where I have 
with pleasure seen the Newtonian philosophy 
so generally received among persons of all ranks 
and professions, and even among the ladies, by 
the help of experiments that, though several 
ingenious men have, since that time, with great 
success taught experimental philosophy in my (or 
rather Dr. Kill’) manner, t have had as many 
courses as I could possibly attend; the present 
course which I am now engaged in being the 121st 
since I began at Hart Hall, in Oxford, in the year 
1710.” He goes on to say that he cannot help 
boasting ‘‘that of eleven or twelve persons who 
verform experimental courses at this time in 

ngland, and in other parts of the world, I have 
had the honour of having eight of them as my 
scholars.”” Desaguliers for a , ee time lived in 
Channel Row, Westminster, which had to be pulled 
down when the old Westminster Bridge was built, 
and he then removed to lodgings in ‘‘ Bedford 
Coffee House, over the great piazza in Covent 
Garden, where he continued his lectures with great 
success till his death, which occurred on Feb- 
ruary 29, 1744.” He was buried in the Savoy. 

In spite of a living given him by the Duke of 
Chandos, and another given him by George I., who 
had heard him lecture, Desaguliers, like Gray, died 
poor, if we can believe the words of one of the 
minor poets of the times. This, however, is difti- 
cult to reconcile with the fact that his eldest son 
entered the army and, early rising to a considerable 
osition, occupied the post of Dupesinbeniens of 
Voolwich Arsenal for thirty years. For some 
time Desaguliers was, like Hooke, demonstrator 
and curator to the Royal Society, and in the 
absence of Halley occasionally acted as secretary. 
His knowledge he endeavoured to turn to practical 
use, occupying himself, among other things, as 
Rumford did, with attempts ‘‘to prevent our 
chimneys pov His writings and transla- 
tions were many. Next to his ‘‘ Course of Experi- 
mental Philosophy,” perhaps his most popular 
work was his edition of Gravesande’s book on 
Natural veri a copy of which Watt read 
through twice before he was fifteen. Though 
unattractive in personal appearance, his character 
was much admired. Generous in his appreciation 
of the work of others, he was ever y to make 
known his own ideas and inventions. We can 
quite believe the Gentleman’s Magazine that he was 
‘**a gentleman universally known and respected.” 

Such are the details concerning the early his- 
tory of the Copley Medal which we have been 
able to glean. Before closing these notes, however, 
it may be worth while to notice a few of the most 
illustrious of the medallists. In 1744 the medal 
was given to Henry Baker, the naturalist, who 
founded the Bakerian lecture. In 1747 Benjamin 
Robins received it, in 1748 Bradley, while to 
Maskelyne, Bradley’s almost immediate successor 
at Greenwich, it was awarded in 1774 for his well- 
known pendulum experiments on Schehallion in 
Perthshire. In 1758 it was given to Dollond, also 
a descendant of the French Protestants, while to 
Ramsden, his famous son-in-law, it was given in 
1795. Other names belonging to the eighteenth 
century are those of Canton, Priestley, Captain 
Cook, Franklin, Volta, and Attwood. During 
the earlier part of the nineteenth century are 
found the names of Brewster, who received the 
medal for his optical discoveries; Sir Robert 
Seppings, the Surveyor or Chief Constructor of the 
Navy; Sir James South, the astronomer ; Henry 
Foster, a young and brilliant naval officer ; Daniell, 
the chemist ; Herschel, and Adams. Perhaps the 
most interesting names, to engineers, in the whole 





list are those of Joule, Mayer, and Clausius, to 
each of whom it was given during the ‘seventies 
for their work in connection with the determina- 
tion of the mechanical equivalent of heat and the 
development of thermodynamics. Turning to the 
last twenty years or so, the record furnishes 
the important names of Huxley, Newcomb, 
Huggins, Berthelot, Willard Gibbs, Mendelieff, 
Lister, Crookes, Virchow, and lastly Dr. A. R. 
Wallace, to whom it was awarded last November. 

At present the Copley Medal, we believe, holds 
the highest place among all such scientific honours. 
Age, history, and honourable associations unite in 
giving it a lustre which nothing but neglect can 
tarnish ; while so long as the love of natural 
knowledge shall flourish in our midst so long 
will men recall with gratitude the name of Sir 
Godfrey Copley, its founder. 








KAHN REINFORCED -CONCRETE ROOF 
OVER EXTENSION TO NATIONAL GAL- 
LERY. 

AN interesting piece of work is now being carried out 
in connection with the National Gallery, Trafalgar 
Square, London, W.C. This is a reinforced-concrete 
roof over the extension which is being added on 
the north side of the building. The whole of the 
reinforced-concrete work in connection with this exten- 
sion is in the hands of the Trussed Concrete Steel 
Company, Limited (Kahn System of Reinforcement), 
Caxton House, Westminster, S.W., and, in addition to 
the roof, this firm has constructed the floors and 
columns. About these latter, however, there is nothing 
special, the floors being made on the ordinary beam 
and slab system, and the concrete columns are of 
the usual form. The beams carrying the first floor, 
however, are made of a hollow form, which method 
considerably reduces the dead-weight, and at the 
same time makes room for the ventilating air-ducts 
which are concealed in the beams. 

In plan the extension is in the form of the letter T, 
with a side building about half-way down what would 
be the vertical limb of the letter, as may be seen in 
Fig. 1, page 553, which is a plan of the roof. To con- 
tinue our simile, the two limbs of the letter are two 
long galleries, one of which is 40 ft. wide and the other 
32 ft. wide. The latter gallery has over it a dome, 
which is clearly shown in Fig. 1. The small side gallery 
has also a width of 32 ft. Figs. 2 to 8 show different 
portions of the roof in section and elevation, and do 
not — 7 particular description, as they explain 
themselves. The rectangular-shaped openings, which 
are seen in the elevations of the lanterns in Figs. 2, 4, 
5, and 7, are for ventilation. 

It will be seen from the drawings that the roof prin- 
cipals are of the arched type, and act as girders, no 
tie-rods being used across the building. The arched 
ribs are shown in detail in Figs. 11, 12, 14, and 15. 
The whole of the stress due to the thrust of the arch 
is taken up in the beam itself, the greatest stress being 
at the crown, which is the deepest part of the prin- 
cipals. This method of construction has been adopted 
in two other instances in this country by the Trussed 
Concrete Steel Company—namely, in a roof over the 
public baths at Croydon (see Page 193 ante), and over 
similar baths at Hammersmith. These have, however, 
larger s than those over the extension to the 
National Gallery, being 61 ft. and 65 ft. respectively. 
The principals of the roof over the National Gallery 
have to carry heavy lanterns in reinforced concrete, 
in addition to the roofing, the lanterns being of suffi- 
cient size to admit of blinds being housed into them. 

The actual construction of the principals is shown 
in Figs. 11, 12, 14, and 15. The span of the roof over 
the west gallery (the extension being at the north side 
of the present building) is 40 ft., while that over the 
northern gallery is 32ft. The principals over the 
former gallery are 6 ft. 8 in. deep at the crown by 
l4in. wide, and the reinforcement is as shown in 
Figs. 12 and 15. The principals over the northern 
gallery are 5 ft. 2 in. deep at the crown by 12 in. wide. 

The construction of the dome is a special feature of 
this roof. It may be seen in plan in Fig. 1, and also 
in Fig. 9. One of the arched ribs is shown in Fig. 10. 
It is 12 in. deep by 10 in. wide at the smallest section. 





The method of construction adopted is clearly shown 
in this latter figure. It will be seen from this that 
the tops of the ribs rest inst a reinforced con- | 
crete ring, which takes the thrust, whereas the thrust | 
of the lower ends of the principals is taken by the 
rods shown in the illustration, which form a ring | 
round the dome. There is another ring of rods which 
is placed about half-way up the arched ribs, and these 
prevent the spread of the principals at that part. The 
sizes of these rods are given in the drawing. About a | 
third of the way up the ribs of the dome a flat runs 
round the outside, as shown in Figs. 9 and 10, and 
from this flat to the ring at the crown the dome is | 
glazed between each of the owe ee Below the flat | 
is a pendentive, which is formed of reinforced con- | 
crete, as shown in Fig. 13. The span of the dome is | 


about 30 ft. It will be seen that there is also a flat at 
the sides of the roofs over the galleries, as shown in 
Figs. 11, 12, 14, and 15. Above these flats, to the 
apex of the roofs, there is glass between the prin. 
cipals, Throughout the whole of the work the well. 
known Kahn trussed-steel bars are used. 

It will be seen that a construction of this form js 
well suited to a building of this description, and the 

ndentive all round the lower part of the dome lends 
itself well to purposes of decoration. 








HistoricaL Mortor-Cars.—An exhibit of motor-cars 
constructed prior to the end of 1903 is to be shown at the 
ye: International Exhibition, which is to be held 
at Shepherd’s Bush, from the middle of May to the end 
of October. A committee, composed of Sir David L, 
Salomons, Bart. (vice-chairman), Lord Montagu, Pro. 
fessor Hele-Shaw, F.R.S., Mr. W. Worby Beaumont, 
M. Inst. C.E., Mr. ore O’Gorman, M.I.E.E., and 
Mr. James Swinburne, F.R.S., has been formed for 
the aay of making this collection. Mr. H. C. L. 
Holden has undertaken the chairmanship of this com- 
mittee, and Mr. Claude Johnson has undertaken to act 
as hon. secretary. It is ho that owners of cars which 
were built prior to 1904, who may be willing to lend them 
for the purpose of the above Exhibition, will at once 
communicate with the committee a J its hon. secre- 
tary, at 15, Conduit-street, London, +» Or with Mr, 
Holden, Royal Automobile Club, 119, Piccadilly, W. 
A sum of money has been placed at the disposal of the 
committee by the Exhibition Administration, which will 
enable the committee to defray the cost of transportation 
of such vehicles as may be offered for exhibition from the 
homes of the owners to the Exhibition and back again, as 
well as to fully ensure them against damage or destruc- 
tion by fire during the time of the Exhibition. 


Tue Iron AND Steet InstiTure.—A special meeting of 
the Council of the Iron and Steel Institute was held at 
the offices, 28, Victoria-street, on Tuesday last, April 20, 
at 2.30 p.m., under the presidency of Sir Hugh Bell, 


Bart., to consider the situation created by the resig- 
nation of the President-elect, Sir W. Thomas Lewis, 
Bart. A resolution of regret that Sir W. Thomas Lewis 
had found himself unavoidably precluded from sy | 


the office to which he had m elected was , an 

at the unanimous desire of those present Sir Hugh Bell 
consented to retain the presidency for a further term of 
twelve months. In that capacity he will, therefore, 
take the chair at the annual meeting and at the dinner on 
May 13 and 14 aca A meeting of London mem- 
bers was held subsequently to consider the arrangements 
for the autumn meeting to be held in London on Septem- 
ber 28, 29, and 30. It was decided to invite the whole of 
the London members to join the General Reception Com- 
mittee, and an executive committee was formed, consisting 
of the following gentlemen :—Sir Hugh Bell, Bart., Sir 
Robert A. Hadfield, F.R.S., Sir Lloyd Wise, Mr. J. 
Angus, Mr. P. B. Brown, Mr. R. E. Commans, Mr. J. 
Dewrance, Mr. M. Ekenberg, Mr. F. W. Harbord, Pro- 
fessor A. K. Huntington, Mr. Harold Jeans, Mr. W. G. 
Kirkaldy, Mr. E. F. Law, Mr. O. A. Malmberg, Mr. J. 
F. Melling, Mr. A. C. Meyjes, Mr. A, E. Pratt, Mr. 
Leslie S. Robertson, Mr. A. Serena, Mr: Septimus Young. 


JUNIOR INSTITUTION OF ENGINEERS.—A visit of this 
Institution was recently paid to the Chingford Reservoir 
Works of the Metropolitan Water Board by permission 
of the chief engineer, Mr. William B. Bryan, Past-Presi- 
dent. The members were met at Enfield Lock by the 
resident engineer, Mr. T. C. Deverell, and conducted 
along the entire site, all the features of interest being 
indicated en route, finishing at the Chingford Hill deep- 
well pumping-station of the existing works, the boilers 
and machinery of which were shown by the superinten- 
dent, Mr. R. N. Thomas. At the conclusion of the 
inspection Mr. Charles W. Pettit, Member of Council, 
expressed the visitors’ acknowledgments of the facilities 
which had been kindly granted, enabling so interesting 
an afternoon to be spent. From the particulars which 
were supplied for the information of the members, it 
ap that the Chingford Reservoir will contain about 

million gallons, with a water area of 416 acres, and 
a length of em ment, formed of excavated material, of 
about 44 miles. The water will be pumped into the 
reservoir from the River Lea and River Lea Navigation 
at the north end em five lines of 48-in. pipes passing 
up the outer slope, and discharging into a chamber at the 
top of the embankment, whence it will pass over a on | 
granite wall sill down an incline slope into a step} 
channel, which will conduct it into the bottom of the re- 
servoir (when commencing to fill), whence it will be dis- 
o—- on toa concrete apron. The outlet will be at the 
south-east corner, th h two shafts controlled by valves. 
From the outer shaft the water will pass through a line 
of 36-in. pipes to a chamber controlled by an automatic 


| valve on the south side of Marsh-lane, whence an outlet 


channel will conduct it for a distance of about two miles 
to an existing basin. ence it can be pe to the 
other reservoirs of the Board’s Eastern District, and on to 
the filter beds at Lea Bridge. The construction of the 
reservoir necessitates several considerable subservient 
works :—Diversion of the Lea for 3 miles, through a 
channel 55 ft. wide, with side walls of concrete, faced 
with Kentish rag; intake channels from the Lea to the 
pumping-station at the northern end of the reservoir; 4 
channel, 3} miles long, to divert contaminated water from 
the hill-side, and di it, below Flander’s Weir, into 
the old river channel. intake channel from the Lea 
and Lea diversion will be crossed by four_reinforced con- 
crete bridges. The contractors are Messrs. Charles 
Wall, Limited. 
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THE “NEW YORK TIMES” BUILDING. 


Av the ordinary meeting of the Institution of Civil 
Engineers, held on Tuesday, the 20th inst., Mr. J. C. 
Inglis, President, in the chair, the ae read was ‘The 
New York Times Building,” by C. T. 

The following is an abstract of the r :— 

Early in 1902, the —— oO ew J 
determined to move from the newspaper district near the 
City Hall to quarters in the newer part of the city. The 
site selected for the new building is bounded on the north 
and south by Forty-third and Forty-second-streets, an 
on the east and west by Broadway and Seventh-avenue. 
The Underground Railway, in curving from Forty-second- 
street into B: way, crosses the north end of the 
erty, passing through the basement of the building. 

he paper describes the building, and discusses the 
anid features of its steel construction, due to the 
existence and operation of the Underground Railway. 

The length of the block is 137 ft. 9 in. from north to 
south, the width at the south end is 58 ft. 4 in., while at 
the north end it is only 20 ft. On three sides, however, 
the basement storeys extend under the sidewalk. The 
height of the building from the sidewalk to the twenty- 
third storey is $29 ft., and above this is an observatory 
and lantern, the roof of which is 30 ft. higher ; the base- 
ment storeys extend 48 ft. below the level of the side- 
walk. 

The framework of the building is constructed of steel, 
and the walls are of brick, with limestone and p - 
brick facings and terra-cotta trimmings. All the struc- 
tural steel is covered and protected with terra-cotta 
material laid in cement-mortar. Four high-speed elevators 
serve the building, and all heating is by means of steam. 

The subway through which the underground railway 
runs is owned by the city, and in dealing with the subway 
problem two things were required :—First, the two struc- 
tures of the subway and the Times building were to be 
entirely independent of one another ; and, secondly, the 
building had to be protected from the vibratory effects of 
passing trains. In a number of cases the building columns 
came between the railway tracks, and the columns sup- 
porting the subway came through the lowest basement 
storey, which extends partly underneath the subway ; but 
in practically all cases an air space was left round each 
column, and there was thus no connection between the 
two. 

The building is supported on columns which rest on a 
rock foundation. The waterproofing of the basement 
extends continuously over the entire area and up the re- 
taining walls to the street-level. Mains are laid from the 
outside to a sump inside the building, so that no hydro- 
static pressure can come on to the retaining walls. ; 

The paper describes the methods used in calculating 
the éntenl live loads for each storey, and for determining 
the section of the columns. Typical column load-sheets 
are given explaining how this is done. Owing to the 
extreme narrowness of the building the stresses from 
wind-load were considerable. To resist these the floor- 
girders were increased in depth, and extra heav girders 
were used in the spandrel construction round the building. 
In addition three special ag were used, extending the 
entire width of the building, being formed by bracing 


between the columns. The total dead-weight of the | 1s 


building is 33,611,000 Ib. (15,000 tons). In no case was a 
column stressed to more than 13,000 lb. per square inch 
without wind-load, nor to more than 19,5001b. per square 
inch with it. ' : 

The paper then deals with the problem of vibration 
arising out of the Underground Railway. In addition to 
making the structure of the subway independent of the 
building, it was arra to found the supporting columns 
of the former on cushions of sand, and thusstill further to 
insulate the building. The results at first were quite 
satisfactory, and no vibration was felt from passing trains ; 
but later distinct vibration was detected, and at last this 
became very pronounced. Seismograph observations were 
taken, and a thorough examination of the two structures 
was made, the results being stated in the paper. 

The trouble disap when the railway company 
relaid the tracks ee the building, all perceptible 
vibration then ceasing. e author considers, neverthe- 
less, that the insulation of the two structures and the pro- 
vision of the sand-cushions for the subway columns have 
a material effect in producing this result. Under many 
conditions such insulation of structural members would be 
the most effective and economical method of preventing 
vibration. It is stated that it was certainly efficient in 
the Times building, which has four railway tracks through 
it, and often three or four trains in the building at the 
same time, some stopping, and others passing through at 
high speeds, 








SUBMARINE SIGNALLING.—The Great Eastern Railway 
Company are having all their steamers on the Harwich- 
Hook of Holland and Harwich-Antwerp services fitted 
with submarine signalling. 





Tue Ratway Yrar-Boox.—The Railway Year-Book 
for 1909 enters on its twelfth year of publication. It is 
compiled and edited by Mr. ea A. iden, editor of the 
Railway Magazine, and is published by the Railway Pub- 
lishing Company, Limited, 30, Fetter-lane, Fleet-street, 
E.C., at 2s. 6d. net. It gives the list of directors an 
chief officers of all the railways in Great Britain and 
Treland, together with maps of the systems, historical 
sketches, data on distances, runs, rou running powers, 
gradients, tunnels, &c., and statisti information on 
capital, receipts, expenditure, and so forth. General 
information is also given on Indian, colonial, and o 


railways. The book-is carefull up, and will 
useful and interesting, a ines aii 
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‘*GUEST’S LAW OF COMBINED STRESS.” 
To THe Epitor oF ENGINEERING. 
Str,—Professor Hancock alludes to his expe 
this subject, and a criticism of his me’ maybe of 
some value. This criticism applies also to the work of 
i been levelled 
before, because the difficulty it discusses had not been 
reduced to until quite recently. y 
The figure below shows the effect of an eccentric load 
upon a specimen. Now Mr. Guest, Professor 


» an 
d| others have given no method of showing whether the 


stress deduced by dividing the load (accorded by the 
testing-machine) by Sas cross-section of 8 


the maximum stress on specimen. 
method might show a stress of, 


say, 15 tons per square inch, but a portion of the specimen 
is stressed up to 22.5 tons per square inch. 
The ordinary extensometer fails, in that it does not 


record the maximum stretch on the bar, but the mean 
stretch ; this is clearly unfair to steel-makers. I have seen 
—_ using the sphingometer,+ which mone A ot, with i 
ordinary testing- it is quite possible to get the 
above eB ong The steel-makers should surely see to it 
that their material is tested fairly. This the forms of 
extensometer in common use fail to do, not because the 
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principle of the measuring apparatus is wrong, but because 
it assumes ideal conditions of loading; and we seldom 
obtain such conditions. I am inclined to think them 
purely accidental if they ever are obtained. The writer's 
thesis is that, whether we obtain them or whether we fail, 
we must make some measurement which will show us how 
much or how little we do fail to obtain the ideal conditions 
assumed. ; ; 
Mr. Guest made (experimental) mistakes in his classical 
experiments. Professor Hancock and Mr. Turner have 
repeated them. One of the mistakes made is the principle 
of the form of strain-measuring opptenes. In my original 
article I mentioned Professor Hancock’s work and that 
of Mr. Scoble. While every praise must be given to 
Guest, the pioneer (some of 4 critics seemed to think 
that too much praise was given, but that was not the case), 
and the two mentioned above, yet the fault of Professor 
Hancock’s experiments is that they repeat the errors of 
Mr. Guest. at the experiments are not fully consistent 
i ibly due to the error of strain-measuring. 
would respectfully draw the attention of steel-makers 
to this fact—viz., that the maximum strain of the material 
at the yield-point is never measured with an extensometer 
unless the readings are in three planes. That is the pur- 
pose of the sphingometer. 
4 Tam, yours faithfully, 
C. A, Smrru. 
East London College, University of London. 








‘* TRIALS OF A STEAM-TURBINE PLANT.” 
To THE EprTor oF ENGINEERING. 

Srr,—I shall be glad if you will allow me to point out 
that the words in brackets (see ENGINEERING, February 26) 
should not have been inserted in the second Pee h 
of my letter, which appeared in your issue of the 16th 
inst. The report referred to was the one prepared by the 
Committee of the Institution of Civil Engineers. 

Faithfully yours, 
Grorce B. Sroriz. 

Station Buildiags, Maclure-road, Rochdale, 

April 21, 1909. 





Wuarr Construction 1n CoLtompia. — The Diario 


Oficial a wr of Febru 26 contains a notice, issued 
by the Ministry of Public Works, granting to the Santa 
rta Railway Company an extension of two years for 


the completion of the second wharf in the Bay of Santa 
Marta. 





INCORPORATED MUNICIPAL ELECTRICAL ASSOCIATION. — 
The fourteenth annual convention of thisassociation takes 
place at Manchester, from June 22 to 25 next. The 
eng oY will open on June 21, by a reception at the 

own Hall at 7.30 p.m. Some of the subjects to be dis- 
cussed during the convention will deal wii 
metallic filament lam 
tramways. The h 


cheap units ; 
; steam-turbines ; cable — ; 
-quarters are to be the idland 
chester, where rooms should be booked at 
once. Pending the issue of the official me, all 
communications should be addressed to Mr. C. McArthur 
Butler, Staple Inn Buildings, Holborn, W.C. 





* See Encivgerine, July 10, 1908: ‘‘Guest’s Law of 
Combined Stress,” by Professor C. A. Smith. | 

+ gs of the Institution of Mechanical Engi- 
neers, July, 1908, 


iments on | W, 








THE ROYAL METEOROLOGICAL SOCIETY. 


THE monthly meeting of this society was held on 
Jed uy evening, the 2ist inst., at the Institution of 
Civil Engineers, Mr. H. Mellish, President, in the chair. 
Mr. Baldwin Latham, M. Inst. C.E., read a paper on 
** Percolation, Evaporation, and Condensation,” in which 
he gave the results of the observations which he had carried 
out at Croydon on these subjects during the last 30 years. 
Two percolation gauges were used, both of which were 
exactly a superficial in area, and contained a cubic 
yard of natural soil, one of chalk and the other of 
gravel. The average annual amount of percolation 
through the chalk gauge was 10.84 in., and throu 
the gravel gauge 10.34 in. The average yearly rain- 
fall was 25.46 in. It ap; that the rate of _per- 
colation is governed by the rate of rainfall, for when 
once the gauges have become sensitive by being 
thoroughly wetted, the rate at which rain tes de- 
nds entirely on the quantity of rain immediately falling. 
evaporator used for determining the evaporation 
was a floating copper vessel 1 ft. in diameter, apes 
by a life-buoy ring, connected by four arms. with the 
evaporating vessel, the whole being floated in a tank 4 ft. 
in internal diameter, containing about 3 ft. depth of water. 
The ave annual amount of evaporation by this gauge 
was 18,14 in., and the average amount of condensation 
ye The Meteorological Cond: he 
paper on “ ete jcal Conditions in t 
Philinpone Islands, 1908,” by the Rev. José Algué, 8.J., 
Director of the Philippine Weather Bureau, was read by 
the Secretary. The year 1908 was one of extraordinary 
meteorological conditions. Heavy floods ocourred, and 
frequent violent cyclonic storms passed over or affected 
the Archipelago. The author stated that out of the 
fourteen veperee of extraordinary intensity which have 
occurred during the past twenty-nine years, five occurred 
in the year 1908, the most violent being those of 
September 23, October 13, and mber 5. It seems 
that the part of the Archipelago that is visited the 
most frequently by-these extraordi t ms is the 
northern part of Luzon, from the parallel 15 deg: 30 min. 
= = Islands, and from parallel 11 deg. to 
leg. N. 





Tue JuNIoR INSTITUTION OF ENGINEERS: PosTPONE- 
MENT OF VISIT To 8.8. “‘OTAKI.”—Owing to unforeseen 
circumstances the s.s. Otaki, of the New Zealand Ship- 
ping Company, will not arrive in port till Sunday next, 

@ visit of the Institution has therefore to be postponed 
to Wednesday evening, April 28. Train, with accommo. 
dation reserved, leaves Fenchurch-street (G.E.R.) at 
4.39 p.m. Book to Customs House Station. There is 
also a train leaving Fenchurch-street at 4.55 p.m. 





KeEtty’s Drrecrory or Enerngers, &c.—The eleventh 
edition of Kelly’s Directory of the Engineers, Iron and 
Metal Trades, and Colliery Proprietors throughout - 
land, Scotland, and Wales is now published by Kelly's 
Directories, Limited, High Holborn, W.C., at the price 
of 30s. The book contains 1864 divided accordin, 
to places and trades. It gives the name and address o 
every person or firm in any way connected with metal- 
lurgy, engineering, or trade. e towns and places dealt 
with number 7500, each of which has been specially visited 
and reported upon by Messrs, Kelly’s agents. he book 
will greatly facilitate business with this country. 





THE ATLAS OSCILLATING AXLE FoR Moror-Cars.— 
The Atlas Resilient Road-Wheels, Limited, of 37, Cross- 
street, Manchester, have y= out a type of front axle 
for motor-vehicles which is claimed to reduce the road 
shocks by one-half. The wheels are mounted on ordinary 
stub-axles, the ends of which are pivoted in C-sha 
pieces. The lower end of each C is pinned to one end of 
a lever running — to the ordinary front axle, and 
jointed to it in the centre. The upper end of each C is 
pinned to a plunger working into a vertical air dashpot ; 
the road-springs are as us It is obvious that if either 
wheel strikes an obstacle, it can rise by twice the amount 
the front axle has to lift, and this should considerably 
reduce the shocks on the frame. 





Tue New Darmirr Enoine.—An official endurance 
test of the new Daimler engines, which are, it will be 
remembered, fitted with slide-valves, has just been com- 
pleted under the control of the Technical Committee of 
the Royal Automobile Club. One of the ines tested, 
having cylinders 124 millimetres in dieaneter ts 130 milli- 
metres stroke, and designed to run at 1200 revolutions per 
minute, was rated at 50.8 horse-power, and the other, 
with cylinders 96 millimetres in diameter by 130 milli- 
metres stroke, was rated to develop 35.3 horse-power at 
1400 revolutions per minute. Each engine le in the 
first place a continuous run on the bench for a period of 
132 hours. After this, without disturbance of any of its 
vital parts, it was installed on a Standard touring-car, 
and run for a distance of 2000 miles on the Brooklands 
track at an average speed of not less than 33 miles per 
hour. Following this, the engine was again placed on the 
— aoe oan arene , yon conditions r before for a 
period of five hours. t nes passed this stringent 
— most ooemaey. The bench runs were age 
each case without any stop incurring a penalty. 
average power developed by the larger ee was 
54.3 horse-power, the consumption being 0.679 pint per 
brake-horse-power hour. The ler engine developed 
38.96 horse-power, with a petrol consumption of 0.769 
pint per horse-power. On examination after the trial no 
perceptible wear was found on the fitted surfaces of either 
engine, and there were no signs of burning or wear at the 
ports, 
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THE ‘“‘SIMPLEX” DETACHABLE, RATCHET- 
BRACE. 
Tue tool illustrated below is a form of ratchet-brace 


in which the handle can be readily removed and used ‘CONSTRUCTED BY MESSRS. 


as a ratchet-spanner if desired. Moreover, the pro- 
vision for removing the handle makes the brace much 
more portable than the usual form, as the two parts 
can be ked alongside each other in a workman’s 
basket. 
The internal ring in the eye of the handle is hexagonal 
inside, and made to take a standard nut of a size 
corresponding to the ratchet-brace. It is provided 
with teeth on its outer circumference, into which a 
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pawl engages, the pawl being seated on a small helical 
spring housed in the handle. By turning the handle 
over, of course, it drives in the other direction, a pro- 
vision useful for unscrewing nuts when the handle is 
oe the functions of a spanner. A milled nut 
1olds the handle on the drill-stock when working, and 
then, to all intents and purposes, the tool is an ordinary 
ratchet-brace. The handle is of steel tubing, for light- 
ness, and the whole tool is thoroughly well made. 

It is manufactured in this country and marketed by 
Messrs. Nelson Brothers, of 9 and 11, Moor-lane, E.C., 
who also supply double-ended spanners on the same 
ee and heavy ratchet-spanners for fish-plate 
volts. 





THE INTERNATIONAL ConGREss OF APPLIED CHEMIS- 
tTRY.—The Seventh International Con of Applied 
Chemistry will meet in London from Thursday, May 27, 
to Wednesday, June 2, under the Presidency of Sir 
William Ramsay, F.R.S. The inaugural meeting will 
be opened by the Prince of Wales on Thursday, May 2, 
at 3 p.m., in the Albert Hall. "he previous evening the 
Lord Mayor will receive members at the Guildhall, and 
the Foreign Office will welcome them on the Thursday 
evening. Other receptions will be held at the University 
of London by the London Section of the Society of 
Chemical Industry and at the Natural History Museum, 
and the banquet is to take place at the Crystal Palace on 


the Friday. After the concluding meeting on the last 
day, a visit is to be paid to Windsor Castle, ission 
of the King. Sectional meeti will be held on the 


Friday, Saturday, Monday, Tu y, and Wednesday of 
the week. Particulars of visits to works have not yet 
been published. The headquarters of the Congress will 
be at the Royal College of Science, South Kensington. 
For the present the address is 10, Cromwell-crescent, 
S.W. Mr. William Macnab, F.I.C., is the honorary 
general secretary. 


The illustrations almost explain themselves. | 
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DERHAM’S TAP AND DRILL COOLER. 
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THIS apparatus, illustrated by the engravings above, 
consists of an attachment to a pneumatic drill for the 
purpose of cooling the tool by means of a thin stream 
of water directed on to the point of the drill or tap 
by means of an adjustable holder, shown in the illus- 
tration. The fine brass tube through which the stream 
issues is connected to a tube of small diameter passing 
through a short length of 4-in. hose and thence into 
an air-tight can filled with soapsuds or water. By 
means of a connection to the pneumatic drilling-ma- 
chine, the annular space between the inner and outer 
tube is utilised to convey the air-pressure (either 
from the exhaust or handle of the machine) to the 
contents of the can, forcing a steady stream of water 
through the inner tube to the point of the drill. 

It will be evident that, where one man operates a 
pneumatic drilling-machine, he cannot lubricate the 
drill, and devote the same attention to the work as 
when this apparatus is employed ; the result, there- 
fore, should be an appreciable gain in the amount of 
work done. The makers are Messrs. Horace P. 
Marshall and Co., Leeds. 








PowDERED FERRO-TuNGSTEN.—The powdered ferro- 
tungsten which the Chemische Fabrik Fiirth, of Fiirth— 
practically a suburb of Nuremberg—in Bavaria, are intro- 
ducing seems to contain tungsten in a very convenient 
form for the manufacture of rapid tool-steels. Tungsten 
itself has a very high melting-point, and is very heavy ; 
ferro-tungsten alloys melt more readily, and are also less 
easily oxidised than tungsten ; but they were so far only 
available in lumps. The new powdered alloy is a really 
homogeneous alloy, not a mixture of minute particles of 
iron and tungsten ; neither the microscope nor the magnet 
can disclose any want of homogeneity, we are informed, 
and acids do not readily extract the iron. The alloy is 
prepared directly from the tungsten ore ; the iron is not 
mixed with the tungsten or ore for the preparation. The 
ore must be free of arsenic, copper, tin, and phosphorus, 
and the analyses show the absence of these substances. 
The analysis yields : tungsten, 85 per cent. ; carbon, 0.30 ; 
silicon, 0.45; manganese, 0.45; aluminium, calcium, 
and magnesium together, 0.25 ; and sulphur, 0.01 per 
cent. Owing to the powdered condition the readiyess of 
the ferro-tungsten to alloy with steel is much increased. 
The metal pours out in a very fluid jet, and there is no 
danger of a separation of the metals owing to their 
different gravities. It is also claimed that the pipi 
of the steel is suppressed and the malleability muc 
improved, and the use of the alloy by several notable 
firms supports these claims. Messrs. Vivian, Younger, 
and Bond, of Baltic House, Leadenhall-street, London, 
E.C., are the sole agents of the Chemische Fabrik Fiirth 
for the United Kingdom. 
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INSTITUTE OF MARINE ENGINEERS.—Intending candi- 
dates who wish to take part in the examination for ob- 
taining the Lloyd’s Register Scholarship of 50/. per 
annum, tenable for two years, should send in their appli- 
cation not later than May 1, in order that arrangements 
may be made for the examination which will be held dur- 
ing the early part of June. The examination will take 
place simultaneously in various centres selected to suit 
the convenience of candidates. The Scholarship is open 
for competition by examination to candidates who are 
British subjects and graduates or associates of the Insti- 
tute of Marine Engineers, the age limit being not under 
18 or over 24 years. Preference will be given, in the 
event of equal marks, to the candidate who has been con- 
nected with the institute for the longer period. Each 
candidate must produce satisfactory evidence that 50. 
per annum for two years will enable him to pursue his 
studies at college day-classes, and that he would be unable 
todo so without the aid of such ascholarship. Further 
data may be obtained from the Institute of Marine Engi- 
neers, 58, Romford-road, Stratford, E. 





Winnipee INDUSTRIAL ExHIBITION.—A competition for 
agricultural motors is announced to take place from July 7 
to 17 next at the Winnipeg Industrial Exhibition. Among 
the conditions to be met the following may be mentioned : 
—The brake-test is to extend over a period of two hours, 
and careful measurements of the fuel and other supplies 
consumed will be made. The steadiness of running, the 
horse-power developed, the condition of the working 
parts, and any other points the judges deem essential to 
enable them to rate the engines will be considered. This 
is to be followed by the hauling of a number of loaded 
wagons for a period of two hours or longer if the j udges 
deem it necessary. A recording dynamometer will be 
placed between the engine and the first wagon. The con- 
sumption of fuel and other supplies per ton-mile hauled, 
the slip of the engine, and any other data deemed neces- 
sary will be taken. The ploughing test is to extend over 
a period of two hours, or longer if deemed necessary. 
The contestants may use any make of plough, and plough 
any width and depth they wish, but not less than 4 in. 
A recording dynamometer is to be placed between the 
engine and the plough. Note will be made of the acres 
ploughed, the depth and quality of ploughing done, such 
as the finishing at the ends, &c. ; the fuel and other sup- 
plies used will also be recorded. The selling price con- 
sidered will be the retail price f.o.b. Winnipeg, and the 
manufacturers are to be prepared to accept orders for an} 
reasonable number of engines similar in every penpoot te 
the one in the test at the price given. Fuels will be sup- 
lied to the competitors at the rates given below, by the 
Exhibition Association :— 





Gasoline 20 cents per gal. of 277 cub. in. 
Coal oil 8 » ” 
Softcoal .. 8.50 dols. per ton of 2000 Ib. 
Wood, soft .. 4.50 dols. per cord 
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THE BRAZILIAN BATTLESHIP 
“SAO PAULO.” 
Messrs. Vickers Sons AND Maxim, LiMiTED, 
launched on Monday last, from their Naval Construc- | 
tion Works at Barrow-in-Furness, the first-class battle- | 
ship Sao Paulo, built for the Brazilian Navy, and a sister- | 


8s 


ship to the Minas Geraes, launched on September 10 
last from the Elswick Works of Sir W. G. Armstrong, 
Whitworth, and Co., Limited, and described on that 
oceasion.* These vessels, with ten torpedo-boat de- 
stroyers being built by Messrs Yarrow and Co., 
Limited, Scotstoun, Glasgow,t are being constructed 
under the direction of a special naval commission, of 
which his Excellency Admiral Duarte Huet de 
Bacellar is the President, Captain A. Rosauro de 
Almeida, chief naval architect, andCaptain Bartholemeo 
Francisco de Souza e Silva, chief engineer. To these 
experienced officers as well as to the technical members 
of the builders’ staff is due the credit ef the important 
developments embodied in the design of these powerful 
ships. 

The Sao Paulo is 500 ft. long between perpendiculars, 
83 ft. beam, with a displacement of about 19,500 tons 
on a draught of 25 ft. The speed of the vessel is to 
be2l knots, with the engines developing 23,500 indi- 








cated horse-power. The coal-bunker capacity is about 


| arrangement of guns allows eight 12-in. guns to fire 


right aft, and the same number forward, or ten guns 
to fire on either broadside. The secondary armament 
consists of twenty-two 4.7-in. quick-firing guns, four- 
teen of which are mounted behind the protected walls 
of the citadel on the main deck, seven on each side of 
the vessel, while the remaining eight are situated in 
well-protected positions ; four babag placed inside the 
superstructure, at the level of the upper deck, and 
four at the level of the bridge-deck.. There are also 
eight 3-pounder guns, which are placed on bridge and 
gun-house tops, for which pect mountings are also 
provided in the steam and other boats, together with 
gear suitable for discharging torpedoes. 

The guns are served from well-ventilated shell- 
rooms and magazines immediately under them, special 
cooling plant being introduced for keeping the maga- 
zines and the machinery spaces at an even tempera- 
ture, while the ship throughout is ventilated on a 
system which allows of either heated or cooled fresh 
air being delivered to any compartment, and the foul 
air being withdrawn. 

Gun-fire is controlled from a platform situated at 
the top of the lower steel tri mast, which is placed 
between the two funnels, and from which are supported 
steel derricks, by which the heavy steam and sailing- 
boats are dealt with. 





Fie. 1. 


2000 tons, in addition to the oil fuel she carries. On 
this page there is given a view of the forward launch- 
ing-cradle, on page 560 views of the bow and stern, 
and on the two-page Plate XX XV. illustrations of the 
twin-screw engines. 
The protection of the vessel marks a considerable 
advance on earlier practice. The main armour con- 
sists of a water-line belt 9 in. in thickness, extendin 
trom well below the water-line to the upper deck an 
tapering to 4 in. forward and 4 in. aft. The side armour 
forms, with the screen bulkheads at the forward and 
the after ends, a central citadel, the upper deck over 
which is thickened to form a protective deck. A com- 
plete protective deck is also worked all fore and aft in 
the vicinity of the water-line, and a heavy longitudinal 
bulkhead is constructed on each side of the vessel, 
enclosing the space occupied by the propelling machi- 
nery, boilers, magazines, an bn ote, cag Heavy 
plating 1s arranged on the main deck outside of the 
citadel at the forward and the after ends, as well as 
on the lower deck over the magazines, which, together 
with the heavy armoured screen bulkheads, between 
~ <8, — ditional protection to the vital parts of 
he vessel, 
© armament consists of twelve 12-in. guns, which 
are mounted in psirs in six barbettes. e two for- 
ward barbettes and the two after barbettes are on the 
centre line ; of these four barbettes, the two nearest to 
the bow and stern respectively are on the level of the 
Ln r deck, the two others being on the higher, or 
voat-deck, level. These latter are raised so that their 


guns may fire clear over those at the lower level. The 
midship barbettes are arranged at the level of the upper 
eck, one on each side of the vessel, the superstructure 
oving recessed to allow of a passageway in the rear of 


ne 


gun-houses at any degree of training. This 





« RS ’ : a. 
See ENGINEERING, vol. Ixxxvi., page 352. 





+ See ENGINEERING, page 349 ante. 


Tue Brazmiun Barrizsure ‘*‘SAo Pavuto;” THe Bow Launcuinc-CRaDLe. 


The boat-deck, which extends for nearly the com- 
plete length of the superstructure, is almost given up 
to the stowage of the boats in their battle position 
and to the stowage of hammocks for the crew. On 
this deck are placed the electric boat-hoists and the 
electric coal-hoists. 

At the fore end of the boat-deck, and rising above 
it, are the navigating-bridge, conning-tower bridge, 
and range-finder platform, while at the aft end are the 
observer-tower, bridge, and range-finder platforms. 

On the bridge-deck the cooking kitchens for the 
officers and the crew, wash-places for the crew, &c., 
are arranged. On the upper deck, inside the super- 
structure, sanitary arrangements are provided for the 
petty officers and the crew, while outside the super- 
structure on the exposed upper deck there are fitted all 
the latest arrangements for dealing with anchors and 
cables, &c., and for the mooring of the vessel. 

The s aft on the main deck is occupied Sd the 
Admiral’s quarters and accommodation for the officers, 
a stern walk being provided, which is reached from 
the Admiral’s quarters. 

The centre part of the main deck, which is totally 
encased in heavy armour, forms the citadel, inside of 
which are the fourteen 4.7-in. guns already referred to, 
and in which is provided sleeping and messing accom- 
modation for the crew. Forward of the citadel, on the 
same range of deck, are the cabins of the warrant 
officers, the sick bay for the crew, and the crew space. 

On the middle deck, aft of the armour screen, are 
the cabins of the ship’s officers and engineers, with 
their mess spaces. 

On the lower deck are provided the necessary store- 
rooms, provision-rooms, and auxiliary - machinery 
rooms, while on the platform-deck are placed the 
magazines, capstan engine-room, cold store, steering- 
ear compartment, fresh-water stowage tanks, &c. 
The shell-rooms and handing-room are in the hold. 
The vessel is provided with torpedo-net defence, 





extending for about 350 ft. amidships. She is fitted 
throughout with a complete system of electric lighting, 
while electricity is largely used as a motive power for 
auxiliary machinery. She carries six large search- 
light projectors, and a flash-lamp at the mast-head 
for signalling pu ' 

The vane is ie fitted with effective disinfecting 
and refrigerating plants. She has a complete instalia- 
tion of voice-pipes, telephones, and has a wireless 
ay apparatus. 

er complement consists of about 900 officers and 
men. 

The propelling machinery, illustrated on Plate XX XV. 
accompanying this issue, consists of two sets of four- 
cylinder tri - Reemdeore sn engines, balanced on the 
Yarrow, Schlick, and Tweedy system, each set having 
one high, one intermediate, and two low-pressure 
repens The diameters of the cylinders are 39 in. in 
the case of the high pressure, 63 in. of the intermediate, 
and 73 in. of each low-pressure cylinder, all having a 
stroke of 3 ft. 6in. It is anticipated that the specitied 
indicated horse-power of 23,500 will be developed with 
the engines running about 140 revolutions per minute, 
the boiler Sataeibe Wilbie 250 Ib. per square inch. 

The distribution of steam is controlled by a single 
piston-valve in the case of each high-pressure cylinder, 
double piston-valves being provided for each inter- 
mediate cylinder, and flat triple-ported slide-valves for 
each low-pressure cylinder, the whole of the valves 
being actuated by Be secre of the double-bar Stephen- 
son type, and the low-pressure valve-gear being 
fitted in addition with Joy’s patent assistant cylinders. 
Double-cylinder steam-engines working ‘‘all round” 
gear are fitted for reversing purposes, and similar 
engines are provided for turning the main engines. 

All the cylinders are separate and independent 
castings, each being fitted with a separate liner and 
steam-jacketed. The cylinders are supported at the 
front by wrought-steel pillars, and at the back by cast- 
iron columns carrying the guide-faces. The bed-plates 
are of cast steel, the bushes being of gun-metal lined 
with white metal, and secured by wrought-steel keeps. 
The crank and tunnel shafting is of forged steel and 
hollow. The propellers are three-bladed, the boss and 
blades being of manganese-bronze. 

The engines are arranged to run inwards when going 
ahead, the starting-platforms being towards the centre 
of the ship, and one condenser being placed on the 
wing side of each engine-room. The total cooling sur- 
face of both main condensers is 24,000 square feet. 
The air-pumps are of the independent twin type and 
are placed one in each engine-room. 

The boilers, eighteen in number, are of the Babcock 
and Wilcox latest type, and are arranged in three 
boiler-rooms, the total heating surface Solan 58,370 
square feet, and the grate 1686 square feet. The supply 
of air to the stokeholds is provided by ten steam- 
driven fans, and Weir’s pumps supply the boilers with 
feed water. Ash-ejectors and the usual ash-hoists are 
fitted in each boiler-room, and there are air-compressors 
for sweeping the boiler-tubes and mixing the furnace 


A complete installation of evaporating and distilling 
plant is provided in each engine-room, also an auxiliary 
condenser ; while in a separate compartment on the 
deck above, two cylindrical return-tube boilers pro- 
vide steam for the auxiliary machinery throughout the 
vessel for harbour purposes. 

The launch was most successful. The weight, in- 
cluding the cradle, was 10,400 tons—never before 
reached with such vessels. The view of the forward 
cradle (Fig. 1) suggests the care exercised in this 
respect. In addition to the dog-shores, painted white 
in Fig. 1, hydraulic rams were utilised to hold the 
lenmabing- cede after all shores and keel-blocks were 
knocked away. The system was exactly similar to 
that adopted in connection with the launching of 
H.M.S. Vanguard (see page 290 ante). The ram 
abutted against the lower end of a pivoted forged- 
steel lever, the upper end of which passed through the 
permanent way and entered, and had a bearing against, 
a steel-lined cavity on the under side of the sliding- 
way. The exhausting of the pressure water from the 
cylinder caused the ram to recede and allow the 
pivoted lever to fall from the vertical to the horizontal 
plane. Thus the sliding-ways were free to carry the 
ship to the water. The time taken from the first 
perceptible movement until the ship was afloat was 
47 seconds. 

At the complimentary proceedings the Brazilian 
Minister referred to the statements regarding the pos- 
sibility of these Brazilian ships being sold to European 
Powers as follows :— 

‘There are not wanting persons of some repute 
who have ventured to declare that Brazil has no need 
of such mighty battleships for her own protection, 
attributing to the Brazilian people ulterior designs, 
which cannot. be justified either in the past history of 
Brazil or in her pacific developments of to-day. Brazil 
is not, as many people seem to imagine, a vast deserted 
country. On our soil there lives, especially along the 
extensive coast-line, an industrious, orderly, and pro- 
gressive population, claiming for its accumulated 
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labour that protection and guarantee for its security 
that it has enjoyed in the past, and under which it may 
dwell in safety, develop, and progress. We are not 
constructing a large fleet as a luxury, or, as it were, 
‘ the pageants of the sea,’ for the gratitication of osten- 
tatious display or inordinate ambition. We are only 
resuming our way along the path once trodden by us 
in the past, which we are again following in view of 
the necessities of the present.” 








Carr AND Catro Rattway.—Some 2000 tons of rails 
are now being shipped weekly north from Cape Town. 
The line has been stopped for the present at Broken Hill, 
375 miles north of Victoria Falls, pending certain negotia- 
tions with the Belgian Government, which, as will be 
remembered, recently absorbed the Congo Independent 
State; but the works are about to be pushed further 
northward. The line will run due north as far as the 
Congo border, and beyond that point it will strike north- 
west along the copper belt, past various mines belonging 
to Tanganyika a wed Limited, as far as a mine 
known as the Star of the Co It is ho that the 
new section will be completed this year, and that copper 
from the mines at Bwana Macawba, near the frontier, 
will be shipped along the Rhodesian system before 1910. 
When the boundary is reached, there will be about 2200 
connected miles of railway from Cape Town to the Congo. 
The Cape and Cairo Railway is thus no longer a dream. 
Even now it is possible to travel from Alexandria to Cape 
Town by railway or steamer, except for a distance of 
about 600 miles. 


Scrus Pine as A MATERIAL ror Paper.—According 
to an announcement made by the United States Forest 
Service, the manufacture of paper from scrub pine has 
been made a commercial possibility. According to this 
announcement a stocked stand from a fully matured 
forest of scrub pine will yield from 30 to 40 cords per acre, 
one cord representing 120 cubic feet if popeny harvested. 
Except asa fuel, there is at present no general use for the 
timber, although it is sometimes used for fencing. Large 
areas of the States of Maryland and Virginia are covered 
with this wood, the former containing about 500,000 acres, 
or 20 per cent. of its wooded area, while the latter has 
about 130,000 acres, or 10 per cent. The timber is also 
found over a large area of the Eastern States, and is 
common in Central Indiana, where the largest trees are 
found, Although scrub pine has been used for the 
manufacture of soda pulp and ground wood, the sulphate 
process has never been used, although the wood yields 
readily to this latter process. When treated by this 
process the wood requires from 8 to 11 hours, the maxi- 
mum steam pressure that has been used being 60 Ib. 
Experiments carried out in the Laboratory of the Forest 
Service in Washington, D.C., have shown that the un- 
bleached pulp has a grey or brownish colour, resem- 
bling that obtained from spruce. It can, however, be 
brought to a good white colour by using slightly more 
bleach than is usually economical. y care, however, 
the amount of bleach has been brought down to 360 lb. 
per ton of pulp, or 35 per cent., and it is believed that 
still lower percentages may be reached. The resulting 
product — to be a strong, long-fibred, hard-wearing 
pulp suitable for bag, news, and wrapping papers. 


Tue Resistance oF Bricks AND TrrrA-Corra 
Biocks To Compresston.— Architects and engineers will 
be interested in a poinien of the engineering experi- 
ment station of the University of Illinois on the pro- 
serie of brick and of terra-cotta block in compression as 

etermined from experimental work carried on in the 
materials testing laboratory. The publication is Bul- 
letin No. 27, ‘‘ Tests of Brick Columns and Terra-Cotta 
Block Columns,” by Messrs. Arthur N. Talbot and Duff 
A. Abrams. It gives the results of tests of a number of 
nee or short columns built under a variety of conditions. 

ard and soft bricks and blocks were used; and lime 
mortar, natural cement mortar, and lean and rich Port- 
land cement mortar were tried. The effect of indifferent 
workmanship was determined. Both central and eccen- 
tric loadings were . In the central loading columns 
of high-grade building brick laid with rich Portland 
cement mortar carried from 3220 lb. to 4110 1b. per square 
inch, and the results ranged down to 1360 lb. per square 
inch for columns laid in lime mortar, and 1030 Ib. per 

uare inch for columns of soft brick laid in rich mortar. 

ne terra-cotta block columns carried from 2700 lb. to 
3790 Ib. per square inch. The columns were found to fail at 
much lower loads after repeated loading than when a single 
application of the load was used. The tests under eccen- 
tric load show that the columns resist eccentric loading 
well, following closely the laws of mechanics of materials. 
The fact is brought out clearly that the stronger the in- 
dividual brick or block the stronger the masonry, and 
that the strength of the mortar used affects | ly the 
resisting strength of the structure. It is also evident that 
the better the individual piece the more important it is 
to have a mortar of high-resisting strength. Clay- 
workers and builders will be interested in seeing how 
much gain in strength of structure is obtained with the 
higher grade of brick, and also in the great advantage 
found in the use of a rich, strong mortar. The effect of 
the attempt to represent hurried or careless workmanship 
in laying up work was a loss in strength of, say, 15 to 
25 per cent., a smaller decrease in strength than was ex- 
pected. The results of these tests £ to show that 
wherever material and workmanship are ensured a 
higher load may be applied on masonry of this kind than 
is usually permitted. ies of this Bulletin may be 
obtained gratis upon application to the Director, Engi- 
neering Experiment Station, Urbana, Illinois. 





NOTES FROM THE NORTH. 
Gtascow, Wednesday. 
Glasgow Pig-Iron Market.—Last Thursday morning the 
ig-iron market was a shade firmer, and 1500 tons of 
leveland warrants were dealt in at 47s. 8d. cash and 
47s. 10d. and 47s. 11d. one month. At the close there 
were sellers at 47s. 84d. cash, 47s. 114d. one month, and 
48s. ~~. three months. In the afternoon there was very 
little doing, the total turnover consisting of one lot of 
eveland warrants at 47s. 8d. cash. e close was 
steady at 47s. 84d. cash, 47s. 114d. one month, and 
48s. 4}d. three months sellers. On Friday morning 
the market opened strong, but prices eased off again. 
The business amounted to 3500 tons of Cleveland war- 
rants at from 47s. 94d. to 47s. 8d. cash, and at 47s. 10d. 
seven and tendays. Closing sellers quoted 47s. 8d. cash, 
47s. 11d. one month, and 48s. 34d. three months. In the 
afternoon the tone was a shade better, but only one lot 
of Cleveland warrants changed hands at 47s. 94d. fourteen 
days. At the close the quotations were 47s. 9d. cash, 
47s. 114d. one month, and 48s. 44d. three months sellers. 
There were buyers of hematite at 55s. 104d. cash, but 
sellers quoted 56s. 44d. On Monday morning the market 
was dead idle, and no dealing took place. The closing 
tone was good, and sellers quoted Cleveland warrants at 
47s. 104d. cash, 48s. 1d. one month, and 48s. 6d. three 
months. Hematite was easier at 56s. 3d. cash sellers. In the 
afternoon there were again no transactions, and prices were 
a shade easier. Cleveland warrants were quoted by sellers 
at 47s. 94d. cash, 48s. one month, and 48s. 6d. three months. 
On Tuesday morning the market was quietly steady, and 
the turnover consisted of one lot of Cleveland warrants at 
47s, 9d. cash. Closing sellers quoted 47s. 94d. 
one month, and 48s. 6d. three months. One Jot of hema- 
tite changed hands at 56s. 8d. one month, and there were 
closing sellers at 56s. 5d. cash. Standard foundry iron 


was quoted at 47s. buyers, and 47s. 9d. sellers, one | py 


month. At the afternoon session the dealing in Cleve- 
land warrants was again limited to one lot at 47s. 9d. 
cash, with sellers over. The other closing prices were 
48s. one month and 48s. 6d. three months sellers. Hema- 
tite was quoted at 56s. 74d. one month, and standard 
foundry iron was dealt in at 47s. 6d. two months and 
47s. 3d. one month. The closing quotations were 
47s. 14d. buyers and 47s. 44d. sellers one month. When 
the market opened to-day (Wednesday) the tone was easier. 
No dealing in Cleveland warrants was recorded, and 
at the close sellers were quoting 47s. 84d. cash, 47s. 11d. 
one month, and 48s. 4$d. three months. One lot of 
hematite was dealt in at 56s. 7d. one month, and 
there were buyers of standard foundry iron at 47s. 24d. 
one month. In the afternoon the market was weak 
and quiet, and only some 1500 tons of Cleveland 
warrants changed hands at 47s. 6d. cash. The closing 
quotations were down to 47s. 54d. cash, 47s. 74d. one 
month, and 48s. 1d. three months’ sellers. Hematite 
was also easier at 56s. 6d. one month sellers. The 
following are the market quotations for makers’ No. 1 
inom: tile and Calder, 60s.; Gartsherrie, 60s. 6d.; 
Summerlee, 61s.; Langloan, 68s.; and Coltness, 886. 6d. 
(all shipped at Glasgow); Glengarnock (at Ardrossan), 
62s.; Shotts (at Leith), 60s. 6d.; and Carron (at Grange- 
mouth), 62s. 6d. 

Sulphate of Ammonia.—The trade in sulphate of am- 
monia has lately been of a fairly good average, and the 
— has been ruling very steady. During the past week 

usiness has been quite satisfactory, but the price shows 
slightly easier tendency. The quotation to-day is from 
11. 12s. 6d. to 11/. 15s. per ton for prompt delivery, 
Gl w or Leith. The amount ship; from Leith Har- 
bour last week was 465 tons. 


Scotch Stecl Trade.—The eagerly-awaited improvement 
in the Scotch steel trade has not yet made its appearance, 
and makers are experiencing no little difficulty in keeping 
their mills running at anything like full time. Specifica- 
tions for all kinds of material are as scarce as ever, and 
— — that the local producers’ prices are too 
stiff. The latter, however, do not seem disposed to make 
any alteration in the meantime in their official selling 
yg omg The general export business is =. but 
there is a fair inquiry for structural sections for shipment. 

Scotch Pig-Iron Trade.—The prevailing conditions in 
the Scotch pig-iron trade are practically unaltered, and 
makers report a demand for the ordinary brands. 
This demand is from local consumers, as well as from 
those in the south and abroad. Producers continue to 
receive inquiries for forward lots, but they are still un- 
desirous of committing themselves too far ahead. The 
demand for hematite has not been quite so active, but the 
price is quietly steady round 57s. per ton. 








AMERICAN Locomotive Burtpinc.—The American 
Locomotive Company has purchased property at Gary, 


Indiana, for the erection of what is expected to be one of 


the largest and most complete locomotive works in the 
world. The land acquired is 130 acres in extent, and the 
site is just twice as large as that occupied by the largest 
of the American Locomotive Company’s present plants. 
It is estimated that the company will in good times be 
enabled to employ from 12, to 15,000 men at its new 
works. The plant will be erected near the new plant of 
the United States Steel Corporation, and, in addition to 
the advantage of ae oe delivery and cheaper 
material from the steel t, the new locomotive works 
will have the benefit of being in the centre of a territory 
where a number of railroads converge. The new 
plant is designed with the idea of meeting the require- 
ments of the Western railroads running into Chicago, 
as at present the company has no large locomotive plant 
west of Pittsburg. 





NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 

John Brown and Co. and Russia.—An important agree- 
ment has been concluded between John Brown and Co.. 
of Sheffield, and Clydebank, Glasgow, and the ad- 
ministration of the Imperial Russian shipyard, providing 
for technical advice and co-operation by the firm in ques- 
tions connected with warship design and construction. 
With the Russian Navy, as with the majority of foreicn 
governments nowadays, such work as is necessitated |)y 
important Admiralty equipment is as far as possible 
carried out in the yards of the government uiring 
the work, and it may be taken for granted that the con. 
nection between the famous Sheffield firm and the Russian 
Admiralty will be largely advisory, and relate to the 
technical assistance of the firm’s staff of naval architects 
and marine engineers. In this instance it is understood 
that Russian workmen will be employed as far as _pos- 
sible, but of necessity the arrangement will bring work 
both to Sheffield and to Clydebank. 


_ Iron and Steel.—A growing confidence is the outstand- 
ing feature of the iron and steel trades of Sheffield this 
week. ufacturers are contracting to a greater extent 
for raw material, in itself an evidence that they see the 
rospect of better orders in the early future. There has 
m a holding off for a considerable period, and stocks 
have been depleted; but itis reassuring to note that there 
has been during the week a considerable buying of pig 
and hematite irons. Lincolnshire ironmasters, after their 
severe cut, have retraced their steps by resorting to the 
—_ of imposing a premium upon the official figure. 
his ranges from 1s. to 3s., the latter being asked for de- 
liveries after June. East Coast hematite is moving freely, 
but there is little doing in West Coast, which is quoted 
at 67s., less 24 per cent., delivered in Sheffield. In 
finished iron the position remains unchanged. Makers of 
rs are only moderately employed, and complain that 
prices yield but a small margin of profit. The steel trade 
is improving, and the city is bound to benefit largely at 
an early date from the placing of Government and rail- 
way work from ab: Makers of tramway material have 
aad on hand, and some have been working during the 
olidays. Firms specialising in agricultural machinery and 
parts report steady business both from home and abroad. 
South Yorkshire Coal Tradc.—This week has naturally 
been a busy one, following immediately after the hoii- 
days. Stocks had been reduced, and the tone of the 
market, considering the advanced season, was brisk. 
Neither in house nor steam coal is there much weakness 
evident. The demand for the former has been affected to 
a certain extent by the improving weather conditions, 
but merchants are still finding a steady demand. A con- 
tinuation of the warmer weather, however, will see an 
early reduction in prices. Best Silkstone is selling at 
from 13s. to 13s. 6d. per ton at the pits, best Barnsley at 
12s. per ton, and seconds at from 10s. per ton. A steady 
improvement is noted in the steam-coal branch, and when 
the ey = ng, Cage ee gets into full swing some smal] ad- 
vemce may obtainable. Though quotations are still 
nominally 8s, 6d. per ton, some collieries are holding out 
for 8s, 9d., and an opinion is gaining ground that before 
the season is far advanced 9s. per ton will be obtainable. 
Gas fuel is moving freely, and slacks are in a better posi- 
tion than for some time past. The demand for best 
quality slack for coke-making is good, and the coke trade, 
on the whole, is steady. 





THE JAPANESE Navy.—The Japanese Navy now com- 
prises 13 ironclads, 12 armour-plated cruisers, 43 other 
ships of war, 57 torpedo-boat destroyers, 64 torpedo-boats, 
and 9 submarines. Japan is now, further, building two 
ironclads—the Satsuma, which is to be completed in 1910, 
and the Aki, which will be ready for service in 1911. The 
Japanese Admiralty is also engaged upon two armour- 
plated cruisers—the Sbouki, which is to be completed 
this year, and the Kurama, which will be y for 
service in 1911; and one torpedo cruiser, the Tone, to be 
completed this year. Two other ironclads, officially 
known at present as the A and B, are in contemplation, 
as well as two armour-plated cruisers, five small cruisers, 
and two submarines. 


_ TENANTS’ FixtTurREs.—The question whether an adver- 
tising hoarding erected in a field is a ‘‘ fixture,” and there- 
fore not distrainable for rent, came up before the Court 
of Appeal lately in the case of the Provincial Bill-Posting 
Company v. Low Moor Iron Company. The plaintiffs 
claimed damages for illegal distress. The had made an 
agreement in writing with the Low Moor on Company 
to take the exclusive right of posting bills on their land, 
and exhibiting advertisements upon posts bearing hoard- 
ings, which were erected and driven into the ground. For 
this exclusive right they agreed to pay rent, and when 
the sum of 151/. was due, and unpaid, the defendants 
levied a distress and removed the hoardings. The Judge, 
who tried the case without a jury, gave judgment for the 
defendants, holding that the et ing and posts were not 
fixtures, but chattels. inst this the Bill-Posting 
Company—now in liquidation—appealed. The Court of 
Appeal gave judgment for the Bill-Posting Soman’ 
for the damages, and on the counter-claim of the 
Low Moor Iron Company for 151/. It was held that the 
hoarding, &c., sei: was not a chattel, but a fixture, 
though removable, and was not therefore distrainable. The 
agreement was not for a demige, as in the case of pre- 
mises or land, but was only a t of alicense. It will 
therefore be seen that those granting a license to erect 
hoardings for advertising on their land are not as land- 
lords letting premises or building land, and have, there- 
fore, no right to distrain upon the “fixtures” erected. 
A fixture is never subject to distress for rent. 
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NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 
MIDDLESBROUGH, Wednesday. 

The Cleveland Iron Trade.—Business in pig iron is not 
quite so active as it was last week, but the market is in a 
fairly satisfactory state, and a rather healthy sign is that 
producers are not pressing sales. A sanguine feeling now 
prevails, and traders speak hopefully of the future, not- 
withstanding that a 4d. ~~ in warrants to-day has 
rather checked buying of Cleveland iron, and ca 
values thereof to ease a little, Deliveries of pig are very 
good, despatches by sea coming — up to expectations. 
Shipments of pig iron to date this month average well 
over 5000 tons per working day, and the clearances 
for April promise to be returned at 120,000 tons. Last 
month shipments of pig totalled 92,353 tons, and the 
clearances for April last year amounted to 114,929 tons. 
Makers’ stocks of pig iron are understood to be decreasing, 
but a little iron is still being sent into the warrant stores. 
Following on rather extensive sales of hematite pig to 
Sheffield consumers, buyers from other places have come 
forward and shown a desire to purchase not only for early 
but for forward delivery also, so that there appears to be 
confidence in the future so far as this branch is concerned. 
Market quotations for pig iron now stand :—47s. 9d. f.o.b. 
for No. 3 g.m.b. Cleveland, 50s. 3d. for No. 1, 47s. for 
No. 4 eal , 46s. 9d. for No. 4forge, and 55s. for mixed 
numbers of East Coast hematite. For the last-named 
bbs. 6d., and even 56s., isnamed for delivery to the end of 
the year, but prompt business is possible with both makers 
and merchants at The increased sales of hematite iron 
have been followed by increased sales of foreign ore, values 
of which, though hardly quotably altered, show a decided 
upward tendency. Rubio, of 50 — cent. quality, is fully 
16s. ex-ship Tees, and some dealers are disp to put 
the price up to 16s. 3d. Coke is in good demand, with 
a heavy local consumption, and average blast-furnace 
qualities are quite 15s. delivered here. 


Manufactured Iron and Steel.—Though there is still 
room for much improvement in many departments of the 
manufactured iron and steel industries, it is gratifying to 
notice changes for the better in several branches. Some 
firms are now turning out a lot of work, and have good 
order-books. Producers of sheets, rails, —. hoops, and 
wire are the hest situated, but manufacturers of shi 
building material are also a little better off for work. The 
following are the principal market quotations :—Common 
iron bars, 62. 15s.; best bars, 77. 2s. 6d.; best best bars, 
7/. 10s.; packing iron, 5. 10s.; iron ship-plates, 67. 7s. 6d. ; 
iron ship-angles, 62. 15s.; iron ship-rivets, 7/. 3s. 9d.; iron 
boiler plates, 7/. 7s. 6d. ; steel bars, 6. 5s. ; steel ship- 
plates, 6/.; steel ship-angles, 5/. 12s. 6d.; steel boiler- 
plates, 7/. ; steel strip, 6/. 7s. 6d. ; steel hoops, 67. 10s. ; 
steel joists, 5/. 15s. ; cast-iron rails, 3/. 10s. ; light iron 
rails, 6/. 10s. ; heavy steel rails, 5/. 5s. ; and steel railway 
sleepers, 6/. 10s.—all less 24 per cent., except railway 
material, which is net cash at works ; whilst iron or steel 
galvanised corrugated sheets, 24 gauge, in bundles, are 
12/. 10s. f.o.b., less 4 per cent. 

Mr. Alfred M. Mosscrop.—The huge Tees-side under- 
taking of Messrs. Dorman, Long, and Co. is about to 
lose the services of Mr. Alfred M. Mosscrop, who for the 

t year or two has acted as one of the managing 
Sain of the firm. Mr. Mosscrop came from America 
nearly six years ago to take up the management of 
Messrs. Dorman, Long’s Britannia Works, and under his 
able and energetic guidance the well-known Middles- 
brough firm’s extensive undertakings have been kept 
busily employed, even through the recent time of de- 
pressed trade. Unfortunately, Mr. Mosscrop’s health has 
given way, and, acting on medical advice, he is returning 
to America, probably in June next. 








Tue Russian Navy.—The naval expenditure of Russia 
for 1909-10 was originally pro as follows :—Ordinary 
expenditure, 88, 135,050 roubles; extraordinary expen- 
diture, 6,253,950 roubles. These amounts have, however, 
been provisionally reduced by the Duma to the follow- 
ing :—Ordinary expenditure, 81,068,266 roubles; extra- 
ordinary expenditure, 3,956,850 roubles. It had been 
proposed to commence the construction of four 
ironclads for the Baltic fleet, but two deputies— . 
Sveguinzef and Slavitch—who were instructed to report 
ee the subject, expressed their opinion that the coast 
ot the Gulf of Finland could be more efficaciously pro- 
tected by flotillas of torpedo-beats. The Budget Com- 
mission adopted this opinion, and the naval expenditure 
of the year was accordingly reduced by 9,363,884 roubles. 
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IrauiAN StaTe Raiways.—The 
the Italian State Railways was as u 
Kilometres. 


1906 he 12,960 «> 

1907 13,117 

1908 ae ae # e 13,353 y 
The receipts amounted to :— 

é Lire. 

1906-7 433,023,770 

1907-8 - - wa a od ou 479,351,408 
Whilst the expenditure amounted to :— 

1906-7 Mo eC 

1907-8 ie ae év “ oe ~_ 435,992,593 
The surplus was consequently :— 

1906-7 _ ~ ey os 50,770,598 

1907-8 43,358,814 


There were at the emd of June, 1908, 2071 kilometres of 
railway with double lines. During the financial year 
17-8 the traffic, both goods and passengers, increased 
pipes 74 and 5} per cent. as compared with the 
evious year, 








NOTES FROM THE SOUTH-WEST. 


Cardif.—The market for large steam coal has shown 
strength, and for shipments at later dates somewhat 
higher prices have been obtained. The best large steam 
coal has made 15s. to 15s. 3d., while secondary qualities 
have ranged between 13s. and 14s. per ton. In conse- 
quence of the advance of the season house coal has barely 
maintained recent quotations ; the best ordinary qualities 
have made 14s. 6d. to 16s. 6d. per ton. No. 3 Rhondda la 
has been quoted at 17s. 6d. to 18s. per ton. Foundry coke 
has made 17s. 6d. to 20s. 6d., and furnace ditto 15s. 6d. to 
16s. 6d. per ton. As regards iron ore, Rubio has been 
quoted at 15s. 6d. to 15s. 9d. per ton, upon a basis of 50 

r cent. of iron, and charges, including freight, insurance, 

c., to Cardiff or Newport. 

The Avon.—The docks committee of the Bristol City 
Council has ascertained that a suggested reclamation of 
the Broad Pill would involve an expenditure of 12,600/. 
It is not, accordingly, now intended to proceed with the 
work. The committee has further decided not to renew 
powers for the compulsory purchase of lands belonging to 
the Midland Railway Company at Sneyd Park Point, as 
no improvement of the river at that point is now intended 
to be carried out. 


The Swansea Valley.—The tin-plate trade is scarcely so 
active, and the steel trade has shown depression. e 
output of pig has been pretty well maintained. 


A New Unarmoured Cruiscr.—A new unarmoured 
cruiser, described at present as No. 7, has m com- 
menced at Pembroke k. She will be of the Boadicea 
class, and similar, as regards external form, to the 
Bellona, but she will differ to some extent in her machi- 
nery spaces. Her principal dimensions will be :—Length, 
385 ft.; extreme breadth, 41 ft. 6 in.; and displacement, 
3360 tons. She will be fitted with turbine propelling 
machinery of 18,000 horse-power, and she is to attain a 
speed of 25 knots. She will carry sia 4-in. breech-load- 
ing quick-firing guns, and two deck torpedo-tubes. Ac- 
cording to present arrangements she is to be launched 
in October. 


Retirement of a Manager.—Mr. H. W. Martin, who 
recently retired from “the active management of the 
Dowlais collieries of Messrs. Guest, Keen, and Nettle- 
folds, Limited, after 25 years’ service, has been presented 
with a testimonial from the workmen. The testimonial 
consisted of a set of massive flower épergnes in solid 
silver. Mr. Martin commenced work in 1869, when he 
entered the pattern-shop of the iron-works, his labour 
being valued at 5s. per week. From the pattern-shop and 
drawing-office he went to the Dowlais-Penydarren Col- 
lieries and the Dowlais Collieries, and thence to the mine 

its. He next left Dowlais to pass nearly two years in 
ir George Elliot’s collieries in Durham, and subsequently 
Sir George appointed him manager of two collieries at 
the Powell-Duffryn collieries. In 1884 he became may 
for the whole of the Dowlais collieries, a position which 
he retained until very recently. | 

Welsh Railway Traffic.—The revenue of the Barry 
Railway Company thus far this half-year is returned at 
208, 949/., as compared with 203,254/. in the correspond- 
ing period of 1908. The Rhymney Company acquired 
94,0977., as compared with 90,5437. The receipts of the 
Taff Vale declined to 278,425/., as compared with 282,541/. 








ELEcTRICAL ENTERPRISE.—Negotiations have been con- 
cluded for a new transmission line starting from Niagara, 
running westward to Dundas (a distance of 50 miles), and 
there dividing into three branches. One of these branches 
will extend to Toronto, a second via Guelph to Stratford, 
and a third via London (Canada West) to St. Thomas. 
The system will altogether have a length of 300 miles. 
The wires will be aluminium, and will be carried on steel 
towers. They are expected to convey 40,000 horse-power. 
A special feature of the installation will be the high 

ressure (110,000 volts) at which it will transmit current. 
When the industry of conveying electrical power to a 
remote point was in its infancy, the limit of skill and 
safety was considered to be about 11,000 volts. mark- 
able gains have, however, been since effected. 





Busrvess.Prospects 1v Sourn America.—The Com- 
mercial Intelligence Branch of the Board of Trade reports 
that a new General Post Office is to be built in Buenos 
Aires at a cost of about 865,000/., with peony f work to 
cost about 340,000/.; making a total of about 1,205,000/. 
Owing to the rapid development of the city, the question 
of providing workmen’s dwellings at a reasonable cost is 
peosieiaas ore and more peresing, and a few years ago a 
loan of about 175,000/,.was raised by the municipality for 
the furtherance of a comprehensive building scheme for 
the purpose. re py x 7y =ry were recently entered into 
for the building of a first lot of 115 such houses at a cost 
of about 43,750/.; and it is re’ that instructions have 
now been issued for the drawing up of plans and estimates 
in connection with the erection of a second group of 





Pp 
workmen’s houses. It is further proposed to provide the 
settlement of Comodoro Rivadavia with a supply of 
drinking water, either by distillation, or by es a, it a 
distance of 30 kilometres (18 miles) in pipes. H.M. Consul 
at Barranquilla (Colombia) has forwarded a ove. a 
‘Report on the Improvement of the Bocas de iza 
Entrance to the Magdalena River.” It is 1 to 
construct a breakwater, and to d the bar of the river 
sufficiently to permit of large vessels coming up to Barran- 
quilla, by which means it is hoped that the cost of trans- 

rt of timber and other articles will be tly reduced. 
The report (in English) may be seen by British firms on 
application at the mercial Intelligence Branch of the 


rd of Trade, 73, Basinghall-street, London, E.C. Faraday. 


MISCELLANEA. 


IRRIGATION projects in India include plans for the con- 
struction of a dam 4524 ft. in length from flank to flank, 
and of a maximum height of 120 ft. The dam will im- 
pound 12,100 million cukic feet of water, and will 
serve the Guntur district of Madras. The site is on the 
Gundlakamma River. 


The A.E.G. Electrical Company, of South Africa, 
Limited, have issued as a pamphlet an extract from a 
lecture on the A. E.G. Curtis steam-turbine, manufactured 
by the Allgemeine Electricitiits Gesellschaft, of Berlin. 

e pamphlet is well illustrated, and gives a good descrip- 
tion of the machine, which is of the horizontal impulse 
type. 

The Austrian Iron Syndicate has reduced the prices 
for bar and rolled-iron sections in _ where the 
import from Germany by way of the Danube threatens 
the home market. The reduction amounts to some 5 kr. 
to 74 kr. per ton. A reduction of 24 kr. to 74 kr. has 
also been made as far as Moravia, Silesia, and Galizia are 
concerned, owing to low offers from outside tirms. 


In a paper recently read before the Concrete Institute 
Mr. E. P. Wells described a method of constructing arch 
bridges out of concrete, which has met with much popu- 
larity inGermany. The plan followed is to construct the 
arch with steel pivots or hinged joints at the springings and 
at the crown. This had the advantage of making it easy to 
calculate the stresses on the material. The thickness of 
the arch at the centre, he stated, was generally about one- 
fiftieth of the span, 274 per cent. more at the haunches, and 
7 per cent. more at the springings. Working stresses of 
as much as 364 tons per square foot were adopted. 


The fifth International Congress for the testing of 
materials is to be held in Copenhagen from September 7 
to 11. There will be general meetings on the first 
and last day, and on the three other days there will 
be meetings in three sections, respectively, for dealing 
with the testing of metals and alloys, the testing of stone, 
cement, &c., and the testing of other materials. The 
afternoons will be devoted to visits to different technical 
establishments, fétes, and excursions. After the Congreéss 
a visit to the cement factories in North Jutland is con- 
templated, where some of the coast-protecting work at 
the Skaw and at Vorupér will likewise be inspected. 


Ina communication presented to the Prussian Academy 
of Science, Dr. A. Tornquist, of Kénigsberg, describes 
some experiments concerning the depth to which objects 
will penetrate into loose and firm sand. Com tively 
light objects have frequently been found embedded in sea 
sand, and the question is geologically of great interest, as 
the conviction is gaining ground that many sedimentary 
strata owe their peculiarities not, as was assumed, to 

which occurred after they had been raised above 
the sea-level, but while they were being formed at the 
bottom of the sea. In his experiments Tornquist charged 
sand into a high cylinder filled with water, keeping the air 
out ; when the cylinder is ey oe about. 250 times with a 
piece of rubber hose the sand settles quite firmly, so as to 
contain not more than 12 per cent. of water an inch below 
the surface. The experiments are made with cones, discs, 
rods, &c., of brass and other materials; in loose sand 
even bodies of density 2 will sink, and slight concussions 
facilitate this penetration very much. The objects weighed 
up to 60 kilogrammes, together with their tackle, in these 
experiments, which are to be continued. 





Tue Centenary oF J. D, Forprs.—Any historical 
review of the progress of science could not fail to notice 
the remarkable succession of Scotch natural philosophers 
who during the last two centuries have made famous the 
lecture-rooms of Edinburgh and GI w. G 5 
Maclaurin, Simson, Black, Brewster, ie, Playfair, 
Hall, Jameson, and Forbes are names familiar to all. 
Amongst these Forbes occupies a distinguished position 
as one of the clearest thinkers and most devoted ex- 
perimentalists. James David Forbes was born at Colin- 
ton, near Edinburgh, on April 20, 1809, and died at 
Clifton on the last day of 1 His education was ob- 
tained principally at home, but he attended lectures at 
the University in law, theology, and natural science. At 
the age of twenty-three he succeedéd Sir John Leslie as 
Professor of Natural Philosophy at Edinburgh, and he 
held this t for twenty-seven years, e last few 
— of his life were passed at St. Andrews, where he 
‘ollowed Brewster as Principal of the United College. 
Forbes’s scientific work ranged over many branches of 
science, but is principally remembered for his valu- 
able experiments on the conduction of heat and his 
brilliant discovery of its polarisation. The subject, 
however, in which he made the greatest advances 
was that of the motion of glaciers. Unfortunately, 
the hardships and exposure of his life on the ice- 
fields of Switzerland undermined his constitution, and 
the latter part of his life was broken by ill-health and 
physical weakness. His influence was at all times very 
considerable, and his name was very widely known. 
Among his most brilliant pupils may be mentioned 
Balfour Stewart, Kelland, Rankine, Clerk Maxwell; and 
Tait. For was made an F.R.S.E. at the age of 
twenty-one, and twelve years later was a corresponding 
member of the Institute of France. He was one of the 
keenest supporters of the British Association, and took a 
leading part at its inauguration. Only the state of his 
health debarred him from accepting the honour of the pre- 
sidential chair. In c Forbes was sensitive and 
reserved, but ambitious for distinction. He Part a 
most retentive memory, and combinéd soun sp 1 
with great determination and energy. In_ religious 
matters his simple faith may’ be compared to that of 
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securing automatically stable mgs en that of con- 
structing a man and self- lied ma- 
chine which was pre ra flying tt all. It is, 
moreover, quite SS that the problem of secur- 
ing automatic stabilit; have to wait for its 
ractical solution unti stil further advances have 
mn made in the construction of light propellin 
machinery. Had the problem of flight been turn 
over to a mathematician as suggested, we might at 
the end of five or six years have been the richer by 
many sheets of calculations based on necessarily 
imperfect and perhaps inadequate assumptions, 
but almost certainly we should yet be awaitin 
news of the first free flight of a self- Ned 
aeroplane of reasonable lifting capacity. fre most 
all engineering matters mathematical investigations 
are a convenience rather than an essential. At 
need, Nature herself, as Lord Kelvin said many 
years ago, solves our differential equations for us, 
and, in fact, solves them more completely than it 
is possible for the mathematician to do. Stable 
ships were built long before there was a satisfac- 
tory theory of their stability, and when this theory 
was finally worked out, it led to little, if any, 
notable change in what was previously recognised 
as good practice. The theory, in short, is merely 
a convenience, not a necessity, since by model 
—— equally decisive information as to the 
ety of a proposed type can be readily obtained. 
Again, even in the case of bridge-work, where 
mathematical researches have proved of the very 
greatest utility, the absence in past times of a 
well-developed theory of stresses and strains did 
not prevent the building of bridges at once safe 
and adequate, as witnessed by the famous Britannia 
Bridge, which has now carried the heavy traftic of 
the London and North-Western Railway for a period 
of nearly sixty years. It is curious to note in this 
connection, moreover, that the effect of ‘fitting a 
suspension bridge with a stiffening girder was first in- 
vestigated experimentally by Mr W. Barlow; and 
it was only after this was done that Rankine treated 
the subject mathematically, and confirmed thus the 
deductions made from Barlow’s experiments. The 
work of Rankine and other writers on the mathemati- 
cal theory of the strength of structures has been an 
enormous convenience to the bridge engineer, but 
can hardly be considered as having been absolutely 
essential to his progress, in view of the fact that 
machines, such as locomotives, subject to extremely 
severe stresses, are successfully built at the present 
day with little or no theoretical analysis of the 
stresses involved. Indeed, were this analysis pos- 
sible to the completest degree imaginable, it is hardly 
likely that it would prove feasible to alter propor- 
tions to more than a very minor degree. ature, 
as already said, will, if allowed, proportion our 
structures for us, and where practice is successful it 
is useless for a mathematician to come along and 





ENGINEERING AND MATHEMATICS. 

A WELL-KNOWN professor of mathematics sug- 
gested some time back that the most economical 
and rapid procedure for securing a successful 
aeroplane would be for Parliament to entrust the 
task to a competent mathematician who would, he 
opined, save the country much money and much 
time. All precedent is, however, against this view, 
and the mathematician, accustomed as he is to deal 
with relatively simple considerations, is commonly, 
of training, deficient in the judgment 


1 | necessary for thé. rapid and economical solution of 


the exceedingly complicated problems that arise in 
practical engineering. Here logic pure and simple 


563 | is at a discount, since the premises on which action 


must be taken are invariably inexact and incomplete. 

In the earlier half of the last century, it will be 
remembered, Charles Babbage, a stalwart in the 
great struggle between ‘‘Deism and Dotage” at 


566 | Cambridge, was entrusted by Parliament with the 
| construction of a calculating machine. 


Everyone 
recognises the great ingenuity and originality of 
this mathematician’s ideas, but had the embodiment 


se9 | Of them into concrete form been confided to a good 
569 | mechanic of the t; 


of Murdoch or Maudslay, it is 
» | probable that the difference engine would have been 
° | completed i in a fraction of the time actually ex —- ~ 
n 
fact, some mathematicians fail to recognise that en- 
gineering is an art rather than a science. The diffi- 
culties experienced in actual work are hardly ever 
mathematical, but almost invariably mechanical. 
In the case of the aeroplane the completion of a 
mathematical theory of stability is of quite minor 
importance; the real difficulty has not been that of 





declare it to be wrong on the strength of calcu- 
lations, necessarily based on highly hypothetical 
premises. Thus the fact that no dam out of a 
very large number built ‘‘to the middle third 
rule,” on a sound foundation, and out of sound 
material, has yet failed, constituted in itself a conclu- 
sive reply to Professor Pearson’s criticism of the 
method, and this criticism, curiously enough, was 
itself marred by two very serious blunders in 4 
purely mathematical portion of his discussion. 
published recently, moreover, an abstract of a per 
recently read before the Institution of Civil Fegi 
neers describing a number of curved reservoir jams 
erected in New South Wales. These, the abstract 
shows, were proportioned on an hypothesis demon- 
strably at variance with the ordinary mathematical 
theory of elasticity, and there is reason to believe 
that were this theory really ae it would indi- 
cate the existence of very high tensional stresses 
near the base. In an analysis of the famous Bear 
Valley Dam, made nearly twenty years ago by Messrs. 
Vischer and Wagoner, it was clearly shown that 
if this dam resisted as an elastic solid, the tensional 
stresses near the base must have been simply enor- 
mous ; yet that dam never gave the slightest indica- 
tion of inadequacy for its ya ne task. In short, 
dams are built toretain water, and not to act.as elastic 
solids in accordance with some more or less per- 
fectly developed theory. If such a theory as applied 
to them —_ results in accordance with experi- 
ence, well and good, and it takes its place as a con- 
venient tool in the engineer’s equipment ; but in 
cases such as those just referred to ‘‘ the proof of 
the pudding lies in the eating,” and successful 
dams have actually been constructed which would 
undoubtedly have been still-born had their de- 
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signers in the first instance called in the aid of the 
mathematician. The true function of the latter in 
regard to practical engineering is commonly to 
arrange and classify facts, after the practical man 
has discovered the truth of them, but seldom can he 
act as a pioneer in advance where the chances are at 
least 10 to 1 that the inadequacy of data, and the 
necessity of ignoring many more or less subsidiary 
factors, will Toad to results almost certain to be 
falsified in practice. The values of constants and 
coeflicients have invariably to be established by 
experience, and once this is gained thera is little 
pioneering left to be done, though in classifying and 
arranging the data thus gained a knowledge of 
mathematics may prove most useful. 

The failure to realise that most industries are arts 
rather than sciences is also responsible for certain 
absurd suggestions periodically advanced in scien- 
tific circles as to the importance of theoretical train- 
ing for the craftsman pure and simple. A former 
chairman of the London County Council, for in- 
stance, has expatiated at length on the great value 
of a knowledge of the chemistry of clay to the 
bricklayer, and another enthusiast has enlarged on 
the advantage a knowledge of the mathematics of 
folded sheets would be toa tailor’s cutter. Swift, in 
‘* Gulliver’s Travels,” had a much surer insight into 
the actual probabilities of the case, where he makes 
out the mathematically-minded tailors of Laputa 
to be very bad workmen. Again, our contemporary 
Nature, whose authoritative position in its own 
field is unquestioned, recently enlarged upon the 
advantage of theoretical training to the artisan, 
holding it impossible for a man to be a ‘‘com- 
petent artificer” without it. Possibly support 
for this view may be found amongst the directors 
of public companies long exiled from direct con- 
tact with the shops ; but every foreman and works 
manager will asseverate with no little emphasis 
the opinion that the best handicraftsmen amongst 
his apprentices are not generally to be found 
amongst those most constant in their attendance at 
technical classes. In fact, the latter generally do 
not expect to make their living by means of their 
hands, whilst those who expect to remain workmen 
all their lives care little about the theoretical prin- 
ciples of engineering, but do concentrate all their 
thoughts and ambitions on gaining reputations as 
skilled workmen. To work accurately and quickly 
to a drawing does not in the least necessitate that 
the workman shall have any notion as to the object 
and uses of the article he is making. 

The half-informed section of the community to 
which most politicians belong is always holding up 
for imitation the example of Germany, where the 
different polytechnics are crowded with students 
intending to embark on an industrial career. In 
the chemical trades Germany has undoubtedly 
established a strong lead, and it is possible that no 
small proportion of the success gained here has 
arisen from a due appreciation of the theoretical 
side of chemistry. echanical engineering stands, 
however, on a very different footing. It is, as 
stated, essentially an art, and not a science. Hence 
shop experience is all important. Draughtsmen 
with insufficient shop experience may be inge- 
nious, and may be industrious, but are likely to 
— expensive to their employers. So notorious 

ave been the failings in this regard of the 
German technical graduates in the United States 
that ‘‘too Dutch” has become in certain works a 
term synonymous with complicated and expensive 
designs. Almost every British firm, again, which 
has acquired rights to build large Continental types 
of gas-engines has found it essential to simplify 
details most materially before the manufacture 
showed any commercial possibilities whatever. It 
is, in fact, very largely the superiority of our 
draughtsmen which makes it necessary for Germany 
to impose somewhat heavy protective duties on 
British-built machinery, in spite of the fact that 
our workmen receive higher wages for shorter hours 
of work. Were engineering a mathematical science, 
as some seem to assume, these protective tariffs 
would certainly be unnecessary, as the proportion of 
technical graduates employed in German engineer- 
ing works is much greater than is common here. 








THE RAILWAYS OF WESTERN 
AUSTRALIA. 

Tue railways of Western Australia have lately 
shown themselves capable of a considerable degree of 
adaptability, having adjusted themselves to the less 
prosperous times in the State of the last couple of 





years or so in a manner which has recently resulted 
in the largest net credit balance for sometime. The 
improvement is not quite so real as apparent, how- 
ever, owing toa change in the method of making up 
the railways’ accounts. Formerly it was customary 
to debit the profit-and-loss account with the interest 
due on capital expended, and with interest on 
moneys expended from Consolidated Revenue, cal- 
culated at 4 per cent. In the year 1906-7 this 
latter item amounted to 25,497/., but, in order to 
bring the railway accounts more into line with 
those of the other Australian States, no interest is 
now charged on the amount spent on capital account 
from the Consolidated Revenue, though the addi- 
tional interest, now included, on the flotation and 
discount charges, and on stores account, almost 
balances the remission. 

The change is to be regretted to some extent, as 
the appropriation of revenue raised by taxation for 
expenditure on capital works is not a policy to be 
encouraged if it is desired to work the railways on 
a business basis. On the other hand, the new 
charges seem only reasonable. The net result, all 
said and done, is to show, after payment of interest 
charges, &c., a net balance of 128,009/., which is 
paid over to the Consolidated Revenue Fund for 
the year 1907-8. For the year ending in 1907 
the results were about one-third of this amount 
only, for which, however, there is a fairly satis- 
factory explanation. The highest earnings ever 
made on the railways occurred in 1906, when a gross 
revenue of 1,634,4441. was obtained. The two years 
since then have shown heavy declines in revenue 
to 1,537,3331. and 1,501,925/. respectively. Now 
in 1906 the working expenses amounted to 
1,201,7531., but the slackness of certain trades with- 
in the State and the reduction of rates produced a 
large shrinkage in revenue, with, for the moment, 
only a slight corresponding reduction in working 
expenses, which for 1907 stood at 1,135,907. But 
while in the next year, 1907-8, the fall in revenue, 
which continued owing to a falling-off in trade, was 
smaller, though by no means inconsiderable, the 
working expenditure had adjusted itself to the 
changed conditions, and showed a very marked re- 
duction. This time-lag is a well-known feature in rail- 
way working, and is difficult to avoid altogether. It 
arises from several causes, into which itis not neces- 
sary to enter here, and has, for instance, been much 
in evidence in the recent depression in the United 
States. In order to make clear the position of these 
railways for the last four years we give the follow- 
ing short table :— 





_— 2 
~ 1904-5, | 1905-6. | 1906-7. 1907-8. 





| £ } 
.| 1,610,129 
77,790 


3 | £ 
1,501,925 
1,177 


£ £ 
1,634,444 | 1,537,333 
1,007,732 


| 1,201,753 | 1,135,907 


Gross revenue 
Working expenses .. 
Net revenue after pay-| 
ment of interest) 
charges, &c. 
Train-mileage. . 


| 
42,692 | 128,000 


100,957 | 84,224 | 
3,964, 230 
' 


«+ | 4,285,235 | 4,359,633 | 4,180,796 

From this table it will be seen that while the 
gross revenue dropped between the years 1905-6 
and 1906-7 some 5.95 per cent., and the train- 
mileage was decreased by 6.39 per cent., the work- 
ing expenses were reduced by 5.47 per cent. If, 
however, the latest year be compared with 1905-6, 
it appears that a drop in gross revenue of about 
8.1 per cent. has been met by a corresponding 
drop in train-mileage of about 9.05 per cent., 
and of no less than 16.1 per cent. in working 
expenses. An investigation of the expenses of 
the various departments reveals the fact that the 
locomotive carriage and wagon departmental ex- 
penses have been reduced in both years by approxi- 
mately equal amounts, as is also the case with the 
maintenance-of-way expenses. The traffic expenses, 
on the other hand, remained almost stationary at 
over 300,0001. right up to the end of the year 1906-7, 
but during the last year were so reduced as to bring 
the total reduction in this department to about 11.7 
per cent. of the expenses in 1905-6. The expenses 
of this department have been cut down by methods 
which sound rather drastic, but which, in partly 
developed districts, do not cause nearly the same 
amount of inconvenience as would result in other 
countries. Stations have been closed, and at other 
points goods are accepted for certain districts on 
certain days of the week only. The reduction in 
this department is ented and it is now said 
to be working at the lowest figure possible 
conducive to efficiency. The decrease is, however, 
still much less than that shown by the locomotive 
department, the expenses of which have been re- 





duced 13.35 per cent. since 1905-6. This, it will be 
noticed, is much greater than the fall in train- 
mileage. The largest reduction is, however, in the 
maintenance of way, where expenses have fallen 
by 24 per cent. in the two years. This department 
is, of course, the one in which it is most easy and 
most tempting to borrow on the future, and at first 
sight it might appear that something of this kin 
was now being attempted on the Western Australian 
Railways. e report, however, emphasises the 
fact that the decrease is mainly due to the cessation 
of extraordinary expenditure on improvements in 
the permanent way, such expenditure having pre- 
viously extended over a sufficient number of years 
to improve very considerably the general character 
of the road. 

As regards the economic position of the railways, 
there now stands to their credit since their com- 
mencement a sum of 719,091/. in the profit-and- 
loss account. A very large part of this has been 
derived from the working of the railways during 
the control of Mr. W. J. George, whose five-year 
appointment as Commissioner terminated with the 
year 1906-7. The reports issued during Mr. 
George’s régime are all characterised by interesting 
comments on the result of attempting to com- 

romise between working the railways on business 
ines and of running purely on the ‘‘facility” policy, 
which, in the case of State systems, is carried some- 
times to great extremes, in so far as indifference to 
sufficiently large returns are concerned. The difti- 
culty of maintaining the balance has evidently been 
considerable, and many protests have been raised 
by the Commissioner at being forced by the Legis- 
lature to work on other than sound financial lines. 
The difficulty of the situation may be gauged by 
the statement that, during Mr. George’s five years, 
Government ordered the construction of no less 
than 401 miles of railway, which, up to the date of 
the Commissioner’s retirement, had failed to make 
both ends meet, owing to the enforcement of special 
rates and privileges granted with a view to hasten 
development of various districts. This length of 
line represented then about 25 per cent. of the 
whole system. The work of a Commissioner is 
frequently a thankless task under such conditions, 
in spite of any general improvement there may be. 

In the five years in which Mr. George occupied 
the position of Commissioner the gross revenue 
remained about the same, although the number 
of passengers carried increased steadily from over 
9 millions to over 13 millions. The tonnage of 
goods, on the whole, showed an increase in 
spite of the fact that in his last year trade was 
poor. The train-mileage was reduced during the 
period very considerably, which, taken in con- 
junction with other points, suggests that loading 
om greatly improved. This we believe to have 
been the case, as a great deal of attention was 
given to this matter. Between 1902-7 the rail- 
ways increased by 242 miles of main line. There 
are now 1830 miles of main line, the last two 
years having seen an increase of 223 miles. This 
new mileage consists of new branches or spur lines, 
of which a large number have been constructed of 
recent years. A long branch-line has been pushed 
southward from Coolgardie. At present this ex- 
tends about 51 miles, but a further section of some 
30 or more miles is now under construction. A 
line connecting Donnybrook, on the Great Southern 
line, with Kataming, on the South-Western system, 
is partly built and wholly authorised. Other spur 
or connecting lines have been built, while at the 
time of the ‘ast report 100 odd miles were under 
construction. A line running inland from the 
north-west coast to Marble Bar, in the northern 

rt of the North-West Division, has been author- 
ised, and probably by this time commenced. 

The report for the year 1907-8 is, of course, by 
the new Commissioner, Mr. J. I. Short. Mr. Short 
was chief traffic manager of the system during Mr. 
George’s commissionership. He should, therefore, 
be well acquainted with the conditions obtaining in 
the State, and his report is quite an interesting 
document. Mr. Short draws attention, as he says 
for the last time, to several matters in which the 
former Commissioner took up a verystrong attitude. 
One of these concerns the supply of water to the 
railways from the Goldfields Water Supply Ad- 
ministration. To this administration — another 
Government department—a large consumer like 
the railways is forced to pay for water a price far 
in excess of that granted to small domestic and 
other purchasers. Apparently the fruitless strugg): 
of the former Commissioner against this unjust 
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discrimination has been carried on so long as to 
make the new Commissioner think it useless to 
persist in it. A similar bolstering up by artificial 
means is adopted by the State in connection with 
the pet Collie coal industry. For coal coming from 
these mines the railways are condemned to pay 
by Government a price which is exorbitant com- 
pared with the price of good sea-borne coal. The 
present Commissioner raises his voice against the 
heavy demands made upon the department in 
the way of service for which no remuneration is 
given. It seems only equitable that for services 
rendered to other departments the railways should 
be credited with their value, but the State appa- 
rently turns a deaf ear to protests of this kind, at 
the same time, however, demanding a system of 
management based on business lines. It is hardly 
any wonder under such one-sided conditions that 
the railways show such varying results, pro- 
ducing clear profits fluctuating in the last seven 
years between 22,7441. and 128,0001., rising above 
the 100,000/. mark three times, and falling below 
the figure of 43,0001. also in three years in that 
eriod, 

The ratio of working expenses to earnings now 
stands at 67.10 per cent., lower than for many years, 
and the working expenses at 61.01d. per train-mile, 
also lower than for the six previous years, the gross 
earnings per train-mile standing at 90.93d. 

In connection with the question of expenses a 
very interesting table is given showing the cost of 
working the principal classes of locomotives for 
several years. This table shows, for instance, that 
the locomotive costs per engine-mile per 100 tons 
hauling power of a Class E type, built in Great 
Britain in 1902, to be 6.01d., and of the Ec type, built 
in 1901 in America, to be 6.29d. The tractive powers 
of these two classes are 16,620 ]b. and 16,000 lb. 
respectively, and they are. both classed as for 
express, mail, mixed, and goods traffic. The 
most expensive engines in the list are arather older 
class of passenger locomotive built in Great 
Britain, and put on the line between 1896 and 
1901; these cost 13.83d. per engine-mile per 100 
tons hauled. They are of much less tractive power. 
A class of engine of 16,500 lb. tractive power, built 
in the United States, and put on the road in 1902, 
costs 8.82d. per engine-mile per 100 tons hauling 
power. The most powerful class of goods engine 
on the road, with a tractive power of 21,115 lb., 
works out at 6.56d. per engine-mile per 100 tons 
hauling power on sections having ruling grades of 
lin 45. These engines are the most expensive in first 
cost of all on the system ; they were built in Great 
Britain and cost 59981. each. It should be stated, 
perhaps, that of the passenger engines mentioned 
above, the British type E cost 5188/., and the 
American class Ec 32361. apiece. 








THE BUILDING TRADES’ EXHIBITION. 

Tue Exhibition devoted to the building indus- 
tries, which was opened to the public at Olympia, 
last Saturday, the 17th inst., cannot be said to 
contain so much of what is of purely construc- 
tional interest as the one that was held in the 
same hall two years ago. On the decorative side, 
however, it surpasses the last exhibition, and will 
therefore prove of great interest to a large section 
of the public. The Exhibition of 1907 was, perhaps, 
rather exceptional as r the constructional 
side of building, for it was held at a time when a 
considerable advance was being made in concrete- 
work, and yg ey in reinforced concrete. In 
this latter line there does not appear to be much 
that is new at the present Exhibition, though a good 
many well-known systems are on view, more par- 
ticularly its — to floors, partitions, &c. 
On the whole, the Exhibition is not remarkable for 
novelties in constructional work ; in spite of which, 
however, concrete-work, both plain and reinforced, 
is fairly well represented. 

One of the most noticeable of the exhibits in 
reinforced concrete is to be seen at the stand of 
the Trussed Concrete Steel Company, Limited, of 
Caxton House, Westminster, S.W., who, in addition 


to full-size specimens of their work, show some inter- 
esting models. The system of this company (the 
Kahn Trussed Bar system) is now too well known 


to require any detailed description here, as it has 
heen before the public for some years, and has been 
introduced into some very important works and 
vuildings in this country. We may say, however, 
that its main feature is that diagonal tension mem- 





tension rod, and provide for the shearing stresses 
on the concrete. These iagonals, being cut along 
one side and one end from the main body of the bar 
and bent up, are not detached from the main tension 
bars, and do not require to be fixed to these bars. 
A model plant may be seen at the stand operating 
on small aluminium bars, and cutting out the truss- 
pieces. Another object of interest here is a model 
wooden beam, which has been made for the purpose 
of demonstrating the comparative value of rigid 
shear members and loose shear members. 

It is well known that one of the claims for the Kahn 
bar, on which great stress has been laid bythe makers, 
is that it has mechanical bond, and does not rely 
entirely on adhesion to the concrete. To illustrate 
this a reinforced concrete beam has been made, which 
supports a weight of about 5 tons in the middle, and 
in which the horizontal tension member is not em- 
bedded in the concrete, but is exposed to view, the 
lower part of the concrete beam merely resting on 
the top of it. The diagonals are, however, embedded 
in the concrete, and as they form part of the hori- 
zontal bar, the bar is supported. The makers do 
not, of course, recommend for practical purposes the 
construction of reinforced concrete beams with the 
horizontal tension members not embedded in the 
concrete. The advantages or disadvantages there 
may be in these shaped bars over plain bars and 
loose shear members, ina reinforced concrete beam, 
may also be studied in other models which are to 
be seen on this stand. 

The Patent Indented Steel-Bar Company, Li- 
mited, of Queen Anne’s Chambers, Tothill-street, 
Westminster, illustrate at their stand the advan- 
tages of reinforced concrete when applied to the 
construction of houses in countries subject to earth- 
quakes, or to land subsidence such as takes place 
in the salt-mining districts in this country, and 
occasionally in colliery districts. In one of these 
models a house is shown which has a special 
foundation, on which, in case the ground should 
sink, the house can be raised by means of jacks, 
ferro-concrete inserted, and the house let down 
again on its seating. Many houses appear to 
have been raised in this way. It has become the 
practice of late years—and particularly so in 
America, where new methods are always more 
quickly tried than in this country—to build retain- 
ing-walls of reinforced concrete, making the wall 

nels comparatively thin, and supporting them by 

uttresses, the whole being well reinforced. Some 
very high walls have been constructed in this way, 
which appear to be quite satisfactory, and a typical 
model of one of them is to be seen at the stand of 
the Patent Indented Bar Company, which shows 
the way in which the reinforcement is arranged. 
There is also a model of the reinforced-concrete 
water-tower at Cleethorpes, which the firm con- 
structed. The tower is capable of holding 250,000 
gallons of water, its height from the ground-level 
to the top being 110 ft. An additional feature of 
interest about this stand is an installation of the 
X. rays, by means of which the position of rein- 
forcing bars is shown inside the concrete. 

Other exhibits of reinforced concrete are to be 
seen representing well-known firms, such as the 
Expanded Metal Company, Limited, York Man- 
sion, York-street, Westminster, S.W.; Messrs. 
Edmond Coignet, Limited, 20, Victoria-street, 
Westminster, 8. W.; the United Kingdom Fireproof- 
ing Company, Limited, 47, Victoria-street, London, 
SW. the Wouldham Cement Company, Limited, 
35, Great St. Helens, London, E.C., and others ; 
but as there is this year no particular novelty about 
these exhibits, we need not refer to them in detail ; 
they include methods of house construction, forms 
of partitions, slabs, roofs, &c. 

Among the exhibits of cement the stand of the 
Associated Portland Cement Manufacturers (1900), 
Limited, Portland House, Lloyd’s-ayenue, Fen- 
church-street, E.C., is conspicuous, for, as usual, 
this firm is well represented. No claim, however, 
is made for novelty, if we except a new type of 





cement-testing machine for compression tests. It 
is of the hydraulic type, and is “ crushing blocks | 
50 centimetres cube. It is small and compact, and | 
appears well suited to its work. In addition, there | 
is a model ofa ball-mill and of a tube-mill. 

Leaving the subject of reinforced concrete, we 
may refer to a kindred subject—namely, reinforced 
brickwork, an example of which may be seen at | 
the stand of Messrs. Richard Johnson, Clapham, 
and Morris, 24 and 26, Lever-street, Manches- | 
ter. The examples of brickwork reinforcement | 


bers spring at intervals from the sides of the main |on view may at first sight prove rather start- 


ling to the visitor. The system has not, we 
believe, been exhibited before at Olympia. The 
reinforcement consists of galvanised steel-wire 
netting bands from 2 in. to 2$ in. wide, which 
are inserted in the mortar joints of ordinary 
brickwork. A wall reinforced in this way is 
capable not only of carrying itself, but also a 
heavy additional load one week after being built. 
Walls of this type have been tested, with very 
satisfactory results. One of these was a hollow 
wall formed with an outer shell 44 in. thick, and an 
inner shell 3 in. thick, with a space of 14 in. 
between. The distance between the piers was 
10 ft., and the depth of the wall was 3ft. It was 
tested 35 days after being built. The bricks were 
of common red quality, and the mortar was com- 
posed of 3 — of sand to 1 part cement. A load 
of 10,000 lb. was placed on the span, bearing on 
three points between the piers, and was left on kon 
whole night. On examination in the morning no 
deflection could be discerned. Other tests have 
been made which have proved equally successful. 
Internal partition walls offer also a great field for 
this system. 

The Kleine Patent Fire - Resisting Flooring 
Syndicate, Limited, 133-136, High Holborn, Lon- 
don, E.C., have a very good exhibit of their rein- 
forced hollow-brick construction in the form of 
floors, roofs, and stairs. Messrs. J. A. King 
and Co., Bridge House, 181, Queen Victoria- 
street, London, E.C., show a number of ex- 
amples of ‘‘Mack’s” patent fire - proof, sound- 
_ and vermin-proof slabs, blocks, and lathing. 

here is also at the Exhibition a very extensive 
show of all kinds of brickwork, plain and fancy 
tiles, wood-block flooring, much too numerous to 
mention in detail, which are well worth inspection. 
Among the exhibits of roofing material that of the 
Ruberoid Company, Limited, 81-83, Knightrider- 
street, Queen Victoria-street, London, E.C., is very 
noticeable, containing as it does models showing 
the method of the application of ruberoid sheet- 
ing on roofs, as well as its application to reservoirs, 
tunnels, &. 

There is not a very extensive show of machinery, 
and what there is is chiefly confined to that for 
use in wood-working. Messrs. W. B. Haigh and 
Co., Oldham, Lancashire, and 7, Wilson-street, 
Finsbury-square, E.C., have on view a high-s 
automatic-feed swage-saw bench, capable of taking 
30-in. saws, the size of the table being 5 ft. by 
2ft.6 in. It is arranged so that the saw can have 
eight different speeds. They have also a new im- 
proved friction-feed four-cutter planing and mould- 
ing-machine which will work up to 12 in. by 5 in., 
and a band-saw which is fitted with ball-bearings 
throughout. ‘There are also several other new 
machines, including a chain and hollow mortising- 
machine, and an automatic plane iron and moulding 
cutter grinding-machine. Messrs. Wilson Brothers, 
Victoria Machine Works, Leeds, have among their 
other exhibits a new band sawing-machine fitted 
with ball-bearings, which we hope to illustrate at a 
future date. A special feature of this stand isa 
chain and hollow-chisel mortising-machine, which 
will take in wood 12 in. by 9 in. on a table 30 in. 
long. This new design has a special method of belt- 
grip. The belt consists of a number of small pieces of 
eather, each piece of which overlaps the one 
below, and all are riveted together in such a way 


that the resulting belt is very strong. The belt is 
cut to an angle of 28 deg., making it V-shaped, and 
the Pe are grooved to suit. A special auto- 
matic tightening arrangement is also fitted to this 


belt, so that the belt can adjust itself to the 
motion of the pulley which drives the cutters. 

Messrs. Kirchner and Co., 21, 23, and 256, Taber- 
nacle-street, London, E.C., have a new band sawing- 
machine on view, in which the pulleys and the saw 
are carefully guarded. It has special bearings to 
support the saw at both ends. It is made in sizes 
with wheels from 24 in. to 48 in. in diameter. There 
is also at this stand a very useful form of general 
wood-working machine, which combines a rising- 
table saw-bench to take saws up to 16 in. in diameter, 
a vertical spindle moulder, made with interchange- 
able loose-top spindles, and a horizontal slot boring 
and mortising stand, with compound motion table. 
The advantages claimed for this machine are that it 
is one which is particularly useful to builders and 
cabinet-makers. There are several other machines 
of the usual type for the work they have to perform, 
at this stand. 

An improved form of circular cutter-block for 
planing-machines may be seen at the stand of 
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Messrs. C. D. Monninger, Limited, 124, Clerkenwell- 
road, London, E.C. It differs from other cutter- 
blocks in that it three cutters instead of 
the usual two. They are of thin steel, about 4 in. 
thick, and are held firmly by three flaps or segments 
of the block, and only project about 7, in. above 
the surface of the latter. By this arrangement 
the danger of severe mutilation of the attendant’s 
fingers in case of accident is prevented, because if 
the hand should slip, only comparatively slight flesh 
wounds would result, instead of the probable loss 
of all the fingers. In addition to this advantage, it 
is also claimed that a smoother cut is obtained on 
the timber. There is a rapid-adjusting arrange- 
ment for the knives, which makes it possible to set 
and fix the knives in a few moments with great 
ease. These makers have also a novel form of 
circular saw with inserted teeth on view. 

To anyone interested in the lighting of country 
houses and buildings far removed from any public 
gas supply, there are several exhibits of plant for 
the manufacture of petrol-air gas, which may be 
visited with advantage. One of these installations 
is that of the ‘‘ Loco” Vapour Gas Light Com- 
pany, Limited, 6, St. Ann’s-passage, Manchester, 
and 15 and 16, Newman-street, Oxford-street, W. 
There are some novel and interesting features 
in this installation, but as we hope to describe 
and illustrate these at a future date, we need not 
refer particularly to them now. We may, how- 
ever, say that the chief feature of the apparatus lies 
in an ingenious valve for the control of the petrol 
and in the special burner used. Another installa- 
tion of this form of gas lighting is that of the 
Praed Patent Safety Gas Light Company, Limited, 
20, Victoria-street, Westminster, S.W. ese 
makers supply a very compact arrangement, suit- 
able for i where only a very few lights 
are required—up to ten lamps of 40 candle- 
power each. It is complete with engine, cooling- 
tank, air- propeller, carburettor, and small gas- 
holder, all on one stand. The Non- Explosive 
Gas Company, Limited, 85, London Wall, E.C., 
also exhibit an installation of a similar type; 
but as a description of their system has already ap- 
peared in our pages, we need not enter into detail 
with regard to it. 

Among other machinery on view there is a water- 
ballast roller exhibited by Messrs. Barford and 
Perkins, of Peterborough. It is driven by a petrol 
or paraftin motor, and weighs, when the hind 
roller is empty, 64 tons ; when fully loaded, and 
in working order, 74 tons. The main roller is 4 ft. 
long by 3 ft. 6 in. in diameter. It has been specially 
designed for use on road and street work with tar- 
macadam, granite, &c., a number of these rollers 
having been supplied to the several departments of 
His Majesty’s Government, county councils, &ec. 
Nine sizes are made, the smaller sizes being suit- 
able for parks and lawns. 

As usual at these exhibitions, there is a great 
variety of different materials for tar-roads, and these 
may be seen in the galleries of the hall. The 
Exhibition closes on May 1. 








THE PROPOSED NATIONAL SHIP 
CANAL IN SCOTLAND. 

THe proposal to cut a ship canal from the North 
Sea to the Atlantic sea-board of Scotland has 
advanced in public interest— icularly since the 
development of the navel policy of Germany—and 
next week the Royal Commission on Canals will 
again consider the whole question, and hear the 
evidence of those who have been prominent in the 
advocacy of this scheme. At present there exist 
two canals across Scotland. One is now owned by 
the Caledonian Railway Company, and used by 
barges ; 
Forth, to Bowling, about 10 miles below Glasgow, 
on the Clyde. The other, ccnstructed and owned 
by the Government, is from Inverness to Fort 
William, but is only suitable for vessels of about 
160 ft. in length, 38 ft. in beam, and 17 ft. in 
draught. Apart from their limited dimensions, 
these waterways have the serious encumbrance of 
numerous locks, and for.some years it has been 
considered desirable by many to have a canal suitable 
for large ships, and particularly for warships. 

The construction of a naval base at Rosyth has 
established a further and important reason why 
this scheme should be considered and a canal be 
made of adequate size to meet the prospective 
needs of the war fleet. There can be no question 


it extends from Grangemouth, on the) 


of the strategic advantage of such a waterway in 
the concentration of a fleet in the North Sea. e 
passage by the Pentland Firth in the north is 
objectionable, apart altogether from its mileage, 
because of the strong tides, uncertain eddies, 
and the frequency of bad weather and dense 
fogs. The junction of the.Atlantic Fleet, located 
in the English Channel, with the Home Fleet 
based at the Nore or in the north, might be a 
difficult operation with the existence in the North 
Sea of an opposing fleet superior to either. In 
such event, it is contended, the Ship Canal 
would prove of great advantage. It certainly 
would add materially to the mobility of the 
Fleet, which is of vital importance to nautical 
strategy. The fact that the Rosyth base is 
further inland than the Forth Bridge aroused some 
opposition to the choice. of the locality for this 
northern base. It was urged that the destruction 
of the Forth Bridge, causing the collapse of the 
immense network of steel tu and girders into 
the navigable waterway, might prove a_ serious 
obstacle to the movement of a fleet from Rosyth, 
and that the delay in moving the débris might give 





as a dry dock, and also machine-shops of consider- 
able size. These, however, are intended for what 
one might term the routine overhaul of ships 
in commission during peace times. In the event 
of war, these facilities would be inadequate. 
Indeed, the complete naval constructional jc- 
sources of the country would be very severely taxed 
in order to rapidly and efficiently repair the ships 
again for the fighting line after any engagement. 

e equipment of Rosyth for undertaking such 
extraordinary work must be condemned from the 

int of view of national economics. The cost would 

immensely oo than the expense of cutting a 
ship canal, and it is subject for serious reflection 
whether the canal would not yield a much higher 
advantage in war times than an elaborate establish- 
ment at Rosyth, which would be more or less non- 
productive in peace times. In a recent article (page 
493 ante) we discussed the financial responsibility 
of the Admiralty to naval contractors, enforcing 
the argument that sound economics demanded, not 
so much the creation of increased industrial facili- 
ties for meeting cases of occasional emergency, 
but the utilisation of existing plant to its fullest 
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an opposing fleet a temporary advantage which 
would oxtiie the issue of rycen war. Others hold 
that the water at the Forth Bridge is so deep 
(150 ft. to 200 ft.) that the débris would not obstruct 
the channel. There may, however, be justifica- 
tion for the suggestion that an emergency canal 
should be constructed to the north of the bridge, so 
as to afford an alternative means of escape for the 
Fleet. This canal need only be two miles long, 
crossing between North Queensferry Bay and St. 
Margaret’s Bay, in which Rosyth is situated. The 
Forth Bridge would cross it. The canal would be 
supplementary to the ship canal across Scotland, 
which would incidentally meet the same difficulty ; 
but the main function of the latter is the connec- 
tion of the North Sea with the Atlantic, to obviate 
the necessity of the Fleet passing around the 
North Coast of Scotland, or by the English Channel. 

An equally important advantage claimed for the 
project is that it would place at the service of the 
| Navy authorities the immense naval construction 
| facilities of the Clyde and the West Coast generally, 
including Barrow and Liverpool. As a consequence, 
there need not be constructed at Rosyth the large 
graving-docks and the factories, with extensive 
machine-tools required for the repair and recon- 
struction of ships severely damaged in war. The 
present scheme for Rosyth includes the building 
of one graving-dock, in addition to the large 





entrance-lock, which will serve the same purpose 





as at Barrow and Liver- 


extent. On the Clyde, 
pool, there exist many establishments equal to 
those at Devonport, Portsmouth, and Chatham, 
and it should be the aim of the naval autho- 
rities to make every provision for the utilisation 


resources. Following an engage- 
orth Sea, which might or might 
not be decisive, many ships on both sides would re- 
quire reconstruction. e cannot hope that our 
enemy would be without such reserves as would en- 
able them to improvise a fleet which would make it 
imperative for our derelict ships to have a convoy 
to the southern repairing ports. The withdrawal 
of the ships for convoy from active offensive opera- 
tions would give an opposing fleet in being such « 
better opportunity to strike a blow at some point «= 
might be serious to the material or moral strength 
of the nation. The existence of a warship canal 
between the Forth and the Clyde would, on the 
contrary, enable a damaged fleet to be instantly 
removed from the venue of possible attack ; in other 
words, to be brought to ‘‘a lee shore,” and at 
the same time place the Government in the posses 
sion of thoroughly adequate repairing resources 
Our remaining reserve fleet would be free to strike 
at the enemy. The entrance to the Ship Canal on 
the Forth would be sufficiently far up the Firth to 
simplify its protection from sea attack. 

e canal would also be of advantage from the 
point of view of commerce. This is suggested by 
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vessels can steam full speed down*Loch Long to the 
Clyde and then to the sea. Loch Lomond would 
be the summit level, and as it has a water area of 
21,000 acres, and a gathering area of 290 square 
miles, there is an inexhaustible supply for the locks 
at each end. The difference in the level is 13 ft. 
and 17 ft. above high-water level at the Forth and 
the Clyde respectively. 

The total distance from the Forth to the Firth 
of Clyde at the mouth of Loch Long is 68} statute 
miles, but of this distance 284 miles is e up 7 
Loch Lomond and Loch Long, so that the lengt 
of cutting would be 40 miles, in addition to the 
deepening of the Forth from opposite Grangemouth 
to the canallock. The total distance from Grange- 
mouth to about the same point in the Firth of 
Clyde by the ‘‘high-level” route, debouching at 
Yoker, is 504 statute miles, which gives an advantage 
of 18 miles ; but owing to the crowded channel of 
the Clyde from Yoker, about 20 miles from the 
Firth, the time occupied, estimating 6 knots for 
the canal and river, and 12 knots for open water, 
and 20 minutes for each lock, would be 8} hours 
by the Loch Lomond route, and 11? hours by the 
other route. 

The proposal is to make the locks at Grange- 
mouth and at Loch Long 900 ft. long and 100 ft. 
wide, with small locks alongside, 450 ft. long by 
45 ft. wide. The Caledonian main line crosses the 
route at Stirling, in addition to four local or 
branch lines, while many public roads also pass 
over the proposed route. In this respect the Loch 
Lomond route has probably an advantage. Origi- 
nally it was proposed to have swing-bridges, but in 
order to minimise possible objection, it has been de- 
cided that high-level bridges should be constructed 
for railways. This increases the capital cost by a 
million sterling. It is estimated that for a canal 
with 36 ft. draught of water the total cost would be 
20 millions sterling. This, however, might be re- 
duced if the level of Loch Lomond were raised 
by the construction of a dam at Balloch, a point 
which might further be achieved by the formation 
there of a deeper lock than at Tarbet, and the 
canalisation of the valley of the Leven. These 


figures might be somewhat modified by a complete 
survey, but a good case has been made for the full 


consideration of the scheme, especially in the light 
of recent naval developments. 





THE DOCTRINE OF COMMON 
EMPLOYMENT. 

It is a most serious and important question how 
far we are liable in a civil action for injuries 
to workmen as the result of a breach of any statu- 
tory regulations involving criminal consequences. 

his is of interest especially to mine-owners, but 
hardly less to engineers, and, in fact, to all em- 
ployers who are under the Factory Act. It isa 
common fallacy that the total liability of owners of 
mines and factories and workshops is laid down in 
the mines and factory regulations, and that so long 
as these are complied with by the employer himself 
he is not liable to third parties. For example, 
Section 49 of the Mines Regulation Act is recog- 
nised as creating a statutory liability on mine- 
owners to observe towards their workmen the regu- 
lations contained in the section. Section 50 goes 
further, and renders owners liable in a civil action 
for non-compliance with the rules if injury results 
to a workman, unless the owner proves he has taken 
reasonable precautions to prevent the breach by 
publishing the rules, circulating them amongst the 
workmen, and doing his best to have them enforced. 
The idea that the employer's liability is confined to 
the statutory obligations laid down by the Coal 
Mines Regulation Act, 1887, led to a very learned 
discussion on March 22 in the Court of Appeal of 
many intricate and difficult points in the reserved 
judgments delivered by the Master of the Rolls, 
Lord Justice Fletcher Moulton, and Lord Justice 
Buckley. The case before the Court was 
David v. Britannia Merthyr Coal Company, on 
appeal from Mr. Justice Channell at the Swansea 
Assizes. The plaintiff was the widow of David, 
a repairer, who was killed with several others 
in an explosion in the pit where it was by Statute 
forbidden to use gunpowder where the shot 
was fired. Rule 12 of Section 49 required the 
owner, or his manager or agent, to examine the place 
for 20 yards round where the shot was fired and see 
it was well damped, and that there was no dry ex- 
losive dust, and, further, that it was out of the 
ulage road. In the Coal Mines Regulation Act, 





1896, it is provided by certain rules that certain ex- 
plosives only shall be used, and that the shot shall 
not be in the haulage-way, or by any other 
person than the one appointed as regular firer. In 
the defendant company’s mine gunpowder was not 
one of the explosives allowed in the part of the 
mine where the explosion occurred, and the shot 
was not fired by the regular firer, and no spraying 
had been done to lay the dry dust. The result 
of this negligent breach of the Mines Regu- 
lations Act was the death of seven workmen, 
whose representatives’ claims were made at common 
law, and not under the Employers’ Liability Act or 
the Workmen’s Compensation Act, and all depended 
on the decision of the Court of Appeal in this case 
of the widow of David. 

The mine had a manager and an under and over- 
manager, foreman, and shot-firer, all duly appointed 
in compliance with the Act. This the defendant 
company thought was sufficient to show they had 
complied with the law. The accident was brought 
about by the act of two irresponsible workmen, and 
the owners denied liability. They did not, how- 
ever, bring evidence to show they had taken reason- 
able means to enforce the regulations under the 
Act. The jury at Swansea found the defendant 
company were not liable for the accident, and in 
this they were guided by the Judge, who told them 
that Section 50 applied only to the defendants’ 
liability in criminal proceedings instituted by the 
Crown for any breach of the Statute. 

The Judge really directed the jury to find a 
verdict for the defendants, as in his view they could 
only be held liable when they connived at the act 
which caused the accident. This case being of such 
great importance to employers and the representa- 
tives of those killed, it was taken to the Court of 
Appeal, when the defendants, having, as they 
alcool, complied with their statutory obligations, 
denied liability for the recklessness of the men 
themselves. This raised again the old doctrine of 
‘common employment,” which is now practically 
obsolete in the Courts. It assumed that when men 
worked together in a mine or factory they took a 
common risk of one doing an injury to another, 
for which the employer had no liability. 

This doctrine of ‘‘common employment” at com- 
mon law rose before the days of statutory duties 
being imposed by mining and factory Acts, and 
therefore it does not apply in a case where em- 
ployers have broken a statutory duty. The defen- 
dants’ case was that if there was a breach of statu- 
tory duty, it was not committed by them, but by 
the fellow-servant of the deceased workman. 

The defendant company made the mistake of sup- 
posing that they avoided liability under the statute 
when the negligence which caused the accident was 
immediately due to a careless workman. They were 
liable for a breach by their servant of a statutory duty 
imposed upon the owners, for such duty is direct and 
absolute, and the master cannot in such case shelter 
himself behind the servant to whom he has dele- 
gated his duty. It was the statutory duty of the 
defendants to appoint the regular shot-firer, to 
remove the workmen from the place, to have the 
place damped, and, in fact, they should not have 
used the gunpowder explosive in the haulage-way. 
The workmen, or, at least, one of them, brought 
about the fatal accident; but although the de- 
fendants did not know what was being done, they 
were none the less liable for breach of the statutory 
duty, for under the Act the owner, and agent, and 
manager shall each be responsible, and be guilty of 
an offence under the Act unless he prove reason- 
able precautions were taken to prevent any person 
committing a breach. 

The Master of the Rolls took the view of Mr. 
Justice Channell at the assizes, but the very full 
and weighty judgment of Lords Justices Fletcher 
Moulton and Buckley reversed his decision. ' The 
point to be remembered by all employers is that 
the statute duty imposed on them does not neces- 
sarily involve a personal performance. In case of 
a limited company, or others who are not prac- 
tical men, the employers’ duty is delegated to agents. 
The workman in the master’s employment has an 
interest in his master’s strict fulfilment of the 
statutory duty just as any member of the public 
has. He does not waive his right to see the law 
of the land obeyed by his master when he becomes 
the master’s employe. As one of the community 
no workman can be assumed to have the risk, on 
entering a master’s employment, of the master’s 
neglect of his statutory duty to the public. 

ngineers are interested especially in this prin- 





ciple of law as illustrated in the case of Groves ¢. 
Lord Wimborne, in which a workman had been 
injured by the removal temporarily of the fence 
that protected the workmen from moving ma- 
chinery. This la was a breach of statutory 
duty under the Ticeey Acts, which, while they 
make the employer liable for criminal breach of 
the statute, do not always involve criminal proceed- 
ings, for, of course, the majority of masters have no 
criminal knowledge of the breach. At the same 
time, because the act is a breach of the statute, it 
does not follow that the third party who may be 
injured is denied the right of a civil action and 
damages. The statutory obligation is purely sub 
ject to a criminal penalty, and apart from civil 
proceedings. 

The case is of such importance to employers and 
workmen that the arguments of the great judges 
who have settled some intricate points are well 
worth considering by employers and men. 

Lord Justice Fletcher Moulton, in the course of 
a very long judgment, said :—‘‘ This view”—i.e., 
of criminal proceedings being apart from statutory 
duty—‘‘is strengthened by examination of parallel 
legislation like the Factory Acts. There we find 
provisions as to what shall and what shall not be 
done in a factory, and factories in which they are 
done are said to be ‘not in conformity with the 
Act.’ For such nonconformity there are penalties, 
and in certain cases the owner can defend himself 
by proving the illegal act was done by one of his 
employés. But this does not constitute the whole 
consequences of a non-performance of the duties of 
the Act. They are only the criminal consequences. 
The civil liability which has resulted to a third 
person from non-performance of a statutory duty 
may be the cause of action.” 

In Groves v. Wimborne, where the act which was 
the cause of action was one for which a penalty 
was provided, Lord Wimborne, although he had no 
personal knowledge of the matter, was held liable 
for damage suffered by a third person. His Lord- 
ship said that further defences to proceedings of 
a criminal nature in respect of offences under the 
Act are only defences to criminal proceedings, and 
are not statutory defences under civil proceed- 
ings, based on the non-performance of the statu- 
tory duty. The learned Judge was wrong in telling 
the jury in this case at Swansea that there is not 
an absolute liability on the owners to insure com- 
pliance with these rules by their servants ; and if 
they do their best to enforce these rules, then they 
are not liable for damage done by reason of their 
servants not performing the rules. 

The Lord Justice, on the contrary, held that 
there are many statutory duties imposed on the 
owners of mines, and with regard to these there is 
no exception to the ordinary rule that civil respon- 
sibility follows if these rules are broken and 
damage is occasioned to third parties, whether 
the actual act or default is due to the owner or his 
servants or agents. 

In discussing the point that this interpretation 
of the law leads-to the owner being responsible 
towards his own servants for negligence of a fellow- 
servant, whereas the doctrine of common employ- 
ment would save him from this liability in a case of 
common law negligence, Lord Justice Moulton 
pointed out that the trend of all modern legislation 
as to factories, mines, &c., has been markedly in 
the direction of insisting on the employer doing his 
duty towards his workmen, at least to the extent of 
the standard fixed by law, and it therefore seemed 
reasonable that the Legislature should make the 
breaches by him of the laws passed with this intent 
entail the like civil liability towards his own 
servants that they would towards third parties. 








THE ORIGIN OF ANTHRACITE COAL. 

THE causes that have contributed to the forma- 
tion of the anthracite-coal measures, particularly in 
South Wales, have for a long time been a fruitful 
source of speculation among geologists. This is, 
perhaps, not surprising, for the subject is sur- 
rounded by so much conflicting evidence that vary- 
ing theories are to be expected. In all such cases 
proof is difficult, if not impossible. As far back as 
1840 it was pointed out by Mushet, in papers on 
iron and steel, that coals of different qualities are 
associated with similar strata ; that the coal only, 
and not the accompanying measures, is changed. 
The change, however, cannot be accounted for by 
contact with trap-rock. Mushet was of opinion 
that the cause may have been due to fermentation, 
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and the temperature caused thereby, during the 
period of transition from wood or vegetable matter 
into coal, but he did not think that this took place 
during the period of submersion. De la Beche, 
writing in 1846, found no evidence to show that 
there was any original difference between anthracite 
and bituminous coals, the whole being, in the first 
case, bituminous. The change to anthracite he 
looked upon as being due to subsequent change 
caused by the volatile compounds formed by de- 
composition having carried off relatively greater 
wroportions of hydrogen and oxygen than of carbon. 
Disturbance of the strata was not responsible for it. 
In support of this last view he quoted the fact that 
the coal-measures at Merthyr Tydfil were not more 
disturbed than those at Pontypool, nor those at 
Hirwain more than those at Pyle. Near the Mendip 
Hills also, where the coal is not anthracite, the 
measures are far more contorted than are many of 
the anthracite measures of South Wales. Long- 
continued high temperature was, he thought, capable 
of effecting the change, in support of which the fact 
that the lower beds were more anthracitic than the 
upper beds was evidence. Another authority, Dr. 
J. P. Bevan, claimed, in 1859, that anthracitisation 
was due to ‘‘ trap-rocks far below the surface which 
have never appeared,” and it took place before the 
‘‘upper coal-measures were deposited.” Another 
theory, propounded by Mr. Thomas Joseph, in the 
Transactions of the South Wales Institution of 
Engineers in 1872, was that the change was due 
to magnetic or galvano-magnetic action long prior 
to the occurrence of faults. Other theories have 
been discussed, some reasonable, others with little 
apparent evidence to support them, one of the 
latter being that chlorine, disengaged by volcanic 
action, combined with the hydrogen of the bitu- 
minous coal, while part of the hydrogen combined 
with the oxygen of the coal to form water. Some 
portion of what would have formed ash in the coal 
was supposed to be carried away as chlorides. 

Out of all the theories a sort of general agreement 
appears to have been come to that, at any rate, the 
anthracitic character of certain coals had been brought 
about in coals that were originally bituminous. Ex- 
planations had roughly been resolved into three : that 
the anthracite seams had been more deeply buried, 
and consequently had been subjected to a higher 
temperature than the overlying strata ; that they 
had been altered by the intrusion of plutonic rocks, 
and that they were more affected by slip cleavage. 
None of these theories appears, however, to be 
without serious objections. Recent investigations 
have thrown some light on the subject, and theories 
that have for a good many years been regarded with 
more or less favour must now be examined in this 
light, and some of them suffer considerably by the 
process, 

Unfortunately for the belief that great depth 
and consequent high temperature were the cause of 
anthracitisation, it has been shown that in the part 
of the coal-field where the measures are thickest, 
and where the seams were most deeply buried in 
carboniferous times, the coals are bituminous. 
With regard to the secondary rocks, also, which 
were subsequently spread over the coal measures, 
they were thickest in the southern and bituminous 
region, and thinnest over the northern, or anthra- 
cite, part. Again, the trap-rocks of Pembrokeshire, 
which, while in a molten state, were thought to have 
penetrated under the coal-tields, are of pre-carboni- 
ferous age, and consequently can have had no effect 
on the coal-measures. In places where whin-sills 
have come in contact with coal in other districts, 
the coal has not been anthracitised, but coked ; and 
the percentage of ash has largely increased. From 
what is now known, it does not appear that slip 
cleavage is developed in anthracite seams, and 
the theory that escape of volatile gases is re- 
sponsible for anthracitisation does not accord with 
present knowledge. The distribution of anthracite 
in Ireland does not support the theory that the 
cause was due to disturbance of the strata. Other 
causes must, therefore, be sought. One thing 
seems clear, however, which is, that the theory of 
the seams having been altered by one common cause, 
acting subsequently to their deposition, as, for 
example, regional metamorphism, must give way. 

Since the year 1901 investigations have been 
carried out by Mr. A. Strahan, F.R.S., and Mr. 
W. Pollard, F.G.S., with a view of obtaining as 
inuch evidence as possible bearing on the causes 


of anthracitisation, the result of their labours 
“ppearing last year in the form of a memoir on the 
Coals of South Wales,” published by the Geological 


‘plants of which they are formed, and also that the 





Survey of England and Wales. The investigation | 
entailed a great amount of work, including the | 
making of a large number of analyses of different 
coals 


As far as can now be told, the anthracite region 
must have lain, for the most part, outside the 
north-western 1 in of the main coal-field, and to | 
the west of it in Puntestnalilion, but the greater | 

of it has been removed by denudation. | 
rom the remaining however, geologists are | 
enabled to judge that it extended in a direction a 
little south of west, and it is probable that it never | 
reached beyond Monmouthshire in an easterly 
direction. Its limit to the west is unknown. In- 
vestigations have shown that the depth from the 
present surface has nothing to do with anthracitisa- 
tion. In the anthracite regions the coals are 
anthracitic up to their outcrops, while in the bitu- 
minous districts the coals continue to be bitu- 
minous to the lowest depths to which they have 
been followed. From this it may be assumed 
that the coals had attained their present character 
before denudation had done its work on surface 
configuration. Another matter of distinct import- 
ance as evidence in favour of this view is the 
marked freedom from ash of the anthracite coals 
when compared with bituminous coals. Now it 
is obvious that if anthracite coal had ever been 
bituminous coal, its change from the latter state to 
the former would se want mean a loss of bitumi- 
nous matter, and consequently an increase in the 
percentage of ash. The remarkable freedom of 
anthracite coal from ash is well known, for it is one 
of its chief characteristics. By ash is, of course, 
meant all non-combustible residue. It may be due 
to slaty films, pyrites, sulphates, and carbonates, 
which are found in the coal, in addition to which 
there may be organic material supplied by the 
plants which formed the coal. : 

In order to find out what percentage of ash is 
contained in a mass of miscellaneous plants, and the 
alteration effected by spontaneous heat, experiments 
have been made with meadow hay, two samples of 
which were taken from the same rick, some from the 
outer layers, not subject to much heat, and some 
from the centre of the rick, where the hay had been 
much heated and had become almost black. Both 
samples were dried at 105 deg. Cent., and were then 
analysed in a manner exactly like that adopted with 
coal. The result showed that in the dark heated 
sample from the interior of the stack the percentage 
of ash was 9.28, and in the sample taken from 
the outside of the stack, where there had been 
little heating, it was 7.61. The net result of the 
heating was to diminish the percentage of hydrogen, 
oxygen, and nitrogen, with a corresponding increase 
in the percentage of carbon and ash. 

The conclusions arrived at by Mr. Strahan may 
be summed up as follow :—(a) The seams are not 
all similarly anthracite, and though each seam is 
generally more anthracitic than the one above it, 
there are many exceptions to this rule. (b) The 
anthracitic character was notdueto faults, but existed 
before the faults were formed. (c) The anthracite 
existed as such before the coal-field was reduced by 
denudation to its present dimensions. (d) The per- 
centage of ash diminishes pari u with the de- 
crease of bituminous matter. From these conclu- 
sions we gather that the variations in the composi- 
tion of the coals were original, or, at any rate, of 
very early date, for the denudation of the coal-fields 
and the disturbances of the strata took place in the 
main before the Triassic period, and, therefore, 
before any of the secondary rocks were laid down. 
There does not seem to be any evidence to carry us 
further than this, but things point to anthracitisa- 
tion having been contemporaneous with the deposi- 
tion of the coal-measures. 

Geologists appear to be able to give us no ex- 
planation of the distribution of anthracite, though 
attention may be called to the fact that coals are 
known to vary in character, both according to the 
kind of vegetable remains, as well as to the parts of 


| 
| 


vegetable mass is preserved according to local 
circumstances. 

In all that has been said, however, with regard to 
the anthracitic character of the coals in parts of 
South Wales being due to original conditions 
of deposition, the fact that changes are liable 
to occur in the process of time is granted. Asa 
general rule, pot associated with older formations 
——- more nearly the anthracitic condition than 
those of later date. Put briefly, all the informa- 





tion on this subject which has, up to the present, 





been obtained points to the conclusion that, what- 
ever causes of alteration subsequent to deposition 
of the coal may have been, there does not appear 
to be one of them adequate to modify more than to 
a very small extent the differences. due to original 
composition. 





NOTES. 
Maus sy THE TRANs-SiperRiaAn Rartway. 


Tue Trans-Siberian Railway has now established 
itself as the quickest of the three chief routes for 
the conveyance of mails and passengers to the Far 
East. The time taken is much shorter than that 
taken by India or America, and recent improve- 
ments have been made and increased facilities have 
been effected which have made the Trans-Siberian 
route increasingly popular. As a result of the con- 
ferences and negotiations between the International 
Car Company and the various railway and steam- 
ship lines concerned, during the past year, special 
arrangements have been made whereby travellers 
will be able to secure direct connections and tickets 
from any of the principal points in the Far East, 
through to the principal points in Europe and to 
America, via the ns-Siberian route, and registered 
baggage will be checked through direct from Shang- 
hai, Cena, or Tsuruga, to the ticket destination 
in Europe, in bond, with examination only at the 
custom house on the frontier of the country to which 
it is registered, thus avoiding any re-checking or 
examination at intermediate points. Special ticket- 
books will be issued containing coupon tickets 
for each section of the entire journey, by any 
of the various routes in connection with the 
Trans-Siberian line to Europe, and also for single 
or circular local tours, covering all the principal 
places of interest in Japan, China, Korea, Man- 
churia, Siberia, and the Far East generally. This 
will be a distinctly new feature, and of great con- 
venience for all travellers, both to Europe and 
locally in the Far Kast. In connection with the 
regular Trans-Siberian service, express trains from 
Vladivostock and Harbin run three times each 
week for Europe. Considering the difficulties 
regarding through connections, tickets, and check- 
ing and examination of baggage via this route 
in the past, the above new arrangements and 
facilities mark a new era for the traffic by the 
Trans-Siberian route, and will be welcomed by 
the travelling public. The through journey to 
London from Shanghai will be accomplished in 
sixteen days by this route, when everything has. 
been got into smooth working order. To ensure 
comfort, and as an inducement to passengers to 
break their journey in Manchuria, the company 
has built hotels at the principal stations along 
the line, at Dalny, Kuangchengtze, and Port Arthur, 
while one at Mukden is in course of construction. 
Opportunity will be offered to visit the battlefields 
around the great naval fortress and in the penin- 
sula of the Regent's Sound. Another extension 
is much talked of—namely, the establishment of a 
service of steamers between Australasia and the 
southern terminus of the South Manchurian Rail- 
way. ‘The tendency at present among travellers 
is to avoid sea voyages as much as possible, but at 
present the -— way of reaching Australasia 
from Europe is by steamer. It is said that the 
directors of the South Manchuria Railway Company 
have approached the three steamship companies 
whose vessels ply between Australasia and Japan, 
and have pro to them that Dairen should in 
future be made a port of call. They offer to give 
to the steamers not only free wharfage, but also 
coal and water at exceptionally cheap rates. 


A New Execrric Errecr. 


Last autumn Professor M. Cantor, of Heidelberg, 
described as a ‘‘new electric phenomenon” some 
observations which, we confess, ap to us to 
admit of explanation on the old-fashioned lines, and 
such an explanation was given by Professor Edgar 
Meyer, of Ziirich, in the Physikalische Zeitschrift 
of February 1. But we have to add that Professor 
F. E. Nipher, in a communication presented to the 
American Philosophical Society concerning cognate 
experiments, es on the same lines as Cantor. 
Cantor took a plate of glass, with one edge ground 
—_ thin, coated it on both sides with an exceed- 
ing y thin film of silver, gold, or platinum, chemi- 

ly or by a burning-in process, and joined the 
metallic film on opposite sides of the plate to 
a battery of 70 volts. Holding then an insulated 
charged wire parallel to the = hom edge, 2 or 3 
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millimetres from it, he found that the wire was 
quickly discharged, when the current passed through 
the film: both positive and negative charges were 
dispersed, the positive rather more rapidly. Cantor 
considers that the electrons carrying the current 
in the film could not turn the sharp angle at the 
edge, left the metal therefore, and discharged 
the wire. E. Meyer objects that there is not 
sufficient force to expel the electrons at the edge, 
and, if there were, we should long since have 
observed this new effect, and Ohm’s law could not 
be valid. Repeating the experiments with glass, 
quartz, and mica, he inse a telephone in the 
70 volts’ circuit and observed that the discharge of 
the wire took place only when some sound was 
audible in the telephone, and when the edge was 
visible in the darkness. The metallic film would be 
particularly thin, of high resistance, and incom- 
plete at the edge, he points out ; a point discharge 
would take place at it and affect the wire close by, 
owing to ionisation of the air. The noise, the 
glow, and the discharge all stopped when the metal 
film at the edge was made thicker ; on the other 
hand, the same discharge phenomena were ob 
served when the film was produced on a flat plate, 
a scratch was made in the film, and a charged wire 
held parallel to that scratch. Meyer also noticed 
that the discharge was prevented when aluminium 
foil of 0.002 millimetre thickness was interposed 
between the edge and the wire; a quartz plate 
of 1 millimetre thickness also stopped the dis- 
charge, but not the pho phic action of the glow 
oredge. This photographic effect, which had been 
observed also by Cantor, plays a chief er in 
Nipher’s experiments. Nipher works with high- 
oe currents obtained from an eight-plate static 
machine. Sparks of 4 in. and 8 in. length are taken 
from the terminals to two lines of conductors 
grounded in the yard outside. The lines consist 
partly of strips of cloth moistened with salt solu 
tion (these moist strips are to stop electric oscil 
lations), and partly of wires bent to sharp angles. 
At these angles he places photographic plates 
(enclosed in hard-rubber holders) in such a way 
that some of the plates are exposed to the wire on 
the ground side, and some on the machine side of 
the angle. Nipher now finds that the photographic 
effect is much stronger when the wire is in the 
negative line than when in the positive line ; in 
fact, 9000 discharges in the pommve line gave only 
as strong a photographic effect as one discharge in 
the negative line. — attributes the photo- 
graphic action to the electrons which leave at the 
angles not being able to turn the sharp corner ; the 
electrons have momentum, penetrate through the 
rubber cover, and affect the plate. In the negative 
line the effect is much stronger on the machine 
side of the angle than on the ground side (the 
opposite holds for the positive line). The negative 
levteone are doing the work in both cases, flowing 


from the ground to the machine through the posi- 
tive line, while they are forced in under pressure 


from the machine on the negative line. All these 
features, which are difficult to follow without the 
aid of diagrams, are to prove that electrons having 
momentum are shot off at the sharp corners. We 
do not see much more in them than in long-known 
photo-electric experiments. 


Repvction oF Metatiic Oxipes By CarBon— 
Ferro-ALoys. 


Mr. H. C. Greenwood, M.Sc., at the Electro- 
chemical Laboratory of the University of Manchester, 
has been conducting an interesting investigation into 
the temperatures at which the reductions of refrac- 
tory oxides by carbon take place. He had also in- 
vestigated the influence which the presence of metals 
such as iron, with which the liberated metal would 
form an alloy, exerts on these reactions. The re- 
searches were undertaken on the instigation of Dr. 
R. S. Hutton, and the electric-furnace tubes are 
water-cooled in the way described by J. W. Pring and 


Hutton a few years ago. Mr. Greenwood finds that | 


the reductions take place at considerably lower tem- 

ratures than had so far been assumed. Thus 

eville could only reduce the oxides of chromium 
and manganese with the aid of the oxyhydrogen 
blow-pipe, and concluded that a temperature ap- 
proaching the melting point of platinum was essen- 
tial. Mr. Greenwood’s apparatus consists of a glass 
flask, inverted and cl below by a mercury seal, 
and provided at both sides with long tubular projec- 
tions, through which water-cooled brass tubes are 
introduced. These tubes contain the electric leads, 
and are joined to the furnace tube proper, made of 


graphite, which forms a diameter of the flask. The 
vessel is carefully evacuated, and temperatures are 
determined by the Wanner pyrometer and checked 
by thermo-couple observations ; the apparatus can 
be heated up to 2000 deg. Cent., and the tempera- 
tures are kept constant within 10 deg. The oxides 
are intimately mixed with carbon—mostly retort 
carbon. Even the best carbons give off gases at 
high temperatures, and this is the most serious 
difficulty of the experiments. Reduction began at 
the following temperatures :—Chromium sesqui- 
oxide, 1180 deg. Cent. ; manganous oxide, 1105 deg. ; 
uranium dioxide, 1490 deg.; silica, 1460 deg. ; 
zirconia, 1400 deg. ; thoria, 1600 deg. ; tungsten 
dioxide, 1115 deg. Cent. These temperatures con- 
cern mixtures of oxide and retort carbon. When 
acetylene black, a very pure carbon in finest sub- 
division, was applied, chromium oxide was re- 
duced at 1100 deg. Cent. ; while purified sugar 
charcoal, itself heated first to 2000 deg. Cent. in 
order to expel occluded gas, only effected the reduc- 
tion at 1240 deg. Cent. That the physical condi- 
tions of the carbon and of the oxide, and the inti- 
macy of contact, are important factors, had long 
been recognised, of course; and these conditions 
further determine particularly the rate of progress 
of the reduction through the mixture. The 
reductions resulted, in all cases, before the 
oxide had melted, and also before it had disso- 
ciated. The influence of the presence of iron 
and other metals wil! further have to be studied. 
It is well known that the temperatures of many 
reductions are lowered when other metals are pre- 
sent, and metals are technically added also in the 
manufacture of alloys and of silicides and cognate 
compounds. Among the causes suggested for the 
facilitation of the reduction are the fusibility of the 
alloy and consequent agglomeration of the reduc- 
tion product, the local increment of temperature 
due to the oxidation of carbon by the ferric oxide, 
and a definite chemical affinity between the two 
metals. Mr. Greenwood finds that the reduction 
of silica by carbon, which requires 1460 deg. Cent., 
will commence at 1050 deg. when iron is mixed 
with the carbon. Metallic manganese lowered 
the reduction temperature to 1100 deg., but ferric 
oxide had no influence, while powdered copper 
reduced the reaction temperature without causing 
the copper particles to fuse together. In the case of 
chromium oxide, neither iron nor iron oxide exerted 
any notable influence, while metallic manganese 
facilitated this reduction. Affinities appear to play 
a part in these phenomena, but definite conclusions 
cannot yet be drawn. 








DESPATCHING TRAINS BY TELEPHONE.—On a portion of 
the western lines of the Canadian Pacific Railway, 
between Winni and Brandon, train-despatching by 
telephone is to abe tried. Instructions have m issued 
for the installation of the telephone system on the main 
line between these two points ; and if the experiment 
proves satisfactory, other sections will be dealt with. At 

resent the section of the Canadian Pacific Eastern lines 

tween Montreal and Farnham is operated by tele- 
phone, and’ has worked well. The system is the same as 
that which has been under test on the Burli m and 
other railway systems of the United States. The 135 
miles stretch between Winnipeg and Brandon has 28 
stations and three junction points, with 20 daily regular 
trains and many extras, so that every opportunity will be 
afforded for an adequate test of the telephone system. 


Moscow Crrcutak Ramway.—The Russian Ministry 
of Roads of Communication have lately published a 

mphlet and book of views of the Moscow Circular 

ilway, which was completed last year. This railway 
encloses an area of nearly 81 square miles, the city and 
its suburbs covering about 45 per cent. of this. It is about 
54 kilometres in length, and follows a deviating line, 
sometimes near or within the city, and at places 6 or 7 
kilometres distant from it. Two tracks are laid. Seven 
main lines entering the city pass under the Circular Rail- 
way and three above it. There are no level crossings for 
roads, all ing either over or under the line. By means 
of ‘cty-tnene ranch lines, of which twenty-two are at 
present constructed, the Circular Railway will make 
| communication with the main lines. Stations for sorting 
| freight have been construc on the main lines for ex- 
pediting the handling of this traffic by the Circular Rail- 
way. The le of sidings at present amounts to 96 
kilometres, and the total length of the twenty-two con- 
necting lines now built is 63.5 kilometres. About 2349 
acres of land had to be acquired for the work. One 
hundred and two bridges have been constructed, of which 
thirteen allow railways to pass over or under the Circular 
Railway, while seventy are for roads, and the rest for 
carrying the railway over rivers, &c. The largest bridge 
is warts Moscva River, and has a main span of 280 ft., 
side spans of 210 ft., and shore spans of 42 ft. each. 
Fourteen stations have been built. The line is equipped 
with the Siemens block system. 











NOTES FROM THE UNITED STATES. 
PHILADELPHIA, April 9. 

Tue tariff question continues to be the all-absorbing 
question at the present time. A vote is daily expected 
on the entire Bill. Prices for iron and steel products 
have been ing, and business is irregular because 
of the baseladaes that a definite settlement of tariii 
duties is near at hand. Steel bars are at present ii 
better demand than other products, and prices have 
been cut by some ‘‘ independents ” as low as 1.10 dols. 
The larger concerns are holding to prices recent); 
established. The time for the placing of the annua! 
contract for agricultural steel is near at hand, and as it 
amounts to several hundred thousand tons, great inte 
rest is felt in it. The implement manufacturers have 
offered 95 cents per 100 lb. If this very low figure 
is accepted, they agree to place their immense 
order at once. Structural material is held at 1.30 
dols., but two or three large sales were made at 
1.10 dols. Sheet and tin-plate has been again 
shaded without leading to much business. Billets are 
still held at 23 dols. Merchant pipe promises to be 
very active, and on the casting of the vote on the 
Tariff Bill large orders will drop into the market, 
which will start the merchant-pipe mills to work. Tin- 
plate continues very active. uch idle tin-plate capa- 
city will soon be at work, and prices are maintained. 
The rail-mills are getting very little new business, 
although much is promised. Several mills are running 
to only one-third capacity. Pig iron has once more 
been shaded by Southern furnaces, and as a result con- 
siderable business has escaped the Northern furnaces. 
Conditions will improve very materially when the ob- 
structing tariff legislation is determined. 








Harsourk Construction tn Buicarta.—The Zentral 
Anzeiger of April 4 reports that the Bulgarian Ministry 
for Industry and Agriculture, in conjunction with the 
Ministry for Public Works, have decided to build a new 
harbour in Silistria. A committee is to be appointed for 
the purpose of choosing the site. 


Launcu or H.M.S. “‘Nupran.”—Messrs. J. I. Thorny- 
croft and Co. launched, on the 20th inst., from their 
Southampton works, the destroyer Nubian. one of the 
series of 33-knot destroyers, of which they have now 
delivered two — viz., .M.SS. Tartar and Amazon. 
The new vessel is 280 ft. in length, and is fitted with 
turbine machinery and with boilers using oil fuel. A 
speed of 33 knots as a mean of six hours’ running is 

uaranteed, this being exceeded in the case of H.M.S. 

‘artar, the first of the series, by over 2} knots. The 
armament is to consist of two 25-pounders and two 18-in. 
torpedo-tubes. A numerous company witnessed the 
ceremony. 


THE ENGINEERING EXPERIMENT SrTaTION, URBANA, 
ILLrNo1s.—On account of the demand for Bulletins No. 16 
and No. 25 of the Engineering Experiment Station, 
University of Illinois, another edition of each has been 

rinted, and copies are now available for distribution. 

o. 16, entitled “A Study of Roof Trusses,” by N. C. 
Ricker, is of interest to all persons interested in the 
design and construction of trussed roofs. No. 25, entitled 
4 Lighting Country Homes by Private Electric Plants,” 
by T. H. Amrine, includes explanations concerning 
aitificial illumination, selection of lighting fixtures and 
the planning of a house-lighting system, the design and 
estimate of the cost of a small private plant, suggestions 
about ordering apparatus, and instructions for its opera- 
tion and care. pies of these bulletins may be obtained 
gratis upon application to the Director, Engineering Ex- 
periment Station, Urbana, Illinois. 


THE Roaps IMPROVEMENT AssociaTION (INCORPO- 
RATED).—A meeting of the Council of this Association 
was held on Tuesday, the 20th inst., at 1, Albemarle- 
street, Piccadilly, W. It was unanimously resolved to 
appoint Mr. Robert Todd (chairman), Colonel R. E. 

mpton, M. Inst. C.E. (vice-chairman), Mr. Worby 
Beaumont, M. Inst. C.E., Mr. H. Howard og 
M.I. Mech. E., Mr. P. A. Sharman, M.I. Mech. E., Mr. 
H. P. Maybury (county surveyor for Kent), and Mr. Rees 
Jeffreys chon. secretary) as the a? y list of the 
Association’s delegates at the forthcoming London Road 
Conference. The regulations to govern the official tests 
by the Association of the dust-laying qualities of 
calcium chloride (Messrs. Brunner, Mond, and Co., 
Northwich), and a tar-and- water preparation (the 
Century Motor Company, London), were and 
the tests authorised. The Hon. Arthur Stanley, M.P. 
(Vice-President of the Association), is re-introducing in 
Parliament the Association’s Highways Bill. The Bull is 
backed by the following Members of Parliament :—The 
Right Hon. Thomas Lough, Sir W. J. Bull, Mr. W. 
Joynson-Hicks, Mr. J. Meir Astbury, K.C., Mr. D. Rufus 
Isaacs, K.C., Mr. C. D. Rose, and Mr. G. L. Courthope. 
The Association’s efforts to secure that the Town Planning 
Section of the Housing, Town-Planning, &c., Bili should 
include the improvement of existing, and construction of 
new, through routes for traffic, and also empower the 
Local Government to prescribe a minimum width 
for through or arterial routes of traffic were reported. 
Colonel Crompton stated that he had had some consider- 
able correspondence with road-surveyors and members o! 
highways authorities on the subject of last year’s roa! 
improvements. The annual meeting of the Association 
was fixed for the 29th inst., at 5.30 p.m.j 
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60-TON FLOATING SHEARS FOR SOUTH AMERICA. 


MESSRS. DAY, SUMMERS, AND CO., LIMITED, ENGINEERS, SOUTHAMPTON. 






































































































































THe accompanying illustrations show a set of 60-ton 
floating shears ‘constructed for South America by 
Messrs. _Day, Summers, and Co., Limited, Northam 
Iron Works, Southampton. The feature of the 
arrangement is not so much the adoption of an inclined 
screw—which considerably reduces the length of the 
barge jor a given load, and therefore lessens the cost 

but is the adoption of two screws with nuts secured 
to a cross-head, to which the bottom end of the back 
leg is fixed. 

lhe pontoon has, by reason of the inclined travers- 
ig screw, been reduced to 75 ft. in length, as against 
see it., which would be necessary with the usual 
‘orizontal serew arrangement, the breadth being 45 ft. 
aud the depth 8 ft. The pontoon is not fitted with 
seit-propelling machinery, but carries three steam 
“apstans for manceuvring purposes. At the after-end, 
%* shown in Fig. 1, there is a water-ballast tank, the 





























weight of water in which counterbalances the load 
lifted by the shear-legs. A centrifugal pump is fitted 
for filling and emptying the tank as required. 

The front legs are 90 ft. long between centres, and 
the back leg oy ft. long. The arrangement of the 
inclined screws is clearly shown in Fig. 2; the diameter 
of both screws is 5 in. On each screw there is 
mounted a gun-metal nut, forming part of the cross- 
head, to which the back leg is secured, as shown in 
detail in Fig. 4. The machinery for rotating the 
inclined screws through bevelled gearing is shown in 
Fig. 3, the main engines which work the hoisting- 
winch being utilised for this ——_ The traverse 
of the nuts on the screw enables the overhang from 
the perpendicular to be 36 ft., or from the end of. the 
pontoon 31 ft. 4 in., as shown in Fig. 1. 

The winding-drum, as well as the shaft for rotating 
the inclined screws, is operated by a horizontal steam- 


engine (Figs. 2 and 3), both cylinders being 10 in. in 
diameter and 12 in. stroke. Steam is supplied through 
a cylindrical boiler (Fig. 2) 10 ft. long and 9 ft. in 
a working at a pressure of 80 Ib. per square 
inch. 





INDUSTRIAL NOTES. 
THE general report of the Labour Department of the 
Board of Trade is based upon the following extensive 
and varied returns from reliable sources :—In addition 
to the 2894 employment returns from trade unions 
used for the chart, 3552 were received from employers 
relating to 1,111,606 workpeople employed in coal and 
| iron-mining, the cotton, pms wey worsted, and other 
| textile trades, the building trades, the boot and shoe 
| and other clothing trades, and the paper and glass 
trades. Besides ~ Se 6446 statistical returns, a large 
| number of returns of a non-statistical character were 
received from employers’ associations, trade unions, 
local correspondents, and other sources. It appears 
from the above returns that employment showed, on 
the whole, a slight improvement. It continued to 
— in most of the textile trades excepting cotton, 
and there was a seasonal improvement in the printing, 
building, furnishing, and wood-working trades. The 
| building, engineering, and shipbuilding trades re- 
| mained very ome scren As compared with a year ago, 
| there was some improvement in the worsted, linen, 
| hosiery, and lace trades, and in the tin-plate trade, 
| but in most of the other industries there was a decline. 
| The changes in rates of wages reported during the 
month affected over 800,000 workpeople, and resulted 
in a fall of 43,000/. per week. 

The 416 unions making returns had a net member- 
ship of 700,654, of whom 57,450, or 8.2 per cent., were 
reported as unemployed, compared with 8.4 per cent. 
a month ago and b.4 per cent, a year ago. 


Employment in coal-mining continued fairly good ; 
it was slightly better than a month ago, but was not 
so good as a year ago. The average number of days 
worked by the pits was 5.29, as compared with 5.21 a 
month ago and 5.49 a year ago. 

In iron-mining employment was fairly good, and 
showed little change compared with a month ago and 
a year ago. The average number of days worked per 
week by all mines ae open works included in the 
returns was 5.82, as compared with 5.87 a month ago 
and 5.76 a year ago. 

In the pig-iron industry employment continued 
moderate. It was rather better than a month ago, 
but was slightly worse than a year ago. Returns 
relating to the works of 108 ironmasters, employing 
22,000 workpeople, showed 285 furnaces in blast, as 
compared with 283 a month ago and 290 a year ago. 

Employment at iron and steel works showed a slight 
decline as compared with a month ago; it was also 
worse than a year ago. The volume of employ- 
ment (%.e., number employed multiplied by the number 
of shifts worked) at the works from which returns 
were received was nearly 1 per cent. less than a month 
ago, and 4.1 per cent. less a year ago. 

In the tin-plate and steel-sheet manufacture employ- 
ment continued very good; it was better than a 
year ago. At the works covered by the returns, 445 
tin-plate and sheet-mills were working, as compared 
with 447 a month ago and 430 a year ago. 

In the engineering trades employment continued 
slack, and showed little general change as compared 
with a month ago; it was much worse than a year 
ago. The percentage of trade-union members unem- 
ployed was 12.6, as compared with 12.8 per cent. a 
month ago and 7.2 per cent. a year ago. 

The shipbuilding trades continued bad, and showed 
but little change, on the whole, as compared with a 
month ago or a year ago. The percentage of trade- 
union members unemployed was 22.2, as compared with 
22.5 per cent. a month ago and 21.5 per cent. a year 
ago. 








In the cotton trade employment on the whole was 
moderate ; there was an improvement in the weaving 
branch, compared with both a month ago and a year 

Short time and slackness were — in many 
districts. Returns from firms employing 108,345 
workpeople showed a decrease of 1.8 per cent. in the 
amount of wages paid compared with both a month 
ago and a year ago. These comparisons are, however, 
affected by a recent reduction in the rates of wages 
paid in the spinning branch in certain districts. 

Employment in the woollen trade was moderate, 
and better than « month ago, but worse than a year 
ago. Returns from firms employing 29,858 workpeople 
showed an increase of 3.6 per cent. in the amount of 
wages paid compared with a month ago, and a decrease 
of 3.3 per cent. compared with a year ago. 

In the worsted trade employment was fair, and 
better than a month ago and a year ago. Returns 
from firms employing 46,639 workpeople showed an 
increase of 2.5 per cent. in the amount of wages paid 
compared with a month ago, and of 2.2 per cent. com- 





pared with a year ago. 
The linen trade continued fair, and was better than 
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a year . Returns from firms employing 47,110 
wheat showed an increase of 0.7 per cent. in the 
amount of wages paid compared with a month ago, 
and of 13.9 per cent. compared with a year ago. 

Employmont in the jute trade, on the whole, con- 
tinued fair, but was not so g as @ year ago. 
Returns from firms employing 17,484 workpeople 
showed an increase of 1 per cent. in the amount of 
wages paid compared with a month ago, and a decrease 
of 1.8 per cent. compared with a year ago. 

The lace trade continued moderately good, and 
showed a slight improvement as compared with a 
month ago; it was better than a year ago. Returns 
from firms employing 7999 workpeople showed an 
increase of 1.1 per cent. in the amount of wages paid 
as compared with a month ago, and of 5.7 per cent. as 
compared with a year ago. 

Employment in the hosiery trade was fair in England 
and continued fairly good in Scotland. It was better 
on the whole than a month ago and a year ago. Re- 
turns from firms employing 19,015 workpeople showed 
an increase of 2.9 per cent. in the amount of wages 
paid as compared with a month ago, and of 3.6 per 
cent. compared with a year ago. 


Employment in the boot and shoe trade generally 
was fair; it was slightly worse than a month ago an 
a year ago. Returns from firms employing 63,732 
workpeople showed a decrease of 0.6 per cent. in the 
amount of wages paid compared with a month ago, 
and of 0.8 per cent. compared with a year ago. 

In the other leather trades employment was bad, 
but showed a slight improvement compared with the 

revious month; it was not so good as a year ago. 

rade unions with a membership of 3261 had 7.1 per 
cent. of their members unemployed, as compared 
with 7.6 per cent. a month ago and 6.8 per cent. a year 
ago. 


The paper-making trades were fair. They showed 
little Fm ooh compared with a month ago, but were 
worse than a year ago. 

Employment in the printing and book-bindin 
trades was moderate with letter-press printers an 
slack with lithographic printers and book-binders. It 
was better than a month ago, but worse than a year 
ago. The percentage of trade-union members unem- 
ployed in the printing trades was 4.6, as compared 
with 5.8 per cent. a month ago, and 4 per cent. a 
year ago. In the book-binding trade the percentages 
were 7.8, 7.6, and 6.4 respectively. 


In the building trades employment continued slack ; 
it was better than a month ago, but worse than a year 
ago. 
rN in the furnishing and wood-working 
trades was bad ee but fair with coach-makers 
and good with brush-makers. It showed a general im- 
provement compared with a month ago, but little 
change compared with a year . Trade unions 
with a total membership of 36,236 reported 7 per 
cent. of their members unemployed, as compared with 
8.8 per cent. a month ago, and 6.9 per cent. a year 
ago. 
In the glass trades employment was moderate on 
the whole, and better than a month ago, but worse 
than a year ago. Returns from firms employing 8062 
workpeople showed an increase of 2.1 per cent. in the 
total earnings as compared with a month ago, but a 
decrease of 4.3 per cent. as compared with a year 


ago. 

In the pottery, br ck, and tile trades employment 
generally was bad, and on the whole showed little 
change compared with the previous month; it was 
worse than a year ago. 


In agricultural labour, although work was found for 
the regular farm servants, unfavourable weather 
caused day labourers to lose time in most parts of 
England, and the demand for their services was also 
lessened in many districts by the forward state of 
threshing. 


Employment of dock and riverside labour in London 
continued moderate, and was slightly better than 
a year ago. At the other principal ports it was 
slack, though, on the whole, rather better than ao 
month ago. It continued fair at the South Wales 

rts. The average daily number of dock labourers 
employed at the docks an —— wharves of London 
was 12,547, an increase of 2.2 per cent. as compared 
with a year ago. 


The changes in rates of wages taking effect affected 
838,900 workpeople, of whom less than 100 received 
advances, and over 838,800 sustained decreases. 
Amongst those whose wages were reduced were 
674,600 coal-miners in Lancashire, Yorkshire, the 
Midlands, North and South Wales, Cumberland, 
Bristol, Somersetshire, and Scotland; 3400 iron- 
workers in the North of England ; 4000 engineers in 





the Bolton and Bury districts, and 150,000 cotton 


operatives in Lancashire and adjoining counties. The 
total computed effect of all the changes reported was 
a net decrease of 42,800/. per week. 

Seventeen labour disputes began in the month, as 
compared with 19 in the previous month and 23 in the 
same month a yearago. The total number of work- 
people involved in disputes which began or were in 
ae was 7678, or 372 less than a month , and 
31,500 less than a yearago. The aggregate duration 
of all the disputes of the month, new and old, amounted 
to 101,600 working days, or 11,300 more than in the pre- 
vious month, and 689,800 less than in the same month 
a year ago. Definite results were reported in the case 
of 17 disputes, new and old, directly involving 1258 

rsons. Of these 17 disputes, one was decided in 

avour of the workpeople, seven in favour of the em- 
ployers, and nine were compromised. 


The split in the Independent Labour Party is definite 
and complete. The resignation of four of its leading 
officials accentuates its importance and the nature of 
the cleavage. But it must not be understood that the 
split means much to the Labour Party as con- 
stituted in the House of Commons. It concerns only 
the Independent Labour Party as constituted by the 


d | Member for Merthyr Tydvil, who was its founder, and 


who has now felt compelled to resign. It seems strange 
that an erratic and irresponsible young man like the 
Member for the Colne Valley wll be able to effect 
such a cleavage, and be supported by the delegates 
representing the rank and file, as was the case at the 
Edinburgh Conference. Of course, when the result 
was made known, there was a reaction, and the 
seceders were earnestly requested to remain at their 
ts, but a sense of honour would not permit this. 
he incident shows how utterly incapable that party 
is to lead any great mass of the people to political and 
social victories of real worth and far-reaching import- 
ance. The trend of the Independent Labour Party 
has always been towards tyranny, and the restriction of 
individual liberty. It is an old saying in politics and the 
Science of Government that he who cannot serve is unfit 
to rule. Service is the first duty of all ; fitness to rule 
is the result of experience and capacity, both dependent 
upon service. e trade-union members have had to 
learn that lesson ; the Member for the Colne Valley has 
not learned it, and even the Member for Merthyr Tydvil 
has been slow in acquiring an appreciation of the lesson. 
The split has come, and the action taken may result 
in restricting the power and influence of the malcon- 
tents, the aggressives who, without responsibility, 
and with a lack of knowledge, possibly without a fear 
of consequences, urge a policy fraught with danger, 
not only to the Commonwealth, but to labour more 
especially. The older men of 20 or 25 years ago who 
were ousted, or worried when not ousted, only see the 
realisation of what they then deemed inevitable. At 
that period labour and capital were on better terms 
than ever before, the result of a conciliatory policy, in 
which both sides recognised that industrial war was 
disastrous, and that peaceful negotiations were the 
best for all concerned. 


The Employers’ Parliamentary Council have issued a 
memorandum on the Trade Boards Bill, which, they 
say, ‘‘is intended to establish wages boards for the 
— of ag ig | rates of wages which employers 
may legally pay.” This is objected to upon several 
unds, which are set forth in some detail. Singu- 

rly enough, the memorandum does not attack the 
— of the Bill, though that is not endorsed, but 
it deals with what may be deemed the practical diffi- 
culties in the way of its adequate administration. It 
is doubtful if the economical position is rightly defined. 
If, as asserted, the value of the articles produced in 
the trades scheduled ‘‘ is not determined by the wages 
paid and the cost of raw material, but by unrestricted 
competition,” then the principle of the Bill is allow- 
able. The average rate of profit on production even 
counts less, because the sweaters live under conditions 
which good English employers, as a rule, would not 
tolerate. The mere fact that foreign imports might 
supply the articles need not be taken into account. If 
good firms were attracted to the manufactures named, 
the sweating conditions of the worst sort would 
cease. The objection against the enforceable con- 
ditions in practice is more to the point. It is indeed 
the principle of the Bill that is doubtful, but evidence 
goes to show that it appears to be necessary to protect 
a section of the a ars workpeople. It is 
objected that other trades may be scheduled ; that is 
inevitable. A measure of this kind cannot be limited 
to a few industries. That is the worst phase of the 
question. The system of sweated production in cer- 
tain industries has developed into an evil, incurable 
perhaps except by legislation. That is why many 
—- support the measure who would not otherwise 

0 80. 


The expansion of trade unionism, and the tendency 
towards collective bargaining, are significant signs of 





the times in which we live. To what extent this is 
due to natural evolutionary developments or to capi- 
talist combinations is not quite clear—probably both 
operate to the same end. Two newer departures are 
now in progress by sections hitherto aloof from trade 
unionism. One of them is the National Union of 
Journalists, whose delegate meeting was held in Lon- 
don recently. One of the resolutions passed was in 
favour of ‘‘ the Weekly Day Rest Bill, so as to obtain 
one clear day’s rest per week for all journalists.” 
Another was to watch the progress of the Daylight- 
Saving Bill, with the ‘‘ view of safeguarding the inte- 
rests of men employed on evening newspapers.” The 
uestion of wages was relegated to the committee for 
urther inquiries. It was urged that “the surest way 
of raising the standard of wages and comfort was by 
raising the standard of work.” The higher class of 
journalists have their Press Club, by which their 
interests are watched, and their requirements are for- 
mulated. The National Union is more definite in its 
aims and objects, and also will be in its policy and 
action. 


There is no season of the year so well adapted for a 
conference of shop-assistants as Kastertide, as in a 
large number of cases the establishments close from 
Thursday to the following Tuesday, giving four clear 
days, inclusive of Sunday. This year’s conference was 
held at Birmingham, when 186 delegates attended, of 
both sexes, representing 314 branches, with 18,273 
members from all parts of the United Kingdom. The 
chief demands by the conference were a week of 
60 hours’ maximum, inclusive of meals—a very dif- 
ferent thing from an eight-hours day on land or sea 
for all workers of all grades,” including domestic ser- 
vants, as proposed in the Bill by what was then called 
‘*the John Burns party” in the Parliament of 1893-5. 
The conference also emphatically condemned the 
‘*living-in system.” 


The United no a workers and the management 
appear to be anything but united. There seems to be 
more or less continual discontent, whether outwardly 
manifest or not. The last dispute appears to be on a 
larger scale than previous ones, but the manager de- 
clares that he has ample hands, and that the holiday- 
makers suffered no great inconvenience. The men 
withheld their uniforms until the whole could meet 
and make a show by procession to the chief central 
dépét, where the offices of the company are, at Chis- 
wick. ‘This was done on Saturday last, when the 
uniforms were given up. 


The Nottingham lace-makers’ strike, which lasted 
two months, ended last week, the men agreeing to 
resume work on Monday last. The employers conceded 
the terms demanded, under protest, stipulating that a 
joint meeting of employers and operatives be held on 
May 8 to consider the matters in dispute. 


There is again a threatened dispute in the South 
Wales coal trade, the Anthracite Miners’ Association 
having demanded a 5 per cent. advance, on the ground 
of the high price of anthracite coal, as compared with 
that of other qualities. There are some 12,000 men 
involved, and the increase in wages, if granted, would 
amount to a total of 60,000/. a year. 


Another successful arbitration has taken place in the 
boot and shoe trades, by which several important 
questions are for the time being settled. The opera- 
tives are advised by the union to accept the award as 
a forward step, thought not equal to the expectation of 
the workers. But it means a peaceful advance. 


The Cumberland miners have agreed to accept a 
reduction in wages, following upon similar reductions 
in Durham and Northumberland. The engineers in 
the Ashton-under-Lyne district have also agreed to a 
reduction of 1s. per week. 








THE SUCTION DREDGER “LEVIATHAN.” 


Description of the Suction Dredger ‘‘ Leviathan,” Recently 
Constructed for the Port of Liverpool.* 

By Messrs. ANTHONY G. LysTER and W. Boyp. 
Tux dredging of the bar channels of the Mersey has 
formed the subject of several papers during the last seven- 
teen or eighteen years, and it is practically now an “ oft- 
told tale.” It has, however, not recently been brought 
before this Institution, and, therefore, in describing its 
latest development and the new giant dredger which has 
been specially constructed for the purpose of creating stil! 
further depth, it may not be amiss to look back at the 
history of this undertaking and compare the progress 1t 
made and the results which have been achieved 
with the aspect which the problem presented at the 


outset. : 
In the year 1885 the dredging of Gedney’s Channel, tlie 





* Paper read before the Institution of Naval Architects, 
April 1. 
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tance to the right and left showed the waiting fleet at 
anchor, hoping to see the monster dredge move out of the 
only ditch through which they could, one by one, each in 
his turn, go up to the port, or out to the sea, d 
mercilessly through it by the tugging harpies who were 
always watching for their prey. fi hie ditch would invari- 
ably fill up during a storm by the sand washed in by the 
waves, or the rapidly dropping sediment of the current, 
slackened by the bisteae! eattenes of the great bar, 
would fill it with mud. Like the Augean stables, it 
needed a Hercules to turn a current through it and 
carry the objectionable detritus into the great depths of 
the gulf beyond.” 

Other training works had been carried out on the Conti- 
nent of Europe, such as the Sulina mouth of the Danube, 
the Rhéne, the Seine, and the Maas, and some of these 
had successfully dealt with the problem of river deepen- 
ing, and all pointed the same moral—namely, that perma- 
nent works were an essential part of any river-deepening 
scheme. 

The success of the work at Gedney’s Channel stimu- 
lated the undertaking of a dredging experiment at the 
Mersey Bar. This had for many years been talked of, 
and, in fact, experiments have been made in a rough-and- 
ready form by means of an eroder to attempt the deepen- 
ing of its bar. This, however, had been without material 





success, and it was felt by experts and laymen alike that 
any experiment must be on a considerable scale in order 


Fig. 3. 


1908, are 126,004,870 tons, and the condition of the various 
shoals may be given, according to the most recent sur- 
veys, as follows :— 

At the bar a channel 1500 ft. in width, with a minimum 
depth of 294 ft. at low water of ordinary spring tides, has 
been given. At the Crosby Shoal a channel 2000 ft. in 
width, with a minimum depth of 294 ft., has been given. 

In addition to these two main shoals a considerable 
amount of d ing has to be done at what is called 
*‘Taylor’s Spit,” where a convex sandbank obtrudes 
iteelf into the channel. The shoals are all shown on the 
chart, which gives the configuration of the channels 
between the geographical mouth of the Mersey at New 
Brighton and the sea. 

rom this it will be seen that the channel makes a 
very considerable bend about half-way between New 
Brighton and the bar, at a point where the Crosby Light- 
ship is stationed. This bend has, for many years past, 
become intensified, and consequently more difficult to 
navigate by large steamers. As the bend has increased, 
the depth of water at this point has also increased, and 
the channel has correspondingly narrowed. Conse- 

uently measures had to be taken toarrest this tendency. 
his effect, which is an ordinary phenomenon in rivers, is 
—- by the erosion of the concave side of the channel 
»y the currents which impinge upon it on the flood an 


minutes from a maximum depth of 70 ft. The principa! 


dimensions are (Figs. 1 and 2, page 571) :— 
Length 465 ft. 9 in. between 


perpendiculars 
Breadth 69 ft. moulded 
Depth 


30 ft. 7 in. moulded 

Under ordinary working conditions and in norm:! 
Page eg trim, with the full load of 10,000 tons of sand 

in the hoppers, and with coal-bunkers and water-tank 
full, the vessel is capable of travelling at the rate of 10 
knots, the mean draught being 23 ft. The propelling ma- 
chinery, of the ordinary triple-expansion inverted marine 
type, with cylinders 224 in., 37 in., and 61 in. in diameter, 
and 45-in. stroke, is Messrs. D. Rowan and Co., 
Glasgow, who also su plied the boilers, four in number, 
16 ft. in diameter and 11 ft. 9 in. long, working under a 

pressure of 180]b. per square inch with natural draught. 
The framing and plating are of steel throughout, and 
the scantlings generally have been arran to meet the 

uirements for the 100 A 1 Class in Lloyd’s Register. 

ere are eight complete athwartship water-tight bulk- 
heads extending to the upper deck, and five others, which 
are water-tight inside the hoppers only. There is also a 
centre-line water-tight bulkhead, which extends from the 


d| fore end of the buoyancy space immediately in front of 


the hopper to the after end of the boiler-room, thus divid- 





ebb tides, and the building up of the bank on the convex 
or opposite side of the channel. 


MIDSHIP SECTION IN WAY OF HOPPERS. 


Ss 
Ima2oi2 4 6 8 0 12 #4 6 





to have any hope of success. In the year 1891, therefore, 
two hopper-barges, each with a capacity of 500 tons, were 
fitted out, and each with a centrifugal pump and suction- 
pipe, the latter being 22 in. and 18 in. in. diameter re- 
spectively. These were kept at work for a period of 
eighteen months, and achieved a very considerable 
measure of success, a channel of 1000 ft. in width being 
cut across the bar toa depth of about 15 ft. below low 
water of ordinary spring tides. The quantity removed 
in order to effect this deepening was estimated at 1,100,000 
tons, measured in the hoppers of the dredgers. 

As a much greater depth was necessary in order to 
satisfy the requirements of the shipping trade of the 
port, it was felt that a more suitable type and size of 
dredger should be built, and in the year 1892 tenders 
were invited from various firms for a dredger of 3000 tons 
capacity, and capable of loading herself in 45 minutes. 
The size of the vessel was determined so as to enable her 
to work in the new channel under all conditions of tide. 
As a result the dredger Brancker was constructed by the 
Naval Construction and Armaments Company, Limited, 
of Barrow-in-Furness (now Messrs, Vickers Sons and 
Maxim, Limited), and set to work in the year 1893. The 
success of this vessel was marked, and after a year’s 
dredging the channel was increased to 1500 ft. in width, 
having a minimum depth of 20 ft. at low water of ordinary 
spring tides. 

The success obtained in deepening the bar brought 
into prominence other shoals higher up in the approach- 
channel, and it was foreseen that if the depth of the 
channel throughout its length was to be commensu- 
rate with the deepening which had been effected at the 
bar, they also would have to be dredged. In the year 
1895, therefore, a second dredger—the G. B. Crow—was 


constructed and set to work, and these two vessels have | 


been continuously employed in deepening and maintain- 
ing access to the port up to the present time. 

he total quantities which have been removed between 
the commencement of the work and the end of December, 


20 Feet 


ing the hopper into twelve water-tight compartments. 


Fig.4. 


SECTION THROUGH FORWARD BUOYANCY SPACE. 
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After much consideration it was determined to arrest 
this action by revetting the concave face of the bank by 
depositing rubble stone on it, so as to prevent the erosion 
of the sand, and so to fix the channel in a permanent 
position. This work is shortly to be undertaken, and, 
when completed, it is anticipated that the removal of the 
spit on the opposite side of the channel by dredging will 
be comparatively easy. 

The effect of this curve in the channel at this point has 
no doubt been very prejudicial to the general deepening 
process, as the energy of the current is largely absorbed, 
and a tendency to irregularity is, of course, established, 
which accounts for the bend which may be seen between 
this point and the bar at Taylor’s Spit, where, as has 
been already said, a considerable amount of dredging has 
to be done in order to maintain the depth. 

In spite of the vast amount of material which had been 
removed, there had been no great increase of depth for 
some time past, so that it became apparent that, if further 
yee ta were to be effected in the channel, increased 
dredging plant would have to be employed. 

The continual growth in the depth and size of steamers 
which has culminated in the Lusitania and Mauretania, 
each drawing as much as 35 ft. of water, has made it 
desirable to improve the existing depth ; and, with this 
object in view, the Mersey Docks and Harbour Board, in 
1907, resolved, on the advice of their engineer, to con- 
struct a dredger of 10,000 tons capacity, and capable of 
dredging to a depth of 70 ft. from water-level to the 
bottom of the channel. This is necessary, having regard 
to the great range of tide at Liverpool, which amounts, at 
springs, to as much as 31 ft. 








DeEscriPTION OF THE DrepGER ‘‘ LEVIATHAN.” 
This dredger, which has been built by Messrs. Cam- 
mell, Laird, and Co., at their Tranmere Shipyard, is of 
the twin-screw self-propelling hopper type, having a net 
hopper capacity of 180,000 cubic feet, and capable of filling 
herself with 10,000 tons of clean Mersey sand in 50 


i 


The total number of water-tight compartments in the 
ship is twenty-five, and they have been arranged with a 
view to complete safety should any two compartments 
become flooded. the usual and necessary water-tight 
doors and passages have, of course, been provided. _ 

The hopper itself is 162 ft. long, and is 49 ft. wide at 
the deck level. Each of its twelve divisions has thus a 
section at its upper part of 27 ft. fore and aft by 24 ft. 6 in. 
athwartships. his rectangular section extends for a 
depth of about 20 ft., from which point the four walls of 
the compartment are sloped inwards until they reach the 
bottom and terminate at the edge of the valve-discharge 
opening, which is circular, and 5 ft. 6 in. in diameter. 

e side-walls of the hopper, which are also water-tight, 
form the inner walls of the side buoyancy spaces, as 
shown in Figs. 3 and 4, above. : : 

The main idea of dredging and depositing the sand is 
ay enough—that is to say, sand and water are sucked 
up rom the dredging level through long pipes by mean» 
of centrifugal pumps, and dischatged by them into the 
hopper, where the sand settles to the bottom and the 
water is allowed to flow overboard from the top. The 
sand is finally discha: from the hopper in the desired 
locality by means of the discharge valve openings in the 
bottom of each compartment. It is, however, in the 
detailed arrangement by means of which this simple pro 

me is carried out on an immense scale that the 
interest lies, , 

The dredging machinery consists of four centrifugal 
pumps specially constructed by Messrs. Gwynnes, Limited, 
of London, for pumping sand, each pump being driven by 
a separate set of engines, and having a separate suction 
pipe fitted to the side of the vessel. This machinery \s 
situated in the pump-room, immediately abaft the 
hoppers, the suction pipes being led, where necessary, 
| through the side buoyancy spaces to the openings in the 
| sides of the vessel (Figs. 5 to7). _ ; 

The engines are of the inverted triple-expansion surface- 
condensing marine type, with cylinders 15 in., 25 in., 
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40in., by 18 in. stroke, working at 180 lb. pa, and 
each set is directly coupled to its corresponding pump. 

Each of the four pumps has a suction and discha 
aperture 42 in. in diameter, the suctions being of the 
double-inlet type. The 7 are of cast iron, in halves, 
with portable centres on each side for the removal of the 
impellers, which are of cast steel, and 6 in. wide at the 
tips of the blades. A sluice valve, operated hydraulically, 
is fitted between each suction and the ship’s side, the 
lever and rods for working being brought within easy 
reach of the starting-platform. 

One of the most important points in the whole of the 
dredging system, and one which may be regarded as vital 
for the successful working of the dredger, is the desi 
and arrangement of the suction-tubes and their attach- 
ment outside of the vessel. They are four in number— 
two on each side of the vessel—situated as indicated in 
Fig. 2. It will be seen that the lead of each tube is 
forward, and they are of such a length as to enable dredg- 
ing to be efficiently done in a maximum depth of water 
of 70 ft., the depth being measured from the surface of 
the water to the surface of the sand ; the angle of inclina- 
tion of the tube does not exceed 45 deg. below the hori- 
zontal when dredging at the maximum depth. 

These tubes are made of wrought-steel boiler-plates, the 
top half of the circumference being 7; in. thick, and the 
bottom ,'5 in., with the circumferential joints quadruple 
riveted with single outside straps. Within each tube a 
midfeather plate is fitted for three-fourths of the length, 
extending at the sides between the angles gop | the 
upper and lower halves of the tube. An elm rubbing 
piece fitted between large angles runs along each side of 
the pipe, and a fender-plate extends for a length of 30 ft. 
on the rubbers, where chafing is likely to occur against 
the ship’s lower side rubber. 

At each end of the tube cast-steel flanges are riveted for 
the purpose of connecting it to the swivel joint and nozzle. 
The nozzle itself consists of a cast-steel flange and end 

rating, with a wrought-steel body efficiently stayed. 

‘im rubbers are fitted on each side, and a manhole, with 
cover, is provided, whilst on the upper side of the tube, 
near the nozzle, there are suitable lifting brackets of 
forged steel. 

As it was necessary to arrange for a lateral motion of 
the nozzle as well as a vertical one, the joint forming the 
attachment of the tube to the ship’s side needed special 
and careful treatment in its design. It is Senaedl bey a 
cast-steel swivel band, held up to a cast-steel sliding flange 
by a ring of the same material, secured by steel studs and 

un-metal nuts suitably locked. There is a heavy horn 
racket with a brass bushed bearing for supporting the 
outer end and for lifting, and the swivel portion is of cast 
steel, with large bearing-pins working on adjustable 
bearings. 

The upper bearing and bracket are removable for over- 
hauling, and are fitted with recess and spigot to secure 
alignment. This bend acts as a trunnion or hinge, by 
which the tube is free to turn either about a vertical or 
horizontal axis, whilst the sliding flange works in a cast- 
steel frame riveted to the ship’s side, the guide-bars bein, 
of wrought steel. By this means the tube can be raisec 
bodily to the deck level and brought inboard, where 
provision is made for stowing it. 

The raising and lowering of each tube is effected by two 
derricks, one at each end of the tube, both being worked 
from the same steam-winch on deck. In connection 
with these jibs special cradles are provided to carry the 
frame supporting the swivel bend, with screw gear to 
move the cradle inboard or out as required. All the fit- 
tings in connection with the jibs are specially strong, and 
an emergency r is provided for each tube, so that in 
case of a breakdown of the suspension rope or attachment 
to the suction-head when the tube is below the water, the 
tube can be easily raised again. The gear consists of a 
spare length of wire rope, stowed, when not in use, along 
the outside of the tube. One end is attached to the suc- 
tion-head at the bottom, and the other accessible from the 
deck when Gredging is going on, a special sheave and 
lead to the winches being also provided on deck. 

The four winches a meemes for manipulating the tubes 
are each provided with four drums arranged in pairs, two 
for moving the derricks in and out, and two for raising 
and lowering the tubes, and are actuated by double- 
cylinder reversing steam-engines. Each drum can be 
driven wages yf and is capable of exerting a direct pull 
of 10 tons, and the machinery is so arranged that one man 
can control the whole of the movements required to be 
made by a suction-tube—that is, adjustment in dredging 
position, ee and bringing inboard. These opera- 
tions are directed by a tubeman at each tube, stationed 
at the ship's side directly over the place where the mouth- 

iece is located. This man constantly takes soundings 

»y means of a line attached to the suction-head, and also 
watches the vacuum obtained in the pumps, a very variable 
quantity, varying from 5 in. to 15 in., which is indicated 
on a gauge placed conveniently near. By these observa- 
tions he is enabled to give the nevessary directions to the 
winchmen for the manipulation of the tubes to keep the 
suction-head up to its work with tne maximum efficiency. 

The mixture of sand and water, on leaving the pumps, 
is discharged through two ducts, or “‘ landers,” of rect- 
angular section extending the full length of the hoppers. 
These landers run side by side, their common centre wall 
being an upward extension of the centre line bulkhead ; 
they are each 6 ft. wide by 4 ft. 3 in. deep, and are sup- 

wrted by brackets attached to strong thwartship beams. 
The bottom of each lander is covered with cement 2 in. 
thick, with a view to protecting the steel from the scour- 
ing action of the sand. 
“ihe admission to the hoppers takes place through gate- 
valves in the bottom of the landers; there are two to 
each compartment with the exception of the end ones, and 
the openings are rectangular, 2ft.6 in. by lljin. At the 





extreme forward end the landers spread out in section to 
the full width of the hopper, in order to lessen the 
velocity and shock on the end bulkhead. 

In order to obtain effectively a ~~. settling of the sand 
in the hoppers, it is essential that the velocity of the mix- 
ture ealtte reduced as nearly as pa to zero. Below 
the deck-level in each of the twelve hoppers this takes 

lace naturally, whilst above this level a coaming standing 
P ft. above the deck is provided all round the hoppers, 
forming a huge tank, in which the 7 excess of surface 
water is brought virtually to rest. It is finally drained 
off over two weirs placed at the after end of the hoppers, 
escaping overside means of four ducts, two on each 
side of the vessel. That this procedure is highly effective 
in separating water and sand may be seen by reference to 
Fig. 8 (page 573), which shows the relative percentages 
of solid contained in the mixture whilst coming in through 
the landers and going out over the weirs during one load- 
ing of the vessel. 
he process of discharging the sand from the hoppers, 
ordinarily known as ‘‘ dumping,” is carried out by means 
of Mr. A. G. Lyster’s hydraulic valves, which have 
at te themselves so uniformly effective in other dredgers 
longing to the Mersey Dock and Harbour Board. ese 
valves are essentially large cylinders extending from the 
valve-opening (5 ft. 6 in. in diameter) in the bottom of 
each hopper to the deck-level, and are operated by 
hydraulic rams, one to éach valve, moun on — 
fore-and-aft girders, as shown in Fig. 3, the lift of eac 
valve being 4 ft. In the crown of each hopper-valve is 
fitted a special ‘‘surface-water” valve worked by hand, 
the function of which is to drain off the surface-water 
remaining on top of the sand and below the level of the 
weirs on the completion of the load ; the interior of the 
hopper-valves being, of course, open to the sea. 

The hydraulic installation is necessarily of a powerful 
kind, and consists of one set of inverted high-pressure 
condensing-engines and three single-acting main pumps 
driven direct from piston-rod cross-heads. The pump- 
rams are 5 in. in diameter, the stroke 15 in., and the 
hydraulic pressure 800 lb. per square inch, working with 
a steam pressure of 100 Ib. 

Owing to the tendency of the sand to consolidate and 
harden in the hoppers, a system of fiushing-pipes is 
arranged as shown in Fig. 3. By means of these the sand 
can be loosened in =| and the hoppers effectively 
washed out. The water for this system is supplied by the 
main pumps from the landers, each lander having a 
closing door near the forward end of the hoppers, which 
permits the ordinary flow to the forward hopper to be 
stopped, and a pressure head created for the flushing 
system. The leer gate-valves in the bottom of the 
landers are, of course, closed during the flushing operation. 

The efficiency of the means for getting rid of the sand 
may be judged from the fact that a load of 10,000 tons has 
been disposed of in the short s: of 10 minutes. 

The vessel is lighted throughout by electricity, and the 
excellent accommodation provided for the working staff 
and crew is a feature which will conduce very largely to 
the working efficiency of the dredger. 

Ample spare gear is, of course, provided in view of the 
heavy and continuous nature of the work, and amongst 
other items might be mentioned the two spare suction- 
tubes complete and ready for mounting which are kept 
in readiness. 

The trials of the vessel gave very satisfactory results. 
The average speed on the measu mile was 10.48 knots, 
and the consumption of coal on a six hours’ run was 1.3 1b, 
per indicated horse-power per hour, as inst 14 Ib., the 
contract limit. The boiler power proved very ample, so 
that the steam required was fully provided without any 
forcing. 

The sand pumping also gave very satisfactory results, 
although the material was not the ‘‘ clean Mersey sand” 
to which the specification applies in the case of the trials, 
which requires the full load of 10,000 tons to be pumped 
in 50 minutes. On the occasion of the trials, pumping 
proceeded at a rapid rate until the eee reached a stratum 
of material into which they would only penetrate very 
slowly, so that the rate of discharge fell of Even under 
these disadvantageous circumstances the vessel loaded to 
within 7 per cent. of her full load in 50 minutes, and there 
is no doubt that in the specified materia] she will do the 
whole load in less than the time named. In the case of 
the Board’s other dredgers the record loads have been 
done in the course of the ordinary work. 

The pumping machinery, as well as the propelling 
machinery, worked well throughout. 








Pic 1n GermaNny.—The Lorraine-Luxemburg Pig-Iron 
a Oe say has now shared the fate of its Rhenish-West- 
phalian fellow. The efforts to bring about a renewal have 


— futile, and the syndicate is a thing of the past. 
ie works are now free and the cutting of prices has 
already commenced. With the dissolution of the Lorraine- 


Luxemburg syndicate the last of the German pig-iron 
syndicates vanished. When last autumn the negotia- 
tions about the formation of an all-Germany pig-iron syn- 
dicate came to an end, without the object in view bei 
attained, efforts were made to maintain the existing loca 
syndicates, this failed in Siegerland, where the syndicate 
was dissolved, although a selling union was arranged, 
which is to sell the aggregate output at the market price. 
It is more especially the position taken up by the German- 
Luxemburg } wom Bey oe (the Deutsch-Luxemburg 
Bergwerks Gesellschaft) which has frustrated the endea- 
vours to prolong the Lorraine-Luxemburg syndicate. This 
company was outside the syndicate, and during the nego- 
tiations it held out for conditions which the other works 
regarded as identical with a refusal. A keen competition 
is anticipated, and it is considered quite possible that 
prices may even drop below the low quotations of last 
autumn 





THE PHYSICAL SOCIETY OF LONDON. 


Art the meeting held on March 26, Dr. C. Chree, F.R.S., 
President, in the chair, a paper by Dr. J. A. Fleming 
and Mr. G. B. Dyke, on ‘‘ The Production of Stead 
Electrical Oscillations in Closed Circuits and a Method 
of Testing Radiotelegraphic Receivers,” was read by th 
authors. It was pointed out that at the present time a ver) 
large number of oscillation-detectors have been invente:| 
for use as receivers in radiotelegraphy, but that there i, 
great difficulty in obtaining quantitative and qualitative 
tests of these in actual a stations, part!y 
on account of difficulty of access and partly on account 
of the varying conditions incidental to practical radic- 
telegraphic work which are unfavourable to quantitative 
tests. Availing themselves, however, of the small radia- 
tive property of closed circuits, the authors pointed out 
that by the use of two such nearly - closed oscillatory 
circuits, one being employed as a transmitting station 
and the other as a receiving station, these being 
placed at a distance of a few hundred yards from 
each other, what is practically equivalent to radio- 
telegraphic stations with open oscillators at very large 
distances can be constructed. Methods were then 
described for producing in one of the closed circuits 
extremely constant damped oscillations by means of an 
induction coil or transformer, a spark-gap on which a 
steady jet of air is allowed to impinge, and a suitable 
mercury break. Means were described for ascertaining 
when the current in this transmitting circuit is constant. 
The receiving circuit consists of a square circuit of insu- 
lated wire, which is pivoted in such a manner that it can 
be turned in any direction, the angular deviations being 
measurable on scales. This circuit is joined in series 
with a condenser of variable capacity, and with the oscil- 
lator-detector to be tested. If the oscillation-detector is 
of the current-actuated type, it is placed in series with the 
condenser ; if of the potential-actuated type, it is placed 
across the terminals of the condenser, being associated 
with a shunted cell and telephone if necessary, or with a 
telephone simply if a magnetic detector. It is then pos- 
sible to set this receiving circuit in such a position that 
it has no current induced in it by the oscillations in the 
transmitting circuit ; but on turning it through a certain 
angle, sounds are heard in the telephone indicating 
the production of oscillations in the secondary circuit. 
The angle through which it is to be turned is a 
measure or indication of the sensibility of the detector. 
Instances were given of the ease with which detectors of 
various types, such as a magnetic detector, electrolytic 
detector, crystal detector, and ionised -detector, could 
be compared for relative sensibility. The instrument has 
been found to be of great use in investigations on ionised 
gas-detectors now being conducted at the Pender Elec- 
trical Laboratory. It was also pointed out that such an 
arrangement permits the effect of various types of oscil- 
lations to be investigated, as the transmitting circuit can 
be made the seat of Geanged oscillations of various degrees 
of damping or of undam oscillations. This method of 
testing with closed circuits has the advantage that it can 
be conducted entirely within a large building and by one 
yo. A self-acting ap mane — = exhibited for 
sending messages or signals by a punched tape. 

A r was also read by Dr. J. A. Fiening and Mr. 
H. W. Richardson on ‘‘ The Effect of an Air-Blast upon 
the Spark-Discharge of a Condenser Charged by an In- 
duction-Coil or Transformer.” When an oscillatory dis- 
charge of a condenser takes place across the spark-gap in 
the usual manner by charging the condenser by an Sido. 
tion coil or transformer, the intermittent spark which takes 
place is a complex effect. It consists partly of a true con- 
denser discharge and partly of an alternating-current arc 
due to current coming directly out of the induction coil 
or transformer. This are discharge is a source of difti- 
culty in making accurate quantitative measurements with 
electrical oscillations, and to produce a uniform oscil- 
latory discharge this true arc discharge must be pre- 
vented or arrested. It was shown in the paper that 
this can be done by a regulated air-blast produced 
in any convenient manner, thrown upon the spark-gap, 
provided that the spark-gap is small. As a proof of the 
advantages to be ctisiaed foom, this arrangement a number 
of measurements were given of the decrement and spark- 

p resistances of various circuits measured with the 

‘leming cymometer, both with and without the air-blast 
upon the spark-gap. It was shown that the observations 
were more regular, and the resonance more accurately 
delineated when the spark-gap was so treated with an 
air-blast. ‘ ; 

The paper also described experiments made to investi- 
gate the effect of breaking up the spark-gap into smaller 
spark-gaps in series, both when the gaps were subjected 
to an air-blast and also without the air-blast. It was 
shown, up to a certain length of gap—about 2 millimetres 
in the case of this experiment—that the air-blast had « 
very decided effect in increasing the mean square value 
he —— eee a eat a similar ed _ 
produced ividing up the s -gap into smaller spark - 
gaps in pie by spoetied that the total spark-gap was not 
inc’ beyond a certain limit. This increase — 
to be due to the suppression of the are discharge, as show) 
by the appearance of the image of the spark in a revolving 
mirror. 

With regard to multiple spark-gaps, the general result. 
however, appears to be that beyond a small limit in lengt! 
—about 3 millimetres—nothing is gained by breaking up 
the spark-gap into spark-gaps in series, or by subjecting 
the spark-gap to an air-blast. 

Mr. W. Duddell congratulated the authors, and re 
marked that the papers contained a great deal of useful 
material. The use of the earth inductor for testing 
receivers was a feature of the first paper. He asked 
Dr. Fleming to what extent the effects obtained in the 
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receiving circuit were due to true radiation, and why they 
had — coal-gas instead of alcohol in their interrupter. 
Referring to the authors’ method of determining the 
current im the transmitter, he asked if there was an 
objection to putting an ammeter in the circuit and : 
ing the current directly. He should also like some more 
information about the cases in which it was found im- 
possible to obtain a aang of the earth inductor giving 
silence in the — one. Was it because the distance 
apart was not sufficiently a or was some physical 
impossibility involved ? ith regard to the second 
paper, he had always found it possible to get a uniform 
discharge by using an alternating current of suitable 
frequency in the primary. He asked the authors if it was 
the are or the spark which was blown out by the air, and 
whether the part blown out had a spectrum different 
from the rest. 

Dr. W. H. Eccles asked how much of the energy ab- 
sorbed by the receiver was due to radiation and how much 
to electromagnetic induction. He had obtained results, 
depending on electromagnetic induction, similar to those 
described by the authors by using very much smaller 
apparatus, but he had discontinued his experiments be- 
cause in practice the whole of the energy received was due 
to true radiation. He pointed out that a receiver ad- 
justed and tested in a laboratory was never in proper 
adjustment for actual work. He suggested that the 
reason it was sometimes impossible to get a tion of 
silence arose from stray radiation falling upon the receiver. 

Dr. Erskine Murray pointed out that detectors varied 
greatly in resistance, and that therefore a telephone of 
suitable resistance should be selected in each test. 

Dr. A. Russell thought that Professor Fleming and Mr. 
Dyke’s method of testing radiotelegraphic receivers 
would be a great help in judging their relative values. 
He much appreciated the clear distinction drawn between 
the function of the spark and the arc, as this cleared up 
some of his difficulties. Although the air-blast of the 
Lennox blower was doubtless beneficial by preventing 
arcing, he thought that the fact that the dielectric co- 
efficient of the ol nozzle used was greater than unity 
might have accelerated the sparking. He mentioned 
some of the difficulties encountered in computing sparking 
voltages when there were two gaps in the circuit. In this 
case it had to be remembered that the sparking voltages 
at the moment of the discharge are not equal and opposite. 
When the potentials of the electrodes are known, how- 
ever, and they are spherical in shape, the sparking volt- 
ages with two gaps in series can be calculated with fair 
accuracy. : 

Dr. R. 8S. Willows pointed out that by blowing out the 
spark the resistance of the path was increased, and the 
rate of change of energy thereby altered. The fact that 
greater regularity and greater energy could be obtained 
could be easily demonstrated by using an electrodeless 
discharge-bulb. Referring to the fact that it was necessary 
to know the self-induction of one of the circuits, he asked 
the authors what form of circuit had m chosen, and 
how its self-induction had been calculated. In one of the 
experiments a resistance r had been added, and he 
remarked that attention should be directed to its effective 
resistance under rapidly ae currents, as this 
might depend upon whether the added resistance was a 
pure metal or an alloy. . 

Mr. L. H. Walter agreed with Dr. Erskine Murray 
that it was necessary to choose a suitable telephone when 
making a test. Although the electrolytic detector was 
supposed to be more sensitive than the magnetic form, it 
was possible to choose a telephone of such a resistance as 
to make the magnetic detector appear the more sensitive. 

Dr. Fleming, in reply, said that it was possible to 
state precisely what proportion of the current produced in 
the receiving circuit was due to true radiation from the 
closed transmitting circuit, and how much was due to 
electromagnetic radiation ; but from his point of view it 
did not matter. All that was necessary was that a feeble 
oscillatory current should be produ in the receiving 
circuit which should be capable of being varied by turn- 
ing the receiving circuit through a certain angle, and 
whether this was due to actual detachment of energy 
from the transmitting circuit, or to the mere movement 
of lines of magnetic force backwards and forwards 
through space, seemed immaterial. The oscillation-detec- 
tor in any case is a mere detector of oscillations. 

In reply to Mr. Duddell, he said that there was no 
objection to putting an ammeter in the transmitting cir- 
cuit, provided it was a low-resistance instrument and did 
not produce any sensible damping of the oscillations. __ 

As regards the existence of an exact zero-point, this 
seemed to be a question of distance from the transmitter. 
It had been usual at University College to work with two 
coils about 60 ft. apart, ‘and at that distance some very 
sensitive oscillation valves detected sounds which might 
be due to the action directly upon the valve or upon the 
connecting wires, but by going to larger distance it was 
possible to get complete silence at the telephone. 

_ With respect to the use of coal-gas or alcohol in the 
interrupter, coal-gas had proved itself to be incontestably 
superior to alcohol. 

As regards the action of the air-blast, it appears toler- 
ably certain that the part of the discharge weeds is blown 
away is that due to energy coming directly out of the 
induction coil or transformer. 

in reply to the remarks of Dr. Eccles, he said that they 
nad found it veer tg work at a certain distance from 
the transmitter, but that when this was done the order of 
Sensitiveness in which oscillation-detectors were a 
by the apparatus shown was also the order in which they 
were found to be sensitive when employed in actual radio- 
telegraphic work. It is necessary not to work the trans- 
en _ — too near to one nape, oe 

iere are direct effects on wire connecti: rheostats, &c., 
which obscure the real effects. mer ™ 





| voltage 
| will 


| excessive, as would be t' 
|the railway were greater than that required by the 
| machinery at the quarry. 


In reply to Dr. Willows, Dr. Fleming said that the 
reason for choosing the rectangular form of circuit was 
because the inductance could be readily calculated from 
formule given in well-known text-books. 

With respect to the remarks of Mr. Walter and Dr. 
Erskine Murray, Dr. Fleming agreed that it was neces- 
sary to choose a telephone of suitable resistance, and that 
the results taken with different telephones would not be 
the same. 

Dr. 8. W. J. Smith read a paper on “ The Action 
between Metals and Acids and the Conditions wnder which 
Mercury Causes Evolution of Hj .” The action 
between an acid and a metal, which results in the replace- 
ment of hyd m, can be formulated without the aid of 
any hypothesis 


kinetic picture of the process by which equilibrium is in 
certain cases attained. This was described by the author, 
and it was pointed out that if a steady state is reached, 
after a certain quantity of hydrogen has been evolved, it 
will be defined by an equation of the form ahM=bmH. 
In this a and b are constants at a given temperature, 
h and m are the concentrations of the hydrogen ions and 
of the metal ions respectively in solution, and H and M 
are specific constants of hydrogen and of the metal. 
experiments described in the paper may be regarded 
as an attempt to justify the above equation when the 
metal is mercury. It is shown that hydrogen can be 
made to appear after equilibrium has been reached, either 
by reducing the value of m or by increasing the value of h. 

The effects produced by HCl and H,SO, are nearly 
alike (except for secondary effects with concentrated 
sulphuric acid), and it is probable that other acids would 
act in the same way. 

It would therefore ap to be justified for this case 
at least that the action , oontiodh metals and acids can be 
formulated in a purely physical way. 

Referring to the action with concentrated sulphuric 


acid, the author described and eee how sulphuretted Th 


hydrogen only or mixtures of sulphuretted hydrogen and 
hydrogen could be obtained at will by varying the rate of 
removal of the mercury salt from the solution in contact 
with the metal. 

Dr. W. Watson congratulated the author and remarked 
that in physical chemistry hypotheses were often used 
which were not on experimental evidence. Dr. 
Smith had shown that his hypothesis corresponded with 
actual physical facts, and his theory could be looked upon 
with satisfaction. 

In reply to a question by Mr. F. E. Smith, the author 
explained that the process by which the concentration of 
the mercury salt in solution was reduced below the amount 
sooty to prevent evolution of hydrogen was endo- 
thermic. 








Tue A.E.G.-Zxrrunc.—For more than ten years the 
Allgemeine Electricitiits - Gesellschaft, of Berlin, has 
issued a journal to those connected with the big establish- 
ment. The company has now resolved to transform this 
communication into a monthly publication, intended for 
the general reader interested in technical p' The 
title A.#.G,-Zeitung will be maintained, and the contents 
will, as before, not be rigorously restricted to electrical 
matters. The first April number of the new publication 
perm articles on the A.E.G. Cruiser Turbines, the Elec- 
tric Street Railway Céln-Diisseldorf, the Victoria Falls 
and Transvaal Power | Sey in Agricul- 
ture, the Oberspree Victoria Pneumatic, and on New 
Automobiles, and the Motors and Gondolas for Airships 
of the Neue Automobil Gesellschaft (N.A.G.); these 
latter motors are not elecuric. The annual subscription is 
6s., and the journal appears in small quarto numbers, 
well illustrated. 





Gravity INCLINE SysTeM IN A QuarRRY.—An interest- 
ing method of utilising the energy generated by loaded 
uarry cars in descending an incline is reported from the 
Westerwald. A quarry owned by the Gebhardshainer 
Transportgesellschaft is connected to the railway station 
by a gravity railway 2.5 kilometres (1.5 miles) in length, 
and having a fall of 250 metres (about 800 ft.), the full 
cars being to pull up the empty cars, and the surplus 
energy absorbed by brakes. This surplus energy amounts, 
with thirty cars of 400 kil mmes, and an average 
incline of 1 in 10, to about 32 horse-power, and, allowing 
for various losses, 20 horse-power could be utilised for 
outside work. According to a paper read before the 
Siegen branch of the Verein Deutscher Ingenieure by 
Chief Engineer Boye, the following method of utilising 
the 7. wae Re eee has been adopted by the 
Siemens-Schuckert Werke of Siegen, in Westphalia, with 
satisfactory results. The main Shel at the head of the 
gravity railway is geared to a 200-volt, shunt-wound, inter- 
pole generator A, which is electrically connected to a 
similar machine B, coupled on to the main shaft of an 
80-horse-power portable engine running at a practically 
constant Sect, and used for various pu in the 
uarry. hen the railway is in full work, generator A 
p esl the surplus energy to motor B, and so assists the 
engine. At the moment of starting the railway, current 
from machine B is applied to the generator A, which runs 
as a motor, and drives the railway. As soon, however, as 
the speed of the railway increases sufficiently to raise the 
of machine A above that of machine B, the latter 
be driven as a motor, and take part of the load of the 
portable engine. A ball governor, combined with a 
magnetic brake, as well as a hand brake, have been 
arranged to prevent the speed of the engine shaft becoming 
case if the energy generated by 


is beyond the assumption that it is approxi- | 
mately reversible. The mode of formulation suggests a | 


CATALOGUES. 


A LEAFLET from Messrs. T Limited, Birmingham, 
deals with their three-cylinder vertical gas-engines for 
town or suction gas, made in sizes of 90, 130, and 200 
maximum brake horse-power. 


The Manufacturing Photo-Papers Company, 18 and 19, 
Bride-lane, Ludgate-circus, E.C., have sent us a book of 
samples of blue-print and other photo papers for the 


drawing-office, and of tracing papers, cloths, &c. 


Mr. Theodore Butler, 149, Queen Victoria-street, E.C., 
has sent us cards relating to the ‘‘ Eclipse” weighing- 
machine and standard roller-bearings for shafting, &c., in 
which the rollers are held in place by cages. 


The Keuffel and Esser Company, 127, Fulton-street, 
New York, N.Y., U.S.A., have issued a catalogue of 
drawing and surveying instruments. This is a book of 
about 550 copiously illustrated, in which instru- 
ments of all kinds are described, the prices being given in 
United States currency. 


The Wilkinson steam-superheater forms the subject of 
a a published by Messrs. Mechan and Sons, 
Limited, Scotstoun Iron Works, Glasgow. This super- 
heater consists of circular headers, connecting to tubes 
all of mild steel. It is arranged either for independent 
firing or to be placed in the flue. 


Mr. W. A. Green, Caxton House, Westminster, S.W., 
has sent usa file-cover containing a number of catalogues 
of American railroad specialities, such as rail-benders, 
‘* Buda ” railroad motor-cars, track-drills, hand and push 
cars, jacks, &c. Others refer to rubber-hose, G and C 
~~ rail-saws, benders, rail-joints, skid-shoes, snow- 

angers, &c. 

The W. N. Durant Company, Milwaukee, Wisconsin, 
U.S.A., have sent us a pamphlet relating to their count- 
ing-machines for recording revolutions, reciprocations, &c. 
ese are of several patterns, to count up to 999,999. 
Some types are fitted with a till-indicator to strike every 
50, 100, 500, or 1000 operations. They are comparatively 
small-sized instruments, and are priced in this list. 


The * Z” metallic-filament lamps are described in vir- 
culars to hand from the ‘‘Z” Electric Lamp Manufactur- 
ing Company, Limited, Orient House, New Broad-street, 
E.C. ese are bell - shaped, or spherical, globes for 
low or standard voltages. They are made in sizes from 
10 to 45 candle-power, and have an efficiency of from 1.1 
to 1.23 watts per candle-power. 


Messrs. S. H. Heywood and Co., Limited, Reddish, 
near Stockport, send us a list of transporters and run- 
ways for shop, yard, and warehouse use. A large number 
of installations are illustrated in this list, which deals 
with transporters up to 12 tons capacity. Standard trans- 
porters of from 4 to 5 tons are illustrated, with lifting 
speeds of from 30 ft. to 8 ft. per minute, according to size, 
and travelling speed of 500 ft. per minute. 


The Oliver Machinery Company. Limited, 201-203, 
Deansgate, chester, have issued a large catalogue of 
wood-working machinery and supplies. The machines 
include all types of saws, lathes, grinders, mortisers, 
planers, sanders, trimmers, &c., and the supplies such 
things as vices, punches, oil and grind-stones, saws, fillets, 
trimming-knives, and other miscellaneous implements 
and commodities of service in pattern-making and for 
wood-working in engineers’ shops. 


A —_o to hand from the Eyre Smelting Company, 
Limited, Barden Road Works, Tonbridge, describes this 
firm’s anti-friction metal. This is of quality suitable for 
lining the bearings of marine and other engines, journals 
of rolling-stock, and machinery. The brands most re- 
commen: by the company are their “‘ Bearing” and 
Valve” brands, but others are also manufactured. 
Figures of tests conducted at the Sheffield Testing Works 
are reproduced. 


Messrs. Siemens Brothers and Co., Limited, Caxton 
House, Westminster, 8.W., have just issued a pamphlet 
dealing with electric Ts apparatus for mines, &c. 
The apparatus herein described includes dial instruments, 
both transmitters and receivers, with gong attachment, 
and transmitters with reply-signalling gear. The instal- 
lation and use of such instruments is described. Bell- 
indicators, loud-speaking telephones of several patterns, 
line-selectors, illuminated signalling apparatus, drop- 
indicators, bells, switches, distributing-boxes, and other 
raccessories are described, prices being also given. A 

safety sa tatienter and speed-regulator is also briefly 
dealt with. 

Air-compressors form the subject of a bs fe mery 
book to hand from Messrs. Alley and MacLellan, Limited, 
Sentinel Works, Polmadie, G w. This volume is a 
distinct departure from the ordinary run of catalogues. 
It forms quite a hand-book to the subject of compressed 
air, containing a large number of general articles on the 
subject, quite apart from the description of this firm’s 
special types of machines. It gives, for instance, very 
readable notes on air-piping, the losses in pipes, the con- 
sumption of tools, and much other matter of considerable 
interest to would-be users. It also, of course, describes 
very fully the compressors and other plant made by the 
firm, and is one of the most interesting productions in the 
way of trade literature that we have seen for some time. 








Ovr Rats AsroaD.—March 
upon our rail — the total shipments for the month 
coming out at 63,447 tons, as com with 20,272 tons 
in March, 1908, and 39,329 tons in March, 1907. The 


ot a much better aspect 








chief increases oo heputls occurred in the deliveries made . 
to the Argentine blic and British India. 
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ARGENTINE RAILWAY AFFAIRS. 

Turex leading Argentine railway companies—the 
Buenos Aires Western, the Central Sepntion, and the 
Buenos Aires Great Southern—have recently recorded 
their experiences for the second half of last year, as 
compared with the corresponding period of 1907. The 
outcome of the past half-year’s working was as 
follows :— 


System. Gross Receipts. 


December, 1907. 
£ 
912,539 
2,155,086 
1,897,209 
Working 
Expenses. 
December, 1907. 
£ 
560,156 
1,277,964 
1,070,914 


Net Receipts. 
December, 1907. 
£ 


Gross Receipts. 
eeu We 1908, 


1,068,651 
2,304,720 


2,052,833 
Working 
Expenses. 
December, 1908. 

647,109 
1,456,113 
1,189,972 


Net Receipts. 
sees’ ie 1908. 


Buenos Aires West 
Central Argentine... 
Buenos Aires Great 

Southern ... ea 


System. 


Buenos Aires West 

Central Argentine... 

Buenos Aires Great 
Southern ... 


System. 
Buenos Aires West 352,383 


Central Argentine... 848,607 877,122 
Buenos Aires Great 


Southern ... 862,861 826,295 
The aggregate receipts of the three systems accord- 
ingly amounted in the second half of 1908 to 
5,426,204/., as compared with 4,964,834/. in the corre- 
sponding period of 1907, while the aggregate work- 
ing —* were 3,293,194/., as compared with 
2,909, ., and the aggregate net revenue to 
2,133,010/., as compared with 2,055,800/. The ratio 
of the working expenses to the traffic receipts upon 
the Buenos Aires Western Railway stood at 60.55 
per cent. in the second half of 1908, as compared with 
61.38 per cent.; those upon the Central Argentine 
Railway, at 63.18 per cent., as compared with 59.30 
per cent. ; and those upon the Buenos Aires Great 
Southern Railway, at 57.97 per cent., as compared with 
56.45 per cent. Upon the whole, accordingly, Argen- 
tine railway traffic is still conducted with reasonably 
moderate working charges. 

We proceed to give a few further details of interest 
in connection with Argentine railway management. 
Upon the Buenos Aires Western system the number of 
train-miles run in the second half of last year was 
1,836,696, as compared with 1,852,489 in the correspond- 
ing six months of 1907, while the total number of 
vehicle-miles run was 61,741,854, as compared with 
52,065,475. It would thus appear that train-mileage is 
being economised, while, at the same time, trains are 
being lengthened, the object, of course, being to get more 
useful work out of each engine. The number of engine- 
miles run in the second half of last year was 2,806,664, 
as compared with 2,798,738, the number of engine- 
miles run per engine being 13,625, as compared with 
13,922. The consumption of coal per train-mile run 
in the second half of last year was 62.55 lb., as com- 

red with 63.02 lb. During the past half-year the 

3uenos Aires Western Railway had 1305 miles of line 
in operation, as compared with 1111 miles in the corre- 
sponding period of 1907. In consideration of the pay- 
ment to the Argentine Republic of 3 per cent. of the 
net receipts, railway materials are allowed to be 
imported free, and the undertaking is exempt from 
national, provincial, and municipal taxesuntil January 1, 
1947. The company availed itself of this law as from 
January 1, 1908. About 1} miles of single track between 
Moron and Moreno were laid during the past half- 
year with 80-lb. rails and new hardwood sleepers, 
simultaneously with the introduction of stone ballast- 
ing. Between Chivilcoy and Bragado 13 miles of 
single track were replaced with burnt city refuse, and 
between Cambaceres and ‘J’. Lauguen 24 miles of single 
track were reballasted with black earth. Between 
Chivilcoy and Bragado, and between T. Lauguen and 
Toay, lengths of 20} miles of single track, and 40 miles 
of single track, were strengthened in the past half- 
ear with two additional hardwood sleepers per rail 
ength. At the company’s Liniers workshop a loco- 
motive-erecting shop has been completed, with the 
exception of the water service and hardwood flooring. 

The Central Argentine Railway is about to take up 
some of the line of the late lorthern Railway at a 

int near the Maldonado to the termination of the 
ine at Calle Maipu, and it will hand over to the State 
the lands at present occupied. The company is further 
about to establish four lines of rails from San Martin 
to a neighbouring junction, and it will also double its 
line between Villa Ballester and Rosario. The aggre- 
gate distance run by trains upon the Central Argentine 
system during the past six months was 3,642,871] 
miles, as compared with 3,407,726 miles, the earn- 
ings _— train-mile being 12s. 8d. as compared with 
12s. 7}d. 

In connection with the Buenos Aires Great Southern 
Railway, we may note that owing to a strike at the 
company’s workshops during the second half of 1907 
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no reliable comparison with the working expenditure 
of that year can be made, as the shops were partially 
closed from August 5, 1907, to January 29, 1908. The 
accumulation of arrears of maintenance which arose 
in consequence necessitated special pressure on the 
works in the second half of 1908, with the result that 
the maintenance of locomotives, carriages, and wagons 
was responsible for 79,119/., out of a total increased 
expenditure of 119,058/. The expenses were further 
charged with 23,556/. credited to the national age 
ment on account of road taxes payable under the 
Mitre Law, leaving only 16,383/. as the additional 
cost of handling increased traffic, and working 121 
miles of new line. The Buenos Aires Great Southern 
Railway is still extending its system, plans for the 
following further lines having been submitted to the 
Argentine Government :—Alvear to Olavarria, 65 miles ; 
Bolivar to Pringles, 130 miles; Chas to Ayacucho, 
90 miles ; and Alvear to Pigué, 217 miles ; or, alto- 
gether, 502 miles. In connection with a proposed 
extension to Chili,.five engineers are now engaged in 
reconnoitring the country on the western slopes of the 
Andes, with a view to selecting the best route to be 
taken by a line to connect the Buenos Aires Great 
Southern system with the Chilian State Railways. On 
the Argentine slopes much useful reconnoitring work 
has been done on the eastern side of the frontier, and 
the surveys have been carried to the foot of the Andine 
ranges. tween Canuelas and Azul, out of a length 
of 140 miles, 70 miles of re-laid track have been 
ballasted with stone. Between Gonzalez Chaves and 
Tres Arroyos, a distance of 27 miles, the relaying of 
the line with 100-lb. rails and steel sleepers has loon 
ranmenng bem goon One-half of the stone ballasting 

tween Maipu and Mar del Plata, a distance of 
80 miles, has also been completed, and the renewal of 
the section between Coronel Suarez and Saavedra 
(43 miles) with 85-lb. rails on steel sleepers has further 

m carried out. 








THE STRENGTH OF REINFORCED CoNncRETE Beams.—Bul- 
letin No. 28, entitled ‘‘ A Test of Three Large Reinforced 
Concrete Beams,” by Professor Arthur N. Talbot, which 
has pt been issued by the Engineering Experiment Station 
of the University of Illinois, is descriptive of some unique 
practical tests. e construction of large floor slabs for 
use in the Grand Crossing track elevation of the Illinois 
Central Railroad—perhaps one of the most important rein- 
forced concrete constructions of the kind yet undertaken 
—gave an epee id to make field tests to determine the 
strength of — pieces of concrete made under practical 
conditions. e tests were undertaken through the co- 
operation of the Engineering Experiment Station of the 

niversity of Illinois, and the partment of Brid, 
and Buildi of the Illinois Central Railroad. e 
beams weighed 33 tons apiece, probably the largest 
reinforced concrete beams ever tested, and the testing 
apparatus used and the method of making the. tests 
involved some novel features. The beams carried loads 
of 840,000 lb. The tests determined the effectiveness of 





two methods of placing reinforcement to resist shear 
failure. The results will be of interest also because the 
beams were chosen almost at random from a large number 
of beams made up for use in a railroad structure. There | 
has been a feeling among some engineers that test-beams 
made up in laboratories differ so much in make-up from 
the work found in reinforced concrete construction that 
the results of laboratory tests may not be considered to | 
be applicable to actual construction. The tests, however, | 
indicate that the action and properties of reinforced con- | 
crete beams, made under careful supervision under the 
re) conditions of construction, do not differ much 
from those of laboratory test-beams. Copie: of this 
Bulletin may be obtained gratis upon application to the 
Director, neering Experiment Station, Urbana, 
Illinois, 
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DEODORISER FOR SCRUBBER REFUSE. 


THE disposal of the water after use in the scrubbers 
of suction-gas plants is sometimes a matter of consider- 
able difficulty, owing to its offensive smell and the 
trouble of meeting the requirements of local sanitary 
authorities with regard to its admission to the ordinary 
drains. In some cases drains have had to be recon- 
structed before permission to run it into the system 
could be obtained ; in others, attempts have been made 
to render the water inoffensive by treatment, chemical 
or otherwise. 

We illustrate in Figs. 1 and 2, above, an apparatus 
brought out by Messrs. Tangyes, Limited, rnwall 
Works, Birmingham, for dealin with this trouble. 
The figures are practically self -explanatory. The 
apparatus consists of two shells, the exhaust from the 
gas-engine being admitted into the innermost space, 
as shown. The waste water from the drain-box of the 
scrubber is run into the upper part of the apparatus 
and, overflowing, passes in succession over a series of 
circular troughs and down to the base, whence an over- 
flow pipe, set to a proper level, allows the water to run 
off into any river, canal, or drain. The hot exhaust 
drives off the gases contained in the water, and these are 
carried away through an uptake, while the water run- 
ning off at the overflow is stated to be quite inoffensive. 








THE ATTENDANCE AT GERMAN TECHNICAL HIGH 
Scuoots.—The attendance at the German technical high 
schools during the winter semester 1908-9 does not much 
differ from that of the previous year. The total attend- 
ance at the ten schools at Aachen, Berlin, Brunswick, 
Dantzig, Darmstadt, Dresden, Hanover, Karlsruhe, 
Munich, and Stuttgart, rose to 15,781, against 15,720 in 
the previous winter. These figures, however, comprise 
students, hospitants (students taking a full course, but not 
matriculated) and hearers (those attending certain lec- 
tures only), and in some cases, for instance, in Berlin, the 
number of real students has decreased, while the number 
of hospitants and. hearers brings the total to a higher 
figure than last winter. Berlin still leads by its total 
attendance of 3078 participants, of whom 2192 are students ; 
as regards full students, oe, Munich is in front with 
2234 students out of 2858 attendants. There is a decrease 
in the numbers of those studying engine construction and 
shipbuilding, while the departments for architecture and 
building construction have attracted more students. The 
new venture, a commercial high school branch at Aachen, 
has proved short-lived ; the lectures have been discontinued. 
Women are admitted at several of these high schools. 


Mortor-VEHICLES IN GERMANY.—The official German 
statistics of motor-vehicles for passenger and s traffic 
for the ends of the three years 1906, 1907, and_ 1908, 
counted 27,026, 36,022, and 41,727 vehicles of different 
classes. There was during 1908 an increase of nearly 
16 per cent. on 1907, against an increase of 33 per cent. 1n 
1907 on 1906. The increase affects particularly the more 
powerful carriages and rather expensive motor-cars, prices 
of which went down last year; the demand for motor- 
cycles has diminished. The preponderance of vehicles fo: 
personal conveyance over S carriages is still very 
strong ; there were 39,475 nger cars and only 2252 

cars last year. In vehicles for the public service 
rlin alone shows marked progress. The number of 
dec , there having been for every 1") 
motor-cars 13.5, 12.1, and 11.9 accidents in 1906, 1907, and 
1908 respectively. These latter years are reckoned from 
October to October, however, and the statisticsare not reall 
decisive ; for they include the 8000 foreign cars whic! 
visited the Empire, which no doubt were responsible 
for a good many accidents. Berlin, for instance, had 2s 
many as 71 accidents 100 motor vehicles of all descrip- 
—, More than half of a (53.8 per cent.) 
ca damage to property only : persons were in- 
jured, 141 were killed or died within a week, and many of 
these were not occupants of the respective vehicles, 
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ELECTRICAL APPARATUS. 
5329. A. D. Jones, 


The date of the 
Specification ts, 
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Any person may, 


which the carbons are arranged vertically. Such arc-lam 


burn unsteadily. This unsteadiness is caused by the arc c 
up the sides of the carbon. n _ blo 
out magnet surrounds the upper part of the carbon in the vicinity 
of the are, c 

being that of an inverted cone, and the carbon passing through an 
axial hole. Good results are obtained with a plain iron blow-out, 


A. 











the current passing through the carbons magnetising the blow- 
out and producing the desired effect. Fig. 1 illustrates a blow- 
out magnet arral as part of the lamp base. a is the iron 
portion which has a magnetic effect on the arc, and is formed in 
one with the cup-sha} casting b, which may be of any necessary 
form suitable for the base of the lamp. In Fig. 2 the blow-out 
magnet is not an integral part of the lamp base. a@ is the blow- 
out magnet connected to the —p 4 base b by screws g, g!, and 
separated therefrom by a washer h, which may preferably be of 
asbestos. (Sealed April 1, 1909.) 

10,614. G. Hookham and 8. H. Holden, Birmingham 
Electrolytic Meters. (2 Figs.) May 15, 1908.—This inven 
resent invention con- 


tion relates to electrolytic meters. The 0 
sists in enclosing the cathode in a small chamber, or bulb, which 
communicates with a tube in which the given off at the 
cathode is measured, so that the cathode is always in contact with 
an atmosphere of gas above the electrolyte. In the meter illus- 
trated, the electrolytic cell consists of a bulb b, connected to the 
lower end of a measuring-tube d, which is sealed after the ad- 
mission of the electrolyte. The anode a@ consists of a piece of 
platinum gauze, preferably coated with platinum black, and 
supported across the bulb by platinum wires, one or more of which 
may form one terminal of the cell. At the lower end of the 


Fig. t 
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measuring-tube, and in communication therewith, there is pro- 
vided a small chamber, or bulb, c, containing the cathode e, formed 
of a spirally twisted loop of platinum wire, which enters near the 
lower end of the small chamber ¢, and projects above the passage 
connccting the chamber ¢ with the measuring tube d, so that the 
pb end of this cathode e always pro into an atmosphere 
o! the gas to be measured. The cell may be conveniently mounted 
on a hinge in a box g, carrying a shunt coil h and a resistance k in 
serie $ with the cell, the resistances h, k being made of the same 
one —_ which should have a small temperature coefficient, so 

|’ “cmperature errors are avoided. In order to set the meter to 
the cell is tilted so that the measuring-tube is filled with 
the tube is then replaced in the vertical position to collect 


zero, 
liqu 
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London. Arc-Lamps. [2 Figs.) 
March 16, 1908.—This invention relates to flame arc-lamps in 
ups, par- 
ticularly if they are of the enclosed type, are found to be liable to 
" ing 
According to this invention, a blow- 


The blow-out magnet is of annular form, the shape 


f April 1, 1909.) 


the gas given off at the cathode, the gas given off at the anode 
being absorbed. By placing the cathode in a separate chamber, as 
above described, the range and accuracy of the meter are greatly 
increased. (Sealed April 1, 1909.) 


19,052. F. R. Pope and M. W. f ll, London. 
descent Electric (2 Pigs.| September 10, 


1908.—This invention relates to a form of support for the filaments 
of incandescent electric ~ 4g hy is ially suitable for 
lamps with metallic filaments. e su ng wire, of carbon or 
other heat-resisting material, is coiled into a spiral or like resi- 
lient form, and its ends are secured in small tubes which, accord- 
ing to the present invention, are arranged parallel to the central 
stem, and are made of glass, so that they can easily be fused upon 
the stem. This arrangement of the tubes obviates any 
bility of the supporting wire becoming detached, whether it be 
fused into the tubes or merely held by friction. The glass stem a 
is secured to the base portion b, and is expanded at its further end 
into a flat disc c. To this disc are attached by fusion a number of 
short glass tubes of fine bore. The tubes may be inserted, as 
shown, parallel to the stem a, or they may be inclined at a small 
angle thereto. The supporting wire ¢, preferably of carbon, is 
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coiled into a spiral, and its two ends are inserted into adjacent 
tubes, as is clearly seen in Fig. 2. The elasticity of the spiral 
presses the ends sufficiently hard against the glass tubes to cause 
them to be held in place by friction on the walls of the tubes, 
while the filament itself assists in keeping them in place. This 
form of construction has obvious advant in its simplicity in 
manufacture and in its avoidance of the difficulties or disadvan- 
tages attaching to the older methods, The epee, when made, 
can easily packed and stored, if required, before they are set up 
in lamps, for the glass stem a, with its glass tubes, is of con- 
venient shape for packing, and the wires e can naturally be stored 
separately. 
avery elastic support which can yield as the filament expands 
and contracts. Moreover, the glass tubes serve to reduce slightly 
the strain upon the my Caper J wire ¢, for the point of bending is 
brought out as far as the end of the glass tube. As is implied in 
what is said above, it is unnecessary to secure the wires e to the 
tubes d. (Accepted January 27, 1909.) 


GAS ENGINES, PRODUCERS, HOLDERS, &c. 


2716. A. R. Bellamy and C. James, Grantham. 
Producer-Gas Plants. (2 Figs.) February 6, 1908.—This 
invention relates to by-pass valves, which are used in connec- 
tion with either pressure or suction producer-gas plants, and the 
object of which is to enable the gas-generator, either when the 
fires are being blown up or when the generator is in operation, to 
be put into communication with the gas-scrubber and engine, or to 
have its connection with the said scrubber and engine interrupted 
and be put into communication with a ventilating or chimney- 
pipe in communication with the atmosphere. This invention has 
for its — to provide an improved valve, in which the inlet to 
the scrubber must be closed before the inlet to the ventilating- 
pipe commences to open, and vice versd. a is the valve-casing, b 
the inlet from the gas-producer, ¢ the outlet to the scrubber, and 
d the outlet to the ventilating-pipe or chimney leading to the 
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atmosphere. ¢ is a piston-valve. f and f] are two peripheral 
projections upon the piston-valve e, the ne having 
mitred or bevelled faces, which close on mit: or bevelled faces 
formed on bored seats i and i! on the casing a of the valve. The 
piston-valve e is shown in its middle position, the outlet ¢ to the 
scrubber and the outlet d to the atmosphere both being closed. 
On the valve e being moved axially towards the seat i, the outlet c 
to the scrubber is opened, and the outlet d*:to the atmosphere 
closed and sealed by the bevelled or mitred face on the projection 
f. If the valve is moved axially in the opposite direction, the out- 
let c to the scrubber is closed and sealed by the mitred or bevelled 
face on the projection #1. The mitred or bevelled seat h is shown 
formed on a removable lantern k, this construction being adapted 
to permit of access being had to the valve ¢, which is operated by 
the spindle J, and the weighted lever. m fulcrummed at n. (Sealed 


6139. W. Mor; and the Daimler Motor Company 
(1904), . Carburettors. [7 Figs.) 
March 19, 1908.—This invention relates to carburettors for supply- 
ing fuel to internal-combustion engines, and has for its object to 
construct a carburettor which give a substantially constant 
mixture of fuel and air for all rates of consumption of mixture. 
The invention consists in a carburettor in which of the fuel 


The construction has the further advantage of giving | 


of fuel short of that required to give the desired mixture, while 
the wick above a certain limit gives a practically constant supply, 
so that the total fuel supply is such that a practically constant 
mixture is obtained for all rates of consumption. In the form of 
the invention illustrated, a y carburettor @ of the usual type, 
working with fuel maintained at a constant level by a float in the 
chamber }, is provided, and so adjusted as to deliver, for any rate 
of consumption of mixture above a certain limit, a quantity of fuel 
which is +4 by a coustans 6 —— ne uired to give Wh oe 
mixture of fuel and air. is is effec’ y properly p ning: 
the dimensions of the jet in relation to the engine. In addition to 
the spray carburettor a, an independent wick carburettor e is em- 
ployed, which is fed by fuel maintained at a constant level. The wick 
is formed of a wire frame bent into the form shown in Fig. 4, with 
loops d of suitable material passing into the constricted rectangular 
space e which fits into the well or trough Jf, so that the wick portion 

rojects into the wick-chamber g, through which air is drawn. 
The fuel is fed into the well J, in which the wick ¢ stands at a 








int below the constant fuel level, and the supply to the well is 
imited by means of a constriction or valve in the extension of the 
wick-well 1. The floor of the wick-chamber is preferably inclined 
as shown, to avoid Yams | of the wick-chamber @# when the carbu- 
rettor tilts. In order to limit the fuel supply to the wick when 
the rate of evaporation. from the wick is high, a pipe i, open to 
the atmosphere, is provided, leading to the extension of the wick- 


| well l, forming a gap between the constriction in the fuel-supply 


pipe and the well fin which the wick is placed. By this arrange- 
ment the wick evaporates the fuel, thus tending to lower the fuel 
level in the wick-chamber below the constant level ; hence fresh 
fuel flows in at a head equal to the difference of this level set up 
by evaporation and the constant level. After the wick has reduced 
the fuel level in the wick-well to that of the constriction, the fuel 
is then supplied under a constant head—viz., the difference in 
levels between the constriction and the constant fuel level—and 
therefore the supply of fuel to the wick is constant. (Sealed 
April 1, 1909.) 


10,918. H. Bevis and H. J. Coa’ Salford. Internal- 
Combustion wngines. (5 Figs.) May 20, 1908.—This in- 
vention relates to electrical apparatus for effecting the ignition 
of the explosive mixture in internal-combustion engines. In most 
of the usual types of electrical ignition apparatus, whether battery 
and coil or low and high-tension magneto systems, trouble, in- 
convenience, and expense are often experienced through wear and 
tear of the brushes and contacts which are required for current 
collection, making and breaking of the circuit, and the distribution 
of the current, the brushes and contacts often requiring much 
attention and frequent renewals. The present invention obviates 


Fig. 1. 














de\\ 
Seine 


4 
U 
0 












c 





these defects, inasmuch as brushes and contacts, where they are 
liable to cause trouble,-and also contact-making or breaking 
devices, are dispensed with. In carrying the invention into effect, 
a high-frequency alternating-current generator, which may be of 
the magneto type, — with stationary windings and a 
rotating inductor, is employed in combination with a suitable 
transformer, whose primary is connected to the said winding, and 
whose dary is ble of developing suitable high-tension 
currents required for ignition purposes ; and also in combination 
with the generator and the transformer is a suitable form of high- 








is supplied through a jet and part independently Seongh a wick, | 





the jet and wick 


ing so arranged that the jet supplies a quantity | the sparking-plugs. 


tension distributor for distributing the high-tension currents to 
Aform of generator is shown whose mag- 
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netic field is preferably produced by permanent magnets A, and | 
whose windings B, being stationary, are di on the divided 
»ole-pieces C, which are preferably built up of laminated pieces. 
Rotating between the said poles is the inductor D. When this 
rotor is in the position indicated in Fig. 1, there is maximum mag- 
netic flux through the stationary winding B ; but when the rotor 
D is in the position indicated in Fig. 2, the upper pole-tips C! are 
magnetically short-circuited, and in consequence there is a mini- 
mum magnetic flux through the windi B, the two actions 
resulting in the production of six waves of electromotive force, 
alternating in direction, at each revolution of the rotor D. The 
manner in which the combination of generator, transformer, and 
high-tension distributor is arranged for use is shown in the dia- 
grammatic drawing, Fig. 3. The terminals T of the windings of 
the generator are connected up to the primary F of the trans- 
former E without the intervention of any brush or rubbing con- 
tact, or make-and-break device, except, of course, the usual switch 
for hems pod theengine. The high-tension winding G of the trans- 
former E may be connected to the engine frame H at one end, and 
at the other to a terminal I, which feeds the arm J of the high- 
tension distributor, which arm is rotated in the usual manner, as, 
for instance, by means of the gear-wheels, and distributes the 
currents at the required periods, without contact, through a small 
air-gap to each of the electrodes K, which are in connection with 
the sparking-plugs L. (Accepted February 10, 1909.) 


GUNS AND EXPLOSIVES. 


25,269. H. P. Maxim, Hartford, Conn 

the Sound of Discharge of Guns. [9 Figs.) 
November 24, 1908.—This invention relates to devices for lessening 
the sound of discharge of guns. There is secured to the extremity 
of the barrel a of a gun a casing d which forms a support and 
enclosure for a series of separable silencing devices e by which the 
gases, which escape at the muzzle of the barrel a, are compelled 
to acquire, within successive chambers formed by the silencers e, a 
rotary or whirling movement about the axis of the casing. An 
opening ¢] in each of the silencers e, instead of being co-axial 
with the casing d and with the silencing device itself, as in the 
specification of Letters Patent No. 14,310, 1908, is eccentric with 
respect to the casing and the silencing device, and, moreover, the 
otherwise true frusto-conical portion of the silencing device im- 
mediately about the opening e! is deformed in part, being inclined 
forwardly, in the direction of movement of the projectile, instead 
of rearwardly. Such of the gases which follow the projectile as 
strike the frusto-conical portion of the silencing device are directed 
into the annular chamber and have therein a rotary or whirling 
movement about an annular axis, except so far as such movement 
is modified in each successive silencing device. Such of the gases, 
however, as impinge upon the deformed or forwardly inclined 
portion about the opening for the passage of the projectile are 
deflected towards the axis of the path of the projectile, and the 
particles of gas so deflected are thereby caused to collide with 
the particles of gas which make up the core of gases which 
would otherwise follow the projectile through such open- 





Fig.l. q@ 





25269. 'e 


ing. By such collision of the particles of gas the core of gases 
is itself deflected or forced to one side, and is thereby made 
to enter or to impinge upon the next silencing device and 
to dissipate its energy therein, instead of following the path of 
the projectile. Furthermore, since the opening e! is eccentric, 
instead of being coaxial with the silencing device, the core of 
gases thus deflected or forced to one side is made to impinge 
upon the surface of the next silencing device in a direction ap- 
»roaching the tangential, and the gases are therefore caused to 
ave a movement of rotation in contact with the annular silencer 
about the principal axis of the silencer. The rotary movement of 
the gases about the annular axis is therefore modified, so that, in 
addition to such rotary movement about an annular axis, the 
gases are made to rotate also about the principal axis of the 
silencer, oe thus a compound whirling or rotary move- 
ment, in which the energy of the gases is much more quickly and 
effectively dissipated than by either movement alone. Moreover, 
the eccentricity of the opening for the projectile through each 
silencing device e permits the silencer as a whole, comprising the 
soparabte silencing devices and the supporting casing, to be dis- 
seme eccentrically with respect to the axis of the bore of the 
varrel to which it is applied, and the greater portion of the 
silencer being below the axis of the gun-barrel, the projection 
above the axis of the gun-barrel is so small as to permit the front 
sight on the gun-barrel to remain undisturbed, so that the 
silencer can be applied, even to a sporting rifle, without requiring 
any adjustment of either front or rear sight to be made. (Sealed 
April 8, 1909.) 


MACHINE AND OTHER TOOLS, SHAFTING, &c. 


597. The Deainghor,, Gees) - Armes A 
aston. Machine-Tools. 


and J. P. Hillhouse, 
{4 Figs.) January 10, 1908.—This invention has relation to ma- 








chine-tools such as have a reciprocating part, the operation of 
which is adapted to effect the feed of a slide carrying the element 
which effects the process for which the machine is employed, the 





present improvements having for their purpose to effect more 


satisfactorily the previously proposed operation of automatically 
decreasing the rate or degree of feed at a period immediately 

vious to the ae of an operation, such decrease of the 
eed being particularly beneficial to the finish produced upon the 
work. The feed-gear is actuated intermittently by two - pawls 
a, b, which act respectively with the forward and return move- 
ments of the work-table, to rotate a toothed feed-plate ¢. The 

wis a, b are mounted upon levers a!, b!, which are fulcrummed 
to the feed-plate shaft d, and which may advantageously take the 
form of triangular plates. The intermittent rotation is trans- 


mitted from the reciprocating table by a fulcrummed rocking-lever | 
tos b | 


e, the one arm of which is ) plicate links a2, b2 to the 
feed-plate levers a}, b!, and the pawls a, b are so mounted upon 
the latter that they come alternately into engagement, and 
thereby actuate the feed-plate c on both the forward and return 
movements of the reciprocating table. The rocking-lever e is 
normally retained in a central position by suitably disposed springs, 
and the arm e! to which the links are connec is provided with 
a taper groove or recess ¢ increasing from the position of fulcrum 
e3 to the free extremity e4. A block is mounted to slide upon 
the grooved arm e! of the lever, and such block carries a trans- 
verse slide g, to which the links a2, b2 are pivoted, the said slide g 
having a stud g! which projects into the groove of the lever to 
allow of a restricted movement of the slide in the block. The 
second or free arm e5 of the rocking-lever e carries a slide h having 
a stud or projection h! which is engaged by stops j upon the reci- 
procating table on the completion of each stroke, the table-stops 





j being positioned to displace the rocking-lever e to an extent 


sufficient to carry the stud g! upon the transverse slide g from 
one side of the taper groove e2 to the other, which tatter position 
it takes on the return of the ay ey to its normal position 
when released by the table-stop j. e reverse actuation of the 
rocking-lever e by the second stop (not shown) on the table effects 
the return of the transverse slide g, the latter operating the feed- 
platec in both movements through the medium of the aforemen- 
tioned connecting links a2, b2. By adjusting or altering the 
position of the block p which carries the transverse slide g the 
active length of the feed-operating arm e! of the rocking-lever e¢ 
is redu or increased with the accompanying less or greater 
movement of the feed-plate c. (Sealed April 1, 1909.) 


14,618. The Birmingham Small-Arms Co » 
W. E. Ewing, Acocks 

and J. P. Anti-friction Bear- 
ings. (2 Figs.) January 10, 1908.—This invention has relation 
to machine-tools wherein reciprocating parts, such as tables, 
slides, or the like, are mounted on anti-friction bearin The 
present invention has for its purpose to improve such bearings 
and their appurtenances, and to render them more satisfactory 
for the yr to which they are applied. The reciprocating 
work-table is shown mounted upon anti-friction bearings which 
embody both rollers and balls. In a preferred construction, it is 
mounted upon two sets of rollers a, 6 which work between har- 
dened and ground runners a!, bl and a2, b? respectively upon the 
table ¢ and bed d, the rollers a, b oe spaced and prevented from 
lateral disarrangement by cages a*. Means are provided to pre- 
vent lateral displacement of the table, and these may advan- 
———_ comprise balls e¢, which work between the sides of one 
table runner }! and lateral bearing surfaces /, f1 on the bed. Race- 
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ways are formed in the sides of the table runner }! to receive the 
balls ¢, and one lateral bearing surface /! is provided with means 
by which the position of the surface in relation to the other lateral 
bearing surface f may be varied for purposes of adjustment. Such 
means may comprise strong plate springs g which are dis at 
intervals for the length of the bearing and retained in position by 
bolts g!. The springs g are adapted to compensate for wear, the 
bolts g! being disposed with clearance in such a manner as to be 
incapable of preventing the movement of the part 1 in a direction 
towards the part f. The balls are spaced by cages e! having 
longitudinal elongated slots to provide for rolling, and the said 
cages el may be extended to the roller bearing to prevent lateral 
disarrangement thereof, the reduced ends a4 of the rollers being 
retained in slots which are elongated ina direction at right angles 
to the length of the bearing. Such slots may also be elongated in 
a direction parallel with the length of the bearing, to thereby 
allow of the independent movement of the rollers. The cages may 
consist of flat strips perforated as aforesaid and having side pieces 
riveted thereto, to retain the balls prior to their insertion within 
the bearing. (Sealed April 1, 1909.) 
RAILWAYS AND TRAMWAYS. 

7008. Willford and Co., Limited, and G. W. Will- 
ford, Sheffield. and Springs. (5 Figs.) 
March 30, 1908.—The object of this invention is to construct 
bearing, buffing, or the like ates of the laminated type so that, 
without materially increasing their weight, incre strength 
may be obtained, and, at the same time, the friction between the 
plates or leaves may be reduced. According to this invention, 
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slightly thicker plates are employed for a given strength of spring 
than would be ordinarily used, and a portion of m= plate a of 
the spring is formed of an arched or buckled form transversely, 
the remaining portion or the outer edges b where the plates lie on 
each other being made flat. The curvature given to the space 
between such flattened edges is so formed that although a series 
of such plates may be placed one above.the other to build up the 


| spring, the portion which forms the arch or buckle is made slight 
| thinner than the portions which form the flattened edges, so th 
| a slight clearance is left between the arched or buckled portio: 
of the several plates. When a spring is constructed on this pri 
ciple, the back-plate d and its corresponding outer or bottom plat 
would only be curved on their inner surfaces. is method o/ 
construction gives the plates, both individually and collectively. 
increased bearing strength without materially increasing thei 
weight, and, at the same time, owing to the slight clearance |¢/ 
between the arched portions of each plate, friction between t}:.- 
plates, when the spring is in action, is considerably reduce, 
| (Accepted January 27, 1909.) 
| STEAM ENGINES, BOILERS, EVAPORATORS, &c. 
15,550. E. W. Dickinson, Blackheath, and J. Hop- 
kinson and Co., Limited, Huddersfield Grech. 
Valves. {4 Figs.) July 22, 1908.—This invention has for its 
object the —— of means for preventing the chattering or 
knocking of check-valves against their seats, which is liable to 
occur under certain conditions, and which in large valves fr. 
quently causes break: of parts of the valves. For this purpos: 
an uncontrolled supplementary check-valve is provided, whic! 
governs an auxiliary passage or auxiliary passages forming a con 
munication or communications between the inlet and outlet ends 
of the valve casing independent of the thoroughfare through thc 
seat of the main valve. This supplementary check-valve is, in on: 
arrang t ined directly with the main check-valve, and 
controls an opening, or several openings, in the main valve. In 
another arrangement, an auxiliary connection or communication, 
referably an external communication, is provided between the 
inlet and outlet ends of the valve casing, and this communication 
is controlled by means of a check-valve which is free to rise and 
fall under variations of pressure. In Fig. 1, A is the body of the 
valve ; B is the valve proper. In the valve Ban opening, or several 
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openings, D is, or are, formed, and on the back of the valve is a 
seat to receive a supplementary valve, the supplementary valve 
being kept down on its seat in normal comliien by its own 
weight, without any other means of control. When the supple- 
mentary valve is resting on its seat the openings D are covered. 
The supplementary valve may be arranged to slide- on the 
hub of the main valve B, and its lift may be limited by a 
stop, adjustable or otherwise, on the hub. The supplementary 
valve acts as a kind of relief valve, which, being light and 
uncontrolled, lifts easily and readily when the pressures on the 
two sides of the valve B are nearly equal. And this it does with- 
out causing a disagreeable chattering noise or producing damaging 
blows by its movements. In the arrangement shown in Fig. 2, 
H is an external pipe forming a communication between the inlet 
and outlet ends of the valve-casing. This pipe is constructed in 
one part of it with a seat to receive a supplementary check-valve 
E, which is suitably guided in its up-and-down movements, but 
is otherwise uncontrolled. This check-valve E operates in the 
same way as the corresponding valve in the arrangement first 
described, and serves to prevent or minimise the chattering of the 
main valve B, (Sealed April 8, 1909.) 


2133._ J. Metcalfe, J.C. Metcalfe,and R. D. Met- 
Fallowfield. lectors. (3 Figs.) January 30, 190s. 

—This invention relates to injectors of the type worked by ex- 
haust steam or steam at about atmospheric pressure. With ex- 
haust injectors, as at present constructed, working only with 
exhaust steam or steam at atmospheric pressure, it is impossible 
to deliver water therefrom against pressures exceeding 75 Ib. to 
90 Ib. per square inch, dependent upon the temperature of the 
feed-water a dealt with. To enable exhaust injectors to 
deliver against higher pressures than aforesaid without the em- 
ployment of supplementary live-steam jets, it has heretofore been 
proposed to cause a jet of exhaust steam to act on the jet issuing 
from the end of the combining nozzle of the injector, but such 
tn pew have been unsuccessful in accomplishing their object. 
Object of this invention is to enable an exhaust injector using 
only exhaust steam to deliver against greater pressures than is at 
—— possible. The invention comprises an exhaust injector 
having the effective area of the exhaust -steam inlet orifice 
lessened or restricted, and having one or more supplementary 
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exhaust-steam inlet apertures at points between the exhaust-steam 
inlet orifice and the usual combining nozzle of the injector. T! 
exhaust injector is provided with combining and discharge o1 
delivery nozzles a and b respectively of usual construction, and 
with a water inlet ¢ and a main steam-exhaust inlet nozzle 
in the same axial line with the combining nozzle a. The co: 
bined steam and water is passed through a preliminary mixing 
nozzle e of such alength as will ensure that a mixing of the stea 
and water passing therethrough shall take place for the purpo- 
of condensing the steam and increasing the density of the j«' 
sufficient to produce a very high degree of vacuum at the de 
livery end of the nozzle. The jet issuing from the preliminar) 
mixing nozzle is, however, still of large cross-sectional area, 2! ! 
consequently a large volume of exhaust steam can be drawn int» 
it. At this point—namely, at the delivery end of the prelimina: 
mixing nozzle or its equivalent—a supplementary annular jet « 
exhaust steam is introduced at f, which therefore enters the i: 
— with about the same velocity as does the main steam }« 

e effect of such supplementary jet is to increase the rate 
travel of the combined steam and water which it meets. (Sea 
April 8, 1909.) 
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Weishts and Measures ; being the Weights and Measures 
Advis, 1878 to 1904; The Board of Trade Regulations, 
1907; Statutory Provisions Relating to the Sale or 
Checking of Various Commodities by Weight or Measure, 
toyether with the Principles of Weighing and Measur- 
ing. By JAMES Roperts, M.4., LL.B., Barrister-at- 
Law. Third Edition. London: Charles Knight and 
Co. ; Dublin: Hanna and Neale. [Price 8s. net. ] 

Lory Kexvin has put it on record that ‘‘our 

weights and measures are time-wasting and brain- 

wearing,” and the study of Mr. Roberts’s book 

amply confirms this judgment. Indeed, that a 

hook of this size is required in order to supply the 

necessary information concerning simple everyday 
processes implies the condemnation of the system. 

But, in justice to the author and the system alike, 

it must be admitted that for the most part the 

questions discussed would demand attention under 
whatever system of measurement was sanctioned by 
the Legislature or adopted in trade. He treats 
mainly of the problem of breaking down of bulk 
with accuracy, of equitable subdivision, and of the 
legal enactments by which an approach to exact- 
ness is sought to be secured, and the judicial deci- 
sions which have determined the construction to be 
placed upon those enactments. So long as a careless 
public is to be protected on the one hand, and 
ingenuity in the perpetration of fraud is to be de- 
feated on the other, it is to be feared that Acts of 
Parliament will grow longer and longer and comment 
more diffuse. Regarded from this practical but 
somewhat restricted point of view, the consideration 
of the advantages, or disadvantages, of the metric 
system do not come before the author.’ Of course, 
the numerical relative values of weights and mea- 
sures in the English and metric systems are given, 
because the Weights and Measures Act, 1897, made 
the use of the metric system in this country lawful 
for the purposes of trade. But as this is a practical 
treatise, and may be regarded as a text-book for 
inspectors appointed under the Board of Trade 

Regulations, it has been more important to keep in 

view the devices that will ensure accuracy, or, it 

may be, honesty, than to discuss abstract questions 
of purely scientific import. 

Perhaps it is to be regretted that the trading 
community as a whole has not manifested any 
eagerness to take advantage of this permissive 
legislation, or that the public has not been quicker 
to recognise the advantages to be gained from 
‘‘uniformity in the method of forming multiples 
and sub-multiples of the unit.” But in face of 
the indifference shown by the authorities to fami- 
liarise the public with the real significance of 
such questions, Mr. Roberts is, no doubt, well 
advised to confine his book to the examination of 
existing methods, The day of scientific perfection 
is far off, and there is no immediate prospect of 
bringing our system into line with Continental 
usage. To secure at once uniformity of subdivision 
and greater simplicity in calculation is, no doubt, 
an attractive programme, but the task is not one to 
be lightly undertaken, and in the absence of any 
adequate preparation becomes increasingly difficult 
every year. At any time the change would involve 
much hardship on small traders, and would derange 
the habits of the whole trading community ; there- 
fore, until publie opinion is ripe for a change of 
such magnitude, it would be injudicious to ask for 
so momentous a sacrifice as that involved in the 
readjustment of mental processes that have become 
completely mechanical. For a few more years we 
must be content to follow Mr. Roberts through the 
intricacies of the rod, pole, or perch, and struggle 
as best we may with the various meanings attaching 
to the ** ounce,” 

The book may be conveniently divided into two 
parts: the former dealing with the principles of 
Weishing and the construction and theory of instru- 
ments intended for weighing or measurement of 
capacity ; and the second, with the administrative 
machinery designed to enforce the observance of 
accuraey and to ensure the protection of the public. 

rnuarily the book is a guide to the inspector, 
ujon whom recent legislation has thrown in a very 
greit measure the onus of determining whether the 
use and construction of a particular instrument is 
eeu or not. An inspector is not justified in 
recusing to give an official stamp to a particular 
instrument, whose use has not been prohibited, 
cause such apparatus can be fraudently used. 

He is now required to show that the arrangement is 








one that would ‘‘facilitate the perpetration of fraud.” 
Hence the necessity of technical training on the part 
of the inspector, on whom falls not only a larger 
share of responsibility, but who has to satisfy the 
examiners of the Board of Trade that he is properly 
qualified-to undertake the special duties. He has, 
it is true, the advantage of minute instructions in 
the ‘‘regulations,” but the interpretation is not 
always simple. To take a specific example, the 
— of movable adjusting contrivances on 

lances might, in the hands of an unskilful in- 
spector, lead to the seizure of some kinds of very 
accurate scales used for analytical and assay pur- 
poses ; or, as a commoner instance, it is not always 
easy to decide between a weighing-machine of the 
‘‘vibrating” and ‘‘ accelerating” class, the latter 
form being one condemned by the regulations of 
the 1907 Act. It is required by the Act that the 
machine shall balance when unloaded, and this 
criterion is no doubt generally sufficient, because 
in the ‘‘ accelerating” type, if one or other of the 
pans be pressed down, it will remain down, and 
the beam failing to oscillate, it will rest out of 
balance. But if more rigorous tests be needed, or 
it is desirable to have reasons for the acceptance 
or rejection of certain forms of apparatus, Mr. 
Roberts will be an acceptable guide, and his notes 
on the clauses of the Acts will be found pertinent 
and illuminating. 

But there is another party interested in a sale 
contract—the purchaser—and the author caters 
equally well for him. The ordinary householder 
ought to know how he is protected, what are his 
rights, and how he can enforce them. Some com- 
modities have been the special care of the Legisla- 
ture and are fenced round with restrictions that 
should satisfy the anxiety of the most economical 
housekeeper. Bread is one of the articles of every- 
day use that have given rise to endless litigation. 
The law requires that bread should be sold only 
by weight, but sale by denomination is the rule 
rather than the exception. If convictions, ob- 
tained in courts of first instance, are sustained on 
appeal, the reason usually is, not because the bread 
was light weight, but because it had been sold in 
some irregular way. Coal, again, is another cause 
of vexation calling for special legislation, but an 
expert is required to decide whether coal which is 
proved to be of short weight on the cart is actually 
on sale, or is simply being taken for delivery to 
the purchaser. But these are commodities which 
can be handled, and we can judge very approxi- 
mately of their weight, or of the system of distri- 
bution ; but evidently we are in a different position 
with regard to gas consumption, or the measure- 
ment of electrical units. In these more recon- 
dite matters, we usually leave ourselves in the 
hands of experts, and bear the ills we have rather 
than tempt the uncertainty of an_ ill-informed 
magistrate, who generally upholds official authority. 
But if any one cares to know what assistance he 
can get to aid him in this unequal struggle, Mr. 
Roberts’s book will inform him accurately, and we 
may add that his search through much inevitable 
detail will be facilitated by a very admirable 
index. 





Power Railway-Signalling. By H. Raynar WItson. 
London: The Railway Engineer, 3 Ludgate Circus 
Buildings, E.C. [Price 18s. net.] 

THERE are extremely few books in this country to 

which one can turn for adequate information on the 

subject of railway-signalling. One of the few is 
the book we now have before us, while another is 

‘* Mechanical Railway-Signalling ’—an earlier work 

by the same author—to which the later book is a 

companion volume. The need for the earlier work 

was sufficiently proved by the fact that a second 
edition was found to be necessary in a comparatively 
short time after the appearance of the first. We 
venture to think that ‘‘ Power Railway-Signalling ” 
is assured of just as hearty a welcome from those 
directly connected with this now specialised branch 
of railway work. Although a field of extremely 
wide scope for the exercise of practical ingenuity, 
and too often, be it admitted, of ingenuity of a 
wholly unpractical character, the subject is one 
which will only interest, at least sufficiently to cause 
them to indulge in the possession of a book on the 
subject, however good, a rather small number of 
engineers and members of railway staffs. For this 


very reason the author and publishers are to be 
congratulated on the production of such books ; for 
it is to these men, few in number, to whom the book 





will be valuable in a measure altogether unassess- 
able by the numbers of copies actually sold. 

Except in the case of these companion volumes, it 
is almost impossible to obtain, brought together in 
small space, descriptive information on the subject 
of a sufficiently detailed nature to be of any prac- 
tical value. It is true that most of the systems at 
present in use (and many others) have been de- 
scribed at one time and another in the technical 
Press, but such descriptions are often scattered far 
apart, are not infrequently most difficult to trace, 
and even when found a@ not give the information 
necessary to enable a comparison to be made 
between one and another of them. 

So far as the handling and display of a mass of 
detailed information is concerned, the author is again 
to be congratulated on the accomplishment, in this 
book, of a task well executed. It is with something 
of regret, therefore, that, in another direction, we 
must confess to thinking the book lacking _some- 
what. In fact, its very excellence in one direction 
brings its fault in the other all the mere into 
relief. The bulk of the volume is concerned with 
descriptions, and discussions are given a very 
scanty amount of space. Now as we have already 
noted, the book will appeal largely to men con- 
nected with the manufacture, or. responsible for 
the installation, of signalling plant. To such as 
these the pros and cons are everything. Much can 
often be said for one system or against another 
under any specified conditions, and it would have 
added greatly to the value of the book if the ques- 
tions of deciding factors had been treated more 
fully in typical cases. Although Mr. Wilson is 
eminently well equipped for such work, real 
criticism is; as a rule, wholly absent from these 
pages. For instance, the last 124 pages of the 
whole 339 are devoted to descriptive matter relating 
to a large number of different systems and of 
typical installations of power signalling. This is 
all in sufficient detail to give a very clear idea 
of their working. The discussion of the relative 
merits of the systems so minutely described is, 
however, condensed into less than five pages, 
which seems disproportionate and, in fact alto- 
gether inadequate. Such a book in a specialised 
field should, we think, be one not only of refer- 
ence, but, to some extent at least, of guidance. 
Although complete enough as regards the former 
characteristic, it must be admitted to be wanting 
in respect to the latter. 

The work is one of a purely technical character, 
unadorned, and, perhaps, is none the worse for this. 
The plunge taken into the subject on the first page 
of Chapter I., on ‘‘ Instruments, ” is rather a blunt 
introduction to the subject of power-signalling. 
Without leading up in any way, or explaining their 
relation to the rest of the apparatus, or the reasons 
for their introduction and development, the author 
here embarks a descriptions of various forms of 
instruments. In the next chapter the opening sen- 
tence runs as follows :—‘‘ There are eight systems of 
‘lock and block’ in use in Great Britain, viz :.. .” 
The author then proceeds to give the names by 
which they are respectively known, but provides no 
adequate definition of what this principle itself is. 
Succeeding chapters are devoted to the description 
of these systems, to contact-makers, protection 
bars, and other important details. Chapter VI. 
relates to interlocking in connection with opening 
bridges. The working of single lines by the staff 
and tablet systems is given three chapters. Auto- 
matic signals and accessories are dealt with in the 
seven following chapters. Considering the probable 
future importance of the right system of cab 
signalling, when it comes, the space allotted to this 
matter in Chapter XVII. appears small. The 
author, however, has as justification for this the 
fact that the matter is as yet in an experimental 
stage. The remainder of the book is taken up with 
plants worked with electrical, hydraulic, and pneu- 
matic power. 

The book contains, therefore, a great deal more 
than would at first thought be imagined from its 
title. Since it will be of the greatest value to 
those having already a very fair knowledge of the 
principles and systems of signalling, but in need of 
greater detail, the work will not suffer from being 
= of the embellishments which, if present, 
might have added a small percentage to the number 
of its readers. 

We may conclude with the remark that the print- 
ing and illustrations are quite in keeping with the 
care evinced in the preparation of the descriptive 
matter, and the book forms a very valuable addition 
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to railway literature, being thoroughly up to the 
standard of earlier works issued by the same 
publishers, 
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and WALLACE D. Atwoop. Washington: Government 
Printing Office. 








Coat 1n Mexico.— Although the coal deposits in North 
Mexico are estimated to contain some 300,000,000 tons of 
coal, and although a considerable amount of capital has 
been sunk in several coal-mining concerns, the industry is 
not by any means in a flourishing condition. Only one 
independent coal-mining company—the Compania Car- 
bonifera de Agujita—ever pays any dividend, but during | 
1908 this company’s Ptted ~ were not half of what they 
had been during the previous year. The Rosita, the 
Diaz, and the Lampacitos mines have also moved in the 
wrong direction, and whereas the number of hands em- | 
ployed during 1907 amounted to 10,000, it had to be| 
reduced by more than one-fourth in the course of last | 
year. The wages are 1.25 dols. per day, and the starting | 
and working expenses are heavier in Mexico than in the | 
United States. | 
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BEARDMORE’S STEEL WORKS AT 
PARKHEAD, GLASGOW. 
(Continued from page 515.) 

THE ORDNANCE Macuine-SuHoprs. 


Two new shops have recently been completed— 
one 515 ft. long and 55 ft. wide, and the other 
470 ft. long and 45 ft. wide—for gun manufacture, 
but many of the machines installed are adapted also 
for shaft or other work. No expense seems to have 
been spared to make this plant accord with modern 
ideas and equal to all probable requirements. Thus 
the machines embody every improvement which has 
been found advantageous in gun manufacture, as 
well as mechanical features which the experience of 
the firm in general machine-work has approved. 
The plant is so disposed in the two shops that the 
parts move through them in a progressive manner, 
entailing a minimum amount of lifting and move- 
ment. 

The first machine used in connection with gun 
manufacture is a duplex trepanning machine, for 
removing the cores of ingots or blooms preparatory 
to forging. This machine, which is illustrated in 
Fig. 28, on page 596, is arranged to bore from both 
ends simultaneously, each headstock being driven 
with a variable-speed motor of 30 brake horse- 
power, which has suitable change-feed gear arranged 
for fine and coarse feeds. The saddles of the head- 
stock are also fitted with quick power movement, 
driven with motors of 5 brake horse-power, thus 
enabling the boring-sleeves to be moved rapidly in 
either direction ; they are also arranged to be used 
The boring- 
sleeves have a water service, by means of which a 
supply of water equal to 200 gallons per minute, at 
a pressure of 40 1b., can be forced through them. 
The machine can trepan any diameter up to 36 in. 
and 18 ft. in length, and, as indicating the power 
of the machine, it will trepan holes 20 in. diameter 
by 18 ft. length in eighteen hours. As the 
machine is able to trepan from both ends, there 
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results the great advantage that the ingot or bloom 
need not be turned around, whereby time is saved 
in the handling, and there is assurance that the hole 
will be truly bored. The machine is also used for 
ordinary boring, and, because of its great power 
and rigidity, can take the very heaviest of cuts. It 
can readily bore cylinders and tubes of large sizes. 
It is extremely simple in design, and does not 
require highly skilled labour, has-been running con- 
stantly for a number of years, and has cost very 
little for repairs and upkeep. The makers are 
Messrs. Fairbairn Macpherson, Leeds. 

The shop illustrated in Fig. 26, on page 580, 
accommodates all the tube and jacket - boring 
machines, arranged in pairs, one on each side, the 
finish boring-machine and the rifling-machine. Of 
the first type of tool there are two duplex machines, 
in which can be bored either one tube 26 in. by 
about 100 ft. long, or two tubes of equal total 
length. Each headstock has an independent 
motor and feed arrangement, so that for the latter 
operation each forms two complete and separate 
machines, These immense tools are by Meame. 
Fairbairn Macpherson, of Leeds. There are also 
two double borers 38 in. by 128 ft., to take one long 
or two shorter tubes ; but in the latter case the 
halves are not worked independently. These are 
by Messrs. Craven Brothers, Limited, of Man- 
che ter, and one is shown in the illustration, 
Fig. 26, opposite, with a 12-in. gun-tube in it. 

‘f gun-jacket borers there are two 53-in. by 40-ft., 
ty » 42}-in. by 40-ft., and two 30-in. by 30-ft. 
machines, arranged in pairs, so that the jackets 
ot guns of all sizes up to the probable weapon of 


13.5-in. bore and 50 calibres length, or even larger, 
can be dealt with. 

The finish boring-machine, which in the mid- 
distance of Fig. 26 is seen with a 12-in.. gun-jacket 
in it, is used also for lapping, and is. of special 
design ; it is 110 tons in weight, 130 ft. long, and can 
take a gun up to an exterior diameter of 60 in. 
It is capable of boring and lapping guns of the 
largest calibre that seem within the limit of proba- 
bility. It is driven by a motor of 40 horse-power, 
and the gearing has double helical machine-cut 
teeth, ensuring a maximum of strength combined 
with perfectly smooth movement. The feed-gear is 
entirely of steel, and the machine is fitted with 
a separate movement for quickly operating the bar 
when not cutting. The machine is by Messrs. 
Hulse and Co., of Manchester. 

The rifling-machine will rifle equally well any gun 
from 4 in. upwards ; it is unusual in that rifling of 
any uniform twists are effected by gearing ; irregular 
twists only necessitate the use of copying bars. 

In another shop are the lathes and wire-winding 
machine, with its auxiliary machines for cleaning 


the wire and winding it onadrum. This winding 
machine, illustrated by Fig. 29, on e 596, is of 
an improved Armstrong Whitworth design, and 


is the most modern machine of its kind in exist- 
ence. It is capable of wiring any gun from 
4 in. upwards, and has every movement controlled 
electrically. In this system the wire is wound on 
to the gun-tube from off a drum ; the varying ten- 
sions, being regulated by brake on the drum-gearing, 
are adjustable with great ease and nicety. It has 








the advantage that the wire is wound on the tube’ 


perfectly cool, so that no alteration of tension due 
to subsequent contraction is experienced. The 
varying tensions at which the wire is to be wound 
are tabulated on a diagram, which is under the eye 
of the man attending the brake at the drum carry- 
ing the wire ; the tension on the Lrake is exactly 
proportional to the resulting tension on the wire as 
it is wound off the drum ; and, by means of a dial 
actuated by the brake, the machineman knows 
exactly the tension he is putting on the wire. The 
tension decreases gradually outwards, and theo- 
retically the final state of the wire is such that on 
experiencing the firing stresses, every layer is 
eget up to the same total tension. The machines 
for cleaning the wire by passing it through kero- 
sene-oil, and for coiling it from the hanks, in which 
it is et on to the drums, are ingenious pieces 
of mechanism, made on the premises. 

The lathes are all of special construction and 
on ; they are eg = in pairs, and comprise 
two by Messrs. Dean, Smith, and Grace, Limited, 
Keighley, of 21-in. centres, with single 60-ft. beds. 
There are six lathes, by Sir W. G. Armstrong, 
Whitworth, and Co., Limited, Manchester, of 
similar design, and differing only in size ; two are 
of 32-in., two of 38-in., and two of 45-in. centres, 
all with double beds 80 ft. long, with four separate 
and independent saddles. They are all of great 
strength, the largest two weighing 130 tons each; 
like all the other machines, they are electrically 
driven, and are fitted with special screw-cutting 
and tapering feeds, with micrometer, hand, and 
electrical adjustments. Fig. 27, above, shows a 
12-in. gun-jacket in one of the 40-in. lathes, and a 
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12-in. gun-tube, 56 ft. long, in one of the 38-in. 
lathes. 

At the eastern end of this lathe-shop there is 
provided the department for the gauging and 
examination of guns, where there will be installed 
surface tables and all the equipment necessary for 
this purpose. 

In the office block adjoining the same shop are 
the manager’s office, rooms for the staff, and a draw- 
ing-office. The ground floor is prolonged eastward 
to provide a range of tool, gig, and gauge stores, and 
asmithy with a ‘pneumatic hammer for the prepara- 
tion of tools. Over these isa gallery 160 ft. by 22 ft., 
in which is the necessary equipment for preparing 
tools, gigs, gauges, &c., and a gauge-room. Part of 
the equipment of the latter is a measuring-machine 


in which gauges can be set to the j vo ont part of an 
the 


inch. This machine was manufactured b 
Newall Engineering Company, Warrington. There 
are also kept there the various standards for refer- 
ence. This room is regulated as to temperature 
by means of radiators and ventilating arrangements. 
An interesting memento of former years is the 
wooden yard-measure, which was the standard gauge 
in the early years of this firm’s history. 


(To be continued.) 





JAPANESE SHIPPING AND SHIP- 


BUILDING SUBSIDIES. 

Last year, in our issue of August 21, we went 
somewhat fully into the subject of Japanese shipping 
subsidies, and refer to it now in view of the law 
enacted by the Diet in the session just closed. 
Under this new law the amount payable in sub- 
sidies would appear likely to be, as, indeed, it is 
intended to be, a good deal less than has been 
required during the past year or two. Some indica- 
tion of the amount will a r from what follows. 

In the matter of the shipping subsidies the sums 
payable have hitherto fallen under two heads—viz., 
subsidies for contracts with companies running 
steamers on well-defined routes, and subsidies to in- 
dividual ships possessing the Navigation Encourage- 
ment Certificate, these latter subsidies being saaihe 
in accordance with the distance run, at rates based 
upon tonnage of the steamer and trial-trip speed. 
The lines and companies receiving the benefit of 
subsidies for definite services performed have, 
during the past year, been the following :— 

European line, by steamers belonging to the Nippon 
Yusen K waisha. 

Seattle line, by steamers belonging to the Nippon 
Yusen Kwaisha. 

Australian line, by steamers belonging to the Nippon 
Yusen Kwaisha. 

San Francisco line, by steamers belonging to the Toyo 
Kisen Kwaisha. 

Some local lines, by steamers belonging to the Osaka 
Shosen Kwaisha and other companies. 

The individual ships with Navigation Encourage- 
ment Certificates have been the properties of such 
companies as the following :— 

Nippon Yusen Kwaisha. 
Mitsui Bussan Goshi Kwaisha. 
Osaka Shosen Kwaisha. 

Mitsu Bishi Goshi Kwaisha. 
The Government railways. 

The previous law giving effect to the subsidisin 
of these individual ships was not to expire unti 
1914 ; the new law, while cancelling the old, pro- 
vides that steamers at present entitled to subsidy 
under the Act, and also steamers now under con- 
struction with a view to receiving the benefits of the 
Act, are not to be affected by the passing of the 
new law, but are duly qualified for subsidies at the 
existing rates and under the existing conditions 
until September 30, 1914. Naturally these ships 
are not qualified to receive subsidies in accordance 
with the provisions of the new law in addition to 
the subsidies coming to them under the terms of 
the old. 

In its main provisions the new law combines the 
two methods of subsidising obtaining under previous 
regulations. Thus steamers on certain routes only 
are to receive the benefits of the subsidies, and 
payments are to be made for such steamers in 
accordance with the distance run and with the 





For such speed—12 knots—the rate of remuneration 
is fixed at not more than 50 yen per ton and per 
1000 nautical miles run; the circumstances of the 
route are to be taken into consideration in the 
direction of a possible diminution of this rate. For 
speeds above 12 knots the rate of subsidy is to be 
increased by not more than 10 per cent. for every 
knot in excess of the 12, no interpolation for 
excesses less than a complete knot being provided 
for. After a steamer attains the age of five years 
a reduction of 5 per cent. per year is to be made, 
and at fifteen years the subsidy is to cease entirely. 
In exceptional cases, and for very special purposes, 
an additional 25 per cent. may be granted to shi 
built in accordance with the demands of the 
Minister. 

The above conditions apply to steamers only, 
built of steel as the structural material. They 
must have been constructed in Japan, be of 
Japanese ownership, and carried on the Japanese 
Register of Shipping. Foreign-built steamers, 
under certain exceptional circumstances, will be 
permitted to receive subsidies, but always under 
the direct control of the Minister; the amount to 
them will be only one half of that paid to steamers 
built in Japan. In every case the granting of a 
subsidy is limited to a term of five years, and is 
subject to the approval of the Diet. 

In a supplementary budget passed by the Diet in 
connection with this new enactment, and for three 
out of the four routes of steamers concerned, the 
money expected to be required for subsidies is 
stated. This statement gives the amounts involved 
in each of the next five years, the three routes 
being the European, the North American, and the 
South American. For 1910 the amounts are as 


follow :- 
Yen. 
European a 3,218,193 
North American : ee 3,442,917 
South American st ae ide 601,978 


These figures seem insufficient to give more than 
a rough estimate of the total cost of the shipping 
subsidies as compared with those previously paid, 
though they do show that at least some reduction 
is probable. From the shipowner’s point of view 
the change cannotfail to produce a sense of insecurity 
of continuance, discouraging to capital expenditure 
for the purpose of obtaining merely problematic 
subsidies. The age limit of fifteen years in par- 
ticular, after which no further subsidy is obtain- 
able, introduces into the shipowner’s calculation a 
very disquieting consideration. 

For the encouragement of shipbuilding also the 
existing law has been re-enacted in an amended 
form, the new enactment coming into operation on 
January 1 next. Under this new law no bounty 
will be paid on steamers under 1000 tons gross (the 
present law gives 12 yen per ton for steamers be- 
tween 700 and 1000 tons gross); the bounty for 
steamers above 1000 tons will be somewhat vari- 
able, the extent of variation being 11 yen to 22 yen 
per ton (under the existing law it is 20 yen per 
ton). Machinery is to receive bounty under the 
new Act as under the present, the amount being 
continued, of 5 yen per indicated horse-power ; this 
is, as in the past, to be payable only when the ton- 
nage is large enough to qualify the hull for bounty. 

The Se in this law for the encouragement 
of shipbuilding distinctly make for a saving to the 
Government, but the principal saving—on the pre- 
sent outlook——will pe mae ro come from the 
almost total cessation which has taken place in the 
building of new ships, and particularly ships of 


large size. 

The figures which we gave last year indicated 
the advantage that was being taken of the existing 
subsidy arrangements with regard to both owning 
and building ; expansion was occurring on all sides, 
with the result that the demands on the Govern- | | . . A 
ment were increasing at an enormously rapid rate. | in the two cases (of steady and impulsive loading), 
The meeting of such demands was obviously incon- | though of fundamental importance, does not appear 


sistent with the policy of general retrenchment 


| upon which the country has now entered. Without | 
|some Government support it is well understood 
| that the country cannot have an efficient mercantile 
| marine, and, looking to the past, Japan sees in her 
|mercantile marine one of the elements which made 


gross tonnage, at rates based upon the speed. The | for success in her wars with China and with Russia; 


method of determining the speed is left in the hands 
of the Minister of Communications, so that it does 
not quite appear whether the trial-trip speed will 
be taken, as previously, or some other standard. 
The lower limit of size to qualify for subsidy is 
3000 gross tons, the lower limit of speed is 12 knots. 


she is not likely, therefore, to leave it to chance or 
to the unsupported enterprise or patriotism of her 
shipowners. Sidestvennbsle, the latter have not yet 
been able to organise their trade so as to make it in- 
dependent of Government support; the reports of the 


Nippon Yusen K waisha show each half year that with- | 





| out subsidies their concern would be a losing one; the 


Toyo Kisen Kwaisha, again, with their large new tur- 
bine steamers, have effected a loss on the half year, 
even with the addition of the subsidies received. At 


| present matters are in rather a bad way, and cal] 


for remedy in at least two very special directions : 
(1) A more rigid economy and reduction of expenses 
on the part of the shipping companies ; (2) a more 
careful inquiry on the part of the Government as to 
the actual conditions of the companies it seems best 
worth while to assist and support ; such inquiry 
would no doubt aim at cutting subsidies to a mini- 
mum, but would keep enough to encourage enter- 
prise in the best and most promising directions. 





SOME EXPERIMENTS ON IMPACT. 
By J. E. Sears, Jun. 


Introduction. —It becomes more and more desir- 
able in many branches of engineering work to estab 
lish accurately the relationships existing between 
the properties of materials under the action of pro- 
longed and instantaneous stresses. Such informa- 
tion is absolutely essential if we are to correlate 
properly the results of static and dynamic tests, 
whilst an accurate knowledge of the beliaviour of 
metals under impulsive forces is of the highest 
importance in such connections, for instance, as 
the design of guns, armour-plates, anchor-chains, 
and so on. 

It is, in general, much less convenient to obtain 
this knowledge by means of a direct dynamic test 
than it would be to test the material statically, and 
then deduce, from principles previously ascertained, 
what would be its behaviour under the required 
conditions. This is particularly the case when the 
stresses involved lie within what is known as the 
elastic range ; and it is the primary object of the 
experiments which are here to be described to 
determine the required relationships for stresses in 
this region. 

The experiments were directed, in the first place, 
simply to the comparison of the values of Young’s 
modulus under the two types of stress ; but the 
result obtained—that the modulus under impulsive 
stresses is the same as that found in an ordinary 
extensometer test (provided only the latter observa- 
tions are taken with sufficient rapidity to exclude 
the effect known as elastic after-working)— was 
afterwards established for the rigidity modulus also. 

In addition it appears that the elastic limit is 
much higher for impulsive stresses than is the case 
with steady loading. The present experiments 
could in themselves hardly be regarded as conclu- 
sive on this point, since in them only an extremely 
small portion of the metal was ever subjected to 
anything like high stresses. A similar result has, 
however, been previously indicated by a totally 
different method of experiment,* and there seems 
to be little room for doubt that the fact is as stated. 
Further experiments are still needed to obtain 
definite quantitative results. 

The above conclusions may both be justified 
without any reference to the actual structure of the 
metal by simply supposing the true elastic strain 
(excluding the part due to elastic after-working) to 
be instantaneously produced, whilst both elastic 
after-working and permanent set require time for 
their development. 

A slight permanent set will, of course, be pro- 
duced even by extremely brief applications of 
stresses above a certain limit ; and the succession 
of a large number of such applications may give 
rise to a set of finite magnitude. There is, how- 
ever, no reason for supposing the stress limit, 
which is here involved, to be the same as the 
ordinary static limit ; in fact, one might reasonably 
expect it to be higher. 

The equality of the values of the elastic moduli 


to have previously received experimental proof. 
The experiments which have been made on the 
subject. by Wertheim,+ Hopkinson,{ and others, 


| have led to no conclusive results. 


Theory of the Experiments.—Before entering on @ 
description of the present series of experiments, it 
is necessary to give some account of the theory on 
which they are based. All dynamical investiga- 
tions of elastic phenomena are of necessity,some- 


* Hopkinson, ‘‘The Effects of Momentary Stresses 
in Metals.” Proceedings of the Royal Society, vol. Ixx'y. 
+ Wertheim, Ann. de Chim. et de Phys., 3e Sér., tome X11. 
t Hopkinson, /oc. cit. 
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what indirect in character. When an impulse is 
applied to an elastic body, vibrations are set up in 
it which are propagated in all directions from the 
point of disturbance. The phenomena recorded at 
any distant point of the body will depend upon its 
and size as well as upon the material from 


shape ; ’ 
which it is made. To get the elastic properties of the 
material, we have to consider, not the behaviour of 


the body as a whole, but the behaviour of an element 
so small that the stresses in it at any instant are 
sensibly the same throughout itsvolume. The pro- 

srties of such elements being known, it is possible, 
in certain simple cases, to predict the behaviour of 
the complete body ; and conversely, when this is 
known, the properties of the elements may some- 
times be deduced. Since, however, we cannot make 
our observations direct on the elements of the body, 
this latter calculation affords us the only means of 
determining the properties of the material under 
instantaneous stresses. 

A convenient form to give the body is that of a 
long rod or-wire, such bodies being easy to experi- 
ment with, and the vibrations set up extremely 
simple in character. It is with the case of long 
rods that we have now to deal. 

Suppose a long plane-ended rod to impinge nor- 
mally against a rigid plane surface (Fig. 1). The 
end, A A!, of the rod is instantaneously brought to 
rest, the sudden stoppage of the particles of metal 
forming the end of the rod giving rise to a pressure 
over the surface of contact. The more distant 
parts of the rod continue to move on as before, 
with the result that the elements A A!, B B', C C!, 
phate ve i become compressed in turn, being each 
reduced to rest as the pressure is transmitted 
through its substance to its neighbour. The rod, 
so to speak, telescopes up, a wave of pressure being 
propagated along it from A A! with a velocity which 
we shall presently calculate. 

The same thing holds if two rods of the same 
material and cross-section impinge longitudinally 
with equal and ——— velocities. The contact end 
of each rod is, by symmetry, instantaneously re- 
duced to rest, and a wave of pressure travels out in 
either direction from A (Fig. 2)(2). Itis, however, 
impossible for a pressure to exist at the free end of a 
rod, and, as soon as the state (3) is reached, in 
which the whole of the shorter rod has been com- 
pressed and brought to rest, the element nearest 
B begins to expand once more, regaining as it does 
so its original velocity V (reversed). The whole 
process of compression is now exactly reversed in 
the shorter rod, and a wave of expansion runs back 
from B which restores to each element in turn its 
original velocity (reversed), and leaves it again un- 
stressed. The pressure-wave in the longer rod 
continues to advance as before. 

At the instant (5) the pressure between the rods 
ceases, but the longer rod also begins to expand at 
A, so that they still remain in contact. At (6) the 
pressure-wave is reflected at the free end of the 
longer rod. At (8) the two portions of the longer 
rod are both unstressed, but moving in opposite 
directions, so that a tension-wave starts out in 
both directions from D. The junction between 
the rods is, however, incapable of supporting a 
tension, so that when this wave reaches A (11) it 
is again reflected, and the rods begin to separate 
(12). The shorter rod comes away unstressed with 
velocity V, while the longer rod rebounds vibrating. 

To get the velocity of propagation of the waves, 
we may consider the instant (3) when the shorter 
rod is uniformly compressed and at rest. The 
plane of contact of the rods has been at rest ever 
since the beginning of the impact, so that no work 
has been done on the rod by the pressure at A. It 
follows, therefore, that the wile of the original 
kinetic energy of the rod must now be stored in 
it in the form of elastic strain. 


Suppose, for simplicity, that the cross-section of 
the vod is unity, and let 
_/: = original length of rod ; 
;~ 5/, = compressed length of rod ; 


p = density of material ; 
\V = original velocity of either rod ; 
E = Young’s modulus (theinstantaneous modulus); 
P = pressure induced in rod ; 
= required velocity of wave-propagation. 


. Then, during the time occupied by the wave 
in travelling from A to B, the end B of the rod, 
which has been moving steadily forward with 
velocity , has advanced a distance 41,. 
that 1s 
“ h_ 


oe aa, (1.) 





Again, the original kinetic energy of the rod = 
4 pl, V*, and the final elastic energy = $ Pg 61, = 
y 


4EKy = since 24 = F 
1 


' @ 
Equating these two we get 


pl V2 = Ky? M?, 
4 
or 
J2 yvi- Eg 
51,? P 
whence 


v=(s.v)=a/ 2 . i. eee 


It is thus clear that 1f we could determine +, the 
velocity of wave-propagation, then the value of the 
instantaneous modulus E would also be found. 

Previous Experiments.— Wertheim, in his classical 
experiments,* clamped one end of a rod in a vice, 
and, by means of a needle-point and a revolving disc 
of smoked glass, actually recorded the movements 
of the other (free) end. In this way he was able to 











10. 


11. 


12. 

(ane) 
determine the periods of both transverse and longi- 
tudinal vibrations in his rods, and hence to calculate 
the values of E. The values obtained from the two 
forms of vibrations agreed well together, but dif- 
fered greatly from those obtained by static tests. 
In general the dynamic figures were much higher 
than the static, but in the case of iron and steel 
they were slightly lower. Wertheim himself was 
unable to account satisfactorily for these differences. 

A much more direct method was used by Pro- 
fessor Hopkinson in the experiments mentioned 
above. A weight was allowed to fall on to the 
lower end of a long vertical wire, giving rise to a 
wave of tension in the wire. The instantaneous 
extension of the top 20 in. of the wire under the 
influence of this wave was then measured by means 
of an adjustable electric contact. These experi- 
ments led to values of the instantaneous modulus 
greater than the static values by 4 to 6 per cent. 
in steel or iron wire, and by about 10 per cent. in 
copper. The latter difference in particular seemed 
too great to be due to experimental error, and it 
was suggested that there might possibly be a certain 
time-lag between stress and strain, so that stresses 
of the extremely short duration involved in the 





* Wertheim, /oc. cit. 


propagation of waves might not have time to 
develop their full corresponding strain. This 
| would lead to a value of E apparently too high. 

| The Author's Experiments.—In the author's ex- 
periments, which were undertaken with the express 
| object of checking this theory, a more indirect 
| method was once more resorted to, the plan being 
to measure the duration of longitudinal impact 
| between two long rods of the material which it was 
| desired to test. 

Referring to Fig. 2, we see that the pressure at 
A lasts only till the instant (5), when the wave- 
front x has travelled from A to B and back again. 
The rods, however, remain in contact until stage 
(11), when the wave-front y has travelled from A to 
C and back again. The velocity of these waves 
being v, it follows that the duration of the impact 


is either 24 or 2 b according as we define it by 
v v 





pressure or contact at A. We can, however, easily 

avoid all ambiguity in this respect by taking the two 

rods of equal length /. The impact is then entirely 
21 


symmetrical, and its duration is simply ~ - 
» 


A further difficulty, however, arises. In the 
theory of impact laid down above (which is really 
that of Saint Venant), it is assumed that the ends 
of the rods are mathematical planes, so that, when 
they meet, the. pressure at A rises instantaneously 
to its full value. As a matter of fact, no amount 
of polishing can ever produce mathematically plane 
ends, owing to the granular structure of metals ; 
and the result of this, as was pointed out by Voigt,* 
is that at the junction between the rods there is 
always a thin layer of material whose elastic resist- 
ance is comparatively small. This layer acts asa 
sort of cushion between the rods, greatly reducing 
the shock of impact, and at the same time con- 
siderably increasing its duration. 

Voigt attempted to modify Saint Venant’s theory 
so as to allow for the presence of this transition 
layer ; but, there being no means of actually de- 
termining its properties, he was obliged to repre- 
sent them by an unknown constant, and it has been 
shown by ecunstingert that it is impossible so 
to adjust this constant as to account satisfactorily 
for both the duration of the impact and the velo- 
cities of the rods thereafter. 

The author, however, succeeded in ry that 
for pairs of equal rods impinging with the same 
velocity the increase in the duration of impact due 
to the presence of the transition layer is indepen- 
dent of the length of the rods. It therefore follows 
that, these conditions being adhered to, we shall, by 
plotting duration of impact against length of rods, 
obtain a straight line whose slope will give us the 
— value of v. 

e may, in fact, write 


=—+G . ; . (iii.) 


where T is the duration of impact, and ¢ a constant 
quantity which we shall call the ‘‘ end effect.” 

Method of Experiment.—The following was the 
method of experiment adopted :—The two rods 
were suspended from a pair of parallel wooden 
beams (see Fig. 3, page 584) by V’s of fine cord 
(fishing line), being thus compelled to remain 
always in the same vertical plane, with their axes 
always horizontal. In their lowest positions the 
axes were collinear, and the rods just in contact at 
theirends. The radius of suspension was about 5 ft. 

Collinearity was obtained by adjusting the upper 
ends of the suspending cords until the rods just 
hung freely between ow long threads of cotton 
(C, Fig. 3) without touching any of them. These 
cottons were then removed, and the rod r, with- 
drawn by means of the cord c to a distance which 
could be measured by a travelling telescope. This 
cord passes under a small pulley to the dropper D, 
which is supported at the top by a short length of 
fuse-wire. The dropper D is brought into contact 
with an adjustable stop at its upper end, so that 
when the distance of withdrawal has once been 
regulated, it can be repeated at will. without 
further reference to the telescope. 

The rod 7, is now released by blowing the fuse. 
The initial acceleration of the dropper is g, while 
the rod only wishes to start oft with a small fraction 
(g sin a) of this, so that the release is extremely 
clean. For convenience in description we have so 

* Vuigt, Wied. Ann., 19, 1883. 

+ Hausmaninger, Wiener Sitzwngsberichte, 88, 2te 





Abth., 1883. 
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far considered the two rods as meeting with equal 
and opposite velocities, but the actual duration of 
impact depends, of course, only on the relative, and 
not on the absolute, velocities of the rods. In the 
experiments the rod 7, was therefore simply left at 
rest before impact. 

The durations of impact were determined by a 
method originally due to Pouillet. An electric 
circuit is completed by the contact between the 


Fig.3. 











ends, which gave rise toa certain diminution in the 
end effect. Fortunately, however, after repeated 
impacts, the over-strain reached a definite limit 
(independent of the length of the rods), so that the 
straight-line law was not affected. In these cases, 
therefore, two records were kept: the first of the 
initial observation, and the second of the mean of 
several observations taken after a steady state had 
been established. 


The figures of the last row of the above table 
give the values of the wave-velocities on the 
assumption of isothermal propagation. To get the 
true adiabatic velocities, we have to correct these 
by the factors 1.0010, 1.0015, and 1.0026 respec. 
tively, thus arriving finally at the velocities stated 
in the table given below. 

The agreement between the first and last coluvins 
here is very close indeed—well within the limits of 








Fig.4. 
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rods r, rz (Fig. 4), the whole quantity of electricity 
which passes, while the rods remain in contact, 
being measured with a ballistic galvanometer. If 
be this quantity, R the resistance of the circuit, 
’ the voltage, and T the time, we have :— 
q=)T, or T = Ry (iv.) 
To this has to be added a small correction for self- 
induction, as the current in the circuit does not 


The 


rise instantaneously to its full value — 


equation then takes the form 
R L 
ae 
which is therefore the required value of the dura- 
tion of impact. 

One more modification was made in the final 
apparatus. The plane ends of the rods were re- 
placed by segments of spheres. This has the 
advantage that small deviations from axial col- 
linearity do not sensibly alter the nature of the 
impact, and also of replacing a transition region 
between the rods whose properties are unknown by 
one in which, as we shall see later, they are suscep- 
tible of mathematical determination.* 

The rods used were all 4 in. in diameter, and the 
radius of the spherical end 1 in. In order to obtain 
satisfactory results it was found essential to keep 
these ends scrupulously clean and polished. 

In the cases of copper and aluminium it was not 
found practicable to reduce the velocity of impact 
so far as to entirely avoid over-straining the ends 
of the rods at the point of contact. This resulted 
in a slight flattening at the centres of the spherical 


T = (v.) 


* The property that for pairs of equal rods the ‘‘end 
effect ” depends only on the velocity of impact, and not 
on the length of the rods, is true of any form of transition 
region ; the actual value will, of course, depend on the 
particular form of end adopted. 








RESULTS. 
The figures obtained were as follow :— 





Steel Rods, 2-In. Withdrawai. 
Length of rods .. an in.| 53 | 188; 213 | 
Time of impact (10—4 secs.) —_..! 1.501 | 2.319 | 3.089 

Copper Rods, 2-In. Withdrawal. 


Length of rods .. = in; 5% | 138 | 218 | 878 
Time of impact { Initial +) 1.845 | 2.993 4.064 | 6.193 
(10—4 secs.) { Steady - 1.617 | 2.721 | 3.817 | 6.041 


Aluminium Rods, 2-In. Withdrawal. 
Length of rods .. 6 16 26 


Time of impact ..| L611 | 2.602 | 3.621 
(10-4 sees. ) --| 1.849 2272 | 8.854 


203 | 37% 
3.868 | 4.675 


36 
4.619 
4.359 


- in. 
Initial 
Steady 


With the exception of those giving initial read- 
ings, each of these figures represents the mean of 
some five or six observations. The results are seen 
plotted in Fig. 5, which brings out clearly the very 
close adherence to the straight-line law. It is 
seen that the initial and final readings in the cases 
of copper and aluminium give rise to parallel 
straight lines. 

The values of v, as calculated from the slopes of 
these lines, are :— 





Feet per Second. 
ies 16,820 
Copper... 12,060 
ys vr re 16,620 
The static tests, performed with Ewing’s extenso- 
meter, resulted as follows :— 
Copper. 


18 
0.4985 
1.124 


Steel 


Steel. | Aluminium. 


16 





Length of specimen 
Mean diameter 

Weight 
Density 
E ° 


JF 
Pp 


in. 
in. 0.5000 
wf -- Ib} 0888 
Ib. per cub, ft. 485.7 | 653.0 

Ib. per sq. in. 29,410,000 | 17,220,000 
(9,868,000) 
ft. per sec. 16,750 12,010 


- 





16,580 
(16,490) 


| 








+f 


| 
| 


1. Copper, Initial. 
a...» eee: 
3. Aluminiam, Initial, 
‘——--— 9 } 7 rab. 


4. 
5. Steel. 


Length of Rods (Inches.) 


experimental error—and we may therefore safely 
assume that Young’s modulus has the same value 
for instantaneous as for steady stresses. 


Calculated. 
Velocity Observed. 


Isothermal. Adiabatic. 








16,770 
12,030 
16,620 
(16,530) 


Steel .. 
Copper 
Aluminium .. 


16,820 
12,060 
16,620 


16,750 

12,010 
f 16,580 
1} (16,490) 


With regard to aluminium, however, it will be seen 
that a second figure is given (in brackets) for the cal- 
culated velocities. This is the figure obtained in the 
ordinary way from a step-by-step test with Ewing's 
extensometer —a process occupying considerable 
time. The value of Young’s modulus thus obtained 
consequently includes the whole of the elastic after- 
working effect. To avoid this, a second test was there- 
fore made, in which the whole load was run quickly 
on and off several times, and the extensometer read- 
ings taken as rapidly as possible. In this way the 
true figures for aluminium were obtained, and these 
are seen to agree exactly with those found from tlic 
impact experiments. It is therefore necessary, 10 
coher to remove all ambiguity from the statement 
made in the last paragraph, to stipulate that the 
measurements of the static value of Young's 
modulus shall be made with sufficient rapidity to 
exclude the effects of elastic after-working. A 
similar limitation of the term ‘‘ Young’s modulus 
has already been suggested by Hopkinson and 
Rogers (Proc. Roy. Soc., vol. A 76, 1905). 

(To be continued.) 





TRANSANDINE Rattway.—The Transandine Railwey 
has now been nearly completed on the Chilian side ‘o 
the mouth of La Cumbre Tunnel. Only about 1000 ft. of 
boring has now to be completed upon the Chilian diyi- 
sion, and it is expected that the line will be opened for 
traffic by February, 1910. 
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THE INSURANCE AND PENSIONING 
OF EMPLOYES IN AUSTRIA. 


In a recent article,* taking Austria as an ex- 
ample, we endeavoured to show that, although in 
some Continental countries manufacturers have an 
advantage over those in England on account of 
labour being cheaper there than here, this advan- 
tage is partially, or entirely, counteracted by the 
high prices of raw materials and _half-products, 
fostered and sustained, on the one hand, by heavy 
import duties, and, on the other, by cartels and 
trusts. 

In view of the frequent cry that the Workmen's 
Compensation Act is imposing upon the English 
manufacturer a burden greater than he can bear, 
we wish in the present article to recount the many 
expenses to which Continental employers are put 
by Acts of Parliament which compel them to provide 
not only for their workpeople, but also for their 
foremen, inspectors, clerks, and officials in case of 
accident and illness. The employer’s liability does 
not end here, however. In case of temporary or per- 
manent incapacity of an employé, owing either to 
accident or illness, the employer is required to bear 
his part in the support of him and his family ; whilst 
should death occur, due to practically any cause in 
the case of officials and clerks, but only when caused 
through accident in the case of workpeople, the 
widow and children must be provided for out of a 
fund subscribed collectively by master and employé. 
Further still, employers are required to co-operate 
with their foremen, inspectors, clerks, and officials, 
in order to provide them with annuities in case, 
through ill-health or accident, they are unable to 
continue their usual duties, and with old-age pen- 
sions after forty years’ active service. 

We will now examine the three Austrian Acts of 
Parliament which deal with these matters, and study 
the way in which master and man are required to con- 
tribute to the welfare of the disabled and afflicted. 
It should, however, be borne in mind that previous 
to the passing of these laws most large employers 
of labour had, in conjunction with their workpeople 
on the one hand, and with their officials and ser- 
vants on the other, voluntarily brought mutual-aid 
societies toa high state of perfection, and that these 
Acts of Parliament only compelled the adoption of 
measures which had already proved beneficial to 
the community at —_. 

Insurance against Accident.—In December, 1887, 
an Act of Parliament regulating the insurance of 
workpeople against accidents was passed. It pro- 
vides for all classes of workpeople, including 
apprentices and students, and also for foremen, 
inspectors, and officials employed in and about 
practically all classes of private works, factories 
and mines, and in the building trades. By private 
works, &c., we have to understand all other than 
Government and municipal undertakings which had 
been dealt with by previous measures, and for whose 
workmen and officials ample provision was already 
made. The capital necessary for establishing this 
system of insurance was, in the first place, lent to 
the new undertaking by the Imperial Government. 
The loan, however, was of but a temporary nature, 
and the real working capital had to be subscribed by 
contributions made by employers and employés. 

The matter of unequal risks in various industries 
was provided for as follows :—Statistics of accidents 
were examined, anc the results studied and tabu- 
lated. Thereupon all factories and works affected 
by the measure were assigned numbers in accord- 
ance with the degree of risk run by the persons 
employed therein. One hundred was the designa- 
tion applied to works in which the greatest number 
of accidents occurred. Establishments in which the 
risk run is small were assigned a number showing the 
percentage number of accidents to which they were 
subject. Statistics of all accidents occurring in 
insured establishments are now kept with extreme 
accuracy, and the numbers representing the relative 
risks are revised quinquennially, and brought into 
harmony with the experience thus gained. The 
numbers representing risks of approximately equal 
magnitude are grouped together to form fourteen 
classes of risk, under which each undertaking to 
be insured is allotted its place. As, however, the 
risk of accident in various establishments of like 
nature depends largely upon the method of work- 
ing and disposition of the plant, similar, and even 
neighbouring, undertakings of a like character 
may be required to insure their hands at different 





* See ENGINEERING, page 187 ante. 





rates. In order to show how these factors are 
taken into account when fixing the premium to be 
paid, we will consider the following example. 

In the list fixing the class number under which 
various undertakings are to be insured, we find 
that boiler-makers, bridge-builders, and construc- 
tional iron works (exclusive of erection on site), are 
disposed of under Class VIII. or Class X., accord- 
ing as the rivets are chiefly closed by hand or by 
machinery. Class VIII. comprises the risk numbers 
from and including 31 to 47 ; Class X., numbers 48 
to 70. In Table I., the amount, expressed in per 
cent. of the workman’s wages, which must be paid 
as insurance for each employé is given opposite each 
risk number. 

TABLE I.* 
Risk Number. 


33 


Premium, in per 


Class Number. cent. of Wages. 
2.66 
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70 6.01 

* To avoid [misunderstandings, we would add that Class IX. 
ome numbers 39 to 57, and that the numbers in each class 
overlap those in the next class above and below it, in order to 
be able to make allowance for the equip t of 
the shops. 

Now a well-fitted, well-lighted, and well-organ- 
ised boiler-maker’s shop, in which most rivets are 
closed by hand, might be assigned its place under 
Class VIII., No. 31, in which case the insurance 
premium per man would be 2.66 per cent. of his 
wages ; whilst if the shop were indifferently lighted, 
and the rivet-heating furnaces of an unsatisfactory 
nature, it might be classed under, say, VIII., 43, 
and have to pay a premium of 3.69 per cent. per 
man—a difference of more than 1 per cent. Were 
hydraulic riveting introduced into the first shop, it 
might well be classed under X., 48 ; whereupon the 
insurance premium would rise to 4.12 per cent. per 
man, as against 5.50 per cent. if the second shop 
were less appropriately fitted with similar machi- 
nery and classed under X., 64. 

The premium for a given shop being fixed, the 
employer is required to pay 90 per cent. of the sum 
due on account of each of his oom and the em- 
ployés have to pay the remaining 10 per cent. out 
of their own private means. In many cases, how- 
ever, the sated sti undertakes of his own free will 
to pay the whole of the premium. This is more 
especially the case in those works which had in- 
sured their hands before the law was passed. 
The premium being paid, the workman is insured 
against the loss which he, or his dependents, would 
incur if he were killed or injured by accident whilst 
at work for his employer. The sum for which an 
employé may be insured is limited; and any 
amount which he earns beyond 8 kronen (about 
6s. 8d.) per day is neither taken into account 
when determining the premium to be paid, nor 








nt and ag 





when fixing the amount of the reparation to be | 


paid in case of injury or death. 

If, through injury due to accident, an insured 
person is unable to work during a period not ex- 
ceeding four weeks, the case is dealt with under 
the law regulating the support of employés during 
illness. If, however, a workman is laid up for a 
period greater than four weeks, he is entitled, 
during the time he is unable to work, to support 
at a rate equal to 60 per cent. of the wages he, on 
an average, earned per week during the previous 
twelve months. Should he be but partially in- 


| 
| 
| 
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capacitated, the amount of support is propor- 
tionately reduced, and can at the most attain to 
50 per cent. of the sum he would have obtained if 
he had been totally disabled. 

In case of death due to accident, the employé’s 
dependents are assisted and sustained as follows ;— 

1. Two pounds are subscribed by.the insurance 
society towards the cost of burying the insured 

rson. 

2. In the case of a married man, the widow is 
endowed with an annuity equal to 20 per cent. of 
the income he, on an average, earned from his 
employer during the previous twelve months’ work. 

3. In the case of a father, each legitimate child 
is entitled to an annuity equal to at least 15 per 
cent. of its father’s income before death, and in 
specially deserving cases may receive as much as 

., Which rate is the maximum permis- 


at [the rate of 10 per cent. of the deceased man’s 
income. 

The total sum of such endowments, however, 
may not exceed 50 per cent. of the income which 
the deceased was, on an average, earning at the 
time of his death. In the case of unmarried men, 
the parents or grandparents can, in case of need, 
claim an annuity equal to that which would be pay- 
able to the widow, had the insured man been married. 
It should be added that an endowed widow for- 
feits all rights to her annuity upon contracting a 
new marriage ; but that she is entitled, in lieu of 
all future payments, to a single sum of money equal 
to three years’ annuity. 

Further, it is interesting to note that it is not 
only the wage, but the whole income, which the 
employé earns from his master that is to be taken 
into account when determining the amount of the 
premium to be paid, and the extent of the benefits 
to which claim may be made in case of injury or 
death. Such income, on the Continent, frequently 
consists of wages, share of profits (often in the 
form of a present of money after the close of the 
business year, or at Christmas), house-rent, and 
allowances for light and fuel. Income determined 
in this way is in many cases—especially in those of 
foremen and officials—much greater, even double, 
that due to wages alone. 

Insurance Against Iliness.—In 1888 a second Bill 
was passed, providing for the support of employés 
when detained from work through illness. Here, 
again, the Act of Parliament made compulsory 
a system of mutual aid which had for many years 
been practised in most works of good standing, 
and extended the field of activity of the exist- 
ing societies, not only into the offices connected 
with undertakings which had already provided for 
their workpeople, but also into all classes of works, 
shops, offices, and businesses. Government and 
municipal undertakings were excepted, and that 
because ample provision was already made for their 
workmen and officials. 

As in the case of accident insurance, the capital 
required to work this institution is partly subscribed 
by the employers, and the rest by the insured persons 
themselves. The greater part of the premium for 
insurance against accident must, as we have seen, 
be paid by the employer ; for it is to his advantage, 
and under his direction, that the risk of accident is 
incurred. Illness is another matter. Employés 
spend only about 27 to 34 per cent. of the year 
upon their employer's premises and at his service. 
It appears, therefore, quite reasonable that the em- 
ployés should pay, as they do, the major part of 
the premium for insurance against illness. _ 

The premium rates vary somewhat according to 
the healthiness of the employment undertaken, and 
also according to the climatic conditions of the 
neighbourhood in which it is followed. A study of 
these variations would take us too far. We will, 
therefore, confine ourselves to the consideration of 
the general provisions of the law, as exemplified by 
the subscriptions required, and the benefits offered, 
by the society connected with the general engi- 
neering establishments in and about Prague. 

To this society the employés are required to pay 
2.5 per cent.* of their normal weekly wages, and 
the employers augment this premium by @ sum 
equal to 60 per cent. of that paid by each insured 

* 3 per cent. is the maximum allowed by law. The 
employer is required to contribute a sum at least equal to 
50 per cent. of that subscribed by the insured persons: 
excepting, however, all those whose incomes exceed 24") 
kronen (100/.) per year, who may be required to pa) the 
whole premium due on their account. 
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person. The employer, therefore, pays at the rate 
of 1.5 per cent. of the men’s normal weekly wages. 

On account of the premium paid, the employé, 
in case of illness, is entitled to free medical treat- 
ment, free medicine, and the free use of any 
medical or surgical apparatus required. Further, 
in case illness is the cause of inability to work dur- 
ing a period longer than three days, the insured 
person is entitled to receive from the insurance 
society financial support equal to 60 per cent.* of 
his normal weekly wages. He is lawfully entitled 
to such support for twenty weeks only; but should 
he be too ill to return to work after the expiration 
of that time, the society may, if his case is one 
calling for especial sympathy, continue to assist 
him at a rate equal, at the most, to half that which 
he could originally claim. If his illness or inability 
to work extends over a period greater than one 
year, the society is by law forbidden to contribute 
further to his support. 

Should it be advisable, or necessary, that a 
patient be removed to a hospital, the society has 
to bear the expense of his transport thither, 
and of his treatment there for a period not ex- 
ceeding fuur weeks. In the case of single persons, 
and of such persons upon whose earnings no others 
are dependent, hospital treatment is to be con- 
sidered as equal to the total sum of all benefits due 
to them while in hospital. In the case of married 
men living with their wives, or of persons dwelling 
with others who are dependent upon them for their 
sustenance, the society is required to pay one-half 
of the sum due to the patient, were he ill at home, 
to those dependent upon him. 

Insured women are entitled to free medical aid 
and to the usual rate of pecuniary assistance during 
the time they lie in child-bed, the duration of such 
support, if the birth is normal, being fixed at four 
weeks. 

When an insured person dies through illness, the 
society is required to contribute a sum equal to 
twenty times his last daily wages towards the ex- 
pense of his burial.t 

As in the case of accident insurance, apprentices, 
students, foremen, and officials are obliged to be 
insured. It is, however, usual for students, appren- 
tices, and such persons as obviously earn too little 
to support themselves, to be freed from this obliga- 
tion by the employer making a written declaration 
of his willingness to meet the expense of their 
adequate support and medical treatment during at 
least twenty weeks, in case they should fall ill 
whilst in his employ. A similar custom is in vogue 
in connection with all employés and officials who 
have more than a certain fixed income. The limit 
is mostly set at 2400 kr. (1001.) per year. In this 
case the employer guarantees to pay such persons 
their full salaries during twenty weeks, if, through 
illness, they are unable to attend to their duties. 

This last clause is based upon considerations of 
the following kind :—Persons who have attained to 
a moderate income do not, as a rule, care to be 
forced to accept aid from an institution anything 
like a benefit society. They would prefer, there- 
fore, in case of illness, to have special home treat- 
ment at the hands of their own medical advisers ; 
and thus, though contributing to the society, they 
would receive no benefit from its funds. Further, 
an official who receives a moderate income from his 
employer must, of necessity, be of real definite use 
to him ; it is, therefore, to be expected that the 
aye will take an interest in his general wel- 
are, 

_ OUld-Age Pensions.—The third Act in which we are 
interested is that passed in December, 1906. It 
deals with the pensioning of officials, assistants, and 
clerks, and came into force on January 1 of last 
year (1908). 
_ As in the two previous cases, this Act only makes 
it necessary that all employers should follow the 
example of the many who have already combined 
with their staffs to provide pensions for them aftér a 
fixed number of years of active service, or upon their 
becoming permanently totally unable to continue 
their duties through any cause whatever. Through 
this law private servants (using the word ‘“‘ser- 
vants “ in the broad sense it has in the term “ civil 
Servants") are provided with the benefits of pen- 
‘ions as now usually connected with government 
and municipal positions only. 

here is, however, an essential difference between 





* ‘The lawful maximum is 75 per cent. 


+ This contribution y t ‘ 
(about 41. Be 4d.) may not, however, exceed 100 kr. 





government and municipal pensions on the one 
hand, and private pensions on the other. The first 
are provided from government and municipal 
income from taxes and rates levied upon the com- 
munity at large. The latter are provided by the 
accumulated capital subscribed conjointly by the 
individual private servant and his master. The 
capital is provided in a way very similar to those 
described in connection with accident and health 
insurance. In this case, however, the Government 
contributes 100,000 kronen (4166l.) per year towards 
the working expenses of the undertaking. The 
said sum is to be expended in paying the saealen of 
its chief officials. 

The insured, who must be at least eighteen years 
of age, are divided into six classes, according to the 
amount of their income, and they ascend from class 
to class as it increases. The premiums payable are 
tabulated in Table IT.: Reference to it will show that 

rivate servants whose income is less than 600 kronen 
about 25/.) a year are not provided for by the law, as 
it is deemed that such persons are still apprentices, 
students, or improvers, and not servants likely to 
remain with their present masters for any lengthy 
— of time. Servants whose income exceeds 3000 
ronen (1251.) per year can only be insured to the 
extent set forth in the table, and their income beyond 
that amount is to be left out of consideration when 
calculating premiums and benefits. Further, the 
table shows that employers are required to pay 
two-thirds of the premium due on account of ser- 
vants insured under Classes I. to IV., and one-half 
of the premium due on account of those in Classes 
V.and VI. Those servants, however, who have 
an income equal to, or greater than, 7200 kronen 
(3001. a year) are required to pay the whole of the 
—— (30 kronen per month) required of those 
longing to Class VI. out of their own private 
pocket, it being considered that they should be able 
to provide for themselves. 
he persons insured are entitled to the following 
benefits :— 

(a) A pension for themselves— 

1. If, at any time, permanent total disablement 
is caused by an accident incurred whilst performing 
the duties of their office. 

2. If, after having been insured for a period of 
at least ten years, they are, for any reason, totally 
incapable of performing the duties of their office. 

3. After having completed 40 years’ service. 

(b) An annuity for their wives and children— 

1. If killed by an accident whilst performing 
their duties. 

2. If, after being insured for a period of at least 
ten years, death occurs from any cause. 











TaBLeE II.* 
Premium. Pension. 
Em Em- ae — 
Class, | PCome per ployé’s | ployer’s ét =a sooo eee. 
Year. Share. | Share. |" g=-2 $25.8 2 8 
om SR eetibe Es 
— * Sore oe soe RSSe 
Per Month. |S >a ELm HD Sard 
joe 
I. | 600 to 900 2 4 1s0 | 9 450 
Il. | 900 ,, 1200 3 6 270 } 13.50 675 
Ill. {1200 ,, 1800 4 8 360 1 900 
IV. |1800 ,, 2400 6 12 540 | 2 1350 
V. |2400 ,, 3000 12 12 720 36 1800 
VI. |3000 & more 15 15 900 45 | 2250 


* All values are stated in kronen, 24 of which are approximately 
equal to 11, 








Referring again to Table II., we notice that the 
pension obtainable after ten years’ service is equal 
to 30 per cent. of the lowest income of each insur- 
ance class ; also, that for each further year’s service 
1.5 per cent. is added to the above 30 per cent., 
with the result that after forty years’ service the 
insured person is able to retire voluntarily and draw 
a pension equal to three-quarters of the income 
forming the lower limit of the class in which he was 
last insured. 

The widow’s annuity is fixed at half the amount 
to which her husband, if living, would have been 
entitled if permanently totally disabled. Each 
legitimate child less than eighteen years of age, 
who, after the death of the insured parent, has 
still one parent living, is entitled to an annuity 
equal to one-third of the amount that the deceased 
parent would have received if living in a perma- 
nently disabled condition. If both parents are 
dead, this annuity is doubled. 

In the case of female servants the question of the 
children’s legitimacy is not raised. 

If there are several children whose father is 





living, the total amount of the annuity paid to 
them on account of the death of their mother may 
not exceed 50 per cent. of the pension which would 
have been due to her if she were living in a per- 
manently totally disabled state. If, however, the 
annuity is due on account of the father’s death, and 
the mother is still living, 75 per cent. of the sum 
due to the father if he had been living permanently 
totally disabled is the maximum limit of the chil- 
dren’s annuity. In case both parents were insured, 
and both are dead, only the income of the parent 
earning the greater amount is to be considered in 
determining the annuity of the childrén ; it can, how- 
ever, amount to double the sum which would have 
been due to the parent in question if entitled to a 
full pension. 

anagement of Insurance Societies.—The manage- 
ment of each of the three insurance undertakings in 
which we are interested is jointly in the hands of the 
Imperial Government, of the employers, and of the 
servants. In the case of accident insurance, the law 
requires that each country ruled by the Austro-Hun- 
garian Imperial and Royal Government shall have its 
own insurance society, and that its management shall 
be placed in the hands of a committee of eighteen 
persons. One-third of the members of this com- 
mittee are appointed by the Crown ; the remaining 
two-thirds are elected in equal numbers by the two 
parties interested. This committee has to elect a 
president, vice-president, and three of its members 
(one each from among the representatives of the 
Government, of the employers, and of the servants), 
to attend to the ordinary business of the under- 
taking. Only these five members of the committee 
are remunerated for their services. The full com- 
mittee is simply a controlling organ, and meets but 
once a month. 

In the case of insurance against illness, each in- 
dustrial district has a central insurance office 
of its own, and the various industries of the 
district are clubbed together to form sub-branches, 
Each sub-branch is a self-ruling body, subject, 
however, to the local central office. The officials 
are elected by the interested parties, as above, the 
Government only controlling the financial reports 
and committee-meeting minutes of the various sub- 
branches and central offices. 

A peculiarity of this insurance society is that any 
person less than thirty-five years of age may, if not 
required to do so, of his own free will join the local 
branch of the society, and, after paying the pre- 
scribed fees, enjoy all the privileges of an ordinary 
member. . : y eye : 

The pensioning scheme will be managed in a 
way similar to that already described in connection 
with accident insurance, excepting that the com- 
mittee will consist of but ten members (five elected 
from among the employers, and five by the servants 
from among themselves), and be presided over by 
a president appointed by the Crown. 

The reason why the Government claim a right 
to appoint members in the committees of the 
governing bodies of these institutions is that they 
are anxious for them to be managed in a way that 
will enable them to be financially self-supporting. 
For this reason, too, the law in each case requires 
that a reserve fund—the amount of which is de- 
finitely stated—shall be established and maintained ; 
and that the subscriptions shall be varied from time 
to time as may be required to accomplish this end. 
Only such changes of premium rates are, however, 
allowed as distribute the onus of payment between 
master and man in the same proportion as that 
dictated by the original Parliamentary Acts. It is, 
therefore, impossible that either of the two in- 
terested parties should shift any portion of their 
responsibility from their own shoulders to those 
of the second party. 

Our description of the objects and working of 
these institutions will make quite clear that in 
Austria the employer of labour is required to give 
financial support to societies which provide the 
workmen with many of the privileges which in 
England are seated in membership of a trade union. 
In Austria, however, although the benefits are 
more far-reaching, because all workers must be 
members of the society, the bad effects of a trade 
union are avoided, as the workmen are neither able 
to accumulate a large capital, nor to use that which 
is at hand according to their own free will. 

As already pointed out, a large number of 
societies which assured their members the privi- 
leges we have enumerated, existed in Austria before 
the Acts here reviewed became law. Such societies 
may continue to exist, or may co-operate with the 





588 ENGINEERING. 


[APRIL 30, 1909. 








DETAILS OF COMPOUND PASSENGER LOCOMOTIVE ; 


PARIS-ORLEANS RAILWAY. 


CONSTRUCTED TO THE RAILWAY COMPANY’S DESIGNS, BY THE AMERICAN LOCOMOTIVE COMPANY, SCHENECTADY, N.Y., U.S.A. 









































as ae 


' 
e—- -- - - SO - - - ~~ 


Section on DE F (Fig 16} 831. 


institutions brought into existence by the Acts, 
according to the wishes of the members. If they 
prefer to remain private concerns, they can do so, 
provided they revise their rules so as to give their 
members benefits at least equal to those offered by 
the new undertakings at rates not less advantageous. 
Further, too, they must submit to Government 
control, and keep their accounts in the way re- 
quired of the new institutions. 

It should be borne in mind that the conditions 
we have described are not peculiar to Austria, but 
are practically the same in Germany and several 
other industrial countries, so that, when comparing 
rates of wages in England with those on the 
Continent, the figures quoted are mostly more or 
less deceptive, because the matters we have con- 
sidered here are not usually taken into account. 

Lastly, we must mention that the passing of the 
Bill which provides pensions for private servants 
has brought matters to such a state that one can 
predict with safety that a fourth Bill will be laid 
before ‘the Austrian Parliament in a very short 
time.. It will provide for the pensioning of all 
working people upon lines similar to those obtain- 
ing to private servants, excepting that the Govern- 
ment and the employers will be required to supply 
the funds, and the workpeople will pay nothing, or, 
at the most, very little, towards providing the 
benefits they will enjoy. 
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On Plate XXXIII., published with our issue of the 7th 
inst., we gave drawings of a type of four-cylinder com- 
pound six-coupled twelve-wheeled express passenger 
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ive further illustrations in Plate XXXVI., published 
ero and on pages 585,'588, and 589. 

These engines will be used in fast express service on 
the division of the Paris-Orleans Railway between 
Limoges and Brive, a distance of 61.27 miles, where 
the grades are long and heavy in both directions. 
Coming from Brive there is, with the exception of a 
few short level stretches, an almost continuous up 

ade, averaging about # aed cent. for a distance of 
59.5 miles ; while coming in-the other direction, the 
road from Limoges to the summit of the rise is more 
undulating and the grades steeper but shorter, the 
steepest grade being about 0.95 per cent, and 7.14 
miles long. The fastest trains weigh from 300 to 325 
metric tons behind the tender, and make the run 
between Limoges and Brive in 1 hour 29 minutes, 
including sixteen stops ; while from Brive to Limoges, 
with the‘same weight of train, the time is eight 
minutes longer. ‘lo meet these requirements a powerful 
engine with a large boiler capacity for high speed is 
needed, and the engines here illustrated are designed 
to haul‘trains of 400 metric tons up a | per cent. grade 
at a speed of 30 miles per hour. : 

The drawings previously given showed the locomo- 
tive in elevation and part plan. On Plate XXXVI. with 
this week’s issue we give in Fig. 3a general view of 
the locomotive and tender, and in Fig. 4, on the left 
hand, a half elevation of the back end of the locomotive 
and, on the right, a cross-section through the trailing 
axle. In Fig. 5 are given a section through the front 

rtion of the fire-box and a cross-section taken at the 

k end of the boiler barrel. The cross-sections of 
Fig. 6 are txken, the left-hand one between the leading 
ph central pair of drivers, looking towards the back 
end, and the right-hand section at the same place look- 
ing frontwards. Fig. 7 shows on the left hand a sec- 
tion through the high-pressure cylinders, and on the 
right hand a section chéving the crank andslide-bars for 
the low-pressure cylinders. Fig. 8 shows a half-section 
through the low-pressure cylinders and smoke-box. 

From these illustrations,.and those given with our 
issue of the 9th inst.,-it will be seen that the design 
embodies several interesting features. The locomo- 
tives are four-cylinder De Glehn compounds, with the 
low-pressure cylinders between and the high-pressure 
cylinders outside the frames. 

One of the chief features of the engines consists in 
the form of fire-box provided. In the endeavour to 
obtain a liberal grate area without an extreme length 
of barrel, the wide box has been narrowed down at 
the front end and made small enough to be placed 
between the trailing-drivers. This is shown very 
clearly in the plan, Fig. 2, Plate XXXIII., and also 
inthe drawings, &c., we give of the boiler on pages 
585 and 588. On page 585, Fig. 9 gives a longitudinal 
section of the boiler. Fig. 11 an outside sketch of the 
back plate. Fig. 12 shows a section through the wide 
portion of the fire-box, the back part, and Fig. 13 a 
section through the forward portion where the founda- 
tion ring is drawn in to pass between the frames 
and wheels. Fig. 14 is a drawing of the smoke-box 
tube-plate taken inside the barrel, and Fig. 15 a detail 
showing the hand-hole midway along the bottom of 
the barrel. Fig. 16, page 588, gives a very good idea 
of the general form of the fire-box. 

From these illustrations it will be seen that the 
boiler is of the straight-top type with Belpaire ty 
of fire-box; the inside fire-box is of copper. ne 
stays in the water-legs are of manganese bronze, while 
the crown and the boiler stays aréof Falls hollow 
stay-bolt iron. The barrel of the boiler has an outside 
diameter at the front end of 1.68 metres (about 668 in. ). 
It contains 261 tubes, 55 millimetres (2.165 in.) in 
diameter, and 5.955 metres (19.54 ft.) long. Fig. 10, 

e 585, gives a drawing of the setting of the tubes. 

he total heating surface of the boiler is 3048 square 
feet, of which the tubes contribute 2863.5 square feet, 
and “the fire-box the remainder. The gtate area is 
45.7 square feet. 

On pages 588 and 589 we give, in Figs. 17 to 28, 
illustrations of the cylinder castings. Of these, Figs. 17 
to 21 refer to the high-pressure cylinders, and Figs. 22 
to 28 to the low-pressure cylinders. These figures 
practically explain themselves. As already stated, 
the high-pressure cylinders are placed outside the 
frames, and the low-pressure inside, the latter being of 
one casting and or. the saddle for the smoke-box 
(Figs. 22 and 23). The-high-pressure cylinders are 
placed some distance further back than the low- 
pressure cylinders. They ace provided with piston- 
valves, and drive on to the middle pair of the coupled 
wheels. The valve gear, of the Walschaert type, is 
worked off a small return crank forged solid with the 
main crank-pin. The valve-spindle centres are 125 
millimetres (4.92 in.) outside the cylinder centre lines, 
and, the eccentric crank being in live with the valve 
centre, no rocker arms are used. The low-pressure 
cylinders, placed underneath the smoke-box, drive on 
to the leading pair of the coupled wheels, the valves 
being of the simple unbalanced slide type on inclined 
seats (Fig. 8, Plate XXXVI., and Figs. 23, &c., page 
589).- The two low-pressure cylinders, — with 
the steam-chests and receiver, form, as stated above, one 





casting, extending across between the frames. These 
cylinders are slightly inclined, to give clearance for the 
bogie, and the valves are operated by Walschaert gear. 
The valve gear for these cylinders is driven by eccen- 
trics on the cranked leading coupled axle, the eccentrics 
being placed between the cranks, and with centres 
350 millimetres (13.78 in.) inside the valve-spindle 
centres. The difference in centres is made up by a 
long inside trunnion fitted to the motion link (Fig. 7). 
On this is fixed an arm, to which is attached the 
eccentric rod end. 

The reversing gears are independent, and are operated 
by screw gears so arranged, however, as in all modern 
De Glehn engines, that the two gears can be operated 
separately or together. The steam pipes to the high- 
pressure cylinders are of seamless-drawn steel tube ; 
their arrangement is shown in Plate XXXIIL., Fig. 1. 
The exhaust from the high-pressure cylinders passes 
into the receivers by way of intercepting valves 
ae by air pressure and controlled from the cab, 
the air-cylinder being placed between the frames just 
ahead of the low-pressure cylinders. The intercepting 
valves are in the form of hollow cylinders having in 
them suitable ports, which, according to the position 
of the valve, allow the high-pressure exhaust to pass to 
the low-pressure steam-chests and receiver, or to the 
atmosphere direct. The arrangement of steam pas- 
sages in the two cylinders will clear from Figs. 19, 
20, and 21, and Figs. 23, 25, and 28. In starting, or 
when working simple, high-pressure steam is admitted 
direct to low-pressure steam-chests, control being by a 
valve in the cab, which, when opened, allows steam to 
pass along a small pipe making a connection. from 
the front tube-plate to the steam-chests. The smoke- 
box is provided with a high exhaust-pipe, fitted with 
a variable exhaust device. This device consists of a 
hollow cone fitted in the top of the exhaust nozzle, the 
largest outside diameter of which is equal to the 
inside diameter of the top of the exhaust nozzle. The 
cone is connected to the horizontal arm of a shaft, 
which extends out of the side of the smoke-box, and 
is operated from the cab by means of a screw and 
hand-wheel. By lowering or raising the cone the 
amount of the exhaust opening is increased or dimi- 
nished. A sprinkling device is provided in the smoke- 
box for extinguishing hot cinders. The smoke-stack is 
of cast iron, and is provided with a hood, by means of 
which the draught may be checked when the engine 
is standing in a station or drifting. 

The frames are of steel plate in two sections, the 


main frames being 32 millimetres (1.28 in.) thick, and 1 


the rear section for the trailing truck being 30 milli- 
metres (1.2 in.) thick. A good depth of plate is pro- 
vided over the pedestals. The frames are offset at the 
front end in order to provide room between them for 
the low-pressure cylinders. They are braced together 
by stiff plate and cast-steel cross-stays, the location 
and arrangement of the bracing being shown in Figs. 1 
and 2, on Plate XX XIII., and the cross-sections (Plate 
XXXVI.). The low-pressure guides, and also the low- 
pressure link-supports are bolted to the heavy steel box- 
casting between the high-pressure cylinders shown in 
Fig. 7. The outside guides and high-pressure link- 
supports are bolted to cast-steel guide-yokes, secured 
to the frames (Fig. 6). The crank-axle is solid-forged. 
The driving-boxes are of forged steel. The three pairs 
of driving-wheels are equalised together, the under- 
hung spring system being employed. 

The trailing-truck is of. the side-motion type with 
inside bearings ; lateral motion, to the extent of 90 milli- 
metres (3.54 in.) in all, is provided for by play between 
the boxes and pedestals, and the load on the truck is 
utilised to bring the latter back to its central position. 
The front bogie is the Paris-Orleans standard design 
of four-wheel truck, all the weight being transferred 
to the truck by means of two hemispherical side 
bearings (Fig. 8) seated in castings which can slide on 
the cast-steel centre frame. The truck is brought 
back to its central position after leaving a curve by 
means of two transverse coil springs, one on either 
side of the centre plate. 

The tender tank has a water capacity of 20,000 litres 
(5281 gallons). Itis provided with three gauge-cocks to 
show the level of the water in the tank. The tender 
frame consists of two steel-plate side frames placed out- 
side of the wheels. The tender is carried on six wheels, 
and the weight is transmitted to the journal-boxes 
through seni-elliptic springs over the top of each box ; 
the two rear pairs of wheels being equalised together. 

The special equipment includes Westinghouse high- 
speed ‘brake equipment on all drivers, engine truck, 
and tender wheels; two Friedmann non-inspirating 
injectors, Gresham and Craven pneumatic sander, a 
speed-indicator of the Hausshalter type, driven off the 
trailing driver, and for which the fixture is shown 
under the running-board, Vig. 5 ; Westinghouse 
friction-draft gear on the rear of tender, and steam- 
heating equipment. 

The principal ratios of the design are given below :— 
Weight on drivers + tractive effort ... 4.89 
Total heating surface + grate area... 66.6 
Total heating surface + fire-box heating 

surface “< ne ~ me 


6.0 





In conclusion, we give the chief dimensions, &c., of 
the locomotive and tender :-— 
Cylinders : i 

High - pressure, diameter 

Low-pressure 99 es ” 

Stroke te a a 650 ,, 
Wheels : 

Drivers, diameter 


390 mm. (15.36 in. 
640 (25.21 ,, ) 
(25.61 ,, ) 


1.85 m. (6 ft. 0.8 in. 
ae os: Oe ieee... ) 
1.15 ,, (3 ,, 9.26, 


6 ” 

Trailing m 
Wheel-Base : 

Driving 

Total 
Boiler : 

Diameter of barrel 
Firebox : 

Length _... sag sce A Rigg BIO ,, ) 

Width, front -- OSD (3,5, 28 ,, ) 
back 1.88 ” ( 6 ” 2 » !} 


3.9 m. (12 ft. 933 in. 
10.5 ” (34 ” 5ae xs} 


1.68 m. ( 5 ft. 6.12 in.) 


5.955 ,, (19 ,, 6.38 ,, ) 
55 mm, (2.16 in.) 
261 
Heating Surface : 
Tubes sa be see 2863.5 sq. ft. 
Fire-box _... ae oe ae 


3048.7 ,, 

Weight : 

On drivers ... ee ... 54 tons 8 ewt. 0.8 qrs. 

Total ... i res 87 tons 1 ewt. 

Tender : 

Tank capacity 

Diameter of wheels 

Weight of engine and 

tender in working order 


Total 


... 20,000 litres (4410 gallons) 
1.24 m. (4 ft. 0.8 in.) 


131 tons 1 cwt. 








NAVAL ENGINEERS AND A CABINET 
INQUIRY. 
To THE Epitor oF ENGINEERING. 

S1r,—The fact that the Prime Minister has consented 
to preside over the committee of inquiry which will over- 
haul the statements laid before the Cabinet by Admiral 
Lord Charles Beresford has raised hopes amongst those 
that are sceptical as to the wisdom displayed in the new 
scheme of training of naval officers that this vitally im- 
»ortant subject may be included in the field laid out for 

Jabinet review. So far as can be gathered from the 
various references made to the subject in the public Press, 
this point is not specifically alluded to, but sufficient is 
known of Admiral Beresford’s views on this matter to 
ead to the easy assumption that he holds very strong 
adverse opinions as to the utility of the new method of 
training the future engineers of the Navy. Is it possible 
that the scope of the inquiry may be sufficiently em- 
bracing so as to include this much-vexed and _ hotly- 
debated question? It is common knowledge that Admiral 
Beresford is not alone in his attitude on this controversy, 
that many other distinguished Admirals, and naval officers 
generally, see as one with him on this matter. The Prime 
Minister has already in his ion an influentially- 
signed petition, presented by Mr. Carlyon Bellairs, M.P., 
praying that a committee of inquiry may be instituted to 
go into this and other questions of naval administration 
not covered, presumably, by the Beresford Memorandum. 
It must be remembered, too, that, so far as the official 
spokesmen of the present Board of Admiralty are con- 
cerned, and of those of the late Government also, that 
when discussion on this phase of Admiralty administration 
and policy has taken place in Parliament, that only a very 
half-hearted and somewhat apologetic defence has ever 
been attempted. For instance, let the present writer 
refer to the late Lord Goschen’s indictment—it was almost 
an impeachment—of the new method of training naval 
engineers which took place in the House of Lords in 1106, 
and of Lord Cawdor’s (the then First Sea Lord) feeble 
reply to it. The present First Sea Lord, Mr. Reginald 
McKenna, was just as unsatisfactory in his reply to the 
able criticism levelled against the whole scheme during 
the naval debates of last year. The point is, the apolo- 
gists for this complete revolution in the method of train- 
Ing naval engineers are conscious of having to defend a 
weak case, and hence the halting. timorous harangues 
when having to battle for it in Parliament. A reference 
to your columns for the year 1906 will show at a glance the 
almost wholesale condemnation this new scheme met with 
from nearly all the corporate engineering bodies in this 
country. 

Now, can Mr. Asquith and his Cabinet colleagues be 
induced to hear evidence touching such an essentially 
momentous question as the training of naval engineer, 
and of a minor, but still important, subsidiary point 
the future status of the artificer engineers and stoker 
mechanicians? It will be a great national gain if Admiral 
Beresford can succeed in getting the Committee for lm- 
perial Defence to undertake an inquiry into this subject. 

Without any desire to encumber your pages with detai!s 
that have been discussed in a variety of ways and by much 
abler pens than the present one, the writer may, however, 
be pardoned for calling attention once more to one or [Wo 
of the leading points involved in this very seriuus 
departure from all hitherto recognised methods of train- 
ing engineers, which has been instituted by the Admiralty. 
Without any beating about the bush, one has to admit 
the fact that the engineering “difficulty,” so far as the 
commissioned officer engineers were concerned, was soct'’. 

Wngineering, as a science—the dominating science 10 
the Royal Navy—was too great a thing to be treate 
slightingly, but yet its iim, from the time of the 
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first steamship down to the present Dreadnought, have 
heen treated as social inferiors by the class from 
whose ranks naval officers are drawn. This could not 
go on indefinitely. _The engineers themselves, by re- 

ted petitions and constant lobbying in the House 
of Commons, convinced the authorities that some great 
change in the social status of a naval engineer must 
take place, or dire would be the result in time of 
war. Their request was a very modest one: ‘‘executive 
rank, with, but after,” would have practically solved their 
difficulties, and the Keyham training might still have re- 
mained as one of the best trainings which a naval engi- 
neer could get. This request, however, did not meet 
with favour in high quarters, due, undoubtedly, to the 
social bar already referred to. The Douglas Committee 
was then called into being, the result of which we all 
know. The existing engineers were given a bogus kind 
of rank, which courtesy construes into designating an 
engineer either ——— or admiral, accord- 
ing to seniority: the mere shadow of rank without its 
substance. But that was not the unkindest cut the class 
received ; for as a distinct and specially trained body «it 
received sentence of death, in spite of its high and honoir- 
able traditions and loyalty to a service wherein it had, to 
put it moderately, been but tolerated. 

It is interesting to note that within the next five years 
there will be four distinct differently-trained engineer 
officers in the Royal Navy. To enumerate them in their 
due order, there will be what was known as the Dockyard 
engineer student, the Marlborough student, the Keyham 
College student or engineer, and the fourth, the Osborne- 
trained engineer.. To merely mention these facts con- 
jures up to a Service mind an endless succession of short- 
sighted policies and shifty evasions, coupled with a great 
lack of moral go in not grasping the nettle firmly 
thirty years ago, when the Marlborough college, which, 
by the way, was the “‘last word” at that time, was insti- 
tuted for the efficient training of naval engineers. 

The contention here is that the Osborne-trained engi- 
neer-officer will not—nay, cannot—be a success; and if 
the whole business weresubmitted to an outside and inde- 
pendently-selected body of professional opinion, the thing 
would not be tolerated for a week. There is a great 
volume of both inside (naval) and outside opinion which 
thinks this way, and there should now be an opportunity 
of getting this laid before Mr. Asquith and his colleagués. 
Lord Charles Beresford is free ; he, we all know, possesses 
both the cou and the knowledge to put the case in all 
its bearings. ill he be allowed to doit? If he can be 
backed up by . organs of professional opinion like 
EnctneerinGc, I think he may succeed in getting the 
Admiralty to cry “‘ Halt” with this precious scheme of 
making engineering bricks without straw. 

As previously stated, the question of future status for 
the engine-room artificer wing and that of the stoker 
mechanic‘an, although subsidiary to the main question, 
is relatively a very important and burning one. Faced 
with a straight issue, the Admiralty has not yet fully 
admitted that the stoker mechanician is to be senior to, 
and therefore in charge of, fully qualified marine engi- 
neers, such as the engine-room artificersare. All the read- 
ings between the lines, however, point to this very undesir- 
able and unnatural order of things. The writer was recently 
privileged to see two sets of examination papers--(a) set 
was for candidates aspiring to the position of artificer 
engineer, and (b) set was for stokers desiring to become 
stoker mechanicians. A layman not versed in the ways 
of the Admiralty would at once, and naturally, have con- 
cluded that the set of questions put to an artificer candi- 
date would be much stiffer and more complex than 
those set before a stoker. ‘Such, however, is not the case 
with the sets of papers the writer is referring to. In 
fact, the opposite is the case. This brings us to another 
grave state of affairs. The Keyham-trained engineer has 
received sentence, and now it looks as if the efficient 
mechanically-trained artificer is to be superseded by his 
humble, but useful, satellite the stoker. There is no other 
conclusion to come to, preposterous as it may seem. Give 
the stokers warrant rank by all means; call them Ad- 
mirals ‘if it will make them more efficient servants of the 
State, and ennoble the whole class by so doing; but to 
create them into being the ‘ bosses” of their mental 
and mechanical superiors spells riot of the brain 
on someone’s part, and the sooner a committee of inquiry 
kves into the business so much sooner will irretrievable 
disaster be averted. _ It simply will not and cannot work, 
unless the chief engineer has always a file of marines on 
the platform to see that his orders are carried out. 

It is said that a recent election was won upon the cry 
of ‘‘ eight Dreadnoughts.” How many elections, one 
es ders, mi ; won if ~* real truth about our (in some 

warts) unreal Navy we iti 
Slat fommabe? y were en up as a political cry, or 

!u conclusion, Sir, may the writer of you to again 
open your columns for the discussion of the very serious 
condition our Navy is likely to be brought to on its engi- 
heerng side—its only vital side by the way—unless the 
pe - ‘sre-hashed up by the writer are given attention to. 
Bas. an apology for the length of this letter I beg to 

Yours, 
Wy _An Otp Encine-Room WatTcHKEEPER. 
sondon, 8.E., April 26, 1909. 





'RIALS OF A STEAM-TURBINE PLANT.” | 
<q, 20 THE Eprror or ENGINEERING. 
_ Sn 2 he point at issue between Mr. Storie gnd myself 
‘sin Canger of being lost through subsidiary questions 
\\\\1ng greater attention. To clear off the latter first, 





for steam-engines, and not for steam-turbines. This Com- 
mittee was appointed on June 29, 1897, and was closely 
related to » Committee appointed on March 31, 1896, to 
consider and report on a standard or standards of thermal 
efficiency of steam-engines. This latter report will be 
found on 278 of Minutes of Proceedings, vol. cxxxiv. 
As regards the steam-engine and boiler trials report, I 
have not a separate copy by me, but it appears on page 
218 of Minutes of Proceedings, vol. cl. Bearing in mind 
the date of these reports, the state of steam-turbine 
development at that time, and the fact that long 
experience of trials is essential before a report could 
agra be drawn up, I think that I am quite justi- 
ed in my assertion without considering the internal 
evidence of the report. The latter, indeed, is overwhelm- 
ing, and it is a mere waste of time and s) to draw 
attention toit. I quite grant that Mr. Storie finds it con- 
venient to use the tabulated forms ; indeed, I am very 
glad he does so. I should do so myself, and I hope that, 
until the Institution of Civil Engineers does for the steam- 
turbine what it has done for the steam-engine, the report 
will be used asa basis for tabulating steam-turbine trials ; 
but that is a very different thing to blindly applying all 
the findings of a Committee on Steam-Engine Trials to a 
steam-turbine trial. I hope that the Institution will take 
up the question of steam-turbine trials at an earlier period 
than when they considered steam-engine ones. Mr. Storie, 
in his letter in your issue of April 16, says that he has 
reasons for believing that it was the Committeé’s 
intention that the form should be used as far as possible 
in recording the trials of all heat engines, whether using 
steam, oil, gas, or air. Mr. Storie appears:to have-over= 
looked the fact that a Committee of the Institution of 
Civil ae has a on the Standards of :Effi- 
ciency of Internal-Combustion Engines. 

But to turn to the mainquestion—namely, where should 
the upper limit of temperature and pressure be taken ? 

The effect of a varying load on’ a steam-engine ‘is* con- 
trolled either by variable expansion or by throttling. In 
the former the pressure in the cylinder before cut-off is as 
near the steam-chest pressure as it is possible to get: it, 
the difference being due to the friction past the valve.and 
ports, and therefore part of the engine itself. The pres- 
sure in the cylinder varies as the pressure in the steam- 
chest, and is independent of the load. It is therefore fair 
to the engine to take the upper limit at the meh 
This point is carefully considered in the Thermal Effi 
ciency rE (Minutes of Proceedings of the Insti- 
tution of Civil Engineers, vol. cxxxiv., page 288). In 
the case of a throttled governed engine the fixed 
cut-off is adjusted, so that with maximum normal 
load the steam pressure in the’ cylinder is as near the 
steam-chest pressure as exigencies of governing will 
permit ; the drop in actual practice is from 5 lb. to 10 Ib. 
per square inch. As the load is uced the pressure in 
the cylinder falls, and hence at light loads an increasing 
amount of heat is degraded. Trials, however, are usually 
made at full load, and this point does not enter into the 

uestion. In the case of'a series of trials bein: uired, 
then the pressure in the steam-chest should be taken if 
any scientific results are desired. For commercial trials, 
such as for guarantee performances, this is not generally 
necessary. As the Committee on Thermal Efficiency 
could not, of course, fix the upper limit at one place for a 
variable-expansion engine, and’ at another place for a 
throttle engine, and as they could not take it at the steam- 
chest, owing to fluctuation of pressure, they were justified 
in selecting the boiler side of the stop-valve as the place 
at which this measurement should be taken. 

So far there is nothing but what can be applied to 
steam-turbines ; but there is an important point in which 
the steam-turbine differs from the steam-engine. In the 
case of steam-engines, variable-expansion or throttle, it is 


not a difficult matter either to deal with an over-load or | yw 


to get full-load non-condensing out of a condensing 
engine. With aturbine the question is different ; the 
over-load, it is true, is usually obtained in much the same 
way as in a throttle engine, but with the full-load non- 
condensing part the problem is not so easy. Although I 
can find no mention in your article of February 26, yet I 
do not doubt but that Mr. Storie specifies that the turbine 
should give full load when running non-condensing ; but 
whether he did or not, the builders would in all proba- 
bility allow for it, as turbine specifications invariably 
include it. In the case of a steam-engine the increase in 
consumption due to running non-condensing, as compared 
with condensing, varies from 20 to 30 per cent.—say an 
average of 25 per cent. But with a steam-turbine the 
increased consumption, due to the turbine being relatively 
more efficient at condensing loads than the engine, 1s 
more nearly represented by the figures 80 to 100 per cent. 
It is a question, therefore, of getting 25 per cent. more 
steam through an engine in which the cut-off can without 
difficulty be altered, as compared with getting 80 per 
cent. more steam through a turbine in which the blade 
length is fixed. Turbine-builders find that the easiest 
solution is to design the turbine in such a way that the 
maxiinum quantity of steam required at full load non- 
condensing can through the first row of ljades. 
This necessitates the full load oe agg me obfhined 
with a much lower initial pressure. e question of 
superheat must also not be lost sight of, as obviously 
with a high superheat less steam is required, and the 
load cannot be reduced in the event of the superheater 
being cut out, due to failure of the tubes or other causes. 

In my letter on page 416 of Encingentnc, March 26, I 
said that ‘‘ between a steam-engine and a steam-turbine 
of the Parsons type there is a great difference in respect to 
the upper limit.” I used the words “‘of a Parsons type” 
advisedly, because it is a throttled governed turbine. In 





‘lr. Storie takes exception to my remark, that the In- 
sitution of Civil Engineers’ Report on Tabulation the 


tsults of steam-engine and boiler trials, was drawn up | sure in the steam-chest, there is no objection in taking the | 


turbines of the Curtis type the above conditions do not 
obtain; but as there is no fluctuation of the steam pres- 


upper limit as in the Parsons type, and for the sake of 
= there is every objection to it being taken else- 
where. 

The above is so very elementary that I must apologise for 
taking up your valuable space in stating it ; but it is neces- 
sary to my case to give the reasons why a turbine must 
have a larger in of pressure than an engine, and to 
explain that thes louaer in is not caused by the tur- 
bine as a thermodynamic machine, but by external causes 
due to the ical operation of turbine plants. 

Taking these and other points into consideration, which 
I will not enumerate now, as this letter is already too 
long, I assert that in calculating the efficiency ratio of a 
steam-turbine, the upper limit of pressure and tempera- 
ture should be taken on the turbine side of the throttle- 
valve. The efficiency ratio is the ratio of the actual 
thermal efficiency to the theoretical thermal efficiency, 
and is consequently the ratio of the heat utilised to the 
heat available ; and as the heat available for useful work 
by the turbine is a different quantity to the heat available 
at the stop-valve, it follows that the ergy ratio 
—— be calculated from the turbine side of the throttle- 
valve. 

As regards the last paragraph of Mr. Storie’s letter, it 
is no answer to the question for him to shrug his shoulders 
and say it is not his business. The margin of power, too, 
is problematic, as my experience of turbine plants is that 
the limit of power is in the alternator. 

Yours faithfully, 
Ernest R. Briccs. 

60, Cadder-street, Pollokshields, Glasgow, 

April 25, 1909. 


? . 








ELECTRIC POWER FROM PEAT. 
To THE Eprror oF ENGINEERING. ; 

Sir,—I was rather surprised to in your. issue of 
the 16th inst. a note stating that at Svedala, Sweden, the 
first peat electric station was likely to be erected. 

As a matter of fact, a power-station of this kind was 
erected in 1903 at Skabersji, Sweden, and has now been 
working over five years. — 

The bog which supplies the peat is only small, about 
37 acres, with an ave depth of 5 ft., and is estimated 
to last for a period of thirty years. There are two Kért- 
ing suction - gas producers and two — with 
vo ala pte electric generators of 150 horse-power 


each. 

The power is conducted from Skabersjé to Svedala, a 
distance of 2 to 3 miles, and there some of it is used for 
lighting the streets, and some is distributed to mechanical 
works and several small industries. 

Although the by- ucts, with the exception of tar, 
are not recovered—the plant not being large enough to 
make this remunerative—the cost of production is very 
low. The price of power paid by the consumers is, besides 
a small yearly charge per motor, only 2 dre (= about one 
farthing) per horse-power hour. 

A number of power stations of this kind have now been 
and are being erected in various parts of Sweden and 
other countries. : 

For some time experiments have been made by several 
inventors of peat-gas producers on the recovery of by- 
products (especially sulphate of ammonia), and it is ex- 
pected that, at a power station of a few thousand horse- 
power, the cost of the power will be fully covered by the 
sale of the by-products—t.e., we shall have power for 
nothing. 

I am, Sir, your obedient servant, 
K. B. Excer. 

6, Exchequer-street, Dublin, April 24, 1909. 








INsTITUTION OF Municipa Enoingers: District 
EETING.—At a meeting of the members resident in the 
Home Counties District (Northern Division), which in- 
cludes Bedford, Buckingham, Essex, Herts, and Middlesex, 
held at Olympia on the 24th inst., Mr. Nerd C. Adams, 
A.M. Inst. O.E.,.A.M.I, Mech, E., A.M.I.E.E., con- 
sult: engineer, of 60, Queen Victoria-street, E.C., was 
elected chairman of the District Committee and a Member 
of Council of the Institution. Mr. Bernard Partridge, 
Surveyor’s Office, Walthamstow Urban District Council, 
was elected honorary secretary, and an executive sub-com- 
mittee was appointed. 





ASSOCIATION TECHNIQUE MariTimE.—The next meet- 
ing of this Association, which corres to our Institu- 
tion of Naval Architects, is to be held on May 5 and 6 in 
the Hall of the Société des Ingénieurs Civils de France, 
19, Rue Blanche, Paris. The vey to be read and dis- 
cussed are the following :—‘‘ Naval ._Archeol i 
Teachings,” by M. Clerce-Rampal; “‘ On the Unification 
of the ults of Resistance Calculations of Hulls,” by 
M. Scribanti; ‘‘ Onan Error which has Always been Made 
in Calculating the epecmeanet 4 ig M. Marbev; 
‘Etude on Steam Fishing- Boats,” by M. Ravier; ‘‘Steam- 
Turbines and Liquid-Fuel Boilers on Warships,” by M. 
Brosser ; ‘‘ Steam-Turbines,” by M. Rateau; ** On Pro- 
pelling Machinery, the Number of Propeller-Shafts, and 
tht Arrangement of Turbines on same,” by M. Danis; 
“On the Forward Thrust of Marine-Engine Crank- 
Shafts,” by M. Drosne; ‘On the Influence of Stiffness 
in the Working of Marine-Engines,” M. Drosne ; 
‘* Etude on the Vibrations of Propeller-Shafts,” by M. 
Lorain; ‘‘ Reaction of the End of the Lower Part of the 
Launching- Ways on the Bottom of a Ship during Launch- 
ing,” by M. Collinet; ‘‘Etude and Data Concerning 
ar a yo on the Leeway of Ships,” by M. Doyere ; 
**On the Flow of Fluids al Surfaces,” by M. Rateau ; 
‘On the Theory of Dr. Schlick’s Gyroscope,” by M. 
Kryloff ; ‘‘ Etude of the Geometric Motion of a Cam- 
Driven Roller,” by M. Brillié; ‘‘ Etude on the Resist- 





ance of a Tube Plunged in Water,” by M. Simonot. 
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ELECTRO-HYDRAULIC PORTABLE RIVETER. 


CONSTRUCTED BY 


THE MASCHINENFABRIK OERLIKON, ENGINEERS, ZURICH. 
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Fig. 1. 


in order to combine the advantages of electrical 
transmission and hydraulic power, the Maschinenfabrik 
Oerlikon have recently designed the portable riveter 
illustrated on this and the opposite pages. Electricity is 
admirably adapted for conveying power to any portable 
machine, but no, really effective way has hitherto been 
devised of using it to do the work required in Sth § 
For such work hydraulic pressure has been unsurpassed ; 
hence the attempt in the present machine to utilise 
the good points of both systems. Referring to Figs. 1 
to 3, annexed, it will seen that the riveter can 
be slung at either of two points, and can work at any 
angle either horizontally or vertically. The frame is 
a steel casting with a gap having a depth of 30 in. and 
a width of 16 in. The lower snap is fixed, the 
otner being operated by a piston working in a cy- 
linder formed in the frame. - An electric motor of 
‘four to six horse-power at 1420 revolutions is mounted 
as shown, and drives a reciprocating pump by means 
of worm reducing gear and a pair of connecting-rods. 
A starting resistance for the motor is bolted to the 
frame close to the motor. The pump is a differential 
piston-pump, with a bronze-bushed cylinder, and makes 
170 strokes of 14-in. length ‘ee minute. It acts upon 
a mixture of water with about 40 to 45 per cent. of 
Seige as this liquid does not freeze at temperatures 

higher than from 2 deg. above zero Fahr. to 13 deg. 
below zero Fahr., and thus the machine can be exposed 
to any ordinary frost without danger of bursting. 
The capacity of the pump is equivalent to a cirerlation 
of about 2 gallons per minute. 

Figs. 4 and 5, on page 593, show details of the riveting 
cylinder, and Figs. 6 to8 of the valve by which 
the riveting is controlled. The cylinder is built 
for a maximum riveting pressure of 90,000 lb., the 
machine being designed to deal with rivets up to § in. 
in diameter. The piston is 160 millimetres (6.3 in.) 
in diameter, and has a stroke of e. in. It is packed 
by means of rings and prevented from turning round 
by vertical external guides, as shown in Fig. 4. The 
snap is set eccentrically forward by 70 millimetres 
(2% in.) from the centre fine of the ram, so that rivets 
may be closed when close to flanges. The downward 
speed of the ram is 16.5 in. per minute, and the return 
70 in. per minute, the pressure acting on the annular 
surface beneath the piston for the return stroke. 

The pump, on its upward stroke, draws liquid from 
the reservoir above the riveting cylinder by means of 
the pipe A (Fig. 4). On the down stroke of the pum 
the liquid is forced into the valve-chest by the port 
(Fig. 6). If the hand-lever is in its central position as 
shown, the liquid simply passes round the stems of the 
two valves, and away by the nipple C to the reservoir ; 
consequently the ram remains at rest. With the hand- 
lever in its lower position, the liquid entering at B 
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passes round the first valve stem, and away through D | from ;the pump can escape to C by lifting the springs 
to the ram-cylinder, which it enters by the pipe E. | controlled valve H. The spring on this valve is ad- 
The ram therefore descends, the water in the anriulus | justable, and by it the maximum pressure possible on 
under the piston escaping by means of F. This water the rivet may be determined. 

enters the valve-chest at G, and flows away to the| To raise the ram the hand-lever is moved t 
reservoir by means of the upper transverse port and | top position, and the water, entering at B, then pa 
the nipple C. It will be noted that the full pressure | out at G, and enters the annulus under the p'-‘on 
may be maintained on the rivet as long as desired, as| by F. The water above the ram escapes by F, and 
when the ram comes to rest on the rivet the water | passes back to the reservoir by way of D, the lower 
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ELECTRO-HYDRAULIC PORTABLE RIVETER. 
CONSTRUCTED BY THE MASCHINENFABRIK OERLIKON, ENGINEERS, ZURICH. 
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10 Seconds 


the variation in pressure on the 
piston durin 


steadily, an 











is maintained almost ssw 10 20 80 0 
perfectly constant for 


seconds, squeezing the closed rivet. 
The vertical scale of the diagrams is 50) The machine, as the illustrations show, is compactly 


atmospheres, or 735 Ib. per square inch built. Its weight is 2750 lb., which is naturally some- 
for each division, so that the maximum | what more, than that of an enaintey nyerenss machine. 
water pressure was about 3400 lb. per 
square inch. Fig. 11 gives curves illustrat- 
ing the efficiency of the motor and machine. | stand that 1000 rivets in. in diameter have been put 
e of the theore-|in by three men only, although no special facilities 
at various work- | for speed 
falling off being due to | through some j-in. rivets closed by the machine, the 


Curve 1. is the percen 
tical piston speed 
ing pressures, the 
the inevitable slight slip 


and C. Curve IL gives 
between the revolutions of the motor an The Oerlikon Company's British and Colonial De- 


the pressure ; Curve III., the amperes pra. at Oswaldestre House, Norfolk - street, 


taken by the three-phase motor at 50 
cycles and 240 volts; Curve IV., the | Wuthrich, manager and chief engineer. 


acme | of the motor at various loads ; 






It rises 30 = 150 200 


"oP 


several Pressure on Ram in Atmospheres 


Against this, however, considera le practical advan- 
tages areclaimed. During a ten hours’ run we under- 


were arranged. Fig. 12 shows a section 


t the valves | specimen having been polished and slightly etched to: 
e relationship | bring out its features. 


trand, W.C., is under the direction of Mr. °G. 








Fic. 12 Curve the power-factor of the motor : 
sor go at various | ; Curve VL, the output THE cage ey | Rave te —- ——— 
port, and C. th : . : ? : proposes y down four ironclads instead ree, As 
s the water entering the annulus is| of the motor in brake horse-power for various closing | F: * dpm lated. ‘The four new. ships rong 


touch less than that escaping from above the ram, the | pressures ; Curve VIL, the effective work in horse- pcr A by 1912, Bach is to be.b00 ft, long by 984 ft. 


float in the reservoir will rise. This float is fitted | power done by the machine ; Curve VIILI., the efficiency . . 
with packing-rings, and keeps the liquid in the|of the worm-gear ; and Curve LX., the losses due to scam Be ag The plans ~—_ ne — tog Fieer 


— to whatever angle the riveter is tilted. 
e diagrams reproduced in Figs. 9 and 10 show 


friction of the water. The vertical scale marked J re- | Siegfried Popper, engineer-in-chief, of the Austrian Navy. 
presents amperes, and that marked N is horse-power. | It is estimated that each ironclad will cost 2,300,000/, 
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TESTS OF A 4000-KILOWATT TURBINE. 


Tests were made on November 30 and December 1, 
1908, on a 4000-kilowatt turbo-alternator by the Berlin 
and Dortmund Boiler Insurance Companies. The turbo- 
alternator is one of 4000 kilowatts capacity at 1500 revolu- 
tions per minute, frequency 50 cycles per second, and 
was built by the Allgemeine Electricitats Gesellschaft, 
who are represented in this country by the Electrical 
Company, of 121-125, Charing Cross-road, London, W.C. 
It was supplied to the Rummelsberg Station of the Berlin 
Electricity Works. 

The steam consumption was determined by measuring 
the condensed water delivered by the hot-well pump. The 

ran steam consumption at about 185 lb. per square 
inch, superheated by about 180 deg. Fahr., and 28.5 in. 
vacuum, was— 
Per Kilowatt-Hour. 
At full load... ee on : 14.3 Ib. 
»» half load . * 15.8 ,. 


The condenser was first tested to assure that it was air- 
tight. Steam pressure, vacuum, and temperature were 
measured by calibrated instruments, and the barometric 

ressure by a barometer certified by the local meteoro- 
ogical institute. 

The electrical measuring instruments were calibrated 
by the Government physical laboratory, and for measur- 
ing the current from the three-phase generator the two 
wattmeter method was used. Each test was of one hour’s 
duration. Readings on the turbine were taken each five 
minutes, on the electrical measuring instruments each 
24 minutes for the main current, and 10 minutes for the 
exciting current, and at similar intervals on the condenser. 

The principal results are tabulated below :— 


| 
Number of Test .. 





Ib. per| 

. in.| 182.3 | 183.7 
Steam temperature d.0.| 334 | 345 «=| 338 
Vacuum (barometer! 

30.2 in.) .. .. pe.} 982) 98 98,1 | 98.1 | 97.6 | 97.3 
Output of alternator kw. |2200 2236 3240 | 3247 | 4232 | 4239 
Output of exciter kw. | 9.9; 99) 11.1] 11.1 | 12.7 | 12.7 
Combined output of al-| | 

ternator and exciter | } 

kw. |2209,9 2245.9 |3251.1 3258, 1 4244. 7/4251. 7 
Power consumed by con- | | | | 

densing plant* kw.| 57.3) 68.6) 59.2) 59.2 | 62.9 | 59.4 
Output of alternator - | | } | 

power required by con-| | | 

densing plant .. kw. |2142.7| 2177.4 3180.8 /3187. 8/4169, 1/4179. 6 
Steam consumption, 3-| | | 

phase output — Ib. r| 

kw. hr. | 

Steam consumption, 3-| 
phase output+exciter| 
Ib. per kw. hr. 

Steam consumption, 3-| 
phase output — power 
required by condensing 

plant 1b, per kw. hr.| 12.1 
Steam consumption, 3- } 

phase output? Ib. per 
kw. hr. | 


Steam pressure 

181 | 179.5 | 179.5 

330 «341 | (350 
| 


181 


11.9 | 12.1) 12 


11.8 


13.2 | 13.4 | 13.4 


' 


13.2 
* This includes power ory by air and circulating pumps, 
the latter including a total lift of 13 ft. 
+ Calculated for 300 deg. Cent. and 95 per cent. vacuum. 1 per 
cent, vacuum = 1.5 per cent., and 6 deg. Cent. cooling water = 
1 per cent, of the steam consumption. 


As we have pointed out several times in connection with 
turbine tests, the only fair method of comparison between 
different machines is on the basis of their thermodynamic 
efficiencies, since steam consumptions depend so largely 
upon the conditions of vacuum and superheat existing 
when the tests are made. Taking the fifth column of the 
table as being nearest the full-] trial, we find from the 
data given an over-all thermodynamic efficiency of about 
63.9 cent., a figure which is very good, especially for 
a turbine of the impulse type. he small steam con- 
sumption is largely due to the vacuum of 29.27 in. and the 
superheat of 266 deg. Fahr. 








THE LATE Mr. JoHN THompson.—We t to have 
to announce the death, which occurred on the 21st inst., cf 
Mr. John Thompson, of the Boiler Works, Wolver- 
hampton, and the Windmill Structural and Engineering 
Works, Dudley. Thed was the son of Mr. William 
Thompson, the founder of the firm in 1840; he joined his 
father in 1860, the name of the firm being chan to 
William Thompson and Sons, with works at Bilston, 
Staffs. In 1870 the works were removed to Wolver- 
hampton, when his father retired from the business, and 
Mr. John Thompson continued this under his own name. 
In 1887 the deceased took into partnership his eldest son, 
Mr. James Thompson. In 1889 the works were entirely 
re-constructed. year later a second son joined the 
firm, and year by year the works have been growing until 
now they are amongst ‘the best equipped, and form one 
of the largest boiler works in the country. The firm 
Sferauently  nagoy the works of the late Mr. Samuel 

oddall, Dudley, for the manufacture of steel chimneys, 
water-softeners, and general structural and steel-works 
pest; these works have been considerably enlarged 

uring the past few years. Mr. John Thompson had been 
a Member of the Institution of Mechanical Engineers 
since 1875, and. was a ae attendant at the annual 
meetings. He had travelled in many parts of the world ; 
he visited the States and Canada on several occasions, 
and at the timé of his death, which occurred on the 
a Maced he was returning from a tour to Egypt 
an 


the Holy d. _Mr. Thompson was for some years 
r ing director of the Manor Iron Works, Wolver- 
hampton, He was in his seventieth year. 





NOTES FROM THE NORTH. 
Gtascow, Wednesday. 


Glasgow Pig-Iron Market.—Last Thursday morning the | Re 


pig-iron market was a little easier, and Cleveland warrants 
were done at 47s. 44d. cash, 47s. 5d. and 47s. 54d. eight 
days, 47s. 7d. one month, 47s. 114d. July 14, and at 48s. 
three months. The turnover amounted to 4000 tons, and 
closing sellers quoted 47s. fd. cash, 47s. 74d. one month, 
and 48s. three months. Hematite was quoted easier at 
5s. 5d. one month sellers. In the afternoon the tone was 
firmer, Lut only one lot of Cleveland warrants changed 
hands at 47s. 6d. cash, and the session closed with sellers 
at 47s. 64d. cash, 47s. 9d. one month, and 48s. 14d. three 
months. Buyers of hematite offered 56s. 3d. one month, 
but there were no sellers. On Friday morning the market 
was again rather firmer, and 2500 tons of Cleveland 
warrants were put through at 47s. 74d. seven days, 
47s. 84d. one month, and from 48s. 1d. to 48s. 14d. three 
months. The closing quotations were 47s. 74d. cash, 
47s. 10d. one month, and 48s. 24d. three months sellers. 
The afternoon session was quiet, and the dealing consisted 
of 1500 tons of Cleveland warrants at 47s. 8d. cash, and 
the close was strong, with sellers quoting 47s. 84d. cash, 
47s. 104d. one month, and 48s. 3d. three months. Cash 
buyers of hematite quoted 56s. 3d., but sellers were firm 
at 6d. more. On Monday morning a steady tone pre- 
vailed, and 3500 tons of Cleveland warrants were done at 
47s. 8d. cash, 47s. 104d. one month, and 48s. 4d. three 
months. The close was firm, with sellers quoting 
47s. 8}d. cash, 47s. 1ld. one month, and 48s. 44d. 
three months. Hematite was unchanged at 56s. 9d. 
cash sellers. In the afternoon the market was in- 
clined to be harder, and the dealings amounted to 3000 
tons of Cleveland warrants at 47s. 84d. cash, 47s. 11d. one 
month, and 48s. 4d. three months. Closing prices were 
47s. 9d. cash, 47s. 114d. one month, and 48s. 44d. three 
months sellers. On Tuesday morning the market was 
easier, and 2500 tons of Cleveland warrants changed hands 
at 47s. 8d. cash, 47s. 104d. one month, and 48s. 4d. three 
months, and at the close there were sellers at 47s. 8d. 
cash, 47s. 11d. one month, and 48s. 4d. three months. 
The weakness was more evident in the afternoon, and the 
business consisted of 4000 tons of Cleveland warrants at 
47s. 74d. cash, 47s. 10d. one month, and 48s. 3d. three 
months. The closing quotations were down to 47s. 7d. 
cash, 47s. 9}d. one month, and 48s. 24d. three months 
sellers. When the market opened to-day (Wednesday) 
the tone was again easier, and Cleveland warrants were 
done down to 47s. 44d. cash and 47s. 6d. twelve days, 
and from 47s. 8d. to 47s. 7d. to 47s. 8d. one month, and 
from 48s. to 48s. 14d. three months. The total business 
amounted to 5 tons, and ‘closing sellers quoted 
47s. 64d. cash, 47s. 9d. one month, and 48s. 2d. three 
months. Buyers of hematite offered 56s. cash. In the 
afternoon the market was steady, and Cleveland warrants 
were dealt in at 47s. 6d. cash, 47s. 7d. nineteen days, and 
at 48s. 1}d. and 48s. 1d. three months. The turnover was 
limited to 2000 tons, and at the close there were sellers at 
47s. 64d. cash, 47s. 9d. one month, and 48s. 14d. three 
months. The following are the market quotations for 
makers’ (No. 1) iouns-tieee, 59s. 6d. ; Calder and Gart- 
—_ "4 eo 7. tooo 68s. ; _ 
Joltness, (all shi at OW) 3 engarnoc 
(at Ardrossan), 62s. Gas: Shotts (at Leith), 60s.; and 
Carron (at Grangemouth), 62s. 6d. 


Sulphate of Ammonia.—A quieter tone has been evident 
in the sulphate of ammonia market this week, and only a 
limited inquiry is reported. The price to-day is from 
11/. 10s. to 11/. 12s. 6d. per ton for prompt business, 
Glasgow or Leith. The amount shipped from Leith 
Harbour last week was 2322 tons. 


Scotch Steel Trade.—No improvement of any kind can 
be reported in the condition of the Scotch steel trade, and 
some even say that things are worse. At any rate, in 
several of the works Monday was a complete blank day, 
noe for the week not being commenced until 

onday night. That circumstance shows the scarcity of 
specifications, which are also only for quite small lots for 
ye delivery. Merchants are y sellers at about 

a ton under producers’ prices ; but the latter are main- 
taining the associated rates, and are unwilling to make 
any reductions in the meantime. Another source of 
trouble to the local makers at present is the large amount 
of steel material which is coming into this market from 
South Wales and from Germany, all of which is bei 
sold very cheap. The export demand is very limited, me 
the inquiry for structural sections is also rather easier. 


Malleable-Iron Trade.—The malleable-iron trade of the 
West of Scotland is just now in a very bad condition. 
Last week, in the hope of inducing business, the asso- 
ciated makers reduced their prices by 5s. a ton, but 
so far little new work has accrued therefrom, and speci- 
fications are about as scarce as ever. Consumers are 
mee bed from purchasing at the moment, as many con- 
sider that a still further reduction is quite probable in 
the near future. Another factor inst the associated 
makers has got to be reckoned with, and that is a new 
producer of bars who is out with the combination, and 
who is reported to be selling at a price which is even less 
than the newly reduced standard. This latter maker is 
said to be picking up most of the business which is on 
offer. Broken time exists all round, and the present 
outlook is far from reassuring. The export trade is ex- 
ceedingly quiet, and the price going is no better than about 
5. 7s. 6d. per ton net for crown while the price for 
the home trade is now on the basis of 6/. 2s. 6d. per ton, 
less 5 per cent. 

Shipbuilding.—Messrs. Paton and Hendry, G WwW, 
have placed a contract with the Avitoman’ Der Bok 
and Shipbuilding Company for a mger and cargo 
steamer for Australian owners. is 18 the second 





similar order which Messrs. Paton and Hendry have 
placed this month on behalf of the same owners. The 
engines for this new vessel will be supplied by Messrs, 
mfrew Brothers and Co., Irvine, and the boilers by 
Messrs. Dunsmuir and Jackson, Govan. ; 


Scotch Pig-Iron Trade. —An improved demand for the 
ordinary brands of Scotch pig iron has been in evidence 
this week, and some fair quantities of No. 1 iron have 
been sold. While local buyers are in the market, the bulk 
of the inquiries have come from abroad, chiefly the Conti- 
nent, the United States and Canada, all of which are 
open to buy large quantities. Prices are very tirm. 
nein has also been in fairly active demand, and con- 
tracts amounting to a considerable tonnage have been 
fixed up for shipment to the Continent within the next 
couple of mont 








NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 

Iron and Steel.—The outlook in: the steel trade has 
undergone but little change. The buying of pig iron has 
not continued on the same scale as immediately before 
the holidays, but makers are well booked forward, and 
unless some drastic alteration takes place in the tinished 
trade, there is an outlet for a full production. A well- 
sustained confidence exists as to the future. Finished- 
iron makers are moderately employed, and work in the 
heavy steel branches shows steady improvement. The 
three local firms— Vickers Sons and Maxim, John Brown 
and Co., and Cammell, Laird, and Co.—have forwarded 
tenders for the two battleships to be laid down in July, 
and it is practically certain some of the work will come to 
Sheffield. So far the more buoyant feeling is hardly justi- 
fied by actual business done. ilway material is in little 
better request. In the lighter branches business is still 
very slack, though a fair demand for semi-finished material 
exists both on export and home account. Agricultural 
and garden tools are selling well, the demand for chaff- 
cutter knives and reaper sections being large. 


South Yorkshire Coal Trade.—The hard-coal market 
continues to show strength. The tonnage sent to the 
ports is increasing rapidly. Prices are very firm, and in 
some instances small advances have been obtained. The 
demand for best qualities is very strong, and stocks are 
light. Everything points to a brisk shipping season now 
that the Baltic ports are open. Inquiries are general for 
quick delivery. In sympathy with increasing rates for 
bests, higher values are being asked for secondary sorts 
and nuts. The coke trade is somewhat variable. Gas coke 
is better, but stocks are heavy. Hard slacks are in good 
request, and the demand for washed smalls of good quality 
is firm. In the house-coal trade the position is naturally 
weaker. A good demand, however, is maintained for 
best Barnsley softs, from 12s, to 12s. 6d. per ton being 
readily paid. 








SpanisH Rattways.—The Gaccta of April 12 publishes 
a notice issued by the Direccién General de Obras Pub- 
licas, Madrid, to the effect that no award has been made 
in respect of the tenders called for through a notice pub- 
lished in the Gaceta of October 11, 1908, relative to a con- 
cession for the construction and working of a railway 
from Ripoll to Puigcerdd4, and that further tenders are 
now invited in this connection. This second adjudication 
will take place at noon on June 15, at the Ministerio de 
Fomento, Madrid. Tenders must be enclosed in sealed 
envelopes and accompanied by a deposit of 181,09 
pesetas (about 6470/.). The above-mentioned Gaceta, con- 
taining further particulars, may be seen by British firms 
interested, on application at the Commercial Intelligence 
Branch of the Board of Trade, 73, Basinghall-street, 
London, E.C. 


Eeyptian Siuick-Gate Works. — The Egyptian 
Journal Officiel of the 10th inst. announces that tenders 
will be received at the office of the Inspector of Irriga- 
tion, Asyut Barrage Circle, Asyut, up to 10 a.m. on May 
27, for the supply and erection at site of the following 
works :—- 





Stif 
Gang- 


Travelling Winch and 
Iron 
Gantry 


Gear on Cast-Iron 
for 


Columns. 

Checker - Plate with 
Angle - i 
feners 

Regulating Timbers. 

Travelling 





| sq. m. 
(1) Sahilia canal head regu-| 
lator .. = as ics 


2) Dyroutia ee 
8) Badraman... as 
4) Delgawi head regulator .. 
5) — Youssifi head regu- 
ator .. ee és an 


22 


14.70 


1 

3 
1 $.\f 
1 


36.70 





Prices should be quoted in lump sums for each of the five 
different kinds of work on each regulator... Designs for 
1), (2), and (5) should-be submitted with each tender. 
of the existing grooves showing size and position 
of the gates requi may be seen at'the office of the In- 
ae eh ere of Irrigation, Upper Egypt, at the Public 
orks Ministry, and at the office of the Inspector of Irri- 
gation, Asyut Barrage Circle, Asyut. Tenders should be 
on stam paper of 30 milliémes (obtainable from Lieut.- 
Colonel Western, C.M.G., Queen Anne’sChambers, Broa<- 
way, Westminster, S.W.), and addressed to the Inspector 
of Irrigation, Asyut Barrage Circle, Asyut, in a sealed 
envelope, ing the inscription: ‘‘Tender for supply 
and erection of new sluice gates at Deyrut.” 
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NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 
Mipp.essroucn, Wednesday. 

The Cleveland Iron Trade.—Deliveries of pig iron are 
ona very good scale, shipments for April averaging nearly 
5000 tons per working day. At the same time the pro- 
duction is still in excess of requirements. Makers’ stocks 
are rather large, and the warrant stores now contain well 
over 200,000 tons of Cleveland iron. Cleveland pig has 
this month been sent into the warrant stores at the rate 
of about only 400 tons per working day, and it is hoped 
that as the shipping season advances the whole of the 
iron made will be taken up, instead of some of it being 
stocked. * There is a lull in buying, as is generally the 
case after a period of briskness. Purchasers appear to 
have satisfied their wants, at all events for the present. 
Merchants are now quite prepared to sell No. -m.b. 
Cleveland pig iron at 47s. 9d. for early f.o.b. delivery, 
and purchases might be made from some of the makers 
at that figure. As a matter of fact, 14d. below the fore- 
oing quotation would be accepted by some second hands. 
Ko. lison sale at 50s. 3d., whilst No. 4 foundry is 47s., 
and No. 4 forge 46s. 9d., the last named being reported 
very searce. The recently advanced rates of t Coast 
hematite pig iron are fully maintained, and a fair amount 
of business 1s still passing, Sheffield customers continuin 
to make purchases. For early delivery of Nos. 1, 2, an 
8 the price is 55s. 6d., and the forward quotation is 56s., 
business having been done at both figures. Foreign ore 
is very strong on the basis of 16s. to 16s. 3d. ex-ship Tees 
for Rubio of 50 per cent. Freights, Bilbao-Middles- 
brough, stand at 4s. Coke wg here and the local con- 
sumption is heavy. Average t-furnace qualities are 
15s. to 15s. 3d. delivered here. 


Manufactured Iron and Stecl.—There is not a t 
deal new to report concerning the various branches of the 
manufactured iron and steel industries. In some branches 
a lot of work is being turned out, and all round quotations 
are fully maintained. As was expected, the Middles- 
brough Leotey of Messrs. Richardsons, Westgarth, and 
Co. has been closed. For some time past, owing to the 
conditions of trade, work at the foundry has been very 
irregular, with only some 50 or 60 men employed... Prin- 
don market quotations stand:—Common iron bars, 
6/. 15s. ; best bars, 7/. 2s. 6d.; best best bars, 7/7. 10s. ; 
packing iron, 5/. 10s. ; iron ship-plates, 6/. 7s. Gd. ; iron 
ship-angles, 61. 15s.; iron ship-rivets, 7/. 3s. 9d.; iron 
boiler plates, 7/. 7s. 6d.; steel bars, 6/. 5s.; steel ship- 
plates, 6/.; steel ship-angles, 5/. 12s, 6d.; steel boiler- 
plates, 7/. ; steel strip, 67. 7s. 6d. ; steel hoo) 61. 10s. ; 
steel joists, 5/. 15s.; cast-iron railway chairs, 3/. 10s.; light 
iron rails, 6/. 10s. ; heavy steel rails, 5/. 5s. ; and steel rail- 
way sleepers, 6/. 10s.—all less 24 per cent., except railway 
material, which is net cash at works ; and iron or steel 
galvanised corrugated sheets, 24 gauge, in bundles, are 
12/. 10s. f.0.b., less 4 per cent. 


Slight Reduction in Cleveland Miners’ Wages.—An ad- 
journed conference between the Cleveland ironstone mine 
owners and the executive of the Cleveland Miners’ Asso- 
ciation was held at Middlesbrough this week, all the 
associated firms being represented. Sir Hugh Bell, Bart., 
presided. At the previous meeting the owners asked the 
men to agree to a reduction of 1.3 per cent. for the ensuing 
three months, and this proposal was laid before the lodges 
of the Miners’ Association. At this week’s meeting the 
men’s delegates expressed the hope that the owners would 
see their way to forego their claim this quarter. On 
behalf of the owners it was pointed out that the amount 
no doubt seemed insignificant, but changes occurred as 
frequently as each three months, and it was not reasonable 
to expect the employers to drop such claims my anny od 
simply on account of their smallness. After a long dis- 
cussion it was agreed that wages be reduced by half of 
1 per cent.—the same reduction as the blast-furnacemen 
recently submitted to.- The Eight Hours Act, which 
comes Into operation on July 1 next, was before the meet- 
ing, and it was agreed to appoint a committee of owners’ 
-_ men’s representatives to consider the proposals of the 
Act. 








Tur InstrTvTIon oF Nava ARcHITECTS : ERRATUM. 
~~ In dealing.withthe discussion on the report of the Tank 
Committee before this Institution we t that a slight 
error occurred in* oursummary:of Mr. E. Wilding’s re- 
marks on page 519ante. The depth at which shoal water 
effect might be expected should’ have been given as 

. (speed)*, this depth being half the length of the deep- 
water wave at the same speed. 





Larcrst STEAMER EVER BuILt oN THE TeRs.—The 
s.s. Vasari, the largest steamer ever -built.on the River 
Tees, left the builder’s-yard on April 22 for her trial trip 
4nd to proceed on her maiden voyage to New York. She 
has been built by Sir Ra: Iton Dixon and Co., Limited, of 
Cleveland Dockyard, Middlesbrough, to the order of 
Messrs. Lamport and Holt, of Liverpool, for the Liver- 
pool, Brazil, and River Plate Steam Navigation Company, 
to carry passengers and cargo from New. York to Buenos 
Aires. This vessel is 502 ft. by 59 ft. 4 in. by 30 ft. 3 in. 
deep, with'a dead-weight carrying capacity of 10,000 tons, 
or & measurement capacity of about 650,000 cubic feet. 
‘he accommodation for 200 firet-class~ passengers is 
»tuated in deck-houses, and for 30 second-class passengers 
in the shelter-deck ‘aft. .The vessel is fitted with quad- 
ruple-expansion engines: by Messrs. Richardsons, West- 
cute, and Co., imited, of Middlesbrough, having 
ry inders 264 in., 374 in.; 58 in., and°77 in. in diameter, 
'y oO in. stroke, with double-ended boilers 15 ft. 3 in. in 
Sancta by 18 ft. 6 in. long, and one 14 ft. by 10 ft. 6 in. 
ong, working at a pressure of 230 Ib, per square inch. 





NOTES FROM THE SOUTH-WEST. 


Cardif.—The steam-coal trade has shown strength in 
all departments. The best large has made 15s, 3d. to 
15s. 6d. per ton, while ordinary qualities have ran; 
between 13s. 6d. and 14s. 9d. per ton. House coal has 
shown a downward tendency, in consequence of the 
advance of the season. The best ordinary qualities have 
made 14s. 6d. to 16s. 6d. per ton; No. 3 Rhondda —— 
has been quoted at 17s. 9d. to 18s. per ton. roo & 
has brought 17s. 6d. to 20s. 6d., and furnace ditto 15s. 6d. 
to 16s. 6d. per ton. As iron ore, Rubio has been 
priced at 15s. 6d. to 15s. 9d. per ton, upon a basis of 50 
ed cent. of iron, and charges, including freight, insurance, 

c., to Cardiff or Newport. 


Langstone Harbour.—The Lords of the Admiralty are 
credited with an intention to turn Langstone Harbour to 
more account, the establishment of a base for torpedo 
craft in that extensive and closed water space being now 
spoken of. The Lords of the Admiralty have recently 

uired the local railway authorities to reconstruct a 
bridge over Post Creek. The bridge when reconstructed 
will be readily opened in the middle, so as to enable 
torpedo-boats and other craft to enter or leave Ports- 
mouth Harbour vid Langstone at any state of the tide. 


Forcign Fuel Contracts.—The Administration of the 
Belgian State Railways has invited tenders for 100,000 
tons of small steam coal and 150,000 tons of patent fuel. 
Deliveries are to be spread over twelve months, com- 
mencing with June. he Administration of the French 
State Railways has also invited tenders for 50,000 tons of 
steam coal. 


The Swansea Valley.—The production of pig at the 
blast-furnaces has been about an average, but’ some of 
the rolling-mills in the steel trade have not been full 
occupied. The tin-plate trade has been pretty well 
seemed, but the outlook is not considered particularly 

right. 


‘Dowlais.—The output of the iron and steel trades has 
been well'maintained. The Goat Mill has been princi- 
pally engaged upon steel rails for India, but a substantial 
Pp ‘oduction of heavy-section rails has also taken place upon 

oms account. .The Big Mill has been engaged upon 
colliery and tram rails of short lengths, angle iron, &c. 








Nancy Exuisition.—The Nancy Exhibition, which is 
to be opened on May 1, is fast nearing completion. It 
will’ be held inthe Parc Ste. Marie, covering an area of 
about 40 acres, in the centre of the new town. Quite 
apart from the exhibition, the Lorraine district is a ver 
interesting one from.the metallurgical point of view ; it 
has numerous salt-mines, and its iron-mines are among 
the richest in France. An annexe is to contain a display 
of dirigible balloons and fiying-machines. The main 
scheme followed in this exhibition has been to centralise 
the industrial and scientific discoveries carried out in the 
district. since 1870. 





PENNSYLVANIA ELEcTRIFICATION.—The Pennsylvania 
Railway Company has announced its intention to electrify 
its 90-mile line: between New York and Philadelphia, and 
property all along the route has risen in value on the 
assumption that town workers will take advantage of the 
rapid transit and live at some distance from their employ- 
ment. The company has placed an order for 100 electric 
locomotives capable of attaining a speed of 120 miles per 
hour. Two hours are now occupied by a journey from 
one city to the other, as the run includes at present a 
ferry trip across the Hudson ; but the company is boring 
a tunnel under the great river, and the electric trains 
will overcome the distance in about an hour. 


PrrsonaL.—Mr. Hooghwinkel, M.I.M.E., M.I.E.E., 
24, Martin’s-lane, Cannon-street, E.C., has opened an office 
at Prudential Assurance Buildi 20, Park-row, Leeds, 
and taken into _ . Francis Thursfield, 
M. Inst. C.E., M.I.E.E., formerly electrical engineer to 
the Burnley and Chester Corporations, and lately of Messrs. 
Preece and Cardew, Westminster, London. r. Thurs- 
field will take charge of the Leeds office, and the firm will 
continue Mr. Hooghwinkel’s present practice.— Messrs. 
Davidson and Co., Limited, of Belfast, have recently re- 
ceived orders for two 60-in. “‘Sirocco” induced-draught fans 
for the Radcliffe Power Station of the Lancashire Electric 
Power Company ; also for two induced-draught fans, 55 in. 
in diameter, for the Randfontein Estates and Gold-Mining 
Company.—Messrs. Dow and Wilson have removed to 
larger offices at 32, Fenchurch-street, E.C.—Mr. A. R. 
Galbraith, who has filled the office of district surveyor 
under the Corporation of Portsmouth for the past twelve 
years, has just arrived at Zanzibar, East Africa, and com- 
menced hisduties in connection with the office of director of 
public works for that country, having been appointed to 
that post by the Foreign Office in London.—Mr. Walter 
Dixon, electric power and lighting engineer, has taken into 
partnership Mr. Frank Anslow, who has for the past nine 
years been associated with him in business. The firm 

essrs. Walter Dixon and Co. have taken mou and more 
convenient . premises at 38, Bath-street (old . Technical 
College), Glasgow.—Messrs. Brown Brothers, Limited, 
22 to 34, Great Eastern-street, E.C., have taken over the 
a of the Union Drawn Steel Cengenz, Beaver Falls, 
Pa., U.S.A., from the South British Trading Company, 
and have large stocks of Union bright cold-drawn steel, 
largely used for shafting and engineering purposes.—In 
view of the t demand which arisen for hydraulic 
turbine machinery, Messrs..W. H. Allen, Son, and Co., 
Limited, Bedfora. have come to an arrangement with 
Messrs. Piccard, Pictet, and Co., Geneva, to manufacture 
water-turbines of large size to their designs, 





MISCELLANEA. 


Tre Technical High School at Stuttgart is endowing 
two chairs for aeronautics and automobiles. Leetures on 
these subjects are to commence next autumn. It will be 
remembered that Manzell, near Friedrichshafen, where 
Count Zeppelin has fitted up his floating airship station, 
is situa’ on the Lake of tance, in the Kingdom of 
Wiirttemberg, of which Stuttgart is the capital. 


The work of making the Rio Pilcomayo navigable is 
being proceeded with, and will materially help to facilitate 
the commercial intercourse between the Argentine.and 
Bolivia. The River Pilcomayo has its source in Bolivia, 
and first enters the Lake Chaja, which is connected with 
Lake Colorado.. From Salto Palmares the river, for a 
distance of some 250 miles, forms the boundary between 
the Argentine and P y, until, a few miles below 
Asuncion, it joins the River Pa ay. This latter section 
of the river is always navigable, but with due regulation, 
especially of the natural canal‘which connects the Upper 
Pilcomayo, Lake Chaja, and Salta Palmares, a distance of 
some 50 miles, a navigable waterway high up the Upper 
Pilcomayo will be established. 


Some particulars just published with reference to the 
respective numberof warships built at the Government 
dookgabis and at private yards are of interest. During 
the eleven financial years 1898-1908 the German Parlia- 
ment voted money for the building of 24 battleships, 10 
armoured cruisers, 26 smaller cruisers, 6 gunboats, ar 
84 torpedo vessels, altogether 150 warshi with a dis- 


placement varying from 400 to 20,000 tons. ese vessels 
were built as under :— 
Government Private 
Dockyards. Yards, 
Battleshi 5 19 
Armou cruisers q 6 
Smaller cruisers. . 8 18 
Gunboats . oe 3 3 
Torpedo-boats .. 0 84 
20 130 





Tue InsTITUTION OF MECHANICAL ENGINEERS.—The 
annual dinner of the Institution of Mechanica] Engineers 
was held at the Hotel Cecil on Thursday, the 22nd inst., 
the chair being occupied" by the’ President, Mr. J. A. F. 
Aspinall. - Am t the. guests were Lord Strathcona, 
Lord Stalbridge, Sir Archibald Geikie, Sir F. Harrison, 
Sir W. H. White, and Mr. J. C. Inglis, President of the 
Institution of Civil Engineers, who pro the tonst of 
the evening, which was replied_to by Mr. Aspinall, who 
took the opportunity to express his views upon the best 


Y |training for young engineers, and laid stress upon the 


prime importance of ample practical training in the work- 
shop during the earlier years. 





Tue Institution oF Crvt. ENGingers: STupEnts’ 
Mertine.—At the Students’ Meeting on Friday, pass 23, 
a paper on “‘ The Development of Hydro-Electric Power 
Schemes, with Special Reference to Works at Kimloch- 
leven,” was‘read by Mr. J. M. 8. Culbertson, Stud. Inst. 
C.E., Colonel Crompton, C.B., M. Inst. C.E., in the 
chair. The author having described the steps taken by 
foreign Governments to develop and preserve their water- 
power, went on to describe the construction of the works 
at Kinlochleven. Messrs. T. Schneider, 8S. Ingram, 
G. Lacey, and D. G. French took part in the discussion. 
After the meeting the chairman'announced that the fol- 
lowing gentlemen had been elected to form the London 
Students’ Committee for the year 1909-10 :—Messrs. C. 
Chubb, B.A. ; G. ss Se. ; E.G. L. Lovegrove ; 
R. P. Mears, B.A.; R. F. B.’Gaudin, B.Sc. ; T. B. Hart, 
B.A., B.A.L. ; H. ©. A: Thieme, B.Sc. ; E. F. Chappell ; 
and M. W. Pretyman. 


ALTERNATING-CURRENT SuURGINGS: PRIZE COMPETITION. 
—The Oesterreichische I jeur und Architekten Verein 
invite essays on the problem, How can we protect our- 
selves — the higher harmonics of current and electro- 
motive-force waves which occur permanently or for short 
periods in alternating-current sypply systems, or how can 
these phenomena be suppressed ! “The essay is to com- 

ise a concise theory of alternating currents ; a theory of 
ree oscillations in open or closed circuits ; a study of the 
influence of the u harmonics on the parallelism of 
alternators and on the synchronous stability of motors and 
converters; a study of the disturbances caused by the 
alternating currents in other lines; and other points. 
Experiments by the author do not appear to be demanded. 
Diplomas and prizes of 3000, 1000, and 500 kronen (about 
the value of, a franc) are offered. The essays should be 
sent, before November, 1910, to the office of the Verein, 
Wien I., Eschenbachgasse 9, AuStria. 


ATLANTIC TRaNspoRT Liner “ MinnewAsKA.”—This 
steamer,’ bujlt by Messrs. Hatland and Wolff, Limited, 
Belfast, for the Atlantic Transport Company’s service be- 
tween London and New York, starts on her maiden voyage 
from London to New York’on Saturday, May 1. She is 
| intended to carry first-class passengers only, and is a twin- 
| Screw steamer 615 ft. 3 in. long by 65 ft. 34 in. beam, with 
|@ gross tonnage of about 14,500 tons and accommodation 
| for 326 first-class passengers. The’ ship is divided by 
| bulkheads into eleven watertight compartments, and has 
eight steel decks, six of them~plated throughout. The 
double bottom extends right fore and aft, and under the 
engines the structure has been specially stren . 
Completing the —l for the safety of the vessel, 
the Minnewaska is fitted with a submarine signalling 
apparatus and with the latest arrangements for wireless 
telegraphy. The refrigerated chambers and store-rooms 
are of large capacity, and there are also refrigerated 
spaces for cargo. 
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NOTICES OF MEETINGS. 


Tue Soctety or ENGIngERS.—Monday, May 38, at the Royal United 
Service Institution, Whitehall. The paper to be read is entitled 
“The Influence of Rainfall on the Design of Sewers,” by Mr. C. A. 
Battiscombe. The chair will be occupied at 7.30 p.m. precisely. 

Tue Royat Socrery or Arts.—Monday, May 3, at 8p.m. Cantor 
lecture.—‘“ Aerial Flight,” by Mr. F. W. Lanchester. (Lecture II.) 
Wednesday, May 5, at 8 p.m. “ lish Furniture Design and 
Construction,” by Mr. Percy A. Wells. - Sir George Birdwood, 
K.C.LE., C.8.1., M.D., LLD., will preside. 

Tur Socrery or CHEemicaAL InpustRY : Lonpon Secrion.—Mon- 
day, May 3, at 8 p.m., at the Chemical Society’s Rooms, Bur- 
lington House, Piccadilly. The following papers will be read and 
discussed :—(1) “ Vulcanisation Tests in Plantation Rubbers,” by 
Mr. Clayton Beadle and Mr. H. P. Stevens, Ph.D. (2) “ The 
Indian Magnesite Industry,” by Mr. H. H. Dains. (3) “ A New 
Steam Meter,” by Mr. A.Girtler. (4) ‘‘ A New Refractometer,” by 
Mr. J. Lewkowitsch. 

Tue Instrrution oF ELsecrricaL erg ae tbor gy = ~ 6, 
at 8 p.m., at the Royal Society of Arts, John-street, Adelphi ©. 
Pg Theory and Application of Motor Converters,” by 

allo. 

CIVIL AND MecHanicaL Enoineers’ Socrery.—Thursday, May 6, 
at 8 p.m., at the Caxton Hall, Westminster, 8S.W., when a paper 
will be read on ‘‘ The Past, Present, and Future of the Organisa- 
tion of the Engineering Profession,” by Mr. R. O. Wynne Roberts, 
M. Inst. C.E. 

Tue Rovau Instirvtion or Great Brrrain.—Friday, May 7, at 
9 p.m. On “The Campaign against Malaria,” by Major Ronald 
Ross, C.B., LL. D., D.Se., F.R.S., F.R.C.S. Afternoon lectures next 
week at 3 o’clock.—Tuesday, "May 4. On ‘ Cosmogonical _ 
tions,” by Professor Svante Arrhenius, D.Sc., Hon. F.C.S., Hon. 
Mem. R.L (Lecture I.) (The Tyndall Lectures.)}—Thursday, 
May 6. On “‘ Aspects of — #sthetics—(3) Art and Ethics,” 
by Mr. James Paterson, A.R.S.A., R.W.S.—Saturday, May 8. 

(1) “‘ Edmund Burke,” by Professor Walter Raleigh, M.A. 

Tue Rovat Sanrrary Instirvure.—Saturday, May 8, at 11 a.m., 
at the Medical Theatre, The University, Birmingham. A discus- 
sion will take place on “ Tuberculosis and the Milk — The 
discussion will be opened by Mr. J. Malcolm, F.R.C.V.8., Vete- 
rinary Superintendent, Birmingham Corporation. 

THe JuNIoR INSTITUTION OF GINEERS.—Saturday, May 8, at 
3p.m. Visit Honor Oak Reservoir of the Metropolitan Water 
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THE NEW MIDSHIPMAN. 


In his statement explanatory of the Navy pro- 
gramme, the First Lord of the Admiralty intimated 
that a circular-letter had been issued to the Fleet 
defining clearly the principles governing the train- 
ing and instruction of the ‘‘ new scheme ” midship- 
man, and laying down detail instructions for 
carrying, out that training during the three years 
the midshipman will serve afloat. A study of this 
circular-letter does not dispel the doubts which 
engineers have entertained regarding the efficiency 
of the new system of training, so far as it affects the 
future management of machinery on board ship. 
The scheme is sound so far as it is concerned with 
the general training of officers without distinction ; 
the curricula and subjects of examination have been 
prepared with great care. But no one can study 
the details without realising that what is lacking is 
provision for that practical experience which can 
only come with direct contact with problems and 
matériel. 

The Osborne course need not be dealt with here. 
It follows generally the lines-of the leading educa- 
tional institutions which aim at affording a liberal 
education to the earnest and studious youth, and 
the authorities have very properly determined that 
during this course at Osborne, as well as that at 
Dartmouth, there shall be no specialisation. The 
scheme, the First Lord points out, is being carried 
out satisfactorily, the aly slight modification made 


509 rae bag a greater number of cadets are required 
to ta 


e up the study of German as well as French, 
so that a Suaer number of officers will be grounded 
in the former tongue, in order that the supply of 
interpreters in German shall be increased. As is 
known, the cadet spends four years and eight 
months in the colleges and on board the training 
cruisers, and at the end of this period the cadet 
becomes a midshipman, and will undergo a three 
years’ training afloat, in order to provide ‘‘suffi- 
ciently for his thorough knowledge of the practical 
work of his profession.” He thus avoids the neces- 
sity for the present courses in gunnery, torpedo, 
rior to the examination in these 
subjects for the rank of lieutenant. The duties 
of the new naval instructors appointed to shi 

carrying the ‘‘new scheme” midshipmen will 

generally as follows :—To superintend the observa- 
tions and the working out of the ship’s position 
every day at sea by those midshipmen who are not 
attached to the navigating officer; to assist the 
specialist officers with the theoretical instruction of 





the midshipmen in the various professional sub- 
jects; to encourage voluntary study, and to help the 
midshipmen who wish to keep up and improve their 
educational acquirements; to assist any commis- 
sioned officers who desire to work up for specialisa- 
tion. During the three years’ course annual exami- 
nations will be held, the papers being sent down 
from the Admiralty relating to all the subjects of 
the compulsory parts of the examination for lieu- 
tenant. The examinations will be framed to test 
the experience gained in the practical side of pro- 
fessional work ; but special advantages will be 
offered to those who also take up the theoretical side. 

It is with the provision for acquiring practical 
experience that we see possibilities of. failure. 


*| During the three years’ service at sea the midship- 


man will work with the executive officer for training 
in officer’s duty and seamanship, and with the 
specialised officers for training and instruction in 
gunnery, torpedo, navigation and pilotage, and in 
engineering. The apportionment of the time to be 
allotted to each subject is to be left for the present 
with the commanding officer, but ‘‘ about one- 
third of the whole time is to be spent with the engi- 
neer officer.” Again, the periods of instruction in 


on | Cach subject ‘‘ are to be arranged so that the time 


devoted to any particular branch shall not be so 
long as to entail any risk tothe midshipman getting 
out of touch with other branches of their. profes- 
sional work.” This last proviso is, in itself, an ad- 
mission of the weakness of the scheme. It may be 
taken that the three years’ course is analogous to 
works apprenticeship following upon a_ liberal 
education, and it would seem as if the Admiralty, 
although responsible for the drafting of the system, 
failed to recognise the extreme danger of the ap- 
prentice attempting too much within a_ limited 
period. We are prepared to admit that every 
effort will be made to utilise the time available to 
the fullest advantage. It is laid down that officers, 
and not seamen instructors, are to be employed, 
that the midshipman is not to be asked to do any 
ship’s clerical work, and that every opportunity is 
to be given for studying the work done under the 
best guidance. We have no fault to find with the 
arrangement in so far as it affects the purely mili- 
tary officer—or, indeed, the navigating ofticer—and 
it is conceivable that a sufficient knowledge may 
be gained of gunnery and torpedo work. But there 
is still room for doubt as respects these two latter, 
in view especially of the multiplication of mechani- 
cal details of extreme delicacy, and the rapid de- 
velopment in these branches of applied science. As 
regards engineering, we are satisfied that one year’s 
practical experience is absolutely inadequate, espe- 
cially as the indications point to the work being 
largely observational. 

e midshipman, for instance, is during this 
period expected to become closely acquainted with 
the practical work of the engineering department, 
‘*learning the methods and practice adopted in har- 
bour for the care and maintenance of machinery, 
as required to keep it in good order ; and aequirin 
the mg ing and experience under way which wil 
enable him, by the time he comes up for examina- 
tion, to take the duty of engineer officer of the 
watch.” He is to ‘‘see” such repair work as is 
going on in any department and take part in the 
examination of the hull and machinery. He is also 
to take advantage of such opportunities as present 
themselves of ‘‘ seeing” engineering operations in 
the dockyards. He is to keep a note-book with 
descriptions and detailed sketches of parts of machi- 
nery, &c., and with accounts of any repairs he may 
‘* witness,” and the reasons for the repairs. An 
examination of this book is to be included in the 
final test: for lieutenancy, 

A serious deficiency in the scheme, as enunciated 
by these extracts from the circular-letter, is the 
i Ahn of practice. Assuming that.a number of 
the midshipmen will anticipate the ultimate choice 
of engineering as their speciality in later years, and 
will early apply themselves with diligence and deter- 
mination to acquire the fullest knowledge and ex- 
perience, the period is too short and the method too 
nebulous. One might as well expect the medical 
student to become an adept in surgery by a close 
observance of such masters as Treves or Horsley ; 
it will be universally admitted that a thousand 
years of such observation would fail to give the 
student that intimate knowledge, courage, and deft- 
ness which alone come with practice. Similarly, 
the embryo physician in attendance at a hospital 
can never acquire intimate oe of the 
ailments of the human organism without being 
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permitted to diagnose cases even under the eye 
of his teacher. The mechanism of a ship is 
recognised as parallel to the organism of the 
human body ; its intricacies are as great, and its 
seg ailments as numerous, and the engineer 
1as not the same advantage as the doctor of a 
personal interview with the patient. 


| 


The public would look askance at any attempt | 


on the part of shipowners or the Board of Trade to 
grant a watchkeeping certificate to anyone, how- 
ever liberal his preliminary education, who had 
spent only one year watching others driving and 
repairing the machinery of a merchant ship. The 
entrusting of the machinery of a vessel, even of 
the cargo type, to such a one would be courting 
disaster, and would almost result in a charge of 
culpable negligence. In the merchant service an 
6 ae goa 4 to engineering is regarded as an 
essential preliminary to sea experience, and this 
latter must be extensive before a certificate is 
granted, or before responsible owners of a passenger 
ship would entrust the duties of watchkeeping. In 
the Navy, on the other hand, the preliminary train- 
ing, however satisfactory, is not specialised ; yet 
the Admiralty regard it as possible that one year’s 
observational experience suftices to justify them in 
granting a votchinotion certificate. In the mer- 
chant service life is at stake; in the naval service 
the national safety may be jeopardised. 

In measuring the time necessary to gain experi- 
ence, it must be remembered, too, that in the 
Navy, to a far greater extent than in the merchant 
service, the engineer must keep pace with contem- 
porary knowledge; the same, indeed, applies to the 
gunnery and torpedo student. Consequently, the 
acquisition of knowledge of what is going on on 
board ship is not sufficient training. Attention 
must at the same time be devoted to contemporary 
developments. No doubt, following upon special- 
isation, the lieutenant would be required to make 
a study of such developments; but, as_ shall 
presently be pointed out, the age at which speciali- 
sation takes place is somewhat beyond the period 
of enthusiasm in the acquisition of knowledge, 
especially if one has been forced into a profession 
instead of voluntarily choosing it as a consequence 
of personal predilection. 

After the three years’ sea training, during which 
the commanding officer, in apportioning the time 
for training in the various fs <r plays with the 
midshipman the game of battledore and shuttle- 
cock, the young man is required to sit for final 
examination to qualify for the rank of lieutenant. 
This examination will consist of six parts ; five— 
seamanship, navigation and pilotage, engineering, 
gunnery, and torpedo—being compulsory. Two 
voluntary subjects must be taken, the list including 
practical mathematics, mechanics and heat, elec- 
tricity, advanced French or German, another foreign 
language, and naval history. A first-class in any 
of the six parts, two voluntary subjects being one, 
will count two marks, and a second-class one mark. 
Should the midshipman get all twelve marks, he will 
only require to serve nine months more as a sub- 
lieutenant before reaching the rank of lieutenant. 
The period of additional service increases with 
decreased marks. If five marks are not secured, 
the officer will be sent to sea, and must present him- 
self on the next occasion for examination in the 
subject or subjects in which he has failed, losing two 
months’ time in respect of each ‘subject in which he 
has failed. A second failure will entail the liability 
of removal from the Service. The engineering part 
of the examination is to be carried out by officers 
nominated by the Commander-in-Chief at Ports- 
mouth, after communication with the Enginecr-in- 
Chief and the Director of Naval Education. No 
exception can be taken to the machinery for exami- 
nation: all depends on the test; and here also 
it must be admitted that the scope of the curricu- 
lum in engineering is comprehensive. 

The minimum time of training afloat for the rank 
of lieutenant is thus three years and nine months, 
the maximum being about five years. But of the 
second period of from nine months to two years, 
one-half must be spent as an officer of the watch on 
deck. The proportion of time to be spent in the 
engine-room is not stated. After becoming a licu- 
tenant, ofticers will be selected to specialise in one 
or other of the various branches of gunnery, torpedo, 
navigation, or engineering, and will attend a course 
of two terms (approximately six months) at the 
Royal Naval College, Greenwich. ‘‘ This course of 


instruction will comprise such studies as will fit 
the officers to prepare for the practical courses of 





specialisation.” There is no indication as to whether | 
the Admiralty will themselves select or give option 
to the officers to choose which department of the 
Service they will enter. 

It is significant that before requiring to specialise 
the lieutenant has become twenty-one or twenty- | 
two years of age, and up to that point his train- 
ing has been so varied that it will be difficult 
for him to cultivate an enthusiasm for any one 
department. Under the old conditions the engi- 
neer student was brought into direct contact with 
constructional engineering, repairing engineering, 
and with the management of machinery on board 
ship from his entry into the Service as a lad. 
He grew with and became almost part of his pro- | 
fession, acquiring much resourcefulness in dealing 
with every possible contingency on board ship, | 
and developing a courage which is of incalculable | 
benefit to the engineer in dangerous emergencies, | 
‘* Specialisation” is a watchword of progress, and | 
anyone who attempts a general erm and prac- 
tice of everything to the neglect of a ful 


knowledge | 
of something, whether he be scientist, chemist, | 
surgeon, or engineer, cannot hope to advance in| 
his profession or to serve his generation, however | 
estimable he may appear as a universal exponent | 
of surface knowledge, or as a provider of articles 
invented or discovered by others. 

It seems absurd to require the young man who 
intends to become an engineer to waste his time in 
mastering minute details of rigging, boat-landing, 
navigation, signalling, or, indeed, ancient naval 
history. These should be more or less voluntary; 
they may be desirable in the interests of relaxation. 
But as soon as a liberal education is completed— 
such an education as is no doubt afforded at Osborne 
and Dartmouth—the youth ought to be encouraged 
or required to specialise before he loses the first sharp 
edge of the desires of ambition. These are but 
truisms, and when one recalls them it seems the 
more surprising why the radical changes embodied 
in the or should be brought into a branch of 
the Service which has always been exemplary in 
its efficiency. Moreover, the requirements of engi- 
neering are becoming more and more exacting. The 
intricacies are increasing, the extent of special 
knowledge is being intensified, and, consequently, 
the preparation for practical work requires longer 
time, greater enthusiasm, and more continuous con- 
centration.. Unless modification is made at an 
early date as the result of experience, there is grave 
danger that the practical work of engineering on 
board ship will devolve upon the mechanics and 
artificers, and recent developments do not justify 
faith in their possession of such knowledge of ther- 
modynamics or mechanicsas is necessary toensurethe 
efliciency of the propelling machinery on board ship, 
and this—it is not necessary to enforce—involves 
the efficiency of the naval defence of the country. 








COMBINATION OF RECIPROCATING 
AND TURBINE MARINE MACHINERY. 

THE new White Star liner Laurentic, which left 
on her first voyage to Canada on Thursday of this 
week, is of special interest as the first Atlantic liner 
fitted with a combination of reciprocating and 
turbine machinery. She is notable also from other 
points of view: she inaugurates the White Star 
service to the Dominion, and, in view of the great 
potentialities of our Western Colony, and of the 
repute of the White Star Company, there can be no 
question as to the advantage and success of this 
additional Empire line. he Laurentic, too, is 
larger than any other ship in the Canadian ser- 
vice ; her length is 565 ft. 6 in. over all; beam, 
67 ft. 3 in.; and depth, moulded, 45 ft. 6 in.; the 
registered tonnage being about 15,000 tons, and 
the displacement at service draught about 20,000 
tons. Everything has been done to ensure the 
safety and comfort of the 260 first-class, 430 second, 





and 1000 third-class passengers to be carried ; the 
decorations are in good taste, the wood, mostly | 
oak, being finished in its natural colour, and special 
care has been exercised in the selection of fine- | 
grained panels and pilasters. The state-rooms are | 
in white enamel ; and one feature in these, as in| 
the public rooms, is the adequacy of ventilation by | 
electrically-driven fans- 

But, from the scientific point of view, interest | 
centres in the machinery. The White Star Line} 
have ever been noted for their enterprise, and have 
found in Messrs.’ Harland and Wolff, of Belfast, 
able and willing coadjutors in the introduction of 
improvements and invention. It is not necessary 





now to recall the great departures in marine con- 
struction which were originated by the late Sir 
Edward Harland and the late Mr. T. H. Ismay in 
the early and succeeding White Star liners, and it 
is gratifying to have the further evidence afforded 
by the Laurentic of the maintenance of traditional 
progress by their successors, Lord Pirrie and Mr, 
J. Bruce Ismay. The Laurentic has as sister-ship 
the Megantic, differing only in the machinery, and 
thus there will soon be available accurate compara- 
tive data of the performances of the two different 
types of machinery. As is well known, the idea of 
the combination is to utilise in the turbine the 
remaining heat energy in the exhaust steam from 
reciprocating engines, which, as a rule, is not less 
than 10 1b. pressure absolute. With the Parsons 
steam-turbine it is possible to expand this low- 
pressure steam to a ea absolute pressure corres- 
panne to the highest vacuum obtainable in tur- 

ine practice. While it is too early to speak with 
confidence as to the measure of economy obtain- 
able under service conditions in the Laurentic, the 
tnt pe trials, although short in duration, gave 
results which confirm those achieved in two other 
vessels having the same combination of machinery— 
the New Zealand liner Otaki,* built by Messrs. 
Denny, of Dumbarton, and the yacht Emerald, 
engined by the Parsons Company. The water 
consumption for the main engines was appreciably 
under 13 lb. per horse-power per hour, while in 
Atlantic liners with triple-expansion engines the 
rate is rarely under 16 1b. With arate of evapo- 
ration in the boilers of 8 lb. per pound of Welsh 
coal, or slightly less with the more largely used 
Yorkshire coal, the financial gain is considerable, 
for not only is the coal bill reduced, but the in- 
crease in cargo capacity, due to smaller boilers and 
bunkers, is also a consideration in the balance- 
sheet. It is true that the weight of engines and 
0m occupied are greater when the turbine sup- 
plements reciprocating engines ; but the reduction 
in steam consumption justifies less boiler power, 
and thus on a balance the weight may be about 
the same. Moreover, the system is specially appli- 
cable to vessels of less than 18 knots speed, in which 
neither weight nor space is of such importance as 
in high-speed ships. The question is primarily 
one of economy. 

We are indebted to Mr. Ismay for special per- 
mission to inspect the machinery of the Laurentic ; 
the result of our observations must be pronounced 
in terms complimentary to the designers. As to 
the boilers,. there are in both the Megantic and 
the Laurentic six double-ended steam-generators 
for a working pressure of 215 lb. The propor- 
tions of the boilers are the same in each ship, the 
allowance in heating surface being, in accordance 
with the White Star practice, about 2} square feet 
per horse-power, while the ratio of heating sur- 
face to grate area is 37 or 38 to 1. With the 
higher steam efficiency of the combination system 
of machinery, a reduction on these proportions will 
be justified, and it is probable that with experience 
the design of boilers will be so modified as to com- 
pensate for any increase in weight in the engine- 
room. In making the experiment with these two 
Canadian liners the builders and owners have acted 
with their characteristic prudence, as the experience 
gained will enable them toso proportion the machi- 
nery in the two immense White Star liners now 
being built at Belfast as to ensure the best results. 
These vessels are to be of about 45,000 tons gross 
register, with machinery of nearly 50,000 horse- 
power to givea speed of 21 knots, so that the appli- 
cation of machinery of the combination type may 
result in a considerable total saving in consumption. 

The machinery of the Megantic, the twin-screw 
ship, is of a quadruple-expansion type, the cy- 
linders being 29 in., 414 in., 6lin., and 87 in. 
in diameter respectively, with a stroke of 60 in.— 
proportions which will give a very satisfactory range 
of expansion. In the Laurentic the reciprocating 
engines are of the triple-expansion type, with four 
cylinders to ensure perfect balancing. The cylin- 
ders in this case are 30 jn., 46 in., 53 in., and 53 in. 
in diameter respectively, with a stroke of 54 in. 
The general design follows Messrs. Harland and 
Wolff's practice, with single columns, which give 
an open engine. In the Megantic, however, 
the condensers form part of the framing, and 
the air and circulating-pumps are placed con- 
tiguous to the condenser. In the Laurentic the 
condensers are of necessity independent. In this 





* See ENGINEERING, vol. Ixxxyi., page 664, 
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latter ship the engines are at a 


greater distance | the alley-ways or decks for passengers. 


With 


apart than in the Megantic, to suit the three-pro-| other features of the ship we shall, we hope, be 


peller arrangements. 


The low-pressure turbine of | able to deal later, when further information is 


Parsons’ latest turbine type is in the centre of the | available as to the ocean performance of this in- 
ship, and abaft the main engines, with one con- | teresting vessel and her consort. 


denser on each side, while the auxiliary machinery 
is arranged in the wings. 
principal difference in the disposition of the machi- 
nery in the two ships is that in the Megantic the 
electric generators—three sets of Allen’s machines, 


We understand that the | 


| 








THE QUEENSLAND RAILWAYS’ 
REPORT. 


THE annual statement concerning the working of 


of 750 amperes at 100 volts—are placed where the the State-owned railways in Queensland is one of 


turbine is accommodated in the Laurentic, while in 
the latter ship the electric generators take the 


place of a small coal-bunker at the forward end on | 


the port side of the engine-room. The centre shaft 
also encroaches on the cargo space available abaft 
the machinery-rooin in the Megantic. 

Confining ourselves now to the result of observa- 
tions on the Laurentic, we may note that the ex- 
haust-pipes from the two low-pressure cylinders, 
which are at the extreme ends of each engine, 
are led, with the usual expansion, or bellows, joint, 
to the forward end of the turbine. On each pipe 
there is a double-beat valve, operated each by 
a separate high-pressure engine secured to the after 
bulkhead in the engine-room, and controlled by 
levers at the reciprocating engine starting - plat- 
forms. These engines and valves can be worked 
independently, but are normally connected, and 
work simultaneously. The turbine will be thrown 
out of action for all manceuvring : in other words, 
when the telegraph indicates ‘‘Stand by.” The 
double-beat valve will then pass steam to the con- 
denser, and the ship will manceuvre as a twin-screw 
steamer. The benefit in having independent 
valves is, that should one of the engines break 
down, two propellers will be available for driving the 
ship, one rotated by the reciprocating engine in ser- 
vice and the other by the turbine. There is thus the 
advantage that with one engine out of use two-thirds 
of the total power would be available instead of one- 
half, as in an ordinary twin-screw ship, so that the 
reduction in speed would be considerably less. 

The trial-trip results showed the possibility of 
this maintenance of high power with one engine out 
of service, as the low-pressure turbine developed 
4600 shaft horse-power out of a total of 12,400 horse- 
power, the exhaust pressure from the reciprocating 
engine, and therefore the initial pressure in the 
turbine, being about 18 lb. absolute. The speed 
obtained exceeded the 16 knots anticipated by the 
design. The main engines were designed to run 
under these conditions at about 83 revolutions, 
while the turbine made 220 revolutions. 

The turbine, as we have already indicated, ac- 
corded with Parsons’ latest practice, and gives 28- 
shaft horse-power per ton. The thrust-bearing is 
at the forward end, with the forward main bearings 
between this thrust and the rotor, and the after 
hearing abaft the rotor. The blading is arranged 
for six expansions, the lengths being from 6 in. to 
about 10 in., while the average clearance is 
about one-tenth of an inch. There is the usual 
arrangement for adjustments, and the bearings are 
lubricated by gravity with two stand-by oil-pumps. 
The shaft-bearings have also water circulating round 
them. In order to obviate any matter passing over 
with the steam to the turbines, strainers have been 
fitted in the steam-pipe between the reciprocating 
engines and turbine ; provision is made for lower- 
ing these strainers for examination and cleansing. 

As to the auxiliary machinery aboard the ship, 
it is of a most comprehensive type. Weir's 
independent air-pump and Harland and Wolff's 
circulating pumps are fitted for each condenser, 
and Weir's Monotype air-pump and Harland and 
Wolff's centrifugal pump for the auxiliary con- 
denser, with the usual hot-well pumps, filters, feed- 
heaters, and feed-pumps. The hot water for the 
baths is got from the condenser, and, like the fresh 
water, is pumped to supply-tanks on the boat-deck, 
to gravitate to all parts of the ship. The bilge, 
“tnitary, and other pumps are all of high capacity, 
and, with the main feed and hot-well pumps, are 
accommodated in the engine-room. Reserve pumps, 
however, are placed in a forward compartment so 
as to be available for their duty should the main 
engine-room be flooded. Here also are Hall’s CO, 
retrigerating installations for the holds and for 
eight independent rooms for storing ship’s pro- 
visions, the latter being exceptionally extensive. 
The refrigerating pipes, ballast-pipes, winch steam- 


leads, and other such communications are in a 
tunnel over the ballast-tanks, so that they are 
always open for examination, and do not obstruct 





those unfortunate documents which — stop short 
of the actual point on which we should like to have 
some information. A very brief statement is given 


| of the public debt on the railways, but no details 


are set forth, neither is a word mentioned of the 
amount of interest due on the capital thus raised 
by loan. The fact that revenue exceeded working ex- 
penses in 1908 by an amount equivalent to 3.97 per 
cent. on the capital of 22,575,6031. conveys but little 
information, especially when it is remembered that 
many of the Queensland loans have been raised at 
very high rates. This system of presenting accounts 
is, however, typical of certain other of the Austral- 
asian States, and is apparently designed to foster 
the opinion that large sums are annually derived 
from the railways for the benefit of the State ex- 
chequer. The net balance on the sum of 897,1451., 
after payment of the interest due on capital account, 
would be unpleasantly small, perhaps, and so, to 
keep up appearances, results are veiled in this 
careful manner. 

But if the yearly results of the Quéensland 
railways are thus obscured, their actual financial 
ego is absolutely lost to view. No profit-and- 
oss account is, in this instance, attempted, so that 
their exact standing is impossible to determine, 
especially in view of the facts that no rates of interest 
due on loans are recorded. A surmise only is pos- 
sible on this matter, as we have not the requisite 
information on which to base calculations; but some 
rough idea of the position may be gleaned from the 
fact that in three years only, out of some forty- 
three, has the revenue exceeded the working ex- 
penses by an amount equal to4 per cent. on capital, 
and in other eight only has the figure of 3 per cent. 
been exceeded. In fact, as a guess, we might say 
that it is possible, but not altogether probable, that 
there has been a net balance after payment of 
interest charges in perhaps four years at the most. 
The deficits have gradually mounted up, but 
nobody seems to know to how much they actually 
amount, official accounts being silent. Estimates 
made have placed the figure at something like 
10 millions sterling, but these cannot pretend to 
any great accuracy. 

hy the actual state of affairs should not be 
—_ faced, it is somewhat difficult to perceive. 
here have in the past been very good reasons for 
the poor results of the railways. Circumstances 
have been altogether against them in some in- 
stances, and though unsuitable methods may have 
made bad worse, the peculiar conditions of the 
new country rendered loss on working in early 
years the only natural consequence of any railway 
building at all. Then, during development, and even 
at the present day, lines are pushed out into dis- 
tricts with the object of opening up the country and 
in the hope of ultimately securing adequate return 
for the capital expenditure involved, but with the 
absolute certainty that for some years ahead losses 
on working can be the only possible result. A well- 
weighed policy of this kind is by no means repre- 
hensible in such countries as these, and many of 
the more successful lines have grown to their present 
position from branches of a more or less pioneering 
character, working at a loss. More information 
on these points would form interesting and valuable 
additions to the Queensland Railways’ report, and 
would also clear away some not altogether pleasant 
impressions conveyed by present methods. Itwould, 
moreover, be much more pleasant matter for study 
than the eight-and-a-half pagesdevoted to lists of con- 
tracts entered into within the State, or the twenty- 
eight pages in the 1908 report devoted to a list of 
men engaged for, or removed from, the service of 
the railways in the twelve months. The report is 
a good example of the exaggerated concern often 
attaching to little things, and the disregard for 
matters of greater importance often shown where 
popular couleet is unfettered by traditions and past 
customs. Here, for example, in the Queensland 
report a statement must be made of every cleaner 
removed from the pay-roll, and of every lad taken 
on at 1s. per day, but as to whether the net results 








of the year’s working were suflicient to cover the 
interest charges due not one word is vouchsafed. 

The gross earnings for the year 1907-8 amounted 
to 1,950,8811., an increase of about 6.2 per cent. on 
the previous year, the train-mileage having in- 
creased in the same period by 7.05 percent. The 
lower return was partly due to reductions in rates 
and fares, estimated to be of an annual value to the 
railways of 100,0001. In the twelve months 1907-8 
the working expenditure increased 15.45 per cent. to 
1,053,736l. This is a large increase over that due 
directly to the increased train-mileage, and is due to 
several causes. First and foremost is put the increase 
inmaintenance of way, which has risen to 921. 15s. 10d. 
per mile maintained in 1907-8, from 841. 10s. 5d. in 
the previous year. Both these figures are extremely 
low, of course, and an increase is not surprising. 
In fact, in view of the extraordinarily small margin 
on which many of the recent lines in the State 
have been built, some of them costing only 19311. 
and 19461. per mile for construction, a substantial 
rise in these figures would only be expected. The 
next item mentioned as one of the chief causes of 
additional expenditure is the inauguration of an 
eight-hour day. This change, completed in October, 
1907, is said to be greatly appreciated by the men. 
It has, however, proved costly to the railways ; and, 
what with the employment of additional hands and 
the payment of overtime beyond the shortened hours, 
is estimated to have resulted in additional expendi- 
ture in wages of about 46,0001. perannum. Whether 
the better work always predicted in such cases by 
economists has resulted in this instance we are 
unable to say; the fact remains that the working ex- 
penditure per train-mile has gone up considerably, 
so that if high pay and short hours are the cheapest, 
as we are told, in this case the gain must be of akind 
that has little bearing on cost of handling traffic. 

The actual revenue per train-mile now stands at 
5s. 11$d., and the expenditure at 3s, 2}d. for the 
whole of the system. Taken individually, the lines 
show great variation, from high returns in some 
districts to losses in others. The railways are 
divided into seven sections or divisions. Of these, 
the most important are the Southern and Central 
divisions and the Great Northern division, The 
first of these is the greatest in extent and brings in 
the highest returns of all the systems, serving the 
most prosperous section of the State. On it the 
gross earnings amount to about 6311. per open 
mile, and on the Central division to about 3861. per 
mile, while on the Great Northern division the 
— revenue amounts to about 4831. per mile. 

hese three divisions together account for about 
90.4 per cent. of the length of the State system, 
and about 93 per cent. of the gross revenue. About 
31 miles, made up of four short Jengths of line, 
on these divisions do not pay their working 
expenses, to say nothing of interest charges, 
&c. The lines in this position in the State 
amount altogether to a length of 243.37 miles; 
those that are returned as covering the work- 
ing expenses, though not necessarily the interest 
charges, &c., amount toa total of 3115 miles.’ The 
net loss on the former was 79451. in 1907-8, while 
the net earnings on the latter amounted to 905, 0901. 
The highest returns from any one section come 
from a 12.9-mile stretch between Kabra and Mount 
Morgan on the Central division. This line cost for 
construction 66961. per mile, a good deal more than 
much of the nominal system, saving exceptional 
lengths, and shows returns of net revenue on capital 
cost of over 18} per cent. in 1907-8, while in 
1906-7 it returned nearly 20 per cent. 

The tendency for the Australian States to en- 
deavour to keep contracts within their own borders 
is ever becoming more marked, Most of the States 
now partially support. some locomotive-building 
firm in their territory. In the Queensland report 
mention is made of two large orders for loco- | 
motives having gone to firms within the State, and 
one to a firm at home, while wagons, &c., were 
also built for the railways by local firms. In the 
report by the Commissioner for the Western 
Australian Railways which we noticed recently in 
these columns the statement was made that the 
rolling-stock requirements for the railways were 
now able to be fulfilled within the State. 








AERIAL FLIGHT. 

Tue Council of the Royal Society of Arts have 
again displayed their usual excellence of judgment 
in arranging that the three Cantor Lectures on aerial 
flight should be delivered by Mr, F. W. Lanchester, 
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the author of the one standard treatise on the 
subject, and, at the same time, a very able and 
original engineer. The first lecture of the course 
was delivered at the rooms of the Royal Society of 
Arts, John-street, Adelphi, on Monday evening last. 

In commencing his discourse, Mr. Lanchester 
said that engineers accustomed to other modes of 
transport, when confronted with the question of 
mechanical flight, desired to know the magnitude 
of the tractive effort required, or, in other words, 


the ratio of the propelling force necessary to the | po 


weight of the body in flight. It was not yet pos- 
sible, he said, to state the lowest limiting value of 
this cvefficient, but the figures given in the table 
below were values actually worked to in various 
modes of transport by land, water, or air. 


TABLE TI. 
Land. 
Coefficient of 
Resistance. 
Per ¢ ent. 
2.0 
3.0 


Road vehicles : 

Pneumatic tyres 

Solid rubber , 6 e ‘ 

Iron tyres (a) on wood pavement 

ag (b) on macadam. . 

Train on rails : 

Ordinary conditions. . ah 

At low speeds (minimum) .. 

Water. 

Ocean-going merchant vessels : 

Atlantic io (Lucania) 

12-knot cargo-boat .. 

5-knot cargo-boat 


2.2 
3.3 


1.0 


Air. 
Flying machine : 
Joisin 
Wright .. 


Power Expended. 

| Pounds Sustained 

per Horse-Power. 

| Velocity. 

| Motor 
Horse- 
Power. 


Co- 
efficient of 
Resist- 


Thrust pocesatty 


Horse- 
Power. 


ft. per sec. per cent, 
Lanchester } gramme 

model + ‘ 5 
Lanchester ballasted| 

plane oof 8 
Wright.. 58 
Voisin 66 


| 

| 560 20 
14.7 
12 
13.5 


76 
62 


50 
34 

The tractive coefticients appearing in the table 
gave at once, he said, both the energy needed to 
transfer a given weight horizontally from one point 
to another, and also the power it was necessary to 
exert. In the case of pneumatic tyres the resist- 
ance, within limits, was independent of the nature 
of the road, and the tractive effort needed for pro- 
pulsion along the level was, as stated, about 2 per 
cent. of the weight. On railways the tractive effort 
might, as the table showed, fall to as little as } per 
cent., which was about the minimum experienced 
in the case of land transport. In the case of 
transport by water the coefficient might fall even 
below this latter low figure, a tractive force of 
2} lb. being sufticient in the case of a cargo-boat to 
keep 1 ton weight in motion at a speed of 8 knots. 
Coming to the case of air, however, the tractive 
efforts necessary were much greater, being 13.5 per 
cent. in the case of Farman’s Voisin machine, and 
12 per cent. in that of the Wrights. It would be 
obvious, therefore, that transport by air was at 
present much the least economical mode of trans- 
port existing, the power needed being far and away 
greater per ton than in any commercial mode of 
conveyance. In actual successful machines it was, 
‘in short, about the same as would be needed to 
drive an automobile upa gradient of lin 10. Hence 
with velocities of 40 miles or more the problem of 
providing the power requisite was very serious, and 
was, in fact, the problem of aerial flight. 

About eightecn years ago, Mr. Lanchester pro- 
ceeded, Professor Langley had, as the result of 
certain experiments, declarec. that the tractive effort 
required to drive an aeroplane was less at high than 
at low velocities of flight. This view had been 
largely accepted, and was known as Langley’s law. 
This so-called law was, however, not realised in 

ractice, and had no actual justification in fact, 

‘ing based on the assumption that skin friction 
was insignificant. As a matter of fact, the power 
needed to prepel a given weight through the air 
increased in the same ratio as the velocity of flight. 

Thus, referring again to Table I., it would be seen 
that the smallest model flew at a speed of 5 ft. per 
second. It had a gliding angle of about 1 in 5, so 
that the weight maintained in flight, per horse- 
power expended, was 550 lb, The larger model 





travelled at a speed of 17 ft. per second, and had 
a gliding angle of 1 in 8—that was to say, it fell 
24 ft. per second. Thus the weight maintained in 
flight was here equivalent to 220 lb. per horse- 
power expended. is model, Mr. Lanchester said, 
was a ballasted aeroplane, a type originally intro- 
duced by M. Moillard. It consisted of a strip of 
mica 6 in. long by 14 in. wide, ballasted at its leading 
edge by a split leaden bullet of such weight as to 
bring the centre of gravity of the combination to a 
int about one-quarter of the width of the plane 
from the leading edge. Any piece of paper or 
mica, he continued, could be made to fly if thus 
ballasted. From the foregoing it would, he said, be 
seen that at 17 ft. per second 1 horse-power only suf- 
ficed to sustain 220 lb. in place of 550 lb. Coming 
next to the case of the Wright machine, where the 
velocity was 58 ft. per second, the weight sustained 
od thrust horse-power was but 76 lb., and with the 

oisin machine, having a speed of 66 ft. per second, it 
was 62 lb. only ; so that the faster the machine went 
the less weight would 1 horse-power sustain. This 
conclusion, though somewhat empirical, was, never- 
theless, justified, since each maker had been doing 
his best to get the maximum sustaining power 
possible, and had actually very nearly attained it 
for the conditions in which he worked. 

A casual glance at the coefficients of resistance 
actually experienced by flying-machines, as given 
in Table I., would show that, for a wide range 
of sizes, they were nearly constant. On the other 
hand, with a given body in stated presentation, the 
fluid dynamic reaction resulting from its motion, 
as also the component of this in any direction, 
varied very approximately with the square of the 
velocity. The rate of doing work, or the power, 
was equal to the component in the direction of 
motion multiplied by the velocity. Hence, if the 
velocity were doubled, eight times the power would 
be needed. This, however, was not the correct 
law as to the power expended in maintaining flight. 
When a load was sustained by an inclined plane, 
owing to the pressure accumulating underneath the 
latter, the conditions were not constancy of angle, 
as assumed above, but constancy of weight. Hence, 
if the velocity were increased, the angle being kept 
constant, there would be an increased lift, and to 
get the reaction, merely necessary to sustain the 
weight, the angle of inclination must be diminished. 

Thus, if at 10 ft. a second the angle of inclination 
of the plane were 8 deg., or about lin 7, the thrust 


on the plane would be bl » where W represented 


the weight sustained. If now the velocity of motion 
were increased to 20 ft. per second, then with the 
same angle the plane would carry four times as 
much, and to sustain merely the same weight as 
before the angle must be diminished, so that the 
thrust became one-quarter of its previous value. 
The power, being the product of this thrust by the 
velocity, would thus be half of that needed at 10 ft. 
persecond. This was Langley’s law, but it applied 
only to frictionless flight. According to this law, 
the resistance varied as the inverse square of the 
velocity. The resistance due to skin friction, how- 
ever, increased directly as the square of the velocity 
of motion, so that the total resistance was the sum 
of two factors, one varying inversely as the square 
of the velocity of motion as represented by the 
curve A BC, Fig. 1, page 601, and the other vary- 
ing directly as this square, as indicated by the curve 
DBE. The curve GH showed the sum of the 
ordinates of both curves, and was a minimum when 
the two components of the total resistance were 
equal to each other. 

In this investigation it had, he proceeded, been 
assumed that the sustaining area was constant, and 
that the inclination of the plane alone was altered. 
Some birds, however, and all builders of flying- 
machines, could also alter the area of the sustain- 
ing surface. Each change in this area had corre- 
sponding to it another set of curves, all similar to 

ig. 1, and all showing a minimum of total resist- 
ance at a certain definite velocity. If the area 
were diminished, for example, the loss by skin 
friction would be reduced, but that due to the 
aerodynamic reactions would be increased. Thus 
a given weight could be sustained by a small area 
moving at a high velocity, or a large area moving 
at a lower one. It turned out, however, that the 
minimum total resistance remained practically un- 
altered by these changes of area, and hence the 
expenditure of energy necessary to transfer an 
aeroplane sustaining a given weight from one point 





to another was constant whatever the velocity of 
motion, so that the power required increased directly 
as this velocity. 

In addition to the resistances above enumerated, 
there was, however, another resistance—viz., that due 
to the invariable parts of the machine, which might 
be called the ‘‘body resistance, ’’and this increased as 
the square of the velocity of motion, and was sub- 
stantially independent of changes in the area of the 
supporting surfaces, or in the angle at which they 
were inclined. The result was that the curve of 
total minimum resistance to flight was made up of 
a constant portion due to the two components 
previously discussed, and of this body resistance 
which varied as the square of the velocity of motion. 
Hence the true curve of minimum total resistance 
had the form shown in Fig. 2. Here it would be 
seen that the total resistance increased with the 
velocity, but at a slow rate when the speed was low. 

The body resistance, Mr. Lanchester proceeded, 
could be diminished by giving the body of the 
machine a smooth fish-like contour. In the case 
of a perfect fluid there was stream-line motion of 
the fluid round. a body immersed in it; the 
character of these stream -lines in the case of a 
sphere was as represented in Fig. 3. Here the 
velocity of the fluid at any point was a con- 
tinuous function of the co-ordinates, and did 
not change abruptly in passing from one point of 
the figure to another. This kind of flow did not 
exist with actual fluids. Instead of a system of 
stream-lines behind the body, there was a mass of 
dead water separated from the stream-line flow by 
a surface of discontinuity, the vortices along which 
dissipated energy. 

The form least likely to give rise to such surfaces 
of discontinuity was not known in the case of a 
real fluid, but was understood to be fish-shaped. 
The resistance of such shapes was still unsettled, 
different experimenters stating it (in the case of a 
form six times as long as its maximum transverse 
dimension) to be one-sixth to one-thirtieth of the 
resistance of the normal plane of equal projected 
area. The real figure, Mr. Lanchester continued, 
was probably somewhere between the limits named. 
In the case of machines moving at low velocities, 
the body resistance was relatively small. In the case 
of a bird like the stork, however, it formed one-fifth 
to one-sixth of the total resistance to motion, and in 
the case of flying-machines moving at 70 to 80 miles 
an hour this factor would become very important 
indeed. This fact did not, however, invalidate 
the present practice with relatively slow-speed 
machines, which lost little through the absence of 
ship-shaped body forms. 

Skin friction had been held negligible by several 
writers. Langley gave it as 0.00015 of the pressure 
which would be experienced by the same area if 
moving normally to the air current, but Mr. Lan- 
chester had found it to be 100 times as much. 
One way of reducing the total resistance due to 
skin friction was to make all surfaces as smooth 
as possible, but there was also an indirect method 
of securing economy in this regard. It had long 
been known, Mr. Lanchester. said, that a narrow 

lane moving with a long edge first gave a better 
fitting reaction than if it moved end on. The 
former presentment of the plane Mr. Lanchester 
called a pterygoid aspect, and the latter an apteroid 
aspect. The difference in the pressure reactions 
developed in the two cases he illustrated by letting 
fall vertically a cardboard T, of which the hori- 
zontal and vertical strokes were equal in area. 
Allowed to fall stem first, it fell steadily and ver- 
tically, any tendency to a tilt to one side or the 
other being counteracted by the fact that this tilt 
developed a large correcting pressure on the table 
of the T. If, on the ane hand, the T were 
dropped table first, he showed that it turned 
turtle. The ratio between the length and breadth 
of a plane moving in pterygoid aspect Mr. Lanchester 
called the aspect ratio, and in Nature this ratio, he 
said, ranged from 6 to 1 in the case of the lark up 
to 13 to 1 in the case of an albatross. 

There were two ways, Mr. Lanchester continued, 
counterparts of each other, of treating the reaction 
between an aeroplane and the fluid it encountered. 
One was by the Newtonian principle, sanctioned 
by the work of Rankine and Froude on the screw 
propeller, in which the pressure on a plane was 
estimated from the momentum generated in the 
fluid per second. Thus the upward motion of @ 
sky-rocket could be regarded, from one point ot 
view, as due to the fact that there was a pressure 
inside the head greater than that at the point 
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of escape of the gases, and there was thus a- net 
upward propulsive force. On the other hand, 
during each second a certain weight of gas left the 
head ata high velocity, and by the Newtonian prin- 
ciple the mass of the thus expelled per second 
multiplied by their velocity was equal to the upward 
pressure on the rocket. Were a man armed with a 
couple of racquets, and a supply of tennis-balls, 
this principle showed that it was theoretically pos- 
sible for him to support himself in the air by 
striking down a sufficient number of the balls 
per second. Moreover, if the balls were perfectly 
elastic and were struck down so accurately that they 
rebounded to meet the racquet again, this - oe 
would be obtained without the expenditure of any 
energy. In fact, Mr.. Lanchester said, this was pre- 
cisely: the condition of a piston supported in a 
cylinder by the air below it. 

In the case of a bird’s wing or an aeroplane it 
was possible to. consider the . support afforded 
asdue to the motion given to a certain stratum 














escape over the wi —. Here, however, : the 
conditions arising in doubly-connected regions were 
simulated by the creation of vortex trains in the 
region of the wing-tips, having a downward motion. 
The existence of these vortices in the case of the 
blades of a screw-propeller was most clearly shown 
in some experiments by. Professor Flamm. Here 
model screw-propellers were run fast enough to 
produce cavitation, and when this was the case the 
vortex trains previously existent became visible, 
the centrifugal force being sufficient to render the 
cores vacuous: These cores could, in Professor 
Flamm’s ag EE be traced for a consider- 
able distance behind the propeller as intertwining 
spirals. At the same time that these vortices were 
roduced at the tips, another series started off 
rom the inner ends of the blades, and were shown 
fused together in Professor Flamm’s photographs. 
Whenever two vortices having opposite rotations 
started from the same body, they could, Mr. 
Lanchester said, be taken as really continuous with 
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of air, which was directed downwards at an 
angle equal to the angle of trail. This latter 
angle was, accordingly, very important, as it fixed 
the value of the downward component of the motion 
of the air, and the supporting force was. equal to 
this — multiplied by the mass of the air 
acted on, 

Taking the éase of a plane falling between two 
vertical walls on which its ends abutted, Mr. 
l.anchesver pointed out that as there was no accu- 
tunlation of air below the plane, there must be u 
currents round its leading and trailing edges. If, 
at the same time as it fell, the plane moved hori- 
z tally, it would encounter its own up current, 
an! this fact accounted for many peculiarities ob- 
‘ved in Nature. It was because of this up cur- 

t that the of most birds dip at the 
ling edge, as indicated in Fig. 4; and unless the 
«stence of this up current were taken into ac- 
“vint, it was not possible to account numerically 
!'» the degree of support actually experienced. 

'n the case of a plane falling between two parallel 
vertical planes, as above described, the’ fluid, Mr. 
onchester said, was defined in hydrodynamics as 

upying a doubly-connected region. The space 
‘cand a bird’s wings, however, was not doubly con- 
icted, since, in place of being confined between the 
two hypothetical vertical planes, the air was free to 
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each other, so that the cyclic motion exhibited in 
Professor Flamm’s photographs existed also round 
the blade itself. 

From the fact that owing to the formation of 
these vortex trains the conditions round an aero- 
plane simulated those of a doubly-connected region, 
it was possible, the speaker went on, to calculate 
and tabulate the best angle of trail for all values 
of the coefficient of skin friction and for different 
aspect ratios of the aerofoil. 

us taking the coefficient of skin friction as 
0.015, and an aspect ratio of 7 to 1, the best trail 
angle was 10} deg. There was, Mr. Lanchester 
continued, a definite relation between the coefti- 
cient of skin friction, the aspect ratio, and the 
weight sustained by an aerofoil when moving with 
least resistance at a stated velocity. Witha 5 tol 
aspect ratio and a speed of 66 ft. per second, the 
weight sustained per square foot of the aerofoil was 
calculated (in the table given on e 271 of his 
treatise) as 2.5 lb. for a coefficient of 0.01 and 3.5 lb. 
for a coefficient of 0.02. The actual figure reached 
in the Voisin machine in the conditions stated was 
3 lb. per square foot, and the performance of the 
Wright machine checked equally well. Moreover, 
it was possible from the table to predict the normal 
speed of flight of a bird from measurement of its 








weight and wingarea. The same principles as were 





involved.in the design of an aerofoil could be 
apelied to the design of the screw-propeller, each 
element of which had a different poasitie efisieney 
—— on its anglefof effective pitch—i.e., the 
inclination, to the axis, of the actual path of the blade 
in space. To illustrate this Mr. chester ex- 
hibited* Figs. 5 and 6, where the one curve 
related to water and the other to air. It would be 
seen, he said, from these curves that the efficiency 
was a maximum in the case of water, the element 
having an effective pitch angle of about 40 deg. This 
efficiency diminished slowly as the e was dimi- 
nished, and rapidly as it was in In actual 
marine practice, all parts of the propeller having 
a pitch angles giving less than 95 per cent. 
of the maximum ible efficiency were su ; 

In conclusion, pierre 4 stated os 
curves could also be used to predict the efficiency of 
a helical gearing, and had been so used by him for 
years. 








TANTALUM AND ITS INDUSTRIAL 
APPLICATIONS, 

In the course of: his lecture on ‘Tantalum and 
its Industrial Applications,” delivered last Friday 
at the Royal Institution, Mr. Alexander Siemens, 
M. Inst. C.E., remarked that even the most eco- 
nomical source of light, the electric arc-lamp, con- 
verted only about 1 per cent. of the electric energy 
flowing through it into light, the rest appearing as 
heat. With increase of temperature more energy 
was, he said, converted into light. The carbon fila- 
ment should, however, not be heated above 1600 deg. 
Cent., lest it disintegrated ; it consumed about 
3 watts per candle-power at that temperature. 

e Nernst lamp, consisting of rare earths, and 
the osmium lamp, prepared by squirting a plastic 
mixture of metallic oxide and a reducing agent into 
the shape of a filament and heating the tilament by 
the current while exhausting the bulb, were great 
improvements on the carbon lamps as regards utili- 
sation of energy. But the osmium filaments were 
very brittle, the total production of osmium per 
year was only 8 kilogrammes, and 5 kilogrammes of 
this were wanted for medical purposes. 

In January, 1905, Dr. Werner von Bolton, the 
head of the chemical laboratory of Messrs. Siemens 
and Halske, of Berlin, announced that he had 
succeeded in proqemns pure tantalum, and Dr. O. 
Feuerlein soon afterwards described how tantalum 
filaments could be made. The search had been 
to find a substance which would sustain high tem- 
peratures. In studying the rare metals for this 
purpose Bolton had first prepared a vanadium fila. 
ment by heating a mixture of vanadium pentoxide 
and paraftin to 1700 deg. Cent.; the resulting sticks 
of trioxide had been reduced to metal by being 
heated by the electric current in bulbs, which were 
exhausted during the heating. But the melting 
point of vanadium proved to be 1680 deg. Cent., 
and that of the similarly reduced niobium (or 
columbium) 1950 deg. Cent., and as metals softened 
or disintegrated long before melting those metals 
were not sufficiently refractory. 

Tantalum, belonging to the same group as vana- 
dium and niobium,t been described by Berze- 
lius as a black powder, and by Moissan, who pre- 

red it in the electric furnace, from which it 

taken up 0.5 per cent. of carbon, as a hard 
brittle metal of density 12.8. We knew now, 
the lecturer said, that tantalum was a ductile 
metal, of density 16.6, resembling steel. The 
chief ores of tantalum, occurring in Scandi- 
navia, South-West Africa, Western Australia, and 
North America, were columbite, a black mineral (a 
specimen from South Dakota was shown), containing 
up to 40 per cent. of Ta,O, and a good deal of 
niobium combined with iron and manganese ; and 
re brown specimen from Western Australia 
was exhibited), tantalum pentoxide combined with 
iron and manganese. e latter was more con- 
venient for the manufacture of the metal, as the 
separation of tantalum and niobium was. difficult. 
The double fluoride K,TaF, was first erpaeed 
and reduced, by metallic potassium, to the lack 
powder ; this was pressed. into discs, which were 
melted into metallic buttons. Bolton had found 
that the mean specific heat of pure tantalum was 
0.0363. Heating the metal in boiling water, and 

* These and Fig. 3 ante we reproduce b imine of 
the publishers, Messrs. A. Constable an ., fromthe 
first volume of Mr. Lanchester’s treatisé on Aerodynamics. 

+ These metals stand between phosphorus, arsenic, and 
antimony on the one side, and aluminium on the other, 
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dipping it then into water of 14 deg. Cent., into 
liquid carbonic dioxide at —78 deg. Cent., and into 
liquid air at —183 deg. Cent., Sir James Dewar 
had found the specific heats 0.033, 0.032, and 0.028 
for the intervals mentioned ; multiplying these 
figures by the atomic weight of tantalum—181—we 
obtained products ranging from 5.97 to 6.54, while 
according to Dulong and Petit this product, the 
atomic heat, was for most substances about 6.4. Mr. 
Siemensdemonstrated the thermal conductivity after 
the methods of Sir James Dewar. Rods of copper, 
tantalum, and iron were stuck through a card of 
asbestos paper, and the lower ends dipped into liquid 
air ; the portion of the copper rod above the card soon 
became coated with ice (owing to the moisture con- 
densing on it), while the iron and tantalum were 
only coated in their lowest portions close to the 
card. Tantalum had three-quarters the heat con- 
ductivity of iron and one-eighth that of copper. 

At ordinary temperature, Mr. Siemens continued, 
and up to about 300 deg. Cent., tantalum resisted 
all acids (except hydrofluoric acid) and alkalies and 
moisture, and was thus an ideal metal for chemical 
apparatus. It was elastic and as hard as soft steel, 
and could be hammered, stamped, and drawn into 
fine wire ; the tensile strength was 90 kilogrammes 
per square millimetre, or 57 tons per square inch ; 
and a filament wire 0.03 millimetre in diameter 
would support 80 grammes. Pure tantalum was 
not hard enough to pass the German steel-pen test 
—viz., that pressed down by 180 grammes on 
writing-paper, which was moving at the speed of 
ordinary writing, the loss by abrasion per 10 kilo- 
metres must not exceed 0.7 milligramme. When 
the point was slightly oxidised, however, the style 
did the test, and it was observed that the rate 
of abrasion remained the same for the whole 10 kilo- 
metres, although the oxide skin would probably 
soon be ground off. It was hence thought that 
tantalum would make good cataract-knives for India, 
which must be very hard and tough, chemically 
stable, easily sterilised, and not liable to rust. 
Steel knives appeared to be too cheap, however, to 
compete against. 

any of these good properties disappeared when 
tantalum was heated. It then absorbed gases— 
notably hydrogen and nitrogen—and became brittle. 
Heated in air, it turned yellow and blue, like steel, 
and burned to white pentoxide. Thin wires could 
be burned by a match. On the other hand, the 
melting-point lay between 2250 deg. and 2300 deg. 
Cent., and the metal made excellent electrodes for 
Roéntgen tubes, as it did not disintegrate. The 
specific electric resistance had been found by Bolton 
to be 0.165, with an average temperature coefticient 
of 3 per cent. between 0 deg. and 100 deg. Cent. 
Dr. Pirani had later observed that wires of different 
diameters varied between 0.173 and 0.188 as to their 
resistance, but that they all showed the same 
specific resistance of 0.146 with a temperature co- 
efticient of 0.33 per cent. after being heated for 100 
or 200 hours up to 1900 deg. Cent. in a high 
vacuum. Between 100 deg. and 1850 deg. Cent. 
the coefticient was on average 0.29 per cent. At 
the latter temperature—the temperature of the fila- 
ment consuming 1.5 watts per candle—the resist- 
ance was six times as great as at 100 deg. Cent. 
The wires seemed to undergo an annealing process 
by being heated in vacuo. 

Feuerlein’s first filament had had a diameter of 
0.05 millimetre, and a length of 54 millimetres, 
taking 0.58 ampere at 9 volts and giving 3.5 Hefner 
candles at 1.5 watts per candle. For 110-volt cir- 
cuits 660 millimetres of wire would be required, 
giving 43 candles. Carbon filaments had on 220- 
volt circuit a length of 400 millimetres, and the 
filaments remained hard until they disintegrated. 
Tantalum, like other metallic filaments, softened, 
and had hence to be wound on stars. In the first 
standard lamp of’Messrs. Siemens and Halske, to 
whom the lecturer was indebted for his exhibits, 
the filament of 0.05 millimetre diameter had 
a length of 650 millimetres, but weighed only 
0.022 gramme, so that 45,000 lamps would contain 
1 kilogramme of tantalum ; the diameter was now 
reduced to 0.3 millimetre.) The softening took 
the form of a capillary contraction, and the fila- 
ment was therefore suspended loosely over the 
hooks ; it would afterwards tighten up. Since the 
resistance of carbon decreased, while that of tan- 
talum increased, with higher temperature, tanta- 
lum stood overheating much better than carbon. 
To demonstrate this Mr. Siemens gradually in- 
creased the voltage of two lamps, both taking nor- 
mally 1.5 watts per candle at 110 volts ; the carbon 





lamp was disintegrated, the tantalum burned bril- 
liantly at 200 volts. At the same light intensity 
the tantalum lamp took less current, and when a 
carbon and a tantalum lamp were lowered into 
beakers filled with water, the water round the 
carbon lamp became much warmer than the other. 
Mr. Siemens also showed that a partly oxidised 
tantalum filament displayed dark patches of pure 
metal when first inserted ina direct-current circuit, 
the oxide appearing brighter because it had the 
greater resistance. When placed in an alternating- 
current circuit of higher voltage the appearance 
became uniform, and remained so when the limp was 
transferred back to the direct circuit, because the 
oxygen had been expelled. Mr. Siemens finally 
demonstrated that tantalum also acted as an efficient 
electrolytic rectifier, One electrode of platinum and 
one of tantalum were placed in soda solution, and a 
lamp was inserted in the circuit. When the current 
of 220 volts was sent to the lamp and to the tanta- 
lum as anode, the lamp flashed up, but went out 
immediately again, because the tantalum became 
covered with a film of oxide ; when the current was 
reversed the lamp burned steadily, and on an alter- 
nating circuit the lamp also remained bright. 








HIGH-SPEED TURBINES AND SLOW- 
SPEED VESSELS. 

Since the introduction of the marine turbine 
there has been no lack of inventors engaged upon 
the problem of reconciling the high normal speed 
of turbine machinery with the requirements of 
moderate-speed vessels. Effecting a compromise 
by speeding the turbines down and the propellers 
up, is as unsatisfactory as most compromises, for 
neither end is working at its best. There are two 
conditions to be provided for—namely, the require- 
ments of naval vessels which must be capable of 
attaining high speeds as well as cruising economic- 
ally = te speeds, and those of cargo steamers, 
whose speed is always low. The first condition 
would be best fulfilled by a variable-speed ratio be- 
tween the turbines and the propellers, while for 
the second a simple reduction to the propeller- 
shaft would suffice. For variable speed to be ob- 
tained economically electrical transmission has 
often been suggested, but the space required, the 
weight and the cost combined appear to render the 
idea impracticable. The same plant might be in- 
stalled where merely a speed reduction was required, 
but the same considerations, of course, apply.. There 
are, however, modifications of the plan which might 
be feasible, such as using an exhaust-steam turbine 
with an electric drive, and letting reciprocating 
engines drive the other propellers direct. 

Several other ideas for increasing the economy of 
turbine vessels are mentioned in a paper read by Mr. 
Yasuzo Wadagaki on the 23rd inst. before the North- 
East Coast Institution of Engineers and Shipbuilders. 
Reduction of propeller speed by means of gearing 
he considered out of the question, in view of the 
large amounts of power to be transmitted; but it 
will be remembered that Mr. Stoney, in his recent 
lectures before the Society of Arts, appeared to 
think the idea not so impracticable as many people 
imagined, because of the great advances made in 
gearing construction. Mr. Wadagaki made one 
curious suggestion—namely, to use the exhaust 
steam from the main engines in a turbine which 
should drive a turbo-compressor taking steam from 
the boilers and delivering it_to the main engines 
in a compressed and superheated condition. The 
originator of the plan can hardly have tried to 
design the plant for carrying it out, or have looked 
into the arithmetic of the question. 

Mr. Wadagaki’s own idea, which he puts forward 
as the result of many years’ study of the problem, 
is to run the turbines at their natural high speed 
and arrange the propeller to suit. He. pro to 
put the propeller in a tube flared at both ends, so 
that the cross-sectional area gradually contracts to 
a minimum at the point where the propeller is 
situated. The water at this point would thus be 
moving at a high velocity, and the propeller might 
therefore be run at a corresponding speed without 
incurring excessive slip. The plan has been sug- 
gested many times before, but it has never come to 


anything. There is no doubt that the velocity of | 
the water would be increased at the throat of the | 


tube without much loss, but the greater speed is 
only obtained by the reduction of the hydrostatic 
head. The action is, in fact, exactly what goes on 
in a Venturi meter or a Ferranti valve. ow, to 
propel a ship at a given speed obviously requires 


a certain thrust, whether the propeller runs fast or 
slow. The thrust has, in a sense, nothing to do 
with the propeller or its arrangement, and may he 
looked on as an outside force acting on the ship. 
But it has to be transmitted through the propeller, 
and the limiting thrust which a propeller wil! 
give is determined by cavitation phenomena, whic 
arise when the pressure per square foot on the 
blades exceeds a certain amount. The less the 
hydrostatic head the sooner, of course, will cavita- 
tion occur, as has been verified experimentally by 
the Hon. C. A. Parsons. If there is no hydro- 
static head at all, then any relative motion of the 
propeller will cause cavitation: Hence any reduc- 
tion of the hydrostatic head, such as is involved in 
the artificial increase of the velocity of the water 
flowing past the propeller, tends to introduce cavi- 
tation troubles. The whole proposition is, in fact, 
as broad as it is long, and the idea of any particular 
gain by enclosing the propeller in a contracted tube 
is fallacious. 

Mr. Wadagaki’s paper contains an account of 
experiments carried out some time ago at the 
Imperial Dockyard at Sasebo, with the object of 
ascertaining the effect of enclosing the propeller as 
described. The trials were made in a tank with 
the propeller-shaft about 30 in. below the surface 
of the water. The propeller was driven by an 
electric motor and caused the water to circulate 
around the tank. The thrust obtmined at various 
powers and speeds was measured by a spring 
device. The propeller used was 8 in. in diameter, 
with three blades, having a uniform pitch of 10} in. 
In one series of trials it was enclosed in a tube 
20 in. long, having an inlet diameter of 13}in. and 
an outlet of 114 in. The contracted part, which 
was 5 in. behind the inlet, was 9 in. in diameter, 
thus leaving 4 in. clearance around the propeller 
blades. The outside of the tube was cased in to 
form a straight taper from one end to the other. 

The results of trials, both with and without the 
casing, are given by the author, and the only con- 
clusion which it appears legitimate to deduce from 
them is that for equal speeds of revolution the 
uncased propeller gives greater thrust and absorbs 
more power than the other. This holds at all 
speeds from 700 to 1300 revolutions, and is very 
definite. For equal powers, the cased propeller 
gives the higher thrust; but to do this it has to run 
at slower speeds than when there is no casing round 
it. The author appears to wish to emphasise the 
increased thrust per horse-power obtained with the 
tube, but a tube is worse than useless for turbine 
vessels if it involves lowering the propeller speed. 
The whole object of the idea is to enable the screw 
to run faster without cavitation, and Mr. Wadagaki’s 
experiments do nothing to show that this end can 
be attained. If the increased velocity at the neck 
of the tube could be obtained without reduction, of 
the hydrostatic head, there would be something to 
be said for the idea, but even then the energy 
would have to come from somewhere, and to be paid 
for in some way orother. As we have already said, 
the idea is founded on a fallacy, though it is a very 
persistent one. 








NOTES. 
Tue Dynamics or FLicut. 

At a meeting of the Incorporated Institution of 
Automobile Engineers, held on Wednesday evening 
last, Mr. F. W. Lanchester delivered a lecture on 
‘The Dynamics of Flight.” For the most part the 
ground covered was the same as in his lecture to 
the Royal Society of Arts on Monday last, a report 
of which will be found on another page; but the 
latter portion of his address was devoted to the 
discussion of the stability of flying - machines. 
The Voisin machine used by Farman was, he said, 
claimed by its designers to be naturally stable. 
and calculation showed that this. contention was 
just vindicated. The Wright machine, on the 
other hand, was inherently unstable, and could 
not sail for a moment with its steering - gear 
locked. It depended for its stability wholly on the 
address of the operator, and Mr. Wright claimed 





—and he might, Mr. Lanchester said, prove correct 

that this was the true principle on which to work. 
The fact that the Wright machine is essentially un- 
stable explains, we may add, the fact that model» 
of it will not fly. Should it later on prove possibl 
to construct machines of the Farman type, flying at 
80 to 100 miles per hour, the stability, the lecturer 
said, would be so great that the operator could even 
go to sleep without incurring the risk of disaster. 
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In proposing a vote of thanks to Mr, Lanchester at 
the conclusion of his address, Mr. Dugald Clerk, 
F.R.S., said that he feared that he was himself 
responsible for robbing this country of the dis- 
tinction of being the first to construct a man- 
carrying flying-machine. Mr. Lanchester was very 
anxious to attempt this fifteen years ago, and saw 
his way to success, but the speaker, being less 
sanguine, had dissuaded him from the essay. 


THe Joun Fritz MeEpaAt. 


On the 13th inst., the John Fritz Medal Board, 
which consists of four members, selected from each 
of the United States engineering societies, awarded 
the John Fritz Medal for 1909 to Mr. Charles T. 
Porter, Hon. Member of the American Society of 
Mechanical Engineers, ‘‘ for his work in advancing 
the knowledge of steam engineering, and in im- 
provements in engine construction.” ‘The ceremony 
took place in the large auditorium of the Engineer- 
ing Societies’ Building, 29, West Thirty-Ninth- 
street, New York, and was witnessed by a large and 
representative gathering of engineers. Addresses 
were delivered by Dean W. F. M. Goss, of the Uni- 
versity of Illinois; Professor F. R. Hutton, of 
Columbia University; Mr. Robert W. Hunt, 
Chicago ; and Mr. Frank J. Sprague, New York. 
The award of the Fritz Medal is one of the highest 
distinctions conferred in the United States, and 
Mr. Porter’s numerous friends in this country will 
join us in congratulating him on the well-deserved 
honour he has received. Mr. Porter is now in his 
eighty-fourth year, and his classical work in con- 
nection with the development of the steam-engine 
indicator and high-speed engines, carried out nearly 
half a century ago, is well known and recognised 
on this side of the Atlantic. 


Tue INstITUTION OF MECHANICAL ENGINEERS. 


The newly-elected president of this institution, 
Mr. J. A. F. Aspinall, inaugurated his term of 
oftice on April 23 last by delivering to the members 
the address which we print elsewhere in this issue. 
There is no general agreement as to what form a 
presidential address should take. Many presidents 
attempt to summarise the whole progress of engi- 
neering within the hour at their disposal, or 
otherwise treat the members to a recapitulation of 
historical facts that’ might well be left in the 
records from which they are drawn. - Mr. Aspinall 
did nothing of this kind, but took as his subject a 
matter of immediate practical interest, and dealt 
with it ina manner that left nothing to be desired. 
To deliver an address which shall command the 
attention of the audience from beginning to end, 
and shall also have a permanent technical value, is 
not easy. The electrification of railways has been 
discussed over and over again before the various 
institutions, but generally platitudes and theorising 
have been presented as a substitute for experience. 
In the present case we have a plain tale of a 
railway that has been converted from steam to 
electric working, together with the results realised 
and the troubles encountered. Mr. Aspinall was 
in a position to speak from personal knowledge 
of his subject, both as an engineer and as general 
manager of the railway in question, and gave 
the members the benefit of his special experi- 
ence. Presidential addresses are not open to 
discussion, or the one in question would have 
given rise to an excellent debate. Fortunately, 
an opportunity for discussing its subject-matter 
will shortly be given to the members, as 
they will examine the railway and workshops 
during the summer visit to Liverpool this year, 
and on the same occasion Mr. George Hughes, the 
chief mechanical engineer of the Lancashire and 
Yorkshire Railway, is to read a paper on the 
mechanical aspects of electric railway working. 


Tur IMpertaL Darence ComMiTree AND THE NAVY. 

There is every reason for satisfaction at the 
decision of the Prime Minister to institute an in- 
\uiry, bya sub-committee of the Defence Committee, 
into certain statements by Lord Charles Beresford 
regicding the state of preparedness of the Fleet for 
war. Lord Charles Beresford is an officer whose 
intuise interest in naval efficiency cannot possibly 
be <loubted, and his command of the Atlantic 
Squadron brought him into close contact with 
the problems of strategy as affecting British 
defence. His views, therefore, must command the 
fullest respect, so that the Prime Minister has 
done well to institute the inquiry, as good will 
result, The inquiry is necessarily private, but we 





understand that it is confined to questions of policy | charges for space, and are favouring collective dis- 
rather than matériel, although the , war efficiency | plays in certain cases, so that the expense of repre- 
of the Fleet necessarily involves to a considerable | sentation will be minimised. 
extent the proportion of ships in relation to foreign 
navies, ou the composition of the fleet in respect C 
to ships of the line and auxiliaries. The Com- __Exursrrion or Work. 
mittee includes five members of the Cabinet, who} The exhibition of evening continuation work 
command public confidence—the Prime Minister, | which has been held during the past week in the 
Sir Edward Grey, Lord Morley of Blackburn, | Glasgow and West of Scotland Technical College 
the Earl of Crewe, and Mr. Haldane. After the | demonstrates in an effective way the nature of 
inquiry a public pronouncement will be made. certain educational opportunities which school 
An indirect effect will no doubt be a fuller realisa- | boards and other authorities are providing in the 
tion on the part of the Cabinet generally of the | Glasgow area for youths over fourteen years of age, 
immediate requirements of the naval situation, and the extent to which those opportunities are 
which will greatly strengthen the attitude of the | being taken advantage of. For four sessions a joint 
Admiralty, and probably some assurances to Lord | committee from these bodies has had in operation a 
Charles Beresford and others as to the adequacy of | well-defined scheme of instruction, which, while 
the general schemes of strategy prepared to meet all | aiming at the preparation of lads for the Technical 
possible war contingencies, oP as to the adminis- College evening classes, gives in itself sound and 
tration of the Admiralty. Such assurance is prob- | serviceable training. The numberof students attend- 
ably desirable in the present state of disquietude in | ing these voluntary classes has risen in four years 
public opinion, although, after all, it is continuously | from 2000 to 4000, and of those who, by attendance 
the business of the Defence Committee to see that |and work, have qualified for entering college, 80 
efficiency is maintained. The inquiry has nothing | per cent. are now there and continuing their 
to do with the important question of the moment | studies with success. The report shows oe 
regarding the number of battleships which ought | seven affiliated centres, but the number is rapidly 
to be laid down this year in order to insure our increasing. The main feature of the committee's 
supremacy in 1911-12. But even on this score we | scheme, as shown in the interesting exhibits on 
have no doubt that the Government will act on the the screens and tables, is the definiteness of the 
lines hinted at by Sir Edward Grey, and will lay methods pursued in the courses, There is a ring 
down the ‘ hypothetical” four ships late in the | of practicability from the very start, and no doubt 
autumn, making eight for the year. the business-like character of the output of the 
centres is due to the clear views of the organiser, 
Mr. Galbraith, himself a highly-trained engineer 
}and experienced educationist, and to the har- 
The buildings and grounds at Shepherd’s Bush, | monious findings of the conferences of the teachers 
which last year were occupied by the Franco-/ of the several subjects. For those pupils who are 
British Exhibition, will be opened again next | not quite ready for the elementary technical classes 
month to admit the public to the Imperial Inter- | a peaeres course has been devised, in which ideas 
national Exhibition, which is now in course of | of geometrical and physical things are got at through 
preparation. The buildings, except for having been | simple experiments, and the principles of plan 
thoroughly renovated and slightly modified in minor | and elevation derived from work with paper models, 
details, are substantially the same as last year, and | Over 700 boys are taking this course. The ele- 
the general lay-out of the pleasure grounds remains | mentary engineering course and the course in 
unaltered. The area has, however, been increased | building construction occupy each two years, and 
from 140 to 150 acres, and a new architectural fea-| include careful discipline in mathematics. The 
ture, - known as:the Imperial Tower, has been | note-books and examination papers disclose ability 
erected. In this the opening ceremony will be | to deal with simple practical problems, and there 
performed by the Duke of Argyll on May 20 next. | is evidence of intelligent work with graphs. The 
Among the exhibits which come. under the head of | many examples of dimensioned sketches of actual 
engineering or its allied industries, appliances for | objects, related to engineering and building con- 
the abatement of smoke will occupy a_ large | struction, as preliminary to finished drawings, indi- 
place. Preparations are being made for a most | cate the method pursued and the excellent equip- 
extensive collection of apparatus, such as mechani-| ment of the centres. The youth who has gone 
cal stokers, special furnaces, gas-producers and | satisfactorily through a two-years’ course has added 
stoves, and something like 30,000 square feet of | to his efficiency as an intelligent approntice, and 
space have been allotted to this section. The build-|is qualified to profit from the higher work of the 
ing and constructional engineering section will be | College classes. A start has been made with 
reinforced by the transference of most of the ex-/| trades classes, and the exhibits of pattern-mak- 
hibits now at Olympia to Shepherd’s Bush. It/ing, moulding, and fitting point to earnest pupils 
will, therefore, be representative of modern build-|and capable teachers. For all work of a trade 
ing practice, both in general and detail, and the | character skilled craftsmen are employed, and the 
newer applications of concrete and ferro-concrete | kind of work done in the classes is made to ap- 
will be Mustrated. This section will occupy about | proximate to that of the shop. Kach trade class is 
20,000 square feet of space. An effort is being | intended for those engaged in that trade, and in 
made to obtain a good display of refrigerating, | view of the changed conditions of apprenticeship 
heating, and ventilating apparatus, and it is hoped |one may look for an addition to the skill and inte-. 
that these industries will be represented by all the | rest of those artisans who take advantage of the 
important firms engaged inthem. Steam, gas, and | special instruction and experience placed at their 
oil-engines have a section to themselves, and the | service. This Exhibition has attracted many visitors, 
same is the case with marine engineering exhibits | inspectors, teachers, School Board members, em- 
and contractors’ machinery. With regard to the|ployers, and the general public ; but, needless to 
latter, there will be a special model of the tunnel- | say, its purpose has been not so much a smart dis- 
ing shields used in constructing the Central London | play of well-executed work as a full and convincing 
Railway, so arranged as to illustrate the method of | exposition of the carefully-devised and well-carried- 
working. Two or three main-line express locomo- | out courses of instruction which have been organised, 
tives are to be shown. Aeronautical appliances | under the inspiration of the Technical College, for 
will be well in evidence, and most of the exhibitors | boys over fourteen who have not had an interme- 
at the recent Show at Olympia will be represented. |diate or a secondary school education, Every 
The history of motor-vehicles will be illustrated by| youth, whatever his future, will gain’ something’ 
a collection of the various types of self-propelled | from the scheme. Some will feel that they have 
road-carriages which led to the modern motor-car. | qualities, hitherto latent, and will bend themselves 
The engineering section of the Exhibition is being | to the further developing of these qualities. Soon, 
organised by a strong general committee under the | it may be predicted, the controlling authorities of 
chairmanship of Captain H. R. Sankey, and eight sub- | the co-ordinated centres will find financial help in 
committees deal respectively with specific branches | the form of bursaries for the higher education of 
of mechanical engineering. In addition, there is| those whose ability has emerged during the con- 
a Building and Engineering Construction Com- | tinuation courses, and the Technical College classes 
mittee, with Mr. Edwin O. Sachs as chairman, and | will still further be recruited by young men of 
four sub-committees. The manager of the Engi-| promise. It is too fine a question to consider how 
neering Sections is Mr. W. Yorath Lewis, who also | far employers of labour are morally bound to help 
acts as secretary to both the committees. It is | this movement ; but it seems beyond doubt that the 
hoped that all branches of engineering will be well disciplined and studious apprentice is well worth 
represented, and with this object in view the cultivating for his immediate service, apart alto- 
management have fixed a comparatively low scale of | gether from the wider issue of national progress. 
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THE DANGERS OF BREEZE CONCRETE. 


Wuart is known as ‘‘ breeze concrete ”—that is, con- 
crete made with Portland cement and crushed coke, 
clinkers, ashes, and similar materials—has frequently 
come under suspicion among engineers, in spite of its 
lightness and apparent suitability for many purposes. 
This has been due to the risk that it may contain 
compounds of sulphur, which are likely to have a 
deleterious effect on steel and iron with which they 
may come in eontact. This suspicion is not by any 
means without foundation, for cases have been clearly 
proved to occur in which this effect has actually taken 
place. This is particularly the case with reinforced 
concrete, and attention was called to it on page 876 
of our eighty-second volume. That there is another, 
and possibly quite as serious, an objection to the use 
of breeze concrete had not, we think, occurred to engi- 
neers, or, at any rate, not to any great extent. This 
is its liability to expand in course of time, and dis- 
figure, if not seriously damage, buildings in which it 
isemployed. That this expansive action takes place 
is now clear, since a number of experiments recently 
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carried out by Mr. D. B. Butler, Assoc. M. Inst., C.E., | 
F.C.S., prove it beyond doubt. 

Anyone who has had experience with fireproof floors 
knows that the ‘‘ breeze,” which frequently enters into 
the composition of these floors, varies greatly in its | 
constituent parts, and may be formed of coke, clinkers, 
stones, shale, ashes, rubbish, &c., with sometimes a 
considerable percentage of small coal ; in fact, almost 
anything appears at times to be accepted as ‘‘ breeze”’ 
indicating, as Mr. Butler remarks, a ‘‘ pleasing and 
child-like faith in the ability of Portland cement to 
stick together any kind of rubbish.” 

In the experiments to which we have alluded, six- 
teen cements of various qualities and different origin 
were used, some being sound when tested for expan- 
sion, and some otherwise. The first experiment was 
carried out with an ordinary bituminous house-coal, 
which was crushed and sifted to about the fineness of 
ordinary sand, and with this a 3 to 1 mortar was made. 
With this mixture there were filled two small 2-oz. glass 
bottles, one of these being made quite full, while the 
other was filled to within } in. of the top, and was 
sealed down with a plug of neat Portland cement. 
Another similar bottle was filled with a 3 to 1 mortar 
of cement and standard sand ; this was done for pur- 
poses of comparison. This course was followed with 
each of the sixteen cements used. The whole of the 
bottles eventually cracked, with the exception of one, 
which was filled with standard sand-cement mortar. 
There was this difference, however, that the bottles 
filled with coal mortar all cracked within two or three 
days, the contents of oe the whole continuing to 
expand until the bottles burst into several pieces, 
whereas the bottles filled with neat cement and with 
sand-cement mortar did not crack until eleven months 
had elapsed, and then only very small cracks ap- 


Samples of ‘‘ breeze” from various sources were then 
tested. Some of these samples were while others 
were from material which no good clerk of the works 
would have . The material was separated into 
the following sizes:—(1) The fine material passing 
through a ,-in. sieve ; (2) the fine material passing 
through a }-in. sieve, but retained in a ,\,-in. sieve ; 
and (3) the coarse material retained in a }-in. sieve, 
which was picked all over by hand and separated into 
its constituent parts, such as clinkers, coal, coke, &c. 
A record of oa fraction was kept, and each fraction 
was broken up so as to through a 4,-in. sieve, 
and two cements of known stability of volume were 
used. 

As the bottle test was looked upon as somewhat 





rough and open to the explanation that it was in- 


fluenced by the different coefficients of expansion 
of the glass and of the mortars, rectangular prisms 
of the different mortars, each 100 millimetres long and 
22 millimetres by 22 millimetres cross-section were 
made and tested in a Bauschinger micrometer caliper 
apparatus with which a variation of ;}, millimetre 
could be recorded. Eight prisms were made with 
each kind of cement, neat cement being used in four, and 
3to1l standard sand cement mortar in the remainder. 
Two of-each series were kept entirely in air, and two 
placed in water after: twenty-four hours and kept 
therein for three months. The tests on these bars 
showed that the expansion under water was very small, 
while the bars kept entirely in air showed a slight 
contraction. 

The tests in the machine with breeze mortar showed 
widely differing results, as the materials varied greatly, 
for they smmed from fine pan breeze, consisting aa 
of clinker and coke with traces of coal, to gas-works 
clinkers, ashes from boiler furnaces, and furnace refuse. 
The samples were prepared very much in the manner 
previously mentioned. 

We have not space here to give all the diagrams of 
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breeze said to be quite unfit to use, owing to its poor 
uality, gave results differing little from those obtained 
rom better-class stuff. 

A noticeable feature of the tests was that many of 
the specimens which showed a decided expansion wien 
placed under water as soon as set, when left in the air 
expanded much less. It was also found that many of 
the samples which had set and dried in air, when 
imme ini water developed almost immediately ex- 
pansion’ of a very serious nature. Whatever the 
expansive agent is, it appears to be dormant in the 
dry air-set block, and only becomes active when 
damped. 

It was found that the coal contained in the breeze 
which gave the diagram Fig. 3 was of a highly bitu- 
minous nature, containing 334 per cent. of volatile 
matter, while the samples which contained anthracite 
coal expanded comparatively a small amount. This 
indicates that it is dangerous to use breeze containing 
the former coal, while the latter coal is harmless. 
Mr. Butler also noticed during his experiments what 
we have before alluded to—namely, the tendency of 
breeze mortars to corrode iron me steel with which 
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the various tests; we, however, reproduce three 
typical diagrams, which show the results plotted to 
curves. These may be seen in Figs. 1, 2, and 3, 
above. The first represents ‘‘fine pan breeze” con- 
crete, the second ‘‘ furnace ashes” concrete, the third 
concrete made from ‘‘a sample of ashes dropped from 
the fire-bars of furnaces from water-works, from coal 
and coke.” It will be noticed from this last diagram 
how enormously the percentage of expansion has in- 
ereased. The test-bars made from this concrete fell 
to pieces in course of time, as may be seen from Figs. 
4, 5, and 6, which are reproductions from actual photo- 
graphs. For comparison a sound bar is shown in 


ig. 7. 

The most striking fact which these experiments 
rad to show is that there is very little variation in 
the expansion of breeze concrete, no matter what the 
constituents of the concrete are, provided there is no 
bituminous coal in the materials used. In fact, some 





Fie. 
they come in contact. A full account of these exper'- 


ments is given in the Journal of the Society of 
Architects for April 22, 1909. ; 








Execrric Ramways.—The Prussian railway budget 
for the current year allows the sum of about 100,000/. for 
introducing electric working on the line Dessau-Bitterfeld. 
Single-phase transmission is to be employed ; the docu 
ments recommending the change point out that an 
electric service by direct current or by Gass paw 
current, would not appear advisable. The line chosen 
serves an industrially very important district, and belongs 
to the Magdeburg-Halle-Leipzig railway system, whic: 
is very important also in military respects. The single 
phase service has answered on the line Blankenese- 
Ohlsdorf and on other sections. Whether it will find 
wider adoption on the main lines will largely depend 
upon the approval of the military authorities. The electri 

wer will be generated by burning the lignite which has 
acilitated the industrial development of the district, 
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DE LAVAL TURBINE; YNGEREDSFORS POWER 
CONSTRUCTED BY THE 








In a recent issue we dealt with the Yngeredsfors 
Water-Power Station (see ENGINEERING for March 12, 
1909, pages 343 and 344), and shall now proceed to give 
some particulars about the same company’s reserve 
steam-power station at Varberg. It was deemed 
necessary, or in any case expedient, to construct this 
reserve station on account of the greatly reduced 
supply of water available at certain times of the year. 
The steam-reserve station was built so as to give a 
maximum of 2750 effective horse-power, but is so 
planned that it can be extended without any trouble. 

It was left with the De Laval Steam-Turbine Com- 
pany, in Stockholm, to supply the entire plant, and 
this company again arranged with the two well-known 
Swedish firms of the General Swedish Electric Com- 
pany, Vesteras, and Munktell’s Engineering Works, 
Eskilstuna, to supply respectively the electric gene- 
rator, motors, &c., and the boilers. 

There are two Babcock and Wilcox tube boilers, each 
having 440 square metres of surface, fitted with super- 
heaters and coal-feeding appliances. No economiser 
has so far been installed, but room has been reserved 
for its installation if found necessary. The boilers 
were bricked in with special care, the brickwork being 
00 millimetres-thick. - The boiler pressure is. 12 kilo- 
grammes (170 Ib. per square inch) by gauge, and the 
steam temperature was fixed at about 300 deg. Cent. 
(572 deg. Fahr.). 

The steam-turbine installation, as illustrated above, 
consists of a 2750-effective-horse-power steam-turbine, 
De Laval system, with which is coupled direct a 1875- 
kilowatt three-phase generator with direct - coupled 
exciters; there is an independent condenser, with 
electric ally-driven pumps, &c. 

_The number of revolutions of the steam-turbine is 
1500 per minute. It is constructed for developing 
225) effective horse-power with economical steam con- 
sumption, but can, with somewhat increased steam 
Supply, develop continuously 2750 effective horse- 
power. Without condensing, the turbine can develop 
up to 2000 effective horse-power. 

The three-phase generator, with 4000 to 4400 volts 
main tension, 50 periods and cos ¢=0.85, is completel 
cased in, and is being especially effectively ventilated. 
The air is taken from underneath and is led out down- 
ward » through a pipe, into the open air. 

he independent condensing arrangements consist of 
an outside condenser with about 400 square metres cool- 
ing Surtace, a triplex air-pump without suction-valves, 
condenser ome and circulating pump of the De Laval 
Steam-Turbine Company’s “Zeta” type. A 50-effective- 
horse power three-phase motor for 800 volts is direct- 
co ipl d with the centrifugal pump, and by means of 
toothed gear with the air-pump and condenser pump. 
* closing valve is placed in the outlet pipe (dimen- 
sions, | metre) between the steam-turbine and the 
Gondenser, so as to protect the condenser when the 
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turbine is being worked without condensing. In this 
case the outlet takes place through another valve fixed 
in the outlet pipe, and this valve opens automatically 
as soon as the steam pressure in the outlet pipe exceeds 
one atmosphere. 

Tests were made in December, 1908, by a number of 
specially commissioned -experts, comprising Professor 
H. Lindfors, Mr. O. Nycauder,-engineer, and Mr. E. 
Andrén, engineer, as to coal consumption per kilowatt- 
hour, the turbine’s consumption of steam per effective 
horse-power, .the efficiency of the generator and the 
boilers, the working of the condenser, &c. 

The coal consumption, as given in the report of 
these experts, oe to be 0.892 kilogramme (1.96 Ib.) 

r kilowatt-hour with 1569 kilowatts load, and 1.002 

ilogramme (2.2 1b.) with 1922 kilowatts load, the effec- 
tive heating value of the coal, according to the stipula- 
tions of the contract, being reduced to 7500 units 
(13,500 B.Th.U. per pound). The coals used at the 
test were of somewhat inferior quality and only con- 
tained about 6000 units (10,800-B. Th U. ) in effective 
heating value. 

The steam consumption, with 1569 kilowatts load, 
was 7.47 kilogrammes (16.5. lb.) per kilowatt-hour. 
The steam pressure at the turbine was then 11.7 kilo- 
grammes (167 lb.), the temperature of the steam was 
284 deg. Cent., and the vacuum 94.9 per cent. , the power 
factor (cos ¢ = 0.85) was 94.7 per cent., and the steam 
consumption per effective-horse-power hour 5.21 kilo- 
grammes (11.5 lb.). 

At a subsequent test, undertaken under less favour- 
able circumstances as regards steam, &c., the result 
was 7.95 kilogrammes (17.5 lb.) per kilowatt-hour. 

The efficiency of the boiler installation was 80.8 per 
cent. with 1569 kilowatts, and 76.5 per cent. with maxi- 
mum load. The condensing plant used 36.5 kilowatts, 
which is less than 2 per cent. of the maximum load. 

The figures obtained at the test were all materially 
lower than what had been guaranteed by the De Laval 
Steam-Turbine Company. The coal consumption of 
0.9 kilogramme (1.98 lb.) per kilowatt-hour was con- 
sidered especially low, the more so as no economiser 
had been installed, on account of the station being only 
a reserve station. The station, during the time it has 
been in use, has also had considerably lower working 
expenses than what had been anticipated, and it has 
been made manifest that an increased number of con- 
sumers of electricity can very well be accommodated 
with current from the steam-turbine station. 





NOTES FROM THE UNITED STATES. 
PuiLapeLPuia, April 15. 


ConGress is juggling with the tariff in a manner 


that is bound eventually to arouse the resentment of 
the people who are earnest in having a genuine reduc- 
tion of duties. 


The present law-makers are laying a 
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foundation for the termination of Republican Party 
rule in the United States. The opposition to an 
honest reform in tariff duties comes from the powerful 
manufacturing and commercial interests. An excep- 
tion should be made of the steel-manufacturers, who 
are honestly in favour of substantial reductions on 
most lines, and whose suggestions of reductions have 
been in many instances accepted because of their fair- 
ness and liberality. The whole matter is now in the 
Senate, which is credited with being ultra-Protec- 
tionistic when powerful interests are concerned, A 
storm of opposition to a number of rates appears prob- 
able before the Bill is referred back for the joint 
action of Congress. Meanwhile business is of mode- 
rate proportions in most lines. Among recent encou- 
raging orders is one for seventy-five locomotives by the 
Baldwin Locomotive Works for a Western railroad. 
The Erie Railroad will give an order very soon for 
10,000 tons of bridge material. A rail order has just 
been received for the early shipment of 2000 tons of 
rails to Brazil. The inquiries of the past week for rails 
and structural material indicate a revival of demand 
in that quarter. There is no doubt that, business will 
be up to anticipations when the railroads decide to 
push held-up improvements. An improvement is noted 
in tin-plate because of the anticipation by canning 
companies of the coming season’s necessities. Prices 
are weaker in pig iron by reason of the policy of 
Southern furnace companies to capture the trade | Ox 
Northern furnaces. Wire products of all kinds con- 
tinue to sell well, because of the demands of jobbers 
who are stocking up for the season, the prices having 
been made sullelnchety. 








Water Suppty or Lincotn.—Major Norton, R.E., 
has held a Local Government Board inquiry at Lincoln 
with reference toan application from the Town Council to 
borrow 54,000/. for the construction of a reservoir with a 
capacity of 6,000,000 gallons, for works at Bracebri 
Heath, for a water-tower with a capacity of 300, 
gallons at Westgate, and for laying a main between the 
oe ag reservoir and water-tower. The deputy town 
clerk (Mr. W. P. Page) stated that the population of 
Lincoln was 53,992, the assessable value was 235,839/., 
while the outstanding loans under the Sanitary Act were 
214,946/., and under other Acts 367,737/. It was pro 
that the water to be dealt with should come up a 22-in. 
main to a point at the extreme ~~ of Lincoln, and the 
object of the tower was to enable the water to be supplied 
at the extreme elevation of the city. From the tower 
the water would be conveyed by means of the service 
reservoir on the southern hill outside the city proper, but 
still in the area of supply. The reservoir would hold two 
days’ supply. Mr. McBarron, Lincoln Water Works 
engineer, said the bore at Elkesley had reached a depth 
of 500 ft., and was to be taken to 600 ft. The pumping 
machinery would be in duplicate, and it was pro to 
pump from two bore-holes. No opposition was offered 
to the Town Council’s proposals, 
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INDUSTRIAL NOTES. 


ANOTHER forward step has been taken by the higher 
Courts in the United States—the Court of Appeals— 
to define and limit the operation of injunctions in 
labour disputes, and also as regards the legal offence 
of boycotting, as resorted to in America. The appeal 
was against the decree of the Supreme Court of the 
District of Columbia, in equity. The defendants in 
the case were the American Federation of Labour, in 
the persons of the President, Samuel Gompers, eight 
vice-presidents, the secretary, and others; those in 
the Court of Appeals became the appellants v. The 
Bucks Stove and Range Company. The American 
Federationist gives in full the decision of the Supreme 
Judge, and the judgment also of others on the bench. 
The case as stated is full of cited judgments bearing 
on the case, the judgment of Mr. Justice Farwell in 
the Taff Vale case being cited in support of one part 
of the judgment. British law and precedent have always 
been more or less the basis of legal judgments in the 
United States, where ‘‘ Blackstone’s Commentaries ” 
reign almost supreme, as revised by late commen- 
tators. In effect the decision of the Court of Appeals 
decided that the injunctions ted were too wide, 
and ought, therefore, to be modified. In this case the 
view taken was similar to that in the South Wales 
Miners’ Levy case, the Court deciding that the in- 
junction ought not to be general, but confined to the 

rticular case before the Court. As regards the 

yeott, it is declared to be illegal beyond a certain 
well-defined point, but not universally so. The Court 
emphasised its decision by ordering each party to pay 
its own costs, so that the victory was not wholly 
with the boycotted company. At the same time the 
Court justified the action as against the American 
Federation of Labour, the offence being committed by 
order of that body. The appeal against imprisonment 
has not yet been heard. 


The Amalgamated Engineers’ Journal starts its ‘‘ Edi- 
torial Notes” with suggestions and announcements for 
the purpose of making the journal more attractive and of 
general service to the members and to the Society. Some 
new series of articles are mentioned for the current year. 
Attention is next called to the inadequacy of engineer- 
ing staffs in poor-law and other institutions. It is said 
that the ‘‘evidence given shows a remarkable degree 
of chaos and disorganisation.” The system—local 
management—and the central authority are alike con- 
demned for the state of things that exist. A summary 
of the principal recommendations for the improvement 
of that part of the r-law service as made by the 
Departmental Committee of the Local Government 
Board is given. The report on the state of trade in 
the engineering industries indicates a gradual improve- 
ment this year, but it is slow. The members ip of 
the Amalgamated Society of Engineers was at date 
108,079—an increase of 215 in the month. Of the 
total, 10,720 were on unemployed benefit, 3038 on sick 
benefit, and 5697 on superannuation benefit. There 
was a decrease of 631 of unemployed, but an increase 
of 158 on the sick-list, and of 29 on superannuation. 
The total on the funds was 19,278. The Government’s 
action as regards the establishment of Labour Ex- 
changes is criticised, and the delay is condemned. 


The report of the Boiler-Makers and Iron-Ship- 
Builders is a little more encouraging, but is still sad 
—' from the labour point of view. There were 

u 


on the funds 12,701 ; previous month, 14,126—decrease, 
1425. Of the total, 8581 were on unemployed benefit— 
previous month, 10,148; on sick benefit, 2105—pre- 
vious month, 1954; on superannuation allowance, 2015 
—previous month, 2024. The general improvement is 
gratifying, but it is not notable. Still there are signs 
of greater activity in the shipbuilding trades. The 
executive have to send remittances to a large propor- 
tion of the branches each week to meet the demands 
of members on the several benefits, and the executive 
council have sent a large number per tal order for 
the greater convenience of the local officials, who can 
cash the orders at the nearest post office mostly up to 
as late as 8 p.m. The annual reports: are announced 
to be ready for issue by the end of the month. The 
members have decided by ballot, by an overwhelming 
majority, to place 18s, as the limit of earnings before 
the members can be entitle1 to unemployed benefit in 
any one week, and all such as may earn 18s. in the 
week must pay contributions, instead of being exempt 
as formerly. The curtailment is due to the heavy drain 
on the funds for more than a year. 


The report of the Amalgamated Carpenters and 
Joiners is again discouraging from the labour point of 
view, as there are still a vast number of unemployed 
members. The total membership at date was 60,674. 
Of these, the unemployed numbered 7584 ; of which 
5556 were on donation benefit ; on sick benefit, 1941 ; 
on superannuation allowance, 2920. The drain on the 
funds is such that all branches having funds in hand 
are urged to send remittances to the Executive to 





members. There are still a number of joinery works 
closed to the members by reason of their not adhering 
to the district working rules ; there are also many jobs 
at which disputes exist, so that members may not work 
at them. In reviewing the position, the report states 
that in the United States and British Colonies unem- 
ployment is so general that the branches are not able 
to remit to the General Council financial help such as 
they were formerly able to do ; nearly one-sixth of the 
total were on the funds as unemployed, sick, or super- 
annuated. The report gives the figures of the ballot 
for the three years’ agreement with the shipbuilding 
employers. The votes of all the members of all the 
unions affected were pooled, with the result that 14,514 
voted for the agreement, and 9563 against ; majority 
for, 4951. The agreement is therefore now ratified. 


The report of the Steam-Engine Makers’ Society de- 
plores the continuance of depression in trade through- 
out the country, especially in the shipbuilding centres. 
There is here and there a ray of light, of hope, and 
expectation, but improvement is by no means very appa- 
rent, it issaid. On the North-East Coast the proportion 
of unemployed members is equal to 17 per cent. of the 
total ; in other engineering centres the proportion is 
6 per cent.; the mean for all districts was at date 
7.28 per cent.; in all the engineering societies the pro- 

rtion was equal to 12.8 per _cent., in the United 

ingdom. The report gives the following copy of the 
agreement ente into on February 24 Tast Setenieas 
the Hull Iron-Trade Employers’ Association and all 
the engineering trade unions in the Hull district :— 
‘*It is hereby agreed that in consequence of the em- 
ployers withdrawing their notice of reduction in 
wages dated January 28, 1909, the standard rate of 
wages of the Steam-Engine Makers’ Society employed 
in the federated districts—firms in Hull—shall remain 
as at present for a period of five years from the date 
of this agreement.” All disputes are thus averted for 
five years. Aseries of central conferences was held at 
York last month, with a view of obtaining a working 
agreement in that part of Yorkshire. Conferences are 
also being held as to outworking allowance and travel- 
ling time at Elswick and Barrow with the representa- 
tives of Messrs. Armstrong and Messrs. Vickers Sons 
and Maxim. There are also reports of conferences and 
references at Sheffield, Barnsley, Barrow, Birming- 
ham, London, Preston, Wigan, and Blackburn, also 
local conferences at Oldham, Burnley, and Rochdale. 
All these conferences and references show that con- 
resorted to in numerous districts to 
lock-outs in the trade. 


ciliation is bein 
avoid strikes an 


The Report of the Associated Iron-Moulders of 
Scotland states that the decrease of unemployed 
members on benefit in the month was 70; this affords 
some hope of a revival in this branch of trade. But 
there was a decrease in membership of 49, due to 
arrears at the end of the quarter. The financial state- 
ment for the month is discouraging to the executive ; 
the total income was 1940/. 10s. ld., while the ex- 

nditure was 4602/. 8s. 6d., showing a loss o 

3611. 18s. 5d. in the month. The loss on the quarter 
was 8197/., or at the rate of 684/. weekly. It is the 
same in all trade unions, varying, of course, in amount. 
There will now be less strain, because the extra grants 
for unemployed ended with March, so that the ex- 

enditure will be more normal, and with better trade 
ooming in the near future there will be smaller claims 
to meet. The number of superannuated members 
increased by three in the month, and nine or ten 
applications were sent in to ‘be placed on the list. 
Some of the claimants are in arrears, but instead of dis- 
qualifying them, the arrears are to be wiped out at so 
much weekly until all is paid up. This is a humane 
way of dealing with old and aged members. In this 
report twenty-two places are named in which shops are 
closed to the members because the firms named do not 
fulfil the conditions of employment to the satisfaction 
of the union. These shops are closed alike to the 
English union, whose headquarters are now at Man- 
chester, as the two unions co-operate in these matters. 


The report of the Operative Cotton-Spinners is fairly 
— as regards employment ; only 2.02 per cent. of the 
ull members were unemployed. In the previous month 
the proportion was 2 per cent., and a year ago 2.14 per 
cent.; but there were 300 members on the funds owing 
to temporary stoppages. Theaggregate proportion on 
the funds from all causes was ay per cent.; previous 
month, 6.11; a year ago, 4.81 per cent. Employment 
is therefore pretty steady in this branch of the cotton 
trade. The united membership of the association, of 
all grades, was 11,195—increase in the month, 123, 
and in the year, 1190. The increase was in all grades. 
The officials dealt with 41 disputes of various kinds in 
the month—previous month, 31; a year ago, 59. 
There were 45 accident cases reported—same as month 
previous, and 68 same month last year. The number 
of compensation claims sent in to the employers was 
126—previous month, 81; same month a year ago, 
112. These are dealt with by a joint committee. 


enable them to meet all demands for benefits by | Since the Act came into force 3145 claims have been 


f | same month a year ago, 21.5 per cent. 





sent to the employers, and dealt with by the commit- 
tee. The union paid accident benefit of 100/. each to 
two of the members, certified as being permanently 
incapacitated from following their work as spinners. 
There was a decrease in the funds of 361/. 7s. in the 
month, due mainly to short time. It is hinted that 
some employers are intentionally resorting to short 
time more than is really necessary. The negotiations 
relating to some scheme of wages payment are not 
alluded to, as all parties think it best not to unfold an 
incomplete scheme, lest it might be used to a dis- 
advantage. 


The Trades and Labour Gazette, conducted by James 
Macdonald, secretary of the London Trades Council, 
is so extremely wroth with the Government that little 
or no credit is given to it or any of its works. The 
Gazette rejoices in being thorough, and it is—in its 
hatred of the Government. Its love is not much 
— for the Labour Party, which, it thinks, is 

ing fooled, or worse. The best part of the Gazette is 
its reports of other labour councils, and its foreign 
labour news. The report on the Paris strike of last 
month accuses the parliamentary head of the Postal 
Department of France of having provoked the strike 
by some words addressed to the female workers in the 

ntral Telegraph Office, which so incensed the workers 
that a strike was ordered at once. There does not 
appear to be any proof of this in the newspaper 
reports, so far as the writer is aware. The report 
gives some particulars of other departments in which 
the unions are strong. In Germany the out-of-work 
benefit paid last year was enormous ; it would seem 
that the workers were as badly off there as here. It 
appears that both in France and Germany the workers 
are federating or amalgamating, so as to bring them 
all into closer touch. This means more direct co- 
operation in case of a strike. 


The latest returns to the Labour Department of the 
Board of Trade on unemployment do not much encou- 
rage the hope of an active and speedy revival in 
trade. There were, indeed, in the iron and steel trades 
two more furnaces in blast than in the previous month, 
but five fewer than a year ago. In iron and steel works 
the number cngiageh was fewer by 539 than in the 
month previous, and by 3085 than a year ago. The 
shifts worked, however, were about the same. In the 
tin-plate trade the number of works open were the 
same, but the number of mills in operation decreased 
by two; they were, however, 15 more than a year 
ago. In the engineering trades the proportion of 
unemployed was about the same, 12.6 per cent., as 
compared with. 12.8 in the month previous, and 7.2 
per cent. a year ago. In all branches trade was 
slack except at the ordnance works on the Tyne. In 
the Midlands there was a slight improvement. In the 
shipbuilding industry trade was bad all over, except 
on the South Coast; but the works there are not 
of very great importance. The proportion of unem- 
ployed was 22.2 per cent.; previous month, 22.5; 
What little 
in ay there was was on the Tyne, the Thames 
and Medway, on the Mersey, and at Belfast. On the 
Mersey it was the most decided. In the other iron, 
steel, and metal trades employment was slack in most 
instances, but a slight improvement was noticeable. 
There were few signs of improvement at date of the 
returns in any branch of importance. So long as the 
iron, steel, and metal-using branches are slack and 
dull, the manufacturing branches of iron and steel 
must, of course, be inactive. In no case were there 
any real indications of an early revival in trade. Often- 
times, coming events cast their shadows before ; in 
this case there are few shadows, or none to indicate 
renewed activity in those trades. 


There was, for a time, great danger of a repetition 
of the tactics of a section of the cotton operatives last 
autumn in the case of the engineers in the Manchester 
and Salford district. All sections of the engineering 
trades had agreed to accept the modified terms of the 
employers as regards a reduction in wages, but the core- 
no refused to ratify the agreement. After some 
negotiations, the employers consented to post-date 
their notices to enable the officials of the union to 
take another ballot. The result was a majority in 
favour of the acceptation of the terms agreed to by 
all the other sections. The representatives of both 
sides are to be congratulated upon the result of their 
mutual forbearance. 


Some difficulties appear to have arisen over the 
interpretation of Sir Edward Fry’s award in the 
arbitration case between the North-Western Railway 
Company and its employés. The award came into 
force on April 1, and the men, it would seem, think the 
Conciliation Board ought to be the Court of Appeal in 
deciding questions at issue. The company, it 1s said, 
think otherwise. The secretary of the men’s section 
of the Board states that the company claim the right 
to interpret the award and to carry it out as so inter- 
preted. It will be a grave misfortune if those diverg- 
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ences should result in litigation, or even friction, as it 
was anticipated that the award would bring peace all 
round. 


Sir Christopher Furness, M.P., thinks that the 
trade outlook is anything but favourable at present, 
but he believes that his co-partnership scheme is the 
most likely way of overcoming labour difficulties in 
the future for the benefit alike of capital and labour. 





THE ROAD-MOTORS OF THE PRESENT 
DAY, AND SOME UNSOLVED PROBLEMS 
CONNECTED WITH THEM.* 

By Colonel H. C. L. Hope, R.A., F.R.S. 


Tue subject of the ‘‘ James Forrest” Lecture, which I 
have had the honour of invited to give before the 
Institution this evening, though brief in its title of 
“‘Road Motors,” is very wide in its scope, since it includes 
not only many different types of mechanically-propelled 
porate om but also the various methods of generation 
of power from energy, whether in the form of fuel or 
otherwise, which is wholly or pore carried upon and 
utilised for the propulsion of the vehicle itself. 

Following the precedent of former ‘“‘James Forrest” 
lecturers, I shall endeavour to concern myself more with 
the problems which await solution in the future than 
with what has been effected in the past. 

The subject of my lecture appears to me to be most 
conveniently divided into three main classes :— 

(A) Heavy road - motors, or those limited by law 
according to weight and other conditions to 
maximum speeds of either 5 or 8 miles per 


hour. 

(B) Medium road-motors, which, though coming in 
Class A as regards weight, are allowed to 
travel at higher speeds when fitted with pneu- 
matic tyres or tyres of soft or elastic material, 
~ maximum in any case being 12 miles per 

our. 

(C) Light road-motors whose speed is limited by law 
to a maximum of 20 miles per hour. 

Class A includes traction-engines or tractors drawing 
their load in wagons and lorries carrying their load. 

Class B includes such vehicles as motor-omnibuses and 
heavy delivery and removal vans. 

Class C comprises mger vehicles, light delivery- 
vans, and motor-bicycles, tricycles, &c. 

In the history of mechanically-propelled road-vehicles 
there may be said to be two distinct periods—the era 
which preceded the year 1896 and that which has followed 
it. Prior to the Act of 1896 it was illegal to drive any 
mechanically-propelled vehicle on the public highway at 
a speed greater than 4 miles an hour, and unless it was 
preceded = aman carrying a red flag to give warning of 
its approach. 

The modern era only commenced in this country after 

the passing of the Act of 1896, which made the practical 
use of the passenger road-motor possible, even though the 
speed limit was undoubtedly low ; the Act of 1903 raised 
the limit to 20 miles per hour, where it now stands. 
_ The history of the earlier period is available to students 
in the classical works of Worby Beaumont and Fletcher, 
as well as in many papers and lectures which have been 
delivered before the scientific societies and institutions in 
London and elsewhere. I shall therefore make but 
scanty reference to this, not because of its want of inte- 
rest, but from want of time to devote to it. 

Owing to the exigencies of space I cannot do more than 
refer briefly to the vehicles in Class A. The steam trac- 
tion-engines are the same generally as before the year 
1896 ; detail improvements have been made, it is true, 
but there has been no rapid progress compared to that 
which has taken place in Classes B and C. The main 
problems remaining to be solved in the case of the steam 
traction-engine are :— 

1. Greater economy of fuel. 

2. Means of condensing all, or part of, the water con- 
verted into steam. 

3. Reduction of weight and increase of adhesion surface 
to the road, with minimum pressure per unit of area on 
the I i without sacrifice of other qualities, including 
spe . 

_In Class B the problems are much the same as -in 
Class C, though the ter weights accentuate the diffi- 
culties and entail different considerations in design and 
working, though hardly sufficient to necessitate their 
being treated separately. It is therefore with Class C 
that we are mainly concerned. 
._ The dawn of the modern era in road-locomotion broke 
in 1885, when Gottlieb Daimler at Cannstadt fitted one of 
his light high-speed vertical gas-engines, modified to use 
petroleum spirit as its fuel, to a sort of motor-bicycle, 
which, in addition to the two usual wheels of a bicycle, 
had two small ones, one on each side of the machine, 
which normally would not touch the ground when the 
bicycle was vertical, but would prevent it from falling 
over if inclined; the engine, situate between the two 
Wheels, drove the rear wheel by means of a fiat belt, the 
drive being transmitted or not as required by a jockey 
pulley, which allowed of the belt being tightened or 
slackened ; the power of the engine was about one-half 
horse-power. ough a rough and clumsy, and withal 
impracticable machine, it is interesting as Cans the first 
Lae mp of the high-speed internal-combustion engine 
eing applied to a road vehicle, and also from the fact 
that it embodied at least two features of the up-to-date 
inotor-bicycle—viz., a free engine and no pedals. 

* The ‘‘James Forrest” Lecture, 1909, delivered before 
the Institution of Civil Engineers, April 26, 1909. 








In this same year—namely, 1885—another German 
inventor was at work, Carl Benz by name, of Mannheim, 
and he mounted a horizontal medium-speed engine, also 
using petroleum spirit as its fuel, on a sort of three- 
wheeled dog-cart, the steering being effected by the single 
front wheel. 

In the following year Daimler fitted a larger engine to 
a vehicle of wagonette type. Though others were working 
at the problem from this date, amongst whom we must 
not forget the names of Butler, Knight, and Roots as 
compatriots whose efforts no doubt were more or less 
prevented from bearing fruit owing to restrictive legisla- 
tion, no material advance was e until 1894, when the 
Panhard and Levassor car made its appearance in Paris, 
and from the first was a practical success. It is a note- 
worthy fact that this car contained all the essential ele- 
ments of the modern passenger road-motor driven by an 
internal-combustion engine, arranged in a similar manner 
to those in the most modern car. 

The engine was a vertical one and was placed in the 
front of the car, its crank-shaft being longitudinally in 
line with the centre of the vehicle ; the fly-wheel at the 
rear end of the engine also formed one member of a 
friction clutch which could be engaged or ener at will 
by a foot-pedal actuated by the driver; the other member 
of the clutch was attached to the main or 2 shaft of 
an arrangement of gear wheels, three on the primary and 
three on the secondary shaft, so contrived that any one, 
but only one, of the three pairs could be engaged at will ; 
these three sets of gear had different ratios, so that the 
8 of the driving wheels as compared to the speed of 
the engine, which was constant, might be varied accord- 
ing to the power required for ee! the vehicle on the 
level or on different gradients. The rotation of this 
secondary shaft was transmitted by bevel gear to a trans- 
verse shaft through a device which will referred to 
later on as the balance or differential gear, and from this 
transverse shaft the road wheels were driven by chains, 
sprocket-wheels, and pinions. The only modification of 
what I have termed the essential elements that has been 
made since then has been the substitution in some cars of 
a gear drive for the chain drive; by Ba method the 
power of the engine is transmitted, as before, through the 
gear, but instead of the transverse shaft being close to the 

r it forms the back axle, or is contained therein, the 

vel gear and differential being placed centrally and 
connected to the other gear | a short longitudinal shaft, 
having universal joints to allow for the vertical move- 
ment of thehind axle. In effect, however, this is only an 
elimination of the chain drive and combination of the 
hind axle with the transverse shaft. 

Because the arrangement of the essential parts has 
suffered little or no change, it might be infe that the 
machine as originally planned by Panhard and Levassor 
approached perfection. Such, however, was very far from 
being the case, and, indeed, though much has done 
in improvements since then, there are many problems 
which await solution. These problems must necessaril 


difficult to conceive, for instance, a road-motor propelling 
itself in any other manner than on and by means of its 
wheels, though the methods of producing power from 
transported energy and transmitting the same to the 
driving-wheels may admit of almost infinite variation. 

Though by far the greater number of road-motors 
in use for passenger purposes are driven by internal- 
combustion engines using petroleum spirit, or, for 
brevity’s sake, petrol-engines, there are others driven by 
steam, electricity, and combined systems ; comp 
air and liquid air have also been tried as sources of power, 
but have wettrd oy the experimental stage. 

It is computed that there are in use in the British Isles 
alone close upon 100,000 motor-cars and motor-cycles, and 
it may safely be said that over 99 per cent. of them are 
driven by petrol-engines. The advantages of the petrol- 


engine which have led to its adoption and extremely rapid | be 


development in the motor-car are :— 

1. That it is light for the power it gives off. 

2. Is ready to start at full power at a moment’s notice. 

3. Can be depended upon to run for long periods with- 
out attention. 

4. Is economical in consumption of fuel. 

5. Though requiring water for cooling purposes, the con- 
sumption is practically negligible. 

e advantages of the steam-engine as compared to the 
petrol-engine are :— tee 

1. That when once steam has been raised, the engine is 
ready to work, and that the mere admission of steam 
starts the engine. 

2. That its power is more easily controlled and through 
a greater range than the petrol-engine, rendering the 
change-speed gear of the latter unnecessary. 

3. That there is always more or less reserve power 
available in the boiler. 

4. Tifat it can be reversed easily. 

In spite of these t inherent advantages of the 
steam-engine, steam-driven road-motors form such a 
small proportion of the whole in Classes B and C that it 
is obvious that, at present at any rate, their advantages 
do not outweigh their disadvantages. These disadvan- 
tages are entirely connected with the generation of steam, 
and not with its utilisation in the engine, but in part 
with dealing with it afterwards. The machinery of such 
steam motor-cars as the White, and such steam omnibuses 
as the Clarkson and Serpollet, leaves little room for 
improvement in both design and working. For Class B 
vehicles, both for goods al public nger service, they 
may in time seriously compete with petrol vehicles, but 
for private motor-cars the boiler and. burner, however well 
designed and effective in automatic or hand-control of 
the generation of steam, will always, I fear, handicap the 
system’s other merits. ‘ 

The electric motor would be the ideal one for the pro- 





pulsion of the motor-car on account of its unequalled ease 
and range of control, even turning moment and simplicit 
of parts, if a source of electricity were available whic 
would bear any comparison with petroleum spirit in 
weight, cost, and portability ; and if such a source were 
available, there can be no doubt that petrol, steam, and 
other engines would soon be a thing of the past. The 
generation of electricity direct from the oxidation of coal 
or other fuel cannot be said to be impossible, and it may 
be actually within our reach if we only knew how and 
where to grasp it. The limitations of electric-cars, owing 
to the weight of the batteries necessary to supply the 
current for vf a few hours’ running, confine their use to 
towns, where the short distances and low speeds require 
comparatively little power. 

The Internal-Combustion Engine.—The principal reason 
which led the early pioneers to adopt the internal-com. 
bustion engine was undoubtedly its light weight for the 
power developed rendered possible by its high speed, and 
this advantage appeared to them to outweigh every other 
disadvantage which such an engine then appeared to 


The cycle of operations was then, and is now, in nearly 
all the engines in use, that of Beau de Rochas, commonly 
known as the Otto or four-cycle, in which the air and = 
are drawn into the cylinder on the outward stroke of the 
piston, which operation is followed by the compression of 
the mixture on the inward stroke of the piston; the ex- 
plosion of the mixture then takes — causing the out- 
ward or working stroke, followed by the inward stroke of 
the piston, whereby the exhaust — are more or less 
completely expelled from the cylinder; suitable valves 
allow of the admission and expulsion of the gases at the 
proper moment. This cycle is repeated so long as the 

ne is working. 

uring four strokes or two revolutions of the crank- 
shaft it will be seen that there is with a single-cylinder 
engine only one effective stroke, and during the other 
three strokes more or less negative work has to be per- 
“x fi ht th I 

t would appear at first sight that such an engine 
must be vastly inferior to the ordinary double-acting 
single-cylinder steam-engine, where every stroke is a 
working one, and there is no doubt that the opinion 
so formed would be correct if only the engines are taken 
into account. The fact that the cylinder of the internal- 
combustion engine performs the functions of the boiler 
and furnace of the steam-engine also has in practice been 
found to more than counterbalance its defects in other 
directions when applied to the propulsion of road vehicles. 

The single-cylinder type of engine — a heavy fly- 
wheel to maintain its momentum sufficient to render 
rotation sufficiently uniform for practical purposes, but 
a better method has been to increase the number of work- 
ing cylinders. The number has been very generally in- 
c to four and six and to eight or even more in occa- 
sional instances, to secure a more regular turning moment, 


and at high speeds of rotation there would not appear to 
be ones relating more to detail than to principle, as it A i} ~ Hf 


»e much room for improvement in this respect; at the same 
time the individual impulses are undoubtedly not entirely 
damped out before they reach the road, and they leave 
their effect to a greater or less degree evident on the 
wearing surface of the tyres. A more uniform turning 
moment from such engines is to be desired, but it is 
— to see how it can be — from any engine of 
the reciprocating piston type, or from an engin e except 
of the rotary or turbine {mde tion, of which at the 
present time there is no successful type known. 

Whilst the original Daimler engine as made by Pan- 
hard and Levassor has been improved in design of, parts 
and by the use of more suitable material than was at that 
time available, the form of the valves and the method of 
actuating the exhaust-valve has remained generally the 
same to thisday. There has, however, been one notable 
departure from this system recently which may prove to 
a considerable advance on existing designs. I refer 
to the Knight engine made by the Daimler Company of 
Coventry ; in this engine a radical alteration has been 
made in the form of the valve gear, the usual type of 


mushroom valve-seat being a yeep by a in the 
cylinder wall—that is, covered or uncove! by a thin 
cylinder or sleeve, with a similar port cut in it, aliding up 


and down in the cylinder itself. In practice two sleeves 
are used interposed between the piston and the cylinder 


wall, and by working these sleeves in o ite directions 
a very quick action in opening and closing the ports is 
obtained ; the inlet port is on one side of the cylinder, 


and the exhaust-valve on the other. The sliding sleeves 
are positively operated by a half-time or lay-shaft by 
means of eccentrics. mt severe official trials, carried 
out by the Royal Automobile Club, have proved this 
system to be at least as good as the ordinary type of 
engine. The dynamical balancing of the moving parts 
of the pot-cogne in no way differs from “the cor- 
responding problem with other reciprocating engines ; 
but whilst the moving parts can be balanced, and also the 
my pressures on the piston, by the adoption of what 
is known as the double-piston type of engine, with such a 
degree of accuracy that, if the motor-car is standing still, 
the fact that this engine is running [can with difficulty be 
detected by eye or ear, it is obvious that with the present 
arrangement of the mechanism the turning moment of the 
a cannot be balanced, and nust react upon the 
vehicle itself when running, and perceptibly so, especially 
when the full power of the engine is being exerted, and 
the speed of the vehicle is slow, as when ascending a steep 
hill. Though some invention may in the future solve this 
problem in a far more perfect manner than has been 
accomplished at present, it would necessitate the employ- 
ment of an entirely different type of engine and trans- 
mission to the road-wheels. 

Carburation.—The difficulties of properly carburating 
the air to form an explosive mixture in the cylinder remain 
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almost as great as when Daimler made his first engine. 
Of the two systems he ae that known as 
the surface carburettor and the spray or jet carburettor— 
the former has now become nearly obsolete, for reasons 
that are not readily understood, and the use of the latter 
in some form or other has become universal. When one 
considers how small the range is through which a mixture 
of petroleum spirit and air is explosive, it is ext i 
that such very imperfect devices as are in every-day use 
as carburettors should fulfil their functions at all ; that 
they do not fulfil them accurately, scientifically speaking, 
or to the best advantage, is well known, at any rate to 
the actual users of motor-cars. 

The carburettor that will supply a constant mixture at 
constant pressure and temperature under all conditions of 
running of the engine is one problem which has yet to 
solved, and when to this has been added some device 
whereby this constant mixture shall be diluted with air to 
exactly the correct extent to give perfect combustion on 
explosion in the cylinder, then, and only then, will per- 
fection in this matter have been reached. 

The difficulties in ensuring even reasonably good car- 
buration are considerably enhanced by the method of con- 
trolling the modern engine, which is by throttling the 
supply of mixture so as to reduce the volume taken into 
the cylinder ; in most instances this entails reducing the 
proportion of vapour to air and altering the rate of ex- 
plosion thereby ; the early engines of the Daimler type 
were free from this difficulty, as they always took in a full 
charge, so to speak, and were governed by not allowing 
the exhaust-valve to open, thus confining the products of 
combustion and preventing the admission of a fresh 
charge until the speed of the engine had fallen to the pre- 
determined limit. The whole question of carburation isa 
very complex and difficult one. I am glad to say that it 
has now been seriously taken up and experimented upon 
by scientific men, with every appliance at their disposal, 
and there can be no doubt but that in due course the 
researches now being made will lead to valuable practical 
results in the design and working of carburetting devices 
generally, 

The Ignition of the Explosive Charge.—The ignition of 
the explosive charge in the internal-combustion engine 
has been effected in various ways, but as yet no universal 
method has been arrived at, though it would appear that 
ignition by means of electricity in some form or other 
more nearly approaches the ideal than anything else. In 
the earliest Daimler engines the heat retained in a portion 
of the combustion chamber from previous explosions was 
utilised to effect the ignition of the compressed charge of 
vapour and air at the moment when the compression was 
at its maximum at the end of the inward stroke of the 
piston ; this method, though simple and effective so lo: 
as the engine was working at its normal full power, fail 
either when the engine was lightly loaded and an explo- 
sion was not made every revolution owing to the action of 
the governor, or when the engine was overloaded and its 
— thereby reduced, causing premature ignition of the 
charge. Animprovement on this system was the “‘hot tube” 
ignition. In this system a small solid-ended tube of thin 
platinum was secured in the wall of the cylinder, so that 
its interior was in communication with the combustion 
space in the working cylinder, whilst its exterior surface 
projected an inch or so from the wall of the cylinder, and 
could be heated to the temperature necessary to ensure 
ignition by external means—namely, a sort of Bunsen 
burner fed with the same fuel as in the engine. This 
— was an improvement on the earlier ones, in that 
the heat necessary to ignite the ch being maintained 
independently, the ignition was not affected by the engine 
being run light or loaded, but it did not entirely meet the 
requirements, as the exact moment at which ignition 
occurred could not be varied according to the speed of the 
engine, though it could be set connate for one particular 
speed by regulating the length of the ignition-tube that 
was heated, this being an adjustment usually made 
once and for all by the manufacturers of the engine. 
Engines fitted with this system could, therefore, only be 
governed by some method whereby the explosive charge 
was either admitted or not admitted to the cylinder 
according to the requirements of power at the moment. 
A motor-car fitted with such an engine had the advantage 
of going at definite speeds along the road, but this, I 
think, was the sole advantage, and would nowadays not 
be considered an advantage at all. 

The ignition of the charge by an electric spark, pro- 
duced in the cylinder at the moment when the piston was 
just commencing its outward stroke, had been employed 
for some time in stationary and petroleum spirit 
engines before it was applied to the engines of road- 
motors. The first applications of it were to the Butler 
tricycle, the Benz three-wheeled carriage, and the 
tricycle of De Dion and Bouton. The first-named of 
these vehicles was only run experimentally on the 
roads in this country owing to the legislation which 
then, unfortunately, not only restricted the use of 
road-motors, but also, by this restriction, stifled in- 
vention in this particular direction. The other two 
used the type of electric ignitior. known as high-tension 
battery age for producing the inflammation of the 
charge. is system consisted of a battery of either the 
primary or secondary description producing the electric 
current at low tension by chemical means, the current so 
produced bey d then at the proper moment allowed to 
pass through the primary circuit of an ordinary induction 
coil, in the secon circuit of which it was raised in 
tension and reduced in vclume to such an extent that it 
was able to overcome the resistance of an air-gap of from 
phe togin. This air-gap was arra‘ for in the cylin- 
der of the engine by two platinum points, between which 
the spare passed, one of them being insulated from the 
cylinder by forming the end of a wire os through a 

i t the other was 


porcelain insulating-plug, whils connected 





to the metal of the cylinder itself. As the resistance of air 
or vapour under compression is higher in proportion to 
the pressure, the air-gap has to be much smaller in the 
cylinder than under atmospheric pressure, in order to 
ensure the spark occurring between the points. The 
exact moment at which the spark occurs and ignition of 
the charge effected is controlled by a contact-maker ac- 
tuated by the engine itself. In some instances there is a 
succession of sparks, and in others only one spark, accord- 
ing to whether the induction-coil is fitted with an auto- 
matic interrupter or not. Benz used the former system, 
whilst De Dion used the latter. The time of ignition 
could be varied mechanically by a simple jdevice which 
made the contact-maker to act.earlier or later as required. 
The electric system of igniting the charge thus enables 


be | the moment of ignition to be varied in a way that was 


impossible with the hot-tube system, and a _ very 
complete control over the speed and power of the 
engine to be obtained within limits. It is_pre- 
cisely these limits that are the weak points in what 
otherwise would appear a perfect system. Hot as the 
spark is, it isunable to ignite with iness mixtures which 
have more than a certain mtage of air, and the ignition 
being so extremely | prevents the flame in a weak 
mixture being ily transfused throughout the whole of 
the charge. To overcome this difficulty the charge has 
been ignited at different points simultaneously, but this 
is only a makeshift and not. a complete solution of the 
problem. The improvements of the original systems 
have been in the direction of substituting mechanical 
means for producing the current instead of chemical ones, 
and so rendering the engine self-contained, so to speak, 
and capable of producing its own current for ignition so 
long as it is running. 

The current in such systems is obtained from magneto 
electric generators of one type or another, and for the 
most part they have not formed an integral portion of the 
engine design, but have been adjuncts driven by it. There 
are two general types—viz., the low-tension and the high- 
tension eto ; the former requires a mechanical inter- 
rupter inside the cylinder of the engine to break the electric 
circuit at the correct moment a spark, or, more correctly 
speaking, an arc being formed at the moment of rupture 
between the contacts ; the latter produces a current at 
high tension which has sufficient voltage to overcome an 
air-gap at the ignition plug producing a spavk between 
the points. There is a modification of the .ow-tension 
— system, in which the separation of the contacts is 
performed ne by the current from the magneto 
instead of mechanically by the engine, but even in this 
case the moment of of the current is controlled by 
the engine movement. The only other method of ignition 
that has been employed may be called a variation of the 
hot-tube one, a catalytic substance, such as platinum- 
black, being used, which, being acted upon by the gases 
in the charge, is maintained at a high aes during 
the working of the engine. This method does not, how- 
ever, appear to possess any real advantage or to hold out 
any promise for the future. 

Oring to the fact that a slight difference in the mixture 
or in the amount of compression entails an alteration in 
the time when the charge must be ignited to obtain the 
best effect, and owing to the difficulty of maintaining 
each cylinder of an engine in identical conditions in these 
respects, it is obvious that an ignition system that 
not take such variations into account cannot be perfect. 
Such are the present ignition systems which we have to 
employ whilst awaiting the invention of a more perfect 
device. 

Systems of Steering.—Whilst the ordinary system of 
pivoting the axle carrying the two front wheels on a 
central pin sufficed for a horse-drawn vehicle, owing to 
the leverage which the horse exercised by means of the 
shafts, or, in the case of more than one horse, the pole, it 
was very soon obvious that such a system was quite 
unsuited for road-motors travelling at speeds over 12 miles 
an hour or even less, owing to the tendency that there 
was for any obstacle, even of quite a small nature, to 
cause the wheel that came into contact with it to alter the 
course of the vehicle, or to throw considerable extra stress 
on the steering gear, and though one or two small cars 
were made with steering gear on this principle, it is now 
see a obsolete. Luckily a practical remedy was at 

and in the system of steering known as the Ackermann, 
which in some form or other is now almost universally 
employed for all road-motors except traction-engines. 
It is somewhat curious that this system, which was 
invented nearly 100 years for horse-drawn vehicles, 
should have at last been able to prove its merits on 
mechanically - led vehicles. In the Ackermann 
3ystem each of tl e front wheels turns separately on a 
vertical pivot, which pivot should theoretically pass cen- 
trally through the vertical plane of the wheel and its con- 
tact with the ground ; the wheels are controlled by means 
of a rod or tie-bar connecting what are known as the 
steering-arms, thesesteering-arms being merely short levers 
connected to the short axle which carries the wheel to 
enable the wheel to be turned on its vertical pivot. This 
connecting rod is attached at some point in its length, 
or sometimes the off-side steering-arm, to another rod 
which forms part of the steering mechanism which eventu- 
ally terminates either in a tiller control, though such is 
now nearly obsolete, or in a pinion and rack or some 
form uf worm and wheel sector controlled by a hand- 
wheel worked by the driver. By inclining the steering- 
arms suitably towards each other the front wheels are 
enabled to roll on a curve which is approximately the 
correct one for the turn that the vehicle is intended to 
make. This then, like many other details of the road- 
motor, is a compromise between theory and practice, but 
it is one that in. practice. might easily be thought to 
perfect. If the axes of the steering-arm pivots produced 
pass through the centre of the vertical plane of the wheel. 





then it is obvious that an obstacle met by the wheel wii! 
have no tendency to disturb the steering of the car, but 
merely throw extra stresses on the pivots and tend to 
re’ that side of the car momentarily. As it is some- 
what difficult mechanically to attain the above conditions 
exactly, the pivots of the steering-arms are sometimes in- 
clined, and sometimes the wheels are inclined, so as to 
nator eam to the conditions for the height of such 
obstacles such as it is likely one might come across on th: 
road. It is difficult to see how the best types of the pro- 
sent system can be improved upon, though admitted!) 
none of them are perfect in the application of theory to 
practice. 

Inbrication.—The lubrication, not only of the engine, 
but of the working parts of the vehicle generally, is one 
of the most important problems that have to be met in 
the practical working of the road-motor; on efficient 
lubrication depends the economical running of the vehicle, 
both from the point of view of frictional losses and wear of 

ts. Taking the engine, first of all, into consideration, we 
ave two essential portions which appear to require dif- 
ferent treatment—viz., the piston, which has only a sliding 
motion, and the crank-shaft and connecting-rod bearings, 
in which the motion is entirely rotary, or reciprocating 
rotary, as it is with the small end of the connecting-rod 
on the gudgeon-pin. In the case of a horizontal engine 
it is a simple matter to feed oil on to the piston fron 
above through a hole in the cylinder, allowing a portion 
to flow through a hole in the piston to lubricate the 
gudgeon-pin, and to so arrange the lubrication that it 
increases with, and in direct proportion to, the speed of the 
engine. This, however, is not all that is necessary, since 
the quantity should be regulated according to whether the 
engine is working at full power, is working light, or being 
driven round, as it might be when descending a hill. 
Such a system is evidently far from being theoretically 
perfect, though its imperfections are generally obscured 
or mitigated in practice by an excess of lubricant. Asa 
rule, the oil which has served to lubricate the piston 
ually works to the outward end of the cylinder, and 
is drained away and not used again. In the vertical 
engine the case is somewhat different, as nearly all these 
engines depend entirely upon what is known as ‘“‘ splash 
lubrication” for the lubrication of the piston, gudgeon- 
pin, and in many cases the crank-shaft and crank-pin, 
and other engine bearings as well; the oil in the crank- 
charaber is thrown up by the crank-shaft dipping into it 
on to the wall of the cylinder in more or less quantity, 
some of it finding its way to the inside of the piston and 
on to the gudgeon-pin, the amount so thrown up depend- 
ing upon the s of rotation, the viscosity of the oil, 
and perhaps other things, but at the best it appears to 
be a happy-go-lucky method of lubrication of a most 
unscientific order, of which the only thing that can be 
said in its favour is that in actual practice it has been 
found to work. The use of oil, which has of necessity 
been partially carbonised, and is, from the position it is 
in and the conditions under which it is used, necessarily 
very hot, would seem to condemn the system at once, and 
even though it does answer in practice, it is not unlikely 
that a better system on scientific lmes might be devised 
which would do better. 

As regards the lubrication of the crank-shaft and other 

similar bearings, opinion seems to be divided between the 


does | Splash system and a forced feed system, whereby lubri- 


cant is forced through the bearings under a considerable 
pressure continuously so long as the engine is working, 
thereby, it is contended, ensuring a film of oil between 
the working surfaces of every bearing ; the latter system 
would undoubtedly be the better if it could be ensured 
that the oil supply remained quite clean and entirely free 
from all grit or abrasive, such as fragments of metal which 
might be picked up in its circulation through the bearings ; 
it ~— seem at first sight that the freeing of the lubri- 
cant from such foreign substances was quite a simple 
matter by filtration, gravitation, or both combined, but 
practice has not found it to be so in the case of the engines of 
road-motors, and a more perfect system is certainly a desi- 
deratum. The lubrication of the gear-wheels in the change 
gear and of the. bevel and differential gear when a live 
axle is used, is of the nature of what may be termed 
‘*bath lubrication,” the whbels and their spindles being 
wholly or partially immersed in the lubricant. This 
method, though effective so far as lubrication is con- 
cerned, no doubt absorbs more power than is desirable or 
necessary in churning up the lubricant, which effect can 
in itself be of no possible use. In some instances, in 
order to minimise the amount of oil in the gear-box, and 
to ensure lubrication of the various bearings, these are 
supplied separately by ring lubrication, which ensures 
their getting a regular and constant supply when working. 
The lubrication, of other parts of a -motor is gene- 
rally effected with solid oil, or grease fed from lubricators 
fitted with springs to force the grease in automatically 

or with screw-down lubricators to be operated from time 
to time by hand. 

(To be continued.) 





Frencu SHIPBUILDING.—The profits of the great French 
shipbuilding concern known as the Forges et Chantiers 
de la Méditerranée amounted last year to 45,452/., as com 

with 57,849/. in 1907. The dividend proposed for 
908 is at the rate of 2/. 4s. per share. A similar divi- 
dend was paid for 1907. 


Beteian Coat Imports.—The imports of. coal into 
Belgium in the first three months of this year were 
1,409,670 tons, as compared with 1,339,121 tons in the 
first quarter of 1908. In these totals German coal figured 


—_———. 


be | for 720,248 tons and 695,649 tons respectively; French 


coal for 127,258 tons and 158,717 tons respectively ; and 
British coal for 517,148 tons and 453,519 tons respectively. 
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THE INSTITUTION OF MECHANICAL 
ENGINEERS. 


Address by the President, Mr. Joun A. F. ASPINALL.* |}, 


I HAVE to thank you for the honour you have done me 
in making me your President. 

in considering upon what subject I should address you, 
I came to the conclusion that as there are so many engi- 
neering interests bound up in the question of the electri- 
fication of railways, which will lead, sooner or later, to a 
distribution of work of various kinds amongst engineers, 
it might be useful to review some of the points that have 
arisen and have had to be considered in connection with a 
line of railway which has been converted from a steam line 
into one worked by electricity. The success of the engi- 
neer undoubtedly depends upon his being connected with 
works which have a commercial value, and his avoiding 
those which, though they may give him some temporary 
employment, are destined to be pointed to in the future as 
failures due to the products of a too speculative brain. ‘No 
engineering subject requires more thoughtful care than 
the mechanical and electrical working of railways. 

There is nothing so coy as capital, and if it is to be won, 
it must be by convincing arguments, and not 
doubtful pleadings of conflicting interests. It is probably 
certain that what may be called the ‘battle of the 
systems” has had the effect of causing railway companies 
to defer electrification until they could see that engineers 
were not at variance as to the system to be adopted. I 
have no intention of dealing with the controversial point 
raised in the “battle of the systems.” Those who are 
interested will find in a recent short paper, read by Mr. 
F. W. Carter before the Rugby Engineering Society, a 
very clear statement of the kinds of work to which the 
different systems can be applied with advantage. 

In dealing with the general subject I do not for one 
moment suppose that I shall be able to give any addi- 
tional information to those railway and electrical engi- 
neers who have already made it the object of special 
study. Possibly any remarks I may make will of 
interest to those who have not hitherto gone into the ques- 
tion. It is too often stated that a general electrification of 
our railways would be of very ena advantage. A careful 
examination of the subject, however, appears to show 
that while there are certainly instances in which this work 
can be undertaken with great commercial success, each 
individual case has to be considered with the utmost care, 
not only on account of the costly character of the work, 
but because the conditions upon which success or failure 
depends vary in almost every place or district. The length 
of haul, the density of the traffic, the necessity or other- 
wise of express trains, the presence of steam-trains, the 
proximity of signal-boxes, the density or scarcity of popu- 
lation at different points of the line, and the continuity 
of the flow of traffic during those hours which are not 
“rush hours,” and a variety of other circumstances will 
affect the commercial prospects of such an enterprise. In 
dealing with the question of electrification before the Rail- 
way Congress at Washington, in 1905, I said that the 





Lancashire and Yorkshire Railway had not gone into the | | 


Fig.2 DIAGRAM SHOWING WEIGHT OF PASSENGER STOCK MOVED DURING A WORK > 
DAY BETWEEN LIVERPOOL & SOUTHPORT, 1904. STEAM BEFORE CONVERSION, Platform 
ELECTRIC AFTER CONVERSION. TOTAL WEIGHT MOVED FROM SA.M. 

18,393 TONS ; :, 69,160 TONS. 
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at present very high, some trains doing the journe 
without a stop, from London to Liverpool ( hill) 
at 55.3 miles per hour, or from London to Man ter 
(Stockport) at the same speed. This would appear to 
quite sufficient to satisfy the ordinary business man 
who can go and return from London and arrange his 
journeys so as to have a clear five hours in town. If we 
assume a most extravagant figure and say that trains 
would be run at 120 miles per hour, and the time occupied 
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cloctcitying the existing lines with a view of seeing 
e additional capital required for electrifying 
would or would not exceed the cost of widening. In the 
case of many suburban lines from our great cities electri- 
fication will at once double the train-carrying capacity 
of the tracks, while | — it will allow for an 
increase in capacity and yet leave a ter time-space 
between trains which may be utilised for the 
of steam-worked express trains coming in from the 
more distant parts of the line. To electrify any 
suburban railway and to arrange the time-table in 
such a way as to leave trains running at the samé 
speed at which the steam-trains formerly ran, would 
be to throw away most of the advantages of the 
change, though the working costs could be kept very 
low. An increase of s , coupled with greater fre- 
quency of trains, will soon begin, in a populous district, 
to yield that flow of traffic which may naturally be 
expected from such facilities; but it must at once be 
vised that higher speeds and more trains cost 
money. If, therefore, the district is not one in which 
there is a probability of a growth of traffic, nothing can 
be gained. In a district where a railway has had its 
trac eled by tramways running for some distance 
from the terminal of a great city, "the creation of an 
electric railway service will have the immediate effect 
of bringing back to the line of railway large numbers of 
those passengers who have used the trams in the early 
stages of their construction, but who find that they can- 
not tolerate the great waste of time which results from 
the very slow speed and the many stops due to the 
crowded streets through which the trams have to run. 
It must, however, be remembered that unless an 
electrified railway can be continued for some distance 
so as to earn a good average fare, stations which are 
close together and but a short distance from the great 
city will yield very low fares without giving any oppor- 
tunity of picking up the ever-recurring penny paid by the 
short-distance traveller on the trams. 

Sir Herbert Jekyll, in his report to the Board of Trade 
on London traffic, points to the fact that one railway 
running northwards out of London is prohibited by law 
from stopping at intermediate stations until it has got 
9 miles out of London. Although this distance is 
probably in excess of what might be termed reasonable, 
such a railway, being electrified, would be saved the draw- 
back of having to start out of the terminals with a heavy 
train of great seating capacity which would empty rapidly 
at the short distance stations, and necessitate the haulage 
of « considerable weight of empty stock to whatever 
distance the line might be extended. The main object 
should be to induce a large number of peuple who have 
business in the towns to live further out, and so bring 
up the average fare of the railway (which has to pay 
for its wayleave, its land, its stations, and its signalling) 
to such a figure as will make it profitable, leaving the very 
short-distance traffic to the municipal tramway, which has 
its os of way in the public streets, and has advantages 
which the railway cannot possibly obtain. Some of the 
advantages of electrification for local services are :— 

(a) High schedule journey speed. 
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work to “‘save money, but to make money.” I further 
pointed out that it enabled us to defer for a long time any 
increase in the capacity of our terminal stations. I did 
so in_the following words :— 

‘Every time a locomotive train comes in and goes out 
you have four platform operations and eight — opera- 
tions. First of all the train comes in, then a locomotive 
follows it—that is two; then the train goes out—that is 
three ; then the locomotive which brought it in goes.out— 
that is four platform operations, which means eight signal 
operations, The electric-motor train comes in—that is 
one ; the motor-man to the other end of the train, and 
the train goes out—that is two. You have only two plat- 
fori operations, and four signal operations. The result is 
that, by using motor-car trains instead of locomotives, you 
double the capacity of your terminal accommodation. ’ 

lo warrant the electric equipment of a main line of 
ruiway dealing, under present circumstances, with long 
stcam-hauled trains at high speeds for long distances 
Without @ stop, some great commercial advantage must 
be shown. public are not likely to pay more than 
they do at present, and it therefore becomes a question as 
to whether electrical working would induce much larger 
numbers to travel and to travel more frequently. What 
would be the advantage which would weigh with them in 
taking more frequent journeys? The speed of trains, 

y between Manchester or Liverpool and London, is 


* Delivered April 23, 1909. 
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reduced by one-half, the 
probability is that the com- 
mercial gain to the traveller 
would be very small, while 
the increased cost to the 
railway would be enormous. 
In addition to the first great 
cost—say some millions-- te 
and assuming such fast trains to be run on the existing lines 
of way, the general usefulness to the railway company of 
any one track would be materially reduced, as the margins 
of time before the approach of such trains would have to 
be materially increased for the sake of safety, and the 
slower stopping trains which are interwoven between the 
expresses of to-day would, to a large extent, have to be 
carried on other tracks. The earning capacity of what 
may be called, for the sake of distinction, the express 
track would therefore be decreased. The existence of a 
considerable population in two towns some miles apart, 
without any large number of intermediate towns with a 
travelling population to feed a railway, would not be 
sufficient warrant for electrifying an existing steam road 
destined to carry high-speed trains. It is probable that 
with two towns 20 miles apart such a railway could not 
in our present state of knowledge succeed financially 
compared with a steam-worked road. The cost of widen- 
ing any railway, the capacity of which has, owing to 





road, and illustrate how this 








growing traffic, become too small for dealing with steam- 
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Fic. 3.—Cross-Section of Permanent Way, showing Third and Fourth Rail 
compared with New York Central Railroad. 


Dotted lines show position of protected third rail as used by the New York Central Rail- 


tion for the third rail would be in the way of the plattorms 


and certain bridge girders on an English railway. Scale ,th. 


(b) Much more frequent service when required. 

(c) Increased acceleration and deceleration. 

(d) Greater possible mileage per train per day, increas- 
ing the earning capacity of any given quantity of rolling 
stock, and increasing the loading and unloading capacity 
of existing platforms. 

On lines of railway where third-class carriages only are 
necessary great advantages in epeneting are gained, but 
there are parts of the country where the demands of the 
public are such that it is absolutely essential to run two 
classes (first and third), and ae this is the and ° 
is necessary to provide smoking compartments for eac’ 
class, considerable difficulties ‘ the reduction of train 
weights are met with ; but if care is taken in proportion- 
ing the seats to the ~~ of the public, the higher 
fares obtained from the superior class more than over- 
balance the additional cost of operation. 

Any company which determines to convert its line 
from steam working to electrical working must be pre- 
pared for some difficulty in dealing with the less thoughtful 


trains, should be carefully compared with the cost of ; sections of the public, who are unwilling to recognise the 
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necessity for some of those delays which during the initial 
stages are inevitably conn with such a considerable 
change in methods. Notwithstanding these little troubles, 
one may say with R. L. Stevenson, that— 

‘The conditions of conquest are easy : we have but to 
toil awhile, endure awhile, believe always, and never 
turn back.” 

Liverpool-Southport Railway.—In describing the par- 
ticular instance of conversion to which I have referred, 
I propose to deal with that section of the Lancashire and 
Yorkshire Railway which has now been electrified for 
some time, and of which the working results are known, 
and which has been commercially successful. The South- 
port branch of the Lancashire and Yorkshire Railway, 
Fig. 1, page 609, is a coast line 184 miles in length, havin 
fifteen stations upon it. The total length of electrifi 
line in and about this district amounts to four miles of 
four tracks, and 25 miles of double tracks, making a total, 
if sidings are included, of 70 miles of single track. After 
leaving Liverpool all the stations are close to the sea. 





Many of them are situated in the midst of attractive resi- 
dential districts, and were thus likely to produce addi- 


7 


gain to the’railway in’capacity forjhandling traffic. Here 
the cost of electrifying is a set-off against the necessity 
for widening and laying additional lines through a most 
expensive district, which would in time have become 
necessary if steam working had m continued for 
passenger trains. During the first year of electrification, 
and at an early period when the increased service had 
shown the public the advantage of greater frequency (with 
the result that 14 per cent. more people were making use 
of the trains), it was interesting to note that the total 
weight of the rolling-stock moved in a day, between 5 a.m. 
and 12 midnight, was 69,160 tons, against 78,393 tons in 
the days when steam was used. A diagram, Fig. 2, 
609, has been pre’ to illustrate this, the dotted 
i showing the weight of the steam-trains, including 
the locomotives, and the full lines the weight of the 
electric trains during different periods of the day. <A 
considerable addition to these weights has been the 
natural result of an increase in traffic since 1904. 
The suburban service on the Liverpool and Southport 





electric line is considered to be the fastest service of such 
a character in existence. A contrast between the speed of 
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Wear and Corrosion of Third and Fourth Rails, Lancashire and Yorkshire Railway, L. C. and S. Line. 


Fig. 4.—LIVERPOOL. 


4th Rail. Main line. 
Percentage loss 


Exchange Junction. 
3rd Rail. Main line. 
Percentage loss, 
Weight .. .. 18.86 
Area (wear) .. 5.57 
Area(corrosion) 12,14 


3rd Rail. Main line. 
Percentage loss. 
Weight .. .. 15.28 (corrosion). 
Area(wear) .. 5.57 Weight .. .. 16.43 
Area(corrosion) 9.71 Area . 15.43 


Fie. 7.—Diagram of Templates showing Wear of Track-Rails. 
Lancashire and Yorkshire Railway. 


LIVERPOOL, 
Leeds St. Bridge. 
Laid. 
Taken out. 

\ Loss, Ibs per yard 
2.83 orlbs. per yard perannum 4.02 
Down line. Gradient 1 in 3850 rising. 
Radius of curve 9 chains, 


1898, 
Jan., 1907. Nov., 1907. 
April, 1908, 12.6 
4.8 1.4 


July, 1903, 
Jan., 1907, 
9.9 


Up line. 


VY, 


Loss, Ibs. per yard 
or Ibs. 
4.0 Present rail losin 
G 
Radius 143 chains, 


Fic. 
3rd Rail. Siding. 


5.—FormBy (see Appendix VITII.). 
8rd Rail. Mainline. 4th Rail. Main line. 
Percentage loss Percentage loss. Percentage loss 
(corrosion). Weight .. .. 5.14 (corrosion). 
ee « » Area (wear) .. 1.86 Weight .. .. Nil. 
Area 2,14 Area(corrosion) 3.57 Area Nil, 


Electrified Lines. 
Bank HALL. SEAFORTH. 
Laid. 
Taken out. 


1898. 
Nov., 1907. 
11.5 
per yard per annum 1.27 
Ibs. per yd. perann. 3.5 
ient 1 in 509 rising. 
Radius 12 chains. 


July, 1905. 
Apr., 1908. 
9.5 
3.45 
li 


Taken out 


Fic. 8.—Diagram of Templates showing Wear of Track-Rails. 
Lancashire and Yorkshire Railway. 


Connecting Line. 
Laid. 


Loss, Ibs. per yard 
or Ibs. per yard per annum. 


Up line. 
Gradient lin 295 rising. Radius of curve 7 chains. 


was found that the six-wheeled coupled tank-engines 
which did the work in 1904 consumed 80 Ib. of coal per 
train-mile with express trains, and 100 lb. with stopping 
trains. This excessive locomotive consumption was due 
to the high acceleration required. The consumption of 
coal at the power-station in 1908 works out to 49 Ib. per 
train-mile for the electrical trains, and the consumption 
of current at the train is 49 watt-hours per ton-mile for 
the express trains, and 112 watt-hours ed ton-mile for 
express and stopping trains, including all shunting wort. 

uring the period of conversion, the work which is 
most likely to interfere with the ordinary traffic is the 
laying of the high-tension cables in the ballast, and the 
fixing of the conductor rails. On the Liverpool and 
Southport line the operation of cable-laying was pro- 
ceeded with first, so that the cables were completed and 
the ground filled up, leaving the way clear for men 
engaged upon track-work. The method generally adopted 
was to open out a long trench in the day-time, and to lay 
the troughing ready to receive the cables; these were 
brought down specially at night, the drums being 
mounted in suitable wagons, and uncoiled so that the 


VW 
a En 


(See Appendix VIII.—to be published later.) 
Fic. 6.—SouTHport. 


8rd Rail. Mainline. 4th Rail. Main line. 
Percentage loss. Percentage loss 
Weight .. .. 11 (corrosion). Percentage loss 
Area (wear) .. 1.86 Weight .. .. 4.43 (corrosion). 
Area(corrosion) 7.42 Area oe 2.48 Weight .. .. 5.86 
Area - 414 


3rd Rail. 
Cross-over road, 


Electrified Lines. 

SouTHPORT. 

id. 1899. 

Still in road. Nov., 1908 
14.72 
1.63 

Up line. 

Rising. 


Sept., 1905. 
July, 1905. Nov., 1908. 
Apr., 1908, 4.86 Loss, Ibs. per yard. 
8.9 1.58 or lbs. per yard per annum. 
3.23 Down line. Gradient 1 in 3770 


Falling. 
Radius of curve 12 chains. 
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Down line. 

















8,879,000 tons electric 
passed over during 
15 months (January, 
1907, to April, 1908), 


14,284, 280 tons electric. 
4,124,200 ,, steam. 35,056, 
18,408,480 —s,, 
over in 3} years. 
(July, 1908, to January, 
1907.) 


passed 


tional traffic if good travelling facilities were provided. 
For some distance from Exchange Station, Liverpool 
(about 44 miles), the railway runs parallel with the line 
of docks, near which there are several large goods stations. 
To deal efficiently with the considerable is traffic as 
well as the numerous steam passenger trains, there were 
four lines of way from Sandhills Junction up to Seaforth, 
and then two lines of way on to Southport. On the 
length where four lines of way existed there were four 
passenger stations, each having four platforms, with all 
the necessary waiting-rooms, &c. All these platforms were 
required and were used in the days of steam trains. 
As a matter of convenience, all ‘our lines were electrified, 
and two of them are looked upon as being desirable for 
spare lines over which passenger traffic can be passed in 
the event of any obstruction occurring on the eastern 
lines, over which, with the exception of one or two through 
trains, all the electric trains are now run. Although the 
frequency of trains has been more than doubled, the rapid 
acceleration and the increase in the ave’ 8 of travel 
has enabled the whole of the work, with the exception 
mentioned above, to be done on two lines of way, thus 
dispensing with the staff, and enabling the waiting-rooms 
call aie buildings on the western lines to be shut up, 
and itting the western lines to be used almost wholly 
for the steam-worked goods traffic, allowing it to flow to 
and from the various yards without any interruption from 
passenger trains. This may be looked upon as a distinct 


19,077,000 tons electric, 
000 


— 


», Steam, 


54,133,000 ,, passed over in 9 years 10 


months. 


(January 1, 1898, to November 1, 1907.) 


trains which is expected nowa:lays and that which satis- 
fied our forefathers is found upon looking at a rule of the 
Manchester, Bolton, and Bury Railway, which now forms 
part of the Lancashire and Yorkshire Railway. This 
rule, framed in 1841, reads :—‘‘ That the greatest speed 
shall be, with the through or first-class trains, 24 miles per 
hour, and the least speed 17} miles per hour ; and with the 
stopping or second-class trains, the greatest speed, in- 
cluding all the stoppages, shall be 174 miles per hour, and 
the least speed 134 miles per hour.” 

The stopping trains on the Southport line run 1 
miles, stop fourteen times, and do the journey in 
minutes. The express trains, which are much easier to 
work, run the same distance in 25 minutes. The trains 
get into speed very rapidly, and are running at 30 miles 
an hour in 30 seconds from starting, though this varies 
with the number of cars. If anyone were to compare the 
costs of operation of such a railway with another electrical 
line working under al ther different conditions as to 
8 and weight of trains and the number of stopping- 
p the figures would be somewhat misleading if they 
were not studied with a knowledge of all the facts. 

During the transition stage from steam to electrical 
working there came a period when it was necessary to run 
steam-trains in between the electrical trains at the same 
— in order te keep them out of the way of the latter. 
his afforded an opportunity of comparing the coal con- 





sumption of jthe locomotives and the power-house, and it 


4,274,988 tons electric passed over in 
2}'years, (July, 1905, to April, 1908.) 


14,020,004 
13,485,400 


Tons electric 
Tons steam 


10,462,392 
46,800 


10,509,192 tons passed over 27,505,404 
in 3} yrs. (Sept., 1905, in 9 yrs. 11 mths. (Jan., 
to Dec., 1908). 1899, to Dec. , 1908). 


cables coul i be placed in the troughs, and the remainder 
of the worl: completed in the day-time. The track work, 
except at he busier points, such as Liverpool Exchange 
and Southport, was entirely carried out during the day- 
time, unloading of rails only being done at night. The 
delays to trains were never serious, and generally con- 
sisted of having to slow down when approaching and 
passing over the places where operations were being 
carried out for the time being. 

The steam service from Liverpool to Crosby previous to 
electrification was every quarter of an hour, and to South- 
port every half-hour in both directions, and with this 
number of trains passing hardly any trouble was caused 
during the period of conversion. The passing of goods 
trains had also to be allowed for, and it may be convenient 
to mention here that all goods trains are still worked with 
steam locomotives. a 

The question of rapidity of conversion after a decision is 
arrived at to electrify is very important, as it is desirable 
to reduce to the minimum any interference with existing 
traffic. It is obviously of great importance also that 
where a large amount of additional capital is being 
spent, it should be made to earn money at the earliest 
possible date, so as to avoid loss of interest. ’ 

Once it was decided by the company that the line 
should be electrified, the work was ed with very 
rapidly, and the following dates will give an approximate 





idea of the rate of progress :— 
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1. Order given... ee October 22, 1902 
2, Three sub-stations built July 29, 1903 
3. High-tension cables com- 

pleted ... bt a ... November 26, 1903 
4, Power-house foundation and 

building erected ... November 26, 1903 


5. First engine and nerator 
complete, and high-tension 
current u i ... December 20, 1903 

3. First cub-otetion complete, 
and current supplied to line December 29, 1903 

7. First train run ey December 29, 1903. 

. Third-and fourth rail-wor 
practically complete ... February 28, 1904. 

. Partial service for the public 
put into operation ... March 22, 1904. 


. Steam trains entirely with- 





dimension of 1} in. was settled at the same meeting of the 
Railway Clearing House mentioned above. The possi- 
bility of the hanging coupling-chains of goods-wagons 
fouling the fourth rail rendered it necessary to keep it 
well out of the way. It was also necessary to keep it 
above the track-rails somewhat to enable the contact-shoes 
attached to the electric cars to ride over any crossi 

without striking the track-rails. On the Liverpool an 

Southport line a fourth rail is used, but it is below the 
surface of the track-rails, is not insulated, and has no 
shoes suspended from the cars in contact with it. The 
current is returned through the car-wheels to the running 
track, and from the track-rails by means of copper bonds 
to the central fourth rail. This has the advantage of 


enabling the track-rails to act as an auxiliary return to 


the fourth rail. Any single length of fourth ‘rail or of 


track-rail can be taken out for irs without affecting 





the track. The modern steam locomotive, with a high 
centre of gravity, is a very easy riding machine, and it is 
far less severe on the road, notwithstanding its iq 
weight. The more or less modern motor-truck has all the 
defects of the older-fashioned engines described above, 
with its extremely low centre of gravity. The result is 
that the rail wear and tyre wear are presont, use the 
pressure which should be carried by the tread is thrown 
on to the flange. This is because there is no elasticity, in 
the form of a spring, interposed between the weight above 
and the tyre below. 

ale-Load.—The construction of the steam locomotive, 
which enables the centre of gravity to be placed, 
ing to the class of engine, from 4 ft. 6in. to 5 
above the rail-level, has advantages not possessed by 
the motor truck, in which the motor is pormmecn ef 
The centre line of the motor is in the same plane as the 


ft. 6 in. 






















































































drawn ... May 13, 1904. the trains in the next block section of line. Time has’ centre line of the axle, with the result that while about 
Fig.9 and 10. DIAGRAMS SHOWING DISTRIBUTION OF WEIGHTS, ELECTRIC AND STEAM TRAINS. 
4-BOGIE COACH STEAM TRAIN AND LIVERPOOL AND SOUTHPORT ELECTRIC TRAIN. 
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Another aspect of electric lines must not be forgotten, 
and that is, the question of rating. The curious laws 
which deal with the rating of railways, and the custom 
which speaks of a hypothetical tenant, result in the steam 
locomotives of any ordinary railway becoming part of the 
tenant’s capital, and, therefore, lead to a deduction from 
the rates, but in the case of an electrical road the fixed 
engines, boilers and dynamos, &c., which supply the 
power result in additions to the annual expenditure, as 
they are rated separately. 

Third Rail._The position of the conductor rail, or 
third rail, as it is generally called, necessitated some agree- 
ment between all the railway companies, so that electri- 
cally-propelled rolling-stock could work over various 
systems if necessary. Ata meeting held at the Railway 
Clearing House in March, 1903, it was decided that the 
most advantageous position for the third rail was, that it 
should stand up 3 in. above the track rail, and that the 
horizontal distance between the centre of the track and the 
centre of the third rail should be 3 ft. 11 =. A diagram, 
Fig. 3, page 609, illustrates this, giving both the English 
and American practice. The distance between the protec- 
tion boards, which are only necessary near stations, and 
the height they should stand up above the third rail 
were also a) upon. In and about London the 
of 3 ft. 114in. for the horizontal distance has not 
rigidly adhered to, but the height above the track-rail 


re 


(viz., 3 in.) has been generally accepted, as the rolling- 
stock of all railways may at any time have to pass over 
any portion of a main line which has been electrified, 
and great care has to be exercised to see that no portion 
of the main structure or any hanging coupling-chains 
can come in contact with the third rail. is loo 


an extremely simple question to settle, whereas a care- 
ful examination of the figures of what are called the 
loading gauge, the construction gauge, and the under 
gauge, show how very limited is the s within which 
& proper position can be found for the third rail. In fact, 
it 1s impossible in England to use the inverted and covered 
conductor rail as used on the New York Central Railroad, 
as bx th rail and covering would be swept away by passing 
rolling-stock if it were placed in the only available space 
left between the track and the platforms. If placed fur- 
tier out, as in America, immense alterations in bridge- 
girders and platforms would be required. 

“ourth Rail.—The fourth rail, or the return, is on the 
London electric lines raised 14 in. above the track rails, 
“nd is carried on insulators resting on the sleepers. This 
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shown the wear that may be expected in third rails by 
abrasion and corrosion, and in fourth rails by corrosion 
alone, and the results are illustrated by Figs. 4, 5, and 6, 
e 610; also in Appendix VIII.—to be published later. 

All these rails are now carefully painted. 
Track-Rail.—The wear of track-rails has become a 
serious problem on electric railways. The special rails 
which have been introduced by Sandberg on some rail- 
ways for the purpose Dyer cs this wear are not the 
a cure for the difficulty, which is one of construction. 
This does not mean that the value of those rails is not 
appreciated, as their prolonged life would have its com- 
mercial value in other directions. Diagrams Figs. 7 


and 8, 610, illustrate the wear at some important 
p ose who recollect the very early locomotives 
which were built by Bury, Curtis, and Kennedy, with 


their boilers carried as low down and as close to the 
axle as possible, their cylinders coming within a few 
inches of the rail, and placed at such an angle that the 
piston-rods were inclined upwards towards the crank- 
axle, will remember the effect which they had on the 
permanent way, and how they had a tendency to burst 
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CROSS SECTION 
THRO: THIRD CLASS CAR 


one-half the weight is supported 
so obtains through the springs a 


htly elastic support, 
the other half is supported direc 


by the truck frame, and 
tly 


by the axle, a 


clipped on to it. This greatly increases the weight which 
is not spring-borne. Each pair of wheels under the motor- 
cars on the Liverpool and thport electric line, together 


with the other weights which are not spring- e, makes 
a total of about 3 tons per axle. A motor-car, with its 
four axles, has a total weight of 12 tons which is not 
carried by the springs, the weight of the entire vehicle 
being 46 tons 7 cwt. 1 qr. The serious side-wear of the 
rails which has taken Py on the curves of * railways 
which have been electrified is, there is no doubt, due to 
the centre of gravity of the motor trucks being so very 
low down. xcept for such difficulties as would be 
created by raising the motor itself, and transmitting its 
motion by suitable mechanism to the axles, and so block- 
ing up the from car to car, there is little doubt 
that the whole of the weight, except that of the wheels, 
axles, and axle-boxes, could be supported by springs. The 
centre of gravity would then be well above the frames, 
with the result that the hard grinding of the tyre-flange 
which now takes p! on curves would be eliminated. 
The conditions would then be the same as with the steam- 
og ane with — no | = ps0 why a due to 
the flange 1s perceptible. the other the great 
advantages of the direct drive would be lost; and as 
practice has shown that the gears wear extremely well, 
and show an admirably smooth surface after runni: 
many thousand miles, it may a more commerci 
method to wear out the cheap rail instead of expensive 
mechanism. At the same time it must be remembered 
that it has not been practicable to operate steam-trains at 
the same schedule as is frequently adopted for electric 
services, and, as a consequence, there is no information 
as to how the tracks would have been affected if they had 
been so operated. These faster schedules are necessarily 
brought about by higher acceleration and deceleration 
than is usual with steam conditions. 

The division of the weights of the motive power between 
a larger number of whee be with the advantage 
of the motive power being absolutely in balance, cannot fail 
to have less damaging effect upon the permanent way, 
provided that other conditions are equal. In the case of 
the Liverpool and Southport electric line, the maximum 
weight per axle—i.e., on a motor-car—is 11} tons, or with 
such a vehicle loaded, 12? tons. The trailer-cars work 
out to about 74 tons per axle. In a four-car train, com- 
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ELECTRIC ROLLING-STOCK ON THE LANCASHIRE AND YORKSHIRE RAILWAY. 
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Fie. 15. Murriete Unrr. Fic. 16. Drrecr Controt. 


Fies. 15 anp 16. Moror-Man’s Compartment ; Liverroot-SoutHport Cars, LANCASHIRE AND YORKSHIRE RaiLway. 


REFERENCES, 


A. Handle for horn. F. Master controller. K. Emergency tripping-coil for O. Fuses for pump-motor and R. Emergency handle, vacuum- 
B. Main ammeter. G. Motor cut-out. brake. brake-circuits. brake. 

C, Main knife switch. H. Contactor-switches. L. Main ammeter. P. Emergency tripping-coil for 8. Vacuum-brake. 

D. Main circuit-breakers. I. Vacuum-brake. M. Switch for pump-motor. main circuit-breaker. T. Main knife-switch. 


E. Tripping coils for main cir- J. Hand-brake. N. Main circuit-breaker. Q. Controller. U. Emergency tripping-coil for 
cuit-breakers. vacuum-brake. 





pone of two motors and two trailers therefore, the rail- | six-wheeled coupled radial tank-engines with 19-in. cylin- | is not sufficiently powerful to run a regular service to the 
oads would be eight axles of 129 tons, and eight axles of | ders (Fig. 9, page 611)—there would be for the engine | electric schedule. It will be seen that there must be 
74 tons, fairly well distributed (Figs. 10 and 11, page 611). | three driving-axles, averaging 17 tons 9 cwt. each, and two | heavy stresses upon the track, due to the accumulated 
In the case of steam traction, and taking as an example radial axles, the leading having 10 tons 124 ewt. and the men A upon the coupled wheels, the rigidity of suc! 
the heaviest tank-engines of the Lancashire and York- | trailing 144 tons, together with the train of carriages of | coupled wheels, and the lack of balance, which to some 
shire Railway Company used for suburban work—viz., | similar weights to electrictrailers. This engine, however, | extent is bound to be present. Owing to the heavy weights 
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RACE TRAIN ON LANCASHIRE AND YORKSHIRE RAILWAY WITH ELECTRIC MOTOR. 
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carried, 2 comparatively small wheel-base is essential for 
a motor bogie, 8 ft. being about usual. The smaller the 
wheel-base the greater will be the amount of ‘ hunting,” 
or sinuous action, the effect of this action being greater 
or less, according to the height of the centre of gravity of 
the motor bogie, and its relative freedom of movement, 
distinct from the body of the vehicle. The advantage of 
a comparatively long wheel-base for bogies under certain 
conditions is admirably dealt with by Professor: Carus 
Wilson in his ag on “ The Predetermination of Train 
Resistance.”* Fig. 12, page 611, shows the position of the 
centre of gravity in electric motor-cars and locomotives. 
Cars.—The construction of the cars, Figs. 13 and 14, 


page (12, which have to carry large numbers of people, is 
of considerable importance, and it might seem at first sight 
as if numerous outlets in the form of doors would prove a 


remedy for delays at stations. A multiplicity of side doors 
means that a larger staff has to be employed on the plat- 
forms if they are to be safely closed ; or if they are sliding 
doors worked automatically, there is some risk to the public 
of being caught by them, and there is much greater risk 
of sliding-doors being jammed in case of accident. The 


System imported from America of having men on each 
platform between each pair of cars to open the gates 
and shout out the names of stations leads to an ex- 
cessive train staff being employed. This multiplica- 
tion of labour is an economic waste, and the effect 
on the public is that, having so many people to look 
after them, they enter and leave the cars in a very 
leisurely fashion, resulting in too much time being 
Spent at stations. A system of having large side 
doors at each end of a 60-ft. car, which doors are readily 


opent 
of labor 


out of 


r closed by the public themselves, saves the waste 
ir, causes the passengers to move quickly in and 
the cars, and has shown in practice in the North of 








_* Proceedings of the Institution of Civil Engineers, 
Vol. clxxi., 1907-8, 





READY FOR CAR. 


England that the trains may be got away from the 
stations in less time. The most crowded cars are always 
emptied during the rush hours in about 50 seconds at 
terminal stations, while intermediate stops only require 
15 seconds to pick upand set down passengers. Stopping 
trains, with considerable amounts of luggage and parcels 
to handle, can be worked with two guards and a motor- 
man, while express trains need but two men—a motorman 
anda guard. The great strength which is obtained by 
having cars made with end doors only is of much im- 
portance, frequent side doors making a very weak 
structure. 

When the Liverpool and Southport line was operated 
by steam, 30 locomotives and 152 carriages with 5084 
seats were required to do the work, this number including 
the necessary percentage under repairs. The number of 
vehicles now required upon this length of 184 miles is 38 
motor-cars and 53 trailer-cars with 5814 seats. 

I do not give a detailed description of the plant and 
equipment, because that has already been very fully 

ublished in all the technical papers. The special 
eatures, however, in connection with the rolling-stock on 
the Liverpool and Southport electric line are : : 

(a) Direct control of electric equipment on cars, as dis- 
tinguished from multiple-unit control, though multiple- 
unit control has been used to a certain extent with some 
later cars. ; Pea 

(b) Adoption of the automatic vacuum brake, which is 
the brake in use upon the rest of the railway, but with 
specially added valves, for releasing the brakes rapidly 
after application. 4 

(c) Carriages of the exceptional width of 10 ft. over all, 
allowing a considerable area of floor space per passenger. 

Platforms.—Another point which is worth considera- 
tion, leading as it does to t saving of time, is that the 
platforms should be of such a height as to be either level 
with the carriage floor or else to require but one easy step, 
and that the doorways leading from the carriages shou 





be lighted over such steps, so that at night-time the 
traveller may be quite certain of his foothold, as it is 
obviously undesirable for the passengers to leave a bril- 
liantly-lighted interior for a badly-lighted doorway. If 
the passengers can be induced, as experience has shown 
the majority may be, to enter the car at the rear door 
and leave it by the front door, a system of circulation is 
kept up which leads to rapid loading and an absence of 
confusion. Such a system is only necessary at intermediate 
stations, and may be dispensed with at terminal stations. 
The reasonableness of such an arrangement has been re- 
cognised by the Board of Trade, who have sanctioned a 
by-law requiring this practice to be carried out. In the 
steam-train days a larger platform staff in the way of 

rters was required to open and shut doors, but the 
arger number of electric trains required more guards. 
It was found that the increase in the latter balanced the 
reduction in the former, and the total number of men 
remained the same. 

Controllers. No serious attempts were made, pre- 
viously to 1903, to design a main or direct controller 
capable of handling the amount of current required for very 
large trains. In the case of four-car Liverpool and South- 
port trains, weighing 144 tons, a maximum of 2400 amperes 
is required during the period of acceleration. The photo- 
graph of the interior of the motorman’s compartment, Figs. 
15 and 16, page 612, shows that, in addition to the main 
controller, the main switches, and circuit-breakers, and 
ammeter are placed in that compartment. The man 
in charge is, as a consequence, able to realise exactly 
what is occurring on the train. These large controllers 
have justified the forethought displayed in their design 
by the small amount of maintenance required in their up- 
keep. Examination must obviously be more simple and 
effective, since the whole of the control equipment for 
eight 150-horse-power motors is contained in two motor- 
men’s compartments, and can be inspected at any time 
without being put over a pit or under cover from the 
weather. The credit for this design belongs to the con- 
tractors who supplied the equipment. 

Automatic Brakes.—A word might be added in refer- 
ence to the automatic vacuum brake as used on these 
trains. With a line operating on quick schedule and 
short station stops, it is essential that the brake should 
be released quickly. This has been met in a simple way 
by fitting all stock with special reservoirs and valves, 
which enable a train to leave a station in a few seconds 
after coming to a stand, if necessary. 

Cables.—Cables form a very costly part of electrical 
equipment, and their accessility when laid along a line 
of railway is one of the points which requires the most 
careful consideration. he underground railways of 
London are fortunate in possessing miles of tunnel-walls 
upon which their cables can be neatly fixed, and each one 
readily got at without any necessity for touching the 
others. Experience on the Liverpool and Southport line 
does not point to the practice of laying the cables on the 
solid system in the 6-ft. way as being satisfactory, and 
where a railway runs through an open district there 
seems to be distinct advantages in having bare wires 
carried overhead on suitable poles. The arrangement is 
cheaper to erect, can always be seen, and is much easier 





to repair. It is to be assumed that a railway company 
can generally find a path for an overhead transmission 
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along its own property. If the line runs through a popu- 
lated district, and has numerous telegraph and telephone 
circuits, with many signals and junctions, and if the points 
at which the transmission line would cross the railway are 
numerous, then there is no doubt that cables are the 
safer, and possibly the cheaper in the long run. This is | 
because the conditions easel tavnive a capital a 
on the overhead line almost equal to that for cables, and | 
are probably accompanied by an atmosphere that will | 
considerably increase the cost of maintenance of the over- 
head line, owing to the carbon and sulphur which will be | 
deposited from the atmosphere. : On the other hand, if a | 
fairly clear run can be obtained, there is no question as to 
the Las economy which can be effec by using over- | 
head conductors. In modern practice large spans are 
used, the number of poles in some cases not exceeding 
ten per mile. In the particular instance of the high- 
tension line connecting Aintree with Seaforth, the cost 
per mile of the overhead equipment was 1300/., whilst the 
cost per mile of the cable line was 2030/., the cost x 
kilowatt transmitted per mile being, for overhead, 1.25/., 
for cable 2.671., based on 500 amperes per square inch of 
conductor section. . This, however, does not represent 
the full saving which might be obtained by overhead 
transmission, a8 the spans were necessarily short, and for a 
certain distance erection was difficult, as the line ran on the 
top of a high embankment. Lightning-arresters, a doubt- 
ful requirement for the atmos Tae conditions prevailin 
in this country, are also included in the cost for overh 
transmission. 

Battery Plant.—As may be realised, at the inception of 
pioneer electrification, such as I am describing, it was not 
easy to foresee exactly what would transpire in the way 
of load upon the power-house and sub-stations. Eventu- 
ally the fluctuations of load were found to be extremely 
heavy, as can be seen from the diagrams, Figs. 17, 18, 
19, and ‘20 (annexed). When sore oy working condi- 
tions had been in operation for some considerable time, 
bearing in mind also the fact that the development of 
traffic would necessitate sooner or later some increase in 
power-house and sub-station plant, it was decided in 1905 
to. instal battery plants. It was felt that these were 
necessary, not only on account of mechanical require- 
ments, but also with a view to creating an almost absolute 
assurance that trains could be run during the busiest hours 
of the day, when a large number of business people were 
using the railway, even if some serious accident happened 
at the central generating station. The general idea was 
to put in a battery plant which would keep the whole 
railway going for one hour. 

These batteries were of the well-known buffer type, 
controlled by automatic boosters to respond readily to 
load, the main objects and uses of these batteries 
eing :— 

1. To equalise the load on the power-house and sub- 
stations, 

2. To reduce the peaks of current and to act as the 
equivalent of additional plant for such places. 

3. To improve the general load-factor and efficiency, 
and so enable more economical production and distribu- 
tion of supply to take place. 

The railway was originally equipped with a power- 
station containing five generators, four of 1500 kilowatts, 
and one of 750 kilowatts capacity ; four sub-stations, three 
equipped with four 600-kilowatt rotaries, and one with 
three 600-kilowatt rotaries. The number of trains in 
traffic was twelve, each being equipped with motors rated 
at 1200 horse-power, and taking a maximum power during 
acceleration of 1000 to 1200 kilowatts. To meet these 
heavy ks it was necessary to run 5250 kilowatts of 

»ower-house plant, though the average load was only 3500 

Ciomeita. e fluctuations of load were so great that at 
times the engines would entirely cease to take steam, a 
vacuum being actually produced in high-pressure cy- 
linders; within a few seconds the load would rise to 4000 
or 5000 kilowatts, and superheated steam would be ad- 
mitted to the cooled high-pressure cylinders. This not 
only led to uneconomical working, but produced severe 
stresses in the engines, and it became obvious that the 
repair bill would be heavy unless something were done to 
steady the load. 

It may be asked why the policy of combined rotary and 
battery stations was not followed, which would doubtless 
have been done in the case of a railway such as the London 
Tubes. It would have effected a saving in w and 
made it possible to have the load more uniform still at the 
power-station. 

About the time it was decided to introduce the battery 
sub-stations, the traffic had considerably increased, and 
the lighting at certain points was not all that could be de- 
sired. _ Also ,power was required at Liverpool, and the 
drop in potential at the train was becoming too great. It 
was therefore decided to place the battery sub-stations at 
points intermediate to the rotary sub-stations, as this 
would enable the conditions mentioned above to be met 
and improved. It will be noted from the map, Fig. 1 
(page 609), that one is placed almost at Exchange Station, 

anes and another at Scuthport ; the former acts as 
a medium of supply for electric light and power to a large 
goods yard, Exchange Station and hotel, in addition to 
its use for tractive purposes. The one at St. Luke’s, 
which is 2} miles from Birkdale, serves to take the load 
and general lighting at the Southport end, and assist 
development in the Crossens direction. These batteries 
were installed in September, 1905, and the results have 
amply justified the policy that was adopted. The 
momentary peaks in the load were reduced from a maxi- 
mum of 7000 kilowatts to 4500 kilowatts, and the hourly 
peak during the rush hours was reduced from 3800 kilo- 
watts to 3100 kilowatts, enabling the load to be carried 
during the winter with 4500 kilowatts of plant, and during 
the summer with 3750 kilowatts of plant. 





Four battery plants were installed aggregating 5200 


ampere-hours; particulars of these are given in the fol- 
lowing table :— 


Particulars. 





Rated capacity, am- 
i aaetes hy 

te of disc e on 
one-hour basis, am- 

re-hours .. am ‘ 1300 

aximum continu- Charge 650 , 500 650 
ous rate, poe tn Discharge 1520 f 1520 
Maximum amperes { Charge 975 975 
one minute .. Discharge 3250 % 3250 


1300 1300 


The batteries have a guaranteed efficiency of 85 per cent. 
in ampere-hours and 75 per cent. in watt-hours. Tests 
made in 1907 showed that 14 per cent. of the total rotary 


lent of generators and sub-station plant of probua!)ly 
| similar cost. : 

Efficiency of Transmission.—In July, 1906, investiva- 
tions were made as to over-all efficiency of transmission, 
The direct-current meters at the sub-stations were speci. ||y 
calibrated, and with a daily sub-station output of 57. 
units, and a power-house output of 63,819 units, the 
calculated losses were as follow :— 


Percentage Loss on 
Power-Hous: 
Output. 


Source of Loss. 





Cables... ss - 1.97 
Transformers .. 2.95 
Rotaries .. ee 5.37 


Total .. ; 10.29 








The over-all efficiency of transmission from alternating 
current bus-bars being 89.7 per cent., it is exceedingly 
difficult to ascertain the exact losses in live rails ; cai- 
culations made, however, in various ways seem to in- 





dicate that these losses amount to about 9 per cent. of 


Fig .17. TOTAL LOAD, FORMBY POWER HOUSE, THURSDAY,!7 DEC 1908 
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Fig.19. TOTAL LOAD, FORMBY POWER HOUSE, MONDAY, 2i DEC. 1908. 
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sub-station direct-current output through the 
batteries, the total loss due to the batteries being about 
3.5 per cent. of the rotary sub-station output. In addition 
to fulfilling the purposes for which they were originally 
installed, the batteries have proved a valuable stand-by in 
cases where one or more rotary sub-stations have been 
temporarily disabled, and also for running special trains 
during hours of shut down. The coal consumption was 
reduced by 8.5 per cent., and the consumption for train 
services became 0.412 lb. per ton-mile. 

The following table shows the increase in the load since 
1905, and the variation of the load during rush hours. 





Average Load, Momentary Varia- Kennedy 


, | r - 
Year. Rush Hour. ip alg Load-Factor. 





1905 \¢ 4500 7500 to 2590 0.68 


No batteries 


0.98 
0.90 


1907 4000 5600 ;, 3100 
1908 5000 7000 ,, 4000 


1908 | 5600 8600 to 2500 
Special test | No batteries Variation within | 
one minute 





1906 3600 4500 ,, 2500 | 0.90 
i 
| 
| 
| 
| 





Diagrams (Fig. 17, above, for one day, Fig. 18 for 
one hour) show the total load on the power-station under 
present conditions for an ordinary week-day. 

Diagram (Figs. 19 and 20) shows the effect of running 
with and without batteries in 1908. 

These diagrams are sufficient to show the great value 


of buffer batteries as equalisers of load and the equiva- | 


30 95 910 915 920 
em, 


rae P) Minutes 


the sub-station output. The total efficiency from alter- 
nating-current bus-bars to circuit-breakers on the trains 
is about 81 per cent. 

In considering the question of coal consumption per 
unit, the most reliable figure to take for comparison is 
the coal burned at the power-house per unit of direct 
current delivered to the third rail—that is, with all losses 
due to conversion. This, for the twelve months ending 
December 15, 1908, was 3.28 lb. These figures for coal 
consumption must not be confused with those given for 
the generating stations (page 615). 

Maintenance.—One of the necessities of a branch of a 
steam-worked line being worked electrically is that there 
should be a local workshop for repairs of the rolling-stock 
close to one of the terminal stations, and this must be 
| considered as part of the cost of equipment. 
| It has been found to be of the greatest importance to 
have careful periodical examination of the different parts 
of the electrical equipment, and experience has shown 
that the examination should be specialised, different 
groups of ap tus always being dealt with by the same 
workmen. Careful charts of these inspections are pre- 
| pared, and afterwards examined daily by the foreman, 80 
as to prevent any portion of a car not being dealt with at 
the proper saat om | In Appendix V. (to be published later) 
the average mileages ot tan parts of the equipment 
between repairs, together with the costs of total maint n- 
ance per motor-mile, are shown. , 

Extensions of Electrified Line.—Since the Liverp', 
Southport, and Crossens line was electrified certain ¢x- 
tensions have been made, and a glance at the map, F ig. 1 
(page 609) is sufficient to show that development in the 

irection of Aintree was likely to follow the success 
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ained on the Liverpool and Southport section. In 
191 7 all the lines lending fo Aintree were electrified, and 
trains run thereto from iverpool via Kirkdale and via 
Marsh Lane. A very large traffic, which was previously 
taken away by the Municipal Tramways, which run 

rallel with, and not many yards from, the electric line, 
- now come back to the railway. A connection has 
been made at Seaforth with the Liverpool Overhead Rail- 
way, and a service established from Aintree to the 
southern terminus of that railway at Dingle. Through 
trains in the summer time run from Dingle to South- 

rt, ° 
a Race Traffic.—When the races at Aintree are run, and 
though these occur infrequently, the handling of trains 
for them constitutes a problem of importance. On the 
Grand National Day, which is the time of maximum de- 
mand for this little section of the line, 13,000 people 
leave Exchange Station, Liverpool, between the hours of 
11.15 a.m. and 2 p.m., and in returning from Aintree 
after 4.30 p.m., a very large proportion of these come 
with a rush. In themselves such numbers do not repre- 
sent much, but as an extra to roads already fairly well 
occupied, the matter required consideration to prevent 
undueexpense being incurred in additional stock and plant, 
for what may be termed a peak period. The Aintree 
race trains, when worked by steam, had each a seating 
capacity for 502 persons, and necessitated change of 
engines each journey. The present electric race-trains, 
each having a seating capacity for 512 persons, are formed 
of electric motor-cars at each end, each being equip 
with four 150-horse-power motors, with ten of the close 
coupled vehicles origmally used in the steam trains placed 
between them. The only addition required to make this 
conversion was the running of a few cables, properly pro- 
tected, over the roofs of the carriages to complete the 
electrical connections of the two motor-cars. Fig. 21, 
page 613, shows one of the electric race-trains. Fig. 22 
shows a bogie ready for the car. 

Operating Costs.—Some details as to the cost of opera- 
tion are given below, which will be useful when com- 
paring the work done with that on other railways, 
whether slow-moving electric trains or the older steam- 
trains are considered. 

The very great difference in cost involved in the initial 
construction, and, later, in the working of the generating 
plant and sub-stations, by difference of location, by rates 
and taxes, cost of condensing water, and other important 
items which affect both the interest on capital outlay and 
the daily working expenditure, make it desirable to speak 
of “ works cost” only, so that anyone familiar with the 
working of any other installation can add their figures for 
all items of general charges, and arrive at an approximate 
comparison. 

On this basis it may be said that any railway company 
having the opportunity of putting down its own plant in 
the country, with ample facilities for getting cheap coal and 
water, should be able to produce current at the generating 
stations at a ‘works cost” of less than 0.25 of a penny 
per B.T.U., the coal consumption being under 3 Ib. per 
alternating-current unit. 

With such figures as these, it is possible to work a high- 
speed service such as I have indicated at 9.5d. per train- 
mile, including ‘‘ works costs” for the power-house, sub- 
stations, battery stations, ‘‘ operating costs” for motor 
and electrical equipment repairs, car repairs, guards’ and 
motermen’s wages, lighting and heating of cars, repairs of 
third and fourth rails, bonds and cables, and all working 
stores. The cost per car-mile varies between 2.75d. and 
3d., according to the number of cars run. The total 
current-producing charges, including conversion at sub- 
station, the cost of battery stations, and depreciation of 
batteries, absorbs 4.52d. out of the 9.5d. per train-mile. 
With the exception of the depreciation of batteries, no 
sum is included for depreciation of plant, or for interest 
on outlay. The above figures are not intended to, and 
do not, include any part of the cost of maintaining the 
running track, the passengers and goods stations, or costs 
for the platform staff, or any other items required for the 
railway, whether worked as a steam line or as an electric 
line. It follows that if track maintenance becomes more 
expensive, for reasons referred to elsewhere ( 611), any 
increase will have to be put down to Gantelnbwethine, and 
must be added to the above figure. The t economy to 


be hoped for in the future for electrical railways, where no 
water power is available, is in the production of electricity 
invery large quantities, the total current-producing charges 
indicated above forming so large a proportion of the 
total operating cost. “ihe other directions in which 
economies may be sought for in future designs are mainly 
In Suc improvements in the motors as will lead to less 


repairs, and a very careful consideration of the whole de- 
+o o* the motor truck, with a view to giving those large 
eariug surfaces at every point where the locomotive 


—_ uces of many years have shown them to be neces- 

It should be remembered that steam-worked suburban 
trains are generally hauled with one tank-engine. Electric 
trains of the weights I have spoken of have at least two 
motor-¢ ars—one in front and one in the rear. The first 
cost cf the locomotive part of the motor-car (omitting the 
Th, ¢) is about equal to the cost of one locomotive. 
1crecore, the two motor-cars cost twice as much as one 
ccomotive. The cost of the annual maintenance af one 
moto--car is shown in Appendix V. (to be published later); 
it is yore than the cost of maintaining a locomotive. But 


the average miles run per annum per locomotive are 


a ,(s*), whereas the electric motor-car will run 50,000. The 
genera! result is that the cost per train-mile run becomes 
wv the electric motor-car, and less again per motor- 

rhe each motor-car is looked upon as a separate 
~! ‘ke-gear is an expensive item, the continual stopping 
using rapid wear of all pins and brake-blocks, which, 


less 


car mile 





combined with the dust and dirt of the road, all help to 
increase the cost, and therefore to make one hope for the 
time when some form of regenerative control, which will 
be of a simple character, not involving the carrying of 
extra weights and a complete change of equipment, will 
be produced by our electrical brethren. 

hose items which may be put down as giving no 
trouble whatever are: controllers, commutators, steel spur- 
gearing, and the third rail. The latter is easy to lay, 
cheap to maintain, and has proved by long experience to 
be the cause of very few accidents, 

A number of statistics relating to the Liverpool and 
Southport electric line are given in the appendices hereto, 
and I must refer those who are specially interested to 
those figures, as I was unwilling to burden the address 
with the dry technical details of daily operation. Ap- 
pendix X. (to be published later) is a newspaper record of 
an interesting experiment conducted as far back as 1842. 

The following is a list of the various appendices re- 
ferred to :— 


I. Particulars of various electric locomotives and 
Lancashire and Yorkshire motor-cars. 
II. Effect of high schedule speeds on operation and 
ts. 


costs. 
III. Rheostatic losses. 
IV. Train resistance. 
V. Motor miles, motor-car miles, and cost of 


repairs. 
VI. Weight of electrical equipment on electric 
trains. 
VII. Tests to show relative properties of various third- 
rail materials. 
VIII. Statement showing wear and corrosion of third- 
and fourth rails. 
IX. Resistance of third and fourth rails. 
X. Electro-magnetic locomotive. 


I believe many of the members already know that the 
summer meeting will be held in Liverpool, and I propose 
then to give members of our Institution who are in- 
terested an opportunity of seeing the Liverpool and 
Southport line at work, and also of visiting the temporary 
workshops at Southport, where the repairs to the running 
gear and electric motors are carried out, so that the wear 
and tear of all the various parts may be observed just as 
the vehicles have come into the shop. 

In conclusion, I venture to express the hope that any of 
those who are interested in the subject of the address will 
remem ber that all the remarks I have made are the result 
of experience gradually gained on a very busy branch of a 
railway on which many new points of importance were 
constantly arising, that any difficulties were gradually 
swept away, and that time has shown that, with the 
exception of some minor points in the construction of the 
rolling-stock, there has been very little to alter, though 
obvious improvements have been adopted from time to 
time. It has not therefore been necessary to modify the 
general arrangement in such extensions of the electric 
system as have been carried out. 

This experience has convinced me that there are a 
number of suburban lines round our great cities, and 
especially near London, which can be electrified with 
je seve to the public and to the railway a 
though we must await awhile before dealing with long- 
distance travelling. 


(To be continued.) 








MaTeRIAL FOR French Tramways. — The British 
Chamber of Commerce, Paris, reports that large orders 
for tram and railway carri fittings will probably be 
placed very shortly by French enterprises. e conces- 
sions under which the tram and omnibus services of Paris 
and the Department of the Seine are worked will expire 
in 1910, and whatever course of action may be taken by 
the municipal authorities, it is certain that considerable 
replenishments of fittings and rolling-stock will be made. 





Exectricity Supriy iN RHEINHESSEN.—The districts of 
Worms, Alzey, Oppenheim, and Mainz, in the Rhenish 
province of Hessen, the southern of the two separate 
ner weg into which the Grand Duchy of Hessen is 

ivided, have come to an agreement with the Rheinische 
Schuckert - Gesellschaft and the Siemens-Schuckert- 
Werke, according to which about a hundred towns and 
villages are to be supplied with electricity. The agree- 
ment is concluded for a period of fifty years, and can be 
terminated at the expiration of thirty years, when the 
municipal associations will have the option of taking over 
the whole plant, which will, in any case, become the 
property of the associations after fifty years, free of charge ; 
the power-plant proper will, however, remain the pro- 
eg of the company. The power-plant will probably 

built near Rheindiirkheim and Osthofen ; the utilisa- 
tion of water-power is not contemplated, but the machi- 
nery for the water-works at Osthofen and elsewhere will 
be driven electrically. The tariff rates are to be the fol- 
lowing :—For light, 0.40 mark; for power, 0.25 mark ; 
for heating and cooking, 0.12 mark per kilowatt-hour, 
subject to discount. Electricity meters are to be let for 
one month at 0.20 mark for five lamps, 0.30 mark for ten 
lamps, 0.50 mark for thirty lamps, and 0.60 mark for 
fifty lam: Street lamps will be charged 0.30 mark per 
kilowatt-hour, or a lump sum for the year. For the first 
ten years the company will alone have the right of putting 
down installations, though other firms are to con- 
sidered, and the company will therefore grant certain 
facilities—e.g., give each subscriber who enters into a 
contract before supply is opened, two lamps free of charge. 
The installation tariff is to be revised at intervals of three 
years. The whole province has about 400,000 inhabitants, 
mostly engaged in agriculture and smal] industries ; some 
of the vineyards are famous, 


CATALOGUES. 


A carD for drawing-office use comes to hand from 
Messrs. Foster Brothers, Limited, Lea Brook Tube and 
Engineering Works, Wednesbury, giving their standard 
dimensions for pipes and flanges for steam installations. 
These relate to sizes for standard branches, expansion 
bends, straightway valves, separators, &c. 


A small pamphlet from Messrs. Dean Brothers, Steam- 
Pump Works, Indianapolis, Ind., U.S.A., gives par- 
ticulars of boiler-feed and other pumps of the duplex or 
tandem types, double-plunger pumps, air-compressors, 
mine-pumps, &c., as well as pumps for hydraulic work, 
ammonia and other services, 


_ Messrs. Pratchitt Srothers, Denton Iron Works, Car 
lisle, have issued two circulars, of which one relates to a 
5-ft. diameter disintegrator for crushing and mixing coal 
for coking purposes, while the other describes a portable 
mortar-mill, in which the mill and boiler and engine are 
all fixed on one carriage. 


Messrs. Clayton and Co., Huddersfield, Limited, Union 
Works, Huddersfield, have issued a pamphlet on 
“Karrier ” cars. These are chain-driven motor lorries 
of 14 to 2 tons and of 20 cwt. to 25 cwt. capacity, They 
are chain-driven, the differential and ing enclosed 
in one case. They are fitted with float, char-a-banc, or 
covered van bodies, according to requirements. 


Messrs. James Vince and Co., Whippet Works, Clap- 
ham Junction, S.W., send us circulars relating to their 
plating-work, of which they have sent us samples. These 
are the results of electro-nickelling, brassing, and copper- 
ing on coke at ero the results being from all appear- 
ances very satisfactory, the adhesion of the applied metal 
to the tin-plate being, as far as one can judge, perfect. 


Messrs. B. Gibbons, Jun., Limited, Dibdale Works, 
Dudley, Worcester, have issued a catalogue of fire-clay 
goods, such as retorts, bricks and blocks of all shapes and 
sizes, for arches, settings, linings, &c., dampers, and other 
products. The catalogue is fully illustrated, and the use 
of the various sizes and shapes is described in conjunction 
with the drawings. 

Two catalogues to hand from the Daimler Motor Com- 
pany (1904), Limited, Coventry, are practically identical 
except for the fact that one is published in Spanish 
and one in French. These briefly describe the new 
Daimler engine and the various patterns of cars now 
made. The illustrations are very numerous. Prices are 
given. 

The India-Rubber, Gutta-Percha, and Telegraph Works 
Company, Limited, Silvertown, E., send us a price-list 
of electric-bells, &c., and a pamphlet, which consists of 
articles reprinted from the Electrician on their two-tone 
vibrating transmitter and cable inductive signalling. 
These were written by Mr. E. Raymond Be ae and 
eae in the issues of the Electricvan for December 18, 
1908, and January 15, 1909. 


A list, No.8, from Messrs. John Holroyd and Co., Limi- 
ted, Perseverance Works, Milnrow, near Rochdale, deals 
with grinding and sharpening machines, The patterns 
listed include plain grinding machines, universal tool-room 
— milling-cutter and reamer-sharpening machines, 

rill-grinding machines, grinding lathes for bushes, and 
rotary surface grinders, as well as face and disc grinders, 
roller and circular grinding machines for rolls, shafting, 
rods, &c. Sizes and illustrations are given, and the chief 
features described. 


The Thorn and Hoddle Acetylene Company, Limited, 
151, Victoria-street, Westminster, S.W., have just issued 
a rome on their “ Incanto” system of acetylene gas 
lighting. This is one of the most simple and effective 
gm on the market, and has been largely applied to 
the lighting of large country houses, railway stations, 
churches, and other installations of considerable size. In 
the catalogue is mentioned the new ‘‘ Incanto” push- 
button by-pass switch, which can be placed near the door 
of a room. 

A pamphlet from Messrs. J. P. Hall and Sons, Limited, 
London-road, Peterborough, is devoted to the many forms 
of pumps they make for boiler-feed, &. The patterns 
described herein include compound feed-pumps, com- 
pound service pumps, single-cylinder feed and service 
pumps, air-pumps, twin-beam air-pumps, duplex pressure 
and ash-ejector pumps, oil feed-pumps, &c. The list is 
well illustrated with half-tone blocks and sectional draw- 
ings, and tables are given of dimensions, discharge, &c., 
of the various types and sizes. 


We are in receipt from Messrs. Barron and Bithell, 3, 
New-street, Birmingham, of particulars of special steels 
made by Messrs. Ambrose S low and Co., Limited, 
Ealing Works, Washford-road, Attercliffe, Sheffield. 
Also of an improved file-cutting machine manufactured 
- | this company. The steels are chrome vanadium steels 
of various qualities, for light axles, connecting-rods, 
piston-rods, crank-shafts, gears, &c. Various tests are 
given, showing ultimate tensile strengths up to 45 tons, 
with contraction of area of 60 per cent. for this strength. 








Nortu Ska PassENGER STEAMER. --A nger steamer 
named Saga was launched from the Neptune Works of 
Messrs. Swan, Hunter, and Wigham Richardson, Limiced, 
on Wednesday, the 21st inst, for the service befween 
London and Gothenburg of the Thule Steamship Com- 

y, Limited, of Gothenburg. The steamer is ft. in 
ength by 46 ft. beam. She is to be fitted with a set of 
triple-expansion engines, to be supplied with steam by 
pang 3 yee ilers. 4 3 = have — 
‘or rst-c passengers. © Wi carry dairy 
produce, and for that p has insulated chambers 





cooled by refrigerating machinery. 
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‘*ENGINEERING” ILLUSTRATED PATENT 
RECORD. 


Comertep By W. LLOYD WISE. 
ABSTRACTS OF RECENT PUBLISHED SPECIFI- 
OATIONS UNDER THE AOCT OF 1907. 

The number of views given in the Specification Drawings is stated 
2 tach ea cata is mentioned, the Speciication is not 
illust 

Where inventions are communicated from abroad, the Names, é£c., 
of the Communicators are given in italics. 

ies of Specifications may btai em hen ee 
ranch, 25, Southampton Buildings, Chancery-lane, .C., at 

Phe date'ad the ohvotlerment of the acceptance of a Complete 
0 0, a 
 araary wey is, in each case, given after the abstract, unless the 

atent has been sealed, when the date of sealing is given. 

Any person may, at any time within two months ’ 
the advertisement of the nee of a Oc Specification, 
give notice at the Patent O, of opposition to the grant of a 
Patent on any of the mentioned in the Act. 


ELECTRICAL APPARATUS. 


25,264. Van Raden and Co., Limited, and M. Metz, 
Coventry. Accumulators. (2 Figs.) February 7, 1908.— 
This invention has reference to electric accumulators of the kind 
wherein loose plates or electrodes are immersed in a liquid elec- 
trolyte, and has for its object to provide improved means for 
supporting the electrodes in the containing vessel. The electrodes 
2 are supported clear of the bottom of the containing vessel 3 by 
a carrier comprising an insulating bar 4, which may be of angular 
cross-section, such, for eyample, as triangular. Said carrier rests 
by its base on the bottom of the vessel, or it may form part of the 
same, while its apex en *s a groove or notch 5 formed in the 
bottom edges of the frames 6 of the plates. More than one carrier 
may be employed if desired, as shown in dotted lines, depending 




















on the size of the accumulator or the width of the plates, which in 
any case are made narrower than the inside dimensions of the 
containing vessel, so as to allow for the free circulation of the 
electrolyte. The plates or electrodes, being supported as it were 
on a knife-edge or edges, are steadied laterally and prevented from 
becoming displaced by a similar arrangement at the top of the 
containing vessel, comprising two strips 8 of insulating material, 
such as celluloid, cemented or otherwise, secured to the underside 
of the top 9 of the containing vessel and running the whole length 
of the vessel in a direction at right angles to the planes of the 
plates. The lower edges of the strips support the plates by en- 
gaging a groove or recess 5 formed in the top bar of the frame 6 
of each plate, thus steadying the latter. (Accepted February 3, 


1909.) 

1596. H. E. Moul, London. Arc-Lamps. [4 Figs.) 
January 23, 1908.—This invention relates to arc-lamps, and espe- 
cially to such —— having inclined converging carbons arranged 
to be fed forward automatically. In arc-lamps of the kind men- 
tioned the products of combustion are deposited to some extent 
on the carbons immediately above the arc. Under such condi- 
tions, especially if one or both of the carbons is, or are, impreg- 
nated with metallic salts, the deposit formed on the carbons forms 
an insulating film or barrier which will prevent the carbons being 
brought into electrical contact with one another. According to 
the present invention, this difficulty is obviated by an improved 
arrangement for effecting a rubbing action of the carbons against 


bg 1. Fig.2, 


24 17 






































(i596) 


one another at the point of contact, the feed mechanism of the 
lamp being arranged to alternately release each electrode a given 
distance, instead of moving them both simultaneously, The rub- 
bing action thus produced removes the non-conducting deposit 
and ensures the continuity of the circuit through the electrodes. 
The electrodes of the lamp 1, 2 are supported in holders sliding on 
rods. The helders are supported by cords passing over pulleys 
mounted on the frame of the lamp. Other pulleys mounted on a 
spindle are also provided, and over these the cords pass, the 
weights 31, 32 attached to the ends of the cords serving to partly 
counterbalance the weight of the carbons and holders, One pulley 
is connected to a ratchet-wheel 29, and the other pulley to a 
similar ratchet-wheel 30, the pawls of the ratchet-wheels being 


the date of 


ted on opposite sides of a rocker-arm 9. Fixed pawls are 
also provided for the ratchet-wheels, so that a rocking movement 
of the rocker-arm 9 will cause the ratchet-wheels 29, 30 to be 
alternately moved through a small distance, so as to allow the 
carbons 1, 2 to be fed downwards alternately. The rocking move- 
ment of the rocker arm 9 is effected by means of the series elec- 
tro-magnet 17 of the feed mechanism, the plunger of this electro- 
magnet being connected to one end of the rocker-arm 9. Series 
electro-magnet 17 is also provided with a short-circuiting switch, 
which is operated by the movement of the plunger so as to short- 
circuit the electro-magnet 17 as soon as the latter has raised the 
lunger. The lamp is also provided with the usual horizontal feed. 
he operation of the lamp is as follows:—When current is switched 
on, the shunt electro-magnet 24 being energised, operates the 
horizontal feed mechanism to bring the points of the electrodes 
into contact with one another. As soon as an electric current 
through the electrodes is thus established, the series electro- 
magnet 17 and the blow-coil 27 become energised. The electro- 
magnet 17 raises the plunger and rocks the rocker-arm 9 through 
a short distance, thus causing one of the pawls to move the 
ratchet-wheel 30, and allow the electrode 2 to be fed down- 
wards, the ratchet-wheel 29 being meanwhile held stationary by 
one of the fixed pawls. The upward movement of the plunger 
closes the short-circuiting switch, thereby short-circuiting the 
electro-magnet 17, which consequently allows the plunger to fall, 
thereby rocking the rocker-arm 9 in the opposite direction, and 
moving the ratchet-wheel 29 by means of its pawl, so that the 
other electrode 1 is fed downwards through a short distance. The 
action of the series electro-magnet 17 is also controlled by a switch, 
which is operated by the shunt electro-magnet 24, so that the action 
of the series electro-magnet 17 to feed the electrodes alternately 
forward is stopped by the closure of this switch as soon as the 
voltage across the shunt electrode 24 falls below a predetermined 
value. (Sealed April 8, 1909.) 


10,893. Chamberlain and Hookham, Limited, and 
8. H. Holden, Birmingham. Electricity Meters. (3 Figs. | 
May 19, 1908.—-This invention relates to continuous-current watt- 
hour meters, in which acylindrical armature rotates in a magnetic 
field due to an electro-magnet, the current to be measured, or a 
fraction thereof, passing through the armature. The invention 
consists in a watt-hour meter comprising an armature in the form 
of a circular disc rotating between the poles of an electro-magnet, 








such electro-magnet being formed of short lengths separated by 
| extremely thin layers of non-magnetic material and being arranged 
| to form a nearly complete iron magnetic circuit, so that the size 
| of the winding may be greatly reduced, and the meter is also 
| rendered less susceptible to external magnetic forces. The in- 
| vention also consists in constructing the top bracket carrying the 
| counting train and the upper pivot of the armature spindle and 
| brake magnets in such a manner that it may be readily removed 
for access to the mercury chamber or for cleaning. By dividing 
up the magnetic core into small lengths separated by non-magnetic 
material the effect of residual magnetism is greatly decreased, and 
by the use of a nearly complete magnetic circuit the meter is ren- 








dered less susceptible to external magnetic forces. In the meter 
illustrated, the armature disc a revolves in a mercury chamber b, 
formed between a magnetic plate c and a plate d, and enclosed by 
a ring e. The central core of the electro-magnet is formed by a 
number of washers f, threaded on a rod g of non-magnetic mate- 
rial, and separated by paper or other thin non-magnetic material. 
The yoke is formed of a plate h, and the side limbs of the magnets 
by washers k, separated by non-magnetic material and thread 
on rods l, m, also of non-magnetic material. Springs may be 
provided to keep the washers tightly in place. The upper pole 
of the magnet is formed by a plate n. The rod g carries the lower 
bearing of the armature disca. The upper bearing for the spindle 
and the permanent magnets « operating on the brake disc are 
carried on a bracket, which also carries the counting train. This 
bracket is readily removed by loosening the nuts 1 and removing 
the screws 2, while the counting train itself is easily removed from 
the bracket. The lower part of the meter—viz., the windings on 
the electro-magnet—with the mercury chamber are thus easily 
removed from the top when the bracket is removed. (Sealed 
April 15, 1909.) 


2206. The Amalgamated Radio-Telegraph Com- 
pany, ieanmed, qanaen. Radio-Telegraphy (3 Figs.) 
anuary 31, 1908.—This 


invention relates to radio-telegraphy, and 





has reference to apparatus for producing continuous oscillations. 
According to this invention, the electrodes comprising the arc- 
lamp are arran vertically one above the other, and are formed, 
or provided, with cooling or radiating surfaces to enable the heat 





produced during the working of the arc to become readily disgj- 

ted. One of the electrodes consists of a metal casing a, carry. 
ing at its lower part a massive cylinder of metal db. "me upper 
part of the electrode is formed in such a way that the cooling 
surface is enlarged by a radial arrangement of metal ribs ¢, thus 
facilitating the dissipation of heat. The lower part of the lamp 
contains an electrode d, which is held by a metal casting ¢. This 
electrode is also provided with metal ribs, which are arranged in 
such a way that their vertical planes are intermediate between 
the ribs of the upper electrode, so that the heated air in rising 
will not come into contact with the upper ribs. (Accepted Feb. 
ruary 3, 1909.) 


GUNS AND EXPLOSIVES. 


26,679. Fried. Krupp, Aktiengesellschaft, Esx 

. Pro ectiles. (2 Figs.] December 9, rien 
This invention relates to projectiles with a fuse connected to the 
body of the projectile by means of a bush in the mouth, and the 
object of the invention is so to construct the bush in the mouth 
and the fuse that the hollow space intended for the reception of 
the filling projectiles shall be as large as possible. This purpose 
is. attained, according to this invention, by providing the bush 
in the mouth with a pin turned towards the point of the pro- 
jectile, and the fuse with a hollow space or recess to receive this 
pin. - The projectile is made in the form of a shrapnel, and pro. 
vided with a time fuse. Into the body A of the projectile, which 
holds the filling projectiles B, is screwed the mouth bush Al, 
This latter is provided in the centre with a hollow pin turned 
towards the point of the projectile, the said hollow pin being 
screw-threaded externally, and screwed into a hole in the time 
fuse C, the said hole having a corresponding female screw thread, 
The hollow interior of the pin receives the powder charge of the 
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time fuse, Which communicates with the communication channel 
in the base of the time fuse by a hole made in the wall of the 
hollow pin. The substantial difference between the projectile 
shown in Fig. 2, which is constructed as hitherto, and the one 
just described is that the base of its time fuse is provided with 
a pin which is screw-threaded and turned towards the base of the 
at pa ay which pin screws into a hole in the mouth bush Al, the 
said hole having a corresponding female screw-thread, and the 
said pin receives the powder charge of the time fuse. In the pro- 
jectile shown in Fig. 2, the fuse projects further into the hollow 
interior of the projectile than it does in the projectile shown in 
Fig. 1, owing to its being necessary to make the pin, turned to- 
wards the base of the projectile, of comparatively great length 
in order to secure a reliable connection of the fuse with the mouth 
bush Al, The projectile shownin Fig. 1 can therefore hold a 
larger number of filling projectiles than the projectiles as hitherto 
constructed, and therefore also display a better effect. (Sealed 
April 15, 1909.) 


LIFTING AND HAULING APPLIANCES. 


9025. D. T. Young, Birmingham. Screw Lifting- 
Jacks. [2 Figs.) April 25, 1908.—This invention relates to 
screw lifting-jacks of the type in which the screw is operated 
through the medium of a ratchet head or handle. In the applica- 
tion of the invention as illustrated in connection with a tele- 
scopic screw tramcar jack, the small or inner screw a has a flange 
b formed near its upper end to provide an efficient seating for the 
cap or like part c, which is rotatably mounted upon the upper 
extremity of the screw in any convenient manner. In the draw- 
ings the cap is shown mounted on a central projection d of the 
screw a, and is secured by riveting over the ends of the projection 
sufficiently to retain the cap without interfering with its freedom 
to rotate. The portion e of the screw a immediately beneath the 
flange is plain, and preferably of a diameter slightly larger than 
that of the tops of the thread cut along the body or main part of 





the screw. The ratchet handle f and the ratchet disc or ring 9, 
which it embraces, are inserted or passed into position from the 
lower or inner end of the screw ; the dise g is connected in a non- 
rotatable manner with the plain portion of the screw, whilst the 
handle is free to rotate thereon. The handle /f is fitted with the 
usual pawl-piece i. For the support of the complete ratchet head 
or handle a bearing-ring or washer, preferably of steel, is scré wed 
on to a fine thread cut in the lower end, beneath the ratchet ‘ise, 
of the plain portion e of the screw a, or is otherwise secured to the 
screw in any convenient manner. The aperture in the lower jaw 
of the ratchet handle is large enough to receive the bearing he 
sustaining-ring or washer as shown, so that the latter shall re 
compactly disposed within the handle. An effectual support for 
the ratchet head is thus provided, without increasing the height 
of the jack or lessening the height of lift or range of movement 
of the screw. (Sealed April 15, 1909,) 
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THE DISTRIBUTION OF DAMAGE IN 
SAN FRANCISCO CAUSED BY THE 
CALIFORNIAN EARTHQUAKE OF 
1906. 

By Cuartes Davison, Sc.D., F.G.S. 


WirHtn a few days after the occurrence of the Cali- 
fornian earthquake of 1906 the Governor of the 
State appointed a Commission to investigate the 
various phenomena, which were at once seen to be of 
unusual interest. Under the guidance of Professor 
A. C. Lawson the members of the Commission, 
assisted by many students, were engaged for more 
than six months in collecting all available materials, 
and the results of their work have recently been 
published in the most valuable monograph ever 
devoted to a single earthquake. The distribution 
of intensity in San Francisco, so far as it could be 
estimated from the effects of the shock on pr 
and on the ground, was examined by Mr. H. O. 
Wood, and though the main result at which he 
arrived is not new, the evidence at his disposal was 
so varied and complete that it may be useful to 
give a brief summary of the paper which he con- 
tributes to the joint report. 

Throughout the city of San Francisco there were 
considerable variations in the amount of damage to 
buildings. In some parts most of the chimneys 
withstood the shock, while in others brick and frame 
buildings of ordinary construction were seriously 
injured or quite ——_— and sewers and water- 
mains were broken. . Wood’s objects were to 
examine the distribution of damage between these 
limits, and to determine the connection between 
the amount of damage and other phenomena, espe- 
cially the nature of the ground. For this purpose 
some scale of intensity was required corresponding 
to intermediate amounts of damage. The higher 
degrees of the Rossi-Forel scale proved to be too 
vague for the purpose; while the Omori scale, 
having reference mainly to Japanese types of build- 
ings, was also found to be unsuitable. Mr. Wood, 
therefore, devised a new scale, which he describes 
as simply a classification of the phenomena observed 
in and near San Francisco. This scale, which is 
more finely subdivided than the higher portion of 
the Rossi-Forel scale, and more evenly spaced than 
the Omori scale, is briefly as follows, though grade 
A was not represented in the city itself :—A. The 


_rending and shearing of rock-masses and all struc- 


tures along the line of faulting; some structures 
totally destroyed. B. Fairly general collapse of 
brick and frame buildings when not unusually 
strong, serious cracking of brickwork and masonry 
in excellent structures, broad wave-like folds in 
paved streets, the breaking of sewers and water- 
mains, &c. C. Brickwork and masonry badly 
cracked, with occasional collapse ; some brick and 
masonry gables thrown down ; general destruction 
of chimneys ; considerable cracking of foundation 
walls. D. General, but not universal, fall of chim- 
neys ; cracks in masonry and brickwork. E. Occa- 
sional fall of chimneys, and damage to plaster, 
partitions, &c. 


As a rule, the districts within which the damage | Th 


was considerable are rather sharply defined, the 
change from a strong to a weak shock taking place 
within a single block of buildings. In other parts 
the destructive effects change gradually through a 
distance of several blocks, and it is less easy to 
trace the boundary between areas corresponding 
to different grades of intensity. Much of the evi- 
dence was lost through the great fires which broke 
out after the earthquake, and this was chiefly the 
case in the portions in which the intensity was low, 
for the effects which defined the lower grades were 
often obliterated with the buildings in which they 
were developed. 

The city of San Francisco occupies the northern 
exhemity of the peninsula, which is bounded on 


the west by the ocean, on the east by San Francisco 

say, and on the north by the Golden Gate. The 
southern boundary is a line arbitrarily drawn from 
east \o west ata distance of 7 miles from the Golden 


Gate. The earthquake was caused by a movement 
alov. a great fault, certainly 190 miles, and possibly 


270 iles, in length. In the immediate neighbour- 
hoot of San Francisco, the course of the fault is 


Subnoarine. It leaves the land near the head of 
Bolinas Lagoon, 12 or 15 miles north-west of the 
Gol lon Gate, and re-enters it about 74 miles south 
ot Voint Lobos. While the city thus lies entirely 
‘> the east of the fault, the south-western corner 
is less than a mile from it, the City Hall about 








8 miles, and no part of the area considered is more 
than about 94 miles distant. On the whole, the 
intensity of the shock diminished from south-west 
to north-east—that is, with increasing distance from 
the fault; but there were many marked variations 
of intensity clearly connected with changes in the 
nature of the ground. 

On the west side of the peninsula is a band of 
sand-dunes, forming a thick mantle near the coast, 
but thinning out as the hills are approached. On 
the east side rocky ridges stretch out into the bay, 
and between them are valleys filled with deep de- 

osits of alluvium, the most important being the 

ission Valley, which reaches nearly one-quarter 
of the way across the peninsula. Formerly, the 
floors of these valleys near their mouths were 
occupied by tidal marshes and creeks, which have 
now been converted into ‘‘made” land in order to 
provide building sites. The hills are composed of 
firm rock—sandstone, chert, &c.—often cropping 
out at the surface, but elsewhere covered with a 
thin layer of soil. Along their flanks the coating 
of loose sand and alluvium increases in thickness 
towards the sand-dunes or the valley-floors. 

The areas of lowest intensity (Grade E) are com- 
paratively small, and occur chiefly in the central 
and south-eastern portions of the city. They are 
invariably those in which the hard rock of the dis- 
trict is either exposed at the surface or is covered 
with a very thin mantle of soil, especially on the 
summits of the rocky hills. In the north-eastern 
half of the city a slightly higher intensity (Grade D) 
prevails, except in certain places where local con- 
ditions accentuate the amount of injury. As a 
rule, this grade is exhibited on the flanks of hills, 
where the hard rock is ex , or where the cover- 
ing of soil isthin. A still higher intensity (GradeC) 
marks the western flanks of the hills which face 
the Pacific, the low lands of the valleys and por- 
tions of the water front, where the sand and alluvial 
— attain a considerable thickness. 

he areas within which the highest intensities 
(Grade B) were apes as are, as a rule, of small 
extent, occasionally embracing only a block or two 
of buildings. In such cases the destructiveness of 
the shock was evidently due to the nature of the 
ground, which was either ‘‘made” land filling a 
small ravine or lagoon, or loose sand or earth. 
Two of the larger districts of Grade B are of unusual 
interest. One of them lies at the north-east corner 
of the peninsula, near the foot of Market-street. 
A large part of this district is evidently ‘‘ made” 
land, as it lies between the present shore-line and 
that which existed in 1852. ‘* Masonry blocks in 
the wails of excellent modern buildings were broken 
as by a blow . . . Tubular cast-iron columns, sup- 
porting floor girders, were broken off near their 
bases in cellars where they rested upon piling. The 
concrete casing of piles was frequently broken. . . 
In spots the streets sank bodily, certainly as much 
as 2 ft., probably more. . . The surface of the 
"wen was deformed into waves and small open 
ssures were formed, especially close to the wharves. 
Buildings on the water-side . - generally 
slum seaward, in some cases as much as 2 ft.” 
e damage was greatest close to the water's edge, 
and diminished, gradually at first, afterwards more 
rapidly, as the solid ground was approached. It 
was greatest on newly ‘‘ made” tm less on that 
which was first ‘ e” and had become compact 
in course of time, least of all on natural alluvium. 

The other e area of great intensity is a tract 
of ‘‘ made” land along the former course of Mis- 
sion Creek, which joined the bay about a mile to 
the south of the district last mentioned. ‘‘ Only in 
we close proximity to the fault was greater 
violence manifested. For blocks the land surface, 
paved streets, and building plots alike, were thrown 
into wave forms, trending east and west about 

rallel to the length of the area. . . . The fissur- 
ing and slumping, and the buckling of block and 
asphalt pavements . . . characterise the land sur- 
face. This slumping movement, or flow, took place in 
the direction of the length of the area, and its 
amount was greatest near the centre, or channel, 
where the street lines were shifted eastward out of 
their former straight courses, by amounts varying 
from 3 ft. to 6 ft.” The district lay in the th of 
the great fire, and most of the destructive effects of 
the earthquake were obliterated with the buildings, 
But enough remained in the shape of broken and 
bent foundation walls and side-walk pavements to 
show the great violence of the shock. The shaking 
caused the materials used for the ‘‘ made” land 
settle together and occupy less space, so that the 





surface of the whole district} was lowered by amounts 
varying from a few inches to 3 ft. or more. 

It is thus evident from Mr. Wood’s survey, as 
well as from incidental observations on many other 
earthquakes, that the foundations in an earthquake 
country may be arranged in the following order, 
beginning with the best :—Hard compact rock, with 
a level surface; the same with an inclined surface, 
or with a thin coating of soil, a thick bed of natur- 
ally-formed—that is, of old and well-compacted— 
alluvium ; ‘‘made” ground of considerable age ; and, 
lastly, newly ‘‘made” ground, especially that filling 
up a marsh or creek. . 








THE MANUFACTURE OF CALCIUM 
CARBIDE. 
(Continued from page 550.) 
Tue CarsBipe Furnaces. 

TxHeE coal from the anthracite silo is conveyed by 
wagons travelling on a telpher railway, and is dis- 
charged into hoppers which feed, through band 
conveyors, electrically-operated jaw crushers, to 
break it into very small cubes for use, along with 
the lime, in the electric furnaces. The crush- 
ing machinery for coal as well as calcined lime is 
illustrated by Figs. 86 to 92, on page 618. It will 
be seen that, in addition to jaw breakers, there are 
centrifugal mills similar to those used for grinding 
cement. From these the anthracite or lime is 
conveyed and elevated for discharge into storage 
hoppers, and from these the material is drawn as 
required into an electrical automatic weighing- 
machine, having two compartments. Although the 
hoppers are of tate capacity, the discharge- 
spouts are brought close together, and the feature 
of the ingenious electric appliance is that it is 
arranged to weigh out the two constituents of the 
electric furnace charge in their correct proportions, 
so that there is absolute precision in this respect— 
a point of considerable importance in ensuring satis- 
factory results in the production of calcium carbide. 

In the furnace-house there are twelve electric 
furnaces, each of 1400 kilowatts capacity, con- 
structed on the Alby system. The high degree of 
efficiency now realised by these furnaces is the out- 
come of much research, and for obvious reasons we 
are not able to publish sectional drawings. The 
pressure of the current is 50 volts, and the intensity 
28,000 amperes. The transformers used are placed 
in underground chambers under the furnace, 80 as 
to ensure the minimum length of conductor—an 
important desideratum in view of the great inten- 
sity of the current. The conductors from the 
switchboard, to be described later, are laid in a 
tunnel of large area under the ground level, and 
very powerful fans are fitted near to the trans- 
formers. These take their current of air from the 
tunnels, so that the temperature of the transformers 
is comparatively low. 

The furnaces are charged by hand from adjacent 
hoppers, replenished from Seabets travelling round 
the building, from the automatic weighing-machine. 
The furnace-charging is practically continuous, and 
the men are screened from the exceedingly high tem- 
perature of 3000 deg. Cent. (5720 deg. Fahr.) by 
gauze curtains. The furnaces are tapped at intervals 
of about 45 minutes, and their capacity is from seven 
to eight tons per day of twenty-four hours, The car- 
bide thus formed is teemed into receptacles (heavy 
cast-iron trays) one metre square, which are conveyed 
by electric traverser to the carbide-cooling house, 
immediately adjoining the furnace-house. 

The cooling-house is 15 metres (49 ft. 2.55 in.) 
wide by 27.4 metres (89 ft. 10} in.) long: The 
cooling-frames are built up of iron plates with 
rails at 12 in. centres, on which the carbide 
slabs are deposited. The frames are set on a gra- 
dient of about 20 deg. from the side walls down to 
the centre of the building, where there is a conveyor 
traversing the building, and on to this the slab 
gravitates. The carbide slab is 6 in. thick, and is 
almost red-hot when deposited. Openings are left 
in the wall of the building, and a constant current of 
air passes over and under the cooling-plates, which 
are perforated at frequent intervals. During the 
process of cooling the slab of carbide cracks, owing 
to contraction, and after it has lain for about eight 
hours the workmen find it easy to break the pieces 
up, and assist them to glide down the slope, where 
they fall on to the transporter-band, built up of 
plates and angles, and operated by a 10-horse-power 
electric motor. The band is not continuous for the 
whole length of the building ; but is arranged to 
deliver the material at both ends of the cooling- 
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house, that at one end being intended for-the ad- 
jacent cyanamide works, where it is, as shall pre- 
sently be described, converted into nitrolim. At 
the other end of the building the calcium carbide 
ig delivered-fer transference by band-conveyor to 
the crushing-house, to be reduced te cubes varying 
in size, according to market requirements. 


Tue CARBIDE CRUSHING AND GRINDING PLANT. 


The crushing-house is illustrated by the sectional 
drawings and plans reproduced in Figs. 88 to 92, 











with an elevator, and thus the cubes-are raised. to 
the top floor and fed through a, hopper into a 
screening-machine of the rotary type (Fig. 93). 
The perforation is -of five different meshes, in 
order that the material may be separated and 
deposited into five hoppers, according to size 
(Fig. 89). The tailings exceeding 80 millimetres 
(3.15 in.) fall over the end of the revolving screen, 
and pass to a second jaw stone-crusher. This latter 
jis on the intermediate floor (Figs. 89, 91, and 94), 
and deposits the material crushed, in the same way 





Fic. 98. Barret-MAKkING. 


While on page-634 there are perspective views of 
each floor (Figs, 93°tq 95). The whole of the 
sys f -breakers and ‘eonveyors is operated by 


me i0-F H.P. motor. 
rom r 


of tw 


The carbide is conveyed 
cooling-house and deposited into the first 
iw stone-breakers on the ground level 
(Figs. 85 to 90), where it is broken into cubes of 


&hout 4 in. in size. This crusher discharges the 
material into a series of small’ buckets mounted on 
® wheel which rotates at a rate corresponding to 
the travel of the conveyor buckets ener it, and 


thus t] 
being lost. 


\c material is fed to the conveyor without any 
The conveyor works in combination 


as in the instance already described, into a con- 
veyor and elevator, which discharges imto-a second 
cylindrical screen on the top floor, where again the 
material is separated into several sections of vary- 
ing size. The tailings “over 25 millimetres (1 in.) 

to a roller crusher on, the intermediate floor, 
and thence by conveyor and elevator to the third 
of the cylindrical screens, where the material is 
again separated into five divisions -by means of the 
screens and hoppers under them, the. range being 
from 1 to 15 aiidienn (0.04to 0.59-in.).. Thus 
the three cylindrical sifting screens have each five 
receiving hoppers, as shown in Figs. 89 and 92, ang 





from each there are independent shoots to the-series 
of hoppers. The carbide.of each. size is delivered 
on the -packing. floor. (Figs. 89 and, 95), without 
being passed through - successive screening and 
crushing. machines to reduce it to the minimum 
sizes. .By the mesh of the respective sieves, the 
material is divided into marketable sizes. These are 
2 millimetres, 2 to 4 millimetres, 4 to 8 millimetres, 
8 to 15 millimetres,.15 to 25 millimetres, 25to 50 mil- 
limetres,.and 50 to 80 millimetres, or ranging from 
0.08 in. to 3.15 in. The finished material hoppers 
are all of the same size or-cubical capacity, as shown 
in the photograph reproduced in Fig, 95, page 634, 
but there are two hoppers for the material. of the 
two. largest sizes. 

The shoots of these hoppers are fitted with a slid- 
ing shoe, which can be opened when the terne-plate 
drums are placed under them. The drums for-the re- 
ception of the material are- placed on an oscillating 
platform (Fig. 88), which is pivoted at- one end, 
while under the other—under the drum—there is a 
projection in contact with an eccentric wheel, which 
when rotated gives the platform a shaking motion. 
.This ensures that the greatest volume of material 
shall occupy the: minimum of space inthe drum. It 
has thus. been possible to arrange that the cubical 
capacity of the drum is.only slightly in excess of 
the volume of carbide for a given weight. 


THe MANUFACTURE OF THE DruMS AND BARRELS 
FoR ExportTina CARBIDE. 


The manufacture of the drums, and of the barrels 


in which these are encased, is, of itself, an interest- 


ing department of the Odda Works, as labour- 
economising machinery has been introduced with 
striking results. The manufacture of the tin 
drums is illustrated by Fig. 97, and the barrel- 
making, by Fig. 98, on the present page. The drums 
are made of terne plates, and are of two sizes, 
to take 100 kilogrammes (220 lbs.) or 50 kilo- 
grammes (110 lbs.) of carbide, the diameters being 
agree 425 millimetres (16.73 in.) and 300 
millimetres (11.81 in.); while the height, in both in- 
tances, is 600 millimetres (23.62 in.). Five hundred 
of the 100-kilogramme drums are manufactured 
= day of ten hours, there being employed eleven 
.boys under eighteen years of age, with a foreman, 
and the total labour-cost is 80 kr., equivalent to 
107d., per drum. 

e terne plates are imported from Wales, and 
are of approximate sizes for the ends and for the 
circumference of the drums. The ends are cut cir- 
cular and stamped at the same time. The stamping 
also includes corrugation and the printing of the 
name, while over the top a circular opening is pierced 
for the filling of the drum. The stamping-die is 
brought down on the terne plate by eccentrics 
which are actuated by foot-gear operating a coup- 
ling placed between the fly-wheel and. the shaft on 
which the eccentrics are mounted. The necessary 
trimming of the circumference plates to accurate 
size is done in a guillotine set to the exact dimen- 
sions. At the same time the corner of the plate 
is cut away to facilitate the junction and soldering 
at. the corners when these are being, formed later 
into the cylindrical drum. The plate is then rolled 
to cylindrical form. The next process consists in 
lapping over the two. ends, so that they may ulti- 
mately hook into each other. The tool for this 
work consists of two bending ‘‘rolls” with cross sec- 
tions corresponding to quadrants. The edge of 
the plate to be folded back is inserted into the 
space between the ‘‘rolls,” and the front quadrant 
is thrown back by hand, folding at the same 
time the edge of the plate back upon itself. .The 
opposite movement of the other roller quadrant 
oe a reverse folding to the other edge. It wil] 

understood that the fold in one.case is out- 
wards and in the other. inwards, so that the two 
overlaps hook within each other. A piece of 
cotton thread is placed between them in.order to 
onaze air-tightness. The ends are hammered tight 

y hand... .. 

The lapped edge is next rolled. . The support, or 
anvil, is carried between two standards, one end of 
the.support being on a swivel, so that the other 
end.may be drawn, clear of its standard to enable 
the cylinder to be put over it. When this. sup- 
port been swung back into place, and the .free 
end locked, the roller is brought over, the hooked 
ends. This roller is operated by screw-gear, the 
shaft having self-reversing motion,. Considerable 
pressure is applied. to the roller for the closing of 
the folded ends to ensure air-tightness. _The next 





operation consists in corrugating the cylindey in 
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order to increase its strength. Here also the 
interior roller is of the swivel type.- Its end is 
constructed with an edge, while the upper roll has 
a rib, so that while the corrugation is taking place 
the upper roller presses the end of the drum against 
the edge of the interior roller to form a lip at 
both ends of the drum at right angles to its circum- 
ference. This lip is to facilitate the soldering of 
the ends. When this has been done the upper or 
external roll is moved forward by a screw adjust- 
ment to its work of forming the corrugations. In 
order that the drum may be mount3d on the in 
ternal roller with absolute precision, and to ensure 
the exact measurement of lip round the top and 
bottom, there are, in front of the machine, guide- 
levers, mounted on a folding arm which can be 
lifted by hand for adjustment, as shown in Fig. 97. 
The roller is worked by belting. The tops and 
bottoms are subsequently fitted over the lips, the 
ends themselves having a flange turned outwards 
corresponding to the diameter of the drum and to 
engage with the lip. These flanges are hammered 
together lightly, and are subsequently rolled to 
ensure a perfectly tight fit. For this work the 
drum is mounted on a lathe-bed, and the head- 
stocks at each end have a steel edge, so formed 
that the flanges to be overlapped rest on the edge. 
A roller is mounted eccentrically on a lever, and is 
brought into contact against the flanges. The 
rollers have their peripheries curved to the form 
suitable for closing the flanges on the drums and 
covers. The joints, thus rolled tightly, are soldered 
only at the ends, where the seam of the cylinder 
adjoins the overlap of the cover-plates, and where 
the corner-piece had to be cut out of the plate for 
the cylinder in order to reduco the number of 
overlapping edges. 

The wooden barrels in which the drums are placed 
for exporting carbide are also manufactured at the 
works with special machinery (see Fig. 98). The 
staves, of varying width, planed to suit the curva- 
ture of the barrel, and having > edges for bonding, 
are brought from Trondhjem. End pieces are simi- 
larly imported, and a circular planer makes the final 
adjustment for the diameter, while the lengths of 
wood to form an end are held together between discs 
by clutches having nuts to keep them in position. The 
barrel-forming machine occupies a central ene 
in Fig. 98. The staves are assembled, by a lad, in a 
frame with an adjustable end, so that the length of 
the framework may be varied according to the cir- 
cumference of the barrel to be made. Under the 
staves on the framework there is a leather belt fas- 
tened to the adjustable end. When a sufficient 
number of staves have been assembled, this leather 
belt is drawn forward mechanically, and as the 
staves advance their ends engage in flanged steel 
discs at cach end of the machine. These discs carry 
steel hoops which are subsequently slipped over the 
staves. ‘T'wo wedge staves are then put in, one 
from each end, to finally tighten up the staves 
within the hoops. One of the discs can then be 
moved laterally to enable the finished barrel to be 
withdrawn. One of the wooden ends of the barrel is 
put in from the inside, and pounded down into posi- 
tion. Nails are then driven through the hoop and 
staves into the end. A few nails are also put 
through the intermediate hoop, but the top is left 
open to receive the tin drum containing carbide. 

The hoops are manufactured in two. special 
machines, one: of which is illustrated in Fig. 99. 
The hoops are first cut to the required length, and 
at the same time there are formed atone end two 
slots, and at the other hooks to engage in the slots. 
The punching-machine is shown in Fig. 99. The 
punch is ouch by an eccentric in the usual way. 
On the slide on which the cutting-tool is mounted, 
there are projections on each side which operate 
pivoted Jevers for raising the upper rolls at each 
side of the table, the-one for advancing the strip to, 
and the other for withdrawing it from, the anvil. The 
lower rolls are actuated hy chain drive, controlled 
by pawl and ratchet-wheel. The pawl is operated 
through a wheel which gears with the main shaft, and 
the lever is adjustable as to length of stroke by a 
spring on the wheel. Tue distance through which the 
ratchet-wheel is turned, of course, determines the 
distance through which the feed-rolls are rotated, 
which in turn fixes the length of advance of the 
steel strip 01 the anvil, and consequently the dis- 
tance betwe2n the holes punched. As the rota- 
tions of the upper and lower rolls do not quite 
coincide, being separately driven, the strip of metal 
is given a slight rocking motion when under the 
punch, and by this means is freed from the tool. 





The table, or anvil, is fitted with grooves for guid- 
ing the strip under the punch. The ends of the 
hoops thus machined—one with two slots and the 
other with two hooks—are connected by hand, a 
hammer suflicing to close the hooks. The barrels 
are completed at the rate of between 450 and 500 
for the 100-kilogramme drums per day of ten hours, 
the number of hands employed being twelve, eight 
of whom are over eighteen years of age, and there- 
fore reckoned as men. 


Tue Export Quay. 


The drums having been enclosed in the barrels, 
and the latter having had the remaining end nailed 
on, the barrels are run by rail with self-propelled 














—— 


electric locomotives, shown in Fig. 83, on page 552 
ante, to the storehouse, as shown to the rear of the 
export quay in Fig. 96, on page 634. -This building 
has a length of 80 metres (262 ft. 5.65 in.), and a 
width of 24 mettes (78*ft. 8.9 in.). There is a 
double line of rails through the shop, with platforms 
on each side. The barrels are placed end to end, so 
that the markings on the ends may be seen at any 
time. There is capacity here for 3000 tons. of 
carbide. 

The export quay, as we have already mentioned, 
is built of masonry, and is 100 metres (328 ft.) in 
length. The breast wall is 13 ft. wide at the bottom 
and 2 ft. at the top. The width of the quay is 40 ft. 
A 1-ton overhead electric traverser for loading 

urposes traverses the quay, as shown on Fig.’ 96. 

e loading capacity of the érane is 50 téns of car- 
bide per hour. 

The establishment includes workshops for under- 








taking not only the repair of all plant, but the re. 
placement of the most important parts. There is q 
pattern-shop with electrically-driven lathes, saws, 
and planers ; a foundry with an iron cupola having 
a capacity of 4 tons per hour, and a rapid copper- 
melting furnace, with special pits to suit the cast- 
ings most frequently made; a large smithy, with 
compressed-air hammers ; and two well-equij»ped 
machine-shops. These last mentioned have a large 
and varied equipment, including three lathes, the 
largest of which has a bed 6 metres (19 ft. 8.22 in.) 
long, with 43-in. headstocks, four drilling-machines, 
and three planers, one of them capable of taking 
two jobs at the same time. In this case there are 
two cantilever horizontal tool-holders traversing two 








ee 


Fic. 99. Barret-Hoor Puncuine-Macuine. 


tables at right angles to the ed of the machine. 
There are also a cold-saw screwing-machine and other 
tools specially designed for the works. There are 
extensive stores, a brick-making plant, and a large 
quarry for building-stones, with. a_specially-con- 
structed bridge of approach across the river. These, 
with the electrical distribution switches, complete 
the equipment of the carbide factory ; but this elec- 
trical distribution system will fall to be described 
more appropriately after we have dealt with the 
allied establishment for the manufacture of cyana- 
mide, or, as it is now termed, nitrolim. 
(To be continued.) 








Tue Port or Hampurc.—A sum of over 740,000/. is to 
be proyided by the town of Hamburg this year for the 
maintenance and working of the harbour installations «1 d 
for improvements. This sum excccds the budget for last 
year by 75,0000, 
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avy Electrical Engineering. By H. M. Hosart, 
eat M.LEE.. , ae ~ Engineer. Lon- 

don: Archibald Constable and Co., Limited. [Price 

6s. net. 

In ee this new work from the pen of Mr. 
Hobart we find it necessary to distinguish between 
the informative portions of the text and those 
which are devoted to criticism of men and methods. 
In his preface the author prepares us for strong 
criticism by an attack upon the members of the 
electrical engineering profession, many of whom, 
he says, ‘‘ have not the remotest approach to broad 
knowledge of the subject ; often they have not the 
energy or the enterprise to exercise their own 
reasoning faculties.” , We should not feel inclined 
to quarrel with this expression of personal opinion, 
as the number of r y first-rate men in any pro- 
fession is probably'small, but Mr. Hobart proceeds 
to give a reason for this unsatisfactory state of 
affairs, and his conclusion appears to us a some- 
what remarkable one. é 

“One cannot,” he says, ‘‘expect much with 
industry organised as it at present is, on the basis 
of sordid competitive motives, and it is probably 
too much to expect this state of affairs to have 
other result than to inculcate subserviency in the 
engineers employed on the staffs of manufac- 
turing companies, and to stimulate the zest with 
which they enter into the spirit of defeating attempts 
at sound engineering. For sound engineering can 
be attempted only when rigorously sound specifica- 
tions are issued as a basis for the tenders, and in 
their struggle for promotion the engineers in manu- 
facturing concerns are apt to cater for the policy 
which looks no further than the obtaining of im- 
mediate orders for their companies, and are re- 
warded by posts where-they are ina position still 
more effectively to impede sound engineering work. 
I shall fee) well pleased if this treatise contributes 
to the exposure of these fundamental fallacies and 
pernicious tendencies.” : 

Our excuse for this long quotation is that, as will 
be seen from the final sentence, it. forms the text 
for Mr. Hobart’s criticism of modern engineering 
in the pages that follow. We cannot help feeling 
that the text is foolish, and even untrue. We have 
always thought it was generally admitted that com- 
petition is the only oo basis upon which to 
organise our industry. Why, then, should com- 
petitive motives be described as ‘‘ sordid” ? And 
can Mr. Hobart not know that competition, instead 
of inculcating subserviency in engineers employed 
by manufacturers, may, and does, inspire them to 
‘go one better” than their rivals, by inventing 
improvements and developing new ideas, and that 
their employers are the first to welcome progress 
of this kind? Let anyone consider, for example, 
the enormous progress made in the automobile 
industry in recent years, and he will find that it is 
due to the keen competition which has existed since 
that industry took root. Is electrical engineering 
an exception to the rule, and has its progress been 
made in spite of ‘ sordid” competition and sub- 
serviency in its followers ? ' 

We have carefully examined the text of the 
volume to find the material which has led Mr. 
Hobart to make this sweeping statement in his 
preface, and we regret to say that we only find the 
same thing repeated with the same exaggeration. 
Let us take as an example the author’s criticism in 
dealing with insulation of high-pressure machines. 
We agree with Mr. Hobart that proper insulation 
tests are essential, and that inspecting engineers 
should see that they are carried out before taking 
delivery of the teow Anna We agree also that in 
sonie cases prices may have been: cut. so low that 
the manufacturer may seek to minimise expenses 
of 1anufacture and of testing experiments as much 
as possible. But we find it difficult to believe what 
Mr. Hobart deliberately states as a fact, that “the 
manutacturer, on the occasion of insulation tests, 
frequently resorts to discreditable tactics to avoid 
making the tests.” It must be remembered that 
this statement follows almost directly after the 
remark that ‘those concerned in the management 
of most of the largest and ‘best-equip com- 
panies engaged in building electrical machinery are 
very active in discountenancing rigorous insulation 
— and for obvious but short-sighted reasons,” 
a. en the necessity ‘of cutting the design 
pa Y ine in order to make a profit at the price 
vendered and accepted. We have therefore to deal 





with an assertion that contractors generally do not 
hesitate to be dishonest. Most contractors, he 
asserts, as the result of his own experience (page 
111), are inclined to resort to brow-beating any 
inspecting engineer who acts right up to his client’s 
interests, and ‘‘ they will gotoany length to render 
untenable the position of a conscientious inspecting 
engineer, who, if aware of this state of affairs in the 
first place, would only undertake the inspection on 
the distinct assurance from his client that he quite 
understood the situation, and required that the 
machinery should be subjected to a serious inspec- 
tion.” But Mr. Hobart is not content to let the 
matter rest there; he goes on to allege collusion 
at times between contractor and client. ‘‘ The 
contractor may be an influential shareholder in the 
company for whom the client is acting, or the 
client, in some other capacity, may be dependent 
upon the contractor for a considerable proportion 
of the business.turned over to him in this other 
capacity. Such relations are far from rare, and 
where they exist the business is a farce so far as 
relates to specifications and tests.” 

Here, then, we have a pretty picture of the pre- 
sent state of affairs in our electrical engineeri 
industry. Contractors mostly brow-beating an 
dishonest ; inspecting engineers incompetent, sub- 
servient, and likewise dishonest; and, finally, 
users of machinery appointing engineers to see that 
all is right with the machines they have bought 
and yet dishonestly entering into ne Ah with the 
maker. to prevent these engineers doing what they 
have been appointed and paid todo. We can only say 
that if Mr. Hobart, instead of making these general 
charges, can prove any one Herrwn charge, he 
ought to do so in the interests of his own profes- 
sion ; if he cannot do so, he ought not to make the 
charges, especially in a serious work of this kind. 
We think it ‘right to call attention to this matter, 
and we hope those concerned may deal with this 
serious libel on the profession. 

It is pleasant to turn from this part of the 
author's text to that which deals scientifically with 
the subject-matter of the volume. The author's 
aim has been to write rather of the design of the 
stations in which electrical machinery is congre- 
gated than of the designs of the machines them- 
selves—that is, his main object is to consider what 
is the best general design and the best grouping of 
component parts of a complete installation to give 
the highest efficiency in supplying the requirements 
of a particular community. The method of exposi- 
tion is sound and good. Mr. Hobart, after dis- 
cussing and giving a great deal of information 

ing the over-all efficiency of generating- 
stations, and the relation between coal-consumption 
and output of electrical energy, takes up in turn 
the various elements of an installation—the steam- 
raising plant, the engines (reciprocating and tur- 
bine); the condensers, and the electric generating 
plant—and discusses the most suitable location, 
type, and method of operation of each element. 

Mis is followed bya chapter on the design of the 
generating station. Thereafter the author deals 
with high-tension power-transmission lines, and 
the high-tension continuous-current series system, 
and concludes with a chapter on electric-traction 
calculations, and one on traction motors and the 
electrification of railways. This bare outline gives 
but a poor idea of the contents of the volume, but 
indeed it would be difficult to discuss them in detail 
without making this review of inordinate length. 
The striking feature of the volume is the practical 
character of the author’s exposition. It consists 
largely of arithmetical calculation, and the author 
has drawn out a large number of tables and charts 
which should be of the greatest value to designers 
and constructing engineers. The book has a further 
value. A close study of it will show the’ reader 
where losses in efficiency occur, and where further 
improvement may be looked for. sah Lx 

Ye note that Mr. Hobart has no love for the 
single-phase scheme of electrification as applied on 
the London, Brighton, and South Coast Fike from 
Victoria to London Bridge, and that he prophesies 
an ‘‘impending exposure” for this ‘‘ single-phase 
monstrosity,” as he calls it. His view is that it 
is only for long-distance lines that single-phase 
systems can possibly hold their own in compari 
with high-tension continuous-current systems. 
There is here, no doubt, room for difference of 
opinion among experts, but we feel that Mr. Hobart 

in takes too morose a view of the situation. 
Even if this experiment should prove a failure, it 
scarcely deserves to be called a ‘‘ monstrosity,” and 





we do not think the effect will be, as he suggests, 
the retardation of railway electrification for many 
ears. Electrification will come, but one cannot 
lame railway companies for being - cautious in 
choosing one system rather than another, where so 
much capital has to be spent even on an experi- 
ment, Tn spite of Mr. Hobart’s suggestion to the 
contrary, we believe that railway companies are not 
prejudiced in favour of the single-phase system 
rather than any other. They must, of course, be 
guided by experts, and if the experts selected 
should not agree with the views of Mr. Hobart, 
we hope the latter will try to believe that these 
entlemen may nevertheless be impartial and honast 
in their judgment. 





The Steam-Turbine ; A Practical and Theoretical Treatise 
for Engincers and Designers, including a Discussion vA 
the Gas-Turbine. By James AmBRosE Moyer, 8.B. A.M. 
New York ; John Wiley and Sons; London; Chapman 
and Hall, Limited. [Price 17s. net.] 

Tue author of this treatise was at one time engaged 

in experimental work for the steam-turbine depart- 

ment of the General Electric Company, and has 
evidently had access to highly interesting data on 
the efficiency of nezzles and blading as used in the 

Curtis type of turbine, Unfortunately, however, 

his treatise contains none of the original fi 8 

obtained in these experiments, but only the author’s 

conclusions derived from them. The coefficients 
for nozzle losses given by him are thus probably 
reasonably accurate for theconditions in which Curtis 
turbines are operated ; but from other independent 
data we very much question whether they would not 
prove untrustworthy if adopted to proportion 
turbines of, say, the Laval t; He states, for 
example, that the efficiency of well-proportioned 
nozzles lies between 92 and 94 per cent. ; This 
may well be the case with the comparatively 
small drops of pressure used in the Curtis tur- 
bine, but there is evidence that it is very. sub- 
stantially less in the case of nozzles —— 
high-pressure steam down to a low vacuum, suc 

as are used in the Laval turbines. Nevertheless, 
though we believe his coefficients would very 
seriously under-estimate the losses arising in this 
latter class of nozzle, the general discussion given 
of the design of these elements is excellent, and 
should prove useful to the many turbine-builders 
who are now including one or more velocity com- 
pounded stages in the high-pressure end of their 
turbines. 

The chapter on blade design is not so good, and 
the diagram (Fig. 37) intended to illustrate a 
typical reaction wheel is misleading, to say the 
least. The buckets shown appear to offer a greater 
area through them at the discharge than at the 
inlet end, so that it is difficult to see how the steam 
could exercise any very marked reaction. In the true 
typical reaction wheel, on the other hand, the area 
through the bucket at discharge is notably less than 
it is at entrance, the velocity of the steam being 
increased by its expansion inside the bucket. The 
author, on the contrary, says :—‘‘In impulse turbines 
the blades are made of constant ‘blade height,’ whilst 
in reaction turbines ‘expanding’ blades are used, 
with the result that some of the kinetic energy of 
the steam is changed to velocity in passing through 
them.” In accordance with this assertion he shows 
impulse-wheel buckets with constant blade height, 
whilst in his so-called reaction wheel the radial 
depth of the blade is increased at the discharge end. 
In actual gre the precise cont is the case. 
In the Zoclly turbine, for instance, which is of the 
oe type, the radial depth of the blade is con- 
siderably greater at discharge than it is at the 
inlet ; whilst in the Parsons turbine, which is the 
typical one, embodying the reaction principle, the 
blade height is the ggme*at entrance and discharge. 

In proportioning p apeta corey a very important 

int in estimating the capacity of the turbine is 

2 ratio of the velocity of the steam into the blade 
to its velocity out of the blade. Mr. Moyer prints 
a, diagram for this ratio, which, he states, has given 
good results in actual designs. Here, again, we are 
much inclined to believe that this can be true only 
for a limited range of patterns of the Curtis turbine. 
His diagram shows: that with steam moving into 
oe . *., at 500 ft. = peau, Se loss of velo- 
city e passage is less n 4. per cent. 
About the very best results ever obtained in 
Girard water-turbines is a velocity loss of 10 per 
cent., and it is more commonly 15 per cent. 
In water-turbines, further, the loss should ‘be 
less than in steam-turbines, as the water gene- 
rally touches one side of an impulse blade only, 
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whilst the steam is 
necessarily in contact 
with both. In fact, its 
velocity is greatest 
over the convex face of 
the blade, s0 that it is 
quite possiblethat the 
loss here is greater than 
on the concave face, 
which’ ig the only one 
concerned in the case of 
a water-turbine. Fur- 
ther, Mr. , Manager 


to Messrs. lé and } : ed 
Co., the builders of the Rateau turbine, has siat 


that the velocity loss in Rateau blades ranges ‘rom 
30 per cent. to 35 per cent. This latter figure is, W® 
are inclined to believe from other experimental 
data, an over-estimate when the wheel is really 
moving at its synchronous speed, as it would — 
impossible the efficiencies actually recorded wit 
velocity compounded turbines. These discordant 























. 5, Motor-Driven CrrcuLatinc Pump anp Arr-Pump. 





nO D8 a barr 5c pent 20 tathben fies Heh 





4 
i 
| 


i nell a hr wet 


May 7, 1909.] 


ENGINEERING. 


623 








—— 


THE LEBLANC AIR-PUMP AND JET-CONDENSER. 
CONSTRUCTED BY THE BRITISH WESTINGHOUSE ELECTRIC AND MANUFACTURING CO., LTD., ENGINEERS, MANCHESTER. 





figures illustrate one of the great difficulties met 
with in attempting to form a comprehensive theory 
of the steam-turbine. The experience of each 
maker is in general confined to one particular 
type, and he finds that certain coefficients 
applied to this type enable him to predict with 
substantial accuracy the output and efficiency of 
his productions. The same coefficients, however, 
applied to a turbine of different design, built 
by another maker, will lead. to hopeless discre- 
pancies. Each, indeed, works within a somewhat 
narrow range of practice, and any error due to 
inaccurate estimates as to one source of loss can be 
compensated for by suitably over or under-estimat- 
ing another. For instance, Professor Rateau has 
stated that the mechanical efficiency of his turbine 
is about 94 per cent., a figure which shows that the 
disc friction and fan action are moderate. Mr. Moyer, 
in » combined Curtis and Rateau design, estimates 
the losses in dise friction and fan action as 18 per 
cent., although ina straight Rateau turbine the high- 
pressure discs revolve in much denser steam than 
does any portion of such a combined turbine as he 
discusses. His blade velocity is, of course, much 
greater, but allowing for this, it is evident that he 
rates the losses by fan action and disc friction much 
higher than Professor Rateau, whose figure, we may 
add, agrees very well with the values deduced by 
Pre fs essor Stodola from his own careful experiments. 

‘ir. Moyer’s acquaintanceship with the Parsons 
turbine is apparently much less complete than his 
knowledge of the Curtis type, though even the 
latter is not illustrated with detailed dimensioned 
drawings. His account of the practical rules em- 
ployed in proportioning turbines of the Parsons 
type is obviously derived from our columns, one 
statement being reproduced almost verbatim, but 
no acknowledgment whatever is made of the source 
of his information. Here, again, nothing approach- 
ing the nature of a working drawing is given to 
illustrate the proportions of the turbine, or of the 
numerous details upon attention to which its mecha- 
nical suecess depends, and the impression given is 
that the author is, as we have said, much less fully 
acquainted with either the theory or the. practical 
construction of the Parsons type of turbine than he 
is with that of the Curtis pattern, : 
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description — general 
rather than detailed 
—of many different patterns of turbine. The 
so-called typical section of a Parsons turbine, given 
in Fig. 91, is, however, not typical in any one 
regard. The blades are shown with closed-in ends, 
which is not typical, but exceptional, amongst 
builders of the Parsons type. e true nature of 
the labyrinth packing is also misstated, Mr. Moyer 
being under the impression that its efficiency is due 
to the deviousness of the path offered to the flow 
of the steam, whilst it really acts by wire-drawing 
the steam at many points in succession, and dissi- 
pating by fluid friction the directed kinetic energy 
acquired at each of these points before the steam 
passes on to the next. 

We note that it is to the Allis-Chalmers Com- 
pany, and not, as it should be, to Messrs. Willans 
and Robinson, that the introduction into practice 
of Mr. Fullagar’s modifications of the Parsons tur- 
bine is attributed. 

Some useful notes are given in the chapter on 
the testing of steam-turbines, and that dealing with 
steam-turbine economics will also repay perusal. 





Hydrographical Surveying: A Description of Means and 
Methods Employed in Consirudtiog ‘'arine Charts. By 
+ the late Rear-Admiral Sir W. J. L. WHarton, K.C.B., 
¥ late Hydrographer to the Admiralty. A new edition, 
revised and enlarged by Rear-Admiral Mostyn FI&.p, 
F.R.S. London: John Murray. [Price 21s. net. ] 
In the early days of the British Association, when 
that body sought to benefit industry by the intro- 
duction of more scientific methods, one of the first 
subjects to attract. attention was the information 
possessed concerning the tides on our coasts and 
the means of improving that information, The 
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evidence produced and published in the Society's 
reports shows the lamentable indifference with which 
this important matter had been treated. For in- 
stance, in the Port of Liverpool, where it might 
have been anticipated that the excellent. pioneering 
work of the Rev. George Holden would have forced 
this important question upon public notice, there 
did not exist a single tide-gauge, and throughout 
the country the instrumental means for recording 
the ebb and flow of the tides were either non- 
existent or totally inadequate. This backward 
state of things will be better understood if it is 
remembered that now, when competition is alert 
and stimulating, it is found necessary to maintain 
500 instruments, automatically recording the period- 
ical fluctuations. Neglect of the tidal movement 
is only one symptom of the general unconcern 
manifested nies the pressing needs of naviga- 
tion, or inattention to the dangers encountered by 
vessels in- approaching shifting. and . inconstant 
sands, or in thecniiinig the devious fairways that 
lead té-many of our ports. -We may be sure: that 
in other respects, talk 2 soundings, accurate de- 
lineation of landmarks, the issuing of precise sailing 
directions—in a word, that all those objects for 
which hydrographic ‘surveys are conducted had 
received far too little attention. These defects 
have been removed, On the one hand the in- 
creased costliness of construction of steamers has 
compelled greater-attention to be paid to safety ; 


‘and, on the other, the keenness of competition 
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between rival port authorities has led to the adop- 
tion of such precautions that ‘our estuaries and 
shoals are charted with a nicety that leaves little 
to be desired. But if the growth of commerce and 
the general progress of the country have contri- 
buted to this happy result, the influence of indi- 
vidual effort must S acknowledged. The man who 
has laboured the most diligently and successfully, 
whose example has been stimulating, and whose 
training has been effective, is the late Admiral 
Wharton, some time Hydrographer at the Admi- 
ralty. His standard of efficiency has been high, 
and his encouragement has been beneficial. He 
systematised the methods and principles on which 
modern surveying depends ; he put into a definite 
form not only the results of his own experience, 
gained in many parts of the world, in the Gannet, 
the Shearwater, the Fawn, and other surveying 
vessels, but he collected and focussed the floatin 
information which was current in the Navy, an 
gave it permanency and precision. In the first 
edition of the work we are considering, he put 
out a scheme which made some approach to com- 
pleteness, but which could be enlarged and ex- 
nded as necessity arose and mechanical means 
— without disturbing the uniformity of the 

n. 

: In later editions, such as that before us, lacunse 
have been filled up, attention has been called to 
better devised apparatus, advances in accuracy have 
been suggested, but the objects to be accomplished 
and the methods to be employed remain unchanged. 
The task of maintaining the usefulness of the 
treatise, of keeping the material up to date, now 
that Admiral Wharton has passed away, has been 
very happily undertaken by Rear-Admiral Mostyn 
Field, the present hydrographer, who has faithfully 
cre as the design of his predecessor. Some 
additions have, of course, been made, indicative of 
scientific progress. Thirty years ago, for instance, 
the resources of photography were not available 
to the same extent that they are to-day, and the 
present editor has found it necessary to show how 
photographic methods may be employed for the 
reproduction of the original chart drawings on dif- 
ferent scales. Greater prominence might have been 
given to photographic details, which in the hands 
of an expert can render greater assistance than is 
here suggested. Photogrammetric methods find 
application in topographical surveys, and the same 
principles can be usefully applied, within limits, 
to hydrographical surveying. While the survey is 
conducted on board ship there may be no oppor- 
tunity for using the camera with advantage, but for 
the location of rocks and buoys, &c., for the study 
of riparian changes due to erosion, shoaling, or 
silting, for obtaining coast views, and for makin 

preliminary surveys of coasts and harbours, the ai 

of photography is not to be despised. Topo- 
graphical features are largely sketched, or loosely 
interpolated, into the finished chart ; but this hand- 
work may be reduced to a minimum and increased 
in accuracy by applying photogrammetric methods. 

The introduction of aecnaieagie for use in the 
field marks an attempt to improve exactness in 
another direction, In the text this apparatus is 
recommended simply as a means to record the 
time when sextant observations are made; but 
since such instruments to compare mean-time 
chronometers within a very small margin of error 
can be used, it is evident that the same appli- 
ance is available for determining differences of 
longitude in connection with wireless telegraphy. 
The application of this method is likely to find a 

e field of employment in the future. Among 
new instruments that are described here, and which 
distinguish this edition from the earlier, are some 
forms of tide-gauges for use in deep water and deep- 
sea current-meters. It is to be regretted that the 
Barr and Stroud range-finder is not more fully ex- 
plained, the more remarkable as extreme minute- 
ness of detail is a charactristic of the work. Forms 
of this instrument have been found very useful in 
artillery practice, and modifications of the same 
general structure are likely to prove an indispen- 
sable adjunct in the equipment of a surveying 
vessel. 

In an appendix are given the solutions of some 
propositions of an elementary character, which 
suggest that the mathematical attainments of the 
surveying ofticer have not reached a high level, but 
the editor knows best the qualifications of those 
for whom he is writing. The tables attached will, 
no doubt, be found useful, and might have been 
extended with advantage. 
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Execrric Current DistTripuTion IN Parts.—A number 
of the older steam-driven electric stations in Paris are 
shortly to be replaced, according to L’Industrie Elec- 
trique, by electrically-driven sub-stations of greater power. 
Current yer 1s to be carried out in two stations, 
outside the boundaries of the metropolis, and on the 
banks of the River Seine, where the economical conditions 
will be more advantageous than those now ruling. The 
scheme for delivering in Paris high-tension current gene- 
rated in the Rhone Valley, at Bellegarde, is stil] under 
consideration, f 





SOME EXPERIMENTS,.ON IMPACY’. 
By J..E.: Sears, Jun. | 
(Concluded from page 584.) 

Further E: iments, —In the previous article 
the author brought forward experimental evidence 
for believing that the value of Young’s modulus 
(putting the correct interpretation on the term) 
is the same for both static and dynamic tests. In 
the present article it is proposed to give the results 
of some further experiments on the same lines, by 
means of which the above statement was proved to 
apply also to the rigidity modulus. 

This second series of experiments was really 
undertaken from a purely academic point of view, 
and it is in this light only that an_ intelligible 
account of them-can be given. It will be scen, 
however, that several results of considerable prac- 
tical interest and importance arise out of them. 

Mention was made in the previous article of 
Voigt’s attempt to obfain a mathematical solution 
of the problem of longitudinal impact of plane-ended 
rods in terms of an arbitrary constant defining the 
properties of such ends, and it was pointed out 
that the solution failed, because no value could be 
assigned to this constant which would at once 
satisfy the requirements both as to duration of 
impact and velocity of rebound. 

t occurred to the author that the use of spherical 
instead of plane-ended rods afforded the very cir- 
cumstance required for overcoming this difficulty, 
the mechanical properties of the spherical ends 
being capable of direct mathematical calculation. 

The law of compression between two curved elastic 
surfaces had: been given by Hertz* in 1886, together 
with an application of this law to the theory of 
impact. In this, however, it was assumed that no 
vibrations were set up in thé bodies by the impact, 
and though the solution proved fairly satisfactory 
in the case of spheres, where the vibrations are of 
relatively small importance, it is by no means 
applicable to the case of long rods, where the vibra- 
tions form the determining factor of the impact. 

In order to obtain a solution for the case now 
under consideration, it became necessary to com- 
bine together the ordinary wave theory of Sairt 
Venant, arid a condition expressing Hertz’s law of 
compression for the curved ends of the rods. This, 
after some trouble, the author succeeded in doing, 
and the present series of experiments was under- 
taken primarily with the object of checking the 
theory thus obtained. 

We have séen that, on Saint Venant’s theory of 
impact, as described in the last article, a certain 
amount of energy is ‘left in the longer rod after 
impact in the form of vibrations, so that, even 
though the rods are behaving perfectly elastically, 
the velocity of rebound must be less than that of 
impact, an apparent ‘‘ coefficient of restitution” 
being thus involved. With equal rods, however, 
both will be unstressed after impact, and the velo- 
cities of impact and rebound will therefore be equal 
—a result which, on Hertz’s theory, would be true 
whether the rods were equal or not. 

In testing the author’s theory it. therefore 
appeared best to make some experiments on pairs 
of rods of unequal length, a check on the theory 
being thus obtained from the velocity of rebound 
of the rods, as well as from the duration of impact. 

The following results were obtained with steel 
rods :— 

Length of striking rod, 5} in. 


Velocity of striking rod before impact = 5.030 in. per second. 
The struck rod was at rest previous to the impact. 
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The velocities in these experiments were deduced 
from observations on the amplitude of swing of the 
rods, made with the travelling telescope; and 


* Hertz, ‘‘ Miscellaneous Papers.” Translated by D. E, 
Jones, 
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the durations of impact determined electrically by 
the method previously described. 

The figures are seen plotted in Fig. 6, where the 
dotted curves represent the calculated, and the 
full curves and black dots the experimental, values. 
The general agreement is seen to be everywhere 
very close, and particularly so in the case of curve B, 
in which it was found impossible to fill in the ex- 
gees curve for fear of obliterating the calcu- 

ted. E 

This curve B really corresponds to the total im- 
pulse between the rods during impact, and affords 
the proper estimate of the degree of accuracy 
obtained in that respect ; the curves C and D in- 
volve differences, so that in them any errors become 
accentuated. The duration of impact is represented 
by the curve A, and the time taken by a wave to 
traverse twice the length of the shorter rod by the 
horizontal line at 0.528 x 10-* seconds, the ordi- 
nate from this line to the curve representing what 
we have called the ‘end effect.” 

The end-effect is, in fact, the excess of the dura- 
tion of impact over the time during which, on Saint 
Venant’s theory, there would be pressure at the con- 


Fig.6. 





The Elastic Moduli,—The agreement established 
above between the experimental and ‘calculated 
values is extremely good, both as regards duration 
of impact and velocity of rebound, and in some 
further tests on duration even botter results were 
obtained, the mean error in some 20 different 
experiments being only 1 per cent. Agreement 
such as this, covering a wide range of cases, entitles 
us to say, not only that the theory itself is correct, 
but also that the constants employed in calculating 
its results are correct, 

Now Hertz’s formula for the compression, on 
which this theory is based, takes the form 


P= Jzk rt af(= K af, say), 
3(1 — o@?) 
where 
P = pressure. 
a = relative displacement of bodies towards 
each other. 
r = radius of spherical surfaces. 
E = Young’s modulus. 


o = Poisson’s ratio = 7G -1 
C = rigidity modulus, 
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tact between the’ rods. The latter time depends 
solely on the length of the shorter rod, but the end- 
effect varies with the nature of the ends, the 
difference in length between the two rods, and the 
velocity of impact. 

The Coefficient of Restitution.—It will be seen 
(Fig. 6) that as the difference between the rods 
increases the end-effect also increases, but slowly, 
so that a stage is soon reached —when the length 
of the longer rod is by calculation 20.18 in.—at 
which, by the time the reflected wave in the longer 
rod gets back to the point of contact, the impact 
is already complete. yond this point the length 
ot this rod cannot affect the nature of the impact, 
and the curves A and C both become horizontal 
straight lines. The impulse at impact being now 
constant, the velocity of the struck rod after impact 
must be inversely proportional to its length, so 
that the curve B is in this region an hyperbola. 
The curve D, whose ordinate is roportional to the 
sum of the ordinates of B and f is therefore also 
an hyperbola, whose asymptote is shown. 

; {t thus appears that, for the particular case of 
ong rods which we have been considering, - the 
cocticient of restitution may vary from’ unity to 
are without any deviation from the laws of per- 
ot elasticity. This result is sufficiently remark- 
able, and we are obliged to recognise that the 
cocfiicient of restitution,” which is usually re- 
garded as a constant of the material, really depends, 
o at least an equal extent, on the shapes of the 
odies concerned. The canes usually quoted in 
text-books are, in fact, applicable only to spheres, 





In the present work the value assigned to the con- 
stant K was calculated from static determinations of 
Eand C, But it has already been established that 
the value of E is the same for instantaneous as for 
steady stresses, and it therefore follows, from the 
proved agreement of the calculations with experi- 
ment, that the value of C must likewise be the same 
under either condition. 

But all the elastic constants of a material can be 
expressed in terms of E and C, so that we are now 
entitled to make the following general statement:— 

All the elastic constants of a metal are the 
same for impulsive as for steady stresses. 

The Elastic Limit.—In calculating the stresses at 
the centres of the spherical ends of the rods by 
Hertz’s method, it appears that, with the velocity of 
impact (5.030 in. per second) which was commonly 
employed in these experiments the mean pressure 
over the area of contact rises, at the instant of 
greatest compression, to 72 tons per square inch, 
while the pressure at its centre reaches as much as 
108 tons per square inch. With these high pres- 
sures, however, no overstraining was observed. The 
presence of over-strain, when it occurred, as in the 
case of copper and aluminium, and also, with higher 
velocities, in the case of steel, was easily detected by 
the gradual diminution in the end-effect to which it 
gave rise, and also by observing the reflection of 
straight line in the highly-polished ends of the rods, 
a kink being plainly visible at the centre if any 
flattening had taken place. 

Now, a static test on a specimen length of the steel 
rod employed gave an elastic limit in compression of 





21 tons per square inch, which is only about one- 
fifth of that recorded above. There is thus very 
good reason for supposing that the elastic limit for 
instantaneous stresses is much higher than the 
ordinary static limit, a result which is in agreement 
with Professor Hopkinson’s experiments already 
quoted. 

Elastic After-Working.—It was remarked at the 
conclusion of the former article that in the case 
of aluminium an ordinary extensometer test gave 
a lower value of Young’s modulus than that 
obtained by the dynamic method, owing to the 
a of elastic after-working ; but that it was 
ound possible to avoid this by taking: readings 
as rapidly as possible for the whole load, when 
perfect agreement was established between the two 
methods. Even thus, however, the times involved 
in the impact tests would be extremely small com- 
pared with that occupied in taking an extensometer 
reading, and it is consequently quite clear that the 
elastic after-working represents, not the comple- 
tion of an extension wing—rapidly at first, and 
afterwards more slowly—from zero, but a distinct 
effect ; the greater part of the extension being pro- 
duced’ instantaneously on the application of the 
load.* 

The general characteristics of the extension may, 
in fact, be represented by some such formula as 


e= Py (l-be**), 


where 
€ = extension, 
P = load ~ unit area, 
l = length of specimen, 
t = time from application of load. 
E, », k = constants of the material. 


Putting ¢ = © we should thus get the ordinary 
static value of Young’s modulus (including elastic 
after-working), while with ¢ = 0 we get the true or 


instantaneous modulus i or, since b is small, 


E(1 + b). 

For aluminium the difference was about 1 per 
cent., so that b = y+}, roughly. 

Suppose now two observations are taken with the 
extensometer, one at 15 secs. (corresponding with 
the more rapid method of observation) and one at 
5 min. (corresponding to the ordinary step-by-step 
method), and suppose the latter gives the final ex- 
tension correct to jy per cent, 

We have then 


bese = 1 
1 


or 
e~ sr 1, 
10 
Therefore 
e~Wk = (j5)” _ jo thous 


so that the first observation gives the instantaneous 
extension, also correct to ;4 per cent. 

The above formula therefore covers the whole of 
the observed facts, but at the same time its exact 
form cannot yet be regarded as proved. There are 
several hypotheses which would give rise to similar 
formule, but there is as yet no evidence available 
on which we may base a choice, and it is not the 
function of the present article to discuss them. 

In conclusion, the author wishes to express his 
indebtedness to Professor Hopkinson, of Camb1’dge 
University, under whose guidance the experimen... 
were carried ont, and also to the Council of the 
Cambridge Philosophical Society, for permission to 
reproduce some of the diagrams in the —_— 
originally presented to that Society. To these 

pers (Proceedings of the Cambridge Philosophical 
Botiety, vol. xiv., Part III. ; Transactions of the 
Cambridge Philosophical Society, vol. xxi., No. II.) 
the reader is referred for further information. 








JAPANESE MERCANTILE Marine.— The number of 
Japanese merchant steamers in 1899 was 3536, repre- 
senting an a te burthen of 768,538 tons. In 1908 
the number of steamers had increased to 6098, and the 
aggregate burthen to 1,494,676 tons. The progress of 


—— steam shipping in the last ten years was as 
lo 


follows :— 

Year. Steamers. Tone. 

1890 os i! id od 38536 768,538 
1901 és os os os 4534 902, 190 
1903 = 0” os - 4624 977,308 
1905 «2 oe os re 6089 1,260,087 
1907 vs = st bg 6784 1,462,718 
1908 ee as ee ee 6098 1,404,676 





* Cf., Hopkinson and Rogers, Proc, Roy, Soc., vol. A 76, 
1905, page 424, 
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Tue importance of obtaining high vacuum with 
turbine machinery has caused a great amount of atten- 
tion to be paid to the subject of condensing plant 
during the last few years. Attempts at improvement 
have practically all been confined to modifications of 
the ordinary surface condenser, and probably there 
now remains little to be accomplished along these lines. 
Since the introduction of the Edwards pump, now 
almost universal, the question.of the air-pump has 
hardly been seriously attacked. At any rate, the 
type has held an unchallenged position for many years. 
It however, some defects inseparable from 
reciprocating machinery, which become the more 
evident the higher the degree of vacuum demanded. 
Hence M. Maurice Leblanc sought to devise a rotary 
pump which should fulfil the required functions, and 
we illustrate on the present and on 
and 623 the latest bret nascent of the Leblanc condens- 
ing apparatus,-as made by the British Westinghouse 
Company in this country. Bt 

Figs. i and 2, on page 622, show the general arrange- 
ment of Leblanc air-pumps as applied to an ordinary 
surface-condensing plant. A motor by the side of 
the condenser drives a centrifugal circulating pump 
coupled to one end of the armature-shaft, and a rotary 
‘air-pump at the other. ry 3 and 4 show sections 
through.the air-pump, and Fig. 5 the general appear- 
ance of a motor coupled to two similar pumps. Re- 
ferring to Figs. 2, 3, and 4, water from a tank or 
reservoir is drawn up by the a and enters the 
latter by the branch A, whence it flows into the central 
chamber B. The only outlet from this chamber is 
through a horizontal nozzle by way of the port C. 
Fig.’3 is a bastard view in that the outlet is made to 
appear at the top in order that it may be shown, 
whereas Fig. 4 shows it in its true position. The 
impeller of the pump is keyed to the shaft, and its 


lrim is com 
furnished with blades. 
|are of cast brenze, and are cast into 





sed of a bronze ring 
These blades 


the flanges which hold them, so that 

the completed ring is in one piece of 

bronze. The bladed ring D runs in 

an annulus between the walls of .the 

central chamber and of the casing. As the blades pass 
the orifice of the central chamber they pick up the 
water and project it outwards in thin sheets, as 
indicated at E. Air from the condenser, entering by 
the branch F, is entrained by the sheets of water, and 
discharged with them against the pressure of the 
atmosphere. The water makes an effective seal, so 
that it is ible for the highest vacuum to be main- 
tained behind it. An ejector nozzle will be seen in 
the discharge-pipe. This is for starting the pump. 
The motor is started, and live steam is turned on 
through the branch at the side of the discharge-pipe. 
In a few moments a sufficient vacuum is created to 
enable the ee to pick up its water and com- 
mence working. team is then turned off. The 
sealing water leaves the pump at practically the same 
temperature at which it entered, as it takes no part 
in the work of condensation. Hence it may. be used 
over and over again, or may be. passed through the 
condenser subsequently. 

For jet-condensing plants the Leblanc apparatus is 
arranged as shown in Figs. 6 and 7, page 623. The 
steam enters at the top of the condenser at A in Fig. 7, 
and the injection water is sucked in by the pipe B. 
This pipe terminates in a ring of nozzles pointin 
downwards, and in each nozzle is fitted a twisted 
plate-of metal to break up the jet. Water, steam, 
and air go down together through the sheet-metal 
cone E, and the water is removed by the centrifugal 

ump F. The air and incondensable gas is withdrawn 
rom underneath the cone by the pipe G, which leads 
to an air-pump similar to that already described. This 
pump is built on to the end of the centrifugal pump, 
so that the whole arrangement is extremely compact. 
It is started by an ejector, as in the previous case. 
With this type of plant it is stated that the vacuum 
obtained is never less than 98.5 per cent. of that 
theoretically possible, and that 99 per cent. is often 
exceeded, provided the joints are maintained reason- 
ably air-tight. Moreover, the head-room required is 
not great—less than 9 ft. being necessary in the case 
of a condenser for a 1500-kilowatt-plant. The floor- 
space is very small, and the apparatus works well 
with very dirty condensing water, since there are no 
valves or rubbing surfaces inside the pumps. 

Sometimes for small powers an ejector condenser is 
advisable on the grounds of cheapness and simplicity. 
The Leblanc air-pump fulfils this function well, the 
arrangement being illustrated in Figs. 8 to 10, above. 
The Leblanc pump is built into the side of a vertical 
pipe, a little below the exhaust-pipe connection, It 








Fic. 10, 


delivers water in the usualway, but in;this case the 
water fulfils the double function of condensing and 
sweeping out the air. The sheets of water are thrown 
against the interior of a cone, and passing down 
through subsequent cones, and finally through the 
‘narrow throat of the discharge-pipe,: deliver the air 
against atmospheric pressure. As in the other cases, 
a steam-ejector is fitted in the throat of the discharge- 
pipe to start,.the apparatus. 

As we have stated above, the Leblanc condensing 
apparatus is manufactured by the British Westing- 
house Company, at Trafford Park, Manchester ; the 
sole selling rights are in the hands of Mr. P. J. Mitchell, 
of Caxton House, Westminster, S. W. 





HOERBIGER-ROGLER COMPRESSORS 
‘ AND BLOWERS. 

Ir is. about fifteen years ago that the first design of 
the Hoerbiger valve was applied to a large Bessemer 
air-blower. The working of this engine proved so 
efficient and economical, both volumetrically and 
mechanically, that five years later twenty-eight large 
blowing-engines were equipped with the same valves. 
Since that time the Hoerbiger valves have been very 
successfully introduced into all sorts of compressors, 
dry air-pumps, high-pressure liquid-pumps, com- 
pressors for refrigerating purposes, &c. This evidence 
speaks enough for the good qualities of the valve, and 
will render a description of its special construction of 
interest. 

Figs. 1 to 4, on our two-page plate, show a modern 
high-speed compressor by ou. Hoerbiger and 
Rogler, Vienna, which is fitted with these valves, 
and is driven by an alternate-current motor. The 
compressor is of the tandem-compound system, the 
diameters of the air-cylinders being 560 and 330 milli- 
metres (22 in. and 13 in.), with a stroke of 550 milli- 
metres (21§ in.). The valves are placed in a horizontal 
position. In the low-pressure cylinder the inlet (suc- 
tion) valves are placed at the top of the cylinder, and the 
pressure-valves at the bottom. The air passes through 
the intercooler into the high-pressure ‘cylinder. Here 
the suction.valves are placed at the bottom, and the 
delivery valves. at the top; they are all: very easily 
accessible. The air pressure is 35 lb. per square inch. 
The cylinders are both cooled by water. 

The arrangement of the valves in large blowing-en- 
gines is done ina different way. Figs. 5 to 7, page 627, 





give the three sections of a blowing-cylinder equippest 
, With the Hoerbiger-Rogler valves, and built by the Mas 
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BLOWING-ENGINE WITH HOERBIGER-ROGLER 
CONSTRUCTED BY 
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chinenbau Actien-Gesellschaft, vorm. Gebriider Klein, 
Dahlbruch. The large dimensions—diameter of the 
cylinder, 1800 millimetres (5 ft. 11 in.) ; stroke of the 
piston, 1700 millimetres (5 ft. 7 in.) ; number of revo- 
lutions per minute, 60—necessitate a large cross-section 
for air-passage. In this case each cylinder end has 
nine suction and nine delivery-valves, built in the 
cylinder-cover ; the valves are placed in a vertical 
position. The attachment of the valves in the cylinder- 
covers by means of screw-studs is shown in Fig. 6. By 
means of large hand-holes in the cast-iron cylinder 
ends, the valves, in case of mounting or repairing, are 
easily accessible. 

Figs. 8 to 11, above, show the latest construction of 
this particular system of valve, with the corres et 
valve-seatings. The valve itself consists of a flat stee 
late A, the ring a bcd being the real part, which 

j closes the passage. The two curved arms ef and gh 
| nnect the valve-ring to the centre, which is fixed 
i with a central bolt between the valve-seatings. The 
i irved arms ef and g h are hardened and flexible, so 
that the ring abedcans ring from the centre, in this 
way giving the necessar fit for opening the passage. 

One of the most ditheult features in designing a 
svod valve is to minimise the friction of the valve 
uidance, so that with the smallest over-pressure the 
valve lifts from the seating. The problem of how to 
ive a well-centred spring load on the valve surface 
when it is lifted can best be solved by means of well- 
centred springs ; the lessening of the friction, how- 
ever, is more difficult to fulfil. At a considerable speed 
uided valves of somewhat large diameter cannot work 
without a great noise ; besides, they do not shut off 
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tightly and there is considerable friction and wear 
and tear in the different parts. 

The Hoerbiger-Rogler valve has the special ad- 
vantage that it is guided rfectly without any 
friction. The valve is quite free to move from the 
seating, the two flexible arms forming in this case the 
guidance. The arms also exert, in the lifted position, 
a spring force, which presses the valve-ring back on 
the seating. For the. larger sizes of valves some 
additional spiral springs placed upon the valve-plate 
increase the spring load as much as is necessary. 

The weight of the movable parts is very small, as 
only the steel ring-plate of the valve is moving between 
the seating and the valve-guard. In the larger sizes 
an ordinary steel plate B, Fig. 9, is placed between the 
valve-guard and the valve ; in opening, the valve does 
not check against the cast-iron guard, but against the 
steel plate, which breaks the shock. e valves 
referred to are specially suitable for high speeds; even 
at the highest speeds they work quite noiselessly, In 
the older types of blowers and large compressors 
speeds of 40 to 45 revolutions per minute were very 
common ; there are large blowers nowadays, fitted 
with the Hoerbiger-Rogler valves, running with 
speeds of 100 to 140 revolutions ; air-compressors of 
ordinary size attain speeds of 150 to 200 revolutions ; 
the smaller high-speed compressors, 200 to 350 revo- 
lutions per minute. At these high speeds the work- 
ing is quite efficient; there is no question of wear 
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and tear of the valves, they being able to run for 
years without showing signs of corrosion. In case of 
a fracture, the replacing of a valve or any other part 
is done in a few minutes, without the least trouble, 
while the cost of such a repair is very low. A valve 
8 in. in diameter only costs a few shillings. 

Diagrams taken of 8 large blowing-engine of similar 
construction to that shown in Figs. 5, 6, and 7, are given 
in Figs. 12 to 17. The dimensions of this particular 
engine are somewhat larger than those of the one illus- 
trated. The diameter of the cylinder of this compressor, 
which was driven by a gas-engine, is 102 in., with a 51-in. 
stroke ; the number of revolutions is 71. The diagrams 
show how these blowing-engines are regulated by back 
expansion and artificial clearance, the load on the gas- 
engine being kept constant by different pressures of the 
air. A large air-receiver built immediately over the 
air cylinders gives a constant and even pressure in 
the delivery main, 





AMERICAN METALLURGICAL INDUSTRY. 
THERE are, happily, indications that the United 
States are recovering from the severe depression into 
which they fell two years ago. The greatest activity 
in American metallurgical production was attained in 
October, 1907, the output for that month having been 
2,336,000 tons. This quite beat the record, and that 
a severe curtailment followed is shown by the fact 
that in January, 1908, the production was only 
1,045,000 tons. In January, this year, the total had 
been carried to 1,797,000 tons, and in March it further 
crept up to 1,832,000 tons, as compared with 2,226,000 
tons in March, 1907. It will be observed that the 
recovery which has taken place is still far from com- 
plete, but that a good deal of the ground lost has been 
regained. To make the matter a little clearer we 
append the following comparison of production for 
each of the first quarters of the last three ycars :— 


1908, 1907. 


tons 


Quarter. 


1909. 





tons 
1,045,250 
1,077,740 
1,228,204 


tons 
1,797,560 
1,707,340 
1,832,104 


January 
February 
March 


5,337,004 





Total 3,351,104 6,477,672 


It will be observed that the output showed an increase 
for the first mans of this year of 59 per cent. as com- 


sared with the production of the first quarter of 1908, 
yut that there was a decrease of 17 per cent. when the 
comparison is extended to the first quarter of 1907. 
We ought to take account of the fact that the im- 
provement reported in March, this year, was, to some 
extent, lost in April, the weekly productive capacity 
of the blast-furnaces in operation at the commence- 
ment of that month having declined to 409,217 tons, as 
we with 418,807 tons at the commencement of 
Maren. 

We must also take account of the increased demand 
for American iron and steel, both north and south of 
the United States. Canadian metallurgical production 
is growing, and the Canadian Government is doing all 
it can to encourage it ; but notwithstanding this, Ameri- 
can iron and steel are naturally absorbed in Canada to 
an appreciable extent. The Americans are also putting 
a good deal of capital into the establishment of rail- 
ways in Mexico ; and, of course, trade follows the flag, 
and, still more, the purse, and large quantities of 
American railroad matériel are imported by the Mexi- 
cans. American iron and steel are also finding their 
way into South American markets, but they have to 
contend in these markets with British capital, which 
has been employed in the establishment of Brazilian 
and Argentine railways. As it becomes less easy for 
American industrials te find outlets for their products 
at. home, they will probably attack South American 
markets with more vigour. 








ENGINE-ROOM ARTIFICERS AND 
MECHANICIANS IN THE NAVY. 

WE have received from_the General Secretary of the 
Royal Naval Artificer-Engineers’ and Engine-Room 
Artificers’ Benevolent Fund the appended statement re- 

rding the may ag | licy in relation to the watch- 

coping. duties, &c., o' is Majesty’s Navy. Reference 
to this important matter is made in the article on page 
635 of the present issue. 


The artificer engineers and engine-room artificers of 
His Majesty’s Navy desire to draw attention to the fol- 
lowing statement, in the hope that the British Admiralty 
may be induced to reconsider and modify the terms of 
the Cawdor Memorandum, in so far as they derogatorily 
affect the artificer class. 

The engine-room artificer class has been recruited from 
the indentured engineering apprentices of the workshops 
of this country. These mechanics, many of them with 
Board of Trade certificates, after ing a practical and 
educational examination, joined His Majesty’s service as 
engine-room artificers. There are. at present about 3000 
of them in His Majesty’s Fleet, and they perform the 
combined duty of watchkeeping and maintenance. They 





PRESENT ENGINEERING PERSONNEL OF H.M. Navy. 
Entry Qualifications, &c. 


Relation of - 3 
Rank—1 - 
Artificer En- 

gineers 
(Officers). 


Engine-Room 
Artificers 
(Chief Petty Officers). 


Engineers 
(Officers). 


Enter H.M. service as men. 


Originally Originally engine- Originally engineer- To read and 
engineer room artificers. in mechanics, ae 
students at, Appointed after trained at their the only 
Key ham) competitive ex- parents’ aa Sen in necessary 
Dockyard.) amination in’ the workshops of qualifica- 
Open com- educational the country. Neces- tion. 
petitive ex- knowledge and sary to prove their 
amination) theoretical and mechanical ability & 

on entry & mechanicalengi- marine engineering 

small pre- neering. knowledge on entry. 

mium pay- 

able. 


Duties. 


General Complete charge Immediate 
charge of of the engineer- of the engine and 
the engi-| ing department) boiler-room watches, 
neering de-| of small vessels, and manipulation 
partment, and in larger and efficient up-keep 
with occa-| ships perform of engines, boilers, 
siona }) similar duties to, and machinery gene- 
charge of} junior engineer) rally. 

watch. officers, and) 

take charge of 

watches. 


charge|Feed _ fires, 
lubricate 
machinery , 
&c., under 
the imme- 
diate direc- 
tion of en- 
gine - room 
artificer. 





take actual charge of running machinery—manipulate the 
engines and boilers, and effect such repairs as may be 
necessary from time totime. The repeated recommission- 
ing of His Majesty’s ships without going into dockyard 
hands for repair is a distinct proof of the capabilities of 
the artiticer class to perform the dual duty of watchkeep- 
ingand repairs. Over 100 ships have been recommissioned 
in the last twelve months. 

From the comparative statement (‘‘ Dreadnought” and 
‘* Mauretania ”) appended, it will be seen that the watch- 
keeping duties are largely performed by the engine-room 
artificer class, who are actually doing in the naval service 
what the engineers are doing in the mercantile marine. 
To all intents and purposes their duties are analogous to 
Board of Trade engineers, other than such of the latter 
as are in command of the engineering department. 

The Admiralty, by the terms of the Cawdor Memo- 
randum, &c., are about to deprive the engine-room arti- 
ficers of the most important part of their duties—viz., 
watchkeeping. [See table above. } 

Stokers, who enter the service as men without any 
technical qualification whatever, are, after a few years’ 
service, being trained at Government expense to take 
over these watchkeeping duties. Artificers at the various 
training establishments are now imparting to the stokers 
the necessary instruction in the manipulation of tools and 
machinery. [See table in next column. ] 

The effect of this scheme is:- 

1. To introduce an element of risk and danger which 
has hitherto been absent. 

The new rating will be placed in charge and control of 
expensive and important machinery, with the principles 
of construction of which he is ignorant. This was indi- 
cated in the well-known case of the Irresistible, where 
the engine-room was flooded by a mechanician wrongly 
manipulating an important and somewhat complicated 
mechanism. 

It is absolutely essential that, to be wholly effective, 
our ships should always be in the hands of competent 
men, inasmuch as, toa greater extent than ever, there are 
now in our warships complicated and difficult machinery 
which can only be safely and efficiently manipulated by 
men with life-long training, and who have been especi- 
ally trained during the formative period of their lives. 

o depart from this principle may result in our ships 
becoming useless when most hom | 

2. Grossly annoying and humiliating to the artificer 
class. They are most deeply discontented and agitated 
at the prospect of their being so set back. 

3. A breakage of faith with these men, who joined the 
Service on the understanding that they were to be watch- 
keepers, and that their promotion through the various 
st was to be dependent, as hitherto, on their success- 
fully erg my such duties. 

4. That the promoted stoker will practically enjoy 
executive rank, and will superior to the trained 
mechanic in the engine-room department. This is equi- 
valent to the fireman becoming superior to the trained 
engineer in the mercantile marine—a condition of thin; 
which would under no circumstances be allowed by the 
Board of Trade or by the great shipbuilding and engi- 
neering professions where s — are run for profit. 

5. A two-fold waste of public money. The cost of 
training the stokers will be enormous, Apart from the 
cost of preparing special ships for instructional work— 
the initial cost of plant, annual depreciation of same, 
materials used and spoiled during instruction, coal, oil 
stores, working party to keep ship clean, permanent staff 
for stores, machinery, &c., instructional staff, loss of actual 
service to the Fleet of the training staff and stokers, will, 
at the very lowest computation, be 280/. per stoker 
trained, or, in other words, 140/. per man per annum. 
Thus, to replace the 3000 watchkeeping artificers, 840,000/. 
of — money will be expended, and it is by no means 
difficult to foresee that this amount will be considerably 
increased with the expansion of the Fleet.. It is there- 
fore considered that the immediate cost to the country 
will, at the very lowest computation, be 1,000,0007. Nor 
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* This will be the obvious effect of the new rating being given 
charge of an engine-room. The repairing agents must be subor- 
dinate in actual practice to the watchkeeper. 


Comparative Statement. 


“Improved Dreadnought.” ** Mauretania.” 
Turbines .. 6 No. 
Auxiliaries, 
steam -- 102 No, 
Turbines 6 No. 
Auxiliaries, 


Engineer of- 
steam 


ficers, includ- 
ing two arti- 
ficer - engi- 
neers... 
Chief engine- 
room _artifi- 
23 No. 


62 No. 


Engineer  of- 

6 No. | Total ficers ‘ 

29 No. Refrigerating 
engineers 


33 No. | Total 
[ 36 No. 

3 No. } 
cers .. nA 
Engine - room 
artificers .. 
Cost annually for salaries, 3900/. Cost annually for salaries, 48001, 


No watchkeeping by stokers. 


is this amount final, for as long as this system continues 
there must be a heavy annual charge on public funds for 
the training of the stokers. The training of the artificers 
has cost the country nothing. Again, a fixed number 
of artificers must in future be borne per ship for repair 
work only. It is obvious that repairs cannot be effected 
to engines while running, or to boilers while working, and 
it therefore follows that a waste of labour will ensue, it 
being absolutely impossible to forecast the extent to which 
the engineering staff, as such, will be required during a 
given commission or trip. Under the old system engine- 
room artificers were borne, and they were sufficient for 
both watchkeeping and repairs, and all of them were 
available and eMoient for the latter work when so required. 
Under the new’ scheme the watchkeepers will not be 
efficient for repairs, and in case of an important break- 
down would be practically useless. ; ; 
The machinery department of small vessels is to-day in 
charge of the artificer engineers. These vessels will, it is 
assumed, be in future in charge of the stoker warrant 
officer. Thus the partially trained man will have under 
his immediate supervision and command a staff of trained 
mechanics. Under Service regulations and tradition this 
officer will be required to locate the difficulty, then set 
the task, and the work of his superior—the trained 
mechanic. riction will be sure to follow, and the 
Service suffer accordingly, both in these and the larger 
vessels of H.M. Fleet. : 4 
The engine-room artificer, with his systematic and life- 
long specialisation, has proved himself competent to keep 
pace with the great engineering developments and changes 
that have taken place in the past. He is to-day con- 
fronted with equally important changes, and without 
attempting to do the stoker an injustice, the artificers 
submit that it will be impossible for the stoker, who, up 
to twenty-five to thirty years of age, has had absolutely 
no technical training, to keep abreast of the great engi- 
neering advances that are now upon us, and which will 
develop in future days. ; : 
The engine-room artificers have no desire to do any in- 
justice to the stokers. The latter are a hard-working and 
deserving y of men, and concessions to them are fully 
appreciated by the artificer class generally. The fact, 
however, of the purely engineering function of watcli- 
keeping being handed over to them is much resented. 
There is, it is submitted, a field for the promoted stoker 
in the present machinery-filled warship, and no objection 
could possibly be offered to the warrant mechanician and 
his immediate subordinate having charge of stoker parties, 
flats, &c., and performing such duties as are separate from 
purely engineering work. ; ; @ 
It is not believed that the best interests of His Majesty» 














May 7, 1909. ] 


ENGINEERING. 





629 





Navy will be served by the employment of the trained 
stoker in the manner proposed, and it is well known that 
this view is by the great majority of engineering 
officers and others of high rank in the Naval Service. It 
is incomprehensible that up to the present no disposition 
has been manifested by the Government of the day, or the 
Admiralty, to listen to the appeals of the artificer class. 

The artificers have served the country loyally and well, 
and have contributed their part towards the perfection 
of the Fleet as it exists to-day. They are unanimous in 
their protest at being superseded for no apparent cause, 
and they devoutly hope that these facts may justify the 
relaxation of the objectionable terms of the memorandum 
referred to. 





PATENTS ACT PROCEDURE. 

Tur Comptroller-General (Mr. W. Temple Franks) has 
issued some important orders amending the pou 
under Section 27 of the Patents and Designs Act, 1907, 
and Patents Rules 78 to 81, in consequence of the observa- 
tions made by Mr. Justice Parker in a recent judgment. 

In all cases of applications for revocation under Section 
27 the following ure will iu future be my ee i 

1. The applicant should, simultaneously with his appli- 
cation on Patents Form 24, leave at the office evidence 
by way of statutory declaration, stating the particulars 
upon which he relies in support of the allegations con- 
tained in the application ; the copy of the application 
delivered to the patentee or his agent, in acco: ce with 
Patents Rule 78, should be accompanied with copies of 
such evidence. 

2. The pa y= should, within fourteen days from the 
delivery of such copy, or within such further time as the 
Comptroller may allow, leave at the office evidence by 
way of statutory declaration stating whether or not the 
allegations contained in the application are correct ; and 
if they are incorrect, giving the particulars upon which he 
intends to rely in answer to the allegations made by the 
applicant. Copies of such evidence should at the same 
time be delivered to the ——s. 

3. Should the applicant then decide to proceed with his 
application, he may then leave and deliver further statu- 
tory declarations in answer, in accordance with the pro- 
visions of the latter part of Rule 79. 

4. The Comptroller will then intimate to the parties 
whether, having r to the circumstances of the case, 
he considers it desirable and intends to hold a prelimi- 
nary hearing on the question whether a prima facie case 
has been made in support of the allegations in the appli- 
cation, or whether he intends in ordinary course to deal at 
one hearing with the whole case, including the further 
questions whether the patentee can prove that the 
patented article or process is manufactured or carried on 
to an adequate extent in the United Kingdom, or can 
give satisfactory reasons why the article or process is not 
so manufactured or carried on. 

5. Should the Comptroller think fit to hold a prelimi- 
nary hearing as aforesaid, and as a result of such hearing 
decide that a prima facie case has been made in support 
of the allegations in the application, or should he deter- 
mine to proceed in ordinary course to deal at one hearing 
with the whole case, including the further questions men- 
tioned in head (4), then, and in either of the said cases, he 
will give to the patentee further time for leaving at the 
office and delivering to the applicant pursuant to Rule 79, 
evidence by way of statutory declaration with to 
such further questions, or either of them, and will sub- 
sequently give to the applicant under Rule 79, and there- 
after, if necessary, to the patentee under Rule 80, further 
time for leaving further evidence by way of statutory 
declaration with regard to such questions, or either of 
them, in answer or reply, as the case may 

6. In the évent of an application under Section~ 27 
being uncontested by the patentee, the Comptroller, in 
deciding whether costs should be awarded to the appli- 
cant, will consider whether pee rare under the Section 
might have been avoided if reasonable notice had been 
given by the applicant to the patentee before the appli- 
cation was filed. 








‘*GUEST’S LAW OF COMBINED STRESS.” 
To THE Eprror oF ENGINEERING. 
Sit,—In_a letter appearing in your issue of the 
231d ult., Professor C. A. Smith says :—‘‘Mr. Guest 
made (experimental) mistakes in his classical — 
a 


ments, rofessor Hancock and Mr. Turner ve 
i them.” 
lr. Smith specifies the nature of one of these mistakes, 


and | shall be glad if I may offer a few remarks on its 
bearing on my own work, so far published.* 
rhe criticism is that the strains in the simple pull tests 


were measured with an ordinary Ewing extensometer, in 
which the (four) points of attachment to the specimen all 
lie in one plane, instead of by some instrument, such as Mr. 
Smith's ingenious sphingometer, in which the (six) points 
of a‘tachment lie in three vertical planes intersecting 
at 10 deg. on the axis of the specimen. Thus the mean 


stretch was measured, and not, as by the sphingometer, 
the actual distribution of stretch over a section. 

Mr. Smith points out that in a solid cylindrical speci- 
men an eccentricity of pull equal to ¥;th of the diameter 
will produce tensions as much as 50 per cent. above and 
below the mean tension. But in my pull tests on 1 in. 





tube, as I stated in my article, t care was taken to 
obtain central pull, and the double knife-edge shackles 
Wee yyed probably ensured this to within about 0.91 in. 
iL: an eccentricity of pull of this amount, the greatest 
_" The Elastic Breakdown of Materials Submitted to 
Compound Stress.” ENGINEERING, Feb, 5 and 12, 1909. 








tension produced would be 4 per cent. in excess of the 
mean. 

More serious inequalities of stress and strain probably 
occurred owing to lack of uniformity of thickness of the 
tube on which the tests were made. But since the steel 
used was of the plastic-yield nature, when the complete 
yield was reached, the tension throughout was uniform 
and equal to the true yield-point tension. This was the 
stress tabulated in my figures. us it does not appear 
that, as Mr. Smith suggests, the value of the tests is in 
any way lessened by the method of measuring the strain. 

he explanation of the diversity of behaviour of dif- 
ferent specimens cut from the same length of material is 
still to seek. In my experiments I deemed it unavoid- 
able, and sought to overcome the difficulty by averaging a 
large number of results. 
Yours truly, 
LAURENCE B, TURNER. 
King’s College, Cambridge, April 26, 1909. 





NAVAL ENGINEERS AND A CABINET 
INQUIRY. 


To Tue Epitor oF ENGINEERING. 

Srr,— With regard to the letter of an ‘‘Old ine- 
Room Watch-Keeper” in your issue of yesterday’s date, 
would you allow me to say that it is'a matter of some 
concern for the engineers of this country when the 
Admiralty give their authority to the granting of watch- 
keeping certificates to officers who have only spent one 
year in observational duties in the engine-room, and are 
clearly in favour of lowering the standard that is required 
by the Board of Trade of persons taking charge of an 
engine-room watch. 

e Admiralty is taking the stoker, who is mainly re 
cruited from the ranks of the casual labourer, and giving 
him what the regulations call a thorough instruction in 
the construction and working of each part of the engines 
and boilers of a ship, considerable training as a fitter and 
turner, and instruction in general educational subjects, 
which include elementary science, practical mathematics, 
and applied mechanics. Well, Sir, I think you will agree 
that to take a man at the age of twenty-eight, and expect 
him to retain the technical studies, and properly grasp 
with intuition the practical instruction, in the short space 
of two years, is placing too much reliance on the intel- 
lectual qualities of the average naval stoker. 

Are we to look forward to the time when the watch- 
keeping officers of our mercantile marine will be promoted 
stokers? I think not, because only recently the Board of 
Trade have increased the stringency of their examina- 
tions, both in regard to theoretical and practical know- 
ledge, besides lengthening the b regien | period of shop 
practice and raising the status of the engineer. 

Why then is the Admiralty initiating this scheme? It 
is a question often asked, but never, I think, properly 
answered. As far as I know, the engine-room artificers 
of the Royal Navy have never given cause for any want 
of confidence; their freedom from crime is proverbial, and 
their mechanical ability and technical training are all that 
can be desired. They have never raised any opposition 
to the stokers receiving motion, their objection being 
confined to the fact that the mechanician will eventually 
supersede them in the oy age duty of ce ge | 
officer, thereby blocking the road to promotion, an 
placing them in a subordinate position to the promoted 
stoker, who will be their inferior in mechanical ability, 
technical skill, and educational know ‘ 

At the present moment, when so much public thought 
is cent round Dreadnoughts, it may not be out of 
vee to quote from a speech of Admiral Lord Charles 

resford, in which he said: ‘‘ We can have what size ships 
we like, and as many as we like, guns, armour, boilers, 
engines, and still lose if the human element is not right.” 
To no branch of His Majesty’s Navy are these words 
more applicable than to the engineering department, and 
it will not be denied that when war breaks out it will be 
absolutely essential that we shall have the most efficient 
and caj ble men on the starting platforms of our ships of 
war. rd George Hamilton, when First Lord of the 
Admiralty, said in the House of Commons: ‘ The back- 
bone of the engineering complement must be working 
engineers ;” the working engineer of the Navy under the 
old : system was the engine-room artificer, how much more 
so he will become under the new scheme remains to be 
seen. 

Yours faithfully, 
E. Pout, M.I.Mar.E. 
34, Bolina-road, S.E., May 1, 1909. 


To THe Eprror oF ENGINEERING. 

Sir,—‘‘ An Old ine-Room.Watch-Keeper,” in your 
issue of the 30th ult., bri forward the “old” idea of a 
separate department for the care and maintenance of the 
main engines of a battleship. As a young engine-room 
watchkeeper, may I be permitted to say respectfully the 
old idea is out of date? The main engines of a ship are 
part of a composite whole. The ship itself is a machine, 
and requires a competent engineer for its efficient hand- 
ling. The hydraulic and electrical machinery of a ship 
are by degrees becoming more and more important, ‘and 
what the present-day engineer officer desires is, that his 
department shall] be looked upon as one of the engineer- 
ing departments of the ship. It would naturally follow 
that executive rank would 
that they should be classed ‘‘ with but after” would by 
no manner of means seem consequent. There is no 
pt reason why the Osborne scheme of training 

ould not be an unqualified success. More time is taken 
in the training of a cadet under the new scheme, and 
more knowledge is thereby imparted. As well say ‘‘ An 
Old Engine-Room Watch-Keeper” could not learn to sail 
aservice boat—which he probably has done many times at 





be granted to engineers, and | 





picnics and other occasions—because he was usually em- 
ployed below when on board. No, Sir! The “old” idea 
remains now but with the old. New ideas, new schemes, 
are introduced to keep pace with the times, and that 
they may be ultimately proved to be founded on the best 
needs of the Service there can be no question or doubt 
to anybody who is acquainted with the conditions of life 
on board a man-of-war at the present time. 
I am, Sir, your obedient servant, 
A Youne Enerr-Room WaTcHKEEPER. 








THE MAINTENANCE OF ROADS. 
To THE Eprror oF ENGINEERING. 
Sir,—Much attention is now being devoted to the 
question of the maintenance of roads, not only in this 
country, but also abroad, and the subject has become 
a serious matter for the authorities responsible for it. 
As a motorist of long standing, and as one who has 
served upon the joint committee of the Roads Confer- 
ence, I have had the opportunity of considering the 


-| question from both sides, and I venture to think that by 


a judicious modification of the construction of an ordi- 
nary macadamised road the durability might be con- 
siderably increased. 

In order to understand how an improvement can be 
effected, it is advisable to consider what is the cause of 
the excessive wear and tear of the surface of the roads 
which is now taking place. I think that, it can be 
especially attributed to the far higher speed of vehicles 
now than was the case a few years ago, and that these 
higher speeds, when run in wet weather, rapidly damage 
the surface of the road. 

Anyone who has attentively observed the tracks left 
behind by a heavy motor vehicle with pneumatic tyres, 
when driven at a high speed on a wet day, will see that 
practically all the moisture is squeezed out of the surface 
of the road, and, further, that the inequalities, which 
previous to its were full of water and mud, are 
also dry, with only loose gravel left in the bottom. Before 
the next vehicle passes along the same track these holes 
are again filled with water by the rain, and the same 
pate is repeated, each time the holes being made deeper 

y the amount of mud and gravel which is thrown many 
feet on either side. 

Although the pneumatic tyres of vehicles are so soft, 
and are generally considered to be incapable of injuring 
the surface of a macadamised road, the softer they are the 
larger surface they cover, and the more powerful the pum 
they produce for deepening the holes when filled wit 
water. Indeed, owing to this ate mage | the pneumatic 
tyre is more detrimental to the surface of the road than a 
solid tyre, though much narrower. 

It will thus be seen that when holes in the surface of a 
road commence, they very rapidly increase in depth, and 
the question naturally arises how can their formation in 
the frst instance be prevented. 

It issomewhat remarkable, and anyone can satisfy him- 
self that it is a fact, that although roads without a 
gradient become pitted in the manner described, yet when 
a gradient is reached, although it may bea slight one, these 
holes disappear. This fact has come prominently under 
my notice recently during a motor trip through France, 
where motors abound, and the roads are evenly laid, 
regularly repaired, and where slight gradients sufficient 
to goatee this effect are frequent. 

t would appear, therefore, that these gradients, after 
the road was repaired, prevented water from lodging in 
the depressions, and as a result there existed no water for 
the pneumatic tyre to pump out ; consequently no holes 
were produced. 

I would venture to suggest, therefore, for the con- 
sideration of your ers who are interested in the con- 
struction and repair of roads, that instead of the trans- 
verse surface being made with a slight camber, which 
means that the centre is practically flat and soon be- 
comes pitted with holes, that the surface be laid with a 
ae ve even slope from one side of the road to the other, 
sufficient to prevent water lodging after it has been laid. 

It may be advanced as an objection to this su tion 
that there might be a tendency for such a road to me 
—— transversely by the rain cutting channels, 
as is frequently observed in walks which have not been 
re-laid for some years; but it is not conceivable that 
this could take place on high roads subject to heavy traffic, 
and which are frequently repaired. 

Of course, roads of the section suggested could not be 
adopted universally, but there are long stretches in 
country districts where this principle could be put into 
practice without any inconvenience to the users. The 
experiment is easily tried at a very small outlay, and, if 
successful, would lead to considerable savings in the 
maintenance of roads by local authorities. 

I remain, yours faithfally, 
R. C. Parsons, 
39, Victoria-street, Westminster, 8.W., May 4, 1909. 








ASSOCIATION OF TEACHERS IN TECHNICAL INSTITUTIONS, 
—The No. 2 of Vol. II. of the journal issued by this 
association, which is published at the price of 1s. a the 
St. Bride’s Press, Limited, 24, Teidp leas, Fleet-street, 
E.C., contains a series of interesting articles dealing with 
‘*Laboratory Instruction,” ‘The Teaching of Machine- 
Drawing,” “‘ Engineering Teaching,” ‘‘The Teaching of 
Chemistry to Engineers,” and other points. ‘‘ The 
Educational Organisation of Our Smaller Technical 
Schools,”’ by Mr. C. B. Barber, head-master, School of 
Art, Batley, is a very clear exposition of the subject, with 
suggestions for improvements. Particulars of past meet- 
ings are given, and the mme of the Annual Con- 
— to be held in Liverpool from the 29th inst. to 
June 2; 
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AN INTERESTING RELIC. 
To THE Epitor oF ENGINEERING. ; 
Sir,—As some of your readers may be interested in 
engine design as practised in the infancy of high-pressure 
steam, I venture to send you photographs of a small 
engine still standing among the ruined buildings of an 
ancient Staffordshire salt works at Weston-on-Trent, near 


|of construction. All the old books note trouble from | 
| jamming or leaking with this gear. The plug, in this| 
case, has probably a good allowance of taper, being kept 
in its seat by a set-pin applied to the square head. The 
set-pin, it will be seen, is carried by a strap or girdle 
bolted at each end to the cylinder. The cylinder 
has no separate valve-casing, but a cruciform arrange- 
ment of steam-passages, cast on the side, focus in the 


mushroom valve, as to which latter very little is to 
found in the books before the end of the "fort 
Another characteristic Trevithick feature is an exhaust. 
steam feed-water heater (not seen in the photographs), 
This is simply a cylindrical casing surrounding a few feet 
of the feed-pipe, y se which casing the exhaust passes, 


| The feed-pipe is not jointed up to the casing, but p 


through large stuffing-boxes at each end. The casi: 7 
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Stafford. The works were shut down on the formation 
of the Salt Union, but I believe this obviously early 
example was at work up to that date. The photographs 
were taken at the beginning of the present month. The 
engine was then quite covered with Tenuta and vegeta- 
tion, which had to be removed before the details could be 
clearly seen. 

Very scanty information is obtainable as to details of 
the small high-pressure engines built during what I may 
call the Trevithick period; that is to say, up to 1825, 
when the application of the high-pressure system to loco- 
motives began to attract the notice of engineering writers. 
Thisold Staffordshire engine so closely resembles in general 
design and details what we gather from contemporary 
records were the chief features of Trevithick’s early semi- 
portable engines that I think we may safely take it as 
representative of the practice of that period, if not quite 
as early as that period itself. In any case, it would be a 
pity that it should pass into oblivion without a note or 
two being made of the evidence it affords as to how they 
managed things in those early days. 

Trevithick’s engines were generally fixed to the boiler, 
the cylinder being sunk in the latter, and thus steam- 
jacketed, while a crank:-shaft below the boiler was con- 
nected by side rods to the piston-rod crosshead. In this 
example the engine has an independent framing, but in 
other respects, it will be observed, the same disposition 
of the working parts has been preserved. 

The castings of the framing are creditable specimens of 
moulding, but obviously weak in design, insomuch that 
various wooden struts have been applied to keep things 
steady. The cast-iron crank-shaft (Fig. 2) is of 44 in. square 
section throughout, except at the journals, which are very 
narrow. The fly-wheel, which is 7 ft. 8 in. in diameter, is 
staked on to the square shaft énd with wooden wedges. 
The whole of the steam-piping is of cast iron, and it is 
interesting to note that the supply and exhaust pipes are 
of the same diameter. Numerous coarsely-pack met 
joints and bends allowed for expansion troubles. e 
— is of the usual pipe-like proportions common in 
those days, with extra broad flanges top and bottom. 
Originally there may have been lagging, but no signs of 
it remain. Four large square-headed bolts only are used 
for the cylinder-cover, and a similar number for attach- 
ment to the bottom casting. The cylinder bore is appa- 
rently 7 in., with a 24-in. stroke. The piston and side 
rods are 14 in. in diameter. 

Perhaps the most interesting feature is the valve-gear 
(Fig. 1), where we have that early contrivance, the “‘four- 
way cock ” and “spanner” actuated by a tappet-rod, which 
appears to have been invariably adopted in Trevithick’s 
engines, probably on account of its simplicity and ease 

















centre, and present the necessary four ports to curved 
passages formed in the plug. Wooden knobs on a vertical 
tappet rod, worked by a set-off from the cross-head, 
actuate the ‘‘spanner” at each stroke end, giving it the 
necessary quarter turn. 
There are no signs that the engine ever the 
luxury of a governor, but a regulator cock will be noticed 
on the steam-pipe, and also a set-pin attachment for 
keeping the plug on its seat. Iam inclined to think the 
latter an afterthought, from the appearance of the bracket 
clamped on the steam-pipe which carries the pin. It 
would be interesting to know whether this was a‘usual | 
arrangement prior to the introduction of the screw-down 





Fic. 


3. 


prevented from shifting about by tie-rods. The boiler 
shown in the photograph is, doubtless, of much later date 
than the engine. 
Yours truly, 
Stafford, April 16, 1909. C. S. ALLISON. 








AvusTRALIAN Rartways.—Messrs. Smith, Timms, and 
Co. have secured a contract for the construction of the 
Taree and Gloucester Railway, New South Wales. The 
contract price is 455,000/. A large number of men wil! be 
employed, and the construction of the line will occupy 
three years. 













.o& @ 7 








ENGINEERING. 


631 








May 7, 1909.] 


WOOD'S FIRE-BOX ; 


NEW YORK CENTRAL AND HUDSON RIVER RAILWAY. 


THE WM. H. WOOD LOCOMOTIVE FIRE-BOX AND TUBE-PLATE COMPANY, MEDIA, DEL., U.S.A. 
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A coop many attempts have altogether been made 
to improve the ordinary form of locomotive fire-box 
and to overcome to some degree its rigidity, from 
which many of the troubles with. such fire-boxes 
originate. Among the more promising forms of con- 
struction suggested, with this end in view, is the type 
of box interfaced by the Wm. H. Wood Locomotive 
Fire-Box and Tube-Plate Company, of Media, Del. 
Co., Pa., U.S.A. This we illustrate in Figs. 1 to 6, 
annexed, of which Figs. 1 and 2 show longitudinal 
and cross-sections of a fire-box and shell of a boiler 
for » consolidation locomotive on the New York 
Central and Hudson River Railroad, and Figs. 3 to 6 
deta : of this fire-box. 

The boilers of these locomotives are 80 in. in dia- 
meter, with 458 tubes 15 ft. 6 in. long. It will be 
seen trom Fig. 1 that corrugations are formed in 

f've-box sides and crown, which are made of a single 
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steel plate. These corrugations have a pitch of 5 in., 
and the bottom of the furrow is flattened to take the 
stay-heads. This is shown in Figs. 1, 3, and 5. 
The corrugations are 1} in. deep, and the crests are 
curved to a ,°;-in. radius on the inside of the plate. 
The corrugations are carried down to within one stay 
of the mud-ring, the latter bei of the ordinary 
standard pattern. The plate forming the crown and 
sides is finished off at either end on the larger dimen- 
sion of the corrugation, measuring internally. This 
allows a full-sized tube-plate to be used, also provided 
with a ring corrugation all round the tube portion, as 
shown in Fig. 3. At the smoke-box end the tube-plate 


is provided with a similar ring corrugation (Fig. 6). | ip 


This arrangement is claimed to allow muck. greater 
spring of the tube-plates to take up expansion and 
contraction, and should reduce tube troubles. The 
corrugations in the box also make it much less rigid, 
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resulting in the stays being subjected to smaller vibra- 
tions. The first three rows of the crown-stays are, 
as usual, arranged to allow as much flexibility as 
possible. These are shown in detail in Fig. 4. The 
remainder of the crown-stays are plain radial stays. 

In addition to the greater flexibility claimed for this 
form of box, there is a reduction of stays to the 
number of about 350 in the design shown herewith 
below the number in the corresponding plain box. 
The heating surface of the box is also increased over 
by 30 per cent. It is stated that these. consolidation 
engines on the New York Central and Hudson River 
Railroad are doing excellently in service, and are good 
steamers. We are informed that during the winter 
they have handled to time, in spite of heavy snow- 
storms, such trains as eighty-six cars, mostly loaded 
with coal, between Buffalo and Syracuse, N.Y., this 
being reckoned a very good performance. 








Tuer Montrevx-Giion Rack-Raitway.—This new rail- 
way was opened to traftic on April 8 The existin 
Territet-Glion railway had long been insufficient to dea 
‘with the increasing traffic from the shores of Lake Geneva 
and the districts of Glion and Caux. By the new railway 
there is a direct service from Montreux to Caux and the 
Rochers de Naye. The line starts from the Montreux 
station of the Swiss Railways, which also forms the ter- 
minus of the Montreux-Bernese Oberland electric railway. 
The Montreux-Glion line is 2800 metres (1.7 miles) in 
length ; the aepenh gradient is 130 millimetres per metre 
(1 in 7.7), and the average gradient 105 millimetres per 
metre (1 in 9.6). Traction is by electric locomotives, 
taking a 720-volt continuous current, supplied by a con- 
verter set which receives current from the Montboren 
generating-station. Each locomotive is equipped with 
two 140-horse-power motors. 





Tue Irauian Supmarine Boat “Foca.”—This boat 
recently covered the distance from Spezia to Naples, about 
400 miles, in less than 35 hours. Fades the night the 
central motor only was kept running, but in the daytime 
the speed was increased to 14 miles by working the three 
propellers. The boat reached Naples in perfect con- 
dition. An explosion unfortunately occurred on board 
shortly after her arrival at a She was lying inside 
the military harbour, and was being supplied with petrol ; 
the day was very hot, there was no breeze, and the atmo- 
sphere was quite still. It is surmised that under these 
conditions petrol penetrated underneath the light 
superstructure which forms the deck, and became ignited 
in some unknown way. The explosion destroyed. the 
superstructure, and several men were killed or wounded. 
The hull itself and the inside of the boat were unda ; 
he benzine tanks were found still to contain their com- 

lement of liquid fuel, and the machinery to be in order. 

ne danger had not been foreseen, and no means were at 
hand for ventilating the superstructure ; this will now be 
provided for. 
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NOTES FROM THE UNITED STATES. 
Paivapetpalia, April 24. 

A spurt of activity developed during the past week 
in iron and steel. ‘rade appears to be broadening. 
The export trade in girder rails is one of the latest 
encouraging signs. Several large orders have been 
received from South America, where local tramways 
are under extensive construction, and from whence 
considerable business is confidently anticipated. Home 
demand for steel rails withia a week includes 10,000 
tons of conductor rails taken by the Cambria Steel 
Company, and 3000 tons for New York City lines. 
The great Harriman system will, it is expected, be in 
the market for very large quantities for extensions 
and repairs. The orders for bridge material are im- 
proving. Large buyers failed to get orders accepted at 
2 dols. below current rates. It is believed the bottom 
has been reached in bridge material. The Erie Road 
has sent out inquiries for a quantity of bridge mate- 
rial. The Tennessee Coal and Iron Company has an 
order for 3500 tons for export to Mexico. Quite 
a number of inquiries and orders have been received 
within a few days for rails from South American 
and Latin-American sources, The Illinois Steel 
Company is rolling an order for 11,000 tons of steel 
rails, and has several orders to work on for smaller 
quantities. Wire mill products have declined in price 
once more to stimulate buying. The City of Cheyenne, 
Wyoming, has contracted for 10,000 tons of cast-iron 
ipe with the United States Cast-Iron Pipe Company. 
t is the generally-expressed opinion that the passage 
of a tariff Bill will be followed with heavy business. 
The Senate has entered upon the consideration of the 
Bill, section by section, and it is believed that joint 
action of the two Houses can be reached late in May 
or early in June. One favourable trade aspect is the 
extensive agricultural requirements which are appear- 
ing insight. The United States Steel Company at its 
meeting this week showed in its report that there is a 
onieal improvement in the volume of business in 
steel, and that the prospects are bright for a constant 


improvement. 
April 28. 


The tone of the steel market appears to be gradually 
improving, as shown by the placing of contracts for 
considerable quantities of rails and structural material. 
Only actual necessity in any line is now being covered. 
The material that is now being ordered is intended 
for construction that has been hanging fire in some 
instances for months. The inquiries for rails for the 
past week or two are ne ey, from countries 
to the south, South America being a favourable terri- 
tory for new railroad enterprises. A spirit of com- 
mercial activity is developing in several South 
American countries, and the securing of capital to 
prosecute enterprises is the only obstacle in the way 
of a great deal of work. 

The more settled conditions of those countries is 
facilitating the prosecution of work. A number of im- 
portant schemes have been developing quietly, looking 
to the construction of railways connecting various 
localities in the interior with the sea coast. In addi- 
tion to these enterprises, mining is developing in an 
encouraging way, as is shown by orders for various 
kinds of mine equipment. South American cities 
are also in the market for electrical equipment and 
power facilities, all of which is stimulating the 
electrical business in the United States to a per- 
ceptible extent. There is also an increased activity 
in certain sections of Mexico, especially along the 
Pacific coast, where MHarriman’s rail enter- 
prises are bringing about results. A good deal of 
capital is flowing into Mexico, and the conditions of 
that republic continue to be favourable. President Diaz 
has given the assurance that he will accept another 
a gare term, and this also is having its influence. 

n addition to these enterprises, ship lines are under 

consideration which will increase facilities for the 
transportation of freight between North and South 
America and intermediate countries. The ship- 
builders have recently figured upon considerable 
tonnage, which, if undertaken, will create quite a 
demand for all manner of shipbuilding material. 

In a general way the iron and steel markets are 
stronger than two weeks ago, and there is an impetus 
imparted, as shown by inquiries for finished material 
to Be delivered during the summer. 
new developments have occurred. Southern furnaces 
have succeeded in securing a large amount of business 
which takes them out of the market for the present, if 
they desire to remain out. The bar-mills are not in- 


creasing very much in production, owing to the sluggish | Messrs, Russell and Co., Port 


condition of the smaller industries, which use bar iron. 





NOTES FROM THE NORTH. 
Gtascow, Wednesday. 

Glasgow Pig-Iron Market.—Last Thursday morning the 
pig-iron market was strong, and a good business of 4000 
tons of Cleveland warrants was done at from 47s. 8d. to 
47s. 9d. to 47s. 84d. cash, from 47s. 11d. to 47s. 10}d. to 
47s. 114d. one month, and at 48s. 4d. three months. At 
the close sellers quoted 47s. 94d. cash, 48s. one month, 
and 48s. 44d. three months. In the afternoon the market 
was again strong, and the turnover consisted of about 
8500 tons of Cleveland warrants at 47s. 9d. and 47s. 10d. 
cash, and 48s. and 48s. O$d. one month. The closing 
quotations were up to 47s. 104d. cash, 483. 04d. one 
month, and 48s. 6d. three months sellers. On Friday 
morning the tone of the market wassteady, but quiet. The 
dealings amounted to 1000 tons of Cleveland warrants 
at 47s. 10d. cash, and 48s. ld. one month, and sellers 
closing prices were 47s. 10}d. cash, 48s. 1d. one month, 
and 48s. 6d. three months. At the afternoon session no 
dealing of any kind was recorded, but the market re- 
mained steady in tone. The closing prices were quoted 
unchanged at 47s. 10}d. cash, 48s. 1d. one month, and 
48s. 6d. three months sellers. On Monday the market 
was closed, the first Monday in May being a Bank holi- 
day in Scotland. On Tuesday morning when business was 
resumed a strong tone prevailed. The turnover amounted 
to about 6000 tons of Cleveland warrants at 47s. 114d. 
and 48s. cash, 48s. 2d. and 48s. 24d. one month, and 
48s. 6d. and 48s. 7d. three months. At the close there 
were sellers at 48s. O}d. cash, 48s. 3d. one month, and 
48s. 74d. three months. In the afternoon the market was 
a shade harder and Cleveland warrants were put through 
at 48s, 14d. and 48s. Id. cash, 48s. 24d. and 48s, 4d. one 
month, and 48s. 8d. three months. The dealings amounted 
to 4000 tons, and sellers’ closing prices were 48s. 1d. cash, 
48s. 3d. one month, and 48s. 84d. three months. When 
the market opened to-day (Wednesday) the tone was firm, 
but there was very little doing. The business consisted 
of 1500 tons of Cleveland warrants at 48s. 14d. cash, 48s. 6d. 
July 2, and 48s. 8d. three months, and the session closed 
firm with sellers at 48s. 1d. cash, 48s. 34d. one month, and 
48s. 84d. three months. Hematite—1000 tons—changed 
hands at 57s. one month. In the afternoon the market was 
the turn firmer, and about 3500 tons of Cleveland warrants 
were done at 48s. 4d. one month, and 48s. 6d. two months. 
The closing quotations were up to 48s. 2d. cash, 48s. 44d. 
one month, and 48s. 9d. three monthssellers. The follow- 
ing are the market quotations for makers’ (No. 1) iron: — 
Clyde, 60s.; Calder and Gartsherrie, 60s. (d.; Summerlee, 
61s. ; Langloan, 68s. ; and Coltness, 88s. (all shipped at 
Glasgow) ; Glengarnock (at Ardrossan), 62s. 6d. ; Shotts 
(at Leith), 60s. ; and Carron (at Grangemouth), 62s. 6d. 


Sulphate of Ammonia.—The sulphate of ammonia 
market is quietly steady, and the price is practically un- 
changed. The quotation to-day is from 11/. 10s. to 
11/. 12s. 6d. per ton for prompt business, Glasgow or 
Leith. The amount shipped from Leith Harbour last 
week was 415 tons. 


Scotch Stecl Tradc.—The state of affairs in the Scotch 
steel trade has not changed within the past week, and the 
ditficulty of keeping the various establishments employed 
is a constant source of worry to the masters. The local 
consumers are ordering material in very small quantity, 
and merchants continue to bring in large supplies from 
Wales and Germany. There has been a little more 
activity in the export trade, particularly in structural 
sections, but the ‘prices are very poor indeed. Official 
quotations are unaltered. 


Malleable-Iron Trade.—Thc recent unsatisfactory con- 
dition of the malleable-iron trade of the West of Scot- 
land still continues, and employment is very bad. If the 
home demand is poor, so also is the export demand, 
and yet for the latter orders the price is as low as from 
about 5/. 5s. to 5/. 7s. 6d. per ton net for crown bars. 


Shipbuilding.—Throughout the month of April the shi 
building industry in ‘Scotland was rather quieter, and the 
improvement which was noticeable during the first three 
months of the year was not maintained. The vessels 
launched during the past month numbered thirty-two, 
with a total of 29,351 tons. These figures were e up 
as follows :—The Clyde, twenty-four vessels, 28,248 tons ; 
the Forth, two vessels, 180 tons; thé‘Tay, one vessel, 350 
tons; and the Dee (including the Moray Firth), five 


vessels, 573 tons. The Clyde‘total has not been so low. 


for the month of April since the year 1901, when the 
figure was 27,462 tons; and compares badly with 
that of last year, when thirty vessels, with a total 
of 43,670 tons, were launched. The output on the 
Clyde for the year to date is now fifty-three vessels, 
of 99,361 tons, as against ninety-six vessels, of 103,754 tons, 
for the same period of last year, showing a falling off of 
forty-three vessels and 4393 tons. Among the larger 


repartee nso vessels launched were the steamer Gleneden, 4800 tons, 


by Messrs. Scotts’ Shipbuilding and Engineering Com- 
ny, Greenock ; the steamer Glencluny, 4800 tons, by 
Mesars Charles Connell arid Co., Whiteinch ; the steamer 


ve, 4370 tons, by Messrs. W. Hamilton and Co., 
PortG 


w; and the steamer Bright Wings, 3200 tons, by 
been placed with Messrs. William Simons and 


Glasgow.—An order has i H 


NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesc» y, 

Engineering Trade Quiet.—The general slackness cf 
suemeninggenstionty all the world over is naturally telling 
its tale in this city, and the quietude is being severely felt, 
especially by the makers of engineers’ tools. Coll icries 
generally are working short time, but the developinent 
of the new coal-fields in the Maltby and Dinnington dis. 
tricts is improving the outlook in the trades concerned 
with mining requisites. With the improvement of out- 
door work conditions there is a better demand for exca- 
vating tools, and the buying of Sheffield-made hay-forks is 
well up to the average for the approaching season. 


War Office File Contract.—To-day tenders for a ycar’s 
supply of files to the War Office had to be lodged, and 
the placing of the contract at an early date is expected 
to give a fillip to employment in this branch of the trade. 
The uirements of the department are estimated at 
60,500 files of various sizes, which are to be made from 
crucible cast steel, uniform throughout. Samples wil! be 
submitted to both hand and mechanical tests. 


Pig-Iron Market Firm.—A decidedly firm tone prevails 
in connection with raw material, and there seems every 
prospect of some slight advance in the prices for pig iron. 
The strike at the Lincolnshire blast-furnaces, which, con- 
trary to expectation, has not been settled, has interfered 
with business, and there has been a cessation of deliveries 
for the time being. Makers, too, are refusing to entertain 
business. The result has been that a certain amount of 
trade has been diverted from Lincolnshire to Derbyshire, 
and Derbyshire prices have naturally stiffened. As a 
result of the forward contracting a fortnight ago transac- 
tions locally have been few. There is every confidence in 
the future, as is evidenced by the extent to which cor- 
sumers have contracted. 


Improvement in Steel.—There are signs that the trade in 
steel is already showing some slight improvement. In 
some cases there is certainly extreme slackness, but these 
are comparatively rare. Generally speaking, the experi- 
ence is that things are beginning to mend, and that the 
recent shrinking in the demand has come to an end. The 
prevailing complaint is more in regard to thé cut-throat 
— at which much work is taken than of the amount of 

usiness in the market. There is a brighter outlook for 
Sheffield trade in steel with the United States, and there 
is hope of further business from some satisfactory in- 
quiries which are to hand from India and Australia for 
railway material. 


South Yorkshire Coal Trade.—Though some collieries 
are still working well, others are beginning to slacken. 

uotations for house coal are somewhat irregular, and 
there have been one or two instances of slight reductions. 
Generally speaking, however, prices are well maintained 
and owners are credited with the intention, in’ view of 
the added costs of the Eight-Hours Act, of refusing any 
reduction. This, of course, may prove a difficult matter, 
especially with the advent of warmer weather. Best coals 
are still in brisk demand for London and other southern 
markets, and prices are more steady than for the cheaper 
qualities, of which some collieries have considerable 
stocks on hand. An upward tendency is evident in 
the steam -coal trade, and big tonnages are going 
to the Humber, in view of the requirements of 
the Baltic. A very active shipping season is foreshadowed, 
and as supplies are short, very few collieries being up to 
date with their deliveries, there is a pronounced rush to 
fix up supplies over the next few months. There is an 
advance of 6d. per ton on the week, 9s. per ton being easily 
realised, while in some cases even 9s. 6d. is being paid. 
Some colliery owners are not disposed to accept even the 
increased rate, and are holding back in the hope of better 
conditions ahead. Good slack is being sold at recent 
quotations, there being no falling off in value. Notwith- 
standing the unsettled state of the coke trade there isa 
surprisingly goed demand for coking fuel. A big propor- 
tion of the coke that is being made, however, is going into 
storage pending a settlement of the Lincolnshire iron dis- 
pute, and values are copsequently somewhat weak. 








Conrtracts.— Messrs. Willans and Robinson, Limited, 
Rugby, have included in their specialities the manufac- 
ture of condensers of the jet type, particularly condensers 
built on the counter-current and barometric column prin- 
ciples. They have recently booked a contract with the 
St. Helen’s Corporation for a low-level jet-condensing 
plant. The Nottingham Corporation have just placed 
with the same works an order for two 400-kilowatt reci- 
procating engines ; the engines are to be direct-coupled 
to direct-current dynamos, built by Messrs. Siemens 
Brothers. 


Personat.—Messrs. Mawdsley’s, Limited, Zone Works, 
Dursley, have appointed Messrs. C. E. Lugard and Co., 
Field’s- buildings, Middlesbrough, as their representa- 
tives for the North-East Coast for their Mawdsley im- 
proved continuous-current dynamos and motors.—On and 
after the Ist inst. the address of the North-East Coust 
Institution of Engineers and Shipbuilders will be Bollbec 
all, Westgate-road, Newcastle-upon-Tyne.— The Gutta- 
Percha and Rubber Manufacturing Company, of Toronto, 


| Limited, Renfrew, by Sir John Jackson, Limited, for 
| bow-well barge-loading bucket dredger, to be emplo 
in carrying out important improvements at Singapore. 


announce that the offices of president and treasurer made 
vacant by the death of Mr. H. D. Warren have been filled 
as follows :— President, S. T. Warren (Mrs. H. D. 
Warren); treasurer, Mr. Trumbull Warren. — Messrs. 
Hemans and Son, 61, Mark-lane, E.C., have made 
Sramrorp.— The Homeland Association, Limited.|  Loncr Lane, Liverroot, Boer Exp.osion.—The | arrangements whereby the sole sale for Great Britain of 
Chandos Chambers, 15, Bedford-street, W.C., have recently | formal investigation ordered by the Board of Trade to be | their aluminium solder, bearing the trade mark (J.F.U.) 
issued, at the price of 6d., a booklet on Stamfordand itssur- | held in this matter is fixed for bearing in the Chancery | Hemars and Son, has been transferred, both for trading 
roundings. This gives a most interesting account of the | Court, St. George’s Hall, Live: ool, on Thursday, the | and repairing purposes, to the Acetylene Illuminating 
town and its neighbourhood. | 13th inst., at 11 a.m. Company, Limited, 268, South Lambeth-road, 8. W. 


Basic pig is the exception, and large blocks have been 
sold within a week. 
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NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 
MIppLesBRoucH, Wednesday. 

The Cleveland Iron Trade.—More satisfactory accounts 
are given of the pig iron trade. There are a good many 
buyers in the market, and business in nearly all descrip- 
tions of pig iron is re An encouraging feature of 
the market, as indicating confidence in the future, is the 
fact that buyersare prepared to pay rather more forforward 
than for early delivery. Better accounts from America 
have had a beneficial influence on this market. The pro- 
duction of pig iron is now fully absorbed, and it is under- 
stood that makers’ stocks are being rather largely drawn 
upon, but the stock of Cleveland pig iron in the public 
warrant stores continues to slightly increase, and now 
stands at over 205,000 tons. Quotations for Cleveland iron 
are higher than they have been since the middle of Feb- 
ruary. No. 3g.m.b. ene pe is 48s. 3d. for early f.o.b. 
delivery, whilst No. 1 is 50s. 9d.; No. 4 foundry, 47s. 6d. : 
No. 4 forge, 47s. 3d.; and mottled and white, each 46s. 9d. 
Values of East Coast hematite pig iron are based on 
bos. 6d. for early delivery of Nos. 1,2, and 3. The forward 
price of mixed numbers of hematite is 56s., at which price 
contracts have been made for delivery to the end of the 
year. Spanish ore is very strong. The general market 
quotation for Rubio of 50 per —. 2 ity is 16s. 3d. 
ex-ship Tees, and freights Bilbao - Middlesbrough are 
strong at 4s. Coke keeps firm, and the local consumption 
is heavy. It is now difficult to purchase avemnee. last- 
furnace qualities under 15s. 6d. delivered here. iddles- 
brough warrants closed to-night strong at 48s. 1d. cash 
buyers. 

Manufactured Iron and Steel.—Little new of moment 
can be reported of the manufactured iron and steel indus- 
tries. There is much room for improvement in many 
branches, but some departments are characterised by 
considerable activity. Producers of railway material, 
sheet manufacturers, and joist-makers are well off for 
work. Market rates are not quotably changed, but for 
some descriptions prices tend upward :—Common iron 
bars are 6/. 15s. ; best bars, 7/. 6d.; best best bars, 
7/. 10s. ; packing iron, 5/. 10s.; iron ship-plates, 6/. 7s. 6d. ; 
iron ship-angles, 61, 15s.; iron ship-rivets, 7/. 3s. 9d.; iron 
boiler-plates, 7/. 7s. 6d.; steel bars, 6l. 5s. ; steel ship- 
plates, 6/.; steel ship-angles, 5/. 12s. 6d.; steel boiler- 
plates, 7/. ; steel strip, 62. 7s. 6d. ; steel hoops, 6/. 10s. ; 
and steel joists, 5/. 15s.—all less the customary 24 per 
cent. discount. Cast-iron railway chairs are 3/. 10s. ; 
cast-iron columns, 61. 10s.; light iron rails, 6/. 10s.; heav. 
steel rails, 5/. 5s. ; and steel railway sleepers, 6/. 10s.—all 
net cash at works. Iron or steel pig me corrugated 
sheets, 24 gauge, in bundles, stand at 12/. 10s. f.o.b.— 
less the usual 4 per cent. 


Iron and Stecl Shipments.—As was generally expected, 
shipments for April were good. Official returns give the 
clearances of pig iron at 123,387 tons, 110,865 tons of 
which went from Middlesbrough, and 12,522 tons from 
the neighbouring little port of Skinningrove. For the 
previous month the total shipments of pig iron amounted 
to only 92,353 tons, and for April of last, year they reached 
114,929 tons. Of last month’s despatches from Skinnin- 

rove, 11,982 tons went to Scotland and.540 tons to Hol- 
and, and of the pig sent from Middlesbrough, 84,819 
tons went abroad and 26,046 tons to coastwise cus- 
tomers. Italy was the largest importer from Mid- 
dlesbrough, receiving 22,546 tons, and Germany was 
second with 21,959 tons, whilst France took 10,262 
tons; Belgium, 6497 tons; Sweden, 5364 tons; Canada, 
4330 tons; Holland, 3032 tons; America, 2500 tons; 
Japan, 2425 tons ; and Denmark, 2268 tons. Last month’s 
clearances of manufactured iron were returned at 8165 
tons, 4004 tons going foreign and 4161 tons coastwise. 
India, with an importation of 2925 tons, being by far the 
largest customer. Steel cleared last month reached 41,190 
tons, of which no less than 35,993 tons went to foreign 
countries, and only 5197 tons coastwise. The best cus- 
tomers for steel were the Argentine, with 11,610 tons ; 


India, with 8150 tons ; and Portuguese East Africa, with A 


6483 tons. ; 





THE CHARTERED InsgituTR oF Patent AGENTS.—On 
Thursday evening, the '9th wlt., a conversazione of the 
Chartered Institute-of Patent Agents was held, under 
the presidency of Mr. W. Trested Clark. in the Royal 
United Service Institution, Whitehall.-.The evening 
passed off most successfully, the very interesting muscum 
of the Institution being thrown open to the visitors. 


Tue “Rio Granpg Do Norte.”—The fifth of the ten 
destroyers ordered from Messrs. Yarrow and Co., of 
Glasgow, by the Brazilian Navy, completed her official 
full-speed trialon the 4th inst., and, like her predecessors, 
gave most satisfactory results. The prototype of this 
class was fully illustrated and described in ENGINEERING 
scme weeks ago (see page 347 ante), ut it may be here 
repeated that they are 240 ft. long by 23) ft. beam, 
and have been built for steaming under heavy sea and 
weather conditions, The vessels have two of Yarrow’s 
petent boilers, fired from each end—the latter an impor- 
tant Innovation—and with the twoscets of triple-expansion 
encines, the power aimed at is 8000 horse-power. 
specd gy was 27 knots, but in practically ev 
case this has been exceeded by about 0.25 nautical m 
1}: hour. ‘TLe Rio Grande do Norte ran her trials over 
the measured mile at Skelmorlie, making six runs, three 
in cach direction, and easily attained 27 knots. This 
vel is commanded by Captain Bento Machado, and the 
tr'als were under the supervision of Captain Bartholomeo 
F nciseo de Souza e Silva, chief engineer of the Brazilian 
«val Commission, and Captain Rosaura de Almedia, 
Chef paval architect of the Commission. 





The | a layer 


NOTES FROM THE SOUTH-WEST. 


Cardif.—The steam-coal trade has ruled firm; the 
best large has brought 16s. to 16s. 6d., while secondary 
qualities have ranged between 14s. 6d. and 15s. 9d. per 
ton. House coal has shown little change ; the best ordi- 
nary qualities have brought 14s, 6d. to 16s. per ton. No. 3 
Rhondda large been quoted at 17s. 9d. to 18s. per ton. 
Foundry coke has realised 18s. to 20s. 6d., and furnace 
ditto 16s. to 17s. per ton. As regards iron ore, Rubio has 
brought 15s. 3d. to 15s. 9d. per ton, upon a basis of 50 
per cent. of iron, and charges, including freight, insur- 
ance, &c., to Cardiff or Newport. 


Barry and Rotterdam.—The Furness line, which partici- 
pates actively in Bristol Channel trade, is about to inau- 
gurate a fast cargo and steamer service between 
Barry and Rotterdam. The a will receive every 
encouragement from the Barry Railway Company. 


Dowlais.—There has been a good output at the iron and 
steel works. As regards lighter manufactured material, 
the production has been principally composed of tram- 
rails, fish-plates, angle-iron, &c,, while steel sleepers and 
rails have made up the heavier lots. The collieries have 
been going on regularly ; the old Black Vein Drift has, 
however, been abandoned for further working purposes. 


Welsh Railway Traffic.—The returns of the three prin- 
cipal Welsh railways—the Barry, the Rhymney, and the 
Taff Vale—have presented a rather more cheerful appear- 
ance of late. The gate revenue of the Barry Rail- 
way thus for this half-year amounts to 235,816/., as com- 
pared with 228,360/.; that of the Rhymney Railway to 
107,300/., ascompared with 102,382/. ; and that of the Taff 
Vale Railway to 315,940/.. as compared with 319,832/. 
The receipts of the Great Western Railway, which has 
intimate relations with South Wales, amounted this half- 
year to 3,770,000/., as com d with 3,786,000/. It 
should be remarked that the Great Western Railway has 
been working thirty additional miles this half-year, while 
the Barry, the Rhymney, and the Taff Vale Railways 
have not been extended. 


The Swansca Vallcy.—The outlook in the coal trade is 
considered to have improved. The yield of pig iron has 
been about an average. An additional furnace has been 
brought into operation in the steel trade, and the tin- 
plate mills have been working full time. 


The *‘ Collingwood” and the *‘ Rodney.”—The Lords of 
the Admiralty have ordered the battleships Collingwood 
and Rodney, built and equipped at Pembroke and Chat- 
ham, at a cost of 781,537/. and 769,923/. respectively, to 
be sold out of the Royal Navy on May 11. e Colling- 
wood was completed for sea in 1885-6, and the Rodney in 
1887-8. Both ships have been unemployed for some years. 








Tuer Honor Oak Reservoir. — The opening of the 
new water reservoir at Honor Oak was performed on the 
5th izist., at 3 p.m., by the Right Hon. the Lord Mayor of 
London, the ceremony being witnessed by a ~_, gather- 
ing of invited guests. The reservoir has been built at a 
distance of about half a mile from the Honor Oak station 
of the South-Eastern and Chatham Railway, to the west 
of the line ; it is located within the boundary of the Cam- 
berwell Borough Council, near the north side of Peckham 
Rye, and on land about 28 acres in area, which was pur- 
chased in 1897. The Act of Parliament authorising its 
construction was obtained by the late Southwark and 
Vauxhall Water Company in 1894, and an extension of 
powers was obtained in 1906. _Brickmaking was com- 
menced on the site in 1898. Towards the end of 1905, 
when the Metropolitan Water Board took over the duties 
of the above water company, tenders were invited for the 
construction of the reservoir, and the tender of Messrs. 
J. Moran and Son, Limited, High-street, Kensington, 
was accepted. The bottom of the main y is at an 
elevation of 122 ft. 6 in. above Ordnance datum, the top 
water-level bejng 144 ft., the depth of water is 21 ft. 6 in. 
large portion of the north-easternside is 12 ft. 6 in. deeper 
still, the depth at that part being therefore 34 ft. The 
principal duty of the reservoir is to ensure a low-pressure 
service to the south-eastern portion of the Water Board’s 
area. It is built on the natural clay formation ; the bottom 
is of concrete, formed as inverted arches crossing each other 
at right angles, each apex of the groining taking columns 
or piers, built of Keicie, the thickness of the brickwork 
being 1 ft. 6 in., and the width across the piers 4 ft. 6 in. 
The piers carry the roof, which is alsoof brickwork, and con- 
sists of a series of parallel segmental arches over the whole 
length of the reservoir from north tosouth. The distance 
between centres of the piers is 21 ft. 6 in. in both direc- 
tions, the reservoir being thus divided into squares of 
21 ft. 6 in. ental jack arches at right angles to the 
former are carried from pier to pier over the whole con- 
struction. The outer retaining walls are of concrete, lined 
with brickwork inside and made with buttresses. Each 
section can be filled and oe independently. A 
circular valve chamber extending from top to bottom 
is.in the centre of the reservoir, and to this are carried 
the various supply, draw-off, and int icating 
pipes, provided with sluice-valves. The reservoir is 
cove Lg brick-arches, a 6-in. layer of concrete with 

cement, clay and the top soil from the site, 
forming a level surface over the whole area. The 
construction measures 824 ft. in length between walls ; 
the maximum width is 587 ft. The actual water area is 
slightly over 10 acres. The reservoir is supplied with 
filtered water from the Water Board’s pumping station at 
Hampton, a distance of about 17 miles. fe will contain 
60 million gallons, and is the largest covered reservoir in 





the world which has been constructed at one time and 
under one contract. The total cost, including land and 





other expenses, will amount to about 236,000/. 





MISCELLANEA. 


R. von HASSLINGER reports a peculiar observation on 
a new form of peaew y= in the Monatshefte der Chemie, 
of Vienna. A tinned-iron vessel which had been used 
for two years, warm, but never even exposed to boiling 
water, became brittle all over. Other lumps of tin in- 
oculated with this sick tin contracted the di , and 
the affected area increased by up to 5 millimetres (0.2 in.) 
daily; a piece of tinfoil became brittle all through its 
thickness. Warming had no influence, but the normal 
condition of the metal could be restored by fusing it. 


The number of silicon compounds which the electric 
furnace can furnish does not appear to be exhausted. 
The well-known car' ndum is silicon carbide, SiC. 
Some time Henry Noel Potter described a new 
silicon monoxide SiO. He now prepares silicon free of 
carbon from carborundum and silica, SiO,, under addition 
of carbon, and refines the resulting product in an are- 
furnace of 150 volts, in which a mixture of silica, silicon 
carbide, and carbon surrounds the upper of the two 
vertical electrodes. Frank J. Tone Pn to mix 
aluminium silicate (kaolin) with sufficient carbon to 

uce the silicon, but not the aluminium; he thus 
obtains alumina and silicon. The reaction is facilitated 
by adding some iron metal or ore, so as to bind the silicon. 
In that case ferro-silicon is obtained, which is tapped off 
or found in nodules in the alumina. Some of these 
silicides, e.g, the manganese silicide with 50 per cent of 
Si, are friable, and disintegrate on exposure to the air. 
Suitable proportions of aluminium silicate and carbon 
yield a fused mixture, of about 75 parts of alumina and 
25 parts (from 5 to 35) of silica, in the shape of a homo- 
geneous, very hard and tough material, which, it is said, 
can be cast in moulds and be utilised as an abrasive and a 
refractory material. 


For many years attempts have been made to produce a 
satisfactory substitute for malleable iron and steel which 
would ss a higher power of resistance, and which 
could » be readily cast. The power to cast the metal 
was not, however, the sole quality desired, the object 
being that the material should also be capable of being 
welded to similar or to other metals. French engineers 
in particular have devoted much time to this subject, 
with the result that they have succeeded in producing a 
metal that appears to fulfil to a remarkable degree the 
desired requirements. It is produced by what is known 
as the Bosshardt process, which is on a method of 
fusing the metal while in a molten state. The advan- 
tages claimed for the process are that articles of com- 
plicated shapes can be cast out of the metal which would 
otherwise have to be forged at t expense. The usual 
long process of annealing is done away with. The 
material appears to great malleability, resistance, 
and tenacity. It is made in four different’ qualities, and, 
to whichever quality the casti belong, they can be 
taken from the mould and u without any operation 
except that of cleaning. The four qualities are : soft and 
forge iron, extra soft steel, soft steel, and steel for tools 
(hard). The malleability of the first of these is such that 
the castings may be welded, twisted, and hammered cold 
till they are as thin as paper. Great magnetic properties 
are also ssed by this quality. The second quality is 
also malleable, but is more difficult to weld than the first. 
The third quality corresponds to soft steel, and the last to 
the hardest tool-steel, and is said to render the same 
service as Boehler steel, The materials used in the manu- 
facture by the Bosshardt process are Swedish irons, scrap 
iron and steel, and scrap resulting from the manufacture 
of nails, bolts, rivets, horse-shoes, chains, &c. Tests of the 
material, carried out by Professor J.O. Arnold, of Sheffield, 
have given remarkable results, castings being bent double 
back on themselves without showing sign of fracture. 
In chemical composition it is very low in phosphorus and 
sulphur, and contains very little manganese. Tests 
carried out by Professor John Goodman show that the 
first quality of the material has a tensile strength of 
20.34 tons per square inch, and an extension of 21 per cent. 
in a length of 6 in. The tensile strengths of the other 
—s go up to over 29 tons per square inch, with an 
elongation of 1.5 per cent. in’a length of 8 in. The 
material is supplied bythe Bosshardt Casting Process, 
Limited, 17, 18, and 19, Cabinet Chambers, Basinghall- 
street, Leeds. 2 











Prussian Strate Ramways.—The reveriue of the 
Prussian State Railways for the fiscal year ending 
March 31 was 95,625,000/., or 7,150,000/. less than the 
Budget estimate. In March, this year, however, the 
goods traffic of the network showed some tendency to 
revive. 





Tue SroraGk AND Sax or Perroteum Spirit.—The 
Departmental Committee on Petroleum Spirit met at the 
Home Office on Tuesday eat, eo 4th inst., when Coun- 
cillor G. K. Ashton'and Mr. J. W. Robinson gave 
evidence on behalf of the City of Manchester. eir 
evidence was to the effect that there had been very few 
accidents, and that the present legislation is sufficient. 
Evidence was then given by the “ Nonex” Safety Tank 
Syndicate, and their various safety devices were exhibited 
before the Committee. Messrs. man and Farrell ap- 

ared to represent the Incorporated Association of 
London Dyers and Cleaners. They gave a description of 
the processes of dry cleaning, and made several recom- 
mendations as to structural conditions, sale, and distribu- 
tion. They advocated the reduction of the quantity of 
petroleum spirit which may be kept without licence from 
three to one gallon, and that no greater quantity should 
be allowed to be sold except to a licensed person. They 
— desire to prevent dry cleaning in dwelling- 

ouses, 
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THE NEW MECHANICIAN. 


THE new mechanician, like the new midshipman, 
aR pa the new Admiralty system of training, is 
now afloat, and the influence of the former on 
the efficient steaming of warships is as important 
a subject of inquiry as the probability of the 5 tethee 
becoming a completely satisfactory engineering 
officer. Some may say that the subject is even 
more vital when they reflect on the inadequacy of 





the experience which the new midshipman will 
derive from his preliminary training afloat, as re- 
viewed in our article last week. For in such a case 
the engineering officer must depend, more or less, 
upon the knowledge of machinery and upon the 
resourcefulness of his subordinates. In small ships, 
too, the full responsibility of watchkeeping will 
devolve upon the new mechanicians, as S been 
the case with the existing artiticers. Has the evolu- 
tion of the Admiralty scheme as regards engine- 
room artificers and the new mechanicians, since 
it was first promulgated, afforded proof that this 
knowledge and resource will be possessed by those 
who are to keep watch with the new engineering 
officers of the Fleet? The doubt entertained by 
so many engineers of high repute within the Royal 
and mercantile marine, and in the great construc- 
tional works, is intensified rather than dispelled by 
the fuller study of the situation now rendered 
possible by the lapse of time, and by the entry 
into the service of the new mechanicians. 

For a better conception of the situation it is 
necessary to repeat much that may be known to 
those who have followed the scheme from ' its 
origination. Without that it is not possible to 
make a definite comparison- between the new 
scheme and the old. The 3000 engine-room arti- 
ficers in the Fleet have been recruited from the 
great engineering factories in the country, where 
they served a full apprenticeship in some depart- 
ment of mechanics, and have, in many cases, had 

rience also as sea-going engineers on merchant 
ships, holding in such cases the Board of Trade 
certificate. All have applied themselves, too, 
with commendable diligence and studious applica- 
tion to the acquisition of that special knowledge 
necessary to watchkeeping and other work in the 
Navy. Their function has hitherto been to serve 
under the engineer officers as watchkeepers, and 
without engineering officers in small craft, as well as 
to undertake in the factory on board ship such 
repair-work as is possible of execution while the 
ship is in commission. A plebiscite of the engineer- 
ing officers in the Navy would, we are certain, estab- 
lish the view that this work has been admirably 
executed, and the Lords of the Admiralty them- 
selves have evidence of an even more direct character 
in the small amount of repair necessary in the case of 
ships returning from commission. Indeed, in recent 
times many ships have, on completion of two years’ 
commission, proceeded to sea on a new commission 
without any machinery repairs being undertaken in 
the dockyards. Without any reason which can carry 
conviction to the engineering profession generally, 
the Admiralty, acting upon the report of Admiral 
Douglas’s Departmental Committee, decided to con- 
fine the work of the artificers to repairing, and to 
—- stokers to the responsibility of watch- 

eeping. 

Of the 30,000 stokers in the Navy, many are no 
doubt estimable men, but the qualification for entry 
is no guarantee of their capability. They come 
from the plough or from the street, many of them, 
because they find no other opening for the utilisa- 
tion of their physical qualities. One might almost 
say, indeed, that the work is so arduous and so 
unattractive that it is accepted only as a last 
resource. For this very reason those who rise 
above their environment in the stokehold in respect 
of moral courage and intelligence ought to have 
incentive to advance. Merit in all circumstances 
of life ought to have its reward, and this reward 
should almost be proportioned according tothedegree 
of discouragement afforded by environment. It is 
therefore only fitting that the stoker should rise, not 
only to a position of comparative responsibilit 
among his fellows, but to warrant rank. But more 4 
reward must always be subservient to the domi- 
nant consideration in any service; it must never 
— the continuance of general efficiency. 
t is on this point that we take exception to the 
method of the Admiralty, in so far as it is directed 
towards the encouragement of the stoker. 

It is true that when the stoker, after the display 
of commendable qualities, is selected for advance- 
ment to the rank of mechanician, he has to undergo 
a two years’ training; but before he has reached 
this stage he has attained the age of at least twenty- 
five years. We do not propose to enter into the 
question as to the adaptability of men who have 
reached this period of life, but the degree of adapt- 
ability must be more or less influenced by the 
earlier training. No doubt men whose mental quali- 
ties have been cultivated toa more or less high degree 
in early life have been known to develop in later 





636 


ENGINEERING. 


[May 7, 1909. 








years high qualities in some department of science 
and learning generally, of which they were more or 
less ignorant at thirty or forty years of age. But 
the case is different with the stoker, as his mental 
facultics are, to begin with, more or less undeveloped. 
In any case, two years’ training is quite inadequate 
to. qualify him for the responsibilities of watch- 
keeping. The training is directed to the use 
of tools and to some superficial knowledge of 
the theory and practice of mechanics. We take 
the definition of the First Lord of the Admi- 
ralty as to the aim in view in the two years’ train- 
ing. These mechanicians were all given, it was 
stated in the House of Commons a few months 
ago, ‘‘a slight training—not that of a skilled arti- 
san—in mechanical work, to enable them to under- 
stand the general run of the engine which they will 
be called upon to drive.” To an engineer hardly 
anything more need be said to establish the in- 
adequacy of the training, but we should like to in- 
fluence those responsible for this conception of the 
duties of a watchkceper. Apart altogether from 
the insufficiency of the period, there is the fact 
that this training is to be by the engine-room 
artificers, who regard the new scheme with dis- 
favour, because they consider that from several 
points of view it robs them not only of their most 
interesting function, but also of the fullest measure 
of advancement in the Service. In such circum- 
stances it is only in accordance with one of the 
weaknesses of human nature that they should not 
be particularly enthusiastic about the prospective 
iaiindialien acquiring the fullest practical know- 
ledge. Again, almost every sense has to be culti- 
vated in order that trouble may be scented before it 
arises ; hot bearings, loose bolts, water-hammer, and 
slight inequalities in running may be discerned 
by the engineer who is familiar with the engine- 
room atmosphere, and such familiarity is not 
achieved even in a couple of years. It is not 
enough to know that an engine has broken down ; 
in action an engine must not break down ; vigilance 
alone can ensure the avoidance of trouble, and in 
the ‘‘ general run of an engine,” as the First Lord 
nuts it, there is more than the mere touching of a 
utton and leaving the steam to do the rest. 

Resource is the most important quality in life, 
whether in the engine-room of a warship or in the 
admiral’s cabin, and such resource must be deve- 
loped through long and intimate experience of con- 
ditions, even remotely possible. The other day a 
battleship was steaming into port, when a key, 
becoming loose, rendered inoperative the wheel of 
the starting-gear, with the consequence that the 
starting-engine shaft could not be utilised for 
reversing or stopping the engine. The engine and 
its propeller were thus apparently beyond control. 
Such an accident in manceuvres might have involved 
the loss by collision of two ships, in war tactics the 
loss of the engagement, or, perhaps, even the loss of 
our sea supremacy, always provided that the resource 
of the watchkeeping engineer was not sufficient to 
instantly avail himself of an alternative. As a 
matter of fact, the engineer officer on this particular 
occasion at once manipulated the throttle-valve of 
the engine, and so brought the vessel to anchor 
without any one on the bridge being conscious 
of the danger. Other similar contingencies might 
be instanced, which must arise, especially in war 
service, where the changes in speed involved 
by quick tactical movement must be numerous, 
and therefore must tend to excitement on the part 
of the watchkeeping engineer who is not thoroughly 
familiar with his work. Many instances of danger 
through insufficient knowledge could similarly be 
quoted. Quite recently a mechanician, sent to 
manipulate a duplex bilge-valve, failed to under- 
stand its operation, and succeeded in flooding the 
engine-room in a marvellously short period of time, 
with the result that the vessel had to be docked. 


Such a maladroit proceeding in the course of an 
action would be very sericus. 

Apart, however, from the question as to whether 
or not stokers can acquire the knowledge and ex- 
perience requisite for efficent watchkeeping, there 
seems even an objection to the constituting of a 
new rating in order to separate engine-driving from 


engine-repairing on board ship. We have more 
than once pointed to the great advantage of the 
engine-driver being, wherever possible, responsible 
for engine-repairing. It stands to reason that 
artificers, when responsible for the driving of the 
machinery, will more correctly diagnose the neces- 
sities of repair, and will take a ee r and more 
direct interest in maintaining the efficiency of the 





machinery. On the other hand, when they are 
conscious that the watchkeeping is dohe by men 
of less practical experience, and of not greater, if as 
much, professional knowledge, their interest will be 
diminished. There is, no doubt, the question of 
esprit de corps and discipline, but when the claims 
of these are contrary to the inevitable laws of 
human nature it is too much to expect absolute 
compliance, except under immediate control. Any 
one who keeps a motor-car knows perfectly well 
that where the chauffeur is a mechanic and is re- 
sponsible for the repair-work, greater care is 
exercised in obviating breakdowns, with the result 
that the repair cost is considerably less. When 
the chauffeur knows that his employer’s good will, 
sometimes expressed in a premium or in increased 
wage, is dependent on the maintenance of the car 
in satisfactory condition, he is keener to note any 
tendency towards breakdown, and to obviate it by 
precautionary measures. The same applies to the 
naval machinery on board ship, where the artificer 
obtained his promotion to the rank of artificer- 
engineer asthe result of freedom from breakdowns 
rather than facility in repair. It will be always 
difficult with two ratings, responsible separately 
for running and for small repairs, to apportion the 
credit or blame, and from this point of view the 
change cannot give the best results. 

There is the further consideration of the relative 
status of the artificer and mechanician. The re- 
pairer must take his directions from the watch- 
keeping engineer, and there can be no question 
that, notwithstanding the smattering of elementary 
science and practical and applied mechanics to be 
instilled into the stoker while he is being trans- 
formed into a mechanician, he will, in the great 
majority of instances, fail to come up to the intel- 
lectual standard of the thoroughly-trained artificer. 
Moreover, in the smaller craft, which bulks so 
largely in the Navy List, members of the artificer 
class are often now entirely responsible for the 
working of machinery, there being no engineering 
officer in the complement, and this prize of the 
artificer is now presumably to pass to the mecha- 
nician, a change which cannot be for the benefit of 
the Service. 

We do not propose to enter further into the 
personal question. The stoker, as we have said, 
has claims to advancement ; but, as was pointed 
out by our correspondent, ‘‘ An Old Engine-Room 
Watch-Keeper,” in last week’s issue, and by another 
correspondent in his letter this week, there are 
other avenues for recognising these claims. It 
might even be possible for a stoker to serve a full 
apprenticeship and acquire adequate experience to 

ome an artificer. Into that question we do not 
propose to enter. It is enough to consider the effect 
of the new mechanician on the maintenance of the 
machinery of the Navy ina reliable condition, parti- 
cularlyin war times. There is the suspicion that many 
in authority are conscious of the insufficiency of the 
mechanician’s training. Were mechanicians displaced 
by artificers in the Indomitable before she left on 
her remarkable voyage to Canada last summer ; and, 
if so, what was the explanation? Is it also the fact 
that in the complements of many ships two mecha- 
nicians fake the place of one artificer? If so, is 
the cost to the nation not greatly increased, apart 
altogether from the fact that artificers are taught, 
at their own expense in private works before enter- 
ing the Service, while the training of the mechani- 
cian involves very considerable expense to the 
nation? Moreover, while on this question of 
economy, we may ask, is the repair-work for the 
artificer sufficient to keep him employed while the 
ship is at sea? and, if not, how is his time utilised ? 








THE PRESENT POSITION OF RAIL- 
WAY ELECTRIFICATION. 

Five years have now elapsed since the first 
application of electric traction to heavy steam-rail- 
ways took place on the Lancashire and Yorkshire 
and the North-Eastern Railways. During this 
period not only has considerable experience been 
gained in connection with the general problem of 
steam-railway electrification, but also in connection 


with the relative advantages of the different systems’ 


which can be employed. The inauguration of the 
experimental running of trains on the South London 
lines of the London, Brighton, and South Coast 
Railway Company by single-phase current also 
marks an interesting epoch for a general review of 
the position. 

e electrification problem is almost as varied as 





our railways themselves. The solution is quite 
different, according to whether the application be 
to main line, suburban or purely urban. tra‘lic, 
densely-populated or sparsely-populated distri. ‘s, 
to level lines or heavy gradients. The relative 
proportion of goods and passenger traffic fo) 5 
another important factor. 

To decide upon the system of electric traction 
most suitable under running conditions involves a 
discussion not only of the type of current 
generate and collect, but of the method of conyey- 
ing it to the trains. The various systems may | 
conveniently grouped as conductor-rail systems and 
overhead-wire systems. The former include direct 
current at low or medium pressure, using an un- 
protected or partially protected conductor-rail for 
conveying the current to the trains, and is coin- 
monly known as the third-rail system. This 
system has now been in operation for several years 
under varying and severe conditions, being in use 
on the underground railways in London and in 
Paris, the North-Eastern and Lancashire and York- 
shire Railways, the Pennsylvania Railroad (Long 
Island branch), and numerous other systems. A 
modified form of this system involving the use of a 
protected conductor-rail is in use on the New York 
Central, on the Berlin elevated railways, and is 
about to be adopted on some of the Belgian State 
railways, while direct current at high pressure, also 
using a protected conductor-rail, is about to be used 
on certain railways in the Western States. 

Coming to the overhead-line systems, the high- 
tension direct-current overhead-wire system is best 
exemplified by the Cologne-Bonn line, which has 
been running for three years, but it is also used on 
various American inter-urban lines, including those 
of the Indianopolis and the Louisville Traction 
Company and the Central Californian Traction 
99 the latest installation being on a 65-mile 
line between Pittsburg and New Castle, using 1200 
volts. The three-phase system is one involving 
the use of two overhead wires, and has been used 
in a number of cases in connection with locomo- 
tives, especially on the Valtellina line in Italy, on 
the Simplon Tunnel, and is about to be adopted 
on some of the heavy grades of the Great Northern 
Railway in the United States crossing the Rockies. 
The single-phase system, using from 6000 to 10,000 
volts, is, perhaps, the one to which most attention 
is being directed at the present time. Notable 
examples of its use for suburban service are the 
Hamburg-Altoona and the New York, Newhaven 
and Hartford lines, locomotives being used on the 
latter. Itis also largely used by the Swedish State 
Railways and on aaa portions of the Midland Rail- 
way and the London, Brighton, and South Coast 
Railway in England. 

While there are special conditions in which the 
adoption of the three-phase system is justifiable, as 
a general rule the decision lies between the direct- 
current third-rail system and the single-phase over- 
head system. For many years before the develop- 
ment of the single-phase counmutator motor which 


makes possible the single-phase overhead - wire 


system, electrical engineers had been looking for 
a system which would allow of high-tension current 
being distributed to the trains by a single overhead 
wire, chiefly because it was realised that for dis- 
tances of 100 miles and over the energy could, with 
such a system, be distributed most efficiently. 
Judging from our present knowledge, it would 
appear to be the most suitable system for use if elec- 
trification were at the present time adopted for 
such lines as London to Birmingham, or even 
London to Brighton. It has also Teen applied in 
Sweden to the operation of lines in sparsely-popu- 
lated districts with infrequent traffic ; but whether 
the financial results of the use of single-phase would 
prove more satisfactory in those cases than where 
it is used for a comparatively frequent service, as 
on the New York, Tevtaves line, it is at present 
too early to state. 

It is well known that on the Heysham lines and 
on the South London lines the cost of the system, 
and especially of the overhead equipment, has 
proved greater than was anticipated ; but it is too 
early yet, of course, for any experience to be 
deduced from the cost of operating these two 
installations. A very careful statement, however, 
from the experience of the New York, Newhaven 
and Hartford Company, and of the faults which 
have appeared during operation of their new single- 
phase system, has recently been given. 

The troubles which have occurred on thiat 
system may be considered under three headings :— 
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1. The power-house. 

2. The line. 

3. The locomotives 

As regards the powor-house, the adoption of 
single-phase current did not materially affect the 
situation except as regards that portion of the cur- 
yent which was derived from three-phase generators. 
With these it was found that the utilisation of so 
much ‘single-phase current increased the stray 
magnetic field so much as to render it impossible 
for the generators to develop more than 66 per 
cent. of their normal rating, while overloads pro- 
duced abnormally rapid heating. After three un- 
successful attempts at alteration, however, the 
generators are to-day operating in the power-house, 
fulfilling the guarantees previously mentioned. 

While the insulation originally adopted proved 
sufficient for the 11,000 volts used, it was not suffi- 
cient where the line was subject to discharges of 
smoke and exhaust from steam locomotives. Ex- 
perience showed that in these places practically 
double the amount of insulation was required. - It 
was found necessary to increase the anchor insu- 
lators, and to replace those made of moulded 
material by porcelain, while at the present time the 
form of insulator used for supporting the feeders 
under highway bridges is being changed. As re- 


gards the trolley-wire, just twelve months ago it. 


became evident that some change in the mecha- 
nical supports was immediately necessary to pre- 
vent the breakage or kinking of the wire, which 
produced serious arcing. At times, on account of 
the extremely poor contact of the overhead 
shoes, there was insufficient power to enable the 
locomotive to do its work. After only a few 
months’ operation the cross-section of the copper 
trolley-wire had been so materially reduced as to 
point to a very short life. The cause of the 
difficulty was apparent—the rigidity of the line at 
the points of support. The solution adopted was 
to suspend from the original copper wire, by clips, 
at the middle points between the supports, an 
auxiliary wire made of steel, or a much harder 
copper, and of the same cross-section as the hard- 
drawn copper above it. While the hard alloy wire 
proved the better from an operating point of view, 
yet from commercial reasons, and also because steel 
was harder and stiffer and had a lower coefficient 
of expansion and a higher elastic limit, it was 
adopted. This auxiliary wire has now been in- 
stalled throughout the 100 miles of track, and is 
giving complete satisfaction. 

The third important trouble occurred on the 
locomotives. On the thirty-five locomotives origi- 
nally ordered it was found that the transformers 
and the motors were of ample capacity for the work, 
but many of the auxiliary electrical and mechanical 
parts were not of equivalent capacity. Six more 
locomotives were required and ordered in which a 
number of alterations were made in the mechanical 
details, the most important being the reinforcement 
of the truck-bolsters and the installation of pony 
wheels. The use of the latter and the spring ty 
of armature and field suspension has materially 
reduced the track and maintenance repairs. 

A study of the faults which have developed in 
connection with the Newhaven installation appears 
to show that most of them can in future be avoided. 
What, however, cannot be avoided at the present 
time is the extra cost of the overhead and motor 
equipment, and the extra weight and energy con- 
sumption of the latter. To what extent this is 
compensated for by the saving in transmission losses 
and in transmission cables cannot be stated until 
further experience is published ; but it is a notable 
fact that on another line in America—the Balti- 
more, Annapolis, and Shoot Line Railroad —where 
single-phase was originally adopted, the manage- 
ment is seriously considering its reconversion to 
direct current. It has ete adientd that even for 
suburban railway systems with frequent stops, for 
which direct current is especially suited, the single- 
phase system would show a very considerable ad- 
vantage both in first and operating cost. This, 
however, has not proved to Be the case, either in 
actual ager or in working out the detailed esti- 
mates for other schemes. e most recent and one 
of the most complete investigations upon suburban 
electrification—that carried out by Mr. Merz for the 
Melbourne railway system—showed that at the pre- 
sent time the single-phase system has not demon- 
strated either its superior efficiency or economy for 
such a service. The total annual cost of operating a 
heavy suburban system, including interest charges at 
the present day, would appear to be 10 per cent. to 





15 per cent. more than with direct current. It is 
obvious that a comparatively new system, such as 
this, must show some very decided advantages and 
operating facilities to counterbalance this loss before 
it can oust the older systems. As a mechanical 
structure a protected conductor-rail is superior to 
overhead wires, both in simplicity and reliability ; 
it not only needs less repairs, but less inspection, 
both of which, moreover, can be done by the ordi- 
nary permanent-way staff in daylight and while the 
service isin full operation. On the other hand, the 
inspection and repairs of overhead wires require a 
special class of labour, and need to be done at 
night, partly because the tower-wagons used involve 
the use of the track, and partly because the current 
must be cut off. The life of an overhead conductor, 
even with the latest improvements, seems likely to 
be much shorter than that of the conductor-rail. 
The single-phase motor equipment for a heavy 
suburban service would be nearly 50 per cent. 
heavier than one for direct-current, and it is more 
expensive ; its complexity means more costly repairs 
to the motors, while its weight adds to the load to 
be hauled and the cost of repairing the rolling- 
stock. The minor difficulties of greater telephone 
interference and greater danger are matters that 
will probably be surmounted with further oxpe- 
rience. 

While there are several systems of single-phase 
traction in use, they may be broadly divided 
between those using the compensated induction 
motor adopted by the B.T.H. and the A.E.G. 
systems and those using series-wound motors 
adopted by the Westinghouse, Oerlikon Company, 
and Siemens. There is, of course, a variety of 
details in connection with each type, but space does 
not allow of a minute description of the other dif- 
ferences between the various systems which have 
been adopted; naturally the different makers 
who have taken up this system have each their 
special devices. The supporters of the single-phase 
system contend that in many cases of installations in 
sparsely-populated districts the complete operating 
cost of the single-phase system is lower. Thus on the 
Oberammergau Railway the total efficiency between 
the generating station bus-bars and the wheels is 
given as 62 per cent. with continuous current, 66 
per cent. with three-phase current, and 71 per cent. 
with alternating current; while the capital outlay, 
it is said, would have been 16 per cent. more if 
three-phase current had been adopted, and 25 per 
cent. more had direct current been adopted. 

A study of the general trend of electrical opinion, 
both on the Continent and in America, leads to the 
conclusion that the single-phase system is being, and 
is likely to be, adopted to an increasing extent for 
the operation of lines carrying a medium traffic. It 
has yet to prove, however, that it is the best system 
for a frequent suburban traffic. It may be that 
with the improvement in manufacturing and inven- 
tions it will prove possible so to reduce the cost of 
the single-phase equipment as to render it superior 
for direct-current for suburban working; but it 
cannot be said that at the present time it has 
arrived at this state. Thus President Mellen, of 
the Newhaven line, states that the interruptions 
to the electric service are no more frequent than 
was the case when steam was in use, but they have 
found the expense of the single-phase system very 
much greater, and for the present it is not proposed 
to recommend ‘its extension. On the other hand, 
the New York Central Railroad direct-current in- 
stallation is understood to have been as successful 
as those on the Lancashire and Yorkshire and 
North-Eastern Railways, which have given satis- 
faction, both commercially and technically, such 
as to justify the extension of these systems 
being contemplated. 








PROGRESS IN INLAND NAVIGATION. 

For a long time there has been sitting a Royal 
Commission on Canals and Waterways, and it has 
already issued several reports. This Commission 
was appointed as the result of an agitation. which 
had as its mainspring the feeling that our canals were 
not utilised as much as they should be, and that 
they were being deliberately strangled in the 
interests of the railways. The public looked at the 
magnificent waterways on the Continent, and also 
at the low railway freights there for certain classes 
of goods, and asked why water carriage should not 
be equally serviceable here. They were, of course 
quite ignorant of the variations in conditions 
between this country and those abroad, and it is to 





be hoped that one result of the inquiry will be to 
disseminate fuller information on this point. In our 
country transport is not regarded as a Government 
matter ; it is left to private enterprise to provide 
the means, and it is only when there is the prospect 
of an adequate return that capital can be attracted 
for the purpose. When a canal ceases to pay, it 
runs the risk of becoming derelict, for money can 
seldom be found to reconstruct it according to 
modern ideas. But in most of the Continental 


countries the subject is viewed from another 
standpoint. The canals are built with Govern- 
ment funds, and often the use of them is 


given gratuitously to freighters. They are re- 
garded as highways, to be formed and maintained 
at the public expense. In certain parts of France 
the railways are not allowed to reduce their charges 
in order to compete with the canals. In Germany 
the great expansion of water-carriage of recent 
years has been made in order to relieve the State 
railways of heavy and poorly-paying traftic. The 
slowness of the transport is accepted by the 
freighters as a matter of course. They have never 
been accustomed to the quick delivery which ob- 
tains here, and would not dream of expecting a 
train-load of coal to be carried 300 miles in twenty- 
four hours. When they get the use of canals for 
nothing, it would be ungracious to be too exacting. 

What is being done in the matter of water-car- 
riage all over the world was well shown at the 
eleventh International Navigation Congress at St. 
Petersburg last summer. That city was a fitting 
— for the meeting, because, judged by the 
ength of her artificial water-courses, Russia leaves 
all the other countries far behind. The length 
of Russian canals, estimated at 173,000 kilometres 
(107,500 miles), in fact exceeds the total length 
of the canals of the other European countries and 
of the United States by about 51,000 kilometres 
(32,000 miles). In that estimate the United States 
are credited with 33,688 kilometres of canals, 
Germany with 24,159 kilometres, France with 
21,561 kilometres, Great Britain with 13,087 kilo- 
metres, the Netherlands with 8087 kilometres, 
Sweden with 7211 kilometres, Austria with 6461 
kilometres, and Italy with 3550 kilometres. The 
length is, of course, not a criterion of the im- 
portance of a water-course. But Russia is making 
notable efforts to develop its shipping and to im- 
prove its ports. 

In some of these efforts the Russian and the 
Austrian Governments are co-operating. This work 
concerns the regularisation of the Vistula, whose 
upper courses are in Austrian territory. The 
German Government is likewise interested in those 
operations, as a navigable canal joining the Danube 
to the Oder, which also rises in Austria, but is 
essentially a Prussian river, and to the Vistula, is 
being projected. Austria is further engaged in 
the regularisation of the March, or Morava, which 
joins the Danube together with the Thaya, and 
of the Danube itself. The Danube Canal, which 
traverses the city of Vienna, has been provided 
with barrages and locks, which protect the Vienna 
docks against floods and drifting ice ; another great 
winter port has been created at Linz, situated on 
the Danube, above Vienna. Regularisation is also 
carried out on the Moldau, or Moldava, the river 
on which Prague is situated, and on the Elbe, into 
which the Moldava flows. The position is, how- 
ever, so far peculiar, as the Austrian Government 
hesitates to spend the nts which the legisla- 
tive bodies have made. The Government objects 
that the designs, and the estimates on which the 
designs were based, are not sufficiently reliable. 
As the recent expert reports confirm those pre- 
viously made, however, it is expected that opera- 
tions will no longer be delayed, especially on the 
already-mentioned Danube-Oder Canal. 

In Hungary protection against floods is a more 
serious problem even than promotion of shipping, 
though the Danube is certainly a waterway rr the 
very first order. The canalisation of the main rivers 
and their tributaries already settled concerns 7000 
kilometres (over 4000 miles) of rivers. What has 
been done at the Iron Gates, and in connection 
with the regular canalisation of the Danube for 
many miles above the Gates, need not be repeated 
on this occasion. 

The great improvements which Germany is effect- 
ing in its ports, canals, rivers, and on its coasts, 
have also aoe referred to in our columns. The 
Prussian Parliament of 1905 did not approve of the 
full scheme of a West-East Canal, which was to link 
all the great rivers flowing northward. But it placed 
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25 million pounds at the disposal of the Govern- 
ment for the benefit of agriculture and shipping. 
The necessary negotiations and the projects are 
nearly complete, and operations have been started 
on the Canal Berlin-Stettin and on the Rhine-Han- 
over Canal. Great reservoirs are to be created near 
the sources of the Weser River, sufficient to feed the 
Weser section of the West-East Canal. Locks have 
been built on the Upper Oder, comprising twelve 
new locks fitted for oe oe service. The electric 
traction, introduced on the new Teltow Canal, near 
Berlin, has excited general attention, and the 
Warthe and Netze, tributaries of the Oder, from 
the east, which pass through many miles of what 
used to be hopeless swamps, are being canalised 
for vessels of 450 tons burthen. At an expenditure 
of 11.5 million pounds, the Kaiser Wilhelm Canal, 
cut through Holstein to join the Baltic to the Lower 
Elbe and the North Sea, which we fully described 
at the time of its opening in 1895, is to be ren- 
dered navigable for the largest modern warships. 
Much has also been done for the lighthouse ser- 
vice of the German coasts, the number of lights 
having been increased and their intensity consider- 
ably raised. The old Hansa towns—Hamburg, 
Bremen, and Liibeck—-have spent large sums on 
the improvements of their ports, and now thie 
former two can rely un 10 metres (32 ft. 9in.) 
of water at low tide. The municipality of Harburg, 
on the Elbe, is building a great port there, and the 
Prussian Government is doing the same for Emden, 
situated on the Dollart (a bay of the North Sea) 
in the estuary of the River Ems. The harbour 
works of Ruhrort, now finished, make this port 
one of the greatest inland dock centres of the world. 

South Germany is not behind. The wide and deep, 
but winding, Rhine is being regularised for large 
vessels on the reach Mannheim-Strassburg, and the 
Main is to be canalised from Offenbach, near Frank- 
fort, up to Aschaffenburg. The fate of this latter 
project and of several others will depend upon the 
final settlement of the shipping dues question. The 
traffic on the rivers and canals of Germany repre- 
sented in the year 1905 about 15 thousand million 
(15,000,000,000) ton-kilometres, and the transport 
by water has continued to increase. 

The Netherlands, the country which could not 
exist without hydraulic engineers and which pros- 
pers, thanks to their efforts, are doing their best 
for the great ports of Amsterdam and Rotterdam. 
The Ymuiden-Amsterdam Canal, which we have 
described, is being excavated to a depth of 10 metres 
and widened so as to take the largest vessels right 
into the docks of Amsterdam; and Rotterdam is 
going to build a new Waal port of 760 acres area, 
which will rank with the most extensive of the globe. 

At the end of 1903, when the projects of Frey- 
cinet called for a further expenditure of 170 million 
francs, France voted 300 million francs, of which 
128 million were to be spent on the sea ports, the 
rest on the improvement of inland navigation. 
More. than half of this sum—viz., 165 million francs 
~—had heen spent by 1907, the maritime ports 
claiming 106 million. The ports of Havre and 
St. Nazaire, which have been provided with new 
entrances, and Dieppe, Dunkerque, Boulogne, 
Rouen, Nantes, Bordeaux, and Marseilles have par- 
ticularly benefited; but more money has since been 

ranted, and the colonial ports of Algiers, Tunis, 
t(Cape Verde), and Diégo-Suarez (Madagascar) 
are also being improved. 

Belgium had in the years 1907-1908 sums of 53 
million francs at its disposal, about half for inland 
navigation and half for sea ports. The harbour 
pe igen at Antwerp, which have cost 16 
million francs in the years 1906 to 1908, are not 
included in these estimates, nor are other essen- 
tially municipal operations. The maritime ports 
of Ghent (Gand), Brussels, Bruges, Zee-Briigge, 
and Ostend are practically complete. The inland 
canalisation work indicates, in part, the connection 
with Northern France, which is doing its share in 
these improvements, 

The terrible disaster which has befallen the 
Straits of Messina may modify the projects which 
Italy was carrying out in accordance with the 
grants of 32 and 13.5 million francs of the year 
1904, and of 137 million francs of 1907. The 
sums were to be expended on the ports of Livorno, 
Naples, Brindisi, Lido (Venice), Palermo, and 
Messina ; Civita Vecchia and Savona have also 
drawn on these funds, while Genoa has been’ able 
to raise 15 million francs during the past four years 
for her port. 

The Spanish Government has not.been able to 





'do much except for harbours of refuge ; most of 


the Spanish ports are under the control of commis- 
sions, known as juntas de obras. Portugal has not 
been in a position to effect noteworthy innovations 
either. e formerly Portuguese and Spanish 
colonies in South America are more active. The 
ports of Manaos, Santos, Bahia, and Rio de Janeiro, 
also Para and Pernambuco in Brazil, Montevideo 
in Uruguay, Buenos Aires, Rosario, and La Plata, 
in the Argentine Republic, are undergoing improve- 
ments which will be much appreciated. Tenders 
have quite recently been invited for a canal, 36 miles 
in length, including canalisation of the Lugan River 
for 11 miles, to join Buenos Aires to the Rio 
Parana de las Palmas ; the depth is to be 28} ft. 

The progress realised in Sweden has repeatedly 
been commented upon in our columns. The utilisa- 
tion of the water-power of the Trollhattan, and of 
the Gota-Alf, which the Government has also bought, 
is being extended, and will make nearly 200,000 
horse-power available. In connection with this 
huge scheme, which will afford another characteristic 
illustration of the competition between black and 
white coal, the famous Trollhattan Canal is being 
rebuilt. The whole operations have been entrusted 
to a Royal Commission. 








THE WORKMEN’S COMPENSATION 
ACT AND UNEMPLOYMENT. 

At a time when questions are raised everywhere 
as to the root causes of unemployment, it is sig- 
nificant that in certain circles it is being asserted 
that the operation of the Workmen’s Compensation 
Act, if not the cause of unemployment, tends greatly 
to aggravate it. If this be so, it becomes of serious 
importance to examine why it is that a piece of 
legislation that Parliament designed to be entirely 
beneficent is really having the effect of depriving 
any workmen of their employment. 

The Act of 1906 practically compelled all em- 
ro to effect insurance against the risk of 

aving to compensate all classes of workmen for 
injuries received in the course of their employment. 
Very few firms are their own insurers, and the 
introduction of third parties no longer makes 
workmen’s compensation solely a matter between 
employers and workmen. The insurance com- 
panies are in the business for profit, and they are 
finding that policies which cover all kinds of acci- 
dents, and illnesses which are called ‘‘ accidents,” 
must cost the employers more than was at first 
anticipated. By the decisions of the Court of Appeal, 
rupture, heat apoplexy, and similar diseases are 
‘‘accidents” if brought on by work in the course 
of the workmen’s employment. Where these are 
fatal, the employers and the insurance companies 
raged are not disposed to protest against lia- 
nility under the Workmen’s Compensation Act ; 
but when illnesses that are only trifling come on 
in the hours of work, this ‘‘ interpretation” of 
employers’ liability for compensation is regarded as 
a temptation to a weak workman, who is not too 
scrupulous, to be a malingerer. However that may 
be, the fear of being mulcted for compensation for 
an ‘‘accident, ”. which often is not what was once 
popularly understood to be an accident, is causing 
employers to look: closely into the terms and cost 
of their insurance. The insurance companies can 
make what terms they like, and, of course, in con- 
sequence, employers, finding the terms more strict 
and more costly in many cases, are compelled to 
minimise their risk by refusing to employ men 
whose physical condition is likely to increase the 
risk of fatal accident or disablement. It has just 
been stated to a lawyer of great experience in com- 
pensation cases that a big firm who, in former 
years, were accustomed to settle all claims under 
employers’ liability and the Workmen’s Compen- 
sation Act of 1897, at a cost of some few hundreds 
a year, now find under the Act of 1906 that the 
total cost is at least four times as much. This, the 
law presumes, comes out of the employers’ pockets ; 
but, as a matter of fact, the extra cost of compen- 
sation is charged to account of labour—that is to 
say, it comes on the wages’ bill, but is not balanced 





by a reduction of wages, for that is determined, 
like the price of goods, by other conditions. 

An attempt at a balance of risks is effected in 
some cases by paying off the workmen who are 
not, in the estimation of the insurers, first-class | 
lives, such as represent the minimum risk of death | 
or disablement in the course of their employment. | 
It is stated on the same authority that, in a big 
shipbuilding firm, who are their own insurers, | 


it is now the rule to take on no new workman 
who is over the age of 40, and to re-engage no 
workman whose age is over 50, after he has becn 
paid off in a time of slackness. Sinee this has been 
adopted as a policy of economy by employers who 
are their own insurers, it may be anticipated 
that insurance companies in their compensation 
policies will impose the same strict conditions. 
A shipowners’ federation is said to be alreay 
requiring the observance of such precautionary 
measures as we have indicated, and these are 
steadily making for the reduced employment «f 
British seamen and stokers. 

Since the recent decision in the House of Lords 
which made the White Star Company responsible 
for compensation to the widow of a weak and 
emaciated artisan, working his passage home in the 
stokehold, who met his death from heat apoplexy 
and exhaustion in front of the boilers, insurance 
companies have been so strict that some Britis) 
steamships are said to have been obliged to dismiss 
men from the deck and the stokehold who were 
physically ‘‘ undesirables” according to the insurance 
companies’ standard, and in their place foreigners, 
whom it may cost much less to compensate, by 
reason of their better physique and less wages, 
have been taken on in their stead. The ten- 
dency assuredly is to make a medical examination 
of insured workmen compulsory, and even if this 
be not done by the insurance companies, they will 
charge their policy-holders such a premium as will 
amply cover the risk of all sorts and conditions 
of workers, and the effect indirectly will be to force 
employers to minimise such risk by insisting on 
medical . examination themselves, and getting rid 
of the large body of workers who are not above 
suspicion. 

The humanitarian may say that if, because of 
compulsory workmen’s compensation, industrious 
British workmen are being paid off, and, where 
possible, foreigners taken on, it is one more illus- 
tration of the ruthless heartlessness of capital. It 
should, in justice to employers, be remembered that 
till the Act which came into operation two years 
ago, employers’ liability was limited practically to 
accidents for which defective machinery or negli- 
se of an employer or his manager was responsible. 

ow that the liability of employers is no longer 
limited to comparatively rare cases, but applies to 
every injury or illness defined by the Courts to be 
an ‘‘ accident ” suffered in the course of the worker’s 
employment, it has imposed an obligation far more 
serious than anybody at first contemplated. Not 
the least of the troubles which the Workmen’s 
Compensation Act has brought in its train is the 
too common practice of malingering, by which the 
unscrupulous worker is defrauding not only his 
employer, but his honest fellow-workmen. In some 
cases the malingerer who has had an ‘* accident” is 
taking his half wages for many weeks or months after 
he is fit enough to return to work, and it has been 
pleaded in court that the compensation should be 
continued indefinitely, on the grounds that the 
workman was afraid to go. back to his old job. 
Such an excuse, of course, may in some exceptional 
circumstances be amply justified, but, more often 
than not, it amounts.to neither more nor less than 
malingering, and it is, putting the insurance people 
ae on their guard. 

e expulsion of workmen who do not represent 
an average moderate risk has begun, and as insur- 
ance of such risk becomes a heavier burden, the 
increase of unemployment caused by the Act, which 
may be comparatively small at present, may become 
alarmingly great. 

It has been recommended to amend the Act, so 
as to allow ‘‘contracting out.” This, however, 
is hardly a sound principle; it would, perhaps, 
make workmen’s compensation a dead letter. The 
operation of the Act has not had the desired 
effect of greatly reducing the number of accidents. 
The claims heard before the arbitrators in the 
County Courts all over the United Kingdom every 
day are at least sufficiently numerous to create 
anxiety amongst insurance companies and em- 
ployers, and as soon as it is realised that the quiet 
‘* weeding-out ” of the middle-aged and the weak is 
going on, the workmen may themselves question 
the ultimate good of the Workmen’s Compensation 
Act. 

The situation will soon be sufficiently serious to 
demand urgent attention, and we should say that 
already it calls for consideration whether the 
Government which has made compensation com- 
pulsory should not lessen the burden of employe 
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by making a contribution from workmen compul- 
sory, and, if that is not sufficient, make the insur- 
ance, in part at least, a national charge, and the 
entire business of workmen’s compensation insur- 
auce a Government department. 








AERIAL FLIGHT. 

In commencing the second of his lectures on the 
above subject at the rooms of the Society of Arts 
on Monday last, Mr. F. W. Lanchester said that 
on the last occasion he had discussed the resistances 
to its onward motion experienced by an aeroplane, 
and had shown that these and also the work done 
could be deduced from the rate of descent of a 
machine gliding at its natural angle under its own 
weight. He had further demonstrated the perfect 
stability of a ballasted aeroplane consisting of a 
sheet of mica loaded with lead at the centre of 
its leading edge. Parenthetically he might state 
that mica, thickness for thickness, was as stiff as 
steel, and, weight for weight, three times as stiff. 
In the present lecture he proposed to discuss the 
stability of flying-machines, since, although the 
theory was still incomplete, its main gen ang were 
now well understood. The question, taken as a 
whole, might, he said, be conveniently sub-divided 
into two parts, referring respectively to the longi- 
tudinal and lateral stabilities of the machine. In the 
first case we were concerned with the ‘‘ pitching” of 
the machine in a fore and aft direction, and in the 
second with ‘‘ rolling” motions about the axis of 
flight. In studying these questions the ballasted 
aeroplane proved of great use, as its behaviour did 
not differ materially from that of the most elabo- 
rately constructed models. 

The first essential to the stability of a flying- 
machine, the lecturer proceeded, was that it should, 
at any rate, have the stability of an arrow—that 
was to say, it should maintain a constant ‘“‘attitude” 
to the direction of its motion. This kind of stability 
could be secured by a suitably-disposed tail, supple- 
mented by vertical fins. Returning to the motion 
of the ballasted aeroplanes, Mr. nchester said 
that M. Moilliard, their inventor, had observed 
that in general such — followed an undulatory 
flight-path, the oscillations being due to the dis- 
turbance of a condition of stable equilibrium, about 
which the moving plane undulated. These disturb- 
ances generally arose from the fact that in launching 
the plane there was some error made, either in the 
angle or in the velocity of launching required, for 
the plane to move smoothly down at its gliding 
angle in a straight-line path. Such disturbances 
might, however, also arise from the motion of the 
air through which the model moved. Besides these 
larger oscillations, the plane was also subject to a 
kind of angular wobble of much quicker period. 
This did not affect the flight-path, but a model sub- 
ject to it presented when in flight the appearance 
of ‘‘flapping its wings.” It was absent, however, 
from models fitted with tail-planes, and was of no 
importance in the case of full-fledged aerodromes, 
in which the stability was given by a tail. This 
short-period wobble had first been observed by 
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Moilliard, and was due to a movement, of the centre 
of pressure on the plane, relatively to the centre of 
gravity of the machine. As the inclination of a 
plane to a moving current of air was altered, 
the centre of pressure shifted towards the leading 
edge of the plane in the manner indicated by 
Fig. 1. Thus with a plane at right angles to the 
air current, the centre of pressure coincided with 
ne centre of the plane. When, however, the 
jane was tilted to the current, the centre of pres- 
ure departed from the geometric centre of the 
ane, as indicated by the departure of the full- 
ine curve from the dotted quadrant, the de- 
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«st until this angle became very small indeed, 
1en, according to some Canadian experiments, 
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branch of the curve given. He had not, Mr. Lan- 
chester said, observed this effect himself, but he 
thought the observation was probably correct. In 
the case of a plane descending at its natural glid- 
ing angle through the air, the centre of pressure 
on the plane and the centre of gravity of the 
model coincided, and there was thus equilibrium 
between the weight and the supporting pres- 
sure. The question remained, Was this equili- 
brium stable, or would the coincidence, if disturbed, 
be re-established by the forces acting on the plane ? 
In the case of a ballasted aeroplane, if, by acci- 
dent, the plane was tilted at too great an angle, 
the centre of pressure moved to the rear, and, no 
longer coinciding with the centre of gravity, there 
was a couple, which tended to restore the condition 
necessary for equilibrium, as indicated in Fig. 2. 
If, on the other hand, the disturbance made. the 
angle of the plane too small, the centre of pressure 
moved tow: the leading edge of the plane, and 
the resultant couple then tended to increase the 
inclination of the plane to the line of flight, as 
indicated in Fig. 3. In both cases the effect was to 
restore matters to the conditions necessary for 
equilibrium. These shifts of the centre of pressure 

ve rise to the quick-pitched wobble observed by 
Moilliard ; but this was absent from models fitted 
with tails, which were only affected by much bigger 
oscillations arising from other causes. 

Should a ballasted aeroplane. begin to move other- 
wise than parallel to its end edges, then one end 
or other of it would begin eating into the wind. 
This caused the centre of pressure to shift towards 
that end, which resulted in a tilting of the plane, 
which consequently acquired a lateral motion, the 
plane sliding down in the direction of the down- 
ward tilt. The net result was. that any lateral 
inequality in the motion of the plane tended to 
bring the line of flight into agreement with the tilt 
of the plane, which after any such lateral disturb- 
ance was soon found to be travelling in the direction 
of its shorter axis. In the case of longitudinal 
disturbances, on the other hand, the plane ended 
by adapting itself to the original line of flight. 

Suppose, for instance, that a plane were launched 
horizontally with such a speed that the pressure 
just balanced the weight, the centres of pressure 
and of gravity coinciding. Owing to the resist- 
ances met with and consequent fall of velocity the 
reaction pressure would soon. be insufficient to 
balance the weight, and the line of flight would 
curve downwards till the true gliding angle was 
reached. Owing to the momentum acquired the 
downward curvature of the path would not stop at 
this moment, but would continue, with the result 
that the reaction pressure would begin to more 
than balance the weight. The flight path would 
then take an upward curvature, the machine risin 
again above the path corresponding to its natura 
gliding angle, above and below which it would con- 
tinue to wobble. 

In his work on aerial flight, the lecturer pro- 
ceeded, he had determined mathematically the 
character of the flight-path under the conditions 
stated. Its equation was 


H © 
3H. * pr’ 

where H represented the depth of the plane at any 
point of its path below a certain datum line, 6 the 
inclination of the path to the horizon, and H,, the 
depth below the datum line of the machine when 
moving along a straight horizontal path. The 
equation in question was deduced by assuming that 
at all points of the path the driving force was just 
sufficient to balance the resistances experienced to 
onward motion, and also that the moment of 
inertia about a transverse axis of the plane was 
small. 

Such a plane, launched horizontally with an appro- 
priate velocity, would, if undisturbed, continue to 
describe a horizontal flight-path situated at a depth 
H,, below the datum-line, and its velocity of motion 
would be equal to that acquired by a fall through 
the distance H,, If, on the other hand, the machine 
was launched horizontally with a velocity less than 
that acquired by a body falling through the height 
H,,, then, as already explained, the flight-path 
would consist of oscillations above and below the 
horizontal flight-path. When the amplitude of these 
oscillations was small, the curve followed by the 
machine was a projection of a trochoid on a plane, 
making an aa o of 45 deg. with its own plane. 
Different launching velocities corresponded to dif- 
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he centre of the plane, as indicated by the rising | ferent values of C in the equation given above, which 





might therefore be called the ‘‘ launching constant.” 
Mr. Lanchester then showed a series of these curves 
plotted for different values of C, which we have 
already printed in our issue of February 19 last, 

ge 242. The curves he showed varied from a 

orizontal straight line through larger and larger 
oscillations, until the path became a semi-circle 
having the radius 3 H,,. If launched with a velocity 
greater than necessary for this, the plane would, he 
said, ‘‘ loop the loop,” and this he demonstrated by 
means of asmall model. He further stated that 
for all curves between the straight line and the 
semi-circle his theory showed that the line of flight 
between the crests of successive oscillations was 
almost constant ; and this deduction he had con- 
firmed very thoroughly by experiments on four or 
five different models. 

The flight-chart (see page 242 ante) showed, he 
continued, exactly what would havpen if an aero- 
plane moving on a horizontal path was met by a 
gust of wind. If this sudden gust were so strong 
that the relative velocity of the plane to the air 
became equal to the velocity acquired by a fall 
through a distance 3 H,, the plane would commence 
to describe a semi-circular path, losing its stability 
completely at the cusps. Hence, if the natural 
velocity of the plane were 40 miles an hour, an 
adverse gust of 30 miles would be fatal, the curves 
showing, in fact, that any sudden gust, having a 
speed of more than half the velocity of the plane, 
would give the aeronaut a bad time. In view of 
what was known as to the possible magnitude of 
these sudden gusts, it appeared, therefore, that to 
defy the weather the velocity of flight should be 70 
to 90 miles per hour, and in this way only would 
it be feasible to secure the stability which was 
shown on the chart to be possible. 

In his mathematical analysis of the problem he 
had, as already stated, made two assumptions— 
viz., that the propelling force always exactly 
balanced the resistance, and, the other, that the 
size of the machine was small compared with the 
minimum radius of curvature of the flight-path. 
This latter condition was always satisfied when the 
oscillation about the straight-line path was small ; 
but in the case of the semi-circular path the radius 
of curvature at the cusps became zero, and here 
‘*something went wrong.” The assumption that 
the size of the machine was small compared with 
the radius of curvature of the path implied that the 
moment of inertia of the machine could be neg- 
lected ; but in practice even the models had a con- 
siderable moment of inertia, which gave rise to a 
kind of fly-wheel action, so that to change the 
direction of an oscillation required a torque to be 
exercised on the machine. 

Returning to the question of the resistance to 
onward motion, then, if instead of being always 
exactly balanced by the thrust of the propeller, this 
latter was constant, it followed that at the crests of 
the curves the thrust was in excess of the resistance, 
whilst in the troughs it was less. This caused 
the constant C in the equation to the flight-path to 
vary from point to point, and the net result he had 
shown was that the actual lack of balance between 
the thrust and the resistances tended to damp 
out the oscillations, and diminish their ampli- 
tude. The fact that the machine had an appre- 
ciable moment of inertia, on the other hand, 
tended to increase the amplitude of the ouscil- 
lations, with the result that the machine finally 
‘*collapsed.” This was demonstrated to the meet- 
ing by a model constructed by the ten-year old son 
of the translator into German of Mr. Lanchester’s 
treatise. In Germany, the lecturer said, young lads 
were taking much interest in such models, whilst 
here they spent most of their time in learning to 
hit a bit of leather with one kind of stick in the 
hope that later on in life they would the better hit 
a bit of gutta-percha with another kind of stick. 

Since the ofhects of the inertia and the resistances 
to motion were op , Mr. Lanchester continued, 
it was possible to find a condition in which the two 
effects exactly balanced each other, and the oscilla- 
tions of an aerodrome satisfying this condition 
would then remain constant in amplitude. This 
balance between the effects of inertia and resistance 
constituted the limit of stable flight. 

He had, the lecturer continued, derived an equa- 
tion* by which the stability of an acroplane could 
be determined from its drawings, and this equation 
he had tested by designing models to fly at the 


* See vol. ii. of ‘‘ Aerial Flight,” by F. W. Lanchester, 
or page 269 et seg. ante. 
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limit of stability calculated by it. These models 
were then altered until in flight the oscillations 
showed no sign of either increasing or diminishing. 
This done, the coefficient of stability was recalcu- 
lated, and always lay between 0.90 and 1.00. He 
had further applied the equation to models which, 
flown in 1894, showed remarkable stability, to 
Lilienthal’s machine, and to certain birds, with the 
results shown in the following table :— 
Value of ¢. 
6.4 and 4.7 

0.42 

1.8 


Lanchester (1894) models 
Lilienthal’s machine 
Swift... 
Albatross sas - : 1.18 
Voisin (Farman’s) machine ... 1.02 
In applying the formula to birds the data were 
somewhat uncertain. As originally made, more- 
over, the calculation gave the albatross a coefficient 
much less than unity, a result which made Mr. 
Lanchester wonder what the bird did with its feet. 
He finally discovered that in flight these feet formed 
pate an extension of the bird’s tail, and re- 
checking the calculation in view of this added fact, 
he got the figure printed in the above table. As to 
the Voisin machine, full data had been given him 
by the makers, who also assured him that it was 
stable. This from the look of the machine appeared 
doubtful, but the detailed calculation showed that 
the conditions of stability were just satisfied. 
Coming next to the question of steering, the lec- 
turer said this might divided up into altitude 
steering and azimuth steering. The former term 
was, however, hardly correct, since, other things 
being equal, to cause a machine to rise, instead of 
following a straight-line path, meant that the engine 
must develop more power, By changing the tail 
angle, however, the attitude of the machine could be 
altered, with the result that it could support itself 
at a lower speed, and in this way it was possible 
to temporarily avoid an obstacle by-rising above it. 
In the case of lateral steering, wing-twisting or its 
equivalent was necessary, since when the machine 
described a horizontal curve, the outer wing ‘‘ cut 
more wind,” and hence had a greater supporting 
power than its fellow. As a consequence the ma- 
chine tilted. A ceitain amount of tilting was, no 
doubt, an advantage, the effect being the same as 
that derived by banking a circular bicycle track. 
Unfortunately, however, the tilting did not cease at 
the right moment, ‘but continued, and if allowed to 
go on, the machine would finally begin to slide 
down-hill in a transverse direction. To counteract 
this wing-twisting or its equivalent was resorted to, 
the outer wing being twisted so that its support- 
ing power was reduced, and the inner one in such 
fashion that its pressure reaction was increased. 
Small-scale experiments, Mr. Lanchester con- 
tinued, were every bit as applicable to the design 
of flying-machines as to sea-going ships. In both 
cases the model and its counterpart could be com- 
pa by Froude’s law of comparison, and he 
lieved that great advantage would be derived 
from this fact in the future. 








THE BRITISH ROAD CONFERENCE. 

Tue Road Conference, convened by the County 
Councils’ Association, was held on the 29th and 
30th ult. and 1st inst. yy for the discussion 
of papers took place at the Institution of Civil 
Engineers, the Institution of Mechanical Engineers, 
and the Surveyors’ Institution. The meetings were 
well attended. The subjects dealt with had refer- 
ence to the construction and maintenance of roads, 
the speed and weight of light and heavy motor-cars, 
Exchequer grants, control and management of main 
and a roads, the dust problem, and traftic. In 
his opening address Lord Belper called attention to 
the fact that this country, like every other country, 
was suffering more or less from the advent of the 
motor-car and the increasing, use of mechanically- 
eg vehicles. It was not surprising, there- 
ore, that efforts should be made to solve the road 
problem, both with a view to deal satisfactorily 
with the traffic and to lighten the burden placed on 


the taxpayers. Of late the cost of road mainten-| j 


ance had steadily increased, and the condition of 
the roads had steadily deteriorated. The author 
of one of the papers remarked that the serious wear 
and tear of roads was caused by a combination of 
illegal speed together with illegal weight ; he be- 
lieved that under the provision of the Heavy Motor- 
Yar Order, the excessive wear and tear could be re- 
duced by checking the speeds and the weights. The 
small wheels of heavy motors were also referred to 





as causing much injury to the roadways. Armoured | 


tyres and studded tyres were also found to be highly 
detrimental. In regard to this, the chairman of 
one of the meetings at the Surveyors’ Institution 


stated that they felt it as an injustice that those | 
who most used the roads, and did the greatest | 


damage to them, did not bear their fair share of the 


expenditure. Many of the main roads were not up| 
to the standard required for traffic, and the cost of | 
| admitted, the training of the engineer specially fits 


their construction and maintenance should be 
spread over a wider area than was the case at 
present. de 
This view of the matter was more or less at the 
basis of the discussion which took place at the 
Institution of Civil Engineers on ‘‘ The Construc- 
tion and Maintenance of Roads,” and on ‘‘ The Con- 
trol and Management of Main and Other Roads.” 
On these points, however, opinions appeared to be 
divided on the question of the proper ‘‘ authority ” 
to deal with the different questions in connection 
with our roadways. The extra grant of 600,0001. 
mentioned.in the Budget now being discussed in 
Parliament would, it was said, really add to the 
expense of the county councils rather than decrease 
their expenditure, because the primary roads would 
become, presumably, main arteries of traffic, and 
this sum was utterly insufficient for the purpose 
which the Chancellor of the Exchequer had outlined. 
In regard to disputed claims for damages from 
extraordinary traffic, a motion was adopted to the 
effect that such claims should come before a special 
tribunal, whose decision should be final, the 
tribunal to be appointed by the Local Govern- 
ment Board, and to ‘consist of two qualified 
—— and a legal representative. 
he question of motor-cars was discussed at the 
meetings held at the Institution of Mechanical En- 
gineers, and one paper advocated a multitude of 
conditions, improved roads, lighter cars and larger 
wheels, suppression of armoured tyres or bands, re- 
gulation of speed on the basis of the weight of the 
car and the size of the wheels, penalties and fees to 
go only towards the maintenance of the roads and 
better lighting of the identification number at night- 
time. The speed-limit, said one speaker, had not 
prevented fast and inconsiderate driving through 
villages ; it had been enforced on straight and open 
country roads, where. there was no element of 
danger, and not through villages, round corners, 
and other places where danger existed. Diversity 
of opinion was evidenced in regard to charging the 
owners of motor-lorries for permission to use them 
on the roads. The taxing of those members of 
the community who used the roads was not viewed 
with favour by some members, and the duty to be 
laced on petrol was also found unjust by others. 
he chief cause of dust, apart from the manner in 
which it was produced, was to be found in the use 
of unsuitable road material. It is satisfactory to 
note that the greatest creators of dust were taken 
to be the hoofs of animals. Another cause for dust 
was the narrow-tyred heavily-laden cart, and still 
another cause the want of a proper foundation to 
the road beneath its surface. The motor-car scat- 
tered the dust, but.did much less to create it than 
was generally imagined. The only counteraction 
was to make the road waterproof, and the best way 
of doing this was to tar it, the only problem being 
one of cost. Finally, a motion expressing general 
approval of the proposals of the Chancellor of the 
Exchequer in regard to the future ‘‘allocation of 
motorists’ taxation,” and asking that, in the event 
of a central authority being established, provision 
should be duly made for the representation thereon 
of the local authorities, was carried, and the con- 
ference came to a close. 








NOTES. 
ENGINEERS AND THE TERRITORIAL ARMY. 

Ir is gratifying to have the assurance of the 
Secretary of State for War that the engineering 
profession has made a noble response to his call 
to arms in the Territorial force, and that a very 
large number of officers belong to the engineer- 
ing on aanape This announcement was made by 
Mr. Haldane when replying to the toast of ‘‘ The 
Territorial Forces” at the twenty-fifth anniversary 
dinner on Saturday last of the Junior Institution 
of Engineers, which, as one speaker said, was 
“the most alive Institution in the country,” 
and it is therefore fitting that many of the 
thousand odd members should be attached to the 
Citizen Army. The inclusion of the toast, which 
was proposed by Lieutenant A. Trevor Dawson, 





R:N.,; of Vickers Sons and Maxim, Limited, 
was further appropriate, because, as he pointed 
out, engineers are keenly interested and deeply in- 
volved in the success of the scheme of Mr. Haldane, 
since absolute confidence in the invulnerability of 
our defence is essential to the maintenance of 
our industrial supremacy. There are other reasons, 
however, why engineers should contribute to the suc- 
cess of the Territorial forces, because, as Mr. Haldane 


him to serve with the forces. As Lieutenant 
Dawson pointed out, the engineer’s knowledge of 
materials and his experience of stresses would be in- 
valuable in the making of temporary bridges, while 
his acquaintance with applied mechanics would 
render him icularly useful in connection with 
electrical appliances, flying-machines, and ordnance. 
Indeed, the whole organisation of the Territorial 
force seems to have been conceived on the lines of 
an engineer’s training—the development of intellect 
to overcome difficulties, the discipline of will to 
comply with immutable laws, and the courage of 
character to subject forces to the requirements 
of society. Thus an engineer is already half a 
military officer. The training necessary to com- 
plete the process makes the man a better citi- 
zen and a better worker. For this reason we 
regard the Territorial force as an important in- 
fluence in moulding the character of all work- 
men—an influence which is needed in view of 
the growing laxity in the matter of discipline 
in all the levels of the social scale. The new 
organisation, too, of the force will render it of 
reater effect from the point of view of defence. 
t was sometimes said of the Volunteers of former 
days that they were ‘‘ playing at soldiers,” while 
all the time they were being played with by the 
authorities, but the condition now is that there is 
complete organisation, comprehensive co-ordina- 
tion, and the development of a _ well-ordered 
system, whereby the units are organised for effec- 
tive service in divisions, with transport, ammuni- 
tion, and supply columns. 


Eaypt AND THE SouDAN. 


The importance to us, both politically and com- 
mercially, of the welfare of Egypt makes the 
annual reports of the practical, if not the nominal, 
ruler of the country of the greatest interest. 
Egypt throve amazingly under the long adminis- 
tration of Lord Cromer, and there is little doubt 
that equally good, if not so startling, progress will 
be maintained under Sir Eldon Gorst. It is not 
in our province to discuss the political features 
dealt with in the Agent-General’s report, interest- 
ing though they are. But pvlitical, religious, racial, 
and, in fact, all other interests are dependent upon 
the great engineering works which alone enable the 
country to oo de its dense and increasing popu- 
lation. From the irrigation point of view, the report 
states, the year 1908 was remarkable, the summer 
supply being the worst on record, and the flood- 
levels the best for the last ten years. Early in the 
year the authorities foresaw that the summer water 
would be short, as the southern gauge-readings on 
the White and Blue Niles were lower than had ever 
been known. Throughout April, May, June, and 
July the Nile fell below requirements, and had to 
be supplemented by discharges from the Assouan 
Reservoir. The irrigation of the cotton crop 
caused no great difficulty until the middle of June, 
when severe husbanding of the water became neces- 
sary, and had to be continued till the end of July. 
The difficulties were aggravated by the lateness of 
the flood, and Sir Eldon states the crop was only 
saved by the skilful management of the irrigation 
officers. Few people, he continues, outside the Irri- 
gation Department realise how greatly the cotton 
would have suffered without the Assouan Reservoir. 
The Delta Barrages were closed early in March, and 
no Nile water allowed to flow into the Delta. Earth 
dams were built at the mouths of the Damietta 
and Rosetta branches to keep back the sea, and 
allow the springs in the bed of the river to be 
utilised. The dams were cut early in August, on 
the arrival of the flood. The construction of these 
temporary dams is becoming annually more ex- 

nsive, and at some future date they will have to 

replaced by permanent barrages. The high 
flood, when it aid come after a long series of low 
floods, caused anxiety as to the safety of the banks 
in the Delta, and the Irrigation Department called 
out 27,900 men to guard the banks, as against 
12,152 in 1907. Fortunately, the flood passed o/f 
without accident. The raising of the Assouan dam 
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made good progress during 1908, and work was 
commenced and completed on the solid part of 
the dam on the east side, and on the west 
side for a length comprising 65 sluices, The ex 
penditure during the year was £E.369,3001. Great 
credit is given to Mr. Macdonald and his staff for 
the manner in which the first season’s work has been 
carried out. The Esneh Barrage, another great 
recent irrigation work, was dealt with in our issue of 
February 5 last. On account of the lowness of 
the water, it was decided, and found practicable, to 
divert the whole supply of the main channel of the 
river over the floor fai during the previous year, 
and this allowed the foundations to be com- 
jleted before the flood of 1908. Not only this, 
but the superstructure was sufticiently advanced 
to enable continuous work to proceed, and the 
whole barrage was practically finished by the end 
of the year. To have laid the foundations across 
the main river in two working seasons, and com- 
pleted the whole work in less than three years, and 
more than a year in advance of contract time, is as 
highly creditable to the contractors—Messrs. Aird 
and Co. and Messrs. Ransome and Rapier—as to 
the engineers responsible. The expenditure during 
the year at Esneh was £E.470,000, and the total 
cost of the barrage and the subsidiary works will 
be £E.1,000,000, 


THe New Bririsn BarriesHies ORDERED. 


The Admiralty have placed orders for two of 
the four battleships definitely provided for in 
the Navy Estimates. One of these will be built 
and engined by the Scotts’ Shipbuilding and Engi- 
neering Company, Limited, of Greenock, and the 
other by Palmer’s Shipbuilding and Iron Company, 
Limited, of Jarrow-on-Tyne. The others will be 
built respectively at Portsmouth and Devon- 
ag The two contractors, it is expected, will 

2 able to lay the keels in from four’ to six 
weeks, as both possess slips’ suitable for build- 
ing Dreadnoughts, while arrangements will be 
commenced in three or four months for the 
laying down of the dockyard ships in the slips that 
will be vacated in the autumn by the battleship 
Neptune and the battleship-cruiser Indefatigable 
respectively. These orders do not affect the other 
four ships mentioned in the Navy Estimates as ‘‘to 
be arranged for” before April next should certain 
contingencies arise. The four new ships are to 
be of an improved St. Vincent type, and will 
mark even an advance on the Neptune. The 
designs, which have been prepared by Sir Philip 
Watts, K.C.B., Director of Naval Construction, 
are for a battleship with ten 12-in. guns, each 
of 50 calibres in length, and capable of develop- 
ing a muzzle energy of 53,000 foot-tons, whereas 
the 12-in. guns in the Dreadnought develop an 
energy of about 47,000 foot-tons. In addition 
to this increased power per weapon, all the ten 
12-in. guns in the new ships may be fired on either 
broadside. For this purpose the deck erections 
have been reduced to the minimum, and the two 
= of guns placed in the centre of the ship in 
varbettes on each wing, but arranged in echelon, 
can sweep through almost a complete circle and 
fire on port or starboard sides. The other three 
pairs of guns will be mounted in barbettes in 
the centre line, one barbette being forward and 
two barbettes aft. In one of the latter the guns 
will be carried at a high elevation. In the United 
States latest ships the ten primary guns can also 
be tired on either broadside, but all of the guns are 
placed in the centre line. This has the disadvan- 
tage, as compared with the disposition of the guns 
in the new British ships, that the bow and stern 
fire is considerably reduced, owing to there being 
no guns on the wings. Moreover, the United 
States’ system makes it difficult to train all of the 
guns at an acute angle to the fore and aft line of 
the ship. The new vessels are to be fitted with 
turbines to develop a speed of 21 knots, which will 
enable them to take their place in the Fleet with 
the other Dreadnoughts of corresponding speed. 
As to the successful firms, the Scotts, of Greenock, 
have had association with the Admiralty for over 
100 years, and the securing of the order now is an 
indication of the maintenance of their high reputa- 
tion. They have supplied the machinery for many 
recent warships, including the St. Vincent, now 
being completed at Portsmouth, but they have not 
yet built a battleship. The last vessel added to the 
Navy from their works was the armoured cruiser 
Argyle. The Palmers Company have also a long 
ass ciation with the Navy, and amongst the battle- 





ships on their list are the Resolution, the Revenge — 
of the Royal Sovereign class—the Russell—of the 
Duncan class—and the Lord Nelson, the immediate 
predecessor of the Dreadnoughts. 


AERIAL NAVIGATION. 


General satisfaction will be felt that the autho- 
rities at last seem to have recognised the growing 
importance of aerial navigation, and have ap- 

inted a Committee, which, it is stated, will be 
urnished with adequate funds, to advise on the 
details of the thorough and continuous investigation 
of the problem which it is at last pro to 
undertake. The Committee will be constituted as 
follows :—President : The Right Hon. Lord Ray- 
leigh, O.M., F.R.S. Chairman: Dr. H. T. Glaze- 


brook, F.R.S., Director of the National Physical | 8"<* 


Laboratory. Members : Major-General Sir Charles 
Hadden, K.C.B. (Master-General of Ordnance, 
representing the Army); Captain R. H. 8. Bacon, 
R.N., C.V.0., D.S.O. (first captain of the Dread- 
nought, representing the Navy); Sir A. G. Green- 
hill, F.R.S. (formerly Professor of Mathematics at 
Woolwich); Dr. W. N. Shaw, F.R.S. (Director of the 
Meteorological Office); Mr. Horace Darwin, F.R.S.; 
Mr. H. R. A. Mallock, F.R.S.; Professor J. E. 
Petavel, F.R.S. (professor of engineering at Man- 
chester), and Mr. Fr W. Lanchester. Of course, it 
is well known that the War Office has been deal- 
ing with the question for some years past, but has 
attempted to solve the problem ‘involved mainly 
by its own engineer officers, which, in view of their 
necessarily deficient knowledge of the mechanical 
branch of the profession, are ill-adapted for such 
a task. Had reasonable encouragement been 
given to the private engineering establishments of 
the country there is little question but that we 
should have established a strong lead in this de- 
partment of mechanical transport. Fortunately, 
it is not too late even now to overtake the advantage 

ined by other countries. Some of the less intel- 
igent Members of the House of Commons have 
rejoiced in the prospect of the development of 
aerial warfare, on the ground that many hundred 
flying-machines could be built at the cost of one 
Dreadnought. This fact constitutes, however, a 
very serious disadvantage to this country. So long 
as it was very expensive to attack us, owing to the 
necessity of an adversary establishing a supremacy at 
sea, a strong Navy made the defence of these islands 
impregnable ; but should aerial navigation render 
invasion cheap, this advantage, held through many 
centuries, will be lost. Fortunately, a non-party Com- 
mittee has been formed in the House of Commons to 
impress the importance of aerial defence upon the 
country and the Government, though judging from 
some of the names on it, it would seem that its 
first work must be to educate some of its own 
members. Ata preliminary meeting held on Wed- 
nesday last Mr. Du Cros gave a very interesting 
description of the present status of the dirigible 
balloons in France and Germany. These he divided 
into three types; the rigid, like the Zeppelin, re- 
quiring thirty-five men to handle; the semi-rigid; and 
the non-rigid. The semi-rigid type was, he stated, 
that favoured by the French Government. One of 
these, carrying eight men, had travelled 200 miles, 
and such iw Be had the advantage that they 
could be dismantled and transported by rail. In 
Britain the first, launched in 1907, was non-rigid, 
and after a shorttrip to the Crystal Palace, where 
it was damaged by agale while waiting for a 
favourable wind, it was dismantled on its return to 
Aldershot. The Times, we may add, announced on 
Wednesday last that a new British dirigible was 
now ready ; but this is but 100 ft. long, and carries 
an engine of only 24 horse-power. 








Tue Junior INsTITUTION OF EnotnrErs.—A_ visit of 
this Institution was recently paid to the s.s. Otaki, of the 
New Zealand Shipping Company, on her return after her 
maiden voy to New Zealand. The members were 
received by a Lawson, marine superintendent to 
the company, Mr. J. Falcon, the superintending engineer, 
and Captain L. G. Silba, who commands the vessel. 
They were shown over each department, the engine-room 
naturally attracting special attention. Built last year by 
Messrs. my and Brothers, the Otaki, of 7419 tons gross 
register, is the first cargo-boat to be fitted with the com- 
bination system of turbine and reciprocating engines, and 
it was stated that their performance gave every satisfac- 


tion. She is 465 ft. long, 60 ft. beam, and 31 ft. deep, 
and is ne by three screws, two being driven by two 
sets of triple-expansion engines with cylinders in., 


39 in., and 58 in. in diameter by 39 in. stroke, the 

other by a. Parsons steam-turbine. Steam is generated 

oe single-sided boilers. Her speed on trial averaged 
ots. 





THE PHYSICAL SOCIETY OF LONDON. 


Ar the meeting of the Physical Society of London, 
held on April 23, Dr. C. Chree, F.R.S., President, in the 
chair, a paper by Professor W. H. Bragg and Mr. J. L. 
Glasson, ‘On a Want of Symmetry Shown by Secondary 
X Rays,” was read by Professor Bragg. When a primary 
X ray strikes an atom, a secondary X_ ray sometimes 
starts out from the place of impact. The experiments 
described in the paper were made with the object of com- 
paring the intensity of emission of the secondary X ray 
m a Teestion making an angle of about 45 deg. with the 
primary with the intensity in a direction making an 
angle of 135 deg., and therefore turning back almost 
completely. It was found that in the case of atoms 
of platinum, tin, or aluminium, or of such light 
atoms as are contained in celluloid, the former was 
larger than the latter, a | sometimes three times as 

t. Madsen has obtained similar, but much greater, 
inequalities in the case of the y rays. hen atoms 
of copper or iron were tested, atoms which give rise to 
a very soft radiation, there was little inequality, A similar 
inequality effect also occurs in the case of S rays. On 
the original-pulse theory, calculation showed that there 
should be no inequality of the secon iation in 
any case. If that theory were abandoned, as most writers 
now agreed to do, and the X rays were supposed to be 
bundles of energy travelling through space, there did not 
appear to be sufficient definition of such entities as would 
enable any comparison to be made between theory and 
experiment. If the rays were supposed to be material, 
the facts were generally in agreement with expectation, 
and afforded another instance of close parallelism between 
the phenomena of the X and the ¥ rays. 

Professor C. H. Lees said that Professor Bragg had 
given a lucid account of his theories of y and X rays. Llis 
researches would make physicists more careful in accept- 
ing the wther-pulse theory. He asked if it was likely 
that better means would be devised to discriminate 
between various forms of 7 and X rays than dividing 
them into “hard” and ‘‘soft” radiations. He thought 
many discrepancies could be attributed to this want of 
discrimination. 

Mr. C. A. Sadler pointed out that, whatever lack of 
symmetry might exist in the emergence and incidence 
secondary X radiations from a plate of a substance which 
was a source of scattered primary radiations, Professor 
Bragg’s results conclusively proved that such lack of 
symmetry did not exist when the plate was a source of 
homogeneous radiation. If, then, it was a necessary 
condition of Professor Bragg’s theory that such lack of 
symmetry should exist with secondary X radiations, we 
must either conclude that the theory here breaks down, 
or that these homogeneous radiations are not ja- 
tions as usually understood. It was to be noted also that 
the measured lack of symmetry (ignoring the lack of 
symmetry in the case of homogeneous 8, which had 
been shown to be only apparent) in the most pronounced 
cases was small compared with those obtained with ¥ rays. 

Professor Bragg, referring to the remarks of Professor 
Lees, said that for precision the actual s of all elec- 
trons ought to be measured. of measuring the 
speed, the penetrating power might be determined. 

A paper entitled ‘‘ Transformations of X Rays” was 
read by Mr. C. A. Sadler. It has been shown that the 
members of the group of metals chromium-silver emit, 
under suitable | pee radiations which are 
homogeneous, and which increase in penetrating power 
with increase of atomic weight of the radiator. si 
these homogeneous beams, the tertiary radiation exci 
by them in other metals has been studied by the author. 
It was found that the tertiary radiation excited in any 
member of the group Cr-Ag was homogeneous, and its 

netrating power was that characteristic of the radiation 
tom the substance when excited by a primary beam. 
With any given tertiary radiator it was found that the 
intensity of the homogeneous type of radiation emitted 
when the homogeneous radiations from the members of 
the group Cr-Ag successively fell upon the radiator was 
inappreciable unless the exciting radiation was more pene- 
trating than that characteristic of the radiator. Defining 
a quantity & such that the fraction of the energy of the 
secondary beam passing no y through a thin layer 52 
of the tertiary radiator which was transformed in tertiary 
radiation = ké 2, it was found that as long as the penetrat- 
ing power of the secondary beam was less than that charac- 
teristic of the tertiar iator, k wassensibly zero. When 
the secondary beam e@ more penetrating than that 
characteristic of the tertiary radiator, k increased rapidly 
to a maximum, and then decreased over a considerable 
range, with increase of penetrating power of the secondary, 
as a linear function of the ionisation produced in a thin 
layer of air by the secondary beam. It has been shown 
that when the characteristic radiation is excited in a sub- 
stance a corresponding increase in the absorption of the 
exciting radiation by that substance takes place. If \’ 
denote the increase in the value of the absorption coeffi- 
cient of the exciting beam by the material of the tertiary 
radiator consequent upon the emission of the tertiary 
radiation, k/\’ was found to decrease slowly at first and 
then more rapidly as the exciting beam became more 
penetrating. 

Professor Bragg congratulated the author on his inte- 
resting experiments, and said he could not see any satis- 
factory explanation of them on the pulse theory. 

A paper on the ‘‘ Theory of the Alternate-Current Gene- 
rator,” by Professor Lyle, was read by Dr. Russell. The 
author points out that the theory of armature reaction as 
ordinarily disc’ by electricians is unsatisfactory, as 
an important effect due to the mutual induction between 
the current in the field-winding and the current in the 
armature circuit is neglected. To simplify the problem, 
the case of a simple ironless single-phase alternator is 
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first discussed. The etic field, supposed uniform, 
is due to the current in a fixed coil connected with a source 
of constant electromotive force, and the armature is a 
coil of wire rotated in this field with constant angular 
velocity. In these circumstances, we may suppose 
that the mutual inductance between the two circuits 
varies in accordance with the harmonic law. The 
differential equations which determine the values of 
the two currents are easily written down, but their 
solution presents difficulty. The author gives a method 
of getting the complete solution. He first assumes that 
both the currents can be expanded in Fourier series. He 
then applies a novel vector method, and obtains equations 
to determine the value of the harmonic of any order in 
terms of the constant term in the field current. The 
operators in these equations are infinite determinants, 
but he shows how these can be readily reduced to con- 
tinued fractions. In practice, the resistance of the exciting 
circuit is small compared with its inductance, and thus 
the time constant is large. The continued fraction 
operators therefore rapidly ome recurring, and so the 
equations giving the solution are simple. 

he results prove that only odd harmonics appear in 
the expression for the armature current, and only even 
harmonics appear in the expression for the field current. 
The frequency of the induced ripple su oe on the 
exciting current is therefore double the fundamental fre- 
quency. The interesting fact is proved that this ripple 
is asymmetric; that is the positive half of the wave is 
of a different shape from the negative half. A simple 
geometrical method of obtaining the solution is also given. 

The author next takes into account the effects of hy- 
steresis and eddy currents. This he does by means of the 
permeability operators, the use of which he explained in 
the Philosophical Magazine for January, 1905. The mag- 
netic leakage of the armature is also taken into account. 
As a practical illustration of the method, the operation 
of a small two-pole alternator when supplying a non- 
inductive load is predetermined. A diagram is given 
showing the exact shape of the current-wave in the arma- 
ture, the ripple superposed on the exciting current, and 
their relative phase displacement. 

The action of “‘ dampers” in diminishing the heat losses 
in the field circuit and the theory of the synchronous 
motor are also discussed. 

Mr. W. Duddell expressed his interest in Professor 
Lyle’s paper, and remarked that the results which he had 
obtained were in accord with experiments made by him- 
self and Dr. Marchant some years ago. 

Dr. Russell congratulated the author on having ob- 
tained such instructive solutions of the differential 
equations which determine the value of the armature and 
field currents in a simple generator. The subject of 
armature reaction has been carefully studied by electrical 
engineers, and the literature of the subject is quite exten- 
sive. He referred in particular to the study made by 
Professor Blondel in 1900 of the ripples in the exciting 
current of a two-phase and a three-phase alternator. It 
was well known that ina single-phase machine the fre- 
quency of the ripple superposed on the exciting current 
by the alternate magnetising and demagnetising effect of 
the armature current was double the frequency of the 
armature current. This ripple disappears at no load, but 
in practice the ripples at no load are often very marked 
owing to pulsations of the reluctance due to slots in the 
armature. The latter ripples are much less pronounced 
at full load, as the load circuit acts like a damping-coil ; 
but new ripples due to the armature reaction appear, 
causing & distortion of the wave-form. As a rule elec- 
trical engineers assumed the existence of a sine wave 
of armature current, and then investigated the ampere- 
turns to be added or subtracted from the field-coils, so as 
to neutralise the magnetising or demagnetising effect 
produced. In this connection Blondel’s two-reaction 
method was extensively used, as it enabled approximate 
values to be rapidly obtained. The effect of the reaction 
on the wave-form of the machine, however, had been 
practically neglected, and Proféssor Lyle deserves great 
credit for his solution. In connection with the parallel 
running of turbo-alternators it was important, and the 
theory deserved careful study by engineers. The speaker 
thought that ‘‘dampers” were mainly used to prevent 
phase-swinging. He agreed with Professor Hopkinson 
that a similar effect might often be more economically 
»roduced by putting more copper on the field-windings. 

he difficulties that arose in connection with perfecting 
the theory of synchronous motors arose mainly from the 
difficulty of taking hysteresis into account in the mathe- 
matical equations. He thought that Professor Lyle’s work 
in this direction was most valuable. 

Professor L. R. Wilberforce exhibited a galvanometer 
of the Broca pattern suitable for general use in elemen- 
tary laboratories. ‘ 








Tue Institution OF Mininc En«rineers. — The fif- 
tieth general meeting of the members of the Institution 
of Mining Engineers will be held in London on Thurs- 
day, May 27, at 11 a.m., and, on Friday, May 28, at 
10.30 a.m., in the rooms of tae Geological Society, Bur- 
lington House, Piccadilly, London, W. Arrangements 
have been made for visits to works, to the head-quarters 
of the London Fire Brigade, and to the Standard print- 
ing offices on May 27 and 28. The following papers will be 
read and discussed at the ae" lectricity in 
Coal-Mines,” by Mr. Robert Nelson; ‘‘ Comparison 
between the Value of Surplus Gas from Regenerator 
By - Product Coke-Ovens and Steam Produced by the 
Waste Heat from By-Product_ Coke-Ovens, with Special 
Reference to the Evence one New By-Product 
Ovens,” by Mr. Mansfeldt H. Mills; ‘Coal-Dust to 
Date, and Its Treatment with Calcium Chloride,” by Mr. 
Henry Hall, 1.S.0., H.M. Inspector of Mines; *‘‘The 
Use of Concrete for Mine Support,” by Professor W. R. 





DIAGRAMS OF THREE MONTHS’ FLUCTUATIONS IN PRICES OF METALS. 
(Specially compiled from Official Reports of London Metal and Scotch Pig-Tron Warrant Markets. ) 


FEBRUARY. 


(89) FEBRUARY. 


MARCH. 


MARCH 


APRIL. 


APRIL. 


In the accompanying diagrams each vertical line represents a market day, and each horizontal line 
represents 1s. in the case of tiu plates, hematite, Scotch and Cleveland iron, and 1/. in all other cases. 
The price of quicksilver is per bottle, the contents of which vary in weight from 70 Ib. to 80 lb. The metal 


prices are perton. Heavy steel rails are to Middlesbrough quotations. Tin plates are per box of I.C. cokes. 








Crane ; “‘ Mining in British Columbia,” by Mrs. Rosa- 


lind Young ; ‘‘ On the Practical Use and Value of Col- 
liery Rescue Apparatus, and the Organisation of Rescue 
Corps,” by Mr. Geo Blake Walker ; ‘‘ Suggestions for 
the Organisation of "Golliery Rescue Brigades,” by Ser- 
nt Arthur T. Winborn ; ‘‘ The Wemyss Coal-Field,” 

y Mr. John Gemmell. 


Royau Institutrion.—The annual meeting of the mem- 
bers of the Royal Institution. was held on the afternoon 
of Saturday last, the 1st inst., Sir James Crichton- 
Browne, Treasurer and Vice-President, in the chair. 
The annual report of the Committee of Visitors for the 
year 1908, testifying to the continued prosperity and 
efficient management of the Institution, was read and 
adopted, and the report on the Davy Faraday Research 
Laboratory of the Royal Institution, which accompanied 
it, was also read. Forty-eight new members were elected 
in 1908. Sixty-three lectures and nineteen evening dis- 
courses were delivered in 1908. The books and pam- 
phlets presented amounted to about 238 volumes, making 
with 708 volumes (including periodicals bound) purchased 
py the managers, a total of 936 volumes added to the 
library in the year. Thanks were voted to the President, 
Treasurer, and the Honorary Secretary, to the Commit- 
tees of Managers and Visitors, and to the professors, for 
their valuable services to the Institution during the past 
year. The following gentlemen were unanimously elected 
as officers for the ensuing year :—President—the Duke of 
Northumberland ; Treasurer, Sir James Crichton-Browne ; 
Secretary—Sir William Crookes ; Managers—Sir Thomas 
Barlow. Bart., Mr. William Phipson Beale. M.P., 
Mr. Horace T. Brown, the Right Hon. Sir Henry 
Burton Buckley, Mr. Charles Hawksley, Dr. Donald 
William Charles Hood, Mr. Alfred Kempe, the 
Right Hon. Lord Kinnaird, Sir Francis Laking, Bart., 
Mr. Henry Francis Makins, Mr. George Matthey, 
Mr, Rudolph Messel, the Right Hon. Sir John Fletcher 


Moulton, Sir Andrew Noble, Bart, and the Hon. Lionel 
Walter Rothschild, M.P. Visitors—Dr. William Arthur 
Brailey, Mr. Arthur N. Butt, Mr. James Mackenzie 
Davidson, Mr. Richard T. Glazebrook, Mr. John William 
|Gordon, Dr. James Dundas Grant, Major-General Sir 
| Coleridge Grove, Mr. Charles Edward Groves, Mr. John 
| List, Sir Philip Magnus, Mr. Robert Mond, Colonel 
|Sir Frederick Nathan, the Hon. Charles A. Parsons, 
| Mr. James Swinburne, and Mr. Arthur James Walter. 


Tur Roaps ImproveMENT AssociaTIon.—The annual 
| general meeting of the Roads Improvement Association 
| was held at the offices of the Association, 1, Albemarle- 
| street, Piccadilly, W., on Thursday, April 29. The 
| chairman moved the adoption of the annual report, which 
| showed that the outstanding feature of the past year in 

connection with the movement for improved roads was 
the International Road Congress, held in Paris. In this 
'the Association took a very active interest—seven <ele- 
| gates were appointed, several of whom contributed papers 
|for discussion, and the Association displayed, at the 
exhibition held in connection with the Congress, a 
number of sections of road, both immediately after treat- 
ment and after a certain period of wear, made with dust- 
less road materials and also surface-treated with tar. In 
Parliamentary matters the Association had given exteusive 
consideration to the Housing, Town Planning, &c., bull, 
and had secured the President of the Local Government 
Board’s favourable consideration towards amendmeuts 
to the Bill to provide for efficient highways. A large 
number of pack highway matters had been dealt with 
during the year and many improvements secured, espccl- 
ally in the direction of securing the rolling in of unro!led 
metal upon the highway. A scheme for the official test- 
ing of dust-laying materials, dustless road-materials, 

had been issued, and two applications for tests had !« en 
received ; arrangements are boner made for the carr) ng 
out of the tests during the early spring. 
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SMALL SAW-BENCH FOR HAND OR ELECTRIC DRIVE. 
CONSTRUCTED BY MESSRS. A, RANSOME AND ©O0., LIMITED, ENGINEERS; NEWARK-ON-TRENT. 
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THE neat little saw-bench illustrated above is of -a 
type recently designed by Messrs. A. Ransome and 
Co., Limited, to Admiralty requirements, for use on 
board ship. It is arranged to. be driven either by hand 
or electric power, and will take saws up-to 15 in. in 
diameter. The table is 32 in. long by 25 in: wide, and 
carries a bracket underneath, which works in vertical 
slides in'the bed of the machine. The bed is a stro 
box-casting, which coutains the motor, and is bol 
to standards ‘having feet spread widely enough to 
avoid the necessity fer holding-down bolts when the 
saw is being worked to its utmost capacity. The 
table is raised. and lowered by means of. the hand- 
wheel and screw, shown in front of the machine, and 
it may be locked in any position. It is fitted with a 
parallel fence, which has a rapid hand adjustment and 
a tine serew adjustment. 

(he position of the motor, with its armature mounted 
directly upon the saw-spindle, is shown best in Fig. 2. 
The motor is rated at 2 brake horse-power for two 
hours’ continuous work, and will work at 3 brake 
horse-power for short periods. It is of the two-pole 
compound type, and wound for 80 volts.. Variable 
speed is obtained by shunt re tion, the control gear 
ig fitted at the side of the machine, as shown in 
Fig. 4. By removing:a brass plate let into the table 
of the saw-bench, the armature and brushes may be 
easily inspected or adjusted. The electrical equipment 
of the machine was manufactured by the Electric and 
Ordnance Accessories Company, Limited, of Birming- 
hai, and is in accordance with the standard Admiralty 
specification. 


The saw-spindle runs.in ball: journal-bearings, and 
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600 to 1200 Revs per Min 


end thrust is taken by a double ball-thrust 
collar. At the hinder end is keyed a steel 
cut pinion, which is driven by the large cut 
spur-wheel and handle when current is not 
available. At other times the spur-wheel 
is removed, which is readily done. The machine is 
fitted with one of Ransome’s saw-guards, consisting of 
a shield of sheet-steel to cover the saw. The guard 
is carried in a slide on a vertical post, and can be 
adjusted vertically by means of a screw. When 
necessary, it can be instantly turned back out of the 
way to give access to the saw. 
he bench, complete with motor, &c., weighs 11 cwt., 
and can be readily taken apart for stowage. The 
wer equipment is ample, as when under test, cutting 
hard oak 4 in. thick with a very quick feed, the motor 
never took more than 2.1 brake horse-power. We 
understand that orders have been received from the 
Admiralty for between thirty and forty of these 
machines for various vessels. e works of the makers 
are at Newark-on-Trent, and their London offices at 
63, Queen Victoria-street, E.C. 





** ENGLISH Prices WITH GERMAN EqurivaALents.”—This 
forms the title of a small booklet compiled by Mr. St. 
Koczorowski and published at 1s. by Messrs. E. and F.N. 
Spon, Limited, 57, Haymarket. It gives the rates per 
lb., with the equivalents per in marks kilogramme 
calculated at seven rates of Jom Laat The prices trans- 
lated commence at?,d. per lb., and increase by sixteenths 
of a penny up to one shilling per lb., then increasing by 
larger fractions up to 20s. per ib This will prove a most 





useful ready-reckoner. 











Fia. 4. 


DRAINAGE AND WatTeR Suprpty in Potanp.—H.M. 
Consul at Warsaw reports that new filters and reservoirs 
are being construc’ at Bielany, on the north side of 
Warsaw. The establishment of a pumping-station is 
contemplated, and tenders will be called for within a 
short time. The principal mains are provided at every 
120.ft. with connections for fire hydrants, but at present 
only one-third of the hydrants have been put in place. 
The nw, eH water supply of Lodz, and of 
Lublin and om, will shortly ye undertaken. 





Tuer ENGINEERING STANDARDS ComMITTRE : STANDARD 
SpeciricaTions.—A report, No. 42, just issued by the 
Engineezing Standards Committee deals with reciprocat- 
ing engines for electrical purposes. It is intended to 
assist engineers and makers of steam-engines towards 
mutual understanding. In it are to be found clauses con- 
taining information which it is recommended should be 
supplied by the purchaser to the maker, as well as a state- 
ment of what should be supplied by the prospective buyer 
to the maker if desired. Recommendations are also 
given as to governing, cyclic variation, highest economy, 
maximum load, steam and exhaust pressure, &c. By 
following out the suggestions contai in the report it is 
hoped that lengthy negotiations may be shortened. 
Copies of the report may be obtained for 2s. 6d. net from 
the offices of the committee, 28, Great George-street, 
Westminster, S.W., or from Messrs. Crosb Copent 
and Son, Stationers’ Hall Court, Ludgate hill, E.C., and 
1214, Victoria-street, Westminster, 8. W. 
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THE ROAD-MOTORS OF THE PRESENT 
DAY, AND SOME UNSOLVED PROBLEMS 
CONNECTED WITH THEM.* 

By Colonel H. C. L. Honpen, R.A., F.R.S. 
(Concluded from page 608. ) 

Friction.— Although friction can be seduced by lubrica- 
tion in every instance, there is still a good 
be effected in design in reducing friction by the substitu- 
tion of ball or roller bearings for plain ones in suitable 
poems and by the use of metals having low coefficients of 
riction for bearing surfaces. The ball-bearing as made 
to-day is a very efficient device for reducing frictional 
losses in rotating shafts, for wheels, and for all purposes 
where the bearing is not subjected to alternating stress or 
shock, and is consequently applied to many parts of the 
mechanism of the -motor with great advantage? 
indeed, the introduction of the ball-bearing may be said to 
have been due first of all to the advent of the bicycle for 
the adjustable type of ball-bearing, and to the -motor 
for the non-adjustable types. It has not been used to any ex- 
tent for the connecting-rod bearings and crank-shaft bear- 
ings of the “pe. nor has it been ap lied to the gudgeon- 
pin, where, if a roller-bearing cou H be designed which 
would stand the repeated shocks, it would undoubtedly 
be an advantage, for one reason alone—viz.,the uncertainty 
of lubrication of this part of the engine. Objection might 
be raised to the use of roller or ball ings on recipro- 
cating parts on account of the extra weight involved, 
which is a very important matter in engines having such 
high speeds as those of the ordinary motor-car. The 
Gdestion of a suitable alloy for lining bearings, when 
white metal is used, is a somewhat important matter, 
particularly when the shafts or spindles are made o} 
nickel steel or ‘nickel chrome, or one of the other modern 
alloy steels, none of which appears to work as sweetly in 
the ordinary gun-metal or P osphor-bronze bearing as in 
a bearing lined with anti-friction alloy ; indeed, in the 
case of some of these steels it would be certain to lead to 


disaster, sooner or later, to trust to a shaft made from 
them working properly in any bronze i 
I 388 —Very cl 


Effietency in Transmission of. Power, osel 
allied to the two subjects just discussed is that of oth. 
ciency in transmission of power from the engine to the 
road-wheels of thecar. Leaving out of the question for 
the moment the efficiency of the engine itself, there are 
many ways in which power can be lost between the fly- 
wheel of the engine, which usually forms the starting- 
point of the transmission system, owing to its containing 
the friction clutch, which can be made at will to transmit 
the rotation of the engine to the road-wheels. A perfect 
clutch should, of course, transmit the revolutions of the 
engine to the main shaft of the gear-box without any slip 
whatever when fully e ; any slip means friction, 
and consequent loss of power manifested in the form of 
heat; there are many forms of clutches—the leather cone, 
metal cone, and plate-clutch, or multiple-dise clutch—but 
none of them can be depended upon not to slip in the 
way that one which is positively , as, for in- 
stance, by metal teeth, when completely home, can. 

Owing to the difficulty of ensuring complete alignment 
between the crank-shaft of the engine, either when the 
car is built or afterwards owing to wear taking place, it 
is customary to place one or two (the latter being the 
more correct plan theoretically) Hook’s universal joints 
between the clutch member and the main shaft of the 
gear-box, or else some simpler form of joint which is more 
or less the equivalent. It is obvious that there must 
always be loss in transmission through such joints, a fact 
that is clearly demonstrated by the rapidity with which 
they often wear. In the gear-box itself, apart from the 
loss that there always is and must be in the transmis- 
sion of power from one toothed wheel to another, there 
is in this instance the difficulty that, owing to the 
small diameters of wheel and surfaces of teeth which 
are possible, and the considerable power that has to 
be transmitted, the surface pressures and losses must 
be comparatively high. In some designs of gear the whole 
of the wheels are in mesh, either as drivers or driven, 
all the time ; in others the whole of the wheels rotate on 
all the speeds but one. It has al been pointed out 
that this leads to churning the oil in the r-box, which 
is another means of absorbing power. If the car is what 
is termed a gear-driven or live-axle car, as opposed to a 
car in which | the driving-wheels are driven by pitch 
chains, then there is a further loss owing to two more 
universal joints connecting the gear-box shaft with the 
bevel-gear in the back-axle gear-box. Unfortunately, 
this shaft, sometimes called the propeller-shaft, seldom is 
in direct prolongation of either the gear-box or live-axle 
box shaft owing to the action of the springs of the car- 
ri ; and though the angular movement may be faith- 
fully transmitted owing to the fact that there are two 
universal joints, it is indisputable that there are consider- 
able frictional losses which would be entirely avoided if it 
were possible to fit a = shaft instead of one with two 
universal joints; the losses in the live-axle gear-box are 
of a similar nature to those in the gear-box containing 
the change-gear. 

The total losses in transmission from the engine to the 
road-wheels are not accurately known under road condi- 
tions, and will not be until some means of ascertaining the 
actual power given out by the engine at any moment on the 
road has been devised and taken into practical use ; but it is 
quite clear from the hill-climbing capabilities of cars, of 
which the maximum engine-power is known, that the 
losses in transmission may vary from 20 per cent. to as 
much as 40 per cent., or even more under such circum- 
stances. Transmission losses may, it is thought, be some- 


* The ‘‘ James Forrest” Lecture, 1909, delivered before 
the Institution of Civi] Engineers, April 26, 1909, 
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what reduced in the future ; it is quite obvious, however, 
that they cannot be entirely avoided. 

Tyres.—The tyre problem had a far-reaching influ- 
ence on the development of the road-motor, but yet is one 
of those problems that, after many years of patient work 
on the of inventors and manufacturers, is still con- 
sidered by some to be a long way from solution. Tyres 
may be divided into three main categories : the so-called 
iron tyres, which are now generally steel, solid rubber 
tyres, and pneumatic tyres. We are indebted to M. 
Michelin for the results of a valuable series of experi- 
ments which he carried out more than thirteen years ago 
on all kinds of roads, with the object of demonstrating 
the advantages of the pneumatic tyre, which showed that 
a vehicle whose wheels were shod with iron tyres offered 
nearly 33 per cent. more resistance to traction than if the 
tyres were pneumatic, while solid-rubber tyres offered 
approximately only 3 per cent. less than the iron, thus 

owing an enormous difference in favour of the pneu- 
matic. 

The iron tyre, which has been in use for hundreds of years, 
and is still used on the majority of horse-drawn carriages, 
would serve the purpose of the road-motor perfectly, if only 
the roads had as good a surface as the tyre, and were free 
from all i larities, and were as hard as the tyre itself, 
a perfect rolling action would then obtain ; these condi- 
tions do not, and cannot, exist in actual practice, The 
solid-rubber tyre is a compromise between the iron tyre 
and the pneumatic one, and has more advantage over the 
former than the difference in traction resistance would 
indicate ; the pressure per square inch on the road surface 
is very much by its use, and shocks are 
absorbed to a great degree instead of being transmitted 
to the mechanism and other parts of the carriage. Many 


f | forms of solid-rubber tyre have been invented from time 


to time, the object aimed at being generally to make them 
more yielding, without any loss of elasticity or resilience ; 
but these efforts have not so far—and it does not appear 
likely that they ever will be—been crowned with any 
measure of success. 

The invention of the pneumatic tyre, or, rather, its 
adaptation to motor-cars, use it had been in common 
use on bicyeles for many years before, had the immediate 
effect of enabling much higher speeds to be attained than 
had previously been thought possible. Though not per- 
fection, it is the nearest approach to it that we have at 
poreené ; for being filled with air under pressure, it would 

perfectly elastic if it were not for the inner tube which 
retains the air, and the cover which protects the inner 
tube from damage, and takes the wear and tear from the 
driving effort and the road surface. The portion of the 
pneumatic tyre in contact with the road, which adapts 
itself readily to the configuration of the surface, and to the 
changes thereof, can be made, by reducing or increasing 
the pressure of the air, to present more or less su to 
the road, and at the same time it acts as a very effective 
elastic cushion, so to s) , between the road and the 
vehicle generally, which absorbs all road shocks of an 
ordinary character. The effective surface for adhesion be- 
tween the tyre and the road is naturally greatly increased. 

The above properties of the pneumatic tyre render it 
unnecessary to use large diameter wheels, a point of no 
little importance in connection with road-motors. 

Unfortunately, however, the advantages of the pneu- 
matic tyre are counterbalanced by not a few disadvan- 
tages, such as its high prime cost, its rapid wear, and 
vulnerability to damage either from material composing 
the road, such as flints, or from nails, glass, or similar 
objects which may be found on any highway; such 
things cut the india-rubber tread in the first instance, and 
if not removed, ange work their way through the 
canvas or other fabric that forms the basis of the outer 
cover, and in a very short time perforate the air-tube, 
rendering the tyre useless for the time being until 
repaired and reinflated. “ 

Various inventors have put forward remedies for these 
defects, but as in every case the cover is either increased 
in thickness and reduced in flexibility, or is constructed 
of other materials in addition to the rubber and canvas, 
the qualities of the tyre as a pneumatic one are thereby 
considerably impaired, and decreased vulnerability is only 
obtained at the sacrifice of other, and possibly more im- 
portant, qualities. There are, however, two other defects 
in the pneumatic tyre for which no completely satisfactory 
remedies have yet been found. Owing to its large area of 
contact with the ground, and the small pressure compara- 
tively per unit of area, the coefficient of friction when the 
surface of the road is of a greasy character is so small that 
slipping, or, as it is termed, ‘‘skidding,” occurs, and the 
vehicle may me uncontrollable from this cause. In 
this case no remedy has been discovered which does not 
impair to some extent the action of the tyre as a pneu- 
matic one, projections of various sha and form, dic- 
tated by theory or fancy, and moulded on to the rubber 
tread, are in use, and so long as they are new are 
partially effective, as also are covers which are armoured 
with metal studs or plates, chains and the like; all 
these devices would appear to depend for their effec- 
tive action on the fact that the projections, whether 
metal or rubber, have a small area, and therefore higher 
pressure, per unit area than that of the plain tread, and 
thereby penetrate the layer of greasy substance, and 
obtain a firm hold on the road surface beneath. This 
explanation is a plausible one, and can''be verified by 
observation, and is corroborated by the fact that if the 
layer of grease is more than a certain thickness and con- 
sistency, such devices fail to act. The very resilience of 
& pneumatic tyre is indirectly another cause of defect ; when 
a vehicle on pneumatic tyres passes over an unevenness in 
the ground or an obstacle, the blow is taken by the 

eumatic t which yields, and then quickly reasserts 
itself, the effect of which is to start an oscillatory move- 
ment of the vehicle on its springs, which, under favour- 


able conditions of and road, may not only continue 
for a considerable time, but even increase in amplitude, 
rendering the nt unpleasant, if not actually dan- 
gerous, at very high speeds. ; 

A partial rn 'y for this has been found in the shock- 
absorber eee between the sprung and. unsprung por- 
tions of the vehicle, which, by a frictional or by a 
similar device to that on a gun-carriage to control 
Jo agg of a gun, damps out the oscillations more or !ess 
rapidly. 

An ERS defect, though I am afraid a more or |ess 
inherent one, of the pneumatic tyre is that it raisesan in- 
ordinate amount of dust when passing over the ordinary 
high road; this dust, which is removed from the road 
surface, it would seem, by the partial vacuum formed by 
the tyre, would do no appreciable harm if it could be 
induced to fall again on the road at the spot where it had 
been raised ; unfortunately, however, the passage of the 
body of the car over the road displaces the air in front of 
it and forms violent eddies, which, in the case of a fast 
and powerful car, amount almost to miniature whirlwinds, 
which catch up the dust so disp and scatter it far and 
wide, to the intense discomfort and annoyance of other 
users of the road. The subject is one which has and is 
attracting the serious attention of the authorities and 
institutions representing the road-makers and users ; but 
so far the only effective known remedy is the road whose 
surface has been rendered dustless by one or other of the 
now well-known means. 

Before vty ! this branch of the subject I must refer 
briefly to the device which is generally known as the 
spring-wheel. Of this there are many forms, though 

am not aware of any being in extended use. Such wheels 
are almost invariably fitted with a solid-rubber tyre, and 
the rim of the wheel is connected to the hub through steel 
springs or pneumatic devices, which sometimes allow 
movement of the rim in the vertical plane only, and some- 
times in the horizontal plane as well. Such wheels are 
necessarily of a more or less complicated construction, and 
it is difficult to see what purpose they can usefully fulfil 
which cannot be equally well met by the suspension: 
springs of the vehicle. As wheels they are more liable to 
fail than the ordinary rigid form, and their extra weight 
is not an argument in their favour. 

Exhaust Gases.—The study of the composition of the 
exhaust gases is important from two different aspects :— 

1. The efficiency of the engine as affected by the more 
or less complete combustion of the mixture. 

Determining to what extent carbonic oxide, or carbon 
monoxide, as some chemists term it, is being discharged 
into the atmosphere. 

Fortunately, the highest thermal efficiencies are ob- 
tained with the lowest percentage of carbonic oxide, and 
fortunately also the supply of oxygen in the atmosphere 
is practically inexhaustible, otherwise the effect of the 
working of a large number of petrol-motor vehicles in the 
streets of a town might have serious co uences, as 
the petrol-engine takes in a mixture of which, roughly 
speaking, not less than 10,000 volumes of air go to one of 
= petrol, which it discharges from its exhaust, havin; 
robbed it of its oxygen and replaced this by gases which 
not only do not ——— life, but may contain a consider- 
able percentage of CO, which is a subtle and insidious 
poison. 

It ought to be possible to ensure that the exhaust gases 
contain not more than 1 per cent. of CO. 

Governing.—From what has been said on the subject of 
carburation, it will be clear that the range through which 
the speed and power of a petrol-engine can be governed 
by alteration either of the volume or composition of the 
explosive mixture, by means of a throttle-valve in the 
case of the former, or an extra air-valve in the case of the 
latter, can only be very limited. The method of governing 
the speed by keeping the exhaust-valve closed has been 
already referred to; another method is by keeping it 
open, but this is obviously not so effective ; a third method 
there is, A retarding the ignition of the charge in the 
cylinder, the only possible argument for using it is that 
it is effective ; it is objectionable because it 1s liable to 
render combustion incomplete, and so increase the per- 
centage of CO in the exhaust; it is also unscientific and 

very wasteful of fuel. 

The Clutch.—The next 


int we come toin the arrange- 
ment of almost every i 


-motor is some form of friction- 
clutch for connecting the engine with the rest of the 
mechanism at will. e Oey cece of such a clutch 
are that it should connect and disconnect without shock, 
and should hold without slipping when fully engaged ; 
moreover, it should allow of a reasonable amount of 
slipping when partially engaged on purpose to do this. 
These requirements are more or less satisfactorily met 
by the many designs that are in use, which are in effect 
only modifications of well-known types of friction-clutches 
used for general engineering purposes. From the variety 
that are used it would appear that perfection in this 
detail has not yet been attained. 
The Change-Gear.—A feature that is common to all 
| pews from tho first one built by Panhard and 
vassor to the ones that are being built at the present 
time, is the change-gear system, which, as I have men- 
tioned earlier in my lecture, is to enable the ratio of the 
speed of rotation of the road driving-wheels to the engine 
speed to be changed. The method most generally used 
is the original one by which different speeds, generally 
four, are obtained. Four gear-wheels of different dia- 
meters are mounted on the primary shaft, which is the 
one connected to the engine den ugh the clutch, and four 
_ Breer ” nome on the seeeeny _ 
which, lying lel to the primary one, forms part of the 
ission to the Pact ye! a my the pairs of wheels, one 
on either shaft, being designed to give the required 
8 ratios; the secondary shaft can be moved I]cngi- 
tudinally, so that any one of the four pairs of wheels can 
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be en , an operation which requires some experience 
and skill to ‘orm with certainty. : 

Though this method has been often denounced as bar- 
barous, which it undoubtedly is, no better one so’ far has 
been produced to supplant it. For two changes of speed 
various forms of epicyclic gear have been employed with 
some success, but the difficulties of design and manufac- 
ture are very greatly increased when three speeds are 
required, and four s on this system, especially with 
the reversing arrangement which is always necessary, are 
out of the question on account of the complication. 

The problem can only be completely solved, so long as 
a change-s) gear is necessary at all, by some form of 
continuously variable r'; but the difficulties are con- 
siderable owing to the high power which has to be trans- 
mitted, and the small space available for such gear on 
the car. . 

Attempts have been made to do this by using the 
petrol-motor to drive a variable-stroke pump which ve 
plies water under pressure to drive an independently 
variable-stroke water-engine, which in its turn drives the 
road-wheels ; the power and speed can thus be varied 
through a large range more than sufficient in actual prac- 
tice; a somewhat analogous arrangement has been tried 
for effecting the same purpose electrically, the engine in 
this instance driving a dynamo, the current from which 
actuates the electro-motors connected to the driving- 
wheels. The complication and cost, together with the 
extra weight entailed by these systems, militates against 
their —" for general purposes, however effective 
they may be. 

Transmission.—The two general methods of transmis- 
sion from the change-gear to the road-wheels have been 
described elsewhere in my lecture, and call for little 
comment ; both the chain and live axle or bevel-gear 
drive are necessary evils with the present arrangement of 
the mechanism. 

The differéntial, or balance- ,.is, as its names imply, 
a device for the pu of allowing a differential speed 
of rotation of the driving-wheels.to be obtained, and the 
power appliéd to be properly balanced between the wheels 
when the vehicle is not travelling in a straight line ; at 
other times it is worse than useless. It is, unfortunately, 
in some form or other, a aeeery. complication, and can 
only be avoided by driving each wheel by a separate 
motor, or engine, as been done in some electrical and 
steam-vehicles. 

Cooling System.—In the petrol-engine, as in all other 
internal-combustion engines, there is an excess of heat 
developed in the cylinder, which, if not got rid of by some 
means or other, seriously interferes with the working of 
the engine. In the smaller engines the temperature can 
be kept down by increasing the radiating conducting 
surface of the cylinder by casting it with ribs, fins, or 
other projections from it; such engines are termed “‘air- 
cooled ;” with the 1 r cylinders this system is not 
effective enough, wind ‘the cylinders are provided with a 
water-jacket and termed ‘‘ water-cooled.” In reality 
both ty are air-cooled, as the water is only 
to transfer the heat from the cylinder to some larger 
radiating surface, from which the heat is abstracted by the 
passage of the car through the air, the action being 
assisted by a fan which draws air over the radiating sur- 
face. The radiator may be of many forms, the object 
being to obtain the largest possible surface in a given 
space and for a given weight of radiator. The water may 
be circulated through the cylinder jacket and radiator by 
a pump driven by the engine, or the system may be 
arranged for natural gravitational circulation, which in 
many ways is a more scientific system, since the rapidity 
of the circulation will then depend upon the heat deve- 
loped in the engine, and not merely on the speed of it, as 
in the former case, As the water in the cooling system 
should never reach the boiling point, and as the system is 
a closed one, the quantity of water should not only 
be very small, but should be capable of being somewhat 
accurately determined. There can be no doubt but that 
in many cases the amount of water thus carried is largely 
in excess of the actual requirements. 

Efficiency of Engine.—The efficiency of the petrol- 
engine is, other things being equal, ee upon the 
extent of the compression of the mixture before explosion ; 
as the compression rises so does the temperature of the 
gas's under compression, until eventually a point is 
reached when Jrametase ignition takes place ; this point 
forms the high limit of compression ; in actual working 
the compression should be kept well below this. In 
practice it may be advisable to sacrifice some efficiency in 
order to secure smoother running of the engine, as the 
higher the compression the more variation in angular 
velocity there is during a cycle with a given engine and 
weight of fly-wheel. 

Horse-Power Requiréd.—As is well known, the law of 
England does not permit of a speed in excess of 20 miles 
ow hour in the case of the light motor-car, which is 
imited to a maximum weight of 2 tons unladen, but it is 
equally well known that most of the motor-cars of to-day 
are not only capable of exceeding, but frequently do ex- 
ceed, this speed over long distances. If we assume for 
the moment that the average speed of travelling over 
average roads, and including stoppages, is to be 20 miles 
per hour, what horse-power is it necessary for a motor-car 
engine to exert to attain this speed? In the first place, 
in order to maintain the above ave speed, experience 
tells us that the maximum speed will not be less than 50 
per cent. greater than the average during some periods of 
the journey; under ti circumstances, and assuming 
& moderate efficiency in the transmission of power from 
the engine to the road-wheels, the provision of an engine 
capable of giving 1 brake horse-power per cwt. of the 
gross weight of the vehicle and ite load of passengers, &c., 
Would not be excessive, 

Air-Resistance, —The high speeds attained by the 





modern motor-car make the question of the resistance 
offered by the air to the motion of the car and the power 
necessary to overcome this resistance very important, 
since the pressures are practically the same whether the 
car is moving through still air at a certain speed in miles 
per hour, or whether a wind of the same speed is blowing 
against it. There seems to be no doubt that within the 
limits of speed attained as yet—i.e., up to 180 ft. per | 
second—the resistance varies as the square of the velocity, | 
but the actual resistance per square foot, which is the | 
accep basis for estimating such pressures, depends 

very much upon the form or shape offered to the wind. 

The latest experiments on wind pressure I am — 
with are those which were carried out at the National | 
Physical Laboratory and reported to this Institution in | 
1 


907. : 
The genera] formula is 
P=2 Vi, 
where 


P is expressed in lbs. per square foot, 
V is velocity in feet per second, 
and 


k is a constant. 
The value given for k in the experiments quoted is 0.0027, 
but it must be noted that this value is for a plate of 
moderate size in a uniform current of air, and that if the 
surface is other than a plane the form of the surface will 
necessitate a correction being applied to this constant, 
which may in effect reduce its value to less than one-half 
in some cases. Though the area of projected surface 
that a motor-car offers to the air may be fairly readily 
computed, the correction for its form is not accurately 
known, and can only be arrived at by deduction, or 
approximated to by what is mainly guess-work, and, 
therefore, until it has been possible to carry out 
some accurately - conducted experiments, we must re- 
main in the dark as to the extent to which the air- 
resistance can be reduced by modifying the form of 
a car in front, at the sides, and also at the back. 
There is more difficulty than would appear at first sight in 
making air-resistance experiments with such a machine as 
a motor-car ; it has been ern by some that a model 
towed by a car from a sort of outrigger would meet the 
case, but I am afraid that the results obtained in this 
manner would be as difficult to interpret as if another car 
was towed in a similar manner, and not under its own 
power; in any case it would ‘¢ difficult, if not a, 
to.discriminate between the : -istance due to rolling and 
friction of machinery and that due to the air alone. 

If deductions are made from data which are known to 


be approximately correct for the speed, power, and wind | used 


area of various cars, with the ordinary touring bodies, it 
would seem as if a correction of 0.65 made to the value of 
k-would not be far from giving an apparently correct 
result, and so the formula above quoted would become 


P = 0.0017 AV?, 


A being the projected area of the car in square feet. 
Using this equation and applying it to a car whose pro- 
jected area is 20 square feet—+.e., that of moderate size 
of touring-car—the horse-power necessary to overcome 
air-resistance rises from the insignificant figure of 0.726 of 
a horse-power at 20 miles per hour to 11.23 horse-power at 
50 miles per hour and 90.75 horse-power at 100 miles per 


hour, and at 120 miles per hour, which is nearly the| road 


maximum speed which has as yet been reached according 
to officially verified records, horse-power required to 
overcome the resistance of the air alone would. be 157. 

Experiments. would therefore seem to be needed to pro- 
vide data to enable the form which offers least resistance 
to the air to be ascertained and subsequently made use of 


in practice. 

Fuel Consumption.—The consumption of fuel per brake 
horse - power of a motor-car engine — petroleum 
spirit of about 0.720 specific gravity should not exceed 
0.75 pint, and ef be considerably less than this, and the 
gross ton-miles whi c 
such fuel at a = of 20 miles per hour under ordinary 
conditions should not fall below 30. There is room for 
improvement in these figures, which are not given as 
examples of good, but only of average performance. 

Cost of Running.—If the cost of running a motor-car 
were only the cost of the fuel, taken, say, at 1s. per 
gallon—a high price, it may be remarked—then it is 
evident from the above that the expense, taking into 
account the speed, would indeed be small compared to 
any other means of mechanical road transport, being only 
0.4d. per ton-mile; unfortunately, however, there are 
many other items to be taken into account which swell 
the bill to such an extent as to render the cost of fuel but 
a small part of the whole. The cost of pneumatic tyres is 
the heaviest single item as a rule, but this must be 
dependent upon the distance run in a given time. So 
much depends upon circumstances and local and other 
conditions that any figures I could give would only be 
misleading unless accompanied by complete details. A 
careful study of the Reports of the Royal Automobile 
Club Commercial Vehicle Trials carried out in 1907, 
and the Touring-Car Trials carried out in 1908, will 
furnish the reader with many of those details which 
are beyond the scope of my lecture. 

Weight Compared to Useful Load.—The weight of the 
motor-car for pleasure purposes is high com 
to its useful load o' Roswngee. A four-seated fully- 
equipped touring-car will seldom weigh less than 22 cwt. 
unladen, whereas its four ’ weight will probably 
amount to 54cwt., which is only one-quarter of the weight 
of the vehicle itself. In the case of the medium-weight 
vehicles for conveyance of passengers or the useful 
load seldom exceeds three-quarters of the weight of the 
vehicle unladen; but in the case of the heavy vehicles, 


which travel at a slow speed, the weight of the useful load | be sealed 


ch should be obtained from 1 gallon of | d 





may amount to as much as that of the vehicle itself, 


It would appear, therefore, that some improvement 
may reasonably. be looked for in the future in the reduc- 
tion of the weight of the motor-car itself as compared to 


the load that it carries. This matter is of ter im- 
pevtaee, perhaps, from the point of view of car used 
‘or commercial purposes than of that used for pleasure only, 


but it affects them both, as there can be no advantage in 
carrying extra weight, whilst with a given engine power, 

eration, hill-climbing power and speed are all ad- 
versely ee the additional weight. The weight of 
the car is obviously a matter of detail design and the use 
of the most suitable materials, to both of which subjects 
attention — with advantage be more closely directed. 

Brakes.—The. law enacts that every road-motor shall 
have two independent brakes, each capable of preventing 
the two wheels on the same axle from revolving ; asa 
rule it is the back wheels which are braked, but there is 
no doubt that brakes on the front or steering-wheels give 
immunity from “skidding ;’ they are, however, more 
difficult to ouaee for. The usual method is to have 
one brake applied to or beyond the secondary shaft of the 
transmission mechanism, and the other to the hubs of the 
driving-wheels, but the application of both brakes to the 
driving-wheels is a safer and better plan. 

The distance in which a motor-car on pneumatic tyres 
can be pulled up — under normal conditions and on 
an ordinary road without damage to the tyres varies 
roughly with the square of the speed, and the following 
formula is approximately correct :— 


owV2=8, 


V being in miles per hour, and S the distance in yards in 

which the car should come to rest ; thus at 10 miles per 

Eer erm stop in 4 yards, and at 20 miles per hour in 
6 yards. 

These distances are greater than desirable, and also 
greater than most drivers of motors would be prepared to 
admit without having actually made the experiment, 
which is probably due to the fact that time, and not dis- 
tance, is the factor that a driver judges by when called 
upon to stop his vehicle quickly. 

_ The inter-relations of tyres and road surface form limits 
in practice to the rapidity of stopping a vehicle, and im- 

rovement is only’to be sought for in increasing the sur- 
aces of adhesion, as by braking all four wheels, or by 
distributing the braking effect more equally than the 
present brakes do. 

Fuels Available.—Whilst the lighter petroleum spirit 
has been the only fuel for internal-combustion engines for 
motor-cars that I have so far made any reference to, there 
are other liquid hydrocarbons and fuels which may also be 
t None of them, however, is nearly so convenient 
in use, or, speaking generally, so free from objection, as 
"eg ae spirit, the <n of which is that the 

tter is practically the only fuel actually employed. 

Petroleum or paraffin can be used as fuel, as also can 
benzol ; alcohol, too, can be used, either alone or mixed 
with other fuels. It is possible, also, that for the heavy 
class of vehicle it may be found practicable to use a gas- 
producer of the suction type, now very widely employed 
with fixed engines. This matter of fuels is very fully 
dealt with in the report of the Fuels Committee of the 
Motor Union, which was —— in 1907, 

In conclusion, whilst I clearly recognise that I have 
only touched the fringe of the many problems of the 
-motor, and have not presented a solution of even 
one of them, yet if I have been instrumental in turning 
the thoughts of any one pare poseean in the right direc- 
tion towards a solution, I 1 feel my efforts have been 
fully rewarded. 








RorrerpaM Harsour Works.—H.M. Consul 
Rotterdam. reports that, on May 25, 1908, a Bill was 
passed by the Second Chamber of the Netherlands States 
General voting the necessary funds, estimated at 333,000/., 
of which Rotterdam will r 20 per cent., for further 
ing and other purposes for the proper maintenance 
of the fairway of theport. Operations are being actively 
carried on, and when completed, in the course of the pre- 
sent year, the depth fof the channel throughout_from the 
sea to Rotterdam will be 32ft. at high water. The for- 
mation of the Waalhaven, which will be the largest basin 
on the Continent, is also being actively carried on. 


at 





BLAKELkY v. AlTkEN: Tar-Sprayinc Macuines.—The 
Solicitor-General has recently given his decision in the 
matter of an opposition to the grant of a patent to Mr. 
William Blakeley, of the firm of Messrs, Firth, Blakeley, 
Sons, and Co., Limited, gas engineers and contractors, 
Thornhill, Dewsbury, for an invention relating to tar- 
spraying machines for dust prevention on roads. The 
essential feature of Mr. Blakeley’s invention consists in 
the use of a series of injectors, by means of which the 
tar forms a fine spray, which is driven into the material 
below the surface of the road, thus giving a lasting sur- 
face. The t of the patent (No. of 1907) was op- 
posed by Mr. Thomas Aitken, Cupar-Fife, Scotland, on 
the ground that Mr. Blakeley’s invention was covered by 
the opponent’s prior patent, No, 26,148, of 1904. The 
hearing of the case before the Acting-Comptroller of 
Patents took place in January, 1908, when the opposition 
was dismissed and the patent ordered to be pre without 
any amendment of the original specification and claims. 
The —— Mr. Aitken, a pened to the Law Officer, 
and the appeal was recently heard by the Solicitor- 
General, Sir Samuel T.-Evans, K.C., M.P. Mr. A. J. 
Walter, K.C., and Mr. Sinclair appeared for the appellant, 
and Mr. H. Fletcher Moulton (instructed by heen 
Tasker and Crossley, patent agents, Halifax) for the 
respondent, Mr. Blakeley. The Solicitor-General dis- 
missed the appeal with costs, and ordered the patent to 
_—- as previously directed by the Comptroller- 
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THE INSTITUTION OF MECHANICAL 
ENGINEERS. 
Address by the President, Mr. Joun A. F.. ASPINALL.* 
(Concluded from page 615.) 

WE now give the A dices to Mr. Aspinall’s address, 
whisk we published id cag laa issue. Apa I. consists 
of ‘a table which will be found in the adjoining columns. } 

APPENDIX II. 
Effect of High Schedule Speeds on Operation and Costs. 
The steam services in operation previous to conversion 
ran to the schedules given in Table IT.:— 


Tasie II.—Schedules of Steam Service. 
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* The steam service was between Liverpool and Crosby, but it 
is given between Live: l and Hall-road, to compare with the 
electric service given below. 

The schedule for the stopping trains was increased con- 
siderably when electric traction was installed, but the 
express trains maintained the same service. 


TABLE ITI.—Schedules of Electric Service. 
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In making comparisons between steam and electric 
traction for coal consumption per ton-mile any increase 
im the schedule — should be taken into consideration. 
With a view of showing the effect of s on electric 
services, a series of curves, shown on Fig. 23, annexed, 
has been worked out for schedules of 30, 27.5, and 25 miles 
per hour respectively. 

The following points have been assumed in working 
out the speed-time curves (Fig. 23) for the various 
schedules :— 

1. For each schedule the train is accelerated at the 
same rate under ordinary service conditions. 

2. For the 30-miles-per-hour schedule the brake is 
applied immediately after the power is switched off. 

2 For the 27.5 and 25-miles-per-hour schedules a certain 
amount of coasting is done. 


TaBLE IV.—Comparisons between Schedules. 
Stations 1 Mile Apart. 


Ave’ 
Speed, 
Excluding 
Stops. 
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100 | 100 
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30 100 110 },100 | 100 
27.5 30 67.2; 68.8) 70.5; 7L&| 73.3) 75.2 
26 27 44.8) 46.3) 47.4) 49.2) 50.8 538.1 


Stations 2 Miles Apart. 
33 100 | 100 «100 
80 68 67 66.5 
27 49.2| 485| 47.7 

Stations 3 Miles Apart. 
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. Two motor-cars used in each case. 
Averages of the above. 
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* Delivered April 23, 1909, 
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Tasie I.—ParTIcuLARS OF Various Execrric Locomotives anp L. anp Y. Moror-Caks. 
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POWER CURVES FOR TWO TRAINS ON STARTING 
(See also Fig. 24) 
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The curves for acceleration, coasting, and retardation 
are based upon actual figures obtained in tests, and from 





these Seegens curves have been constructed for the 
three schedules, with stations 1, 2, and 3 miles apart, and 
trains ranging from two to seven cars, the slower schedules 
being obtained by more or less coasting. 
pis ere curves | two to seven cars (Figs. 24 
on opposite present pages respectively), 
have al. constructed from ascertained data to riod 
same time base, and checked against actual runs for 





similar distances and known.consumptions, The points 





at which current is cut off are indicated on the time-speed 
curves, so that it is an easy matter to calculate the units 
per train-mile and watt-hours per ton-mile for each case. 
These results have been plotted out in curves, Figs. 
26 and 27 (page 647). Fig. 26 shows the watt-hours per 
ton-mile for two to seven-car trains, with stations 1, °, 
and. 3 miles apart, for 30, 27.5, and 25 miles per hour 
schedules respectively, and Fig. 27 shows the relation 
between the watt-hours per ton-mile tor 30, 27.5, and 2 
miles per hour schedules with two -to seven-car trains ior 


stations 1, 2, and 3 miles apart respectively. 
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POWER CURVES, &., OF ELECTRIC TRAINS; LANCASHIRE & YORKSHIRE RAILWAY. 
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3 \ STATIONS 1, 2 AND 3 MILES APART. 
q N°. 2 t7-Car Train. imile between Stations. 
100 N°2. ” ” . 2miles ” ” 
~S N°3. ” ” ” ” ” ” 
: Pat ao 27:5 M.PH, Schedule 25. MPH, Schedule. 
yaw eS 
S fT IN > 
a 5 60 ~~ XS 
ei oN 
& i, Be to 1 ~~ 
a 8 “0 Pe ——— ee — 
ENDS OF CURVES Rm | ~~ pee pate 
Tune wm Seconds 3 3 = 
— = 7 N° of | Cars. N° of (ars. NY of |\Cars. 
APART PEATE LE Lf 
60 120~=«160—=—“‘z «=SCs:*=<‘iaCSC«C«SsC“‘<«~ia :SC«SSSC«ia SSC SSC«C 
(u46.u) > as os 
Fig. 26 shows that the further the stations are apart the Weight of Train in Tons. 
less the energy per ton-mile required. This is especially 
the case with the three left-hand curves (without coasting), APPENDIX IIL 
and is due to the high end —_ ppm a. 
having more effect on the average for a short run than for Taste V.—Rugostatic Losses. 
a longone. It will be seen also that the more the coasting 
the less the difference in watt-hours per ton-mile. Com- The following Table gives the losses in the starting rheostats of the motors, as taken from the curves, 
paring the three sets of curves side by side, there is a os aw ear y Ee er 
gradual fall in energy consumption as the schedule is 
ecreased, and this is a ~ a my! = pon Fig. 27. Series, PARALLEL, a . 
Table IV., page ows the chief comparisons} ——s —_ centage | oon 
between the various schedules. From this table it will | l | Loss, I 
be seen that the percentage drop in energy consumption | Average | Kilo- | Average | Kilo. | Loss | Average | Kilo- | AYST*EE| Kito- | Lows | Series | Hun of 
is approximately the same for any size of train from two No.-of Kilowatts| watt- Sap lied | Watt per |Kilowatts| watt- | ‘Supplied | Watt: | Per | parallel, | 1 Mile 
to seven cars = —_ of the cases taken. The averages Cars, | Useful. | Hours. | 4, Train, | Hours. Cent. | Useful. | Hours. | to in. Hours. | Cent. 
are given in the last section. a. Se 
Thi i clearly the great effect that | 183 0.508 637 1.77 71.3 584 1.62 814 2.26 | 27.8 | 47.3 14.55 
in — Pithe. elie ina a1 the ergy, or, what is IM41T | 298 0.813 | + 828 230 | 646 | 805 1.166 | 1128 1.58 | 2812 50.0 | 13.77 
he — thi a th wee pra wt Sa —!- 2M+2T | 230 0.638 |» 810 2.22 | 71.30 |. 833 2.27 143 8.177 | 27.10 | 50.2 16.18 
“Mah echtinnle aoeee hish accslerati 2M+3T 194 0.810 | 625 2.62 | 69 710.8 | 2.90 926 3.86 | 23.2 42.4 18.12 
A high schedule specd necessitates « high acosleration,| oui as | sas | is | 117 2.99 | 584 | sie 1125 1109 | 1668 | 321 | 587 13.5 
and this has an effect on the cost of maintenance of the} oy isT | 2666 | 1110 | 6966 | 286 | 61.8 | 962 2675 | 107 | 328 | 1947) 338 | 1363 
motors. Other things being equal, the current through 
the motors will be proportional to the « eration, and 2a, ALE ae Oe iii RH = - = " oes oe = ~— 
therefore to the schedule; but the heating effect of this of = moter-cer, = Walercee. 
current varies as its square, and since there is no coasting, 
the motors have very little time in Dag a d cool ee : 
This-heating acts detrimentally on the insulation of the Train Resistance (see ApreNDIx IV.). 
motor and decreases its life. . ; 
TasLE VI.—PARTICULARS OF ACCELERATIONS FOR Two To Seven-Car Trains (Ske Fic. 28, Pace 649). 
APPENDIX III. fe i Oe =F — 
The rheostatic losses ate given in Table V., annexed. |. | gon. | ¢ | Mean Acceleration up to 
' sd position | Time - Samet to Speed in ._-~ oo Hour after 
| At M.P.H. nutes, } 
APPENDIX IV. 1a | ae lh ' | Minutes. Miles per Hour. 
On account of the many difficulties of determining _— F ; Dindeincgatel ees 
n-curately the resistance of electrical trains, tests were| ‘5 | é _ a . ‘ ¢ | < | 
taken by running a train ‘up to full speed, shutting off| , éle  52| = B , |S 
the current, and allowing it to coast until it came to rest. | 3¢/ 2 |= ge ao A F midis! al 2 | 2% 3 } 4 1 0!2 | » 
euseemnants of speed were taken at 5-second intervals, ge = 25) ae | |. a . la | 
* 28 (page 649). 2 | le~| 2 = = a = 
The mean curves of several tests for two, three, four, |} —|— —|——_- ——-. ——- ——- |—-—- — —|——  —— — —— —— — —_ __ __ 
, : on ic . (55 | 5 |1L5 25.5 | 40.5) 12032.5 42.75/ 47.75 49.8 505 512 23 150 106 | 2.92 | 2.54 1.72 
and seven-car trains are plotted out in Fig. 20, and 4 3 i? 1 49.68 7 4 27 | 6 .. 315 4 (442 469 486 494 28 1.54 0.97 | 2.09) 209 1.09 
chief figures are shown in Tables VI. and VII. Ineach| 4 | 2 | 2 4995 7.5 15 (29 | 65... 803 39 |4375| 465 482, 492 1.95 1472/0.95 | 1.94) 1.94 LSI 
case allowance has been made for the effect of gradients,| 2 |] 146.75 9.5 (17.5 |28 | 72 |.. 31 (385 |418 | 44 45.3 463) 171 1.52 |0.09 | 1.54! 1.67. 156 
end the tests were made in both directions to eliminate as| 5 | 2 | 8 144.75 , 9.5 78) 8 be | -: Be paes =s a Sr a Yo ass aoe | ase | Me Lo 
tur as possible the effects of head winds. 6 |2 | 4 48.875) 115 | Pia | 32.8 | 37.6 | 40.2 2 -1 | 1.29) 1.00 | 0. ‘27 | 1. ’ 
It may be noticed that curves 2 and 3 do not follow, 7 | 2 5 42 13 30 64 162 (20 29.4 | 34 37 39.3 | 40.9 1.14 | 0.978 , 0.72 1,12 0.95 | 0.68 


paths parallel to curves 1 and 4, but they are true repre- 
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sentations of the figures obtained. They are probably ‘ 
be pe sudden variations in Fs wind. . TABLE VII.—Particu.ars oF Tran Resistance: (SEE Figs. 28 anp 29). 
course, curves 1 to 4, Fig. 29, give the train-resist- 
ance, including the rt’ used for locomotive Perposes j | Composition or | TRAIN ResisTaNce at Various Mites rer Hor, 1v 
but to compare wit 11 Pace stock this part should be TRAINS. Pousps PER. Toy. 
eliminated, and this has been done by taking the differ-| ¢,,.,. Number | Weight | , Length 
ence between two motor-cars and one trailer, and two No. PS rsa ae. 
motor-cars and five trailers. Assuming the train resist- Cars. | sfotor-| Trailer-| T*in- | Train. 
ance of the two motor-cars and one trailer to be the same Cars.” | Cars. 
in both cases, the train resistance in pounds per ton of “ns | : 
extra trailers is shown in curve 5, and the chief fi — 7.387 | = _ 
in Tables VI. and VII. Curve 5 gives figures whic pe 1 117.175 | 183 
comparable with steam practice, values of which are 3 | 143.275 | 248 
shown in curve 6, which is taken from the Proceedings of 5 | 221.575 | 430 
the Institution of Civil Engineers, vol. exlvii., Part L, — | 
sa aaues } on ae pepe for a train of five Trailers only | 104.4 246 
coaches of simi r weight | Goo , < 74 ont 
Tests for acceleration were carried out by running the Ordinary ogi oe 
trains 4 to speed under service conditions, the speed | 
being taken as before. In addition, readings were taken = a 
at neeee intervals of current, line volts, and volts * See Proceedings of the Institution of Civil Engineers, vol. exivii., -» 1901. 
across the motor terminals. 
From the speed curves thus obtained the acceleration in TABLE IX.—Cost oF MAINTENANCE OF THE Morive Power Portion or Execrric Ro.iine-Stock 


feet ‘per second per second was obtained. f _ (SEE APPENDIX V.). 


‘ | | 
WaGEa. MATERIALS. | WAGES AND MATERIALS. | Om. a 
APPENDIX V. a Total Cost Average 
. . Half-Y: Motor-C Number he . . —— - per Motor. = umber 
Tas.e VIII.—Motor-Miles and Motor-Car Miles. Ending | at Eodot \u.% | ] 125 or 150 of Miles 
rs at o! | Motors. | Per Per Per Per Horse- All Glasses _ per Motor- 
| ooo ‘Total.| Motor- Total. ater ‘Total. Motor- Motor- Power. per 1000 Car per 
Motor-Miles, } | | | Mile. | Mile. | Mile. Motor-Miles. | Annum. 


Half-Year Ere cee Sed nielien | Motor-Car | | é d & a..i €£ |. 3 
Ending l | Miles, et | 0.151 | 6474 .32 . . 56 
150 Horse- | 125 Horse- Total Motor | 7 ~ 1906 ‘ t 4656 0.208 | 9541 open 
Power. Power. Miles. June, 1907 : F 2 2 : Ossi 9999 
P= 4 | December, 1907 i . . 9634 
sme ..| samme | en 5 June, 1908 als | 2188 | case 
June, 1907 || 4,712'348 | 575,440 December, 1908 | > ae 
Dec., 1907 .. 38 710,066 
June, 1908 .. 618,862 
Dec., 1908 .. 699,206 Vesesis APPENDIX VI. :—Tasie XI.—Weient or EvecrricaAL EquipMENT ON ExectrRIc TRAINS. 
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The annexed Table IX. gives the cost for repairs, wages, | Bod | Weight of - | Ratio Weight | 

repairs materials, stores, inspection, general maintenance 7" il Weight nA ElectricalEquip-| prota) Weight of | rectri 

of all electrical equipment and motor bogies, electrical ee of at os — aero i -o ng \y Weight, not Electrical ‘iene Seating 
eg Se EE ES cor, otra “Eig unig od mene cma 
a —t.€., Motors. * veight of ota 

tation of the cost of maintenance of the motive power Motor Bogies.+ otors. | Weight. 


portion of electric rolling-stock. 





tema to W eight of 








t. c. qr. Ib. | toascwt. qr. | tons cwt. qr. |tonsewt. qr. per cent. | 
TABLE X.—Mileage between Overhaul. Motor-car - Direct 3.20) 4 18 3 17 15 2 4 0 0 101.26 31.95° | 66 and 69 
7 a ; Ditto .-| Multiple unit 11 3 2 ay 50 10 O es vs 68 ,, 80 
re "eg Ditto .. Multiple unit for 2 6 14 7 4 3 0 101.73 | 32.85 70 
Liverpool over- 
| head service 


Classes 


Trailer-car =. “ “ * 26 a on 0.935 | 66, 80, and 90 
Two motor- “cars, Direct 23 3 1: 118 : 2 25.20 204 and 21s 
one trailer } 
: Two motor-cars, ” 28 2 144 a 20.80 270, 284, and 
: —— two trailers = | : 2 298 
| miles) miles miles | miles miles | miles | Two motor-cars, ” 23 : : 170 (0 +29 17.80 336, 350, 364, 
June, 1906 17,750 | .. {11,000 1683 | three trailers | and 378 
Dec., 1906 28,800 39, 000 | 124, 000 44,000 /11,680 112, 500 178t 
June, 1907 32,700 38,000 | 115,000; 41,7 127640 127,800 1915 . . 2 . 
.» 1907 32,600, 49,400 | 87,300] 49,000 /15,550 116,000 2150 * The weight of auxiliary apparatus, such as vacuum pump motor, &c., is not included, since this does not form part of the 
June, 1908 32,800; 42,300 | 128,000 | 63,000 |13,800, 78,500 2320 electrical equipment for tractive pu hoa: 
Dec., 1908 28,500 30,800 | 171,080} 87,100 |10,900 | 2680 + Part weight of ies is included, so as to make the weight of electrical equipment compare with steam practice. The 
! trailer-car es are taken as being sufficiently strong for running purposes, and the extra weight of the motor-car bogies as 


being required for locomotive purposes. 


Armature 
Bearings. 
Blocks. 


— 


Standard 


tty 
diy 


Ending 
All 
Life: Shoes. 
Life: Brake 


4 
A 
£ 
2 





| 











The original d diameter of commutators was 174 in., the 
aaa ag average diameter being 168 in., representing a 
oss in diameter of § in., or about 0.175 in. per annum, 
0.003 in. per 1000 miles ; about one-half of this being due 
to wear, and one-half to turnin up. The commutators 
can be worn down at least to Dh i in. in diameter, so that 
their total life will probably be about twelve years. 


APPENDIX VIII. :—Tasie XIII.—Statement SHowrnc WEAR AND Corrosion oF THIRD AND FourtH 
‘Rans— Tuiap BEING Liv E Ran, FourtTH Rerunx Rar (SEE Fics. 4, 5, AND 6, _Pace 610 ante). 


PERCENTAGE 
Ratio or Loss 
BY 


of 


Loss of Weight. 


care | 
Loss of Area 
by Corrosion. 


Sec- 


Senate Refercrce. 


Rail. | Position. 
| 


APPENDIX VI. | 


The weight of the electrical equipment on electric | - 
trains is given in Table XI. annexed. 


|Wear, | COFFo- 


sion. 


per Yard: 
tional Area. 
Loss of Area. 
Loss of Area 
by Wear. 

Loss of Area 
by Corrosion. 


3 | 
| 


Wear. 


| Percen 


| 


Loss of Area by 


| Present Weight | 
Percentage of 


Percentage 
Percentage of 


Present 


| 
| 
| 


p-c. | p.c. 
36.45 | 63.55 


= 
my 
« 


Up main) Jan, 1001 | 69.30 | 15.28 6.93 


“eiding | Jan., 1904 | 61.90 | 11.57 6.30 10.00... 070 


3rd 


Liverpool 3rd 


APPENDIX VII. 


TabBLE XII.— Tests to Show Relative Properties of Various | Liverpool near 
Third-Rail Materials. Ex. __ Station 


Junction 


“Mine” J \ Jan., 1904 | 58.50/16.43/ 5.92 1543 .. 2. 1.08 


4th * ine 


| | 
| 8rd \ | Jan. 1904/ 56.8 | 18.86 76 of . 3 57 0.85 


main ine ie 


Down | _ 
main line } |Jan., 1904) 65.00) 7.14 


{ 
' 

r 

\ 

14 

j 

{om 

i, 

{ Crossover | |jq n., 1904] 65.20 | 6.85 
\ 

j 

\ 

{ 

( 

f 

' 


Steg 





Lanca- . . 
North- | Piccadilly 
Rail. shire and) vastern ‘ 


j a 
pm Railway. |Brompton 


Metro- | Waterloo 
politan. 


Down 
main fine } Jan., 1904) 66.90 4.43 


Down \ 
main line f 


Cnnaer Jan., 1904 | 67.60 | 3.43 


Down }| 
main line {| |\Jan., 1904 | | 67. 80 | 3.14 
Down 
main line J 





Tensile Teste. 
Tons per square inch .. 24.3 23.7 22. 25.1 
Per cent. elongation on | Crosby 
Sm... na ‘ 4 3é 34 
Per cent. contraction .. ; q 69.5 





Jan., 1904 | 65.70} 6.14 


| |Jan., 1006 67.00 | 4.28 
|Aug., 1904) 66.50 | 5.00 
1 
main Hine } |2an-, 1904 | 69.10 | 1.28 
Down } ‘ 2 . 
main line f Jan., 1904 66.40) 5.14 
Siding July, 1905| 69.30 1.00 
eae Down } as oe 
eS —-— —— | { main line Jan., 1904 70.10 | Nil 
Relative joss indicted | Ainsdale 15 M.P.--_ nl Jan., 1904, 66.3 | 5.29 
1.71 
J 


Impact test by Izod 


machine .. ft.-Tb. 2.2 | y 13.1 Altcar rife range 





Abrasion (1) } 0.703 0.414 0.958 
Tests (2) 0.66 0.96 0.706 
Relative losses (3) 0.6 0.98 0.5 | 


Average .. “ 0.654 | 0.755 0.721 | Formby .. 


EE, —_ = — — a — 


1.57 | 
Vy} 
main line | |Jan., 1904 | 62.30 11.€0 


Crossover . 
ee } jJan., 1904 | 65.90 6.86 

Down’ | | F 
main line } jJan., 1904 66.90 4.43 


HO 
Relative loss in salt 
water .. . . 1 . 1.09 





Southport 
Resistance compared 
with copper .. ee 7. 38 7.29 
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DIAGRAMS OF RESISTANCES OF ELECTRIC TRAINS; L. AND Y. RAILWAY. 


Fig.28. SPEED TIME CURVES FOR 2,3,4,5,6 AND 7-CAR TRAINS. 
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Mules . per 





0 7 2 
pee Muniutes 
APPENDIX IX, 
TaBLe XIV.—Resistance of Third and Fourth Rail:. 
Weight of ra‘ls pa 70 lb. per yard 


Area of cross-section os we es 
Electrical resistance (average of 60 
tests), 7.23 times ~ of on nee a 
. i, 


6.84 square inches 


5 P. Mn. 
Chemical analysis 0.045 trace 0.04 0.046 0.23 
Resistance of 1 mile of unbonded main 
line track (single) with ordinary fish- 
plate joints “ “ = - = 2.8 ohms. 
Resistance of solid rail per mile iis = 0.043 ohm. 
Resistance of 1000. yards of third rail, 
including joints and bonds (average) = 0.02416 ohm. 
Ratio of resistance of 1 ft. of solid rail 
to 1ft. of rail containing a join 
bonded with new bonds Se - = 1to 1.57 
Ratio with all web bond strandscut .. = 1to24 
Ratio with all strands cut except six .. = 1 to 7.26 
Ratio with all strands cut, fish-plates 
ly.. 35 1 to 1182 


on - ~ i * = 2 
The three la t values demonstrate the value of good maintenance 


on bonding. 





APPENDIX X. 
Electro-Magnetic Locomotire.* 

A trial of this very ingenious machine, constructed b 
Mr. Davidson, was made last month on the Edinbu 
and Glasgow Railway, in presence of a number of gentle- 
ew man fo whom are eminent abe —— ae. 

ge. e carriage was 1m ong the railway 
about a mile and a half, and ‘eavelled at the rate of 
upwards of 4 miles an hour, a rate which might be in- 
creased by giving greater power to the batteries and 
enlarging the diameter of the wheels. We understand 
that the carriage was built at the expense of the railway 
company, and we cannot but congratulate them in having 
the discernment to employ Mr. Davidson, a gentleman of 
much practical knowledge and talent, to whose genius 

t discoveries have been made in electro- etism, 

y whom the carriage was projected, and to whose un- 
wearied exertions the practicability of the scheme is 
almost placed beyond a doub . 

The dimensions of the carriage are 16 ft. long by 7 ft. 
wide, and_it is propelled by eight == electro- 
magnets. The carriage is supported by four wheels of 3 ft. 
diameter. On each of the two axles there is a wooden 
cylinder, on which are fastened three of iron at equal 
distances from each other, and extending from and to the 
end of the cylinder. On each side of the cylinder, and 
resting on the carriage, there are two powerful electro- 
magnets. When the first bar on the cylinder has passed 
the faces of two of these magnets, the current of galvanism 
is then let on to the other two magnets. They imme- 
diately pull the second bar until it comes opposite them. 
The current is then cut off from these two magnets, and 
is let on to the other two. Again, they pull the third 
bar until it comes opposite, and so on—the current of 
galvanism being always cut off from the one pair of 

1ets when it is let on to the other. 

_ The manner in which the current is cut off and let on is 
simply this:—At each end of the axles there is a small 
wooden cylinder, one half of which is covered by a hoop 
of copper; the other is divided alternately wit — 
and wood (three parts of wood and three of copper). e 
end of the coil of wire which surrounds the four electro- 
magnets Paar my on one of these cylinders, on the part 
which is divided with copper and wood ; the other end of 
the coil presses on the aur cylinder in the same manner. 

e end of the wires or conductors which comes from the 
ttery presses constantly on the undivided part of the 
copper on each cylinder. When one of the iron bars on 
the wooden cylinder has the faces of two magnets, 
the current of galvanism is let on to the other two magnets 

y one end of the coil which surrounds the ts 
Passing from the wood to the copper, and thereby form- 
ing a connectjon with the battery. This wire continues to 





* Extract from the Railway Times, December 10, 1842. 











Fig.29. TRACTIVE EFFORT FOR 2,3,4 AND 7-CAR TRAINS. 
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press on the copper until the 


iron bar has come opposite 
the faces of the two ets, 
which were thus c with 


magnetism. On its coming into that position, the cur- 
rent is cut off from these two magnets by the wire or 
rod of copper passing from the — to the wood, and 
thereby breaking the connection with the battery. But 
when the wire or rod of copper leaves the ee on the 
one cylinder, it leaves the wood and to the conper 
on the other cylinder at the other end of the axle, and in 
so doing connects the other two magnets with the battery, 
and they pull the next iron bar in the same manner. At 
the other end of the carriage there are four other magnets 
and wooden cylinder with iron bars arranged in the same 
manner. ; 

The battery which is used for propelling the machine 
is composed of iron and zinc plates immersed in dilute 
sulphuric acid, the iron plates being fluted, so as to expose 
greater surface in the same space. The weight propelled 
was about 6 tons. (Edinburgh Journal.) 








CATALOGUES. 

Mr. E. H. Getst, Elektricitiits-Aktien-Gesellschaft, 
Céln-Zollstock, has sent us a circular referring to electro- 
vag magnets and electro-magnetic separators made by 

im. 


Messrs. Robert Crooks and Co.; Limited, 21, Water- 
street, Liverpool, have sent us a circular relating to 
Bliven’s American lubricating cream, for which they are 
agents, and which is claimed to be a high-class lubricant. 


The Switch-Gear Company, Limited (J. G. Statter and 
Co.), Newhall-street, Birmingham, send a number of loose 
leaves filed in a cover, and relating to motor-starters, 
circuit- breakers,’ blow-outs, tifme-lags, insulated box- 
spanners, fuses, &c. 

The “‘ Nationalen Elektricitiits Gesellschaft,” Munich, 
have issued, in French and English, a little pamphlet de- 
scribing and illustrating their lighting-arrester system. 
The illustrations give views of several patterns of spark- 
gap arrangements for various conditions. 

Syndi- 
SW. 


A circular from the Cowper-Coles Galvanising 
cate, Limited, 82, Victoria-street, Westminster, 
relates to improvements brought out by them in con- 
nection with galvanising. is deals with the Cowper- 
Coles system of electro-zincing as applied to ships’ plates, 
angles, boiler and economiser tubes, &c. 

Mr. John W. Perkin, Lord Street Engineering Works, 

sends us a circular of a type of high-s drill- 
ing-machine made by him. These are made in several 
sizes, ranging from a small tool drilling up to ,; in. toa 
large 16-in. machine drilling up to 1 in. A 20-in 
machine is also listed. 

Messrs. Joseph Adamson and Co., Hyde, have sent us 
two circulars, uf which one describes their crane-con- 
trollers, and the other the methods of construction and 
testing used in the building of their overhead travelling- 
cranes, showing the testing-pit in which they are tried 
under load before leaving the works. 


Messrs. Richard Johnson, Clapham, and Morris, 
Limited, 24 and 26, Lever-street, Manchester, send us a 
catalogue descriptive of Johnson’s lattice system of re- 
inforced concrete. This is especially adaptable to floor 
construction, the metal reinforcement consisting of con- 
me pe steel-wire lattice made of No. 3 to No. 13 gauge 
steel wire. 


Messrs. Barford and Perkins, Peterborough, have issued 
recently lists relating to their petrol or ffin motor- 
driven water-ballast rollers for road and street work, 
lawn-rolling, &c. These rollers are, of course, made in 
eight different sizes for these different classes of work, 
and range in weight from 2} tons empty to 9 tons loaded. 
They can be used stationary for driving chaff-cutters, 
stone-breakers, &c. 


From Messrs. David Brown and Sons(H.F.D.), Limited, 
Park Gear Works, Lockwood, Huddersfield, we have 
received a catalogue devoted to worm reducing gear. 


—— 
‘ Ne 
5 
0 5 70 15 20 25 30 35 40 45 
Speed, Miles per Hour: 


Though mainly, this catalogue is not wholly devoted to 
worm gearing, space therein also being given up to spur- 
gearing, bevels, double-helical rack, internal gears, &c. 
t is well illustrated with half-tones, &c., of gears and 
their applications. 


A well-produced catalogue has reached us from the 
Nelson: Valve Company, Chestnut-street, Philadelphia. 
This is well-bound and illustrated, and deals with valves 
of all sorts, such as gate-valves, ee angle, and check- 
valves, &c. Hydraulically and electrically-operated gate- 
valves are shown, and steel gate-valves for high pressures 
oo tae. Particulars of sizes, &c., are given, and prices 
in dollars. 


The Sheppee Motor Company, Thomas-street, Law- 
rence-street, York, have sent us a catalogue of their 
ialities for, superheated steam. These include 
ouble-acting high-speed steam-engines of two or four 
cylinders, boiler feed-pumps, generators, &c.; 
special feed-water heaters, valves, &c., are also illustrated 
and described. Another catalogue from the same firm 
describes their steam-motor wagon. 


The Swiss Locomotive and Machine Works, Winter- 
thur, whose London office is at 3, Laurence Pountney- 
hill, Cannon-street, have sent us a small catalogue in 
English relating to gas-engines and gas-producers. The 
engines are built in sizes from 26 to 2000 horse-power, and 
include designs of the single and double-cylinder, tandem, 
vertical, and double-acting t; The producer plants 
— for use with anthracite, coke, or non-bituminous 
uel. 


The Leeds Forge Company, Limited, have sent us a 
large catalogue showing views of the many classes of 
rolling-stock they build with pressed and rolled steel. 
The types illustrated include wagons of large and small 
capacity for all of service, and there are also pre- 
sented several instructive diagrams showing train lengths 
of high and low capacity wagons, pressed-steel members 
under test, &c. A large number of special cars are also 
illustrated, as, for instance, a bogie platform car for trans- 
porting agricultural engines, &c. 

The Southgate paginseting Company, 12, Savage- 
gardens, Tower Hill, E.C., have sent us a Pon Mnoy 
scribing their steam, hand, and electric pile-drivers. The 
most interesting matter contained in this catalogue is 
descriptive material relating to the Southgate steam- 
monkey, in which the blow delivered by the monkey is 
given additional force from the admission of steam to its 
interior, which is a moving cylinder, of which the piston 
is fixed. A smaller pamphlet shows various sections of 
steel piling used. 

Mr. A. G. Brown, 23, King-street, Manchester, sends 
us a circular descriptive of the Simpson coil tester for 
wwe - aney om. The instrument embodies the 

rinciple of the Hughes magnetic balance. oemmee 
~ a teak case, pare. mt the balance-coils, condenser, &c., 
and is fitted with a projecting coil core. The standard 
testers are arranged for connecting to ordinary direct- 
current circuits of 200 to 240 volts. Another type for 
tramway work is arranged for 500 to 550 volts, and a third 
for alternating current. A fourth pattern is worked by 
an accumulator. 


Messrs. Burrup, Mathieson, and Sprague, Limited, 114, 
Southwark-street, S.E., have issued a pamphlet termed 
a ‘Department of Business Service Sectional Catalogue.” 
This should interest all who have to do with loose-leaf 
ledgers. The catalogue is well printed and illustrated, 
excellent coloured reproductions being introduced in some 
cases. The many uses to which such ledgers can be 
applied is well described, and a sample loose leaf shows 
that corrugations are introduced near the back of the page, 
so that the leaf may adapt itself more easily to the curve 
necessary when the book is open. 





Tue MessaGERies MarITIMES.—This important French 
steam navigation company distributed no dividend for 
1907. The working for 1908 resulted, however, in a 
net balance of 380,000/. Of this amount the obligation 





service absorbs 80,0007. 
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INDUSTRIAL NOTES.J 

THE rejection] of. the Education (Administration 
Provisions) Bill on the second ‘reading marks a distinct 
stage in the history of the ‘‘ Feeding School Children” 
measures pro by the Socialists and supported in 
the House of Commons by the major portion of the 
Labour Party. There were a few of the more inde- 
pendent Labour Members adverse to it, but the project 
is largely supported by Socialists and trade unionists 
in the ~~ a The project is admittedly humane. 
Underfed children can scarcely hope to become stal- 
wart men or healthy women, and yet the future of gur 
population mainly depends upon the offspring of those 
more or less in indigent circumstances. But the ques- 
tion has two sides—the duty of the State and the 
duties and responsibilities of the parents. The State 
has already undertaken, not only for years, but for 
centuries, to provide for the protection of human life. 
But to relieve parents of their individual nsibility 
is a grave ye hedge it about as you please. The 
Government did not support the Bill, and it was 
rejected by 206 to 82—majority against the Bill, 124. 
The rejection ought to be a lesson in prudence ; to 
tax the already overtaxed ratepayers in order to 
relieve the thriftless is fraught with danger, being a 
gross injustice. 


In anticipation of the First of: May demonstrations 
in France, but more particularly in Paris, there was a 
feeling of tnrest in the expectation that the postal and 
telegraphic employés would engage in another strike, 
and so paralyse industry, commerce, and travel. To 
some extent that fear was neutralised by a resolution 
carried early in the week, setting forth that the cessa- 
tion of work on May day would be too serious a blow 
at the interests of their fellow-citizens, and that it 
would be utterly impossible for the post-office people 
to be idle on that day. It was determined, however, 
to hold six monster meetings on May 1, the deputies 
to which were pledged to support the principles of the 
postal employés. The main question at issue was the 
dismissal of M. Simyan, the chief of the department, 
as the greatest enemy of the workers of both sexes, in 
all sections of the postal service. This, it appears, the 
Government decline to effect. On the other hand, great 
preparations were made, or were being made, to pre- 
vent any breach of the peace or interference with 
the postal service. It is reported that the unrest is 
spreading throughout the services, even to those 
engaged in the maritime service of the State, even the 
stokers. Some of the speakers at the numerous meet- 
ings held used strong lan , but they may not 
po mney the great body of the employés, many of 
whom recognise the danger of proceedings adverse to 
the State and to the public, such as a general cessation 
of work by the State employés. Reports and rumours 
were rife last week as to May. Day celebrations in this 
country. It was suggested that a return should be 
made to the earlier demonstrations of some nineteen 
years ago, at which time, and for a few years subse- 

uently, it was loudly proclaimed that the Social 
mocratic revolution would soon take place, with an 
eight-hour day for all workers on sea and land, and 
the inauguration of the labour millennium when the 
State would become the sole employer, by taking over 
all the means of production, distribution, and ex- 
change. The years have passed, but the ideal of the 
Socialists appears to be as far off as ever ; indeed, we 
hear less of it to-day than we co eighteen years 
ago. In France it would seem that demonstrations 
were to be of a rather formidable character, with 
the possibility of disturbances. In Germany the 
labourites were more reticent; but, as usual, there 
were to be great meetings in favour of the labour 
programme. In London the Socialists and trade 
unionists resolved to demonstrate in Hyde Park, and 
the Anarchists pride themselves upon having dodged 
the authorities by stipulating for a platform under the 
guise of trade unionists, but the speakers from which 
were to be wholly anarchist. It might be a matter 
of opinion whether such tactics are allowable in 
the case of those who profess to agitate for a com- 
plete reform of society on moral and just lines. The 
old Labour leaders did not endorse the doctrine, ‘‘ Do 
evil that may come.” We have free speech and 
free association, but neither ought to be abused by 
revolt against authority, when by constitutional means 
we can attain all that is rightand just. Nor isit right 
that those who find shelter here from persecution should 
use that shelter and protection to raise the of 
revolt. But the arm of the law is. long enough to 
reach eyil-doers. The celebrations so far as reported 
appear to have passed off quietly in all countries. In 
London there was a procession, said to be a mile 
long, from the Thames Embankment to Hyde Park, 
in which there were numerous brakes with scholars 
from the Socialist Sunday schools, The hes 
from the several platforms were less violent than 
anticipated. The resolution put from all the platforms 
was @ general one, embracing all the chief points in the 
extremist socialistic programme. The proceedings 
were on the whole orderly, but the length of the pro- 





cession interfered a good deal with the ordinary street 
traffic, happily without any serious accident. In Bel- 
fast the workers made.a great show at their demon- 
stration. In Paris, where some fears existed; the de- 
monstrations were quiet, as they were also in Spain, 
in Italy, Germany, and Austria. At the Browni 
Settlement, at Walworth, May Day was celebra 
by the crowning of the May Queen-before a large 
audience, organised by the workers. 


The second reading of the Sweated Industries Bill 
was carried unanimously on Wednesday in last week, 
or at least there was no challenge of a division. The 
fate of the measure may now be said to be sealed as one 
of the Acts of the present Session. The debate thereon 
was somewhat curious ; although an-amendment was 
made to the motion, it was not pressed, and speakers, 
almost without exception, praised the principle, 
while some criticised the provisions. Some thought 
the Bill went too far, others not far enough. Those 
who wanted to apply the Socialist specifie of universal 
boards to fix a minimum living wage were told defi- 
nitely that the Government would o any such 
measure. Itis a singular fact that the Bill is based upon 
the report and evidence of the Lords Committee of nine- 
teen’ years ago, but it does not go so far as did the recom- 
mendations of that Committee. The Socialists were 
mainly responsible for nothing being done at that 
time, their objection being that the recommendations 
did not touch the bed-rock of the question. No such 
measure ever can at the first attempt. The matter is 
too complicated, the interests involved are too varied, 
and the conditions too far-reaching to be solved all at 
once. If this measure works well, and employers find 
it to their advantage, there will be little Ng to 
its extension to other industries deemed to be ripe for 
such legislation. 


The t meeting at Drury Lane Theatre, called b 
the Labour Party in support of the Right-to-Wor 
Bill, was, from the point of view of the conveners, a 
great success. Whatever objections may be urged to 
the measure, the earnestness of the promoters cannot 
be gainsaid. One of the speakers emphatically de- 
clared that it was as much the right of the State to 
see that its people were employed as it was to get them 
educated. It was stated that the measure would strike 
a blow at the loafer—both ends of the scale. That 
may be a thing devoutly to be wished ; but is it pos- 
sible? There does not appear to be complete agree- 
ment on the question in the Labour ranks, for notice 
was given by the Member for Burnley to reject the 
Bill; but he is in the minority, in so far as Labour 
members are concerned. Local bodies may do a great 
deal to lessen the. pressure of unemployment ; they 
have done much in the last two years; a great deal 
more is being done, or being got ready to be done. 
But a universal is not yet found for casual 
employment. The Bill was rejected,-on Friday 
last, by 228 to 115, on the second reading—majority 
against the Bill, 113. Its rejection was moved by 
the Labour Member for Burnley, who is op to 
State Socialism of the kind now suppo' by the 
Labour Party.- He admitted that the leaders in the 
House and country, representing the three great 
organised forces, were in favour of the measure, but 
denied that the rank and file were in its favour. Be 
that as it may, the question is not whether this or that 

rty favour it, but whether, in the interests of the 

tate, the t mass of the ple of all degrees, 
classes, and interests would be Penofited by the provi- 
sions of the Bill promoted by the Labour Party. That 
it is socialistic in its nature and tendencies is self- 
evident; but, were it not so, the question of its utility 
would remain. That the State should, as far as prac- 
ticable, assist in finding employment in times of emer- 
gency is admitted, and has been ever since the insugu- 
ration of the Poor Laws in the early reign of ‘ueen 
Elizabeth, and repeated in all the Poor Law Acts 
since that period ; but to open to:all trades work at 
adjusted rates of wages is quite another side to the 
social problem. It was said by some that the Bill was 
only intended as a matter for debate, and others alleged 
that it was a mere feeler for a more stringent measure. 
Its rejection was therefore all the more significant, 
for if the smaller measure was rejected, what would 
the fate be of more socialistic proposals ina future 
Bill if proposed in the House of Goasmeant 


The Budget proposals of the Chancellor of the 
Exchequer, as propounded in the House of Commons 
on Thursday in last week, do not come within the 
scope of these Notes, except in so far as they directly 
touch the labour question and the special case of the 
mass of the wage-earners of the country. There were 
four points, however, which may claim to belong to 
this category :—1. The suggestion of being able next 
year to propose the extension of old-age pensions to 
meritorious septuagenarian paupers of 5s. per week, 
after ments with local authorities as to cost 
and contributions head. 2. Workmen’s insurance 
on the principle of the German system of equal contri- 
butions by employers and employed, supplemented by 





State grants; existing benefit and provident societies 
not to be harmed, but rather assisted and encoura.red 
to effect the object intended. 3. A scheme of unem- 
ployment insurance, applicable alike to the skilled and 
unskilled worker, the machinery for which are to be the 
labour wre now bein onggniend throughout the 
country. 4. The creation of a ‘‘ National Development 
Fund,” presumably in lieu of the unemployed distress 
grants of the last two years, for the purpose of ad- 
vancing the labour schemes of afforestation, cultivation 
of waste lands, creation of labour colonies,-&e; ll 
these projects are good in themselves if carried out 
with Eadulede and prudence, not merely as relief 
works in times of distress, but with the view of 
enlarging the national resources from within its 
borders. ~The provision this year for the latter 
object is a grant of 200,000/., all of which .ought to he 
reproductive in-the future,‘as it would be:in private 
hands. 

The Labour Co-Partnership Association held a con- 
ference at Kettering in furtherance of the co-partner- 
ship principles, various factories being visited by the 
delegates. It is hoped-that the boot and shoe‘ trades 
will agree to enter into a scheme on that principle, for 
in these trades, it is thought, there is plenty of<scope 
for combined action. Co-operation has to some extent 
succeeded in some of the boot and shoe trade centres, 
but employers do not figure as contributors. 


There were some slight indications of a probable, or 
a, revival im the iron and steel trades at the 

idland markets at. the end.of last week, but they 
did not result in any enlarged orders. It is stated 
that those already booked are delayed by the absence 
of specifications requisite.for delivery. And yet there 
are bookings of considerable: weight in the shipping 
centres, but no pressure appears to be in evidence for 
early delivery. 


Continued wage reductions are reported in con- 
nection with the Northumberland coal trade, following, 
as it were, in the wake of reductions in the wages of 
the miners. Last week the Colliery Mechanics’ Wages 
Board agreed to a reduction of 5d. per day, to date 
from May 3. The wages of colliery firemen were re- 
duced 7 per cent., and a proposed reduction of 5d. per 
day is being submitted ‘to the members ofthe Engi- 
neering Association. 


Considerable unrest and uncertainty prevailed in the 
South Wales and Monmouthshire coal-fields last week 
in consequence of the attitude of the coal-owners and 
miners as regards the Coal-Mines Eight Hours Act, 
and the pro revision of rates and conditions upon 
the coming into force of that Act. The mine-owners 
last week pro that the whole question should be 
referred to arbitration, to some high authority, to be 
nominated by the Lord Chancellor, whose decision 
should be binding upon both parties. The miners’ 
‘representatives adjourned that question until after the 
Federated Council meeting, to be held in London 
during the present week. Meanwhile the coal-owners 
have notified a proposed reduction in wages, which is 
another disturbing element in the questions at issue. 
It is doubtful, however, if the dispute will culminate 
in a strike. 


At the end of last week notices were served to over 
1000 miners at Abercarn to cease work at the end of 
twenty-six days, as a result of the men refusing to con- 
tinue winding after the colliers had ceased work. The 
object of the refusal to wind is not made very clear, 
but it is reported that mine-owners are stacking in 
view of a strike. 


Some distressing stories were told at the Westminster 
Police Court last week as regards sweating in the mak- 
ing of clothing for the Government. It was stated 
that the earnings of a would-be suicide was only about 
2d. per hour for the class of work she was doing. In 
one case it was stated that the price paid for territorial 
riding breeches was 8d., and no woman could make 
two pairs in aday. This is where the ‘Anti-Sweating 
Bill will do some good. 


Sweeping reductions in wages are being threatened, 
it is reported, on the North-Eastern Railway. The 
claims are to, be put forward. before the Conciliation 
Board in due form.. The men allege that the condi- 
tions are much worse than those in force, both .as to 
wages and heurs. But the matters will have to undergo 
discussion before they can be acted upon by the com- 

ny. Hitherto the North-Eastern Company have 
Nealt liberally with their employés. 





Tue Irattan Navy.—The Rassegna dei Lavort Pub)lict 
states that the Italian Minister of Marine, Admiral 
Mirabello, intends to put before the Cabinet very shortly 
the question of an increase in the Italian fleet; this 
matter has now become: urgent, owing to the fact that 
Austria will almost aouhy her maritime strength by the 
construction of four large battleships. 
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“ENGINEERING” ILLUSTRATED PATENT 
RECORD. 


ComermEzp By W. LLOYD WISE. 
SELECTED ABSTRACTS OF RECENT PUBLISHED SPEOIFI- 
OATIONS UNDER THE AOT OF 1907. 
; , iven in the Specification Drawings ts stated 
“7 am =a ‘wala & mentioned, the Speci teation is not 
illustrated. 
Where inventions are communicated from abroad, the Names, é£c., 
of the Communicators are given in italics. 
Copies of Specifications may be obtained at the Patent 0; Sale 
"Branch, 25, Southampton Buildings, Chancery-lane, W.C., at 
the uniform price of 8d. 


The date of the advertisement of the oonutones of a Complete 
Specification is, in each case, given after abstract, wnless the 
Patent has been sealed, when the date of sealing is given. 

Any person may, at any time within two months the date of 
the advertisement V4 the nee of a Com; Specification, 
give notice at the Patent 0, of opposition to the grant of a 
Patent on any of the grow mentioned in the Act. 


ELECTRICAL APPARATUS. 


14,982. Versigy, Iemated, and R. 8S. Worsley, Bir- 
mingham. Arc- (2 Figs.) August 15, 1908.—In the 
lamp, according to the invention, there is provided between the 
crown and bed-plates a special construction and arrangement of 
frame-rods which materially simplify and cheapen the construc- 
tion and arrangement of the lamp and facilitate the arrangement 
of the wiring, at the same time giving in the frame lightness in 
weight. The crown-plate a and the bed-plate c are, as usual, rigidly 
connected longitudinally of the lamp by two inclined stout rods 
or tubes d and e, upon which are mounted, so as to slide up and 
down, and be guided thereby, brackets carrying holders for the 
carbons, the said brackets being coupled by a yoke l. The yoke 
is slidable vertically upon a central tuhe m, which extends from 
the summit of the crown-plate down to a cross-bar n, to which 
the upper ends of pole-pieces o of blow-down magnets are secured, 
the other ends of the pole-pieces extending through the bed-plate 
cand being rigidly secured thereto. The tube m is preferably 
angular in cross-section, and the yoke / can slide up and down it 














freely, with the said tube forming a guide to the movement of the 
yoke. The cross-bar n, to which the lower end of the tube m is 
connected, and to which the upper ends of the pole-pieces o are 
rigidly connected (the said pole-pieces being in turn rigidly and 
adequately es from the bed-plate ¢), is coupled to the 
crown-plate @ by a number, preferably two, of fairly thin metal 
rods, such as r, which at each end have an adjustable screw con- 
nection with the cross-bar and crown-plate tively, in a 
manner permitting of the said rods being used either in tension or 
compression as additional stays in the general frame of the lamp, 
at the same time providing simplicity of construction and light- 
ness in weight, and well supporting or staying the upper ends of 
the blow-down devices, and furthermore providing so that the 
said rods form electrical conductors, up to which can be connected 
in very convenient manner both carbons, and both coils of the 
blow-down devices, the left-hand rod r being formed in three con- 
nected -together pieces insulated from each other, and to and from 
which leads from the arcing magnet and to the carbons are pro- 
vided. (Accepted February 3, 1909.) 


GUNS AND EXPLOSIVES. 


455. H. P. Maxim, Hartford, U.S.A. Guns. [4 Figs.) 
January 7, 1909.—This invention relates to devices for lessening 
the sound of discharge of guns. In the embodiment of the inven- 
tion shown in the drawing, there is secured to the extremity of 
the barrel a of the gun a casing d, which is circular in cross-sec- 
tion and forms a support and enclosure for a series of separable 
silencing devices or diaphragms ¢ by which the , which 
escape at the muzzle of the barrel a, are compelled to acquire, 
Within the ive cells or chambers formed by the diaphragms 
¢,@rotary or whirling movement. The diaphragms nearest the 
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muzzle of the gun are naturally subjected to the highest pressure 
of the cases, while those more remote from the muzzle are sub- 
jected to a considerably lower pressure. Those more remote 
from the muzzle of the gun may therefore be less capable of re- 
sisting high pressure than those nearer the muzzle, or may be 
made of much lighter sheet steel than those near the muzzle, or 
May evcn be made of aluminium, while. those nearer the muzzle 
are made of steel. Should the diaphragms nearer the muzzle rest 
directly against those more remote from the muzzle, so that the 
latter receive the pressure transmitted the former, they 
would eventually be broken down. To obviate this, the shell or 








casing d, after the lighter one e have been placed therein, 
is formed with an inner circumfefential ridge or Guciier d@, as by 
spinning, and against such abutment the heavier d ns rest, 
As it is desirable to provide means for readily assuring the accu- 
rate alignment of the openings in the several dia) s with the 
bore of the gun barrel, each of the diaphragms is provided in its 
circumference with a keyway e%, and the casing d is provided with 
an internal longitudinal ridge or key d3, which may be conve- 
niently formed by rolling or pressing a suitably sha; tool into 
the outer wall of the casing. With this construction the dia- 
phragms cannot be introdu into the shell or casing except in 
their proper relative position with the openings e! in accurate 
alignment with the bore of the barrel a. (Sealed April 22, 1909.) 


LIFTING AND HAULING APPLIANCES. 


24,518. W. B. Leech, Leeds. Gravity Bucket-Con- 
ve [5 Figs.) November 14, 1908.—This invention relates 
to any | bucket-conveyors, and has for object to enable the 
chain to be built up and mounted in position independent of the 
buckets, and to enable the buckets to be easily and expeditiously 
mounted on the chain in situ, and to be as readily detached from 
the chain for renewal or repair, at the same time obviating any 
tendency of the chain to tilt inwards under the influence of the 
loaded buckets. According to this invention, the buckets A are 
detachably mounted on the cross-bars or rods B of the chain 



































©, C. For this purpose, each side plate of the bucket is formed 
with a (J-shaped bearing slot D, slightly larger in diameter than 
the cross-bar, and each ring slot D is fitted with a detachable 
renewable bearing cap E. This detachable bearing cap E is 
retained in position by a bolt F, upon which the cap has a slight 
rocking action, which, in conjunction with the slight clearance 
around the lower part of the bearing (see Fig. 3), allows a certain 
amount of play and elasticity in the bearing should one side of 
the chain wear more than the other, or should the chain from any 
cause get out of exactalignment. (Accepted February 17, 1909.) 


MACHINE AND OTHER TOOLS, SHAFTING, &c. 


6628. A. Herbert, Kenilworth, and P. V. Vernon, 
Coventry. Clutches. [4 Figs.) March 25, 1908.—This 
invention relates to compound positive and friction clutches so 
constructed as to avoid shock when engaging the positive clutch, 
in which it is possible to use the friction clutch alone or the posi- 
tive clutch alone, or the positive clutch after the friction clutch 
has brought the of the shafts the same. The invention also 
relates to operating mechanism, enabling this to be obtained and 
also ensuring that when the positive clutch and friction clutch 
are used together the friction clutch is first engaged for a suffi- 
ciently long period to ensure the shafts running at the same 

before the positive clutch is en e main object of 
the invention is to provide a construction in which a single 
actuating lever is hod for both clutches, the particular construc- 
tion of the mechanism enabling this to be done. In the construc- 
tion illustrated, it is desired to clutch the gear-wheel A to the 
shaft B. The gear-wheel A is formed with a lateral recess C in 
which expand clutch segments D by means of le mechanism. 
This is actuated by the sliding of a sleeve E, which is mounted to 
slide on a keyway on a sleeve G fixed to the shaft B. The sliding 
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sleeve E also carries studs H which engage heads on other studs 
carried in the gear-wheel. These studs constitute a positive clutch, 
and en; with the sliding sleeve E when it is in its extreme 
right- position. The studs H are guided in a flange K on the 
fixed sleeve G. To slide the sleeve Ea shoe L is employed, this 
being formed with rack teeth en, ng a pinion M. ie pinion M 
is mounted upon a hollow spindle N which carries the actuating 
lever which en both clutches. The spindle N carries two 
projections P and R in different planes, and set at an angle in 
relation to one another. The projection P will be hereinafter 
termed the friction-clutch projection, and the projection R the 
positive-clutch projection. Between these projections P and R, 
and adapted to slide parallel with the spindle N, is a stop 8 which 
may take the form of a cylindrical pin. The projections P and R 
are adap against this stop 8, limiting rotation of the 
actuating spindle N ; but the stop is slotted at one point so 
that one projection at a time can occupy and through this 
slot when the slot is ht into the plane of projection by 
sliding the stop axially. ming the parts to be in their first 
position with the clutches dise' the slot is occupied 
with the friction-clutch projection P, and by a movement 








indle N can be 
the friction clutch- 


of the single control-lever the actuating 
rotated through a suitable angle to en 
blocks D, the friction-clutch ety reer meanwhile ing 
through the slot and holding the stop-pin 8 against axial move- 
ment ; but directly the friction-clutch is engaged the positive- 
clutch projection also bears on the stop, preventing further 
rotation of the actuating spindle N, so that the positive clutch 
cannot be engaged. The friction-clutch projection at this point 
has passed out of the slot in the stop, so that the latter is free to 
be'moved to bring the slot into the path of the positive clutch 
projection R. When this is done the actuating lever can ‘be 
rotated through a further angle to engage the positive clutch- 
studs H. The positive clutch projection R meanwhile enters the 
slot and again holds the stop against axial movement. The reverse 
sequence has to be gone through to disengage the clutches. 
(Sealed April 15, 1900.5. 


MOTOR ROAD VEHICLES. 
8178. G. H. Lanchester and the Samqposter Hotes 


. 

. (3 Figs.) April 13, 1908.—This invention relates more 
especially to the actuation of epicyclic or like change-speed gears 
for motor-vehicles in which a number of frictional or other clutches 
are employed for putting the required gears into action, The 
invention has for its object to arrange for the control of such 
gears by means of a hand-lever and al, involving similar opera- 
tions, so far as the driver is concerned, as the sliding-gears at 
present most commonly employed. The invention comprises the 
provision, in conjunction with the clutches of the gear, of a spring- 

1 device and a hand -operated selecting and transmission 
piece or pieces, together with suitable clutch-actuating thrust- 
rods and levers, or their equivalent, the arrangement being such 
that the selecting piece can be moved into alignment with one of 
the thrust-rods or the like for the operation thereof by means of 
the spring p In carrying the invention into effect for the 
control of epicyclic driving mechanism provided with friction 
clutches, each clutch has arranged therewith an actuating lever a. 
Adjacent to the levers are mounted a series of thrust-rods b. For 
operating the thrust-rods selec'ing-pieces e are employed, such 
pieces serving to transmit motion from the pedal device. The 
selecting-pieces are secured to a spindle f, to which both an 
angular or pivotal and an axial movement can be given by 
means of a hand-lever g arranged at the side of the vehicle. The 
shape and relative disposition of the said pieces are such that by 
a lateral or axial movement they can be moved freely past the 
ends of the thrust-rods, and then, by an appropriate angular move- 
ment, one of the pieces can be brought into engagement with the 
particular thrust-rod to be actuated. Preferably two selecting- 
pieces are adopted, so that an angular movement in one direction 
puts one piece into operation, and a like movement in the opposite 
direction puts the other piece into operation. To compensate for 
wear, the selecting-pieces are made to a cam-like configuration. 
To prevent or avoid actuation of the clutches by the mapas oS 
and selecting-pieces e, the peripheries of the latter are notched, 
and the adjacent ends of the thrust-rods made to a chisel-like or 
other equivalent configuration for engaging therewith. The 
notches are made sufficiently deep and with the edges suitably 
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inclined to prevent the cams from being rotated far enough to 
actuate the clutches with the application of a normal operative 
force to the handle. Any looseness or freedom in the normal 
direction of motion of the rods b or levers a is, however, taken up 
by the cams in order that the same pressure may be exerted on 
the rods by the pedal device under all conditions. Further, the 
notches are such that when a cam has been advanced into the 
correct position, a suitable clearance or freedom is. provided 
between the same and the end of the adjacent thrust-rod, so that 
release of the clutch is always ensured on the reverse actuation of 
the pedal, despite any expansion, distortion, or other cause 
whereby the oliastmens of the parts can be affected. Thus, 
supposing the condition of the mechanism to be such that a certain 
amount of endwise movement can be given to one of the rods b 
before the corresponding clutch is actuated, the greater part of 
the movement is taken up by one of the cams before the al 
device is put into action. But sufficient residual movement or 
freedom is left to ensure that with the reverse operation of the 

1 device the clutch will be fully released under the action of 
its own spring. Only the selecting movements or the lateral and 
angular movements aforesaid for putting the selecting-pieces or 
cams into position are effected by the hand-lever g. The required 
rectilinear movements of the thrust-bars for operating the clutches 
are produced by the pedal device. Such device comprises a spring h 
arranged to act upon the —Saae spindle f through the 
medium of a fitting é ted on the spindle, and a cylindrical 
case j, whereby the spring is for the greater enclosed. 
The spring-case is supported by a cylindrical guide k, to one end 
of which is screwed an adjustable abutment / for the spring. 
Through the centre of the spring passes a plunger m, Which 
is secured at one end to the spring-case and at the other 
to a pedal lever n. On depressing the pedal lever, the spring 
is compressed, and the selecting-pieces are drawn back from 
the thrust-rods, so that one of the pieces can be put into position 
0} ite the rod pedal the to the clutch to be operated. With 





the release of the | the spring expands, and its motion is 
transmitted through the selecting-piece and thrust-rod to the 
it the required move- 


operat lever of the clutch a. To 
jon of the spring and 


ments of the selecting-piece in the d 
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thrust-rods, the selecting-piece spindle is either mounted so that 
it can slide perpendicularly to its axis, or is pivoted at o near to 
the handle. For determining the axial and angular movements of 
the spindle an ordinary slotted gate p is employed in conjunction 
with the handle, such gate being suitably mounted on the vehicle 
frame to permit the pivotal or other movement of the spindle 
under the action of the pedal and spring. (Sealed April 8, 1909.) 


RAILWAYS AND TRAMWAYS. 


14,510. J. H. Briggs, Leeds. Tramway - Rails. 
{5 Figs.) July 8, 1908.—The object of the present invention is to 
minimise the formation of lateral, or transverse, corrugations on 
the running surface of tram-rails of the simple girder type com- 
monly employed in ordinary road tram-lines, and with this object 
the rails over the whole length of the tram-line, or such portions 
as may be liable to corrugation, are so constructed that if the 
vehicle wheels tend to climb the crown of the rail this action will 
necessarily take place on acomparatively unsupported part of the 
rail tread, and any such climbing tendency, instead of causing the 
wheel to rise, as at present, will, by concentration of weight on 
the inner side of the rail tread, result in depressing this part of the 
rail, leaving the wheel to run evenly on the outer, or rigidly sup- 
ported, part of the rail tread. Consequently, with rails so con- 
structed that, the inner side yields in the manner described, the 
wheel need pou climb the rail at all, and lateral corrugation of the 
rail surface’ due to this cause is obviated, Accordingly, by the 
present invention such tram-rails are rolled, or otherwise con- 
struct’ so that the inner side of the rail tread will yield suffi- 
ciently «ler abnormal distribution of the wheel load so that the 
load w: b. thrown on that part of the crown of the rail which is 


more directly supported by the web, or, at all events, will be fairly 
distributed over the tread surface, this deflection of the com- 
paratively unsupported or inner side of the rail necessarily 
eliminating any possibility of climbing. In the preferred con- 
struction this result is obtained by rolling the rails with the cen- 
tral vertical plane of the web outside the vertical plane through 
the medial line of the tread surface of the rail crown, thereby 
leaving the inner side of the rail tread less supported by the rail 
web than the outer side, and the resulting flexibility may be 
enhanced and confined to that region by making the rail web of 
reduced thickness near the top on the inner side, or (which comes 
to the same thing) making the web with vertical reinforcing 
corrugations or ribs which do not extend quite to the top of the 
rail. In Fig. 1, the rail web a is shown as immediately beneath 
the extreme outer side b of the rail crown, the inner side b! 
thereof being thus overhung to a very considerable extent. Fig. 2 
shows the rail web and crown in the same relation, but with the 
rail web formed with vertical corrugations or ribs a! on the inner 
side extending from the foot ¢ of the rail towards, but short of, 
the junction of the web and head, Such corrugations may be 
formed on both sides, and may extend over the entire depth of the 
web, although usually on the inner side they would be as shown 
in Fig. 2. (Accepted February 10, 1909.) 


STEAM ENGINES, BOILERS, EVAPORATORS, &c. 


4582. D. B. Mo: Hartlepool. Expansion- 
Glands. (4 Figs.) February 29, 1908.—The present invention 
relates to expansion-glands for pipes containing steam or other 
fluid constantly, or intermittently, under a pressure less than 
atmospheric, and the invention consists in so arranging the glands 
that the atmospheric pressure, assisted, it may be, by mechanical 
means, tends to force a packing-ring into a converging annular 
space adapted to contain, or to be covered by, water, to obviate 
any risk of leakage of air past the packing-ring into the steam or 
other pipes. Fig. 1 refers to a vertical exhaust-pipe; a and b 
represent the two pipes between which movement is required, the 
former being provided with a flaring, or divergent, end c¢, into 
which the ee ga end of the other pipe passes. In the con- 
verging annular space d a packing-ring e is placed, and this 
converging annular space is filled with water. If desired, a con- 
tinuous supply of water may be led through the pipe f, and 
carried away by an overflow pipe g, so that there is no danger of 
the gland becoming unsealed through evaporation or leakage of 
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he water in the annular troug.1. When the pressure in the pipe 
is below atmospheric, the atmospheric pressure on the surface of 
the sealing water acts to wedge the packing-ring down into the 
converging space, so forming a tight gland, which, however, is of 
such a nature as to allow of any desired amount of relative axial 
movement, and also a certain relative lateral movement, between 
the pipes a and b. In the device shown in Fig. 2, which relates to 
a horizontal pipe, the end of one pipe is, as before, placed within 
the flaring end of the other, but to this flaring end a conical ring ¢ 
is connected, so as to enclose an annular space of double conical 
section, In this space, which is maintained full of water, two 
packing-rings e and e! are placed, of which ¢ is wedged between 


the flaring end of the pipe @ and the exterior of the pipe b by the | 


} 7. R. 
| Lubricators. 


atmospheric poo (ecting on the water)in addition to the water 
— and assisted by the spring n, the other packing-ring e! 
veing wedged into the opposite space by the water pressure, 
assisted by the same spring. The packing-ring ¢ prevents entry of 
air into the exhaust-pipe, while the ring e! serves only to prevent 
the escape of sealing water, (Sealed April 15, 1909.) 


| 





1889. P. Tod, Liv 1. Feed-Water Heaters. 
{5 Figs.] January 28, 1908.—This invention relates to feed-water 
heaters of the type which are disposed within the steam-space of 
the generator, the feed water being heated by direct contact with 
the steam. a represents a tapered casing or conduit, open to the 
steam-space of the generator both at its upper and lower ends. 
bis a branch integral with the casing a, and to which branch a 
feed-water supply is connected. d is a tapered pipe, open at both 
its upper and lower ends, disposed within the casing a, and main- 
tained in position by fins or webs. fare vanes disposed within the 
casing a, adapted to impart a rotary motion to the feed water 
passing through it. g is one of a plurality of trays provided with 
an upstanding surrounding rim or flange, ribs arranged in zigzag 
fashion, and a downwardly-projecting flange or bead. & repre- 
sents the casings, upon projecting members of which the trays 
g are supported; J is an opening in the casing k. Lugs are 
provided on the under faces of the casings, the lugs of one casing 


Fig./. Fig.2. 


r 


resting upon the, walls of, the casing below, and constituting dis- 
tance-pieces to permit of communication with the steam-space of 
the generator. q are bolts, by means of which the casings, and 
also the trays, are prevented from lateral displacement. The 
upper casing is provided with a cylindrical extension k, within 
which the lower end of casing a enters ; and the lowermost casing 
is provided with an extension r, to which a pipe is connected, and 
through which pipe feed water is conveyed to any desired point in 
the boiler. In use, water is fed by the feed-pump or its equivalent 
by way of the branch b to the interior of the casing a, and flows 
through the space between it and the internal pipe d (rotary 
motion being imparted toit by the vanes f)on to the uppermost 
tray g, and overflowing the edge, falls on to the floor of the casing. 
It then overflows the raised edge of the opening / and falls 
through the opening on to the next tray below, and so on 
throughout the series. The incoming feed water in its passage 
through the casing @ induces the flow of steam down the pipe 
d to heat it. (Sealed April 15, 1909.) 


4209. G. J. Churchward, G. H. Burrows, and C. C. 
peney, Swindon. Superheaters. [5 Figs.) Feb- 

ruary 25, 1908.—This invention relates to superheaters of the flue 
type, and is applicable to multitubular boilers, especially those of 
the locomotive type. A is a portion of the header ; a a portion of 
the saturated, and @! a portion of the superheated, steam chambers; 
b the plate which abuts against and closes the aperture in the 
internal partition a* ; b! the plate which abuts against the front 
inner wall of the header ; 62 the cover abutting over the aperture 
in the outer wall of the header. In the plate b are apertures 
corresponding and in alignment to one leg of the U-shaped tube 
or tubes. In this aperture, or these apertures, which correspond 
with the number of U-shaped tube or tubes, is or are secured a 
plain tube or tubes c. The diameter of this tube, or these tubes, 
should be such as to effect a sliding fit within the interior of the 
end leg of the U-shaped tube or tubes d. Instead of the plain 
tube ¢ being a sliding fit into the plain end of the U-shaped tube 
or tubes d, the end of the tube d may be expanded as shown in 
Fig. 1, and arranged for the plain tube ¢ to be asliding fit therein. 
The arrangement is such that when the plates are held securely in 
position on the header or headers, the end or ends of the straight 
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tube or tubes ¢ pass into the plain or expanded end of the leg of 
the U-shaped tube or tubes d, and ensure a sliding fit or a steam- 
tight joint or nearly so. To prevent the possibility of any appre- 
ciable reduction in pressure taking place in the superheated-steam 
chamber below that in the saturated-steam chamber when using 

-shaped tubes, an automatic valve may be provided in the parti- 
tion wallof the header, which, on the pressure in the superheated- 
steam chamber a! temporarily falling below that of the saturated 
steam in the chamber a, will open and allow saturated steam to 
mix with the superheated steam ; on the pressure in the two 
chambers being equal or thereabout the valve will close. In order 
to prevent the valve opening with slight variations in pressure a 
spring or its equivalent is arranged to assist in the closure of the 
valve. A suitable construction of valve is shown in Fig. 2, in 
which b4is the dise valve ; b° the valve-seat secured in the internal 


partition a3; f the plain cover-plate passing over the aperture in | 


the wall of the header, and g a coiled spring to prevent the valve 
opening with slight variations in pressure in the chamber a! below 
that in chamber a. The valve spindle serves the purpose of hold- 
ing the plain cover-plate f and the cover 2 in position. (Sealed 


| April 22, 1909.) 


| pumps deliver lubricant to a series of ducts leading to the various | 


MISCELLANEOUS. 


McGregor, Glasgow. Positive - Feed | 
{2 Figs.) September 26, 1908.—This invention 
itive-feed lubricators of the type in which a series of | 


20,24 


parts to be lubricated, and in which the supply of lubricant to the | 


pumps is visibleand regulable. 
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the sight-feeds to the pumps independently of the lubrica: 
in the container or reservoir, and also independently, or 
tically so, of the varying viscosity of the lubricant under c! 
of temperature. The plenum pump and the series of feed-; 
are operated by a single long eccentric A formed upon 
extending transversely in the casing forming the lower | 
the lubricator, and provided externally to the casing \ 
ulley Al for a driving-belt. In the upper part of the casi: 
ubricant container A®, within which isa chamber A4, The plenum 
pump consists of a plunger B operated by the eccentric 4 for 
the in-stroke, and by a spring between a piston part and the jiead 
of the pump cylinder, there being arrangedin this head a s) ring. 
controlled non-return valve controlling the discharge apertures 
from the pump to the chamber. The intake of the pump consists 
of grooves below which the ‘piston part passes on the out-s' roke, 
and it draws from the container A* through a straining device 
C3, The chamber A* communicates by a series of ports |) con- 
trolled by adjustable needle valves, with the usual snap hanrlles 
D2 for opening and closing them. Beyond the valves are sivht- 
feed nozzles D3, the drops from which pass behind a sivht- 
glass D4 to receiving cups E from whence they flow to the 
feed-pumps. These consist of plungers E! operated by the 
eccentric A against springs, and they deliver past spring. 
controlled non-return valves to the usual lead pipes G supply. 


Fig.2. 


ing lubricant to the various parts. It is to be observed that 
each pump with its plunger E!, spring, and non-return valves, 
is formed in one casting with a spigot part G! fitting into the 
lower part of the casing containing the ports leading from the 
sight-feeds, and also forming an oil-bath G2 for the pumps and 
their parts. The casting is secured in place by set-screws, and 
thus any one feed-pump and its parts may be withdrawn during 
the operation of the lubricator for cleansing or repair, and with 
out interfering with its operation in respect of the other feeds. 
From the chamber A‘ the excess of lubricant supplied by the 
plenum pump passes back to the chamber A® through an outlet J 
(which may be of fixed and predetermined size) to the container. 
It is preferable, however, to make this outlet adjustable, and in 
the present instance the adjusting device controlling the outlet 
area consists of a needle valve which is so adjusted as to pass at 
the highest temperature exactly the excess of lubricant delivered 
by the plenum pump without any rise of pressure in the chamber. 
When the temperature falls and the viscosity of the lubricant 
rises, the capacity of the valve at normal pressure falls below 
that of the pump’s excess (commensurately with the slowing of 
the drip at the sight-feed nozzles D*), the pressure therefore rises 
within the chamber until the excess delivered by the pump again 
passes the valve, and, of course, with that rise of ‘pressure thé 
flow at the sight-feed nozzles again becomes normal. (Sealed 
April 22, 1909.) 


18, T. G. on, London. Ventilating Appa- 
ratus. (3 Figs.) eptember 7, 1908.—This invention relates 
to means for heating air to be employed for the purpose of venti- 
lation on its passage through a conduit or channel, and has for 
its object to utilise the heat of the heating medium employed to 
the fullest extent, and at the same time to effect the heating of 
the air without imparting thereto any objectionable odour. Ac- 
cording to the invention, lamps orlike heating means are arranged 
within a casing of non-metallic and non-inflammable material, 
which casing is of smaller size than the ventilating channel within 
which it is arranged, so that a passage exists all round between 
the outer surface of the casing and the face of the channel. « Is 
a conduit or channel lined with a non-conductor of heat for the 

of a supply of air to the apartment to be veniilated, and 
is shown with three sides embedded in the wall }, whilst the 
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access to the lamps. The lining of the channel a is, wit 


The invention has for its object | non-metallic material of a non-inflammable nature. 


fourth side is hinged to permit of access to the casing containing 
the lamps. This casing is shown at c, and is of such a size as to 
leave a between its exterior surface and the walls of the 
channel a, through which passage a current of air, independ: t of 
that which passes through the casing c, is free to travel. Fe: t or 
distance pieces are provided for centralising the casing ¢ wit!in 
the channel a. The ends of the casing ¢ are open, and eith 1e 
or both of them may be fitted with louvres for the purp of 
preventing the waste of heat by radiation from the heating !4:))s, 
and, when an electric motor for forcing the air is plac | in 
proximity to the heating apparatus, to protect the same fr he 
radiated heat. The side c2 of the casing c is hinged, to pe! if 


the 
walls of the casing ¢ and the louvres c!, formed of some s' - 
(Acer pier 


to provide means for ensuring regularity in the supply through | February 3, 1909.) 
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IMMINGHAM DOCKS. 


On the whole of the East Coast of England there 
is no ocean port of first-class importance, with the 
exception of London. A great amount of shipping 
engaged in the Continental and fishing trades finds 
accommodation at various points along the coast, 

rticularly at Grimsby, but it has for some time 
on recognised that the vast industrial area of the 
North Midlands has no adequate outlet on this side 
of the country. Hull and New Holland are handi- 
capped by the navigation of the Humber, although 
they retain the bulk of the Scandinavian trade and 
much of the Continental. Only vessels of moderate 
draught can use these ports, which suffer in useful- 
ness on account of the many sandbanks and the 
shallow water of the river. Grimsby is more acces- 
sible, and has been developed wonderfully by the 
enterprise of the Great Central Railway Company. 
It is sheltered from the violence of the North Sea 
by the projecting land on the other side of the river 
mouth, and is the home of the largest fleet of fish- 
ing vessels in the world. There are a hundred acres 


mercial point of view, could not have been found 
in ‘‘ Bradshaw” a very short time ago, as it was 
untouched by any railway. But its potentialities 
lay not only in its geographical situation, but in the 
fact that the river ran past it with a depth of close 
on 100 ft., and the flat pasture land in the neigh- 
bourhood could be acquired at fairly reasonable 
rates. Consequently ample space was available for 
dock works on the most liberal lines, The Humber 
Commercial Railway and Dock Company, who work 
in conjunction with the Great Central Railway 
Company, uired a site of 900 acres for their 
roject, and the latter body are constructing a loop 
ine from Ulceby to Grimsby, which takes in Im- 
mingham on its way. This line is two tracks wide, 
but enough land is taken to lay four tracks, and all 
bridges are constructed with this eventuality in 
view. 

The first sod of the dock was cut on July 12, 
1906, by Lady Henderson, wife of the chairman of 
the Great Central Railway, to which company the 
enterprise is really due. The dock has been 
designed by Sir John Wolfe Barry and Partners, 





32 ft. at,low_water of ordinary neap tides, and 28 ft. 
at low water of ordi spring tides. Vessels of dee 
draught will thus be able to enter or leave the doc 
at any state of the tide, as the deep-water channel 
of the Humber passes close to the entrance, and it 
will only be necessary to dredge a short channel, 
about 300 yards in length, across the foreshore to 
“oe access to it. The entrance channel outside the 
ock will be flanked on either side by jetties extending 
outwards beyond low water, and deep-water berths 
will be dredged alongside the jetties, so that vessels 
may come alongside at any state of the tide. These 
— besides serving to guide vessels into the 
ock, will afford facilities for the coal trade and for 
mger traffic; the west jetty being reserved 
or the former, and the east jetty for the latter. 
The dock itself and the greater part of the entrance- 
lock lie within the line of the Humber bank, and 
only the outer end of the lock and the entrance- 
channel are situated on the foreshore, The site is 
an ideal one for a deep-water dock, as there are no 
expensive reclamation works to be uné ~taken, and 
the deep-water channel of the Humber ‘ies so close 








Fig. 1. 
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of docks at Grimsby, with wharves equipped with | 


all the most modern coal-handling plant, for the 
port is the natural eastern outlet for the Midland 
coal-fields, and does an immense export trade in 
coal. It would appear at first sight that Grimsby, 
with its existing trade and railway facilities, would 
have been the most natural site for any new dock 
enterprise. - 

In fact, the first scheme for the enterprise which 
we are about to describe was for a dock on the fore- 
shore of the Humber, adjoining the existing docks 
at Grimsby. This was sanctioned by Parliament 
in 1901. But, taking into consideration the con- 
tinued increase in the draught of modern vessels, 
\t.was afterwards considered that this site would 
not admit of a sufficient depth of water in the 
entrance-channel without a very large expenditure 
on dredging. Another site was consequently 
selected, some six miles further up the Humber, 
at linmingham, where there is a great depth of 
water close in shore ; and in 1903 a Bill was laid 
before Parliament for transferring the proposed dock 
to this site. The Bill was passed subject to certain 
onerous obligations with regard to dredging the 
Humber, which could not be accepted by the pro- 
moters, who in the following Session again went 
to Parliament with slightly modified proposals, and 
“7 po undertaking was authorised by the Act 


lumingham, the little parish destined to become 





the site of one of the most important ocean ports 
mthe country, both from a strategic and com- 
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and the work was put in the hands of» Messrs. 
Price, Wills, and Reeves, the well-known con- 
tractors, of Waterloo Place, 8S.W. A general plan 
of the work is given in Fig. 1, above. 

The dock being constructed in the first instance 
consists of a main central basin 1100 ft. square, 
affording ample space for turning the largest vessels, 
with a bay or arm 1250 ft. long by 375 ft. wide, 
branching out of the south-west corner. The main 
dock ot south-west arm will have a deep-water 
area of 384 acres. Eventually there will four 
bays or arms, one at each corner of the main dock, 
with a central mole between each pair of arms. 
The total deep-water area will then be 71 acres. To 
begin with, there will be 6760 lineal feet of quay: 
in the main dock and south-west arm, and when all 
four arms are made there will be 14,110 lineal feet 
of quayage available for the coal, timber, grain, and 
other trades. 

The land acquired for dock purposes is 616 acres, 
of which 79 acres will eventually be water, thus 
leaving 537 acres of land when the dock is com- 

leted. In addition, about 300 acres were taken 
or sidings and for the railway already mentioned, 
4} miles in length, from the Great Central Railway 
Company’s station at Uleeby to the dock site. 

The depth of the dock will be ft. below high 
water of ordinary spring tides, or 32 ft. below high 


mS 


water of ordinary neap tides. The entrance-lock will 
..wide, with a depth of water 
nary spring 


be 850 ft. long by 90 
on the sill of 474 ft. at high water of o 





tides, 44 ft. at 


igh water of ordinary neap tides, 


"T 


to the shore—in fact, no docks on the East Coast of 
Great Britain will afford such facilities either as 
the approach from the sea or depth and 

dimensions of the entrance, * ~ 

The illustrations, Figs. 2 to 4, on the next page, 

ive a general idea of the condition of the works 
fast autumn. A light railway for the transport of 
materials was laid from Grimsby to the dock site, 
by the contractors, at the inception of the serious 
work; otherwise the place was practically inac- 
cessible. Some 2000 men were employed for the 
excavation and other work required ; during last 
autumn the excavation ed at the rate of 
about 140,000 cubic yards per month. A stream, 
running into a little creek known as Immingham 
Haven, had to be diverted into a more convenient 
course ; but naturally the heaviest work was the 
excavation of the dock itself and the channel con- 
necting it with deep water. While this was bei 
done a strong temporary cofferdam was constru 
opposite the mouth of the channel. The soil re- 
moved from the excavation has been used for filling 
up inequalities of the site and bringing the land up 
to the level of the dock-quays and railway sidings. 
There is, as the plan indicates, a considerable area 
which is not yet up to the final level ; but when the 
extensions planned are undertaken, the present 
depressions will be filled in with the material ther. 
to be disposed of. s 
| Sections through the dock-wall, the Humber em- 
bankment, the temporary cofferdam at the mouth of 
the channel, &c., are given in Figs. 5 to 10, 
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page 655. The body of the dock-wall is of concrete, 
consisting of 8 parts of ballast to 1 of cement, and 


is faced with 5 to 1 concrete. There has been con- | 


siderable discussion as to the permanence of 
concrete work in contact with salt water, but it is 
now generally admitted that such work suffers no 
injury provided that sulphate of magnesia is not 
present in the proportion of more than 1} per cent. 
as a maximum. The wall is surmounted by a 

ite coping. The illustrations show the original 
evel of the ground, and how it has been raised by 
the dumping of the excavated soil. The river 
embankment extends along the shore of the site, 
and presents a pitched slope of 2:1 to the water, 
with a rubble apron at the toe, The temporary 
cofferdam is of similar type, both being constituted 
of clay from the site, pitched on the face with rubble. 
Figs. 9 and- 10 show the work necessary for the 





Fig. 4. 


diversion of the drains, of which we have already 
spoken. 

At the entrance to the lock from the river great 
concrete monoliths were sunk. The steel shoes for 
these were constructed as shown in Figs: 11 to 13, 
and the monoliths themselves are represented to 
|a small scale in Figs. 14 to 17. The caissons were 
afterwards filled in with rich concrete, and the large 
core-holes with concrete having a less proportion of 
cement. The position of these monoliths at the 
entrance to the lock is shown in Fig. 18, on page 666. 
The same figure shows the position of a ving- 
dock which was under consideration when the work 
was started. The contract for this has now been let, 
and work is being proceeded with. The lock-channel 
itself is 1000 ft. long by 90 ft. wide, and is divided by 
intermediate gates into two compartments, either of 
which can be used according to the length of the 














entering vessel. Should it be necessary, of course, 
the centre gates can be left open and the whole length 
of the channel used asa lock. The various sections 
oe in Figs. 19 to 27 show the details so fully that 
ittle in the way of description is necessary. Provision 
is made at each end to facilitate the erection of a 
tem ry dam, should there ever be need to close 
the channel by this means, in order to repair the 
gates or for other reasons. The chain-fender grooves 
also afford a hold for a temporary structure tv 
isolate any pair of gates. 

With the details of the fender-chain machinery 
and the gate-closing machinery we shall deal su!) 
sequently. The arrangement of the latter is indi- 
cated on Plate XXXVIII., in connection with the 
details of the gates themselves, Figs. 28 to 48. A 
separate contract for the gates, and the machinery in 
connection therewith, has been let to Messrs. Head, 
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who have already made considerable progress with | gates afford communication with the air-chambers. _ be systematised, that the exercises should be typical 
the work, Each gate rests on a pivot at its inner (To be continued.) ;and carefully selected, and of such a nature as to 
hottom corner, as shown in Fig. 30, and is hinged |permit of easy and thorough supervision by the 
hy a strong anchorage at the top. Its otter end demonstrators. With the view of facilitating work, 
carries a roller, which runs on a cast-iron rail made L ITERATURE. and at the same time supplying a model which has 
in sections, and bolted to the lock bottom. Details —-— ‘been found to work satisfactorily, the authors of 


of this are given in Figs. 46 to 48. Up the hinged | Practicul Physics: A Laboratory Manual for Colleges and the work under review have prepared a manual 
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the effect of frightening the student by over- 
whelming him with the prospect of too much work. 

The first volume is foes ar to methods of pre- 
cise measurement, and to simple experiments 
in mechanics and heat. In the opening section, 
practice is afforded in the processes of measuring 
small quantities of time and space, and the niceties 
of accurate weighing, leading in the second section 
to examples of calibration, the determination of 
specific gravity, and problems connected with 
inertia and hydraulics. Experiments in heat form 
another section, in which are included examples 
for finding the coefficients of linear and cubic 
expansion, specific and latent heat, hygrometry, 
&c. Of course, it is not possible to indicate all 
the experiments that are given, but those we 
have mentioned are sufficient to enable anyone 
to make a comparison between the amount of 
work required in American universities and that 
demanded from students in England. The length 
of time that is devoted to this preliminary course 
is not distinctly stated, but there is no sign that the 
student is hurried through, and the neatness and 
thoroughness with which the work has to be per- 
formed, and the standard of accuracy that is 
expected to be reached, are quite satisfactory. The 
amount and method of me geisene before experi- 
mental work is attemp would be generally 
approved, 

f one ventures to suggest any correction, it 
would be to ask whether it be necessary to introduce 
at an early stage any thought of a ‘‘ probable 
error” based on the principle that the sum of the 
squares of the residuals should be a minimum. To 
write down an algebraical expression consisting of a 
constant and a few symbols, and never to explain 
the meaning of that constant, or the reason for the 
particular form that the equation has assumed, is 
not a satisfactory method of teaching. It is stated 
in the test, which is perfectly true, that it is most 
probable that in an indefinitely large number of 
observations the sum of the positive errors will be 
equal to the sum of the negative errors. But if 
we proceed on that hypothesis, and accept that 
rule as a criterion for *‘ probable error,” we are not 
led to the expression given, but to one much 
simpler, which can be expressed by dividing the 
numerical sum of the errors by the number of 
observations multiplied by a constant. Such a 
formula would be quite satisfactory, but not quite 
so conventional. Again, is it right to tell a beginner 
that the result of a single observation is as likely 
to be too large as to be too small ? Suppose we 
had to measure or to estimate a tenth of a milli- 
metre, it is quite possible that an inexpert measurer 
might make it two or three-tenths ; but we cannot 
conceive anyone asserting that the value was zero 
or a minus quantity. e limits of error are not 
equal on either side. Similarly, with time observa- 
tions it is quite possible to describe an event as hap- 
pening too late ; but it is only under certain special 
conditions—as, for instance, in watching the transit 
of a star over the webs of a transit instrument— 
that it is likely to be recorded before it happened. 
Moreover, in an example in which the unit of 
measurement is the ounce, and the errors of 
observation proceed per saltum, by whole ounces, 
it is misleading to give the probable error to thou- 
sands of ounces. e probable error is of the same 
order as the unit of measurement. The applica- 
tion of the theory of errors is so extremely 
artificial, and fenced round by so many conven- 
tions, that no profitable discussion of the theory 
can be open in half-a-dozen pages. Of course, 
some criterion is needed to decide relative accuracy 


in — measurements, but this might be pro- 


by a simpler method. The application of 


, 


videc 
‘least squares” seems to exercise a powerful 
fascination over some writers of elementary works. 

The second volume is limited to measurements 
connected with electricity and magnetism, preceded 
by some definitions and gereral directions for the 
use of electrical apparatus. Nearly fifty experi- 
ments, apparently very well graduated, are de- 
scribed, divided into two sets, elementary and 
advanced. These cover the usual ground, but two 
experiments are introduced connected with radio- | 
activity, due, perhaps, more to the popularity and | 
interest of the subject than strictly pertaining to 
the course. 


The third and last volume of the set is devoted | It is stated that owing to an accumulation of coal stores jectiles of 101 lb. weight. 





with a few experiments, and greater thorough- 
ness is here exhibited than is usual in English 
text-books. On the other hand, refraction and 
diffraction of light, and work on the optical bench 
generally, are dismissed with less detail. In the 
acoustical problems we miss any reference to 
Lissajous’ figures. 


Valuation for Rating. Part I. By JosEpH GREAVES, 
C.E., Assoc. RSM. (London), Valuer and Surveyor, 
General Valuation Department, Ireland. Dublin: John 
Falconer. [Price 7s. 6d.] 

Wuen rating cases come before the Courts, it is 

a familiar sight to see a number of expert valuers 

called as witnesses whose valuations of the same 

building for the purposes of rating differ so widely 
as to be amusing to the ordinary layman, who 
probably leaves the Court with the reflection that 
experts will say anything if they are paid for it. 
But this is really an unjust criticism, due to ignor- 
ance of the legal principles applied in such matters, 
and the excuse for the wide discrepancies in valua- 
tion isto be found in the fact that the rateable 
value of a building depends upon the rent which 
could be obtained for it from that wonderful ficti- 
tious personality the ‘‘ hypothetical tenant,” and 
in many cases it is by no means an easy matter to 
arrive at a definite valuation onthis basis. The law 
is clear enough, but the application of it to particular 
cases is war nd clear nor simple. The safest guide 
to the ratepayer, therefore, is the instruction to be 
obtained from reports of decided cases, with explana- 
tions, where necessary, by some competent autho- 
rity. The present volume is intended to give that 
kind of instruction, and on its preparation the 
author has brought to bear a long experience in 

— valuation of all classes of property. Mr. 
reaves has wisely adopted the method of instruc- 

tion by practical examples, which are nearly all 
taken from decided cases, and his explanations of 
the basis of the calculations in each case, and his 
comments on the decisions, are very readable and 
informative. A considerable portion of this volume 
is devoted to the valuations of private residences in 
town and country, banks, clubs, and hotels ; but to 
readers of ENGINEERING the most interesting 
chapters will be those entitled ‘‘Contractor’s Theory 
of Rent,” and ‘‘ Profits, Method of Valuing.” We 
are not told what Part II. of this work will con- 
tain, but we hope the author will there deal ade- 
quately with the vexed question of the rating of 
machinery, which is not discussed in the present 
volume. Some useful valuation tables are given as 
appendices to the book. 
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Iron AND Coat Propuction 1n AvsTRIA-HUNGARY.— 


BEARDMORE'’S STEEL WORKS AT 
PARKHEAD, GLASGOW. 
(Continued from page 582.) 
DEVELOPMENT OF ARMOUR. 

Tue firm of Messrs. William Beardmore and (> 
Limited, have been more or less continuously a: no: 
ciated with armour manufacture since the year 1); 
when they furnished the wrought-iron armour {or 
the Black Prince of that date. Since then thoy 
have played an important part in the successive dey ¢- 
lopments in the making of armour—in the all-stce] 
plate and the compound system up to the present 
age of cemented steel. The distinctive feature of 
the Beardmore compound plate was that the 
hard face and soft back, of which it was composed, 
were cast simultaneously into a mould, then 
pressed, rolled, and treated, without going through 
a cementation process. By this means much time 
was saved in the execution of an order in an emer- 
gency. Several — of comparatively modern 
date, notably H.M.S. Berwick, are protected by 
this quality of armour. ‘ 

The production of the modern cemented armour 
at Parkhead dates from the beginning of the year 
1890, when Mr. Beardmore began the manufacture 
of a plate which at least equalled anything then 
existing. Since that date, entirely through his 
original efforts, he has succeeded in elaborating a 
system by which a plate is produced, of any thick- 
ness, to rival anything that has yet been made. 


Tests OF BEARDMORE’s ARMOUR. 


The progress made is illustrated by the series of 
oe illustrated on Plate XX XIX. and page 

Comparisons between the ballistic attacks on 
armour-plates are difficult owing to the want of 
reliable formule by which comparative results may 
be calculated. Speaking generally, it would appear 
that De Marre’s formula gives quite satisfactory 
results. For super-calibre attack, which, owing to 
the extended use of larger guns, has introduced a 
new factor into the armour-plate makers’ calcula- 
tions, it is still more difficult to make a comparison, 
owing to the greater ‘‘ racking” effect of the aug- 
mented energy, which increases as the square ot 
the velocity. Each nation has its own standard ot 
acceptance, but generally this is in the neighbour- 
hood of from 132 to 143 per cent. of De Marre for 
the usual thicknesses of heavy and lighter armour. 
Toughness is a sine qud non of an armour-plate, 
and this forms a special feature of the Beardmore 
armour illustrated, as; although the various plates 
shown have been subjected to enormous shocks, 
there is an entire absence of cracking. 

Dealing first with the thicker armour-plate manu- 
factured at Parkhead for the barbettes of battle- 
ships, it may be noted that 12-in. plates attacked 
by a 12-in. gun have successfully withstood the test 
of three shots fired with a velocity of 1854 ft. per 
second, equal to a striking energy of 17,000 foot- 
tons per shot, or 3500 foot-tons per ton of plate. 
On this test the projectiles were of the armour- 
piercing type. All three were broken up, the pene- 
tration being only about 4 in. from the surface of 
the plate. 

In some battleships 9-in. and 10-in. armour is fitted 
on the broadside as well as the barbettes for accom- 
modating the large guns. A Beardmore plate of 
9.8 in. in thickness was attacked by a 12-in. gun 
firing an 853-lb. projectile, and successfully resisted 
this attack up to 1530 foot-seconds, equal to a 
striking energy of 14,000 foot-tons. The rounds on 
this plate represented an attack of 2600 foot-tons 
per ton of plate. In this case the armour-piercing 
projectiles were also broken up, the effective pene- 
tration from the surface being 2.5 in. to Bin. At 
a recent trial a plate, 8.8 in. in thickness, was sul)- 
jected to an attack equal to an energy of 4320 foot- 
tons per ton of plate without the slightest cracking 
}—-8 rather remarkable result. From these figures it 

is clear that so far as quality is concerned this 
country has nothing to fear from comparison. 
| Weare able to reproduce in Figs. 30 and 31 on 
| Plate XX XIX. a front view and a back view of a 
6}-in. plate tested in 1903. This plate is of 
more cemented quality, the manufacture of 
‘which we propose presently to describe. It was 
attacked by a 6-in. gun firing armour-piercing pro- 
he velocities for each 
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tons. We have thus a collective attack equal to 
3550 foot-tons per ton of plate, and this severe 
shock the plate withstood most successfully. It 
should be noted that Rounds 3 and 4 were fired 
with capped shot, but in no case was there pene- 
tration for any depth, the points of the — 
being fused to the face of the plate. The view of 
the back of the plate is interesting, as it shows its 
extreme toughness. It will be observed that, not- 
withstanding the severity of the attack, there is an 
entire absence of cracking. 

The next plate illustrated in Fig. 32 shows a 
6-in. plate tested in 1901. Here also the velocity 
and energy developed after each round are indicated 
on the plate. The attack was made by a 6-in. gun 
firing a 100-lb. armour-piercing shot, the velocities 
averaging 2000 ft. per second, and ranging up to 
2177 ft., while the energies ranged up to 3280 foot- 
tons, the latter being the fourth round. In no 
case did the projectile effect penetration to any 
extent, and the rear of the plate showed no weak- 
ness. 

Fig. 33 is an illustration of a later pate of the 
same thickness, but only 5 ft. square. In this 
case the attack was with armour-piercing shot of 
100 lb. weight fired from a 6-in. gun, with the velo- 
cieties ranging between 2125 ft. and 2201 ft. per 
second, as indicated on the plate, while the energies 
ranged up to 3359 foot-tons. In all cases the pro- 
jectiles were broken up, the only effect being the 
splintering on the face, and the usual bulge on the 
back. This is practically a record achievement, 
being equal to 160.3 per cent. of De Marre. The 
energy of this attack was equal to 3236 foot-tons 
per ton of plate. 

The next plate illustrated, Fig. 34, was 6 in. 
in thickness, and was part of the armour con- 
structed at Parkhead for the turret of a modern 
battleship. In this case three shots were fired 
from a gun of 6-in. calibre. The specifications 
required that the centres of the attack should be 
within three calibres, and an equal distance from 
the edge of the plate. The velocities, it will be seen, 
average 2030 ft. per second. The results, notwith- 
standing the limited area attacked, were very satis- 
factory, the projectiles being broken up, and there 
was the usual absence of cracking. 

Fig. 35 is, like Fig. 34, interesting, as it also is 
a curved plate 6 in. in thickness ; it was selected 
from part of the revolving turret for a modern 
battleship, the gun used being of 6 in. calibre. In 
this case also it was specified that the attack should 
be within three calibre centres, and within a like 
distance from the edge. The extreme area attacked 
was thus 3 ft. by 18 in. The velocity in this case 
also averaged 2020 ft. per second. Here again 
there was very little penetration, the only effect 
being the shelling off of the hard surface around 
the point of impact, largely a consequence of the 
concentration of attack. The fragments of pro- 
jectiles recovered are shown in front of the plate. 
The firm have also carried out other trials of curved 
plates, intended, for instance, for ammunition- 
tubes supplied for ships of the British and other 
navies. Such tests as we have described are some- 
what unique in the history of armour-plate trials, 
and the illustrationsave have given are consequently 
of great interest. ‘ 

A new quality of Beardmore armour for the 
roofs and floors of gun-turrets has recently been 
introduced, which’ has been much thought of by 
the highest naval authorities, and is now largely 
specified for this purpose. Plates of this quality, 
tested in 1904, 1905, and 1906, have resisted the 
attack of 4-in, armour-piercing shel} at’ a striking 
velocity up to 1950 foot-seconds, equal to 160 per 
cent. of De Marre. Quite recently still further 
improvements have been effected in plates of this 
type, in order to increase the toughness of the 
material, while at the same time conserving its 
hardness, a quality attained by a special sequence 
of treatment. The success achieved in this direc- 
tion is indicated by the fact that a plate 23} in. in 
thickness withstood the attack from a 6-in. projec- 
tile of 100 Ib. weight, fired at a velocity of 1800 foot- 
seconds, and showed no signs of distress. 

_ We come now to what is, perhaps, even more 
interesting-—-namely, the efficiency of comparatively 
thin plates intended for protective decks, and made 
to resist glancing shots. Fig. 36, on page 658, illus- 
trates one of these protective deck-plates, 1.40 in. 
thick, after attack by two armour-piercing shots 
while the plate was set at an angle of 15 deg. to the 
line of fire. The projectiles were of 100 Ib. weight, 
fired by a 6-in. gun at velocities of 1370 and 





1442 ft. per second, the corresponding energies 
being 1177 foot-tons and 1287 foot-tons. The only 
effect of the shot was to form a trough in the plate, 
which is clearly shown in Fig. 36. The back of the 
plate showed a corresponding bulge, but there was 
no cracking. 

Fig. 37, on page 658, illustrates a similar trial, but 
with a plate of greater thickness, and attacked with 
correspondingly increased energy. This plate is 
2.46 in. in thickness, and was attacked by a 6-in. 
shot to give energies of 2023 foot tons and 2355 
foot-tons respectively. In this case it is interesting 
to observe the appearance of one of the projectiles 
after attack, as iliustrated. It shows that the point 
has been deflected from the normal elevation. The 
effect on the plate corresponded to that in Fig. 36 
already described. 

The last of the series of tests, illustrated in Figs. 
38 and 39, on page 658, deals with a cemented case- 
hardened plate 1} in. in thickness. It had been 
thought impracticable to make cemented case- 
hardened armour of a thickness less than 3-in. 
Indeed, even that thickness was considered doubtful 
owing to the extreme difficulty of treatment. Messrs. 
Beardmore, however, according to the tests illus- 
trated in Figs. 38 and 39, seem to have achieved 
a remarkable measure of success in this direction, 
as there we have a plate 1}4 in. in thickness which 
was attacked by five rounds, the first four being 
armour-piercing forged-steel shells fired from a 
6-pounder gun, while the fifth projectile was a 

inted common cast-steel shell of 45 lb. weight. 

e velocities in the case of the armour-piercing 
shell averaged 1700 ft. per second, giving a corre- 
ss striking energy of 120 foot-tons, while in 
the case of the cast-steel shell the velocity was 
1433 ft. per second, and the energy 640 foot-tons. 
An examination of the illustration of the plate will 
show that only the fourth round had any effect, as 
it set up a tear, the strength of the plate being over- 
matched by the energy of the shot. This tear, it 
will be seen, involved the full thickness of the 

late, as it appeared also on the back of the latter. 
t will be observed, however, from both views that 
there is an entire absence of cracking. 

These results, which cover a very wide field, not 
only in respect of thickness of armour, but in the 
quality of manufacture, could be multiplied, but 
they are sufficient to show to what a remarkable 
state of perfection the metallurgical art has 
attained, and they constitute an interesting prelude 
to our description of the armour process carried 
out at the works ; and also indicate the great value 
of the asset the nation in such establish- 
ments as that of Parkhead, a consideration which 
we fear does not always have the weight its import- 
ance merits. 


MANUFACTURE OF ARMOUR. 


Three acres of the Parkhead Works are devoted 
to plant connected with the production of armour, 
apart from the shops in which armour is machined. 

‘hese comprise, first, the carburizing shop (No. 48 
on plan on page 440 ante), in which are twelve 
furnaces ‘for effecting cementation of the plates ; 
second, the treating shop (No. 51 on plan), which 
contains six reheating furnaces of a type similar to 
that described in a previous article, and illustrated 
on page 441 ante, and of various dimensions, two 
a lavbuien baths—one for taking a plate verti- 
cally, i.e., on its edge, and one for taking it hori- 
zontally, i.e., flatwise—and the water sprinkler, in 
which the cemented plate is hardened by chilling ; 
third, a bending shop (numbered 50 in plan), now 
in process of completion, in which there is being 
erected a 10,000-ton hydraulic press ; fourth, the 
grinding shop (49 in plan) for the final shaping of 
the edges of the plates; fifth, a machine-shop 
(52 in plan), in which the armour bolt-holes are cut 
and the bolts fitted, and any final machining that is 
necessary is effected ; and, lastly, the erecting shop, 
where the completed armour is fitted together to 
test its accuracy prior to its being despatched to 
the ship. 

The manufacture of modern armour, being a 

srocess not disclosed to the general public, can only 

very generally touched upon, but may be briefly 
described. After being cast in special mouids, as 
described in a previous article on steel production, 
on page 441 ante, the armour-plate ingots are taken 
to the re-heating furnaces at the 12,000-ton forging- 
press, where they are heated and forged into slabs, 
as illustrated in Fig. 17, and described on page 513 
ante. The slabs, after being forged and cut to a 





suitable size at the press, are taken to the armour- 





rolling mill reheating furnaces, where they are 
again heated, and rolled to the required thickness. 

his mill, described in a previous article (page 442 
ante), is capable of rolling slabs from 26 in. down 
to protective deck-plates of 1 in. thickness and up 
to 13 ft. 6in. in width. After rolling, the plates 
are planed on the surface in one of the armour 
machine-shops. One shop, numbered 35 on plan, 
is given over exclusively to armour-planing and 
similar work ; another to the grinding of armour and 
the marking, boring, and tapping of holes ; a third 
to the erecting of armour ; while in two others there 
are seyeral machines which, although nominally for 
general work, are utilised when necessary for 
armour. 

Of the first-mentioned shop a view is given in 
Fig. 40, on Plate XL. It is 400 ft. long and 50 ft. 
wide, with a side bay, having a gallery over it. 
On the floor there are eleven heavy planing-ma- 
chines, varying in size from.9 ft. 6 in. to 12 ft. 3 in., 
with strokes of 20 ft. to 22 ft., twelve side planing 
or ing machines, with strokes varying from 
16 ft, to 28 ft., and four radial drilling machines. 
These machines—some of the heaviest machinery 
of the kind yet made—are mostly by Messrs. Thos. 
Shanks and Co., Johnstone, who have embodied 
in them the outcome of experience in supplying 
—s armour-plate makers as well as those of 
both France and America. Recently all of the 
machines have been adapted for electric drive, sepa- 
rate reversible motors ranging from 15 to 40 horse- 
power being installed. 

Practically the whole of the work of planing the 
surfaces and cutting the ends and sides of armour 
plates is effected in this shop. As an indication of 
the surfacing capacity of the er planers, it may 
be stated that on a nickel-steel plate it is customary 
to employ four tools, each making a cut # in. deep 
with six cuts per 1 in. feed. Experience shown 
that it is more expeditious and economical to em- 
ploy a small number of tools making a heavy cut, 
rather than, say, twelve tools with a cut of less 
depth and feed. , 

n the gallery there are machined the armour- 
bolts, sleeves, washers, cups, &c., which go with 
the armour-plates. There is, therefore, necessarily 
a large installation of small machines driven in 
groups by electric motors. . 

When machined to their approximate size, the 
armour plates are removed to the treating shops 
(51 in plan) for carburizing and subsequent treat- 
ment. There they are built up into pairs, sand- 
wich-like, having the planed surfaces facing each 
other, with carbonaceous matter between. In this 
conditicn they are charged into a furnace, where 
they are subjected to a high temperature for a 

riod of several weeks’ duration. e carburizing 
urnaces are marked 48 on the plan, and it may 
easily be understood that the length of the process 
entails a large number of them. After undergoi 
this cementation process, the plates are subjec 
to long and intricate operations of heating and cool- 
ing in water and oil, which develop the peculiar 
and necessary qualities of toughness combined with 
hardness. ese processes, perfected only after 

rolonged experiment, are somewhat protracted. 

t is the treatment of the’ plate that is vital to its 
success. It involves much risk of failure, and great 
anxiety and care on the part of those carrying out 
the various operations. Herein, indeed, lies the 
value to the nation of the experience of an armour- 
plate-manufacturing firm such as that which is 
the subject of this article. 

An interesting part of the process is illustrated 
in Fig. 41, which shows a 9-in. barbette plate of 
22 tons weight being douched in the sprinkler. 
The plate rests on a grid, under which there are 
pipes perforated with minute holes, while over it 
there can be run a carriage containing also a tank 
with holes, and supplied with high-pressure water 
through a telescopic main. The plate, red hot, is 
subjected to rapid chilling from these jets striking 
on the top and bottom surface with great force. 

The plates are afterwards bent and adjusted, 
under hydraulic bending presses, to the shape of 
the ship moulds, supplied for the purpose, the 
heavier plates requiring the 12,000-ton press used 
in forging the ingots, as illustrated by Fig. 18 and 
as described on page 513 ante. Tape 
Any further machining which may be found 
necessary isnow done. Since the hardened surface 
recludes the use of a tool on its edge, the finishing, 
velling, &c., of the es to make one plate a 





close fit to the next, has to be effected by a a. 
a process illustrated by Fig. 42, on page 658. e 
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plate is laid on rests, so that its edge presents the 
required angle to the grinder, which is then set 
revolving against it, and travels to and fro along its | 
length. This armour-grinding shop, 350 ft. long | 
and 55 ft. span, has at its south end eight of these | 
machines for finishing the edges of armour: plates | 
after hardening; and each of these machines is! 
driven by its own 40-horse-power clectric motor. 
At the north end are placed the radial drilling 
machines wherewith the armour bolt-holes are 
bored and tapped, oie the finishing work by 
the grinding machines. itherto every bolt has 
been fitted to its corresponding hole in this shop ; 
but such is the degree of accuracy attained that 
practically every bolt is interchangeable. Where | 
plates are keyed together, the keyway and key are 
finally machined in this shop, which adjoins the 
erecting-shop. 
, Finally, the plates are erected so that it can be 
seen that they are correct to the moulds of the 
ship for which they are intended. The erecting- 
shop, now in — of completion, will provide a 
floor 210 ft. long by 50 ft. wide, whereon side | 
armour, barbettes, gun-houses, conning-towers, | 
&c.—in fact, all the several armoured portions of a 
ship—will be assembled complete and exact to the 
shape of that‘part of the ship for which they are | 
to . used, he ig oe coi ay floor on | 
which such parts as barbettes or gun-houses are | ‘ }RINDIN : Evces or ArMour-P.ate, 
| bars get andar ft. by 40 ft., Be hereon of Fic. 42. Grinpine THE Evces or Armour-P. 
strong..box section tables, tongued, grooved, and! thick. It will be seen that the works are thus| Astack-yard, witha 30-ton Goliath crane covering 
bolted together, accurately faced and founded on a equipped with the means of ensuring the utmost|a span 260 ft. by 50 ft., lies convenient for the 
i stacking of plates, and also under the travel of (hs 








“iscuit” of concrete 66 ft. by 45 ft. by 6 ft. accuracy attainable in this class of work. 
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FORGING-HAMMER AND OIL-FURNACE. 


CONSTRUCTED BY BRETT’S PATENT LIFTER CO., LTD., ENGINEERS, COVENTRY. 








Fic. 1. 























crane is a scaling-shop, where the surfaces of the 
lates are scaled and leaned by pneumatic scaling- 
aon 
(To be continued.) 





A NEW FORGING-HAMMER AND OIL- 
FURNACE. 

WE have in former issues given descriptions of the 
lifters designed by the late Mr. E. 8. Brett for operating 
drop-hammers.* . We now illustrate a new hammer, 
which has been designed so. as to utilise the peculiar 
characteristics of the elastic gravitation blow (which 
has performed such sterling service in the develop- 
ment of the practice of drop-forging) for general 
smithy and forging purposes, in conjunction with flat 
pallets and the usual sets, swages, &c. It ma be well 
just to re-state the broad facts ; that the late Mr. Brett 
re-designed the belt drop-hammer by effecting a separa- 
tion between the lifting mechanism and the anvil, and 
thus avoided the vibrations and jars of the hammer- 
blows of the older design. 

The essential elements are :—The cylinder contain- 
ing @ wing piston, to which partial rotation around 
the longitudinal axis is imparted by steam or com- 
pressed air. The piston as it rises lifts levers keyed 
on to its shaft, to the ends of which the ropes which 
lift the tup are attached, the ropes being sustained by 
a loose pulley flanked by the levers. 

There is «te the advantage of adaptability or flexi- 
bility, because as the lifters are a distinct and separate 
element, their position is not limited to one immedi- 
ately above the hammer. They may be located else- 
where at some distance, or on the ground, and may 
be utilised for the operation of all kinds of falling 
weights. Moreover, as the steam or compressed air is 
brought through pipes to operate the wing piston in 
the lifting cylinder, the motive power is independent 
of lines of shafting. Being power-operated, there is no 
limit in reason to the weight of hammer which can be 
employed. This last fact has been taken advantage 
of in the new hammers. 

The hammer, Fig. 1, annexed, is of the arched type, 
with slides resembling in outline the familiar steam- 
hammer of that design, but having the independent 
lifters substituted for the vertical steam-cylinder. 
The size shown is a 35 cwt. (falling weight of. tup). 
Other sizes are 25 cwt., 30 cwt., 40 cwt., and 50 owt. 
These are the present standard sizes, but it is pro- 
posed to build this type of hammer up to 6 tons weight 
ofhead. The maximum stroke of the 35-cwt. hammer 
is 51 in., and the working space around the hammer is 
98in. The lifters are practically identical with those 
already illustrated in ENGINEERING, actuated either 
by steam or compressed air, and the steel-plated fram- 
ing, which carries them independently of the hammer, 
is also a familiar form. 

This extension of the application of the Brett lifters 
follows from a now extensive experience of the firm, 
Brett’s Patent Lifter Company, Limited, Coventry, in 
the sphere of the lighter drop-hammers, numerous 
installations of which have been made during recent 

ears. The London and North-Western Railway 
mpany were among the first to instal these at Crewe. 
and most of the other principal railway companies 
have since adopted them. e fact which appears 
to have been abundantly justified by the experience of 
several years is, that the gravitation blow is prefer- 
ablé to that of a blow accelerated by the pressure of 
steam above a piston, which takes place in the ordi- 
nary steam-hammer. The statement has been made 
before, in comparing the work of drop-hammers with 
that of steam-hammers, and many pin their faith to 
drop-hammerson account of the elasticity of the blows 
delivered. 

In the ordinary design of steam -hammer, the 
piston-rod is always subjected to severe strains due 
to the solid character of the blow, and has to be made 
very strong. The blow has always to be cushioned 
by putting ina very large foundation, composed largely 
of timber, which absorbs by its elasticity some portion 
of the shock, otherwise a steam-hammer would soon 
knock itself to pieces. The Brett hammers have a 
flexible connection between cylinder and tup, and the 
block is placed direct on to a solid concrete founda- 
tion, without = Sa cushioning whatever 
in the way of timber. A ringing effect is noticeable in 
the blows delivered, which, by virtue of the solid re- 
sistance of the anvil to the impact, are of maximum 
efficiency, and are favourable to the production of 
smooth well-finished forgings. The blow of the drop- 
hammers does not invade the province of the hydraulic 
press for very massive forgings, but its utility been 

tly extended as the result of experience in its use. 

ere is a vast difference between the early belt drop- 

hammers developed in the Birmingham district, ope- 

rated by hand or foot, and the present heavy Brett 
desig, lifter-operated. 

ith regard to the speed of the Brett forging- 

hammer versus that of the ordinary steam-hammer, a 


* ENGINEERING, vol. lxx., page 628, and vol, lxxiii., 


page 140, 
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ssible objection is that some power and speed may 

sacrificed by not making use of the force of steam 
to accelerate the action of the hammer. But additional 
power is obtained in the former by increasing the 
weig'it of the tup over that which would be used for 
a steam-hammer of equivalent power. And in the 
large dimensions in which these hammers are being 
mads—25 cwt. and over—there is not enough advantage 
in the difference of the speeds on the side of the steam- 
hammer to compensate for loss due to the dead nature 
of the steam-hammer blow. The lifter, it must be 
remembered, can be worked very rapidly. Actually 
work has been reduced more rapidly under the Brett 
drop-hammer than under steam-hammers. 

e adaptability of the lifter device when air-driven 
should show to greater advantage in heavy hammers 
than in light ones, because compressed air is more 
elastic than steam. When the energy of the falling 
tup is expended in a blow, the lifter has to pick the 
tup up — It does this without the trans- 
mission of shock to the working parts, due to the 
elasticity of the medium—air. Mr. Brett mentions a 
firm that is abandoning steam for driving the lifters in 
favour of compressed air, the old pipes being retained. 

A new creosote oil-furnace is shown hy the photo- 

raph, Fig. 2. The construction-of the burner em- 
Bodies a knife-edge valve placed before a small rotat- 
ing fan, and a primary combustion-chamber. The 
supply of oil is. regulated by turning a wheel, which 
controls the valve, and allows the liquid to spurt 
out in an all-round film. This thin vertical wall of 
oil is then blown on to the fan, which latter at the 
same time is driven round at a very high speed by the 
air-blast. The oil is thus perfectly atomised and 
mixed up with the air ; this mixture then ses into 
the primary chamber, where it is initially ignited and 
burns as a reducing flame. 
an oxidising flame by sending a further blast through 
a pipe placed underneath the combustion chamber, 
which drives the mixture inte the body of the furnace, 
where perfect combustion takes place. 

The efficient and rapid heating of bars plays a very 
important part in the success of drop-forging plant. 
Creosote, shale oil, crude petroleum, and similar hydro- 
carbons are now being extensively used for heating 
purposes in many modern forges, and an oil-furnace 
gives a very suitable heat for. drop-forging purposes, 

"he main point of economy is not so much in the com- 
parative cost of liquid fuel as compared with coke and 
coal, but in the increased output made possible by 
the better heating results obtained by the use of the 
former. 

Oil possesses more heat units for a given weight 
than any other kind of fuel—a ton of oil is equivalent 
in heating capacity to 1? tons of coal, and the heatin 
value of a gallon of oil is approximately 160,000 British 
thermal units., If the oil be of good quality, and 
thoroughly atomised or mixed up with the air, there 
should be practically no residue, the whole of the 
material being combustible, and capable of utilisation. 
Numerous devices have been invented for breaking up 
the oil-jet in the form of a spray. In many burners, 
however, the oil is only broken up into small globules, 
the aerifying process is therefore imperfect, and the 
result is faulty combustion, causing smoke and the 
waste of fuel. , 

The essential features of an oil-burner are :— 


1. That the oil should be thoroughly atomised and | } 


mixed up with the right proportion of air. 
2. The admission of the blast should be capable of 
perfect regulation. 

3.. Maximum combustion and heat should take place 
in the body of the furnace, where the bars or billets 
are placed. - 

It is claimed that these results are secured by the 
patent furnace illustrated. The furnaces are made in 
three standard sizes, measuring inside respectively 
36 in, by 34 in., 48 in. by 35 in., and 48 in. by 48 in. 
Bars from 2} in. to 4 in. are heated in them, and 
special work. 








PHYSICAL TESTS OF PROTECTIVE 
COATINGS FOR IRON AND STEEL. 


On the Value of Physical Tests in the Selection and Testing 
. of Protective Coatings for Iron and Steel.* 


By J. CrurcksHank Smrru, B.Sc., F.C.S. (London). 
Tux expression *‘ protective coating” is now applied to 


any material or mixture of materials—whether oil, var- | 


nish, paint, or enamel—employed with the specific object 
of protecting a structure from external influences. 

ere is a growing tendency to regard such materials 
as coming within the scope of engineering materials or 
materials of construction. Little argument is necessary 
to prove the correctness of this : it is self-evident that the 
engineer who designs and selects’ the materials for, the 
structure itself should also select the final coating on 
— in a large measure, the life of the structure de- 


pe 
There has been a noteworthy increase during recent 
years in the attention devoted by technical chemists and 
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testing engineers to the physical and mechanical pro- 
_— of paints, varnishes, and other protective materials. 

his is largely due to the growing appreciation of the 
fact that in actual service, and under the conditions of 
jor exposure to the atmosphere, moisture, &c., the 

urability or life of protective coatings depends as much 
on physical laws as on chemical ones ; and, further, that 
the physical state or condition of a protective coating has 
an important bearing on its liability to chemical influ- 
ences, both external and internal. In other words, it is 
not always composition that determines the technical 
value of an article. Other factors besides composition 
enter into the question ; and it is the determination—and, 
if need be, the measurement—of these factors which the 
author would include in the expression ‘‘ testing.” 

This is neither the time nor the place to enter into a 
voluminous discussion on all the moot points which arise 
in connection with the selection and application of pro- 
tective coatings. The author’s object at present is to 
indicate the trend of technical opinion in regard to the 
principles to be followed in the testing and technical 
valuation of such materials prior to exposure under 
average or normal conditions, and to “point. out how the 
engineer who is responsible for the selection and applica- 
tion of protective coatings can best safeguard the interests 
of his client, the owner of the property under treatment. 

The chemical aspect of the question will therefore be 
left on one side, and those physical and mechanical tests 
which recent experience has proved to be most valuable 
in enabling one to arrive at a judgment as to the com- 
parative merits of different protective paints will be dealt 
with briefly. : 

Protective coatings consist as a rule of a pigmentary 
portion and a fluid medium or vehicle. The author de- 
sires to point out in passing that pigments are themselves 
invariably defined and valued in terms of physical pro- 
perties—opacity, insolubility, and degree of crystalline 
structure, also that the fluid vehicle after drying presents 
certain mechanical features as to elasticity, hardness, and 
the like, which determine its value as a paint material. 
f it be borne in mind that a film of protective paint 
spread over a continuous length of iron or steel surface 
seldom has a thickness of more than ;}5 in., and that the 
life—or, at any rate, the cost of maintenance—of the 
structure depends on the capacity of the paint film to 
expand and contract without breaking, in ‘accordance 
with the expansion and contraction of the structure itself, 
to maintain a hard and impervious surface, to resist the 
solvent action of rain-water and chemical impurities in 
the atmosphere, it will, the author assumes, be gran 
that the physical properties of paint films are of pre- 
eminent importance in determining the selection of the 
materials which yield the said films. 

The physical tests which may be employed as a guide 
in selecting protective coatings are of two kinds :— 

1. Those applicable to the paint itself. 

2. Those applicable to the film produced by the drying 
of the paint. 

The more important of these tests will now be discussed 
very briefly, and the author would point out that he 
refers here only to tests which experience has proved to 
be of real utility in solving the problems connected with 
the subject. 


1. Tests APPLICABLE TO THE PaInT. 


(a) The Pigment and Vehicle should be properly pro- 
portioned in order to cnsure efficient Application and the 
Minimum of Free Oil Space in the Dry Film.—The 
physical property which underlies the question of correct 
consistency of the paint is that of ‘‘ viscosity,” and on the 
viscosity of the paint depends to a great extent the effi- 
ciency with which it can ape ey If the viscosity be 
too high, the paint film will Le too thick, and imperfect 
and unequal drying will probably result. If the viscosity 
»e too low, the paint film will probably be too thin, and 
will tend to run down in tears. Unfortunately, no cut- 
and-dried method has yet been elaborated by means of 
which the correct consistency of a protective coating can 
be accurately determined before use. © This is, therefore, 
a point which the user of protective coatings must per- 
force leave to the producer of these materials, although 
it is within the power of the consumer to protect himself 
by specifying that the consistency or viscosity of the 
paint shall ve such as to enable a film of a given thickness 
to be produced under stated conditions. 

The question of free oil in a paint film is an ex- 
tremely important one, an 
smaller the amount of free oil space the more impervious 
to moisture, and, as‘a rule, the more durable will the film 
be, the currently-accepted view at present being that the 
fluid medium or vehicle in protective — acts merely 
as the elastic binding or cementing medium which holds the 
real protective agent—namely, the pigment—together. 
By examining the films produced by different 


+ ie 
| under the microscope one can obtain most useful informa- 


tion as to the relative areas occupied by solid pigment 


}and transparent vehicle, and in selecting a protective 


paint careful examination under the microscope should 
never be neglected. 

(b) ‘The Size of the Pigmentary Particles should be Small 
and Uniform.—This is now accepted by paint experts as 
a proved truth,“and the author might refer in- passing to 
‘lassic research which finally set this matter at 
rest, conducted some years ago by Mr. Robert Job, chief 
testing chemist’ to the Philadelphia and Reading Rail- 
road;*~-The ‘actual measurement of small pigmentary 
particles is a matter requiring some experience and mani- 
polative pal at soe measurements cannot be neglected 
in the: physi ing of tective coatings. Without 
entering into unnecessary details, it may be said that thé 
‘pigment in 4 paint may be considered, to be finely ground 
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when the largest particles do not exceed 0.001 in. in 
diameter. In the case of a paint which proved, after 
exposure under service conditions, ‘to be.a thorough|y 
satisfactory protective coating, the largest particles were 
of this diameter, and there were very few of that size. 
The smallest observed particles had adiameter of 0.0002 i:;., 
and the estimated average diameter of all the particles 
was 0.0004 in. In the case of another paint which proved 
unsatisfactory in service, and whose composition was 

tically identical with the paint just referred to, the 
ooeet particles were 0.018 in. in F -roedhsg and there 
were many of 0.010 in , while the finest particles had a 
mean diameter of 0.0002 in., the estimated average size 
of all the particles being 0.008 in. 

Here, again, the uisite physical state of the paint 
can be secured by suitable specification. 

(c) The Pigment .and the Vehicle. should Possess the 
Minimum Tendency to Separate from cach other.—Thweo- 
retically a protective coating consisting of pigment and 
vehicle should be in such a state that it flows like a homo- 
geneous liquid without separation into its component 
parts. Itis within the power of manufacturers of these 
materials to ae to this theoretical state of things 
under reasonable conditions, and a very simple physical 
test can be applied in order to determine whether separa- 
tion will occur. This test was devised by Job in connec 
tion with the investigation referred to above, and after 
considerable personal experience of it the author can con- 
firm its value. The paint, in a condition ready for use, is 
placed on a piece of sheet glass, which is then stood ver- 
tically for one hour at a temperature of 109 deg. Fahr. No 
separation of the pigment and vehicle should be observ- 
able at the end of that time. To make the test more 
severe the paint may be thinned with raw linseed oil, and 
even then no palpable separation ought to occur. 

(d) Accelerated Tests.—Obviously the main purpose of 
tests such as those that have been described is to enable 
one to arrive at a ju ent as to whether the material 
under test is likely to behave satisfactorily under service 
conditions. In order to determine this with perfect 
accuracy a whole series of long and laborious exposure 
tests would have to be applied. This under ordinary 
commercial conditions is not possible ; therefore attempts 
have been made to arrive at satisfactory conclusions by 
exposing the mapa to severe conditions for a short space 
of time, and by examining the films so produced in order 
to see whether they are free from the defects which one 
would expect to find in them after long exposure under 
milder conditions. This method has been applied with 
technical valuation of oil 
varnishes for protective purposes,* and is likely to be 
employed more widely in the future. 


2. Tests APPLICABLE TO THE FILM. 


(a) Determination of the Thickness and Uniformity of the 
Film.-—Although the average thickness of a paint film 
extending over a considerable surface may be ;},5 in., or 
rtyin., or hy in., the thickness at various points usually 
varies within considerable limits, and obviously the 
actual utility of the film will depend greatly upon the 
thickness at the thinnest point. It is therefore of im- 
portance to determine whether the film produced by a 

iven protective coating is liable to produce an uneven 

Im. The average thickness of the film can be readily 
determined by applying a coat of the paint on a piece of 
perfectly plane a, and, when dry, covering it with 
another piece of similar glass. The thickness of the two 
pieces of glass plus the film of paint can then be deter- 
mined by the calipers, and if from the figure so arrived 
at the thickness of the two pieces of glass by themselves 
be deducted, the mean thickness of the paint film is 
obtained. It is not so easy to determine the actual varia- 
tion in the thickness of the film at different points, but 
useful information in this respect is yielded by examina- 
tion under the microscope. It is evident that inequalities 
in the thickness of the film are largely due to variations 
in the size of the pigmentary particles. wn pap if 
the latter factor is properly adjusted, there will be com- 
paratively little danger of the film exhibiting inequalities. 

(b) St of Filmas Determined by Breaking-Machinc. 
—It is only within the last twelve or eighteen months 
that actual measurements have been made of the strength 
of a paint film, and an ingenious instrument has been 
devised by Mr.'R. 8. Perry for this purpose. It is called 
the “‘ filmometer,” and measures the stress necessary to 
pas oe a film. ‘Although figures have been arrived at 
indicating the pressure required to rupture various paint 
films of known thickness, the tests are hardly far 
yet to enable one to predict with per- 
fect certainty from the ‘figures obtained what relation 
obtains between them and durability in service. 
that can be said at- thé moment is that much valuable 
information concerning the effect of age upon a paint 
film as influencing its strength and elasticity may be 
expected in due time.’ As Mr. Perry points out, these 
are two vital qualities in a paint, as it is through them 
that a paint resists abrasion, cracking, peeling, and 
blistering. 

(c) Elasticity of Film.—Thi factor also can be measured 
by the filmometer, and the remarks made under (b) apply 
here with equal force. It is hoped that during the next 
twelve months sufficient data will have been accumulated 
to enable > no rer pel to be made use of in testing 

int films for technical purposes. 
ma) Permeability of Filns by Vapours and Gases.—It has 
been abundantly proved that every paint film hitherto 
obtained is permeablé by-moisture. Whether this mois: 
ture finds its way through the film through pores, or 
whether it percolates by a froteas of osmosis, 1s a moot 


enough advanced 
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shank-Smith, Proceedings of ‘the American Society-for 
Testing Materials, 1907: 
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point; nevertheless, the fact is proved that paint films 
are permeable by moisture and They differ, how- 
ever, in the degree of permeability, and the less pervious 
they are the better will they effect their’ purpose of pro- 


tection. A method for determining the relative permea- 
bility of paint films has been devised by the scientific 
section of the Paint Manufacturers’ Association of the 
United States. 


(e) Hardness of Surface of Film.—Many protective coat- 
ings have to resist surface blows, abrasions, andjthe like. 
Hardness, therefore, is an important factor. It can be 
measured in terms of a definite standard by means of the 
instrument devised by Bailie and Laurie,* of which the 
author has a specimen here. . ; , 

The various problems in connection with the physical 
and mechanical testing of paint films and protective coat- 
ings, and the connection between the results of these tests 
and durability under service conditions (which is the true 
criterion of the value of protective coatings), are being 
earnestly investigated at the present time, and it is b- 
able that much valuable information will be available 
before long. ’ 

In conclusion, the author would like to direct attention 
to two aspects of this important subject which are liable 
to be lost sight of. One is the need for carefully-drawn 
specifications, worded in such a manner as will enable the 
consumer to obtain the full advantage of the most recent 
scientific research in’ the domain of protective coatings. 
The second is the all-important ition of the consumer 
in such matters. After all, it is the owner of the property 
—that is, the consumer acting through his professional 
adviser, the engineer—who is primarily interested in 
obtaining the best value he can for his money. But in 
order to do this the consumer must be able to state in- 
telligently what he wants and to assure himself that he 
gets it. The author cannot do better in this connection 
than quote a few sentences which formed part of Dr. C. B. 
Dudley’s presidential address some years agoto the Ameri- 
can Society for Testing Materials: He said: ‘‘ The in- 
fluence and voice of the consumer in the manufacture of 
commercial products has come to stay, and it is simply the 
part of wisdom for all concerned to ise the situa- 
tion. Also, since both the producer and the consumer 
have a direct interest in the product or thing made, the 
one in its production and sale, the other in its use, there 
is no real reason why each should not study the product 
in most minute detail. If the ucer knows better than 
the consumer, as he undoubtedly does, the effect of com- 
position and details of manufacture on the thing made, 
so also does the consumer, if he studies, as he should, the 
behaviour of the materials in service, know better than 
the producer knows, or can know, the relation between 
the composition, the physical properties, or even minute 
characteristics of the thing made and its successful use. 
It is only by the combination of information from each of 
these two sources that perfectly successful comme’ 
products can be obtained.” ; 

May it not be granted, then, that the true policy to 
pursue in the fabrication and utilisation of protective 
coatings for iron and steel is that which has proved suc- 
cessful in other departments of industrial activity— 
namely, the harmonious co-operation in technical matters 
of the producer and the consumer. Thus only will the 
efforts to convert the crude materials of Nature into pro- 
ducts useful in the service of man be crowned with 
success, 








“THE PROBLEM OF FLIGHT.” 
To THE EpiTor oF ENGINEERING. 

Sir,—I very greatly appreciated the able lectures which 
Mr. F. W. Lanchester gave last week before the Roya! 
Society of Arts and the Teasisanitedl Institution of Auto- 
mobile Engineers, and which are reported in your issue of 
April 30, but there are three points about which I find 
myself unable to agree with him, and which I think should 
be thoroughly thrashed out, in order that they may not 
place any farther obstacles in the way of the development 
of the science of aviation. These points are with 
to (1) the coefficient of skin friction for air; (2) the 
relation between speed and the weight sustained for a 
given power; (3) the form of the flow of air about an 
aeroplane in motion. 

1. With regard to the first 
—Sir Hiram Maxim, the right Brothers, Professor 
Langley, Clerk Maxwell, Mr. Dines, Dr. Stanton, and 
Herr nm unanimous in stating that the skin 
friction in air is very small. Sir Hiram says, on page 44 
of his book on “Artificial and Natural Flight,” if the 
surface is of polished wood, the skin friction “‘is so 
extremely small as to be almost unmeasurable,” and in 
the Century Magazine, October, 1891, he says: ‘‘ The skin 
friction between the air and the polished surface is so 
smal] that it need not be taken into consideration, which 
is quite the reverse of what takes place with screws 
running in water.” Professor Langley frankly states that 
“the friction of the air is inappreciable.” Clerk Max- 
well says that, at as high a speed as 100 ft. per second, 
the skin friction ‘is less than ,y of 1 per cent. of the 
out on the same plane moving normally.” Mr. 

Jines, in his paper read before the Royal Society in 1890, 
said that he found the tangential component to be so 
small that it may be neglected. 

Professor Zahn, of Woshington, has derived from ex- 
periments a-formula for planes formed of two sheets of 
paper stretched over wooden frames 4 ft. wide. 


F = 0.00000778 Lo V1°5, 


int, the great authorities 


where 
F = friction in pounds per square foot. 
L = length in feet. 


V = velocity in feet per second. 








1906, 


* Journal of the Royal Scottish Society of Arts, July, | 


This equation is similar to Froude’s. Now, in spite of 
this accumulation of testimony, Mr. Lanchester, as the 
result of his experiments with gliding models, says (page 
600, third column, in your issue of April 30) that the 
skin friction is 100, times as much as Langley’s constant 
(0.00015), and in his book, Part L., 221, gives the 
— of skin friction for Jow velocities as = 0.02 to 


I have turned up my pocket-book and find that the 
coefficient of friction of wood on wood greased is 0.02 to 
0.1, and the coefficient of friction of metal on metal con- 
tinuously oiled is 0.04 to 0.06. 

Now surely Mr. Lanchester cannot for a moment 
seriously contend that the coefficient of skin friction of 
air is in any way comparable with a wooden body sliding 
on a wooden surfate. It would ap that Mr. 
Lanchester has confused the coefficient of skin resistance 
with the coefficient of resistance. An: aeroplane is sup- 
ported by an excha of momentum with the air with 
which it engages, and this momentum is only obtained at 
the expense of the motion of the aero e. the aero- 
plane is tocontinue its flight, it can only do so by receiving 
energy from a motor, or from gravity by falling. This 
resistance to motion for unit area at any given speed and 
angle is what I mean by the coefficient of resistance, and 
is what Mr. Lanchester appears to have obtained from 
his gliding models. 

2. With regard to the second ps, Mr. Lanchester, on 
page 600, second paragraph, of your issue of April 30, 
states that in the ‘‘case of the Wright machine, where the 
velocity was 58 ft. per second, the weight sustained 
thrust horse-power was but 76 Ib., and with the Voisin 
machine, having a speed of 66 ft. per second, it was 62 Ib. 
only, so that the faster the machine went the less 
weight would 1 horse-power sustain. Now it does not 
seem fair to make, in the face of such authorities as 
Maxim, Langley, and the Wrights, any such deduc- 
tions from two machines of entirely different types. 
The Wren machine has two wooden propellers of 
9 ft. 4in. diameter formed on the approved principle, and 
each engaging its own run of air, whereas the Voisin 
machine has only one propeller, consisting of metal 
— riveted on the end of radial arms, the outside 

iameter being 7 ft. 6in. and the inside diameter 2 ft. 8 in. 
The Wright machine is 24 horse-power, and the Voisin 
50 horse-power, so that the propellers of the Wright 
machine engage about seven times more air per horse- 
power than the single propeller of the Voisin machine. 
Also the aeroplanes of the Wright machine are smooth 
stream-line surfaces formed of two stretched fabrics above 
and below the framework, whereas the Voisin aeroplanes 


are of single fabric, shaped as shown in the sketch, and | da’ 


have wasteful humps A, RB. 


By, Fabric to Decrease 
is tance 


It will be seen at once how tly the Voisin machine 
could be improved if fitted with aeroplanes similar to the 
double the area 





% 


(ues) 


Wrights, and with pro llers to e' 
(to correspond with the horse-power). It does not appear 
to be proved in any way from experience or experiment 


that the faster the machine goes the less weight would 
1 horse-power sustain. we 

3. In paragraph 1, on page 601, it is stated that a plane 
moving horizontally ‘‘would encounter its own up-cur- 
rent,” and on page 425 of your issue of September 25, 1908, 
two superposed planes are shown, in which the entering air 
is rising up to meet the plane as if attracted to the plane 
by some cohesive force ; moreover, there appears to be 
compression above the planes and suction beneath. The 
action of aeroplanes has already been discussed at some 
length in your columns, but briefly to recapitulate. An 
aeroplane moving horizontally is continuously running 
into undisturbed air, and it derives its support by the 
difficulty the air experiences in getting out of the way. 


rd| As a result there is compression under the plane and 


suction above, and this suction and compression waste 
themselves in whirls and eddies. The air surely will 
not rise in the face of the compression under the plane. 
Sir Hiram, in his book, page 104, speaking of this hypo- 
thetical rising current of air, says that ‘‘ nothing could be 
further from the facts.” The moving up of the centre of 
ressure towards the front edge of an aeroplane, with 
Seorense of the angle of inclination, does not omens to be 
due to any rising current ofair.. Dr, Stanton found (Pro- 
ceedings of the Institution of Civil Engineers, vol. 156) 
that this is largely due to the change of distribution of 
the suction on the back of the plane. These points are 
interesting, and appear to be worthy of a full discussion. 
Yours faithfully, 
AvBert P. TuHurston. 
The East London College, University of London, 
May 5, 1909. 








TURBINES IN THE UNITED STATES NAVY. 
To THE EprTor OF ENGINEERING. 

Sir,—In your issue of April 16, 533, under the 

head of ‘‘ Notes.” ‘‘Turbines in the United States Navy,” 

ou state that in the run “over the 280-mile course the 
Chester, equipped with Parsons turbines, won a. 
maintaining an average speed of 25.8 knots, against 24. 
knots for the Salem, equipped with Curtis turbines,” and 
that the Chester's coal consumption was 415 tons and the 
Salem’s 420 tons. 

Having been a subscriber to your paper for a number of 
years, and having heretofore had considerable for 
its reliability, we are surprised that you should have 
published the above figures without inquifing into their 
correctness. The run above referred to was a 24-hour run 


| at full speed, and the Chester's average speed was 25.08 





knots, and not 25.8. The Salem’s av speed is 
correctly given—namely, 24.54 knots ; but the coal con- 
sumption again is incorrectly given, the Chester showing 
417 tons of coal, and the Salem 415 tons, or 2 tons less, for 
the 24 hours, instead of 415 tons for the Chester and 
420 tons for the Salem, as you stated. 

You do not state in these Notes that the Salem’s star- 
board turbine on this run seemed to function improperly, 
showing much less horse-power and turning at 15 revolu- 
tions, or about 4 per cent., less than the Had the 
horse-power and the speed of the star turbine 
equalled that of the as it should have done, and as 
it did on the builders’ trials, it seems practically certain 
that the Salem’s s would have exceeded that of the 
Chester. Judging from the amount of steam furnished 
to the two turbines on this 24-hour run, which can be 
pretty accurately determined by the ave pressure in 
the steam chest, the speed of the Salem, judging from the 
results of the builders’ — a have been about 25.6 
knots, or about half a knot above that of the Chester. The 
Salem has within the last few or been sent by the Navy 
Department to the works of her builders to have the star- 
board turbine examined. 

The builders’ trials of the Salem and the Chester (which 
were carefully conducted) showed that at 12, 224, and 26 
knots the coal consumptions were almost e on @ par. 
Subsequent trials of steam consumption on both boats at 
various = have also shown that the steam consum 
tion of thé propelling machinery of the Chester and the 
Salem for a given 5) are substantially the same. 

The Salem’s turbines were t marine turbines 
that we designed of any consequence, and represent the 
state of the art in this type of turbine of about five or six 
ae ago. The turbines we are designing to-day for such 
a shi 
mical. 

The statements given in your Notes being so incorrect 
and unfair to our type of turbine, we ask you to take suit- 
able steps to correct the wrong impressions thus given, and 
to give this letter a prominent place in your next publi- 
cation. 


weigh very much less and are much more econo- 


Very truly yours, 
INTERNATIONAL Curtis MARINE TuRBINE CoMPANY, 
Cuas. G. Curtis, Vice-President. 
2, Rector-street, New York, April 26, 1909. 





To THE Epitor oF ENGINEERING. 

Sir,—Referring to our letter of April 26 regarding the 
Salem, we beg to say that on opening up the star 
turbine at the works of her builders it was found that the 
buckets, or blades, of one of the stages had been badly 

maged, due apparently to some article or piece of metal 
which had been left in the turbine shell when it was put 
together. The buckets had been rolled over against one 
another, closing the steam passage through the wheel 
completely, and this had resulted in a severe steam-thrust 
on one side of the wheel, tending to carry it aft, and 
bringing the edges of the wheel in contact with some of 
the stationsry parts, thus impairing the steam efficiency 
and also ucing its power by friction. It is not sur- 
prising that under these conditions the boat failed to 
operate as was anticipated by us and by the builders. It 
is hoped that as soon as the Salem has put in proper 
—— she will be subjected by the Government to new 
trials. 

Very truly yours, 
INTERNATIONAL Curtis MaRtInE TURBINE Company, 
Cuas. G. Curtis, Vice-President. 

2, Rector-street, New York, April 30, 1909. 

(The figures polished in our note were taken from the 
news columns of the daily Press, having been cabled here 
in the ordinary course. e had no 1e:son to doubt their 
authenticity, but are much obliged for the corrections 
given in our correspondent’s letter.—Ep. E.] 








ELECTRIC POWER FROM PEAT. 
To THE Eprtor oF ENGINEERING. 

S1r,—In your issue of April 30, 591, we find a 

letter addressed to you by Mr. K. B. Eller on “* Peat Gas 
Plants Erected in Sweden.” 
_ Our German house, Messrs. Gebr. Korting A.-G., 
in Hanover, writes us in this respect that since the ereo- 
tion of the first plant of this type at Skabersjé in 1903, 
they have erected several more such power plants in 
Sweden, of a total horse-power of over 2000, and that 
amongst these plants there is one for a cement 
works of 1000 horse-power. It is further stated that all 
these plants work perfectly satisfactorily. 

We should be glad if you could mention these facts in 
your next issue. 

Yours truly, 
KortinG Broruers, Limirep. 

53, Victoria-street, Westminster, London, S.W., 

May 7, 1909. 








German Coat Movement.—The imports of coal into 
Germany in March my 42,436 tons from Belgium, 
709,711 tons from Great Britain, 37,655 tons from the Low. 
Countries, and 55,366 tons from Austria and Hungary. 
The aggregate imports in the first three months of this on 
were :—Belgium, 104,735 tons; Great Britain, 1,632. 54 
tons ; the Low Countries, 84,411 tons ; and Austrig, and 
Hungary, 159,576 tone. .The principal exports of from 
Germany in March were :—Belgium, 235,298 tons; France, 
144,456 tons ; the Low Countries, 305,993 tons ; Austria and 
H , 795,573 tons ; Russia, 71,386 tons ; and Switzer- 
land. 130,947 tons.. The exports to the same countries in 
the first quarter of this year were :— 

tons ; 





r ; Belgium, 741,627 
rance, 356,426 tons; the Low Countries, 1,014,823 
tons; Austria and ee 


. 2,437,111 tons; Russia, 
210,323 tons ; and Switzerland, 347,060 tons. 
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VALVES FOR HIGH-SPEED PUMPS. 


One of the most troublesome limitations to the speed 
at which it is pate to run reciprocating * ag 
is in respect of the valves. These must be of a de- 
sign to open smartly and give a free waterway, and 
must close with equal suddenness without shock. 
Unless the moving parts are light, their inertia throttles 
the flow at opening, and causes hammering at closing, 
while great lightness is not easy to obtain, on account 
of the necessarily large area for valves of small lift. 
‘ro overcome the admitted difficulties with regard to 
high -s pump-valves, Messrs. Witting Brothers, 
Limited, of 49, nnon-street, E.C., have introduced 
the design of valve illustrated on this page. The prin- 
ciple of the valve is shown in Fig. 1. ‘lhe water enters 
the casting B at the bottom, and escapes by means 
of ports C, radially around the circumference. Sur- 
rounding the ring of ports are a pair of dished 
brass rings: D, whose adjacent edges form lips which 
open and allow the water to pass. The brass 
rings are retained in position, and given a slight 
closing pressure by the rubber rings E, which are 
sprung into grooves round the valve body, and hold 
the outer edges of the brass rings. The inertia of the 
moving parts of the valve is thus very small indeed, 
while the large diameter of the lips allows of full-bore 
flow being obtained with a small lift. Moreover, the 
surfaces over which the water has to travel are shaped 
with a view to giving easy flow. 

The principle of the valve may, of course, be adopted 
in a variety of ways. In.the valve shown in Fig. 2 
the working rings are of leather, stiffened by brass 
shells. They are closed by means of light helical 
springs instead of rubber rings, as the latter are not 
advisable where heat has to be encountered. Fig. 2 
also shows the ease with which the area of flow may 
be increased by the addition of further rings of ports. 
In Figs. 3 and 4 this principle is carried further, one 
valve having three and the other four rings of ports. 
The general appearance of a two-high valve will be 
understood from Figs. 5 and 6, which show such a 
valve respectively openand shut. The only parts sub- 
ject to wear are the metal lip-rings, and these can be 
renewed in a very short time without special appliances 
or skill. Their renewal, moreover, is considerably 
cheaper than re-grinding an ordinary valve of corre- 
sponding size. 

One of the great advantages of the valve is that in 
almost every case it can be applied to an existing pump 
without alteration of the pump The smaller 
sizes are made to screw into the original seating holes, 
while larger ones are held by means of a cover or bolt, 
as shown in Figs. 3 and 4. Valves of this t; are 
built up of independent sections, which are held to- 

ether by the pressure which keeps the valve in place. 

‘he rubber-rings seal so of the sections, no 
other jointing being required. In many cases the new 
valves have een substituted for valves of ordinary 
pattern, with the result that the pumps could be 
speeded up considerably, and would run much more 
silently. A noticeable reduction in the power con- 
sumed has also been obtained. Figs. 7 and 8 show the 
suction-valves and delivery-valves of a pump before 
and after conversion. A pumpinthe Darmstadt Insti- 
tute was fitted with the new valves in July last, and 
its speed increased from 45 to 100 revolutions per 
minute. It pumps feed-water at about 150 deg. Fahr., 
and the rubber rings have not yet needed replacement. 
More recently at ae Duisberg Gas-Works a ram feed- 
pump was converted. With the old valves it worked 
at 50 revolutions, supplying hot water against a pres- 
sure of 105 lb. After conversion its speed was rai 

to 125 revolutions, this limit being imposed only by 
the power of the engine. Many other cases of conver- 
sion have been brought to our notice, and they all 
bear out the special claims made for the valves— 
namely, high speeds ot working, economy of power, 
and silence in operation. 





BorovuGu oF TUNBRIDGE WELLS ENGiNEERS.—The Tun- 
bridge Wells Corporation have decided to extend the 
term of Mr. Boot’s present appointment as engineer to 
August 31, and after that date to retain him as consult- 
ing engineer. At thesame meeting they appointed Mr. 
J. W. Beauchamp, of Sheffield, resident engineer ; Mr. 
John Bemrose, of Worcester, chief assistant engineer ; 
and Mr. Valentine F. Bush, ot Tunbridge Wells, junior 
assistant. 


Tue Surveyors’ Instrrvution.—The .Council of the 
Surveyors’ Institution have accepted an invitation from 
their South Wales and Monmouthshire Committee to 
hold the next country meeting at Cardiff on the 20th and 
2ist of this month. Visits have been o: ised to various 
works and — of interest in or near Cardiff for the 
afternoon of the 20th, including the Bute Docks, the 
Dowlais Steel Works, Cardiff Castle, and Llandaff Cathe- 
dral. On the following day there is to be an eXoursion to 
Ilfracombe via Barry Docks; by boat along the Devon 
and Somerset coast to Minehead ; and a visit to the Bar- 
goed Colliery and to Caerphilly Castle. Further par- 
ticulars are stated in the circular which has been i to 
the members, 
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BunGartan Stats Rartwars.—The capital expended 
upon the Bulgarian State railway system stvod last 


ear 
at_7,887,429/., the length ‘of line in operation being a 


miles. The return obtained upon the capital expend 
works out as nearly as possible at 7 per cent. per annum. 
Further lines are in course of construction, and will 
shortly be opened for traffic. 
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| Rattway Construction 1n Cxiti.—The Diario Oficia! 
| of March 12 publishes a decree accepting the tender sub- 
| mitted by Messrs. Lezaeta and Duran “Brothers for the 

construction of the railway from Ancud to Castro at en 

estimated cost of about 157,125/. . The contractors under- 

take to my the line within three years from the date 
| of approval of the plans. The same journal contains 
| another decree accepting the estimate, of about 89,580/., 
submitted by Mr. Enrique Abbott for the construction of 
| bridges and for the completion of various sections of the 
' Paloma to San Marcos railway. 
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THE FERY 
CONSTRUCTED BY THE CAMBRIDGE SCIENTIFIC INSTRUMENT COMPANY, LIMITED, CAMBRIDGE. 

















Fie. 1. 


Tue Féry spiral pyrometer of the Cambridge Scien- 
tific Instrument Company, Limited, a new form of the 
Féry radiation pyrometer, has the advantage over 
other types of radiation pyrometer that it is a very 
simple direct-reading instrument, indicating tempera- 
tures without requiring the use of a galvanometer or 
other electric ar That is a great point for 
engineers, metallurgists, and engineering chemists, 
for whose use the instrument is particularly designed. 
High precision is not promised ; for practical ——- 
an accuracy within 1 or 2 per cent. is generally suffi- 
cient, and that accuracy is claimed for the spiral pyro- 
meter, and has been realised by an inexperienced 
observer in a gas retort-house, for instance. The in- 
strument is a complete unit in itself, and consists 
merely of a cylindrical case resembling an ordinary 
galvanometer, which is placed on a wooden tripod or 
on some other stand opposite the furnace whose tem- 
perature is to be measured ; there are no accessories. 

In the ordinary radiation meter of Professor 
Charles Féry, of the Ecole Municipale de Physique 
et de Chimie Industrielles, at Paris, the heat rays 
of the hot body are concentrated by means of a 
concave mirror on one junction of a small thermo- 
electric couple. The electromotive force set up in the 
couple by the heat is indicated by the galvanometer, 
which is connected by leads with the pyrometer, and 
which has carefully to be levelled. In the new type, 
which is also due to Professor Féry, a small strip, 
made up of two metals having very different co- 
efficients of expansion, and coiled to the shape of a 
spiral, replaces the thermo-couple.. The spiral unrolls 
when heated, and a pointer marks this movement on 
the scale. Fig. 1 is from a photograph of the pyro- 
meter ; Fig. of is a section of the pyrometer ; Fig. 3 
is an enlarged view of the had, The essential 
part—the spiral S in Fig. 2—is very small; it 
actually measures only 3 in. in diameter, and has a 
width of y in.; these dimensions correspond to 3 and 
2 millimetres respectively. The whole spiral is 
blacked, so as to absorb as large a quantity of heat 
as possible. Any radiation passing through the con- 
volutions of the spiral is reflected back on to the spiral 
sy & very small mirror fixed behind it. The spiral is 
fixed at the centre, and its free end carries the 
aluminium pointer P, moving over the scale D, 
gredusted in degrees Centigrade or Fahrenheit. 

he movement of the pointer is watched through 
the window W. A ray coming from the furnace 
is reflected by the concave mirror C and sent to 
the spiral 8. “E is the eye-piece, and the observer 
looking through it sees an image of the furnace or hot 
body in the plane mirror M. This mirror really con- 
sists of two wedges, which facilitate the focussing and 
sighting. When the instrument is not properly focussed, 
the furnace image ap split into a lower and an 
upper half, the two halves being displaced with regard 
to one another ; at right focussing the two halves fit. 
When the instrument has been mounted, sighting and 
sored take about half a minute. 

An adjustment of the zero of the instrument is 
required to meet ¢ in the temperature of the 
instrument. This adjustment is made with the instru- 
ment focussed and in position before taking any obser- 
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vation, the shutter in front of the telescope being 


closed, and the setting adjustment being e by the 
knob F.. On opening the shutter afterwards, and 
on exposing the instrument to heat rays, the pointer 
will be seen to rise rapidly to a point on the scale, and 
then to pause. This point is the temperature of the 
hot body. It will be understood that the instrument 
asa whole will get hotter, and the Pg tag will creep 
up slowly when the ag is left in position for a 
comparatively long while. In-such cases a second zero 
reading has to be taken, and a correction to be applied 
for the new reading. 

The followin, table shows the results of comparison 
tests conducted by Mr. G.C. Pearson in the retort-house 
of the Birmingham Gas Works, between a standardised 
thermo-electric Féry radiation pyrometer and the new 














iral pyrometer. The temperatures are in degrees 
tigrade. 

——_---—- ae es “ eid 

Thermo- . Dif- Thermo | : | Dif- 

Electric. | SPiTl- | terence. | Electric. | Spiral. | terence 
990 | 990 0 995 1000 5 
930 | 940 10 980 978 -2 
1000 1005 5 1210 1218 | 8 
1020 | 1020 0 1225 1220 | -5 
1250 /1200-1270* a 1250 1250 0 
1240 1938 | -2 845 | | (840 -5 
1260 1260 | 0 


The new instrument appears to be sensitive to 
draughts, as the variation in the one case marked by 
an asterisk indicates. The two pyrometers were 
focussed on the same point in the retort, the readings 
being taken simultaneously. 

At present the instruments are made with three 
different scales: (1) 500 deg. to 1100 deg. Cent., 
which will cover annealing, hardening, and case- 
hardening temperatures ; 3) 500 deg. to 1400 deg. 
Cent., the most useful range on the whole which will 
cover all the temperatures met in gas and ceramic 
works ; (3) 500 deg. to 1700 deg. Cent., covering any 
temperature in steel works. 

In order to secure true temperature readings with 
this as with other t of radiation temperatures, 
the hot body sigh on. should be contained within 
a chamber, the walls of which are at approximately 
the same temperature as the body itself. This 
condition is fulfilled in most practical cases, such 
as in taking the temperature of the inside of a 
gas-retort, fire-box, muffle furnace, or furnace for 
annealing or hardening. The furnace-door should 
really be closed when the measurement is made, if 
that were possible under ordinary conditions, because 
cold air gains access ; the error introduced by opening 
the door is not serious, however, and all the less so be- 
cause the instrument is calibrated under those condi- 
tions. The temperature determination can, however, 
be made without bs gre the door or making an open- 
ing in the wall. tube of cast iron or clay is then 
built into the furnace wall, closed at its inner end and 
open at the other end. The tube will assume the tem- 
perature of the furnace for some distance a’ ite 











length, and will fairly fulfil the conditions of a closed ! 





























chamber with walls at the same high temperature ; in 
sighting on the blind end of the tube the observer will 
hence approximately observe the true temperature 
without allowing air to gain access to the furnace or 
to escape from it. True temperatures will not 
indicated by radiation pyrometers in general, how- 
ever, when the body, such as molten metal in a 
crucible, or an ingot of steel, is. not contained 
within walls of the same temperature as the body. 
In these cases the temperatures read off may re- 
main considerably below the true temperature of 
the molten metal, bécause the body will not radiate 
like a black body then ; copper with a clean surface 
may appear to be 100 deg. Cent. cooler than it really 
is, for instance. The discrepancy will depend on local 
conditions, and definite figures cannot be given. As 
long as the conditions do not alter, however, the error 
will be fairly constant, and may be determined once 
for all, and thus be eliminated by measuring the tem- 
——_ of the body, first inside and then outside the 
race. 


The new Féry spiral pyrometer is constructed in 
this country by the Cambridge Scientific Instrument 








Company, Limited; the com has also the sole 
selling rights in the British ( Colonies and in the 
United States. 

Danish NATIONAL EXuisition at AarHus.—The 


Danish journal Danmark Derude. (Denmark Abroad) has 
issued a special number giving general information on 
the Danish Home Exhibition, to be held at Aarhus from 
Ma to September. The same number also gives - 
ticvlars of various Danish ports and maps showing their 
levation. 


Listg NavaLe Franoaise.—The April issue of this 
French Navy list, published by Mr. J. Alté, Toulon, is 
now on sale at the price of 2.35 francs (under 2s.). It 
contains, as usual, various recent decrees concerning the 
French Navy, a review of recent books, and of articles 
on naval matters contained in various technical jouw 
list of French nh&val officers, and of the ships forming the 
French fleet. it. 





Tre InstTITUTION oF Orvit Enoineers.—The thirty- 
fourth annual dinner of the London Students was held at 
the Trocadero Restaurant on Friday, April 30, Mr. J.C, 
Inglis, President of the Institution, in the chair, ’ It was 
remarked that during the session the students had been 

iven an 0 isation of their own, and the Institution 
greatly facilitated the successful working of the enter- 
rise. Special thanks were due to Mr. Inglis and Sir 
illiam Matthews for their invitations to visit the 
works at Swindon and Dover respectively. The chair- 
man sta that he was the first student of the Insti- 
tution who had occupied the presidential chair, so 
that he felt quite at home. Young .o=— nowadays 
had, he said, to cope with increased difficulties, which 
could 7% overcome by presenting a bold front to 
them. foreign tour of students, organised by Mr. 
Guttmann, should give those taking part a valuable in- 
sight into Continental practice, and it had his entire 
approval and that of the Council. The Students’ Conti- 
nental tour through Holland, Belgium, and Germany 
extends from July 16 to 26, and it is expected that over 
one hundred students will be of the party. 
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NOTES FROM THE UNITED STATES. 
PHILADELPHIA, May 4. 

It now appears that a change for the better has 
definitely set in in the iron and steel industry. — It 
appears to be generally conceded that the bottom has 
been finally reached as to prices and as to sluggish- 
ness of demand. Manufacturers in nearly all iron 
and steel centres have discontinued the cutting of 
prices, and during the past few days have been able 
to book orders for quick delivery or ‘‘rush” orders 
at full asking prices. This welcome change has not 
come altogether unexpectedly. The orders placed 
poor the t week have been mostly for earliest 
possible delivery. As there is much more urgent 
work to place, it is probable that the present strong 
tone of the market will continue. Inquiries now on 
the market for pig iron are estimated at 100,000 tons. 
In consequence all quotations are stronger. Among 
the large purchases of the t week was one for 
23,000 tons by the American Hamester Company. 
Basic iron for steel castings has sold well, capoctelles 
to St. Louis casting interests. The hardening of 
prices and the upward tendency will probably 
stimulate buying on a large scale among the smaller 
consumers who usually wait too long. Some of the 
large finishing plants have been quietly filling up on 
merchant bars, plate, and structural iron-work, 
and these concerns are now practically out of the 
market, which fact will permit a hardening of prices 
with other manufacturers. The talk to-day is that 
there will be a rush of orders for plates and shapes 
in view of higher prices, but this will not affect a 
number of pending contracts for large quantities which 
can be had under options. The tin-plate mills are 
making better time than for months. Tariff adjust- 
ment is creeping along, and free ores are looked for 
by Eastern ‘ill interests. There are probabilities of 
deep political discontent over the anticipated out- 
come use of the multiplying evidences of a deter- 
mination to cling to the highest possible protection. 
If this sentiment takes shape, the result at the next 
election will be a democratic lower branch. The poli- 
ticians hope to offset this by creating a partisan tariff 
commission that can be relied on to do nothing to 
interfere with the plans of the high protectionists. 





Hessurn.—The Lords of the Admiralty propose that a 
dock capable of dealing with Dreadnoughts shall be 
ready at Hebburn-on-Tyne by 1912, but it is not to bea 
new dock. Messrs. R. Stephenson and Co. completed a 
dock at Hebburn in 1904, capable of taking in the — 
war vessels then built. It is understood that the Adm: 


:. 
oe rights over this dock by means of a 
t 


ralty will 
poy na ed. It is possible, also 
and the sull deepened. It is able, also, t: 
wa bo iaaveneall, i 


PRsoNAL.—Messrs. Crews and Handford, consulting 
electrical engineers, have removed to Clarence Chambers, 
4, Piccadilly, Manchester.—The ‘Jandus” Arc-Lamp 
and Electric Company, Limited, inform us that, having 
terminated their sole-agency agreement with’ Messrs. 
Drake and Gorham, Limited, they will in future sell their 
manufactures direct from the Hartham Works, Holloway, 
N. ; and that, having installed additional plant, they will 
be able to turn out 19,000 lamps annually. A factory has 
also been laid down for the manufacture of the special 
carbons used in the ‘‘ Jandus” enclosed flame arc-lamp.— 
Messrs. J. Halden and Co., Limited, drawing material 
dealers, of 8, Ament cum, Hensneres, whose works at 
Cornbrook were destroyed by fire on Sunday last, desire 
us to state that their general business will not be inter- 
fered with, owing to the fact that they hold large stocks 
at their warehouse, 17, Altrincham-street, Manchester, 
and at their various branches. 


at it will have the eng ary — — 
t the widt 


Tue INSTITUTION OF MecHANICAL Enoineers.—The 
summer meeting of the Institution will be held in Liver- 
1, and will begin on Monday, July 26. Tuesday, 
uly 27, the Right Hon. the Lord yor of Liverpool 
and the members of the Committee will receive and 
welcome the President, Mr. John A. F. Aspinall, and 
the Council and members of the Institution in the Lecture 
Hall of the Municipal Central Technical School. Then 
will follow the reading and discussion of papers, and 
luncheon by invitation. In the afternoon there will be 
visits to the Southport Electrified Railway, the Liverpool 
Corporation Electricity Works, an ocean liner, Messrs. 
Bryant and May’s Diamond - Factory, &c. In the 
evening, the Institution dinner will be held in the Banquet- 
ing all, Exch Station Hotel. On Wednesday, 
July 28, there will be reading and discussion of papers, 
followed by luncheon by invitation of the kent lecer 
tion Committee.. In the afternoon there will be visits 
to Messrs. Cammell, Laird, and Co., the Tranmere Bay 
Development Company, the English McKenna Process 
Company's steel rolling-mills, the Mersey Railway Com- 
pany’s generating station, Port Sunlight, &c.; and in the 
evening a reception in the Town Hall, by invitation of 
the Right Hon. the Lord Mayor of Live Thurs- 
day, July 29, there will be visits to the Lancashire-and 
Yorkshire Railway Company’s locomotive works, Hor- 
wich; the Liv 1 Docks; the River Weaver, Salt 
Union Com 


or Messrs. Di Kerr, and Co., 


Friday, 
ag there will be alternative excursions to Chester 
or Penmaenmawr, 


s works, Anderton lift, and Northwich ; | boo! 
Preston. 





NOTES FROM THE NORTH. 
Gtascow, Wednesday. 

Glasgow Pig-Iron Market.—Last Thursday morning the 
pigviron market was a little easier and 5500 tons of Cleve- 

nd warrants were put through at 47s. 114d. and 48s. 04d. 
cash, 48s. 2d. and 3d. one month, and 48s. 74d. and 
48s. 8d. three months. The closing quotations were 
48s. 1d. cash, 48s. . one month, and 48s. 84d. three 
months sellers. The tone of the market was better in 
the afternoon, and Cleveland warrants were done at 48s. 2d. 
and 48s, 24d. eight days, 48s. 44d. twenty-seven days, and 
at 48s. 5d. one month. The turnover was 4000 tons, and 
closing sellers quoted 48s. 24d. cash, 48s. 5d. one month, 
and 48s. 104d. three months. On Friday morning a strong 
tone prevailed and 10,000 tons of Cleveland warrants were 
done at 48s. 3d. and 48s. 4d. cash, from 48s. 34d. to 48s. 64d. 
one month, and at 48s. 1ld. three months. The close 
was firm at 48s. 4d. cash, 48s. 6d. one month, and 
48s. 114d. three months sellers. In the afternoon the 
upward move continued and Cleveland warrants were 
dealt in at 48s. 74d. cash, from 48s. 9}d. to 48s. 104d. one 
month, and at 49s. July 5. The business amounted to 
3500 tons, and sellers’ closing prices were 48s. 74d. cash, 
48s. 104d. one month, and 49s. 3d. three mont On 
Monday morning the prices of Cleveland warrants made 
a further advance, ual 5000 tons changed hands at 48s. 9d. 
and 48s. 84d. cash, 49s. 1d. and 48s. 1ld. one month, and 
49s. 4d. July 28. Closing quotations were 48s. 9}d. cash, 
at 49s. one month, and 49s, 44d. three months sellers. 
Standard foundry iron was quoted at 48s. 54d. one month 
sellers. The market was firm in the afternoon, and 
some 5000 tons of Cleveland warrants were again dealt 
in at 48s. 10d. four days, 49s. and 49s. 04d. one month, 
and 49s. 54d. three months. The closing prices were a 
shade up at 48s. 10d. cash, 49s. 1d. one month, and 
49s. 6d. three months sellers. On Tuesday morning 
Cleveland warrants were the subject of a — reaction, 
and closed with sellers quoting 48s. 64d. , 48s, 9d. 
one month, and 49s, 2d. three months. Cash iron was 
done at 48s. 5d. and 48s. 7d., while the turnover of 6500 
tons included 48s. 9d. twenty-seven days and one month, 
and from 49s, 2d. to 49s. 14d. to 49s. 24d. to 49s. 2d. three 
months. At the afternoon session the tone was in 
weaker, and 3000 tons of Cleveland warrants were done 
at 48s. 5d. ten days and 48s. 64d. one month. Sellers’ 
closing quotations were 48s. 44d. cash, 48s. 7d. one month, 
and 49s, three months. When the market opened epee 
(Wednesday) cash iron was a little irregular. The deal- 
ings consisted of 6500 tons of Cleveland warrants at from 
48s. 44d. to 48s. 24d. cash, 48s. 4d. and 48s. 44d. twenty 
days, 48s. 5d. and 48s. 6d. twenty-six days, 48s. 64d. and 
48s. 6d. one month, and at 48s, 11d. three months. At 
the close there were sellers at 48s. 4d. cash, 48s. 7d. one 
month, and 48s. 114d. three months. In the afternoon 
prices were a shade easier, and the turnover amounted to 
about 4000 tons of Cleveland warrants at 48s, 3d. cash 
and 48s. 5d. and 48s, 54d. one month. Closing sellers 
were easier at 48s. 34d. cash, 48s. 6d. one month, and 
48s. 104d. three mont The rs are the market 

uotations for makers’ (No. 1) iron :—Clyde and Calder, 
dos. 6d. ; Gartsherrie, 61s. ; Summerlee, 61s. 6d. ; Lang- 
loan, 68s. ; and Coltness, 88s. (all shipped at Glasgow) ; 
Glengarnock (at Ardrossan), 63s. ; Shotts (at Leith), 61s. ; 
and Carron (at Grangemouth), 63s. 


Sulphate of Ammonia.—There has been very little 
business passing in sulphate of ammonia lately, and the 
price is somewhat easier. The quotation to-day is round 
about 11/. 7s, 6d. per ton for prompt delivery, Glasgow 
or Leith. The shipments from Leith Harbour last week 
only amounted to 104 tons. 


Scotch Steel Trade.—With one or two exceptions, there 
has been no improvement in the state of the Scotch steel 
trade during the past week. The majority of the pro- 
ducers are very bare of specifications, especially for heavy 
material, and they are also faced with the lower quotations 
of the makers on the North-East Coast of England. The 
local merchants are still willing sellers of tch-made 
— and plates at several shillings a ton under the 
official rates of the Scotch Steel-Makers’ Association, the 
prices of which are unc Structural material is in 
rather better demand, but at very keen prices. 


Scotch Pig-Iron Trade.—About the end of last week 
the makers of Scotch pig iron made a general advance in 
prices of from 6d. to 1s. per ton. New business is, 
perhaps, a shade quiet, ——. on local account, but 
regular deliveries are being made. The export trade is 
keeping up fairly well, and good shipments are the order 
of the day. Hematite is quiet, and the price is round 
56s. per ton. 


Malleable-Iron Trade.—No change for the better, in 
the way of an increase in specifications, can be reported 
in connection with the West of Scotland malleable-iron 
trade. Certainly there have been one or two fairly good 
export orders fixed up lately, but the prices for these lots 
are exceedingly poor ; in fact, buyers are desirous of even 
lower terms than those mentioned a week ago. 











| 
Tourists’ Guipg TO THE CoNTINENT.—The latest | 
edition of the guide under this title, issued by the Great | 
Eastern Railway Company, at the price of 6d., contains 
a map of the company’s system, the sheet including a | 
large portion of Northern and Central Europe which can | 
be reac from Harwich. Particulars are given of 
tours in Holland, Belgium, Germany, Norway, Denmark, 
Sweden, and Switzerland. Detail maps show the various 
districts visited, and the historical and other data the 
)klet also contains will be found of interest to tourists. 
It is well illustrated, and a small vocabulary in English, 
+ sa and German, has been added to the present 
on, 


NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday, 
Hull Coal Traffic.—The monthly returns of the If; 
coal traffic show that while not so much materia! \: 
dealt with in the port last month as in April, 1908, ther 
has been a decided increase in the exports, and as | 
demand at present is steady, there is er rospect of 
an active summer. From all sources Hu fast month 
received 413,344 tons, against 431,344 tons a year agv. a 
falling off of 18,000 tons, whilst during the four months the 
total receipts have been 1,568,688 tons, against 1,926,432 
tons. This gives a reduction of 339,744 tons for the whole 
period, an average reduction of 84,936 tons per month, so 
that it isobvious that the improvement in trade during the 
last two months, compared with the first two months of the 
year, has been fairly substantial. The total exports fo 
April amounted to 208,767 tons, as compared with 189,{); 
tons a year ago, which gives an increase of slightly ove: 
18,000 tons. The year’s aggregate is down from 681,370) 
tons twelve months to 668,685 tons this year, a slight 
falling away of 12,685 tons, which again is not serious. 
Coastwise exports last month amounted to 61,245 tons, of 
which London took 46,255 tons. During the four months 
270,395 tons have been sent out coastwise, London’s total 
being 193,915 tons. This is a considerable falling away 
from the tonnage of twelve months ago, when a good deal 
of gas coal was passing between the Humber and the 
Metropolis. 


Company Reports.—The directors of the Parkgate Lron 
and Steel Company, one of the la South Yorkshire 
industrial concerns, report that, notwithstanding the great 
depression which has existed in the steel trade and the 
serious decrease in prices, the works have been well em- 

loyed during the year. The profits of the company, 
Geteen have shrunk from 51,774/. in 1908 to 40,182/., 
which is 30,0002. less than the amount earned in the boom 
year of 1907. The dividend has been reduced from 10 to 
74 per cent. 

Tron and Stecl.—Now that the iron-workers’ strike in 
Lincolnshire has been happily brought to a close, after a 
duration of three weeks, hopes are entertained that there 
will be a welcome fillip to trade in the near future. Up 
to the present, of course, makers have been naturally 
indifferent about new business, and their brands have 
been off the market tosome extent. With the resumption 
of work, however, by the 2000 men who have been idle, 
there is every expectation that things will quickly brighten 
up. During the t week comparatively little business 
has been done locally in pig iron, and prices have remained 
firm. Specifications against delivery show a tendency to 
inicrease, especially for hematite, which seems to indicate 
more activity in the Sheffield steel trade. During the last 
few days further inquiries have been received from India 
and South America for railway material, and there is a pro- 
spect of some satisfactory business being arranged. Makers 
of bar iron and hoops do not find any exceptional demand 
for their goods, and though some are kept fairly well going, 
others are working short time. A gradual improvement is 
being noticed in the local steel trades, and some of the 
la firms are beginning to experience a busier time. 
This state of things, however, is not altogether general, 
and there are others who complain of continued slackness. 
The demand for high-speed tool-steel is slightly better. 
the increased call being mostly from abroad. The file 
trade remains quiet, but the outlook for the future is 
encouraging. It is hoped that the improvement, when 
it comes about, will be accompanied by inc prices. 

South Yorkshire Coal Trade.—There is considerable 
activity in the steam-coal trade, and the demand for 
best qualities continues very strong. Owners are in 
sisting on increased prices, and though buyers are some- 
what reluctant to pay these, a general advance of about 
6d. per ton on the week has to be recorded. In fact, in 
many cases buyers have been glad to arrange contracts on 
sellers’ terms, and possibly the situation is explained by a 
disposition on the part of some owners to hold back in 
expectation of even better prices. South Yorkshire 
hards are quoted at 9s. to 9s. 6d. per ton at the pits; 
best Derbyshire 8s. to 8s. 6d.; and second qualities 
7s. 3d. to 7s. Gas fuels are moving steadily, and 
the rates for washed small and slacks are slightly ad- 
vanced. With the advent of warm weather there has 

m a weakening in the demand for house coal, especi- 
ally of the secondary qualities. Competition, too, is very 
keen, and despite the efforts of the owners to keep on 
the winter advance, in order to compensate for the ex- 

ted added costs of the Eight Hours Act, there has 
com a general reduction in prices from 6d. to 1s. per ton. 
Onders from London merchants are comparatively small, 
and in many cases contract quantities are not being dealt 
with. Few collieries are working more than four days # 
week, and the result of the short demand is that stocks 
are beginning to accumulate. 








Metric EquivALENTTABLES.—The Central Translations 
Institute, 16, Eastcheap, E.C., have issued a handy card 


| giving a number of tables containing the metric equiva- 
e 


mts for British linear, area, volume, and weight measure- 
ments. 


Tue THames Steampoats.—In a recent report of the 
London County Council Highways Committee it was 
stated that on April 6 the Council accepted the tenders 
of the Escaut Rupel Steam Navigation Company tor 
the pu: of the paddle-steamers Francis Drake and 
Thomas Moore at the price of 1012/. each, and of K. Bolre 
for the purchase of the Gibbon at 1000/7, An offer had 
been received from Messrs. Glaser, Bewers, and Co., 5, 
George-street, Minories, for the hase of the King 
Alfred at the price of 1050/., and the Highways Com- 
mittee recommended that this offer be accepted, 
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NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 
MIppLEsBROUGH, Wednesday. 

The Cleveland Iron Trade.—After a good deal of 
activity the market has quietened down, and a fall in 
warrant quotations has been followed by the cheapening 
of makers’ iron. Stocks are now increasing both in the 
warrant stores and at pig-iron makers’ ya: and buyers 
are once more backward. So far this month shipments 
of pig iron are good, and comipare very favourably with 
those for the corresponding periods of last month and 
last year, but, unfortunately, there is reason to believe 
that despatches by sea will shortly show a falling off. 
Inland deliveries are fairl , but home consumers are 
hesitating to make forward contracts. Altogether the situa- 
tion is certainly lesssatisfactory than it has been. At the 
beginning of the week up to 49s. was realised for early f.o.b. 
delivery of No. 3 g.m.b. Cleveland pig iron, but now both 
makers and merchants are quite pre to accept 
48s, Gd., and some of the latter would probably not refuse 
48s. 44d. No. 1is 50s. 44d. ; No. 4 foundry, 47s. 9d. ; and 
No. 4 forge, 47s. 6d. East Coast hematite pig iron is a 
littleeasier. Purchases are possible at 55s. for immediate 
delivery of Nos, 1, 2, and 3, but any inquiry on forward 
account elicits higher quotations, makers asking 55s. 6d. 
for autumn delivery, and 56s. for delivery to the end of 
the year. Foreign ore values are fully maintained. 
Dealers take a very strong stand, and being well placed 
so far as orders are concerned, they are in no great 
hurry to sell. Rubio of 50 per cent. quality is quite 
16s. 3d. delivered here, and as much as 16s, 6d. is asked 
by some firms on forward account. Local demand for coke 
is rather heavy, and average blast-furnace qualities are 
lds. 3d. to 15s. 6d. delivered here. 


Manufactured Iron and Stcel.—Few new features are 
noticeable in the various branches of the manufactured 
iron and steel industries. In one or two departments 
slight changes for the better are reported, but producers 
of several descriptions continue only very moy yoow A 
employed. Sheet manufacturers and producers of rail- 
way material are turning out a lot of work, and they 
have contracts made which will keep them busy for some 
time. Common iron bars are 6/. 15s. ; best bars, 7/. 2s. 6d. ; 
best best bars, 7/7. 10s. ; packing iron, 5/. 10s. ; iron ship- 
plates, 6l. 7s. 6d. ; iron ship-angles, 6/. 15s. ; iron ship- 
rivets, 7/. 3s. 9d.; iron boiler-plates, 7/. 7s. 6d.; steel 
bars, (1. 5s.; steel ship-plates, 6/.; steel ship-angles, 
il. 12s. 6d. ; steel boiler-plates, 7/. ; steel strip, 6/. 7s. 6d. ; 
steel hoops, 6/. 10s.; and steel joists, 5/. 15s.—all less 
the customary 24 per cent. Cast-iron railway chairs 
are 3/. 103. ; cast-iron columns, 6/. 10s. ; light iron rails, 
6/. 10s.; haavy steel rails, 5/. 5s.; and steel railway 
sleepers, 6/. 10s.—all net cash at works. Iron or steel 
galvanised corrugated sheets, 24 gauge, in bundles, stand 
at 12/. 10s. f.0.b.—less the usual 4 per cent. discount. 

Order for Tram-Rails.—Messrs. Bolckow, Vaughan, 
and Co., Limited, have secured an order from the London 
County Council for tramway~rails at a cost of 24,958/. 
An unsuccessful tender by a Belgian firm was 24471. 3s. 6d. 
below that of Messrs. Bolckow, Vaughan, and Co.’s. 








Messrs. JOHN I, THORNYcROFT AND Co., LimiTED.— 
Messrs. Thornycroft ask us to say, with reference to the 
transfer of their Chiswick works to Southampton and 
Basingstoke, that the publicity which has been given to 
this transfer in the Press, though generally correct, may 
cause misapprehension by reason of the fact that no men- 
tion is made of their intention to retain a portion of their 
extensive Chiswick property for a garage, and car and 
vehicle repair dépét. ‘They add that the demand for 
Thornycroft cars and vehicles, as a result of the successes 
met with in trials and competitions, has increased to such 
an extent that it is deemed essential to have a London 


dépot. The situation of the Chiswick premises is such as 
to meet all requirements under this head. These premises 
will be equip for dealing with repair work to all 


classes and makes of cars and vehicles. 





PaLMER’s SHIPBUILDING AND Iron Company, Limrrap. 
—The Admiralty order of a Dreadnought from Palmer's 
net and Iron Company, Limited, comes close 
upon and adds interest to the appointment of Mr. A. B. 
Gowan as the general manager of the works. Mr. Gowan, 
who took up his duties two or three weeks ago, has 
very wide experience of warship building, as well as of 
general mercantile work. Trained on the East Coast, he 
served in Messrs. Elder’s drawing-office at Govan, and 
was rapidly advanced to the position of leading draughts- 
man during a period of great activity in Atlantic liner 
building. After a time with Messrs. John Reid and Co., 
of Glasgow, a firm noted for yacht and sailing-ships, Mr. 
Gowan became assistant manager, under Mr. Charles 
Reynolds, of the Walker Yard of Sir William Armstrong, 
Mitchell, and Co., but was here only a short time, p' - 
ing thence to Barrow-in-Furness to be shipyard manager 
when Mr. William Adamson succeeded the late Mr. 
Bryce Douglas as ing director. A long succession 
of notable warships were built by Mr. Gowan, including 
the Powerful, the Juno, the Doris, the Niobe, the Amphi- 
trite, and the Vengeance. At the end of nine years—in 
1900—he left Barrow, Mr. Adamson at the same time 
Ceasing to be managing director. Mr. Gowan became 
general ma: r of the on and Glasgow ra 
and Tron-Shipbuilding Company, under Mr. J. é 
Shepherd’s managing directorship, and for eight years 

s een identified with the splendid work done in this 
concern, the warships built including the cruisers Rox- 
burgh, Monmouth, and Cumberland. It will thus be 
recognised that Mr. Gowan well merits the important 
position which has been conferred upon him, 


NOTES FROM THE SOUTH-WEST. 


Cardiff.—Steam coal has remained rather quiet, there 
having been fewer inquiries for lots for immediate de- 
livery. The has made 16s, 3d. to 16s. 6d. per 
ton, while secondary qualities have ranged between 14s. 6d. 
and 16s. per ton. There has been only a moderate 
demand for house coal; the best ordinary qualities have 
brought 14s. 6d. to 16s. per ton, while No. 3 Rhondda 
large has made 17s. 9d. to 18s. per ton. Foundry coke 
has been quoted at 18s. to 20s. 6d. per ton, and furnace 
ditto at 15s. 6d. to 16s. 6d. per ton. As regards iron ore, 
Rubio has brought 15s. 6d. to 15s. 9d. per ton, upon a 

is of 50 per cent. of iron, and charges, including 
freight, insurance, &c., to Cardiff or Newport. 

Dowlais.—There has been a good. a; te tonnage of 
coal raised, but the iron and steel works have been 
scarcely so active. The output of light and heavy section 
steel rails, steel sleepers, fish-plates, angle-iron, &c., has 
been satisfactory. 


Bristol Docks.—The Bristol Dock year ends April 30, 
and the gratifying fact has been just established that dur- 
ing the fast two Senden the foreign trade practically 
doubled, having risen from 642,138 tons in 1889 to 
1,274,808 tons in 1909. Grain imports fell off, to some 
extent, last year, but the imports of petroleum and sugar 
inc . The total dock and city dues collected in 
1908-9 were 149,022/., or nearly 10,0002. more than the col- 
lection of 1907-8. 


South Welsh Coal.—The exports of coal from the six 

rincipal Welsh ports—Cardiff, Newport, Swansea, Port 

albot, Neath, and Llanelly—in the first four months of 
this year were as follow :—Cardiff—foreign, 5,802,326 
tons; coastwise, 964,294 tons; total, 6,766,620 tons. 
Newport—foreign, 1,383,080 tons; coastwise, 248,981 
tons; total, 1,632,061 tons. Swansea—foreign, 910,573 
tons; coastwise, 77,808 tons; total, 988,381 tons. Port 
Talbot—foreign, 409,542 tons; coastwise, 57,435 tons; 
total, 466,977 tons. Neath—foreign, 49,738 tons; coast- 
wise, 75,215 tons ; total, 124,953 tons. Llanelly—foreign, 
58,052 tons; coastwise, 11,533 tons; total; 69,585 tons. 
The te shipments for the four months were ac- 
cordingly 10,047,677 tons. 








THE ery a Someaate ** Foca ee 
regret that in our ph on page ante relating to 
the explosion which Eoodned recently on board the 
above boat, we stated that the danger of such an explo- 
sion had not been foreseen, and that no means were at 
hand for ventilating thé superstructure of the boat. We 
understand from Fiat-San Giorgio, of Spezia, the builders 
of the boat, that this statement is not correct, for the 
superstructure was provided with all the most complete 
and necessary ey for ventilation, but that these 
had not been used. Weare glad to make this correction 
to what might otherwise prove a detrimental statement 
to the makers. 





Tue INSTITUTION OF MECHANICAL ENGINEERS: GRaA- 
DUATES’ ASSOCIATION.—-The — general meeting of 
Session 1908-9 was held at the Institution, Storey’s-gate, 
Westminster, S.W., on Monday, May 10, at8 p.m. Mr. 
W. Worsdell; Member of Council, occupied the chair. 
A paper entitled ‘‘Railway Permanent Way ” was pre- 
sented and read by theauthor, Mr. H. H. Bird, Graduate, 
of Derby. Mr. Aykroyd —— the discussion, in which 
the following uates too! —Messrs. Haile, Hiller, 
Sanders, Smith, and Thieme. The chairman for the 
evening alsocontributed to the discussion. Following Mr. 
Bird’s reply to the discussion, a vote of thanks was 
accorded to Mr. W. Worsdell for his kindness in coming 
specially from Gateshead to take the chair. This was 
carried by acclamation. In accordance with the usual 

ractice, Mr. Worsdell vacated the chair in favour of 
Mr. Percival Petrie, chairman of the Graduates’ Associa- 
tion, during the special business that followed—namely, 
the election of the committee for the session 1909-1910. 
Eight vacancies occurred upon the committee, and the 
+ mang, gentlemen were elected by the we 67 
Messrs. J. K. Aykroyd, A. C. M. Cartwright, A. B. E. 
Cheeseman, H. é. Hodgson, J. F. Hull, F. R. C. Rouse, 
8. A. Smith, and A. Bryant Symons, 





DEATH OF A WELL-KNOWN INVENTOR.—There passed 
away on May 3at St. Luke’s Hospital, in the ~ of 
New York, U.S.A., at the ripe age of 78, a man whose 
name is familiar among engineers the world over, we 
might almost say wherever mechanical industries are 
carried on. We refer to Thomas Aldridge Weston, who 
will always be best known in connection with the diffe- 
rential pulley-blocks and lifting-tackle which bore his 
name. To few men has it been given to obtain such wide- 
spread fame through a small mechanical invention as did 

e author of this simple contrivance, the usefulness of 
which has been proved over and over again wherever 


lifti operations have been necessary, for although 
Mr. Weston was an inventor of many things, it was 
undoubtedly owing to these differential blocks that his 


name was almost a household word. He was born in 
Birmingham in 1832, and was, for a period of many years 
after bringing out his chief amen, soeeeeted with 
the firm of Messrs. Tener Brothers, of Birmingham, who 
manufactured his pulley-blocks under license iu England. 
In America the manufacture was undertaken by the Yale 
Holating Machinery’ Oompany, of Olevdand, Ohio, with 
oistin i Vv . io, wi 
whom Mr. Weston was Seechesed as ical i 
neer for many years. Mr. Weston was interred in 


> 








Calvary Churchyard, Arden, 


THE HARKER FIRE-EXTINGUISHER AND 
FUMIGATOR, 

On Tuesday last, through the courtesy of Messrs. R. 
and R. Green, of Black a large number of Press re- 
presentatives and other visitors had the opportunity 
given them of witnessing at this firm’s yard a demonstra- 
tion of a fire-extinguisher and fumigator, which appliance 
is particularly ones for use on board ship. It has been 
invented yy rge Harker, B.Sc., of Sydney, and 
Captain T. L. Grainger, A.I.N.A., marine surveyor, and 
a complete installation has already been fitted on the 
— 8.8. Fiona, which was built by Sir Raylton Dixon 
and Co., Limited, for the Colonial Sugar - Refining 
Company, Limited, of Sydney. The apparatus con- 
sists of four principal. parts: a blower, a turbine engine, 
a cooler, and a distributor, all of which are compactly 
orranaed on one bed, so as to occupy as little space as 
possible. 

The principle of the apparatus is the introduction from 
the boiler funnel of flue gas into the space where the 
fire is burning, the gas eg | washed and cooled before 
being delivered to the fire. The flue gases, containing, as 
they do in practice, from 7 to 12 per cent. of CO,, depend- 
ing on the completeness of combustion of the.coal, very 
soon extinguish the fire. When the apparatus is installed, 
a pipe is led from the base of the funnel to the washer 
and scrubber of the machine, the gases being drawn from 
the funnel by means of a fan. After being cleaned, the 
gases pass through the fan and are forced along a pipe about 
6 in. in diameter, or of a cross-section giving an equiva- 
lent area, and pass to the part of the ship where the fire is. 
All soot and other impurities are, itis stated, washed out 
of the gas during its through the scrubber, the 
impurities falling to the bottom of the scrubber, and 
pass away through a drain-pipe. Directly after leaving 
the fan the gases pass into a distributor, and are from 
there taken to any part of the ship as desired. It is 
claimed that the gases tréated in this way have not any 
injurious effect on the cargo, whatever that | be. This, 
of course, is a very important point, and should be settled 
beyond dispute before the apparatus is installed for use 
with delicate ca: 

Attached to the machine is a fumigator which may 

used when it is desired to kill infectious germs 
or render a ship sweet and wholesome. When this 
is done, some powerful germicide, such as formalin or 
carbon bisulphide, is placed in a small tank connected 
with the apparatus, and is sprayed into the gas as it 
passes from the fan. It is claimed that the low propor- 
tion of oxygen and the presence of carbon dioxide in the 
flue-gas makes the use of such compounds as carbon 


bisulphide perfectly safe, as there is no danger of explo- 
sion. At the demonstration a | pile of f ts was 
lighted in a specially built chamber which had venti- 


lators in the roof, and when the mass was burning 
fiercely the gas from a boiler chimney near by was de- 
livered into the chamber, and in less than 15 seconds the 
fire was completely extinguished, though, of course, the 
flue-gas was forced into the chamber for some consider- 
able time after this, so as to cool the burnt material, and 

revent it bursting into flame again when air was admitted. 

he effect of the admission of the pa appeared ticu- 
larly map eee - The effect of the gas on combustion 
was also shown by holding a mass of oily rag, which was 
ablaze, in the gas as it issued from the ventilator in the 
roof; the flame was at once extinguished. One great 
advantage of this system seems to be that the material 
used in the extinguishing process costs nothing. 





“Bennett Brouch” Memoriat Founp.—A committee 
has been formed with a view to establish a lasting 
memorial to the late Mr. Bennett H. Brough. It is 
suggested that this should take the form of a scholarship 
for boys from the City of London School, where he.was 
educated, tenable at the Royal School of Mines, where, 
both as student and teacher, he did such excellent work. 
The hon. secretary of the committee is Mr. George T. 
Holloway, and the subscriptions to the fund should te 
sent to the hon. treasurer, Mr. R. E. Commans, Specr- 
road, Thames Ditton, Surrey. 


Tue Copper Market.—In their Monthly Report for 
May, Messrs. James Lewis and Son state that the demand 
for copper for industrial purposes during April has been 
very limited ; the price of standard copper has, however, 
been maintained by considerable purchases on speculation, 
in association with the shares of copper-producing com- 
ry Exceptionally a shipments from the United 

tates have provided English and Continental manufac- 
turers with ample supplies, bought during March at 
lower prices than those at t ruling. The price of 
standard copper has varied but little —from 56/. 17s. 6d. to 

72. 16s. 3d. ory | values on the 3rd-inst. were 
571. 16s. 3d. cash and 58/. 11s. 3d. three months. 





Tae Lerner Tratn-Licutine System.—We have 
received a handsomely produced book of a hundred pages, 
dealing with the well-known Leitner train-lighting system, 
from Accumulator Industries, Limited of Woking 
Surrey, the manufacturers of the plant. The book, which 
is, in fact, a treatise on train-lighting in general, describes 
the Leitner variable-speed dynamo and apparatus in 
detail, and contains various official reports of perform- 
ances, both under test and under every-day working con- 
ditions. The efficiency of the plant is exceedingly high, 
and the self-regulating ies of the dynamo render 
the voltage almost absolutely constant at all train speeds 
from 16 to 80 miles per hour. The system has been fully 





described in these columns, 
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PLATE XL. ENGINEERING, May 14, 


THE MANUFACTURE OF ARMOUR AT BEARDMORE'S 
PARKHEAD STEEL WORKS, GLASGOW. 


(For Description, see Page 656.) 





Fic. 40. ONE oF THE ARMOUR-PLATE MACHINE-SHOPS. 








‘a. 41. 9-Isx. Barpetrre-PLate or 22 Tons WEIGHT BEING CHILLED IN THE SPRINKLER. 
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DOCKS FOR DREADNOUGHTS. 
Tue drawings which we publish this week of the 








tothe | extensive new dock works of the Great Central 


Railway Company at Immingham, on the River 
Humber, are of special interest at the peo 
time, in view of the important problems being con- 
sidered by the Admiralty in connection with the pro- 
vision of docking facilities for any fleet that may be 
operating in the North Sea. The question is of im- 
mediate importance in view of the increase in the 
dimensions of our warships, and our consideration 
of the general subject now is further justified by 
the fact that an effort was made in the House of 
Commons last week to debate the subject on a 
motion for the adjournment of the House—the only 
medium for the discussion of such questions out of 
the ordinary routine of parliamentary procedure. 
Our Fleet may be thoroughly adequate, our matériel 
of highest efticiency, aie our sailors the best that ex- 
rience, tradition, and training can provide ; but 


665 tb is inevitable that we shall have many warships 


returning, even from a successful action, in a disabled 
condition, and requiring immediate repair in graving- 
docks. Are there adequate facilities available for 
the docking of modern warships, and have we the 
necessary plant contiguous to the docks for carry- 
ing out such constructional work as will enable the 
damaged units of the Fleet to return to the fight- 
— at the earliest possible moment ? 
our years ago our broadest battleship was of 78 ft. 
beam. In the case of the Lord Nelson and “Aga- 


5|memnon Sir Philip Watts, the Director of Naval 


Construction, had to keep the beam within 80 ft., 


: owing to the ‘width of existing docks ; but when the 


Dreadnought came to be designed it was realised 
that the offensive and defensive qualities desiderated 
made this limitation impracticable, in view espe- 
cially of the importance of presenting the minimum 
length of target to the enemy. The Dreadnought, 





therefore, was.made 82 ft. beam. The St, Vincent 


class required an increase to 84 ft. beam, and the 
Neptune class to 85 ft. As the Director of 
Naval Construction recognises no finality, there is 
every probability of this dimension being still 
further augmented, so that we are faced with the 
difficulty that existing docks capable of taking such 
ships are few in number, and, unfortunately, the 
great majority of those available are not located in 


West- | positions sufficiently adjacent to the probable venue 


of naval war. 

Considering first the South Coast, there may be 
docked tear Desadisonghte in the docks and lock 
at Keyham,* which have a width at entrance of 
95 ft. The enterprise of the dock authorities at 
w, | suitable foro will ultimately afford us three docks 
suitable for our latest caplial chi . At Portsmouth 
there is one dock admirably suited for Dreadnoughts, 
with a length of 607 ft. 3.in., a width at entrance 
of 94 ft., and a depth of water on the sill at high 
water of spring tides of 34 ft. Another dock is 
being constructed at Portsmouth of even greater 
capacity, the length being 850 ft., the width 110 ft., 
and depth of water 464 ft. . On the East Coast 
the conditions are by no means so favourable. 


+, | There we have a only one dock sufficient 


for the admission of a nought—namely, that 
constructed at Messrs. R. Stephenson and Co.’s 
yard at Hebburn-on-Tyne. At Rosyth (see page 
and | 224 ante) the Admiralty have made provision for the 
construction of an entrance-lock to the deep-water 
basin, and an additional graving-dock, which will 
have a width at entrance of 110ft. and 100 ft. respec- 
tively. Thus we have completed eight graving-docks 
which may be used for Dreadnoughts, and in course 
of construction four more. This excludes the docks 
on the West Coast, numbering six, two at Liverpool, 
two at Tranmere, and one each at Avonmouth and 
Glasgow, with another being constructed at Belfast. 
mor oom available two graving-docks at Kiel, 
one at Wilhelmshavn, with two floating docks at 
Hamburg and one at Bremen, in all six completed. 
In addition there are approaching completion two 
graving docks at Wilhelmshavn and two are being 
constructed at Briinnsbuttel, with a floating dock 
on the Elbe. Germany has thus completed, or in 
course of construction, twelve docks—ten of them 
on the North Sea, where we have built or building 
only two ; so that in view of the number of modern 
capital ships which we ought to have to maintain 
our naval strength our docking facilities on the 
East Coast are inadequate. 

In selecting graving-docks we have made a liberal 
estimate of the requirements of the latest British 
battleships, so far as concerns their draught and 
displacement, when they return disabled from 
action. We think we are justified in making such 
allowance, because we believe that there is some 
misunderstanding regarding the arrangements to 
be a in the case of such water-logged ships 

ratory to docking. No naval ps. or 
-master would attempt to dock a ship which 

hed a considerable angle of heel; a necessary 
reliminary would be the righting of the ship. 
here is little need to enforce this point, because 
reflection will suggest that the central keel or 
longitudinal girder must be utilised to take up 
the strain when the ship rests on keel-blocks. A 
— was recently asked in the House of 
ommons as to the draught of a Dreadnought 
having an angle of heel of 10 deg. and ae 
and the reply was 31 ft. and 36 ft. respectively 
But no one would take the responsibility of rest- 
ing the ship on her bilge, since the longitudinal 
—— there are not designed to take the strain. 
he procedure would endochtaily be to undertake 
such temporary patching of the hull as would 
enable the vessel to float on an even keel, and 
would, at the same time, permit of the damaged 
compartments being pumped out. Every ship will 
with her into action umbrella plugs to tem- 
— close holes caused by shot and shell. These 
age, built up of steel plating and rubber, are col- 
nate and correspond to an umbrella ; when folded 
up, they can be through the hole by divers 
working from within the hull, and, being then opened 
out, cover the aperture, the rubber coming, a fairly 
watertight joint with the shell plating. When the 
hole is thus closed, pumps woul remove the water 
from the compartment flooded. Such work would 
be carried out on the way to port, or in port, and 
then a cofferdam would be constructed within the 
shell-plating of the ship, in order to enable 
ane external umbrella plug to be removed. It will 


x ‘See Evonrexnivo, vol, innlll, page 197. 
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thus be seen that, excepting in the case of holes of 
very large area, temporary repairs would enable the 
ship to be righted vertically and to be brought back 
nearly to normal draught by pumping. It follows 
that docks capable of taking ships at their normal 
draught, or a foot or two in excess of this draught, 
might be adequate for ships returning in a dis- 
abled condition from action. 

We must, however, anticipate the impossibility 
of such temporary repairs being carried out either 
at s2a or in port preparatory to docking, and it is 
therefore important to consider the probable condi- 
tion of a ship with certain compartments flooded. 
A first-class battleship, having a displacement. of, 
say, about 20,000 tons, would, with her boiler- 
rooms flooded, have an increased draught of 5 ft., 
the displacement going up by possibly 4000 to 5000 
tons. The modern ship tint keep afloat with her 
engine-room as well as all the boiler-rooms flooded. 
These together, with side compartments, might 
increase the displacement by about 7000 tons, and 
cause an excess of about 7 ft. above the original 
draught of, say, 26 ft. She might even have the 
wings wholly flooded, in addition to the engine and 
boiler - rooms, admitting, say, 12,000 tons; the 
draught of water would then be further increased 
by 5 ft.—to 38 ft. Any damage beyond this would 
cause the ship to settle down so far as the buoy- 
ancy is concerned ; but it is more than probable 
that ere the ship reached this stage her stability 
would have vanished, and she would turn turtle. 

It is necessary that, although existing warships 
do not, under normal conditions, exceed in pesos 
27 ft. or 28 ft., provision should be made in graving 
docks for a draught of 35 ft. or 36 ft., as com- 
- partments might be flooded to-increase the draught 
to this extent without complete loss of stability. 
In all new naval docks the depth of water on the 
sill is to be at least 36 ft. at high water of neap 
tides, as at Keyham, Portsmouth, and Rosyth.. This 
depth is scarcely necessary for merchant ships; 
even when loaded the maximum draught so far 
anticipated in merchant practice is 35 ft., and the 
depth of water in all commercial harbours precludes 
any considerable addition to this. Moreover, the 
number of merchant ships of such draught is 


very limited, and the ports frequented by them 


are still fewer. The question therefore arises as 
to how far the Admiralty can expect commercial 
enterprise to construct graving-docks with sufticient 
depth on the sill to conform to naval require- 
ments. The answer cannot be in doubt. An in- 
crease in depth augments the cost of docks out of 
all proportion to the additional depth of water. 
We know that when Messrs. Stephenson were 
arranging for the construction of their dock the 
Admiralty were very properly consulted as to the 
probable naval requiremente. The builders of 
warships on the Tyne—notably Sir W. G. Arm- 
strong, Whitworth, and Co.—were anxious that the 
new dock should be of such proportions as would 
enable them to utilise it for new vessels, and as a 
consequence the draught over the sill was arrange 
at 29 ft. at high water of spring tides, quite sufticient 
for new warships, with normal coal and stores. The 
opportunity was thus afforded to the Admiralty to 
become partners in the undertaking, and it must 
be a matter of national regret that a sufficiently en- 
lightened policy was not pursued in accepting this 
invitation. The Government might have followed 
the procedure of Sir W. G. Armstrong, Whit- 
worth, and Co., who agreed to nor ste such 
proportion of the capital as was necessary to ensure 
an adequate depth on the sill for their new ships, 
acquiring a right of priority to the use of the dock 
for all their ne upon adequate notice 
specified. The dock at Hebburn might have been 





made of dimensions suitable for water-logged battle- | 
ships had the Admiralty adopted the same idea. 

We have now a parallel! in connection with the | 
Immingham Docks. The Great Central Railway 
Company in constructing these docks are display- | 
ing commendable commercial enterprise, but the | 
interests of the shareholders require that the | 
expenditure shall be laid out prudently, and there- | 
fore the main consideration is to limit the capacity 
of the dock to the possible future commercial 
requirements of the port. The description of | 
the works which we publish in this issue shows | 
that Sir John Wolfe eoey has adequately met this 
condition, and it is for the Admiralty seriously 
to consider their position and the potentialities 
of the docks as provision against naval action 
in the North Sea. The Director of Works at the | 
Admiralty has visited the Immingham Docks, | 


and we are hopeful that, in the interests of imperial 
defence, his report will be favourable. The en- 
trance-lock, as illustrated, is of more than sufticient 
length to accommodate a Dreadnought ; the width 
is 90 ft., and the depth of water available at high 
water of neap tides 44 ft. A Dreadnought could 


be accommodated in this lock, but there is the | 


serious drawhack that the immense basin to which 
the lock affords an entrance, extending, according 
to the complete scheme, to 71 acres, with costly 
coal-loading and other appliances, would not then 
be utilisable. A contract has just been made for a 
separate graving-dock, although no work has yet 
been done ; but it is limited in its dimensions to 
suit only the requirements of the port. The width of 
entrance—56 ft.,—and draught over the sill—22 ft. 
at high water of neap tides,—are quite inadequate 
for naval purposes. 

When one considers the convenient location of the 
Humber, and the fact that at all stages of the tide 
there will be a draught of 28 ft. in the waterway, 
it would seem short-sighted policy on the part of the 
Admiralty not to utilise the occasion in order to en- 
courage either the Great Central Railway Com- 
pany, or some shipbuilding or ordnance firm, to so 
modify the design as to render the new graving- 
dock serviceable to the Navy in war time. In the 
depth of water in the channel of approach the 
Immingham Docks have an enormous advantage. 
Chatham, which is convenient for a fleet based on 
the Nore, has the great disadvantage of shallow- 
draught approaches to existing naval docks. It is 
to be hoped therefore that before the new graving- 
dock is too far advanced a decision will be made 
not only to encourage the Great Central Rail- 
way Company, or some -shipbuilding concern, to 
ensure that the new dock will be of such-dimen- 
sions as to accommodate the largest of battleships 
which may be designed in the near future, but 
that machine-shops. will- be constructed to faeili- 
tate the repair of ships. This can easily be done, 
either by a subscription of sufficient capital to 
justify the increase of dimensions, or a guarantee 
of interest on additional capital, or of sufficient 
work to enable this interest to be earned. The 
Tyne authorities are also taking action in order to 
place before the Admiralty the suitability of certain 
sites for dock works—notably Jarrow slack—and the 
First Lord of the Admiralty has agreed to receive 
a deputation next week. 

The Admiralty will contract in a few weeks 
for the building of a floating dock, the lifting 
capacity of which will be about 30,000. tons, in 
order that it will be able to deal with the largest 
of our Dreadnoughts. At the same time a second 
dock will be constructed for dealing with sub- 
marine boats and torpedo-boat destroyers. This 
latter will be located at Rosyth Harbour, where 
also it is not improbable that the larger dock 
will be sent. The ordering of these two docks 
is not quite a new policy, as the Admiralty 
have utilised a floating dock at Bermuda for many 
years, and only quite recently have renewed 
it by sending thither a dock capable of lifting 
16,500 tons. There was also built, a year ago, a 
dock for submarines; this craft is now stationed 
at Portsmouth. There is a sharp. division of 
= at the Admiralty regarding the relative 

vantages of floating and graving-docks, so that the 
order of a new battleship dock is significant. Time, 
no doubt, is an important element. The new 
battleship dock will be completed within a year 
from the giving out of the order, whereas Rosyth 
Dock will occupy at least five years, and probably 
six years. The construction of the new masonry 
lock at Portsmouth, which is to serve as a dock, 
will take nearly as long, although in both cases 
very considerable premiums are to be awarded for 
a reduction in the specified time for construction. 

As regards comparative cost, a floating dock to 
take a battleship of 25,000 tons could be built for 
from 150,0001. to 170,0001., whereas under normal 
conditions the expenditure on a masonry dock of 
corresponding capacity would be close upon half a 
million sterling. It is true that, under certain 
conditions, a berth might require to be dredged 
to enable the floating dock to clear the keel of 
the battleship, thereby increasing slightly the cost ; 
but this does not apply in the case of our naval 
harbours. Nor do the conditions of mooring to 
suit the great rise and fall of the floating dock affect 
the question, as naval harbours are not as a rule of 
restricted area. The higher cost of maintenance of 
the steel or iron structure nullifies to some extent the 
benefit of less first cost, A masonry dock is perma- 


| nent, and its upkeep is comparatively small, | ing 
| confined largely to gates or caissons and the puimp- 
| ing plant. In the case of the floating dock, however, 
1 per cent. per annum is by no means too libera! an 
sade The life of the floating-dock, too, is eom- 
| paratively short. On the other hand, the masonry 
dock may, especially in view of naval needs, become 
obsolete, and, considering the rapid advance that has 
been made in recent years in the dimensions, and 
particularly the breadth of warships, it must be con- 
fessed that many of the existing masonry docks are of 
such little use to-day that their superior endurance 
cannot be reckoned as altogether an advantage. 





TRON AND STEEL PRODUCTION IN 
RECENT YEARS. 

THE publication by the Board of Trade of the 
memorandum and statistical tables showing the 
production and consumption of iron ore, of pig iron, 
and of steel in the United Kingdom and the prin- 
‘cipal foreign countries, as well as the imports and 
exports of certain classes of iron and steel into and 
from those countries, are of much interest, parti- 
cularly with regard to the information about our 
own country. "Tedesd, the present position of the 
United’ Kingdom in these great industries when 
compared with other countries is worthy of serious 
consideration. 

The statistics given relate to the United King- 
dom, Germany (including Luxemburg), the United 
States, France, Russia, Sweden, Belgium, Spain, 
and Austria-Hungary. The figures for Luxemburg 
are included with those of Germany.. The period 
over which the statistics extend is eighteen years— 
from 1890 up to and including 1907. There are, of 
course, other countries than those mentioned pro- 
ducing iron, but the quantity is only small. For 
instance, all the countries other than those we have 
mentioned only produce about 1} million tons of pig 
iron per annum. 

here iron ore is concerned we find that in the 
nine countries dealt with the combined iron output 
amounted to nearly 129 million tons, and if the 
output of the minor producing countries was added, 
it would probably result in a total of about 133} 
million tons. The United States, Germany, the 
United Kingdom, and Spain were the chief pro- 
ducers of ore, their output being in the order given, 
and about 79 per cent. of the total outputof the world. 
In our figures we will chiefly consider the results of 
the last few years, though in some cases it may be of 
interest to note the growth of the industries from the 
year 1890. The actual figures relating to the four 
countries we have just mentioned are : for the United 
States, 42,526,000 tons in 1905, 47,750,000 tons 
in 1906, and 51,721,000 tons in 1907. Germany 
(with which we will in each case include Luxem- 
burg), 23,067,000 tons in 1905, 26,305,000 tons in 
1906, and 27,252,000 tons in 1907. In the same 
period the output of the United Kingdom was 
14,591,000 tons, 15,500,000 tons, and 15,732,000 
tons respectively, while Spain produced 8,931,000 
tons in 1905, 9,297,000 tons in 1906, and 9,733,000 
tons in 1907. It will be seen what a very small 
increase in the output there was during the three 
years in the United Kingdom, particularly when 
compared with the United States. Although 
Sweden has an output of iron ore about half that 
of Spain relatively to her population, her output is 
in excess of that of any of the other nine countries 
included in the statistics. From this we may 
gather some idea of the importance of the mining 
industry in Sweden. In 1907 the amount mined in 
the Scandinavian country was more than four-fifths 
of a ton per head of the population, while in the 
United States, the largest producer of iron ore, it 
was about three-fifths of a'ton per head of the 
population. In the United 4 it was about 
one-third of a ton per head. Looking back over 
the whole of the eighteen years—that is, to 1890-_ we 
find that in that year the United Kingdom had 
slightly the lead of Germany in the production of 
ore, though less than the United States. ur own 
country had its maximum output in 1882, when 
the production was 18,000,000 tons. At the present 
time the output of the United States is considera) ly 
more than that of Germany and the United King- 
dom combined. The total output of what may be 
called the minor producing countiies, which are 
Newfoundland, Canada, Italy, Greece, Algeria, «nd 
Cuba; amounted in 1905 to 1907, inclusive, to seme- 
thing over 4} million tons. 

With regard to foreign trade in iron ore, the 
position of the different countrigs varies great!y. 
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Spain and Belgium stand at the two extremes. 
The former exports nine-tenths of her output, 
while Belgium imports nearly the whole of the iron 
ore she uses. The United Kingdom, France, Ger- 
many, and the United States are all importing 
countries, though not in the same degree. In the 
nine leading countries we have named the total 
consumption of iron ore in 1907 exceeded by over 
2} million tons the production of the same countries. 
In our own country it is interesting to note that of 
the 7} million tons imported in 1907 nearly 5 
million tons came from Spain. Our own mines an 
quarries at present worked are in Cleveland and 
North Yorkshire, Lincolnshire, Northamptonshire. 
and Leicestershire, Cumberland, and Lancashire, 
the last two producing red hematite. 

Passing now from iron ore to pig iron we find that 
in 1907 the total production of the world was about 
60} million tons, the principal producing countries 
being the United States, Germany, and the United 
Kingdom, in the order named, about four-fifths of 
the total output of the world being produced by 
these countries. The total output of the nine 
leading countries already mentioned increased about 
6} million tons between 1905 and 1907, the total 
being in the first of these years 52.76 million tons, 
and in the last 59 million tons. The increase be- 
tween 1906 and 1907 was not so great as between 
1905 and 1906 as would perhaps have been ex- 
pected. In the United Kingdom the outputs in 
1906 and 1907 were practically alike. The greatest 
increase in 1907, as compared with 1906, took place 
in Germany, where it amounted to rather more than 
500,000 tons. 

There is very little pig iron produced outside the 
nine leading countries we have named. Although 
considerable advance has been made by Canada 
during the last decade, the output during the five 
years ending 1907 having grown from 287,000 tons 
to 566,000 tons, the pig iron is mainly produced 
from imported ores. 

With regard to the exports and imports of pig 
iron during the last few years, it is to be noticed 
that the imports into the United States have, since 
1902, exceeded the exports, while, on the other 
hand, France and Germany have during the last few 
years exported move than they imported. Although 
in the United Kingdom the total amount exported 
was greater than the total exported by all the other 
countries, it only amounted to 1,293,000 tons. 

One thing that is clearly shown by the statistics 
is that the consumption of pig iron in the principal 
producing countries differs very little from the pro- 
duction. In 1900 the United States produced 
22,992,000 tons, and consumed 23,154,000 tons, 
while in 1907 the figures were respectively 25,781,000 
tons and 26,194,000 tons. In Germany the differ- 
ence was even less, while in the United Kingdom 
the production in 1905 was 9,608,000 tons, and the 
consumption 8,746,000 tons. In 1907 we produced 
10,114,000 tons and consumed 8,273,000 tons, our 
export trade being here clearly in evidence. 

Coming now to steel, we find that the combined 
output in the United Kingdom, Germany, and the 
United States in 1907 was rather more than 
41} million tons, and the total output of the world 
nearly 514 million tons. Referring again to the 
three leading countries—namely, the United States, 
Germany, and the United Kingdom—the total pro- 
duction of the first of these amounted, in 1905, to 
20,024,000 tons, in 1906 to 23,398,000 tons, and in 
1907 to 23,363,000 tons, from which it will be 
seen that there was a slight falling off in the year 
1907 as compared with 1906. In Germany the 
production was 9,905,000 tons in 1905, and it 
rose to 11,870,000 tons in 1907; in the inter- 
mediate year the amount was 10,956,000 tons. 
In the United Kingdom very little increase was 
made in the output of steel during the years 1905 
to 1907, Germany having left us distinctly behind. 
In 1905 we produced 5,812,000 tons of steel— 
6,462,000 tons in 1906 and 6,522,000 tons in 
1907. Of the increase in 1907 over 1906, that of 
Germany was by far the largest, amounting to 
914,000 tons. 

_ At the present time fully five-sixths of the pig 
iron consumed in the world goes into the making 
of steel, the use of the latter material having greatly 
increased during late years. For every 100 tons 
of pig iron consumed for all purposes, the United 
Kingdom produced in the three years 1905-1907 
about 63 tons of steel, while Germany produced 
92 tons, and the United States 90 tons. In France 


the \uantity of steel produced per 100 tons of pig 
iron consumed was 76 tons, ‘ 








Of the two processes of making steel—the open- 
hearth and the Bessemer—the former method was 
responsible, in 1907, in the United Kingdom for 4.7 
million tons, and the Bessemer process for 1.9 mil- 
lion tons. In this country the former process is 
increasing, and the latter decreasing. In Germany, 
on the other hand, matters are reversed, about two- 
thirds of the total production, or 7.5 million tons, 
were produced by the Bessemer process in 1907 out 
of a total of 11.9 million tons, the remainder being 
open-hearth steel. ~The production of Bessemer 
steel in the United States still exceeds that of 
steel produced by the open-hearth process, although 
the latter process appears to be growing in that 
country more rapidly than the mer. The 
German steel is nearly all basic, and nine-tenths of 
the open-hearth steel produced in the United 
States is basic, whereas the entire output of the 
Bessemer process is acid steel. Most of the steel 
now produced in this country, whether by the 
Bessemer or the open-hearth process, is acid steel. 
The output of manganese ore used in the manu- 
facture of steel is confined chiefly to Russia and 
Germany, though some is procured from British 
India, Brazil, and Spain. 

The output of manganese in our country is very 
small, and it was much less in 1907 than in the 
previous year, being only 16,098 tons, against 
22,762 tons in 1906, although more than in 1905, 
when it was only 14,474 tons. Of the 501,000 tons 
imported in 1907, Russia supplied 178,000 tons, 
Brazil 72,000 tons, and India 180,000 tons. 

In 1907 the principal imports into the United 
Kingdom consisted of unwrought steel, pig iron 
chiefly from Sweden and Spain, bars and angles. 
There was also a large quantity of girders, beams, 
and joists from Belgium. With the exception of 
rails and steel girders, the exports in 1907 were 
greater than those of 1906, and the increased 
export of pig iron in 1907 over the two previous 
years is a striking feature, the amounts bein 
982,876 tons in 1905; in 1906, 1,662,820 tons ; an 
in 1907, 1,942,335 tons. 

The principal imports of Germany are pig iron 
and scrap, which are mainly supplied by the United 
Kingdom, wrought-iron bars, tyres, ploughshares 
from Sweden, and tin-plates almost wholly from 
the United Kingdom. 

The exports from France are less important than 
those from any other country given in the returns, 
but the shipments were greater in 1907 than in 
1906, especiali-” those of pig iron and steel ingots. 
The imports into the United States during the 
years 1903 to 1907 have been chiefly tin-plates from 
the United Kingdom. 








THE ROYAL SOCIETY SOTREE. 

Tue first soirée of the Royal Society was held at 
Burlington House on Wednesday evening, May 12, 
when the new President, Sir Archibald Geikie, 
K.C.B., D.C.L., who was elected successor to Lord 
Rayleigh last autumn, welcomed the members and 
guests. Sir Archibald is a geologist, but it is not 
surprising that the geological exhibits were not pro- 
minent ; geological discoveries take time, and 
botany and biology were more strongly repre- 
sented. 

Among the few exhibits of a distinctly engineer- 
ing or industrial character was a collection of the 
special metals and alloys used in the manufacture 
of modern steels, shown by Sir Robert Hadfield. 
Several cases were filed with specimens of such 
substances as manganese, ferro-chrome, chrome- 
nickel, manganese - chtome, ferro-silicon, ferro- 
vanadium, &c. The effect of annealing on the 
structural properties of high-speed tool steel was 
illustrated by specimens containing carbon 0.55, 
chromium 4.02, and tungsten 16.15 per cent. In 
its hard condition, as after forging, the grain was 
exceedingly fine, but annealing made it distinctly 
coarser. Annealing also reduced the elastic limit 
from 47 to 21 tons, the breaking stress from 70 to 
66 tons, the ball-hardeness m 713 to 2565, 
while it increased the elongation from 1 to 14 per 
cent. in 2in. On the same stand were‘armour- 

iercing projectiles, and the caps of such projectiles 

th before and after use. 

Mr. C. E. Larard showed a large number of steel 
test-pieces destroyed in a torsion testing machine. 
These ranged up to about 24 in. in diameter, and in 
all but two cases the fracture took place straight 
across the specimen. The exceptions were a piece 
of hard material containing about 12 per cent. of 
manganese, atid a piece of an old steel axle which 





was also hard. Before testing, the specimens had 
longitudinal lines painted on them, which, by their 
subsequent twist, showed the great evenness of the 
torsion right up to the fracture. Tho specimens 
were increased in length and diminished in dia- 
meter by the ‘strain, the final volume being some: 
what increased. Some had keyways cut in them, 
which were considerably narrowed by the strain, 
and rendered slightly concave in the bed. One 
specimen had had a flat key-seat 1} in. wide running 
from end to end, This flat was transformed into a 
spiral groove of about half the original width, and 
of acircular shape, as if the specimen had been 
fluted. 

Mr. Arthur Wright exhibited an electrical appa- 
ratus for solving equations of the form az! + bx™ + 
cx" +d =0. The —_ of the device consisted 
in getting an electrical value corresponding to each 
term, and balancing the —— terms against the 
positive ones, on a sort of Wheatstone bridge, until 
no current flowed. Ona board forming the base of 
the apparatus were three wire contact-rods pivoted 
at one end. The rod corresponding to the first term 
was turned through an angle tan—' /, and so for the 
others.. A frame was made to slide up and down 
the board, the frame having three cross-pieces 
carrying rheostats which came into contact respec- 
tively with the rods referred to. The rheostats 
were not fixed directly to the cross-bars, but to 
slide-rules, of which the slides were fastened to the 
bars. By setting the slide-rule corresponding to 
the first term to the value of the coefficient a, -a 
corresponding resistance is introduced into the 
circuit, and then, by sliding the frame up, the 
resistance is modified by the rheostat travelling 
over the inclined contact-rod. The position of 
the sliding frame corresponds to some particular 
value of x, the resistance of cach cireuit corre- 
sponding to one of the terms of the expression. 

e work is done logarithmically, as will have been 
gathered from the mention of the slide-rules. Thus 
the first expression becomes of the form (A + l x), 
where A = log a. It is obvious, then, that by 
setting the slide-rule to the value a the resistance 
A is introduced. This is constant for all values 
of x. Further, / being the tangent of an angle 
whose base is x, the resistance introduced by the 
rheostat moving over the sloping rod is equal 
to | x, so that for any position x of the slide 
we have a resistance in circuit equal to (A + / 2), 
which is, of course, proportional to az’ ; similarly 
for the other terms. It will be seen that by making 
the contact-rods of known curves, instead of straight, 
most complicated functions can be dealt with. As 
exhibited the machine will deal with fractional 
indices, and is said to have the same order of accu- 
racy as a slide-rule. Whatever practical use may 
be found for the machine, it was certainly one of the 
most original exhibits at the soirée. 

Two exhibitors illustrated possible uses or 
methods of using india-rubber for mechanical pur- 
poses. Professor S. P. Thompson had # simple 
thodel, consisting of a sort of gallows, from which 
depended rubber strands of various thicknesses. 
A weight was hung to each strand, and, on the 
rubber being heated, it contracted strongly, lifting 
the weight at the expense of the heat supplied. 
Mr. A. Mallock employed his rubber in a more 
ingenious way, having set himself the problem of 
using the power stored in a jong stretched rubber 
cord to the best advantage. The stretched cord was 
wound on a bobbin, from which it was unwound 
intermittently, the rubber unwound being allowed 
to contract in the intervals. The idea is to unwind 
at a-constant tension, as only-thus can the potential 
energy be efficiently utilised. The model shown 
fulfilled this condition, but it could not be described 
without diagrams. 

Mr. Sherard Cowper-Coles showed parabolic 
mirrors of his manufacture, of which we have pre- 
viously given descriptions. Some were coated 
with mg which gives great penetration in fog, 
weather, and others had alternate stripes of gold 
and silver. These were for military searchlight 
work, the gold giving the penetrating effect for 
seeing the enemy, and the silver the dazzling 
effect for preventing the enemy himself seeing effec- 
tively. he difference in the nature of light 
regen from the two — = very strik- 
ing, although the physiological result is not easy 
to ‘explain. ' Mr. "Oswper -Osles exhibited glass 


plates coated so thinly with metal that, — 
they acted perfectly as reflectors, they could 

seen through. White light, when looked at through 
a film of silver, had a blue tint, while gold gave a 
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green tint. Other exhibits by Mr. Cowper-Coles 
included specimens of aluminium welding and of 
electrolytic sheet metal and wire, with all of which 
we have dealt in these columns. : 

Mr. C. E. S. Phillips had models demonstrating 
the fact that the flow of sand from an orifice is 
constant, no matter what may be the depth of the 
sand after a certain small depth is exceeded. The 
models were vertical glass tubes, with a nozzle at 
the bottom, and the critical depth was equal to 
twice the diameter of the tubes. The fact is of 
importance, since it bears out what is generally 
known—namely, that the pressure on the bottom 
of grain-hoppers and similar things never can exceed 
a certain value, whatever the height of the grain in 
the hopper. In one model shown the proportions 
were such that resonance occurred, and the tube 
emitted a harsh grating sound as the sand escaped. 
Other tubes were of D section, and alternate strata 
of dark and light sand were put in them, so as to 
render visible the lines of flow, and the relative 
motion of the particles at various places. 

Messrs. T. H Laby and Horace Darwin showed 
an electrometer of extremely sensitive construction, 
consisting of a silvered quartz fibre stretched cen- 
trally between two vertical plates. The latter are 
maintained at a potential difference, and any charge 
given to the fibre causes it to be attracted to one 
plate or the other. Its deflection is measured by 
a micrometer microscope magnifying 300 diameters, 
and a sensitiveness of 600 divisions per volt can be 
obtained by suitably adjusting the distance of 
the plates and the tension of the fibre. The 
instrument was manufactured by the Cambridge 
Scientific Instrument Company. It can be used 
for counting the a particles or electrically-charged 
atoms of helium given off by radioactive substances. 
The a particles from uranium are admitted into an 
exhausted cylinder with an insulated wire stretched 
inside it, there being a pore, electrified field 
between the tube and the central wire. The rarefied 
air in the cylinder is ionised by the passage of every 
a particle, and the ions are attracted to the wire. 
The charge they carry to this is sufficient to deflect 
the electrometer to which it is connected. A high 
resistance leak to earth allows the electrometer to 
be discharged after the effect of each a particle. 

Dr. C. V. Drysdale showed a long coil of wire, 
about 6 ft. from end to end, with a vacuum tube of 
the same length placed parallel.to it, and a number 
of shorter vacuum tubes placed at right angles to it. 
The latter tubes were connected at one end to an 
earthed plate. On applying a high-frequency cur- 
rent to the coil the tubes glowed, the horizontal 
one having dark places along it, and the vertical 
tubes opposite these places being the brightest. 
The brightness of the glow in the horizontal tube 
showed the distribution of current in the helix, and 
the brightness of thevertical tubes, the distribution 
of. potential along it. Dr.-Drysdale also exhibited 
a stroboscopic method of measuring speed of shaft- 
ing, &c.. On the shaft of which the speed was to 
be tested a disc was placed, having some regular 
geometrical pattern, such as a triangle, star, penta- 
gon, &c., upon it. This,, when rotating, was 
viewed through a slit which was opened and shut 
by the vibration of a standard tuning-fork. If, 
for example, the figure was a triangle, and appeared 
stationary when viewed, it is obvious that the shaft 
must be rotating through some exact multiple of 
120 deg. during one vibration of the tuning-fork, and 
from this its speed may be deduced. Various figures 
may be drawn concentrically on the same disc, 
and the speed known from the one which appears 
stationary. Instead of using a slit, opened and 
shut by a tuning-fork, a disc having a radial slot 
and rotating at a known speed may be used, and 
by driving the disc by the friction of a cone, along 
which it may be slid, a great range is obtained for 
the device. 

Messrs. Strange and Graham, Limited, showed a 
method of obtaining metallic ribbon by allowing a 
stream of molten metal to fall upon the surface of a 
rapidly rotating drum, from which it is thrown off 
in the form of a narrow and exceedingly fine band. 
The ribbon so formed is projected some 10 ft. or so, 
and falls unbroken to the ground. Its thickness 
may be so little as a thousandth of an inch, and the 
ogre of delivery is as much as 2500 ft. per minute. 

e have described the process before in ENGINnEER- 
rine. A small and somewhat crude machine was 
shown in operation, but near it was a large machine, 
made by Messrs. Burell and Co., of London, having 
a dozen or more nozzles, so that a corresponding 
number of ribbons could be made simultaneously. 





The process has been applied to aluminium, zinc, 
tin, lead, copper, silver, and gold. 

The Daimler .Company, Limited, exhibited a 
four-cylinder motor-car engine of their new pattern, 
which is claimed to be more silent than engines of 
the usual construction. The two end cylinders had 
portions cut away, to show the various sliding 
sleeves, &c., between the pistons and the cylinder 
walls. We illustrated this type of engine at the 
time of the last Motor-Car Exhibition at Olympia. 

We have, as usual, passed over all the numerous 
biological, botanical, and other exhibits, but one is 
worthy of mention, if only on account of its un- 
expectedness. It is a microscopic section of the 
aorta of King Menephtah, showing calcareous par- 
ticles in the artery, typical of senile degeneration. 
Menephtah is supposed to be the Pharaoh of the 
Exodus. 

Professor E. Hull, F.R.S., showed, in the office, 
a number of Admiralty charts, illustrating the 
British, French, Spanish, and Portuguese coasts, 
and showing the continuation of the river valleys 
under the ocean to depths of about 6000 ft. The 
margin of the continental shelf in general breaks 
off into deep water near the 100-fathom contour, 
and the existence of the river channels, formed by 
erosion under land conditions in what is now sea- 
bottom, indicates that great changes of level have 
taken place in late tertiary times. Close to the 
shore the silt deposits may mask the continental 
shelf ; near the mouth of the Tagus, for instance, 
the old shelf can be found 12 miles from the shore. 

Mr. Richard Threlfall, F.R.S., showed some 
curves and statistics proving that spontaneous com- 
bustion of cargoes of coal, loaded in the British 
Isles, practically occur only with summer loading. 
A conclusion to this effect was arrived at by the New 
South Wales Royal Commission on Spontaneous 
Combustion of Coal Cargoes of 1897, and it was 
thought that the high summer temperature -in 
Australia accounted for the fact. Examining 4898 
long-voyage shipments of the years 1873 to 1875, 
presented to an English Royal Commission of 1876, 
and compiled by an insurance agent, Mr. C. Run- 
dell, Mr. Threlfall finds that the combustion curve 
and the temperature curve, ranging in the British 
Isles from about 40 deg. Fahr. in winter to nearly 
70 deg. in summer, are unmistakably parallel. 
Professor J. Milne, F.R.S., exhibited seismograms 
of the Messina earthquake of December 28, 1908, 
obtained at Shide, Isle of Wight, by two of his hori- 
zontal pendulums, marking respectively the N.S. 
and the E.W. components. 

Mr. C. P. Butler, of the Solar Physics Observa- 
tory, South Kensington, showed the Thorp-Butler 
concave replica grating spectroscope. Mr. Thorp, 
of Manchester, has been very successful in pro- 
ducing gelatine replica of plane gratings, which, com- 
bined with suitable collimator lenses and telescope, 
or mounted opera-glass fashion, are much appre- 
ciated for eclipse work, for instance. This mount- 
ing increased the expense, however, and the ultra- 
violet spectrum was more or less absorbed. Re- 
cently concave replica gratings have been prepared ; 
their radius of curvature can be varied within wide 
limits, and it was demonstrated, with the aid of 
the iron arc spectrum, that these concave gratings, 
perhaps an inch in length, may be used for any 
investigation for which the ordinary spectroscope is 
fitted. The lines were remarkably clear. 

The apparatus of Professor W. F. Barrett, F.R.S., 
for determining the light threshold of the eye, and 
for measuring the amount of light irregularly 
reflected from rough surfaces, as well as his opto- 
meter (apparatus for the examination and measure- 
ment of defects in vision), were mentioned in our 
account of last year’s British Association meeting 
at Dublin. 

Professor J. Norman Collie, F.R.S., of Univer- 
sity College, demonstrated in the Principal Library 
a curious property of neon, accidentally discovered 
by him, but not yet explained. Pure neon enclosed 
in glass tubes at various pressures (ordinary, or of 
150 millimetres), together with some mercury, shows 
a beautiful orange phosphorescence glow, when 
shaken, in those parts where the gas and mercury 
are in direct contact. A ring tube showed the glow 
in one portion, but not in another. A feeble glow 
was temporarily intensified by bringing the tube 
close to a sparking induction coil. When the neon 
and mercury are boiled in a silica tube, almost at 
ordinary pressure, the mercury vapour shines out 
in bright n glow. 

Sir William msay, F.R.S., showed a little 
experiment with the radium emanation, produced 





in a week from about half a gramme of radium 
bromide. This emanation was frozen in liquid air, 
freed from hydrogen, and finally introduced int» a 
very fine capillary tube. In this tube the observer 
compressed the gas by means of mercury, unti! the 
emanation condensed to a drop of not more than 
x000 Cubic millimetre volume, which was looked at 
through a telescope. This liquid phosphoresced in 
a reddish light, more intensely than the gas, which 
reappeared when the pressure was released. ‘The 
observer naturally thought of a possible connection 


‘between these glows, demonstrated in two adjoining 


stands, by Sir William and by Professor Collie. 

Some of the exhibits of the National Physical 
Laboratory, which were displayed with charac- 
teristic ability, have already been mentioned in 
connection with our reports. In Mr. Rosenhain’s 
electrically-heated muffle furnace, the muffle—a 
silica tube, 14 in. long and 5 in. in diameter—rests 
on thin ‘‘ Mabor”’ bricks and silica tubes ;. currents 
of 9 amperes at 105 volts raise the temperature 
quickly to 920 deg. Cent., and the outside remains 
quite cool. In the quadrant electrometer for 
alternating currents of Mr. C. C. Paterson and 
Mr. E. H. Rayner the quadrants are connected 
across a standard resistance, so that the electro- 
motive force across them is proportional to the 
current passing, and the deflection proportional to 
the energy. The quadrants are 2 millimetres apart, 
and the slit width is 0.5 millimetre. The standard 
non - inductive water - cooled manganin resist- 
ances, also of Messrs. Paterson and Rayner, are 
used in connection with this electrometer, and are 
of 0.001, 0.002, and 0.04 ohm respectively, to 
operate with currents of 2500, 1000, and 100 
amperes. The effective self-inductance of the 
standards is made negligible by including in the 
potential circuit a sheath of copper, which is cut by 
the same magnetic flux ; this causes a back electro- 
motive force in the tube, so that the effect of this 
electromotive force is eliminated. The manganin 
tube is covered with an insulator, over which a fine 
sheath of copper-foil fits; this foil, in its turn, is 
wound with tape. The new metallic-filament glow- 
lamps, also of Messrs. Paterson and Rayner, consist 
of four tungsten filaments of VY shape, wound in 
the same plane. The lamp operates at 1.5 watts 
per candle, and comparative curves of the — 
ances of carbon filaments and these new filaments 
showed that the candle-power of the carbon lamps 
fell off after 400 hours, while that of the tungsten 
lamps remained perfectly steady. 

Dr. W. J. S. em exhibited some beautiful 
cloud photographs taken from balloons at heights 
of up to 6700 ft., with an ordinary kodak, with the 
aperture stopped down, and without the use of’a 
screen. 

The new kind of vacuum-tube glow, demonstrated 
by the Rev. H. V. Gill, S8.J., is not of the nature 
of those already mentioned. Ina vacuum bulb of 
0.15 millimetre pressure a small strip of palladium 
foil or of platinum foil, 2 or 3 centimetres in length, 
and coated with palladium black, is joined to two 
leads through which a heating current is sent. As 
soon as the metal brightens up, a beautiful purple- 
blue glow fills the bulb. Spectroscopic examina- 
tion reveals the carbon monoxide lines in this glow, 
which seems to be due toa reaction between the 
palladium and some residual gas of the tube ; it 
does not matter apparently what gas the bulb con- 
tained originally, and the CO gas is very difficult 
to exclude in all such researches. 

The astronomical exhibits were, as usual, very 
interesting. Mr. A. Fowler exhibited comparative 
spectra of Mira Ceti and of titanium oxide, the 
former taken by Mr. Slipher at the Lowell 
Observatory in Arizona, the latter marking the 
flutings to which Mr. Fowler has drawn atten- 
tion. The Solar Physics Observatory, South Ken- 
sington, showed, as a novelty, spectra marking 
the identification of hitherto unknown lines in 
« Orionis with nitrogen lines; these latter lines 
have been found in impure alcohol, sulphur dioxide, 
and in many other substances, only when nitro- 

en is present. The spectra of Procyon and 
Rates and of other stars were displayed to 
mark the differences in stars apparently of different 
temperatures; in the Procyon spectrum the red 
end is almost absent, and in Betelgeuze almost 
alone visible, somewhat as it is in the spectrum of 
a red-hot poker. The Astronomer Royal exhibited 
a splendid collection of photographs of the More- 
house comet of 1908—a small, but most ‘1- 
structive comet. Taking photographs with tile 
30-in, reflector with relatively short exposures at 
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short intervals, the Greenwich astronomers have 
proved that the comet changed its appearance 
almost visibly by the.continuously renewed ejection 
of matter, and as the comet was: high northern 
declination, it remained visible almost all the night. 
The velocities and accelerations of the particles of 
the tail have been determined, and much new light 
has been shed on obscure problems. 

*; The further observations and calculations relating 
to the eighth satellite.of Jupiter, by Messrs. Cowell, 
cael Davidson, and Melotte, prove that this 
satellite has retrograde motion—like the ninth 
satellite of Saturn. This satellite is so far away 
from its planet that it is more influenced -by the 
sun than by Jupiter, and its orbit is not closed. 
Another peculiar feature, only quite recently ascer- 
tained, is that the satellite, after moving in the 
same plane for most of its orbit, is now travelling 
obliquely to that plane. The tabular diagram 
indicating the number and distribution of stars 
discernible in the Greenwich Section of the Astro- 
graphic Chart and Catalogue was also very interest- 
ing. Two series, each of 1149 plates, have been 
taken, the one fer the chart (exposure 40 minutes), 
the other for the catalogue (exposures 8 minutes or 
20 seconds) and the respective numbers of stars 
are 719,000, 178,600, and 38,373,-this in a space 
of 2088 square degrees from the Pole to 26 deg. 
KR. P.D; 

The sun photographs displayed by Dr. George 
Hale, Foreign Member R.S., of the Mount Wilson 
Solar Observatory, California, also attracted general 
attention. There were three sun discs next to one 
another, all taken on April 30, 1908, the first an 
ordinary photograph showing the photosphere and 
some not conspicuous sun-spots ; the second the 
same in K light (calcium), marking the brizht flecculi 
of calcium vapour ; the third, taken in hydrogen 
light, of a higher level of the solar atmosphere, mark- 
ing the extraordinary vortices about the sun-spots, 
in which doublets and triplets (Zeeman effect) were 
discovered.* From comparative experiments the 
strengths of the fields at the level of the iron 
vapours haye been estimated as ranging from 
2900 c.g.s.-to 4500. c.g.s. units in the different 
spots. The last mentioned photograph further 
showed a dark . shadow line of extraordinary 
length, connected with a prominence on the sun’s 
limb. Another photograph taken in the light 
of the red hydrogen line shows two sun-spots on 
the northern and the southern hemispheres, whose 
vortices seem to rotate in opposite directions, and 
the fields in these were found to be of opposite 
polarities as the opposite sense of rotation would 
require. Dr. Hale also exhibited some very fine 
spectra of sun-spots and of the photosphere, and 
further views of his observatory and blue prints 
explaining the construction of his tower telescope, 
of 150 ft. focal length, now under construction on 
Mount Wilson. 

The electric splashes on photographic plates—a 
series of beautiful photographs exhibited by Pro- 
fessor A. W. Porter, of University College, London 
—prove that we know nothing about the real nature 
of the electric-spark discharge which is so often 
photographed. a tee Porter brought an account 
of his researches before the Physical Society last 
winter, and had some further remarkable results to 
show. He backs a photographic plate by a plate 
electrode, and allows a single spark discharge to 
pass over the plate from a second electrode held 
over it; the plate is then developed. We all knew 
the peculiar palm-leaf, or ramified, patterns pro- 
duced by positive and negative sparks in such ex- 
periments. But Professor Porter demonstrated 
that all depends upon the gas in which the discharge 
takes place—ah obvious point which nobody seems 
to have systematically investigated. The dis- 
charge in air at 34-centimetres pressure, e¢.g., 
gives a palm-leaf pattern; the same in nitrogen 
at the same pressure a pattern like a section of 
a tree, with peculiar filiform convolutions (gaseous 
currents ?) in the centre. The discharge through 
coal gas at ordinary pressure is entirely different 
from that through air, which again differs from 
discharges through nitrogen or through oxygen. 
An air-blast, on the other hand, spreads the dis- 
charge in the same way as a magnetic field, so that 
the term ‘* magnetic blow-pipe” would appear to 
be justified. “Discharges through pentane and 
through ammonia have also been studied. 

Professor Harold Dixon, F.R.S., of Manchester, 
exhibited some remarkable photographs showing 





* See ENGINEERING, vol. lxxxvi., page 437. 





the generation and nature of explosive waves in 
gases, and taken on films moving at velocities 
ranging from 50 to 80 metres per second. The 
flame has a slow initial movement ; then an explo- 
sive wave is set up which is reflected from the ends 
of the tube. Other photographs proved that when 
ignition is produced by the rapid compression of 
gas mixtures with the aid of a steel piston, the 

are fired at some spot, not instantaneously 
throughout. .The ammonium perhalides of Dr. 
F. D. Chattaway, F.R.S., unlike the well-known 
violently explosive compounds like NCI, and NI,, 
are stable, highly coloured compounds of the type 
NH,. ICl,, in which nitrogen appears as a penta- 
valent element. 

The pitch-blende exhibits from Trenwith Mine 
(St. Ives Consolidated Mines Company), Corn- 
wall, shown by Mr. Francis Fox, attracted much 
attention. When Professor Henwood reported on 
that mine in 1843, he stated that the mine con- 
tained large quantities of pitch-blende, which was 
then thought valueless. rds describing the 


| nage of, the pitch-blende deposits have been 


ept, and the mine is. now to be cleared of water 
and to be worked for the blende, which contains 
33 per cent. of uranium oxide, it is claimed, and 
from 150 to 200 milligrammes of radium per ton of 
ore. A 96-lb. lump of pitch-blende and some 
radium bromide were among the exhibits. 

Two demonstrations were given in the course of 
the evening, the one by Dr. A. E. H.Tutton, F.R.S., 
on crystals and colours and the revelation of their 
structure by the brilliant colour effects of polarised 
light, with the aid of a new form of lantern polari- 
scope ; the other by Dr. Hans Gadow, F.R.S., on 
the fauna, flora, and native races of Mexico. 





AERIAL FLIGHT. 

In opening on Monday evening last, at the rooms 
of the Sad Society of Arts, the concluding lecture 
of his course on ‘‘ Aerial Flight,” Mr. F. W. Lan- 
chester said that practical flight was not the abstract 
question which some apparently considered it to be, 
but a problem in locomotive engineering. The flying- 
machine was a locomotive appliance, designed not 
merely to lift a weight, but to transport it else- 
where, a fact which should be sufficiently obvious. 
Nevertheless one of the leading scientific men of 
the day advocated a type in which this, the main 
function of the flying-machine, was overlooked. 
When the machine was considéred as a method 
of transport, the vertical screw type, or helicopter, 
became at once ridiculous. It had, nevertheless, 
many advocates who had some vague and ill- 
defined notion of subsequent motion through 
the air after the weight was raised. When efli- 
ciency of transport was demanded, the helicopter 
type was entirely out of court. Almost all of its 
advocates neglected the effect of the motion of the 
machine through the air on the efficiency of the 
vertical screws. They either assumed that the 
motion was so slow as not to matter, or that a 
a of still air accompanied the machine in its 

ight. Only one form of this type had any possi- 
bility of success. In this there were two screws 
running on inclined axes—one on each side of the 
weight to be lifted. The action of such inclined 
screw was curious, and in a previous lecture he had 
pointed out that it was almost exactly the same as 
that of a bird’s wing. In high-speed racing craft 
such inclined screws were of necessity often used, 
but it was at a sacrifice of their efficiency. In any 
case the efficiency of the inclined-screw helicopter 
could not compare with that of an aeroplane, and 
the type might be dismissed from consideration so 
soon as efficiency became the ruling factor of the 
design. 

To justify itself the aeroplane must compete, in 
some regard or other, with other locomotive ap- 
pliances, performing one or more of the purposes 
of locomotion more efficiently than existing systems. 
It would be no use unless able to stem air currents, 
so that its velocity must be greater than that of 
the worst winds liable to be encountered. To 
illustrate the limitations im on the motion 
of an aeroplane by wind velocity, Mr. Lan- 
chester gave the diagrams shown in Figs. 1 to 
4. The circle in each case was, he said, described 
with a radius equal to the speed of the aeroplane in 
still air, from a centre placed ‘‘down wind.” from 
the an by an amount equal to the velocity of 
the wind. Fig. 1 therefore represented the case in 
which the air was still, and in this case the aero- 
plane represented by A had perfect liberty of move- 





ment in any direction. In Fig. 2 the velocity of 
the wind was half that of the aeroplane, and the 
latter could still navigate in any direction, but its 
speed against the wind was only one-third of its 
speed with the wind. In Fig. 3 the velocity of the 
wind was equal to that of the aeroplane, and then 
motion against the wind was impossible ; but it 
could move to any point of the circle, but not to 
any — lying to the left of the tangent A B. 
Finally, when the wind had a greater speed than 
the aeroplane, as in Fig. 4, the. machine could 
move only in directions limited by the tangents 
A C and A D. 
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Taking the case in which the wind had a speed 
equal to half that of the aeroplane, Mr. Lanchester 
said that for a given journey out and home, down 
wind and back, the aeroplane would require 30 per 
cent. more fuel than if the trip were made instill 
air ; whilst if the | rsa was made at right angles 
to the direction of the wind, the fuel needed would 
be 15 per cent. more than in a calm. This 30 
per cent. extra was quite a heavy enough addition 
to the fuel ; and to secure even this figure it was 
necessary that the aeroplane should have a speed of 
twice that of the maximum wind in which it was 
desired to operate the machine. Again, as stated 
in the last lecture, to ensure the automatic stability 
of the machine it was necessary that the aeroplane 
speed should be largely in excess of that of the 
gusts of wind liable to be encountered. There 
was, Mr. Lanchester said, a loose connection 
between the average velocity of the wind and 
the maximum speed of the gusts. When the 
average speed of the wind was 40 miles per hour, 
that of the gusts might be equal or more. At one 
moment there might be a calm or the direction of the 
wind even reversed, followed, the next moment, 
by a violent gust. About the same minimum 
speed was desirable for security against gusts as 
was demanded by other considerations. Sixty 
miles an hour was the least figure desirable in 
an aeroplane, and this should be exceeded as 
much as possible. Actually the Wright machine 
had a speed of 38 miles per hour, whilst Farman’s 
Voisin machine flew at 45 miles per hour. Both 
machines were extremely sensitive to high winds, 
and the speaker, in spite of newspaper reports to 
the contrary, had never seen either flown im more 
than a gentle breeze. The damping out of the 
oscillations of the flight path, discussed in the last 
lecture, increased with the fourth power of the 
natural velocity of flight, and rapid damping formed 
the easiest, and sometimes the only, defence against 
dangerous oscillations. A machine just stable at 
35 miles per hour would have reasonably rapid 
damping if its speed were increased to 60 miles per 
hour. 

It was, the lecturer proceeded, inconceivable that 
any very extended use should be made of the aero- 
plane unless the speed was much greater than that 
of the motor-car. It might. in special cases be of 
service, apart from this increase of speed, as in the 
exploration of countries destitute of roads, but it 
would have no general utility. With an auto- 
mobile averaging 25 to 35 miles per hour, almost any 
part of: Kurope, Russia excepted, was attainable in 
a day’s journey. A flying-machine of but equal 
speed would have. no. advantages, but if the speed 
could be-sraised to 90 or 100 miles per hour, the 
whole continent of Europe would become a‘ play- 

ound, every part being within a daylight flight of 

rlin. Further, some marine craft now had 8 
of :40-miles per hour, and efficiently to follow up and 
report movements. of such vessels an aeroplane 
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should travel at 60 miles per hour at least. ‘ Hence 
from all points of view appeared the imperative 
desirability of very high velocities of flight. The 
difficulties of achievement were, however, great. 

As shown in the first lecture of his course, the 
resistance to motion was nearly independent of the 
velocity, so that the total work done in transporting 
a given weight was nearly constant. Hence the 
question of fuel economy was:not a bar. to high 
velocities of flight, though should these become 
excessive, the y resistance might constitute a 
large proportion of the total. e horse-power 
required varied as the velocity, so the factor 

overning the maximum velocity of flight was the 
einen Sin that could be developed on a given 
weight. At present the weight per horse-power of 
feather-weight motors appeared to range from 
2} lb. up to 7 Ib. per brake horse-power, some 
actual figures being as follows :— 

Antoinette 5 lb. per B. H.-P. 

Fiat ee ” ” 

Gnome Under 3 Ib. 
Metallurgic 8 Ib. 
Renault ae ‘s 
Wright 3 sa 
Automobile engines, on the other hand, commonly 
weighed 12 Ib. to 13 Ib. per brake horse-power. 


” 
oy 
. 

6 ” 


For short flights fuel economy was of less im- 

rtance than a saving in the weight of the engine. 
Por long flights, however, the case was different. 
Thus, if the petrol consumption was 4b. per 
horse-power hour, and the engine weighed 3 Ib. per 
brake horse-power, the fuel needed for a six-hour 
flight would weigh as much as the engine, but for 
half an hour’s flight its weight would be unimpor- 
tant. 

The best method of propulsion was by the screw, 
which acting in air was subject to much the same 
conditions as obtained in marine work. Its effi- 
ciency depended on its diameter and pitch and on 
its position, whether in front of or behind the body 
wropelled. From his theory of dynamic support, 
ir. Lanchester proceeded, the efticiency of each 
element of a screw propeller could be represented 
by curves such as were given in his first lecture 
(page 599 ante), and from these curves the over-all 
efticiency of any proposed propeller could be com- 
puted, by mere inspection, with a fair degree of 
accuracy. These curves showed that the tips of long- 
bladed propellers were inefficient, as was also the 
portion of the blade near the root. In actual marine 
practice the blade from boss to tip was commonly 
of such a length that the over-all efticiency was 95 

r cent. of that of the most efficient element of it. 
sas these curves the diameter and appropriate 
pitch of a screw could be calculated, and the number 
of revolutions was then fixed. Thus, for a speed of 
80 ft. per second the pitch might come out as 8 ft., 
in which case the revolutions would be 600 per 
minute, which might, however, be too low for the 
motor. It was then necessary either to gear down 
the propeller, as was done in the Wright machine, 
or, if it was decided to drive it direct, to sacrifice 
some of the efficiency of the propeller. An analogous 
case arose in the application of the steam-turbine 
to the propulsion of cargo-boats, a problem as yet 
unsolyéd. The propeller should always bt aft, so 
that it could abstract energy from the wake current, 
and also so that its wash was clear of the body pro- 
pelled. The best possible efticiency was: about 
70 per cent., and it was safe to rely upon 66 per 
cent. 

There was, Mr. Lanehester proceeded, some 
possibility of the aeronaut reducing the power 
needed for transport by his adopting the principle 
of soaring flight, as exemplified by some birds. 
There were, he continued, two different modes of 
soaring flight. In the one the bird made use of the 
upward current of air often to be found in the 
neighbourhood of steep vertical cliffs. These cliffs 
deflected the air upwards long before it actually 
reached the cliff, a whole region below being thus 
the seat of an upward current. Darwin had noted 
that the condor was only to be found in the neigh- 
bourhood of such cliffs. Along the south coast also 
the gulls made frequent use of the up-currents 
due to the nearly perpendicular chalk cliffs along 
the shore. In the tropics up-currents were also 
caused by temperature differences. Cumulus clouds, 
moreover, were nearly always the terminations of 
such up-currents of heated air, which, on cooling 
by expansion in the upper regions, deposited their 
moisture as fog. These clouds might, perhaps, 
prove useful in the future in showing the aeronaut 
where up-currents were to be found. Another mode 








of soaring flight was that uy ey by the albatross, 
which took advantage of the fact that the air moved 
in pulsations, into which the bird fitted itself, 
being thus able to extract energy from the wind. 
Whether it would be possible for the aeronaut to 
employ a similar method must be left to the future 
to decide. 

In practical flight difficulties arose in starting and 
inalighting. There was a lower limit to the speed at 
which the machine was stable, and it was inadvisable 
to leave the’ ground till this limit was attained. 
Similarly, in alighting it was inexpedient to reduce 
the s below the limit of stability. This fact 
constituted a difficulty in the adoption of high 
speeds, since the length of run needed increased 
in proportion to the square of the velocity. This 
drawback could, however, be surmounted by form- 
ing starting and alighting grounds of ample size. 
He thought it quite likely in the future that such 
grounds would be considered as essential to the 
tlying-machine as a seaport was to an ocean-going 
steamer or as a road was to the automobile. 

Flying-machines were commonly divided into 
monoplanes and biplanes, according as they had 
one or two supporting surfaces. The distinction 
was not, however, fundamental. To get the requi- 
site strength some form of girder frame-work was 
necessary, and it was a mere question of convenience 
whether the supporting surface was arranged along 
both the top and the bottom of this girder, or along 
the bottom only. The framework adopted univer- 
sally was of wood braced by ties of pianoforte wire, 
an arrangement giving the stiffness desired with 
the least possible weight. Some kind of chassis 
was also necessary. In the Voisin machine this 
was of bicycle tubing brazed together. The road 
wheels were arranged castor fashion, so that in the 
preliminary run during starting they did not in any 
way guide the machine. To obtain engines of the 
lowest weight every kind of device had been 
adopted, including copper-deposited water-jackets, 
cast aluminium heads with steel valve-seats let in, 
and cylinders and pistons whittled out of solid 
blocks of nickel well 4 








NOTES. 
AERIAL NAVIGATION. 

On the whole, the nominations of the Govern- 
ment to the Advisory Committee on Aerial Naviga- 
tion have met with general approval, though the 
failure to appoint to it the officials of the various 
aeronautical societies has caused some dissatisfac- 
tion, which is expressed by the complaint that 
none of the members have had practical experi- 
ence with man-carrying flying-machines. The ranks 
of those with this experience are, however, ex- 
tremely limited, and in the present unsettled state 
of aeroplane design these gentlemen will be more 
serviceable as witnesses than in a judicial capa- 
city. Ample funds have been promised the Com- 
mittee for experimental purposes, and it will be 
of interest to note what is the precise significance 
attached to the word ‘‘ample” by the Treasury. 
In Germany the Bureau of Studies has been sup- 
lied with a sum of 200,0001., and 300,000/. has 

en found for the Zeppelin airships. It is, we 
fear, improbable that equal liberality will be ex- 
hibited here. For the immediate future it would 
seem that the airship is better suited to military 
surposes than the flying-machine proper. The 

tter will stand to the airship much in the same 
relation as a destroyer to a warship. It has a 
higher speed, but in combating a ‘‘dirigible” the 
latter will have the advantage of being able to rise 
vertically, whilst the flying-machine must spiral its 
way up like a hawk. 


Exectric TRANSFORMER MELTING-FURNACE. 

The electric melting-furnace of H. Helberger, of 
Munich, is called a transformer furnace because 
the crucible is directly inserted into the secondary 
circuit of a transformer. When a metal is to be 
melted in the crucible, the current would by prefer- 
ence pass through the metal, and the crucible would 
not become sufficiently hot. Helberger hence insu- 
lates the metal from the crucible wall. In a certain 


sense, the furnace is, therefore, the opposite of an | 


induction-furnace, in which we attempt to concen- 
trate the current heat in the metal, and not in the 
furnace lining. This insulation of the charge is 
also produ in characteristic manners. The fur- 
nace is a cylindrical casing in which the crucible 
stands on a water-cooled contact-plate, surrounded 
by one or more jackets of firesbricks. The upper 


contact is a ring-piece which is screwed down 
upon the crucible, thus closing the circuit. The 
charge is thrown in through the ring, andthe 0)-en- 
ing also allows the experimenter to watch the 
operation. The crucible consists of a mixture of 
fire-clay and graphite. In order to secure uniform 
heating or concentration of the heat in certain 
portions of the crucible, the proportions of clay 
and graphite are varied in different parts of the 
crucible ; the central portion of the crucible which 
is to take the highest temperature is, for instance, 
made thinner, or moulded out of 2 parts of graphite 
to 6 parts of clay, while the bottom and the upper 
portion are made up of 4 parts of graphite and 
6 parts of clay. This arrangement is adopted in 
crucibles for melting glass and enamel. In the 
case of metals the metal has to be insulated from 
the crucible, as we stated. This can be done either 
by giving the furnace an insulating lining of tire- 
clay, or, better, by burning the graphite out of the 
surface which is to serve as insulator. For this 
purpose the hot crucible is either treated with the 
oxy-hydrogen blow-pipe, or air is introduced into 
the furnace while it is being kept-hot. The latter 
process is simpler, but ‘slower; the graphite can 
also be burnt out by chemical means, with the aid 
of nitric acid or of fused silicates. The inventor 
states in the Electrochemische Zeitschrift of April, 
1909, that 1 kilogramme of gold of 17 carats can 
be melted in five minutes at an expenditure of 
6 kilowatts, or 4 kilowatt-hovr. So far, the fur- 
naces are made for charges of 10 kilogrammes. 


Steam or Exvectric CanaL TRACTION. 


After a careful inquiry the Prussian Government 
has decided to introduce, for the present, steam 
traction on the Rhine-Weser Canal, the western 
portion of the great Mittelland- Kanal system, 
which is to join the great rivers of Germany by a 
continuation of canals running west to east. The 
case, steam versus electricity, has largely been in- 
fluenced by the experience gained on the Finow 
Canal, on which electric traction was introduced 
in 1898, and on the Teltow Canal, on which 
electric power was adopted throughout in connection 
with alterations completed in 1906. Among the 
memoirs written on the subject, a report by In- 
spector Block deserves particular attention. His 
comparative study concerned chiefly steam traction 
and double-track electric traction; single-track 
haulage was not taken into consideration as being 
unreliable and risky. On the Teltow Canal the 
boats are hauled by locomotives of 7.5 tons weight, 
which take their power from trolley lines. The 
locks, elevators, workshops, gates, &c., are all worked 
by electricity, electric light is everywhere at 
disposal, and the advantages of an_ efticient 
electric supply have well been brought out on 
this canal. Steam propulsion has, however, the 
poe great advantage that it leaves the canal 

unks quite unobstructed, and does not interfere 
with the arrangements made for loading and un- 
loading. This point is of particular importance in 
industrial districts in which the works are crowded 
along the canals. On the other side, the wash from 
the tugs ruins the canal banks and bottom, and the 
tugs reduce the capacity of the locks. The chief 
advantages claimed for electric haulage are that 
the banks are not endangered, and that the whole 
district can share in the facilities of an electric 
supply. The great drawback is the obstruction of 
the banks by the rail tracks and trolley lines. In 
primary cost an electric plant is no doubt more 
expensive than a steam plant, but an electric plant 
can, almost certainly, benefit other works and con- 
cerns of the district, while the steam plant does not 
lend itself to easy power transmission. The actual 
working expenses will be lower on an electric 
service than on a steam service. Reckoning in- 
terest on capital and other items, however, which 
must be Poss ar ve in any estimate, Block arrives 
at the conclusion that electric haulage on canals 
‘can only pay when the traftic takes a very brisk 
development. Taking all these features into con- 
| sideration, the Government has resolved to provide 


steam traction on the Rhine-Weser Canal. 





THe Wortp’s Suppiy or Iron ORE. 

One of, if not the most interesting of, the ques- 
tions which will come before the International Gco- 
logical Congress to be held in Stockholm next year, 
and to which eminent experts are expected from 
all parts of the world, is that referring to the 
capacity of the world’s iron ore deposits and their 
distribution between the different countries. There 
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has of late years been a good deal of apprehension 
as to how long the supply of iron ore can keep 
pace with the enormously increasing consump- 
tion. In Sweden, the matter has received. much 
attention, and a rational working of the country’s 
vast deposits has been ensured by the State 
becoming financially interested in, and having 
taken over the control of, the most important 
deposits. In England thé home supply of iron 
ore has long ago been found insufficient for the 
country’s requirements. The same is the case in 
Germany. The Spanish iron-ore. deposits will some 
day, within a measurable future, be exhausted, and 
in the United States there may, ere long, be serious 
difficulties in finding ore for the immense consump- 
tion. It is universally admitted that the available 
ofticial statistics and information are incomplete and 
out of date, and several circumstances make a new and 
thoroughly adequate a of this important 
problem most desirable. e committee for the 
congress—and it may here be mentioned that it is 
a Swedish, scientist who has taken the initiative— 
has therefore set about an inquiry affecting all 
the countries of the world and addressed to 
the most prominent scientists and experts in 
each country, who appear to have taken up the 
question in earnest, the result being a series 
of singularly exhaustive and accurate reports. Many 
of these have already been received, amongst others 
from Italy, France, Spain, Servia, Morocco, Egypt, 
the Cape Colony, Canada, New South Wales, 
Victoria, South Australia, West Australia, New 
Zealand, Greece, Bosnia, Herzegovina, Bulgaria, 
Turkey, and Persia. These reports bear evidence 
of having had the greatest care bestowed —_ 
them, and should prove of the greatest value, 
the question with which they deal being of such 
vital importance to the world at large. Sweden 
herself will, of course, hand in a very per- 
fect report of her own wealth of iron-ore, for 
which purpose eminent experts have been at work 
in different parts of the country. The work in its 
entireness will be made as instructive and clear as 
possible, by means of proper classification of the 
different kinds of iron-ore, by extensive use of 
tables, &e. The reports. will make two large 
volumes of some 500 quarto pages each. 








THE IRON AND STEEL INSTITUTE. 

Tue fortieth annual general meeting of the Iron 
and Steel Institute commenced yesterday, May 13, 
and is continued to-day, at the Institution of Civil 
Engineers, Great George-strect, Westminster. The 
meeting opened at 10.30 yesterday morning, Sir 
Hugh Bell occupying the chair. 

In his opening remarks, Sir Hugh Bell stated that, 
owing to circumstances entirely beyond his control, 
Sir W. Thomas Lewis, who had been nominated as 
President for the forthcoming period of two years, 
had found himself at the last moment unable tounder- 
take the office. Sir Hugh had, therefore, consented 
to retain the oftice of President for another year. 
He regretted sincerely that Sir W. Thomas Lewis 
had been compelled to arrive at the decision he had 
taken, all the more so because that decision had 
been brought about by personal suffering. Sir 
Hugh appealed for a continuance of the kind sup- 
port which had been afforded him by the Institute. 
He had much pleasure in announcing that the next 
President from May of next year would be His 
Grace the Duke of Devonshire, P.C., the grand- 
son of the first President. 

The Chairman then expressed in a few well- 
chosen words the regrets of the Institute at the 
sad death, following upon the Middlesbrough meet- 
ing, of Mr. Bennett i. Brough, the former secre- 
tary. Mr. Brough had been a faithful servant of 
the Institute ; ae had always discharged his duties 
as secretary in the most able and courteous manner, 





and although he—the Chairman—when he first saw | 


the turn the last sickness which befel Mr. Brough 
was taking, entertained great fears that recovery 
would be practically impossible, the result never- 
theless came to him as a great shock, as indeed 
it.came to every individual member. All the 
members present at the meeting would join with 
him in recording their deep regret at the sad 
Occurrence and in expressing their sympathy with 
Mrs. Brough in her loss. e Institute had been 
fortunate in securing the services of Mr. G. C. 
Lloyd, who had been appointed to follow Mr. 
Brough in the capacity of secretary. Mr. Lloyd 

1 been formerly on the - staff of the Insti- 
tute and secretary of the Institution of Electrical 


Engineers ; he was well fitted for his new duties, 
and he was cordially welcomed. 

Sir Hugh Bell then stated that a special-meeting 
would be held on the following day—to-day—with 
a view to consider the working of the Bennett 
Brough fund which has been raised to provide for 
Mr. Brough’s widow and children. 


REPORT OF THE COUNCIL. 

The report of the Council for the past year was 
taken as read. It commenced by showing that the 
Institute was continuing its activity and satisfactory 
progress. Nonew names had been added during the 
ne year tothe list of honorary members, but there 

ad been added 116 names to the list of ordinary 
members. Ten years ago, in 1898, the total member- 
ship was 1522 ; the total number at the end of last 
year was 2128, of which 2067 were ordinary members, 
50 life members, 10 honorary members, and one— 
His Majesty the King—patron. Reference was made 
to the high distinctions which had been conferred 
on members in the course of 1908, of which we 
select the following:—Sir Hugh Bell, Bart., had 
been appointed on the panel of employers in the 
Arbitration Court by the Board of Trade, as also 
had been Lord Glantawe of Swansea, Mr. Alexander 
Siemens, Mr. Douglas Upton, and Sir W. T. Lewis, 
Bart.; Mr. R. A. Hadfield had received the honour 
of knighthood ; Mr. Andrew Carnegie had had con- 
ferred upon him the honorary degree of Doctor 
of Laws of the University of Manchester ; Major- 
General C. F. Hadden, C.B., had been made a 
Knight Commander of the Order of the Bath ; Mr. 
Charles Allen had received the honour of knight- 
hood ; Colonel H. Hughes had been made a Knight 
of the Royal Swedish Order of the Sword. The 
names of a number of other members who had been 
distinguished in various ways were also given in 
the report. 

Unfortunately, the list of the losses which the 
Institute had suffered through the death of members 
was also a long one ; among the names given were 
those of Mr. Bennett H. Brough, secretary ; Mr. 
M. Bullivant, Mr. Berrier-Fontaine, Mr. Canet, 
Mr. H. Chapman, Dr. H. C. Sorby, Dr. Wedding, 
and others. We published at the time obituary 
notices of several of these gentlemen. 

The report congratulated the members on the 
financial prosperity of the Institute. The accounts 
submitted in abstract at the meeting by the Secre- 
tary, in the absence of the Honorary Treasurer, Mr. 
W. H. Bleckly, showed the receipts for the past year 
to have amounted to 6367/., and the expenditure 
to 60111. Reference was then made in the report to 
the two meetings which took place last year, and 
especially to the most successful autumn meeting 
which was held at Middlesbrough for the third time 
in the history of the Institute, the first and in- 
augural meeting having been held there in 1869, 
and the second meeting in 1883. The lamented 
illness of Mr. Brough cast a gloom over the closing 
days of last year’s meeting. 

entities was made of the efforts of Mr. John 
H. Amos, the hon. secretary of the Middlesbrough 
Reception Committee, Mr. Arthur W. Richards, 
chairman of the Works Sub-Committee, and Lieut.- 
Colonel T. G. Poole, V.D., Mayor of Middles- 
brough. 

The Council announced to the meeting the grant 
by the Royal College of Heralds of armorial bear- 
ings to be borne by the Institute, the gift of the 
President, Sir Hugh Bell, Bart. The new coat-of- 
arms supersedes the device formerly used as the 
seal. In regard to the proposed new bye-laws, 
the report also stated that owing to the steady 
growth in membership and to the expansion of the 
library, the Council decided early in the past year 
to secure the more commodious offices which the 
Institute now occupies. These are situated on the 


'same floor as the former offices. There is now a 


room set apart as a reading-room, in which mem- 
bers may consult current periodicals, conduct corre- 


spondence, and meet each other for conversation 


or consultation. The Council, the report added, 
are desirous of encouraging members to use the 
room as a meeting-place. 

The report further mentioned that the Bessemer 
Gold Medal for 1908 had been presented to 
Mr. Benjamin Talbot, in recognition of his con- 
spicuous services in the advancement of the metal- 
lurgy of iron and steel. The Andrew Carnegie 
Gold Medal had been awarded to Dr. Carl Bene- 
dicks, Upsala. A large number of candidates had 
applied for Carnegie Research Scholarships, and, 
after careful consideration, five scholarships, each 








of the value of 100I., tenable for one year, had been 
awarded. Mr. Andrew Carnegie had generously 
presented the Institute with a further sum of 
11,000 dols., the income arising from which will aid 
in defraying the cost of clerical assistance, and of 
translating, printing, and publishing the special 
memoirs. 

During the past year the Institute had been 
represented by the President on the General Com- 
mittee administering the Government grant for 
scientific investigations, and on the governing body 
of the Imperial College of Science and Technol 
at South Kensington. Sir R. A. Hadfield and Mr. 
E. P. Martin, Past-Presidents, represented the 
Institute on the governing body of the National 
Physical Laboratory. Mr. Arthur Cooper and 
Mr. G. Ainsworth represented the Institute on the 
Engineering Standards Committee. The latter 
and Mr. W. Beardmore served as representatives 
of the Institute on the Technical Committee of 
Lloyd’s Register. Mr. W. H. Bleckly served as 
representative on the Court of the Liverpool Uni- 
versity, and Sir R. A. Hadfield as representative 
on the Court of the University of Sheffield. Sir 
W. T. Lewis acted as representative on the Board 
of Trade Advisory Committee for iron and steel, 
under the Census of Production Act, on which 
Committee Sir Hugh Bell and other members also 
acted. 

The collective pig-iron display at the Franco- 
British Exhibition was declared hors concours. On 
the jury of awards for the section of metallur 
were included the following members :—Mr. C. J. 
Bagley, Member of Council; Mr. H. Bauerman, 
honorary member ; and the late Mr. Brough. On 
the conclusion of the Exhibition, the collective 
exhibit was presented to the Imperial College of 
Science and Technology, South Kensington. 

The Institute is now represented on the Council 
of the International Association for the Testing of 
Materials by Mr. Lloyd. At the summer meeting 
of the Canadian Institute of Mining Engineers the 
Institute was represented by Mr. Walter Johnson. 
Other members represented the Institute in various 
capacities, 


PRESENTATION OF THE ACCOUNTS. 


These were read in ‘abstract by the Secretary ; 
the ape pune figures only were quoted, including the 
totals of receipts and expenditure for the past year ; 
we give the latter above in round numbers. 


Votre oF THANKS TO THE PRESIDENT AND 
CounciL, 

The vote of thanks to the President and Council 
was moved by Mr. Henry G. Turner. He desired 
to record the warmest thanks to the President 
for his services during the past year, and for his 
acceptance to act in the same capacity for another 
period of one year. He referred to the very 
successful Middlesbrough meeting, and also, in very 
feeling terms, to the loss the Institute had sustained 
by the untimely death of the late secretary. Mr. 
Brough, he said, was ever ready to help anyone 
coming to him for advice, and the speaker recorded 
the personal aid which he received from the deceased 
when he called on him for the first time, several 
years ago, to ask his assistance in regard to a 
mineral and metallurgical question. 

This vote was seconded by Mr. Walter Dixon. 

New Bye-Laws. 

The Chairman expressed his thanks, and referred 
briefly to the new bye-laws governing the Institute, 
a copy of which had been distributed to members. 
These bye-laws bear mostly on the question of the 
duty of the officers and on their mode of election ; 
in regard to an amendment which had been out- 
lined at the Middlesbrough meeting, dealing with 
the appointment of Members of the Council, it was 
stated that this amendment had been withdrawn. 
The new bye-laws were adopted. 

The meeting then commenced the reading and 
discussion of the following papers :—*‘The Electro- 
lytic Theory of the Corrosion of Iron and its Appli- 
cations,”” by Mr. W. H. Walker, Boston. The 
Preservation of Iron and Steel,”. by Mr. A. 8. 
Cushman, Assistant Director, Office of Public 
Roads, United States Department of Agriculture. 
‘‘The Value of Physical Tests in the Selection and 
Testing of Protective Coatings for Iron and Steel,” 
by Mr. J. Cruickshank Smith, B.Sc., F.C.S8., 
London. We reproduce the latter paper on e 
660, ‘Influence of the Treatment on the Solu- 
bility of Steel’in Sulphuric Acid,” by Messrs. Heyn 
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and Bauer, Gross Lichterfelde. ‘‘ The Chemical 
Physics Involved in the Decarburisation of Iron- 
Carbon Alloys,” by Mr. W. H. Hatfield, B. Met., 
Sheffield. e first three papers were taken 
together for discussion. We shall in our next issue 
report further upon the proceedings. 








SUBMARINE TELEGRAPH ENTERPRISE. 

Tue renewal fund of the Anglo-American Telegraph 
Company, Limited, is slowly increasing, but only 
with the help of further allocations from revenue ac- 
count. The fund stood at the close.of June, 1908, at 
933,474/., while it had risen at the close of December, 
1908, to 941,086/. This result was only attained by a 
transfer during the half-year of 10,000/. from revenue, 
while 15,765/. was received from interest on invest- 
ments. On the, other hand, the fund-sustained a 
charge of 13,097/. for special repairs to the company’s 
repairing: steamer Minia, and 5056/. for the. cost of 
cable expended in general repairs. The traffic receipts 
of the Anglo-American Company for the second half 
of last year were 197,011/., as compared with 202,434/. 
in the second half of 1907. The chartering of the 
Minia yielded the company a revenue of 5361/. in the 
second half of last year, as compared with 8000/. The 
balance brought into the past half-year’s accounts was 
6963/., as compared with 24,143/. twelve months pre- 
viously ; and altogether the company’s receipts for 
the half-year ~~ to 209,603/., as compared 
with 235,935/. he balance available for dividend 
was 120,565/., as compared with 142,479/.; it would 
have been still smaller but for the reduction of the 
allocation made to the renewal fund to 10,000/., as 
compared with 20,000/. The working expenses of the 

t half-year were 57,712/., as compared with 56,702/. 
The value of the cable in stock at the close of 1908 
was 45,043/. The securities held by the company for 
the renewal fund, &c., reached 971,046/., but at the 
close of last year they had been written,down to the 
extent of 90,000/. for depreciation in value. 

The Eastern Telegraph Company, Limited, returns 
its revenue for the second half of last year at 566,101/. 
The ordinary expenses of the half-year were 202,365/., 
and the charges incident to the maintenance of cables, 
differences in exchange, and income tax amounted to a 
further 51,278/., leaving a balance of 312,458/., in- 
creased to 366,223/. by the reliquat brought forward 
from the preceding six months. Faithful to its tradi- 
tional policy, the company carried 70,000/. to the 

eneral reserve fund, its dividend for the whole of 
Tos being limited to 7 per cent. per annum. The 
working expenses at stations in the second half 
of 1908 were 166,596/., in which contributions to 
other companies towards joint station expenses figured 
for 23, 038. Maintenance of cables during the half 
ear figured in the books for 48,820/. ; the actual out- 
ay was 84,509/., but 35,689/. was received for charters 
and other credits. The company continues to benefit 
by the labours of seven cable-maintenance steamers— 
viz., the Electra, the Amber, the John Pender, the 
Duplex, the Sherrard Osborn, the Britannia, and the 
Sentinel. The Electra was engaged during the past 
half year in repairs to the Suakin and Perim cable 
(three times), the Suez and Suakim cable (twice), the 
Aden and Bombay No. 2 cable,-and the Perim and 
Aden No, 1 cable. She also repaired the Assab and 
Massowah cable for the Italian Government, the 
Suakim and Jeddah cable (twice) for the Turkish 
Government, and the Obock and Djibouti cable for the 
French Government. The Amber was occupied with 
repairs to the Porthcurnow and Lisbon No. 1 cable. 
The John Pender passed the half year in harbour at 
Plymouth. The Uugien was engaged in repairs to the 
Vigo and Lisbon cable, the Lisbon and Gibraltar No. 1 
cable (twice), the Porthournow and Vigo cable, the 
Malta and Alexandria No. 2 cable (twice), the Sitia 
and Alexandria cable, the Malta and Alexandria No. 1 
cable, and the Alexandria and Port Said cable. She 
further laid the Chafarinos and Nemours cable for the 
Spanish Government. The Sherrard Osborn was en- 
gaged in repairs to-the Seychelles and Mauritius cable, 
the Zanzibar and Mozambique Nos. 1 and 2 cables, the 
Beira and Lourengo Marques cable (twice), the Lour- 
enco Marques and Durban cable, and the Zanzibar and 
Mombasa cables for the Eastern and South African 





Telegraph Company, Limited. The Britannia was en- 
gaged in repairs to the Kotonou and Grand Bassam | 
cables for the French Government, and the Sao Thome 
and Loanda cables for the West African Telegraph 
Company, ‘Limited. The Sentinel was eng in 
repairs to the Madeira and St. Vincent cable for the 
estern Telegraph Maus og 4 Limited, the St. Vin- 
cent and St. Jago cable, the Bathurst and Sierra Leone 
cable, the Lagos and Bonny cable, and the a d | 
Kotonou cable for the African Direct Telegraph Co: 
pany, Limited, and the Sierra Leone and bona 
cable for the West African Telegraph Company, | 
Limited. She also repaired*the Kotonou and Grand | 
Bassam cable and the Dakar-and Conak 
the French Government. The value of the sparé 
cable and other stores held by the company at 


| material 
| paratively short local railway gets the blame for 
|this unsatisfactory state of affairs. 
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the close of last year at 286,120/.. The directors are 
still making every effort to increase the company’s 
reserve iaote, which amounted altogether at the close 
of 1908 to 1,864,637/.—viz., general reserve fund, 
1,207,992/.; maintenance ships’ reserve fund, 266,627/. ; 
marine insurance fund, ,2871.; fire insurance and 
guarantee fund, 100,000/.; land and buildings depre- 
ciation fund, 52,731/.; and insurance of goods in transit 
fund, 10,000/. The general reserve fund stood at the 
close of June, 1908, at 1,137,825/., and the allocation 
of 70,000/. from revenue and a small profit realised 
upon the sale of certain securities carried the fund at 
the close of December to 1,207,992/. 





THE MINING INDUSTRY OF RUSSIA, 1908. 

THE result of Russia’s mining and kindred industries 
during last year has no doubt been a disappointment 
to those who hold sanguine views as to the chances of 


THE MINERAL AND METALLURGICAL INDUSTRIES OF RussIA. 





and 1907, and the fact that the cape duty was in- 
creased. in the beginning of 1906. e result was that 
a considerable amount of foreign capital found its way 
into Russia for the purpose of being invested in this 
industry. The result, however, was, on the while, 
disappointing, inasmuch as markets again gave way 
just.as the increased output from the new installations 
was oa brought forward. Whilst the exports of 
poet uring the first half of 1907 amounted to 
58, poods, the exports for the corresponding 
rtion of 1908 had dwindled down to the insignificant 
eure of 1000 poods. A considerable quantity of the 
copper exported in’ 1907 was electrolytically refined in 
the United States, and re-imported into Russia. The 
uicksilver works gf the firm of Auerbock and Co., in 
khmut; district,, have. been. closed down, which 
means that Russia has ceased to be a quicksilver-pro- 
ducing a far as the international market is 
concerned: e cause appears to be of a financial 





Average Annual Production in Poods.* 
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361 | 
626,000,000 
987,530,570 | 
19,566 
24,982,104 | 
34,729,555 | 
290,348,682 


rapid development in this respect. There can, of 
course, bé no doubt that Russia possesses vast si- 
bilities in this connection, but more time is probably 
required for their consummation than was considered 
necessary a year or two ago. The figures for last year, 
as far as they are available, show in most instances a 
slight increase compared with the corresponding figures 
for 1907, at least as far as the first six months are 
concerned, yet they have not on the whole reached 
the figures of 1904. The annexed table throws 
some light on the movement of the different leading 


commodities since the beginning of the present cen- 
! 


tury. 

One of the most notable changes is the reduction in 
the export of manganese ore, which, during the first 
six months of last year, shows a falling off of close upon 
41 per cent. as compared with the corresponding period 
of 1907 ; the aggregate of that year’s exports of 
ganese ore again showing a decline of over 15 per cent. 
as — with the year 1906 ; whilst the latter year 
showed an increase in the export of manganese ore, as 
compared with the year 1904, of more than 133 per cent. 
On. the other hand, the production of pig iron in 1906 
was 9 per cent. below that of 1904, the aggregate for 
1907 showing an increase of close upon 5 per cent. as 
compared with the preceding year. On the other hand, 
the production of copper has increased very materially 


during the present century without ever showing a] be 


decrease, the production of 1907 being about twice 
that of the average for the four years 1900-1903. 
The output of coal és also on the increase, which is 
probably owing to the decrease in the production of 
naphtha and the higher prices for the commodity. Last 
year’s production of pig.and hammered. iron-is not ex- 
pected to reach the figures of 1904. Orders for goods 
ready for delivery are coming in very sparingly, and the 
resent position of the Russian iron industry is not, as 
been recently stated, enviable. In addition the 
zinc industry has shown distinct signs of retrogression 
since 1904, and the important naphtha industry has 
not only not recovered from the disturbances of 1905, 
but other countries—the United States, Galicia, and 
Roumania—have made inroads upon the Russian 
market. Whilst the decline in the production of 
zine principally refers to Poland, it is the Caucasus 
which is the sufferer as far as manganese ore is 
concerned. 

The rich deposits at Tschiatur, in the Govern- 
ment of Kutais, have found dangerous competitors in 
Brazil and the East Indies, and as the stocks of man- 
ganese ore at the time of writing are estimated at 
some 95,000,000 poods, the breaking of ore in the 
Sharopon district has been entirely discontinued for 
the moment, and quotations have given way very 
y. The unreasonable tariff of a com- 


The platinum 
industry is under the control of foreign syndicates, 
suffers from violent fluctuations in the quota- 
tions, which have receded to about half of what they 
were the previous year. The development of Russia’s 
copper industry, to which reference was recently 
ee in ENGINEERING, is attributable to two causes— 
the unprecedented rise in prices during the years 1906 
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1907. 1907. 1908, 
172,153,000 
146,750,000 
902,000 
593,896 
2,210 

360 


515,000,000 
1,456,959,530 


84,090,155 
72,310,769 


88,705,664 
75,553,185 
476,780 
275,617 
833 

(?) 
259,900,000 
737,850,000 
2,971 
\ 12,225,000 
333,000 ” 


337,284,240 108,530,000 119,910,000 


* 63 poods equal one ton. 


nature, and cannot be looked for in the deposits being 
exhausted. 








Hypravtic Power PiLant ror Fiume.—The Bollettino 
Finanze, Ferrarie, &c., states that the Governor of Fiume, 
Count Nako, has a scheme in hand for turning to account 
the hydraulic power available in the Czacka, to the extent 
of 40,000 horse-power. This would be utilised in the city 
of Fiume and in its vicinity. A company is being formed 
in Paris for the purpose, with a capital of 1,200,000/. 


INDIAN GRaIN- ELEvators.—It is proposed to erect 
American elevators of large capacity at Sukkur, Sama- 
satta, Multan, Sargodha, "Pobateksin h, Gojra, Lyallpur, 
Chiniate Road, Sanglahill, ier, Ferozepur, Bhatinda, 
and Ambala. These elevators will feed a shipping eleva- 
tor at Kurrachee. Thereis some probability Of the wheat 
export from Kurrachee for the four. months ending with 
August attaining an aggregate of 1,500,000 tons. 


Harsour IMPROVEMENT, SuMATRA.—The Straits Budget 
of April 8, says that the Netherlands India Government are 
taking steps to open a port for ocean-going ships at Deli, 
situated on the north-east coast of Sumatra, near the petro- 
leum-yielding districts and admirably placed for shipment 
pw The Acheen ‘tramway pA the Deli railway 
will be linked there, and the bay will be deepened at a 
spot suitable for a harbour. Dredging work is already 
ing carried out in that quarter in the interests of the 
petroleum companies. The harbour scheme includes a 
jetty and go-downs, besides other facilities. The head of 
the public works department in Java is shortly expected 
at Aru Bay to consider the improvements ied and to 
give an estimate of their cost. 


GENERAL TRADE Norices.—The Siichsische Maschinen- 
fabrik, vorm. Rich. Hartmann, Chemnitz, ask us to state 
that they recently completed their 50,000th loom.—Messrs. 
Samuelson and Co., Limited, Britannia Works, Banbury, 
have recently obtained the contract for the supply of 
**down-draught” smiths’ hearths, together with the neces- 
sary Roots’ blowers and motors, &c., for the new smithy 
about to be built by the North British Locomotive Com- 
pany, Limited, Glasgow.—Messrs. Lever Brothers are 
greatly extending their office accommodation at Port 
Sunlight, adding two new wings to the general office 
block. This, when completed, will measure 620 ft. in 
length, 80 ft. in width, and have a floorfarea of 60,000 
square feet, with accommodation for 600 members of the 
staff. The contract for warming and ventilating the 
whole of the offices has been placed with the Sutcliife 
Ventilating and ing Company, Limited, Manchester. 
The architects for the extensions are Messrs. William and 

Owen, ny, ation Mirrlees-Watson Com 
pany, Ltd., Glasgow, have recently signed a contract for 
the supply to the Liverpool Corporation of three sets for 
2500-kilowatt Curtis turbine, through the British Thoms n- 
Houston: Company, Ltd., this being a repeat order. -\!sv 
a contract for a barometric condensing plant for the Slt 
Union, Limited.—The Electric and Ordnance Acces- 
sories Company, Limited, Aston, Birmingham, have 
received an order for two 53-in. ‘‘ Ord: * eentrifuzal 
cased fans, to be supplied ‘to Sir William P. Hartley, ior 

rpose of jam-cooling. These fans are each capeble 


the : 
‘of dealing with 36,200 cubic feet of cold air per minute 


against }-in. water-ga and run at the low speed ot 
160 revolutions per am ling absorbing not more than 
5 brake horse-power. 
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PELTON WHEEL WITH HYDRAULIC GOVERNOR. 


CONSTRUCTED BY MR. PERCY PITMAN, ENGINEER, ACTON, 





On this page we illustrate a Pelton wheel and an 
hydraulic a constructed by Mr. Percy 
Pitman, of 3, Willcott-road, Acton, W. The wheel 
operates under a head of 120 ft., and with both nozzles 
in operation generates 80 brake horse-power. The 
pipe-line is 50 chains long, its diameter being 22 in., 
and the velocity of flow through it about 3 ft. per 
second. As will be seen (Fig. 1), the speed of the 
wheel is governed by moving deflectors into the path 
of the jets from the nozzles, thus diverting more or less 
of the total discharge direct into the tail-race. Both 
deflectors are operated simultaneously, being coupled 
to the cross-head of an hydraulic relay as shown. e 
coupling-rod between the two jets is provided with a 
screw union, having right and left-handed threads, 
thus enabling the two deflectors to be accurately 
adjusted to act in unison. A plan of these deflectors 
is shown separately to an enlarged scale in Fig. 2. 
Details of the hydraulic governor are shown separately 
in Fig. 3. The hydraulic cylinder rests on planed 
seatings, cast solid-with the slide, over which the cross- 
head travels. The coupling-rods between the latter 
and the deflectors are, it should be noted, always in 
tension, so that the cross-head is always pressed down- 
wards when the deflectors are in the path of the jet. 
The hydraulic cylinder derives its supply of pres- 
sure water direct from the pipe-line through the 
valve-chest shown in position at F, Fig. 3, and 
separately in Fig. 4. The inlet to this chest is 
at A, the water entering passing first through a 
strainer and then through a somewhat small nozzle, 
intended to ensure smoothness and regularity in the 
motion of the relay-piston. The exhaust-port is at B, 
and from D and C pipes lead, as shown, to opposite 
ends of the relay-cylinder. The admission of the 
pressure water to this cylinder is controlled by a 
small piston-valve of phosphor bronze, marked E in 
the drawing. The valve-chest is itself of delta metal. 

The position of the valve relatively to the governor- 
balls is adjustable by means of a screwed link and the 
lock-nut shown at I. The governor is operated by a 
hclt-drive and bevel gearing as indicated. 

_ At normal speed water is shut off from both ends of 

the relay-cylinder, but a change of speed in one 
Cirection or the other is followed by admitting water 
‘o the corresponding end of the relay-cylinder, and 
‘nus moving the deflector in or out of the path of the 
jet. Mr. Pitman states that, under reasonable con- 
ditions of work, the governor described will maintain 
tne speed constant within a limiting variation of 3 per 
cent., and the mean A can be adjusted by hand 
i oe imit by lengthening or shorten- 
ing e a 





a INDUSTRIAL NOTES. 
THe Labour Party in this and other countries may 
ve forgiven a good deal in the matter of economic and 
social heresies by reason of its efforts to promote inter- 
national peace. It recognises that war is the enemy 
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of progress, disastrous to trade and commerce, de- 
structive of human life, and that it piles up taxation 
in all countries in the world. The visit of German 
workmen delegates to this country in the past week 
was well-timed, following as it did the announcement 
as to the relative state of the British Navy compared 
with those of other nations. The welcome to the 
German delegates was not limited to British workers, 
it was given also by local authorities and by influential 

liticians. The personal friendships thus created may, 
it is hoped, have effect in the event of international 
differences, should these arise in the near or distant 
future. The disposition.towards war is greatly limited 
as compared with former times, but there is too often 
a readiness to abet the powers that be in the event of 
misunderstandings, and the ‘‘man in the street” is 
the readiest of all to shout in favour of an — to 
arms. It is the steady-going man of business that can 
most be depended on at such a crisis. 





The Labour Party’s quarterly circular altogether, and 
wisely, ignores the split at the Portsmouth Conference. 
It is not alluded to, but the names of the newly-elected 
officials are given in the report, together with their 
representative character in connection with other 
bodies. Historical references are made to the Right- 
to-Work Bill, the second reading of which was rejected 
on April 30, The two by-elections, at which Labour 
candidates were defeated, are reported, that at Taun- 
ton being deemed “‘ satisfactory,” although the Labour 
vote was in a minority of 891. That at Croydon shows 
not only a defeat of the Labour candidate, but a drop 
in votes from 4007 in 1906 to 886 in 1909. Of course, 
explanations are given to account for the result. 
Correspondence over the ‘‘ naval scare” is given, and 
also a report of the gathering of German and British 
delegates in favour of international peace. Two addi- 
tional candidates for constituencies have been ratified 
by the council and their places fixed, subject to inter- 
vening events. Attention is called to registration 
and its importance this year, as it is considered 
probable that the next General Election will be fought 
on this year’s register. The Parliamentary reports 
set forth the duties allotted to the several members of 
the Party in the House of Commons, the measures 
they have to take charge of, the committees they have 
to attend, and the Bills to be examined and watched 
in the House of Commons. The diary is a record 
of the proceedings in Parliament. The balance is hand 
is less than in the previous quarter, but members were 

id 30/. each for the autumn sitting, which amounted 
in the aggregate to 600/, 


The monthly rt of the Ironfounders is again dis- 
heartening from the labour point of view. e total 
number on the funds was 5583 ; previous month, 5572— 
increase, 11. The increase was wholly on the unem- 
ployment list and on sick benefit ; the decreases were 
in the superannuation list and on dispute. _ The total 
cost per week for benefits was 1969/. 3s. 2d., or at the 
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rate of 2s, 3d. per member per week. This outlay 
meant a decrease of capital account by 2916/. 13s. 3d., 
leaving the balance at 46,757/. 7s. 10d., the lowest for 
a long period. The new general secretary of the 
society entered upon his duties on April 1, the ex- 
general secretary having finished his duties of ‘‘ twenty- 
three years of faithful service to the general office, 
and eight years previously at a branch office.” The 
report speaks highly of his a: services, and wishes 
him and his wife happiness in their retirement. The 
branch returns as to the state of trade show no real 
improvement. Out of the whole 128 branches only 
eight come under the description of ‘‘ good,” two onl 
being ‘‘ very ;’ but in three it was ‘‘ improving,” 
in one ‘‘declining.” Never since 1879 was such a 
report possible in this branch of the engineering trade. 
In ninety branches, with 15,681 members, trade was 
descri as ‘‘short time,” ‘‘ bad,” and “‘ very bad,” 
ds compared with ninety-one branches, with 15,785 
members, in the previous month. The matters in dis- 
pute as to reductions in wages were dealt with by the 
new Conciliation Board in Lancashire, and an amicablé 
agreement was arrived at, which the report declares to 
be satisfactory. This is a good start for the Concilia- 
tion Board, and augurs well for its success in the 
future. The reductions did not commence till after 
the Easter holidays, by mutual consent. 





The Ironworkers’ Journal gives reports of the annual 
meeting of the Midland Wages , in which the 
past B .' is described as a trying one for all con- 
cerned. The standing committee ad before it some 
critical questions involving extra cost to the em- 
loyers, and from the men’s point of view extra labour; 
in the end the committee decided that the extra price 
must be paid to the men so long as the present condi- 
tions continued. In this way the committee do full 
justice to the men while leaving to the employers the 
right to alter the conditions if they so decide. An 
ditional representative from each side was elected 
for North Staffordshire, which is described as a most 
important district, the extension being welcomed on 
both sides of the Board. In reviewing the year’s work 
the chairman stated that though it was a trying period, 
they went through it without friction. It was with a 
sense of pride that he stated that the Board had been 
able to keep industrial for the last thirty-three 
years, and the relationship between the employers and 
employed was never more i at the pre- 
sent time. Without the Board there would have been 
strife, with the Board they had effected a rectification 
of the wages scale to the mutual satisfaction of all 
rties. It was stated by several speakers that the 
trade outlook for this year was still gloomy, but 
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hopes were expressed of a revival at an early date. 
The Journal keeps the members informed respecting 
the legal decisions in the Courts as regards levies for 
Parliamentary purposes, so that the council shall not 
be placed in an invidious position as to payment for 
M.P.’s services. The rae yrenenen to the House of 
Lords is portgennd for a time, and it is not expected 
that the decision will be given for some time yet, so 
that the unions are holding back in many cases, rather 
than incur expenses by litigation. 


The report of the National Union of Boot and Shoe 
Operatives states that trade had not improved, and 
the payments from the out-of-work fund continued to 
be exceptionally heavy. It is complained also that 
there had been violations of the rules in the granting 
of such payments in some cases. This is to be de- 
plored, as it is a fraud upon the thrifty members of 
the union who contribute to help the deserving poor of 
the society. There were but few disputes in the month 
—one in London, where an attempt was made to reduce 
wages ; but the appointed delegate waited upon the 
firm and arranged matters. At Nottingham a change 
in a firm’s system of working led to a dispute, but 
this also was settled on the basis of 30s. per week as a 
minimum. At Glasgow a dispute arose, and a delegate 
was sent, but no decision was arrived at before the date 
of the report. At a special delegate meeting, held in 
the Trade Hall, Leicester, the questions generally at 
issue, as discussed by the employers and operatives’ 
delegates, were considered, when the representatives 
of the union presented their report as to the proposals 
made by the employers, and provisionally accepted by 
the men’s representatives, subject to a ballot. The 
meeting endorsed the arrangement by resolution, unani- 
mously carried, and to appeal to all members 
to accept and endorse all such proposals. It was stated 
that all that was expected pot hoped for was not con- 
ceded, but it was agreed that the proposals were a step 
forward in the right direction. In three districts of 
the union new minimum rates have been agreed to by 
both parties. Two awards are reported at Leicester 
by the Board of Arbitration—both in favour of the 
operatives. In another centre there were complaints 
by manufacturers of being injured by lower rates paid 
in an adjacent district ; a member of the council was 
appointed to inquire. 


The Durham Miners’ Monthly Circular is mainly 
devoted to the Stanley mine inquest on the loss of 168 
men and boys who perished in the mine on February 16 
last. Mr. John Wilson, M.P., who deals with the 
question, states that the inquiry was an exhaustive 
one, the best experts being examined as well as all 
those in authority at the pit. He speaks highly of 
the coroner and the jury, and says that there was no 
suspicion of anything wrong in the management of the 
colliery; but he thinks that the cause of the explosion 
was ben to sparks from the electricity used at a 
curve in the mine over which the trucks travelled to 
convey the coal from the face workings to the shaft. 
He a ges no blame for not fixing upon this as the 
cause, but urges that the lesson should be to prevent 
the possibility of a similar accident from the same 
cause in the future. As to the complaint of extra ex- 
pense for extra precautions, Mr. Wilson puts the 
miner’s life in the balance as sufficient to outweigh 
the cost. Much has been done in the last fifty years 
to make the coal-mines more safe, but the deaths each 
year average over 1000, though in proportion to persons 
employed, or the weight of coal raised, the percentage 
has fallen to under one-third. Sometimes even the 
extra precautions have added to the danger, as, for 
example, the better ventilation of mines destroyed the 
value of the Davy safety lamp. That has been re- 
medied in the last thi years, but still the death- 
roll continues almost without abatement in its annual 
total list. Legislation, inspection, better equipment, 
and the greater sense of responsibility on the part of 
mine-owners, managers, poe gy all other officials have 
done, and are doing, much ; and if greater safety can be 
ensured, all interested will be glad to welcome it. Mr. 
Wilson urges employers and workmen to unite for the 

revention of such accidents as that which occurred 
in the Stanley mine, 


The forthcoming Irish Trades Union Congress, to 
meet in Whit week at Limerick, has a long agenda to 
discuss—51 resolutions. Like the Englis ingress, 
it continually adds new matters for debate, some more 
essentially political than industrial. But this is the 
trend of opinion in labour ranks, as labour legislation 
is more relied upon than formerly, when what was 
most desired was the freedom to onan by voluntary 
association and collective effort. For many years the 
Irish and Scotch trade unions worked with the English 
Congress, but each country has now a Congress of 
its own. The conditions and circumstances vary some- 
what, and even the forms of court procedure in the 
event of litigation. The Irish Congress is going to 
demand that the Trades Board Bill shall extend to 
Ireland and cover all sweated industries. That cannot 
be carried. Then there is a resolution of protest against 


an alleged attempt to split up international trade 
unionism ; another condemns the typographical society 
for negotiating terms for themselves in the Dublin area. 
The constitution of the new Irish National University 
is disapproved of. The low wages of railway a 
in Ireland is condemned. There are a great number 
of other subjects affecting numerous trades to be dealt 
with, some on the lines of the English Congress, some 
not. 


Last week saw the launching of the first two vessels 
built under Sir Christopher Furness’s co-partnery 
scheme, both at the Hartlepools. At the first was present 
the Parliamentary Secretary to the Admiralty, with 

ibly an eye to Admiralty work in the near future. 

y Furness christened the first ship Asiana, after 
what was once a quarter of the globe, at a time when 
Australasia was not discovered and geographically 
described and classified. The second was christened 
the Broomhill by Miss Elsie Barwick, on behalf of 
the Broomhill Colliery, for which it was built. Sir 
Christopher and Lady Furness were present at both 
functions. The managing director of the shipbuild- 
ing firm at the first launch, and the ey | 
director of the collieries at the second, spoke wel 
of the success of the co-partnery scheme as an indus- 
trial enterprise, and as bringing peace on the North- 
East Coast. Sir Christopher Furness, M.P., said that 
all the evidence up to date more than justified the 
inauguration of the co-partnery be pray He men- 
tioned that a telegram had reached him for an order 
to lay down another vessel on the berth vacated that 
day by the Asiana. It is only about six months since 
the scheme was adopted, and now two ships have been 
launched. At that time there was still unrest on the 
North-East Coast. 


The Miners’ National Federation Conference, held 
in London last week, came to the important conclusion 
that any reduction in wages, as a result of the Mines 
Eight Hours Act, should be resisted. The South 
Wales delegates declared in favour of a national stop- 
page of all pits if any sectional lock-out occurred. At 
‘the earnest request of the executive this was with- 
drawn upon being assured that the National Federa- 
tion meant to make common cause with any local 
association on the lines of the amendment if necessary. 
At the moment this looks as though a national strike 
is imminent, but negotiations are not closed, for another 
National Conference is to be called if any district is 
affected in the way anticipated. It is expected that 
trouble will occur in South Wales and Monmouth- 
shire, and it is said that mine-owners expect it, and 
are preparing for eventualities ; but the situation is 
not very serious as yet. 


In Lancashire and Cheshire all matters relating to 
the coming into force in July next of the Mines 
Eight Hours Act have been settled by negotiations 
a conferences. It is agreed that there shall be no 
reductions for six months. It was also agreed that 
time should be allowed for lowering the miners into 
and raising them from the mine in safety. The 
arrangements as to time and conditions are to be 
settled jointly by mine-owners, miners, and Govern- 
ment inspectors, according to the requirements in the 
various mines. Other points were raised and dis- 
cussed, a general understanding being arrived at re- 

arding them. No trouble is expected in the Durham 
Gistricts, but there is no certainty as yet as to York- 
shire or Northumberland, or as to Cumberland. 


The iron and steel trades are still in a very un- 
satisfactory condition. - Neither in the Midlands 
market or on Manchester Change were there any mani- 
festations. of gaining activity in any class or branch. 
Best bars were in better demand than other qualities, 
which is all that can be said. 


Those engaged in the printing and allied trades have 

resented a petition to employers to grant an eight- 
| ace day or forty-eight hours per week. This prob- 
ably will be referred to a conference. 


se that 
the United Textile Workers’ Association take up 
the question of an eight-hour day, or forty-eight hours 


The Card-Room Operatives’ Association er 
8 





r week, instead of short time being resorted to 
requently to reduce production. 


Further reductions in wages have been agreed to in 
Northumberland in colliery workers’ wages, but in | 
Durham the matter is to be referred to arbitration. 


A serious strike, with sonie rioting, occurred re- 
cently at Buenos Aires, but the latest reports state | 
that the general strike has failed, and that work is | 
being resumed. lt 

The strike of railway workers in Natal is said to| 
have collapsed, though some of the men refuse to | 





resume work. | 


CATALOGUES. 


Tue British Execrric Puayt Company, Limirep, 
Alloa, Scotland, send us two pamphlets of B.E.P. stan- 
dard multiphase motors and dynamos, and with high-lift 
centrifugal pumps. The former gives sizes and chief par- 
ticulars and prices of a mee motors and polyphase 
generators, as well as describing their principal features, 


A large catalogue to hand from the Riehlé Brothers 
Testing-Machine Company, Philadelphia, Pa., U.S. A., 
describes the many well-known patterns of testing. 
machines made by them. The machines include types 
designed for compression work, tension, torsion. &c., und 
large impact-machines. Grips, shearing, and other fix. 
tures are illustrated and described. 


The subject of a peeeniet to hand from the Witton- 
James System of Printing Press Electric Control, 71, 
Queen Victoria-street, E.C., is described by the name of 
the senders, and deals with a multiple push-button or 
single-station control for alternate or continuous-current 
circuits. Its application in printing establishments is 
fully described and illustrated in the pamphlet, and a list 
of newspaper firms who have adopted the system is given. 


From the Niles-Bement-Pond gee New York, 
there comes to hand a catalogue relating to Bement 
steam-hammers. These are of all sizes and types, of 
single or double frame, and including steam drop-hammers 
with steam-cylinder lift. p-hammers with board-lifts 
are also illustrated. The descriptions are brief, and the 
greater part of the catalogue is taken up with large half- 
tone illustrations. 


Messrs. W. H. Bailey and Co., Limited, Albion Works, 
Salford, Manchester, have sent us two circulars, one of 
which relates to their “‘See-Saw” floating system steam- 
trap, in which the water is collected in a tank, filling it 
and a bucket inside until the latter sinks, when escape is 
provided. Another describes their Foster fan engine 
regulator, in which the speed of the fan is controlled by 
the boiler pressure. 


Messrs. Siemens Brothers and Co., Limited, Caxton 
House, Westminster, S.W., have issued a pamphlet deal- 
ing with specialities suited to O.S. wiring. This pamphlet 
describes ‘*‘ Metacase” conductors, of which the ‘‘Kuhlos” 
pattern are cased with plain or tinned brass or copper, 
and the ‘“Stannos” wires cased with tinned copper. 
Prices for such conductors are given, as well as for 
buckle-clips and fixtures of various kinds. 


A circular describing the Willcox-Turner triple-action 
plunger-pump comes to hand from Messrs. W. Willcox 
and Co., 23, Southwark-street, S.E. This pump ' as been 
described in these columns, and consists of two p.ungers 
working in opposite directions in one cylinder, three sets 
of valves being provided, one at either end of the cylinder 
and one set between the pistons. The pump is arranged 
for hand or power driving. A twin type of enlarged 
capacity has just been introduced. 


A catalogue to hand from the Hoffmann Manufacturing 
Company, Limited, Chelmsford, Essex, deals with this 
firm’s standard single ball-thrust bearings and washers. 
For heavier loads a double-row ball-thrust bearing is 
made. These thrust-washers consist of an upper and 
lower washer, grooved, with the balls held in a cage 
between them. | Provision is made for keeping dust, &c., 
out of the bearings. They are made in many sizes up to 
11 in. in external diameter, the heaviest load they are 
designed to carry being 43 tons. 


Messrs. Rolls-Royce, Limited, 14 and 15, Conduit- 
street, W., have sent us an advance copy of their book of 
instructions dealing with their car. ‘The object of the 
book is to place all car-owners who have not had an engi- 
neering training in a position to know their car, and to 
satisfy themselves that their drivers are giving all due 
attention to the various mechanical parts. The book 
covers over 170 of notes and instructions and is 
profusely illustrated. It is carefully indexed, and will 
prove a useful guide. 


Messrs. Webster and Bennett, Limited, Coventry, have 

ublished lately two catalogues of modern machine-tools. 

f these, one—Section C—deals with profile milling- 
machines. This pamphlet shows a vertical 15-in. by 12 in. 
profile-miller, two duplex automatic machines, an auto- 
matic profile-miller suitable for cam-work, and also a 
grinder for similar work, as well as examples of the work 
possible with the machines, The other oe 
tion D—deals with two turret-lathes for brass-work, two 
sizes of turret-lathes for bar-feed, screwing and chasing- 
lathes, &c. 








Rapium in SwEDEN.—At the instance of some eminent 
Swedish scientists a radium company has been formed 
in Sweden, with a capital not less than 700,000 kr. (about 
39,0007. ), and not exceeding 2,100,000 kr. (about 116,000/.), 


| and under the name of ‘‘Kolm.” The company has for its 


aim the extraction of uranium and radium from ‘‘kolm.” 
a kind of coal found in shale, slate, and other raw 
materials. For this purpose certain inventions by one of 


the founders of the company, Dr. Gustaf Hellsing, will 


| be exploited. The raw material is found in the Swedish 


rovinces of Niirke and Viastmanland. The kolm 1s 
‘oomd in thin seams, the aggregate is calculated at some 
10 centimetres. The kolm contains about 1 per cent. : of 
uranium oxide ; the accompanying radium is only to be 
found in diminutive quantities—according to calculations, 
about 5 milligrammes sulphate of radium per 1 ton of kolm 
The technical side of the problem is fully solved, and 
there is no doubt as to where and how radium can be 
obtained ; but there is, of course, the risk of the present 
fabulous price being reduced through fresh discoveries. 
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SHIPBUILDING ON THE GREAT LAKES. 


Some Points in Connection with Shipbuilding on the 
Great Lakes, U.S.A. 


By Professor Hernert C. Sapier, D.Sc., Member. 


Tue development of shipping and shipbuilding on the 
Great Lakes of America shown a steady increase 
during the past decade. Almost every year the question 
has arisen whether the trade and consequent production 
of vessels has reached its limit or not. Before pointing 
out some of the features of the modern “‘ Lake freighter, ” 
it may be of interest to consider the prevailing conditions 
as they exist at the present day, as these have played a 
considerable part in the development of the type of vessel 
oe anil ing map (Fig. 1) will indicate 

A glance a e accompanying map (I'ig. 1) will indica‘ 
the Acme 1 trade routes. The trade of the Lakes con- 
sists mainly of through commodities—viz., iron ore, grain, 
and coal. There is, besides this, a large general and pas- 
senger trade from various ports, but the consideration of 


Fig.1. 


MAP SHOWING PRINCIPAL TRADE ROUTES 
ON THE GREAT LAKES. 
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It will be noticed that about 75 per cent. of the total 
freight and 93 per cent. of the iron ore, 30 to 40 per cent. 
of the coal, and about 57 per cent. of the grain pass 
through the Sault Locks. 

Thecurves showing the number and gross tonnage of 
vessels engaged in Lake traffic indicate that, while the 
— - ne a has = _ a is 

ue to the grad passing of the older wooden 
types which were common in the early days. The follow- 
ing table gives the figures for the past decade :— 











Sail. | Steam. Total. 
ae 4 = ats 
No. Tons. | No. Tons. No. Tons. 
nd 993 334,104 | 1,775 977,285 | 2,768 | 1,311,339 
190; 


- | 466 | 256,104 | 1,873 } 2,044,553 | 2,889 | 2,300,657 
} | 





The freight rate per ton-mile has shown a steady decrease 


Fig.2. 


“THOMAS 
580 Fex S8Ftx92Fe 


Fug.3. s 8s. 





” 
L.COLE 


height of ore docks, as in order to obtain sufficient angle 
for the ore-shoots the vessels must not be too high out of 
the water. This objection might be, and is to a certain 
extent, overcome by commencing to load with water bal- 
last in ; but even with the large pumps usually fitted to 
these steamers, it is difficult to get the water out as fast as 
the orecan be run in. The result has been to limit the 
depth of the vessel to about 32 ft., or, in the case of a 
w0d vessel, a ratio of length to depth of between 18 
and 19. 

The design of the loading and unloading machinery, 
the somewhat narrow entrances at some ports, combin 
with the rather sharp bends in some of the narrower 
channels, have tended to place a limit upon the beam, so 
that at the present time 60 ft. is about the maximum 
available. 

Increase in capacity has, therefore, been obtained 
mainly by increase in length, although at the present time 
there seems to be a tendency towards a reduction of size 
to about 560 ft., owing to the greater despatch with the 
smaller ship in loading and unloading, and the ease in 
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this and the types of vessels engaged will be omitted from 
the paar paper. 

The movement of iron ore and grain is from west to 
east, while the coal trade is,in the opposite direction. 

immense iron-ore deposits of the Superior region 
form the basis of supply of this product, the delivery 
taking place mainly at the Ohio ports, such as Ashtabula 
and Conneaut on Lake Erie. 
' The grain supply also has its origin in the Duluth dis- 
trict, this being the nearest port to the great farming 
lands of the North-West. The protest grain deliveries 
are Chicago and Buffalo. Coal is usually shipped from 
the Ohio ports, these being the nearest to the main coal 
deposits of aaewanie and the neighbouring States. 
. Asummary of the trade for the past ten years is shown 
in Fig. 2. The curves show the tonnage of the various items 
which pass through the locks at the Sault Sainte Marie ; 
the detail figures ler the past two years being as follow : 








Total for Lakes. 


1 | Amount through Locks. 
tems, | 





1906. 





1906, 1907. 1907. 
Grain of all 
kinds | | 
(bushels) | 167,843,588 | 170,960,578 | 289,929,614 207,423,812 
Coaknet tons) | 8,739,630 | 11,400,095 | 25,078,619 27,213,454 
Iron ore (net | 
tons oe 35,357,042 39,594,944 | 38,522,230 42,245,070 
Total freight | 
58,217,214 69,872,058 78,593,239 


(net tons)... 51,757,080 





* Paper read before the Institution of Naval Architects, 
April, 1909, 





during the past few years, and at the present time is 


about 0.075 cent. (0.0375d.), the corresponding rate for 
the rai being in the neighbourhood of 0.40 to 
0.50 cent. 


Unfortunately for the shipowner, the Lakes are not open 
to navigation during the entire year. e trading season 
lasts only about seven months, or from May to December, 
the frozen condition of the Lakes preventing navigation 
during the winter months. 

The great tonnage that must be moved, combined with 
the short period of time available, has necessitated the 
utmost despatch in loading and unloading. This has led 
to the development of special devices on shore for these 
operations, and to the complete disappearance of an 
means of loading or unloading u the vessel herself. 
In this connection it may be stated that the usual time in 
the loading —s for the large vessels of about 10,000 tons 
capacity, is from five to eight hours, and in the unloading 
ports about two days. When conditions have been favour- 
able for despatch these times have been reduced. 

The same causes mentioned above have also led to the 
gradual increase in the size of vessels, the last ten years 
showing an increase in length from 400 ft. to 600 ft. The 
beam been increased from 50 ft. to 60 ft., although in 
the later vessels there has been a tendency to adopt less. 
The draught has not increased as rapidly, as this is limited 
by the — of water available at the lock-sills, and more 
oc hema 'y at the Lime Kiln Crossing near Detroit ; this 

ing a rather shallow part between the Detroit River 
and Lake Erie. The draught at present varies from 19 ft. 
to » ft. 6 in., although the new channel when completed 
wi 


length to depth has also increased within the past few 


years. The depth has been governed somewhat by the 


ve an increase of from 3 ft. to 4 ft. The ratio of | bend 





\ 





handling generally, as compared with the 600-ft. vessel. 
Any further increase in capacity by filling out the form 
is practically impussible, as the present vessels have a 
block coefficient of from 0.86 to 0.88, and a prismatic 
coefficient of from 0.88 to 0.90. 

Although these large and full vessels have only one 
screw, they are navigated through narrow channels, taken 
through locks, and manceuvred at docks entirely without 
the aid of tugs. 

The eral features of the typical ‘‘ Lake freighter” 
are, I ume, familiar to the members of the Institu- 
tion, and, on the whole, have not changed materially 
during the past ten years. In structural arrangements, 
however, considerable changes have taken p ue 
largely to the conditions outlined above. The plans of 
one of the largest are shown in “; 3and 4. They repre- 
sent as gue arrangement. he hatches in this case 
are p) on 12-ft. centres, although in some a spacing of 
24 ft. is adopted. This item is fixed by the shoots at the 
ore docks, which are po 12 ft. apart. The accommo- 
dations for the crew forward, and the machinery aft, give 
a perfectly free deck for loading and unloading. 

e hatches are from 32 ft. to 36 ft. wide, and hence a 
large proportion of the deck is cut away. The longitu- 
dinal st h is, however, provided by fitting heavy 
stringers and shear-strakes. One point in this connection 
should be noted, especially when comparing these vessels 
with those of the sea-going type. It is customary in the 
latter to assume a vessel instan’ y poised upon the 
crest of a wave of her own length, whose height is one- 
twentieth of the length, as the standard condition for 
ing moment. On the Lakes, however, the long deep- 
sea Wave is never met with, anda ‘".* of 200 ft. or a 
little over seems to be a maximum. The height of the 
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waves rarely exceeds 20 ft. It should be remembered also 
that the vessels are in operation mainly during the sum- 
mer months, although storms are encountered generally 
in November and December. The worst bending moment 
is usually a sagging one, and, under the above conditions 
AxL ) 


as to wave support, the bending moment factor ( Ba Mt 


s at least somewhere between 80 and 90. 


| 





tt 


- 20 Lbs. 


= 15 Lbs 
T 15:33Lbs 








66°40 Lbs 7 
24 G0Lbs. a 
$7; Lbsto22j Lbs.+ 


69 «20Lbs. 


29Lbs to 17; Lbs. “f 











lk 
hie 
26Lbs to17% Lbs.) ; - 15 Lbs. 


Not reduced Fwd 
p: 


at 
12326 Lbs. ¥ 
15 Lbs. 


\ 








25Lbs.to 11% Lbs. ~” 








As the side launch is universally used, the writer had 
an opportunity of enetting the transverse bending of one 
of the vessels. en the vessel was held by the 
two end shores approximately 500 ft. apart, the deflection 
amidships was § in. at a point about one-half the depth. 

The structural features of two of the general t are 
shown in Figs. 5 and 6, The demand for a perfectly clear 
hold, unobstructed by stanchions or decks, combin 





ial 
Lbs 


plate 22Lbs.irv way of Hatches 


with the necessity of a large water-ballast capacity, has 


practical one, especially for vessels engaged both in the 
grain and ore-carrymg. trade. The capacity is greatly 
reduced, and the damage caused by. the unloading 
— wor pe the slope — renders these liable 
to leakage and consequent delay for repairs. 

Certain details in the above sections call for comment, 
The tank top is always flush plated, and, with the excep- 
tion of the centre, the plates are arranged athwartships, 





with channel irons as butt-straps. Manhole-covers are 
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In loading these vessels the custom used to be to distri- 
bute the as evenly as possible over the whole | h. 
It has been found, however, that they sag considerably if 
loaded in this way. In the later ty therefore, draught 
marks are amidships, and, during the loading pro- 
cess, these are watched as well as those at the stem and 
stern. When nearly loaded, the final amount is run in at 
the foremost and aftermost hatches, thus tending to 
bring the vessel back to her normal position. Som 
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vessels, if loaded evenly, will sag from 3 in. to Din, amid- 
ships. ; 
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led to what is known as the ‘“‘arch construction,” with 
side ballast-tanks. It will be seen that there is only one 
deck (or, rather, two stri tes) carried on arches 
which rest upon the top of 
thus arranged the unloading machines can take out over 
90 per cent. of the cargo without trimming ; and when it 
is remembered that the grab ey ef the larger 
machines is about 10 tons, the unloading records men- 
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tioned earlier may not seem so remarkable. 
Although one or two vessels have been built with 
regular hopper construction, this form is not al 
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also flush, thus leaving the bottom free from projections 
liable to catch in the unloading grabs. An apparent 
inconsistency will appear in the framing of the two vessels 
wn. e frames are usually channel section and 
spaced 3 ft. apart. Sometimes it is found impossible to 
obtain, ‘without serious delay, what is known as the 
special or ship channel with The same diffi- 
culty does not occur with the common or building channel, 
and the smallest standard size in this type, which has 
fla large enough to take the shell rivets, 15 therefore 
= The arches, web-frames, and plate-floors are spsced 








ENGINEERING. 











SHIPBUILDING ON THE GREAT LAKES. 





- 
BP a 
—— new © Ne 

















ee 
’ ; 
1 ahead wee 














we 


Li 
H 
| 
: 














680, 


ENGINEERING. 


[May 14, 1900; 








12 ft. apart, or one between each hatch. The intervening 
floors are usually 15-in. channels. The remaining details 
of construction are shown on the midship section and call 
for no particular comment. 

Some points in connection with the outfit are of interest. 
The large number of hatches, amounting to thirty-six in 
the largest type, combined with the short stay in port, 
has necessitated the adoption of some device for handling 
the hatch-covers with as much despatch as possible. 
Figs. 7 and 8 show one form of telescopic cover which 
has been fitted to some of the later types. The covers are 
of steel-plates flanged on their edges and stiffened with 
bulb-angles. They are opened and closed by means of a 
wire rope attached to the two cleats in the centre and 
passed through a portable block on the side of the deck 
and led to the warping engines at either end of the vessel. 
In bad weather the hatches are covered with tarpaulins 
and held in place by clamps, a detail of which is shown. 

As these vessels are not allowed to carry pementeny 
(except officials of the company or their guests), the life- 
saving appliances are determined e | the number of the 
crew. In general the vessel is manned by the following :— 
One captain, two officers (or mates), two watchmen, two 
wheelsmen, six deck-hands, three engineers, two oilers, 
four firemen, one cook, one steward, and one assistant 
steward, The crew’s quarters are, as a rule, very much 
superior to those found on ordinary sea-going cargo-boats, 
Owing to the experience obtained in some recent wrecks, 
where the men at one end of the vessel were lost and 
those at the other end saved, all vessels are now compelled, 
when at sea, to rig a life-line with breeches attachment 
from the forward to the after end. 

Most of the modern vessels are also equipped with a 
complete telephone service, and some during the last year 
with wireless telegraph outfit. 

The machinery installation of these vessels has raised a 
certain amount of comment during the last year. The 
larger type of freighter is usually fitted with machinery of 
from 1800 horse-power to 2000 horse-power, giving a speed 
of from 114 to 12 statute miles per hour. During the 
worst winter gales on Lake Superior some of the vessels 
find it impossible to make much headway, and become 
more or less ———— especially in the light condi- 
tion, with the bow high out of the water. (The writer 
understands that certain captains prefer to ‘‘heave-to 
stern first.”) If fitted with machinery of double the horse- 
power or even more, very little improvement could be 
made under the above conditions, especially when it is 
remembered that the average freighter has a block co- 
efficient of 0.86. From considerations of operation, a 
speed of from 11 to 12 miles per hour has been found the 
most economical, and hence the addition of any extra 
power above that required for this speed would mean 
additional first cost and running expenses, besides the 
reduction of weight-carrying capability. 

To one accustomed to the eyes Ay marine engine 
certain features of that of the ‘ e freighter” will 
sont unorthodox, but further consideration will show 
that most of the departures are based u 
ing and also upon the somewhat different set of con- 
ditions involved. 

The main differences may be traceable to two causes: 
first, the vessels y in fresh water, and, second, owing to 
the shortness of the season and brief stay = the 
design must be simple and capable of as easy adjustment 
as possible. Owing to the distance of the Lakes from the 
coast, the early designers were not influenced mney 
by the ordinary marine practice, and this, combined wit 
the necessity of decreasing the cost of manufacture, has 
doubtless led to the adoption of some of the principal 
details in design. : 

The engine is generally the triple-expansion three- 
cylinder type, with a boiler pressure of 175 lb.; although 
some owners prefer the quadruple. In the case of the 
pa ae ew ¥ 2 engine, the high-pressure cylinder is 
usually placed in the middle, with the piston-valve on the 
side, e eccentrics for working the valve are usually 
placed at one end of the engine, and operate a rocking 
shaft, which in turn operates the valve. The Joy valve- 

r is sometimes on this cylinder, but of late has 
n abandoned. 

The above arrangement has been adopted to reduce 
the length of the engine as much as possible. Figs. 
10 and 11 show a general arrangement which may 
taken as typical. e cylinders are without liners, and 
all of the same thickness ; the ports are kept as straight 
as possible. In place of the usual chequered iron cover- 
plates, a flanged disc is used which covers the top of the 
cylinder completely, and is held in place by a single bolt 
attached to the top of the cylinder-cover. piston valve 
is used on the high-pressure cylinder, and generally double- 
age slide-valves on the intermediate and low ure, 

he piston valve is without packing-rings oad usually 
consists of a piece of thick pipe, with cast-iron discs 
screwed on to each end. Of late, rings have also been dis- 
pensed with on all pistons, as shown in Fig. 19. The crank- 
shaft is usually built up, the crank-webs being made of 
cast steel, left unfinished, aad, so far as the writer is 
aware, these have never given the slightest trouble. 
liners have been dispensed with on the tail-shaft, which 
runs in the ordinary lignum vite bearing. In the main 
bearings no brass is used, the shaft usually running 
a solid white-metal bushing with a cast-iron carrier. 
tails of the connecting-rod and 
Figs. 12 to 17._. The crosshead is usually of cast steel, and 
has forks attached to it, instead of to the connecting-rod. 
This is a much simpler and cheaper arrangement than 
tha‘ usually adopted, and seems to give every satisfaction. 
The crank-pin end and cap are ly steel castings with 
white-metal bearing. Throughout ar lap-welded 
steel or cast semi-steel pipes are used, exhaust-pipe 
to the condenser being usually'a pipe built in sections 
and riveted. It may be of interest to note that the exhaust 


m sound reason- | 58° 





pipe from the intermediate to the low-pressure cylinder is 
in one piece, without any expansion joint. . 

The condenser is of the jet type and of cast iron. There 
are usually two, and sometimes three, injection valves at 
different Sod so that when the vessel is in shallow 
water at docks and elsewhere, the water may be taken 
from some distance above the bottom, and the possibility 
of sand or other foreign material getting into the condenser 
or pumps is avoided. 


| is about 40 dols. 


a little over one-half. The machinery has been placed in 
av and everything connected in as short a time as 
one week ; but on the average the time from the launch 
to completion may be taken as one month. 
The total cost of this type of vessel at the present time 
r ton dead weight. 
Although the es freighter forms the principal part 
of the business of the shipbuilders of the Great Lakes, 


| there is also a considerable number of passenger and 


he question of water ballast has demanded consider- | intermediate types, as well as special vessels, such 2s car 


able attention, as it is necessary in loading the vessel that 
this should be handled as quickly as ible. In the 
later vessels four ballast-pumps are fitted, two 15-in. cen- 
trifugal and two duplex 8 in. by 12 in. by 14in. The 
ballast-pipes to each compartment are usually 8 in., and 
a double set of manifolds are usually fitted so as to enable 





ferries, built each year. These, however, as was men. 
tioned at the inning, will not be touched upon at the 
present time. ention of this fact is made, however, to 


| show that there is also a demand for the faster type of 
| vessel, and also that in this connection the shipbuilders 


have the advantage of testing their models in the experi. 








Fig. 7. 
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the compartments to be pumped up or drained at one 
time. The water may also be transferred from any one 
compartment to any other. 

One of the duplex pumps is also cross-connected, so that 
it may act as the air-pump for the jet-condenser if neces- 


4 this connection it may be noticed that these vessels 
are usually very stable in the light condition ; so to im- 
prove the apt wy qualities the manhole-covers are some- 
— _ off the inner bottom, and loose water is allowed 
in the hold. 


The boilers are usually of the single-ended Scotch type 
with some system of heated draught, either the Howden 


or the Ellis and Eaves. The water-tube boiler has been, 


and is, used in a few vessels, but isnotcommon. The same 
In general com 
e 


may be said of the mechanical stoker. 
the Scotch boilers differ little from the usual type. 


tubes are generally 3in. in diameter and expanded and 
beaded over, screwed stay-tubes being fitted only on the 
outer rows of tubes. From recent tests it is found that 
slightly better results are obtained from two large fur- 
of three small ones, so that the two-furnace 


boiler is perhaps more generally used, except, of course, 


in cases where the grate surface demands a three-furnace 


boiler. 


The following are the leading particulars of one of the 
latest type, whose plans are shown in Figs. 3and 4, and for 


which the writer is indebted to the Great Lakes En 
neering Works :— 
Particulars of Ship. 
Length over all’ ’ 
Length on keel 
Beam ... 33, 
Depth ... ae 
Gross tonnage a 
Net tonnage ... we 
Depth of inner bottom 
Width of side-tanks... 
Water-ballast, total... 
i ment at 19 ft. 
Block coefticient 
Dead weight ... ios 
Number of hatches ... 
Bunker capacity 


Particulars of Machinery. 


... 24in., 38 in., and 
65 in. in dia., by 
42-in. strok 


ig i- 


605 ft, 
580 ,, 


7268 tons 
5484 ,, 

5 ft. 6 in. 
11 ft. 

9464 tons 
15,795 ,, 
0.886 


ve 11,000 tons 
... 85 (9 ft. by 36 ft.) 


Cylinders 


Boilers (two) ... 
Pressure 


Furnaces(three) .... 

Propeller, diameter... 

+ pitch , 

With regard to the time of bui'ding, from laying the 

keel until launching, this is, on the average, or Bown 
three and four months, although in many cases, w 

everything has been favourable, this has been reduced to 


e 
... 16 ft. by 12 ft. 2in. 
‘sg 130 Ib. 
48 in. 


coccmcoas 
— 
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mental tank at the University of Michigan, whenever they 
so desire 

In conclusion, the writer wishes to express his thanks 
especially to the Great Lakes Engineering Works and 
also to the American Shipbuilding Company, for the use 
of various Fer and — hs. The two views on 
page 679 illustrate the met of building on one of 
the modern vessels in course of construction. 





GERMANY AND Brazit.—A commencement has been 
made with a new direct submarine cable between Ger- 
many and Brazil. The cable is to be laid from Emden 
to Teneriffe, and from the latter point it is proposed to 
establish a connection with the West African coast. 


** ENGINEERING WONDERS OF THE WORLD.”—We have 
received a imen copy of Part I. of this new publica- 
tion, which is edited by Mr. Archibald Williams, and is 
to appear in fortnightly parts, at the price of 7d. The 
publishers are Messrs. Thomas Nelson and Sons. Part I. 
contains articles on prehistoric, Egyptian, Syrian, and 
Roman works; on the White Pass and Yukon route to 
Klondyke ;. the Royal Albert Bridge at Saltash; the 
salving of the Gladiator; and the Rotherhithe Tunnel. 
It is nicely got up and profusely illustrated, 


THE Wortp’s Paper Surrty.—Sir William Van Horne, 
chairman of the Board of the Canadian Pacific Railway, 
in a recent interview with a Daily Graphic representative, 
expressed his views with regard to the timber resources 
of Canada, and these views, coming from such an autho- 
rity, are of interest. Sir William seems to be firmly con- 
vinced that the world’s paper supply is in danger, and is 
particularly anxious that Canada should protect her 
timber resources, stating that, unless the people of the 
Dominion are more careful, two or three generations will 
be sufficient to see the end of their resources. The demand 
for pulp wood and ground pulpfrom the United Statesalone 
is very great, and is largely supplied from Canada. It is 
increasing every day. Sir William Van Horne considers 
that Canada has such an abundant supply of timber that 
she can supply the whole of the wood pulp required in the 
world if the sources are properly protected, and he thinks 
that within 20 or 30 years the whole world will have to 
depend on Canada for its supply. What Sir William's 
grounds are for these views we > not know, but he has 
no doubt gone carefully into the matter. A great deal 
can be done in the ko of protection by the prevention of 
forest fires, and Sir oe sae that er a 
in protection agai and waste is wi @ pound ex- 

os hs cnalieesmniion, At t nothing is being 
one in the matter except by private owners, but their 
efforts must of necessity be very limited, and unless the 
Government takes the matter up the country will have 
oe ae timber in much less than 100 years. All 
such statements are, of course, more or less speculative, 
but it is highly ble that Sir William Van Horne’s 


hen | estimate is not far from the mark, and the chances are 


that it is really too long. 
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SHIPBUILDING ON THE GREAT LAKES. 
(For Description, see Page 677.) 


“ n 
Fég.10, TRIPLE EX 1ON ENGINES OF 8.8.THOMAS L COL Fig. 11. 
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MEXxIcAN Perroteum.—Dr.. Hayes, chief geologist of 
the United States Geological Survey, has arrived in 
Mexico, in ay a | with Dr. Day, who is in charge of 
the laboratory work and also of the petroleum depart- 
ment. These gentlemen propose to thoroughly investi- 
gate the geological conditions under which oil is found in 
the oil-fields of Mexico, in order that a comparison may 
be made between existing Mexican oi] conditions and 
those of the United States. 


















CoMMERCE AND PopvuLaTion.—Interesting figures are 
given in a recent issue of the Moniteur Industriel on 
the increase in commerce and in population of several 
European nations since 1871: The lowest figures are 
those for France, her population having increased by 
7 per cent. and her commerce by 22 per cent. The in- 
crease for other nations has been as follows :-— 


Population. ~ Commerce. 
























4.P PISTON 








H.P PISTON Per Cent, Per Cent. 
Italy Se ; = 3 53 21 23 
Austria-Hungary , és 26 37 
Great Britain .. , . 30 36 
Germany .. ; os 38 81 







Belgium .. ‘ ¥ ge 41 88 
36 50 269 
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“ENGINEERING” ILLUSTRATED PATENT 
RECORD. 


Comernep ay W. LLOYD WISE. 


SELECTED ABSTRACTS OF RECENT PUBLISHED SPEOIFI- 
OATIONS UNDER THE AOT OF 1907. 


The number clawe given to the Resetieation Brewing: & sated 
in each y Golue , the Specitcation is not 


atent on any of the 


1491. P. 8. Brook and J. A. Chester. Re- 
sistances. (12 Figs.) July 22, 1908.—This invention relates to 
electrical resistances of that class in which the resistance wire is 
su upon, but insulated from, a metallic tube, to the ends 
of which tube insulators are attached, so constituting a unit 
resistance ; and the object of the invention is to improve such 
units of resistance in respect to the mode of support and insula- 
tion of the resistance wire on the tube, the construction and 
attachment of the insulator, and the mode in which the units are 

ed by means of spring - adapted to encircle the insulators, 
and to engage detachably with slots in the supporting frame. The 
resistance itself is com of any suitable metal in the form of 
wire, and the support 2 comprises a metallic tube which is first 
enamelled and then covered with an asbestos cover, which is 
wound spirally on to the tube, and secured thereon. e asbestos 
cover has a spiral groove formed in it to take the resistance wire. 
The interior of the tube is threaded at each end to take the in- 


Fi 











sulator . The insulator has a central bore to take a terminal 
screw 6, provided, preferably, with a conical head, fitting in a 
conical extension of the bore of the insulator. The insulator 4 has 
two flanges, and spring clips 7 encircle the body of the insulator 
between the flanges, the body having an indent which engages a 
corresponding curved part of the clip, and so prevents rotation of 
the latter. e resistance units are mounted on two metal bars, 
an upper bar and a lower bar; the upper bar has a series of 
slots, in shape like an inverted , 2 and the two free ends of the 
clip 7 are pressed ther to pass through the narrow opening of 
the slot, and are allowed to spring outwardly in the wide part 
(Fig. 4); the clip is thus retained in the slot against vertical and 
horizontal di ment. The lower bar has a straight slot, into 
which the ends of the clips are sprung. The bars aré carried in 
a metallic resistance casing, which usually perforated, and 
coy to enclose the tance units. (Accepted February 10, 
1909. 


GAS ENGINES, PRODUCERS, HOLDERS, &c. 


26,501. Mather and Platt, Limited, and A. E. L. 
Chorlton, ! . Internal - Combustion ° 
ques, (3 .] December 7, 1908.—This invention relates to 

e valves and valve-gear of internal-combustion engines, - 
cially of the two-cycle type, whereby the mechanism is sim jifled 
and the ports for the inlet and exhaust gases are protec from 


the injurious action of the heat and pressure of the initial combus- 

tion of the gaseous mixture. In carrying this invention. into 
, there is provided inside the water-jacketed main com- 
cylinder 1 a second cylinder 2 bearing against the main 

cylinder 1, and constituting the valve. The — 3 of the engine 

moves the cylinder 2, which is prov at its 

exhaust ports, and towards either end with inlet ports, which 





Thus — may be attached to one end of 
a 

pin 9 may be driven = 

eccentric 12, which is itse 
engine. 
it an oscillato: 
alternative for 
. bevel wheels, through which the 
m 


with nampa to the 
initial combustion of the gaseous mixture in the main cylinder 1, 
and thus tected from the injurious effects of the heat and 
pressure 


pany, Jémihed. and 


main features of this invention, a 


troughs 

the engine-cranks, and oil in excess, for the splash system of lubri- 
cation, is delive: 
conn I 
lution into the troughs, and take or scoop up oil therefrom for 
lubricatin, by 

cylinders, S, 


centre with | the barrel A, whereby 


may be]brought into conjunction with the exhaust and inlet 


need in the ry cylinder. = hae o valve 2 
to it from some mo’ part e e. 
ar the cylindrical valve 2 
a slot in the main cylinder cover. 
a rod 10 attached to the sleeve of an 
driven from the crank-shaft of the 
cylindrical valvé 2 will have imparted to 


through 


In titis case the 
e eccentric gear, there may be substituted spur 

c tindvical valve 2 may have 
to it a continuous a A le movement. exhaust 
inlet ports in the cylindrical valve 2 are so shaped and placed 
mding ports in the main cylinder 1 


ey are masked by the moving piston at the moment of 


ereby produced. (Sealed April 29, 1909.) 


5542. The Wo’ Tool and Motor-Car Com- 


R. La 

1908.—According to the 
es of narrow close-ended 
e base, immediately-below 


Figs.) March 1 
run transversely of the e 


red by the pump into these troughs, and the 
-rods, or scoops formed thereon, dip once in each revo- 
A, A, Al, Al are the engine 
and B! the 
bottom of 


the splash system. 
are the two outer crank-shaft bearin; 
bearing. C is the engine-casing, in t 


in 

which is formed an oil-reservoir C!; D is the oil-pump, E, E! are 
sight-feed lubricators, and F an oil-tank, which is open at the to 
to the atmosphere. G, G are po ee sr 

run transversely across the engine 

tively beneath the four crank-pins of the crank-shaft H. e 


narrow troughs, whic! 


C in itions - 


Fig.1. 









































sight-feed E communicates with one of the outer crank-shaft 
a B, and the sight-feed E! communicates with the other 
outer ng B. The — D draws oil from the reservoir C1, and 
delivers oil to the intermediate crank-shaft bearing B!. The tank 
F is also supplied with oil from the pump, and the oil flows from 
the tank F to the sight-feeds E, E). A portion of the oil delivered 
by the pump to the troughs G. h connecting-rod K is 
provided with a scoop at its lower end, and the trouglis G are 
arranged in tion to ensure that the scoop of each rod respec- 
tively will once in each revolution dip into the oil in the corre- 
sponding trough, the troughs being constantly be age with oil 
in excess of the actual requirement. The intermediate bearing B! 
also is flooded with oil in excess. It will be seen that in the 
arrangement described the intermediate crank-shaft bearing B! 
and the apes vy G are flooded by the pump with an excess of oil, 
while the sight-feeds; which are supplied by the pump, them- 
selves supply ;the outer crank ngs B with oil, which 
may be to suit requirements. (Sealed April 22, 1909.) 


GUNS AND EXPLOSIVES. 


' 6680. Sir H. S. Maxim, West Norwood. Guns. 
(8 Figs.) March 25, 1908.—This invention has particular reference 
to silencing devices of the kind in which annular chambers are 
disposed around, or at the end of, the gun-barrel, and the projec- 
tile operates as a valve in its through the device, and 
controls the escape of the gases from chamber to chamber and to 
the atmosphere. .In re 1 the barrel A is provided with two sets 
of slots Al and A®, which are formed by cutting through grooves 
of the rifling. The slots are enclosed by a chamber. B, which is 
divided by means of a partition C into two com ments C! and 
C2, the latter compartment being provided with perforations F, 


fhrough which the gases After the projectile has 
slots A}, the gases —— ito the compartment C! ; after 
the projectile has cleared the second series of slots A2, the gases 
into the compartment OC, and thence through the perfora- 
ions F to the atm 


ere. In Fig. 2 the perforations in one of 
the nts of the ber are di d with. 


h p Accordi 
to this construction, the barrel A is formed with a single caries of 
slots A2, the end A® of the barrel being screwed to receive the 
chamber B. chamber B is formed with three compartments 
C!, C2, and CS, of which the compartment C! encloses the slots A2, 
The ion of the chamber screwing upon the end A* of the 
= ee as. between ow compartments = and C2, 

a scre ion C4 separates the com) ts C2 and C3, 
has an re D, which fe in ali ent with 
me e chamber, 
an aperture 
ne of the chamber B is pro- 
upon a conical pé 


the chamber can be held accurately in 
alignment with the bore of the gun. The distance between the 





movement about its longitudinal axis. As an |* 


y | arfeveestgu tc cca 


partitions C and C4 and between the ition C4 and the screwed 
on portion E pa Sut Go lle shall always be within the 
re next ahead before it left the bore or aperture imme. 
behind it; and the length of the slots A? is such that the 

rear 


tely 
front and ends of the slots are never uncovered by the pro. 


jectile at the same moment. The operation of this modification ig 
as follows :—The projectile, after passing the slots A2, uncovers 


a F 


the same and allows the gases to escape and expand into the com. 

ent C, from which they cannot escape until the projectile 
eaves the end of the bore A! and enters the aperture D. The 
gases then pass into the chamber C2, from which they cannot 
escape until the projectile has left the aperture D. Finally the 
gases escape at a considerably reduced pressure into the atmo- 
sphere. ( April 29, 1909.) 


MOTOR ROAD VEHICLES. 


22,950. J. McLaren and H. McLaren, Leeds. Trac- 
Engines. (3 Figs.] October 28, 1908.—This invention re- 

lates to the mounting of the front end of traction engines on a 
spring or According to this invention, a large hollow 
trunnion 1, forming a continuation of the turning bracket 2, is 
carried in a bush 3, which is secured within the perch-plate 4, the 
trunnion 1 and the bush 3 being capable of relative movement, to 
allow for the movement of the spring 5 and of turning in the bush 
3 in steering. There is a flange on the turning bracket 2, which 
flange acts as a stop to prevent the spring or springs being over- 


Fig 1. 



































22,350 


strained on rough roads, and this flange will carry the engine in 
the event of the spring or springs breaking. The spring 5 is placed 
above the trunnion 1, and the spring-buckle, attached to the mid- 
part of the spring or springs, has circular lower part, which is 
received in a recess at the top of the trunnion 1 of the turning 
bracket, this recess serving to retain lubricant. The outer ends 
of the spring 5 pass through openings 10 in the sides of the perch- 
plate 4, and are attached by swivelling-links to brackets 12, 
which are secured to the body of the engine. (Sealed April 29, 
1909.) 


25,273. R. B. Moorhead, Lon Body 8 - 
sion. [2 Figs.) November 24, 1908.—This invention relates to 
the suspension of motor-car frames. According to this invention, 
the road-wheel axles are secured to the rear or fore ends of rigid 
bars or levers, which, at their other ends and between their ends, 
are connected to springs connected to the vehicle frame. The 
road-wheel axle a is secured to the co mding ends of parallel 
levers b, each of which, at its other end, is guided so that it has 
facility of —— motion, but not facility of motion in the 
direction of motion of the vehicle. This may conveniently be 








(2$27. 
? 





+ 


effected by pivotally connecting the latter end of each lever to & 
guided slide-piece mounted in a box-like guide f. Between its 
ends each lever } is pivotally connected to an elliptical !ami- 
nated spring d, which Ecounected to the vehicle frame ¢. A‘ he 
guided ends the levers are provided with two — spring 
which, in conjunction with the springs d, serve to relieve the vehicle 
frame from vertical shocks. As shown, the guided slide-pieve 1s 
springs, which respectively (ake 
the bottom of the guide, so that 
normally the (Accepted 





piece is in the position shown. 
February 17, 1909.) 
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THE IRON AND STEEL INSTITUTE. 


Ix our last issue (page 673 ante) we gave an 
account of the preliminary proceedings at the meet- 


ing of the Tron and Steel Institute, held on Thurs- 


day and Friday, the 13th and 14th inst. We now 
deal with the rest of the meeting. 


‘'ae PRESERVATION OF IRON AND STEEL. 
As stated in our last issue; the first three papers 
were taken together for discussion, as they dealt 
with the same subject. The one, entitled ‘‘ The 
Electrolytic Theory of the Corrosion of Iron, 
and Its Application,” by Mr. William H. Walker, 
of Boston, was read in abstract by the Secretary. 
We reproduce this on page 708 of the present issue. 
Mr. Allerton S. Cushman, of the United States 
Department of Agriculture, then gave an abstract of 
his own paper, entitled ‘‘The Preservation of Iron 
and Steel,” of which we commence the reproduction 
in full on page 710. The third paper, which was 
read in abstract also by the Secretary, we reproduced 
on page 660 ante ; it was entitled ‘‘ Physical Tests 
for Protective Coatings for Iron and Steel,” by Mr. 
J. Cruickshank Smith, B.Sc., F.C.S., London. 
After Mr. Cushman had concluded his abstract of 
his paper on the most important question of the pre- 
servation of iron and steel, he added that his views 
were similar to those of Mr. Walker, in conjunction 
with whom he had worked of late years, with the 
object of throwing light upon the subject of corro- 
sion of iron and steel. He had, in the course of his 
researches, prepared a compound, or reagent, in 
which he had placed samples of steel polished and 
cleaned with the greatest care. The compound 
showed colour round the samples, but not equally, 
this proving that iron was going into solution at some 
points more readily than at others. Then, acting 
with Mr. Walker, he added ferro-cyanide to the 
reagent, and the negative and positive nodes showed 
up distinctly. Then, by using gelatine, they were 
able to preserve the effect. When a blue colour 
appeared, this showed that an electric circuit 
passed from the positive to the negative nodes 
through the film, and that iron entered the film; at 
another place pink appeared, and this proved the 
existence of an electro-static stress. He had been 
led to study the subject in detail out of consideration 
of the advisability of husbanding our natural 
resources. This was a problem which appealed 
not to one nation alone, but to all nations ; waste 
had been going on throughout the whole world, and 
if it continued our children’s children would cer- 
tainly be placed in a very difficult situation. It was 
absolutely necessary that matters should improve in 
this connection, and he would not have worked in 
vain even if the effect of his researches had been 
only to call the attention of one single man to the 
subject of the conservation of our natural re- 
sources. There were, of course, various points of 
view from which to consider the problem ; it was 
a question of ways and means. Among other 
matters, an ideal method had to be discovered for 
treating, in a lasting way, the surface of steel 
so as to make it incorrodible ; whether this would 
ever be achieved he could not pr. There 
were, of course, a number of alloys—nickel-steel 
and others—which were, for all practical purposes, 
‘‘unrustable ;” steel high in silicon had a similar 
characteristic. Would it be possible, for example, 
to siliconise the surface of steel with a view to the 
preservation of the steel piece? He only men- 
tioned this as an illustration of his point. With 
reference to the preservative coatings of metal- 
work, the most usual process followed in regard to 
such coatings was to select linseed oil for the 
vehicle of the coatings. This was very far from 
being an ideal vehicle, although it was the best 
one we knew ; it absorbed water and carbonic acid 
like a sponge ; it was never dry, but in equilibrium 
with the dampness in the atmosphere, and the film 
it formed actually introduced water to the surface 
of the metal. This meant putting on the surface 
of the metal a good conductor of electricity. As 
an illustration, he referred to the diagrams in his 
and in Mr, Walker’s paper, and added that the 
worst thing we could do was to place on the 
surface of steel such a conductor for electricity. 
An insulating coating should, at all events, always 
be put on first; for his part he could never allow 
& good conducting material to be used either for 
the first or for the second coating. Coatings in 
the formation of which linseed oil was used were 
not only bad, but they afforded no protection, 
except for a short period, and, moreover, they hid 








what was going on underneath them on the surface 


of the metal. Corrosion was discovered only much 
later, and then the damage was already done. 
When it was discovered—that is to say, when 
decay had already started—it was much harder 
to afford the surface an adequate protection, even 
after cleaning it with sand blast, by scraping, and so 
forth. He referred to the practical experiments he 
had carried out with knife-blades, and which are 
detailed in his paper. The points on which he 
threw light would be found valuable by paint- 
manufacturers, tin-can manufacturers, galvanisers, 
and other specialists ; he had shown a few thi 
which hitherto had not been done correctly. "He 
fully believed he was on the right track in his 
method of dealing with the subject, and that in 
a very few years a decided improvement would be 
seen in the manner in which we effected the pre- 
servation of iron and steel. 

Mr. Stead, who opened the discussion, announced 
that Mr. Cushman had allowed him to prepare a 
few experiments to illustrate his paper. He showed 
the preparations of gelatine he had made, and in 
which he placed some nails ; also other samples. 
These were left until the following day, when the 
formations, as illustrated in the diagrams, appeared. 
He congratulated the authors for the practical 
method they had followed to illustrate the elec- 
trolytic action of water on iron and steel, and 
he called the experiments they had carried out 
‘*drawing-room experiments.” The marvellous 
effect which even slight impurities on the surface 
of steel had in the matter of corrosion was most 
clearly shown; a slight trace of sodium chloride 
at one point on the surface of a steel specimen 
would start corrosion at that point, and the action 
would spread from there. From these experiments 
the effect which sewage water had on the hulls of 
ships could well be imagined ; the dirty matter it 
contained was sufficient to start corrosion. Besides, 
the effect of the segregation of various elements 
contained in the metal forming the ship-plates also 
intervened ; carbon also tended to promote corro- 
sion ; steel, of course, contained carbon, but the 
carbon in steel was unequally distributed, and this 
led to currents passing throughout the metal. He 
did not see how this was to be avoided. The out- 
side layer of a steel plate or a steel piece was the 
most free from segregation ; this always took place 
at a distance from the surface. On a ship-plate 
there was, it is true, surface pitting, but the pit- 
ting was independent of segregation. Mr. Stead 
showed a sample of British tin-plate in which there 
were very few spots ; it appeared of a much superior 
make to the American sample also exhibited. But 
possibly a bad American sample had been taken 
for the experiments. With reference to painting, 
he added that painted plates certainly showed the 
longer wear and gave the best results. In this 
connection he called the attention of the meeting 
to a recent American circular advertising a paint 
containing a ‘‘ particular pigment” which was said 
to be the best on earth. e added also that when 
plates received at the manufacturers’ works marks 
made with paint, those marks were still visible on 
many occasions after a period of ten or twelve 
years’ service in the hulls of ships. In the matter 
of coating plates, however, if these were heated so 
as to apply the coating when the material was in a 
hot state, it would be found that the character of 
the oil was modified, that moisture was got rid of, 
and that the painting lasted much longer than when 
applied in the cold state. In conclusion, he con- 
gratulated the authors on their contribution. 

Mr. Saniter referred to the statement made by Mr. 
Cushman to the effect that at the present time a 
very pureiron was being manufactured in the United 
States, containing about 99.95 per cent. pure iron, 
the only impurities being : pn al 0.019 per cent. ; 
phosphorus, 0.004 per cent.; and carbon, 0.026 per 
cent. He said this was only a partial analysis, and 
asked for a complete one. Further, the statement 
was also made that the pure iron in question re- 
sisted to a high degree the attack of acids; that 
an acid test had been proposed to predetermine the 
resistance to corrosion of various types of metal ; 
but that this proposal had met with decided opposi- 
tion from a number of metallurgists, who were of 
opinion that such a test was not a rational one. 
In regard to this second statement, Mr. Saniter said 
he was on the same side with the metallurgists in 
question. 

Professor Turner said that he had not had time 
to study the paper, but he had seen accounts of Mr. 
Cushman’s experiments in American journals, and 








was pleased to have particulars on the researches he 
had carried out. e electrolytic theory that had 
been advanced was an important theory no doubt, 
but he could not go all the way with Mr. Cushman, 
although he agreed with him on some points. The 
percentage of impurities and segregation had an 
important effect in regard to corrosion. He alluded 
to the work carried out by Dr. Tilden with reference 
to impurities and their segregation in iron, steel, and 
brasses, and, as stated by Mr. Stead, it was very 
essential to have the tar, oil, and. other material 
used for a protective coating, applied in a hot state. 
Well-boiled tar afforded a much better protection. 
He was much interested with the subject dealt 
with by Mr. Cushman’s paper, and he, Professor 
Turner, and his students would give it all their 
attention. 

Mr. G. H. Strick took part in the discussion from 
the metallurgical point of view, and stated that very 
few complaints indeed had been made of late years, 
as regarded corrosion or preservation of material, 
which could be traced as being due to the quality 
of the tin-plates. In the manufacture of the steel 
used it was absolutely necessary to keep the fur- 
nace clean, to see that there was a complete absence 
of slag and cinder, and that no impurities were on 
the surface of the tin-plates. He expresed his satis- 
faction that Mr. Stead, in his reply to Mr. Cush- 
man, had reverted to a few points in regard to the 
material itself and had called attention to the good 
quality of British-made tin-plates. 

Mr. F. A. Willcox asked Mr. Cushman whether 
he had ever experimented with a paint havin 
celluloid for its basis. He (the speaker) had tri 
such a paint on propellers and had found it most 
satisfactory. It was not dissolved in alcohol, but 
in another liquid, to cause it to adhere better, 
and formed a good pigment ; it was transparent and 
made it possible to see the surface of the metal 
at any time. 

Mr. Cushman, in the course of his reply, said 
the iron he had referred to, and of which he had 
given the analysis in his paper, was a very pure 
iron, which had been made after he had attended a 
meeting of an American society, in the course of 
which he had stated that if the American works 
paid as much attention to the quality of their 
material as they did to the quantity they turned 
out, matters would be much improved. He had 
also said that, for his part, he would always seek, 
in his specifications, to eliminate the impurities, 
these modifying the physical properties. The aim 
the works at that tine seemed to have in view was 
to roll quickly and to sell ; but if they meant to make 
a better metal, it was necessary for them to consider 

uality. The iron he had referred to was a result of 
the meeting in question, and had been obtained from 
selected pig iron and selected scrap, and there was 
probably > he used a comparatively small quantity 
of hematite ore. There were probably traces of 
other impurities ; for instance, traces of copper and 
of arsenic, but the iron had not been analysed for 
these. Aluminium had been used for deoxidis- 
ing, but the analyses did not show any in the 
metal. There was no nickel. The acid test 
he had mentioned, and which had been alluded 
to in the discussion, was not at all a fair test; 
the action of acid was quite different from the 
atmospheric action. Ordinary corrosion in the 
atmosphere was a quiet corrosion, and many 4 
material that would fail under an acid test would 
outlast a test in the atmosphere. In regard to 
American tin-plates, Mr. Cushman stated that the 
Food and Drugs Act had reacted upon the United 
States tin-plate industry. The Act prohibited the 
use of colouring matter for the preservation of foods, 
and the tinners found that the fruit and vegetables 
preserved in tins were of a sickly white colour on 
opening, there occurring combinations between the 
food juices and the tin. They then reduced the 
thickness of the tin coating ; this led to the forma- 
tion of pin-holes, and it had pretty frequently 
happened that one or the other box of tinned pre- 
serves on the shelves of a grocer’s shop had squirted 
out suddenly a stream of juice. Such an occur- 
rence was unknown before the passing of the Food 
and Drugs Act, and at the present time the tin- 

late makers were struggling with the problem. 

e had used celluloid and various lacquers formed 
into an anhydride paint for the coating of large 
guns, and he added to the mixture chromic acid to 
reduce the amount of moisture. The best lacquer 
he found to consist of gum-shellac, to which he 
added chromic acid little by little, shaking the 
mixture constantly, the total quantity of chromic 
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acid being as much as the material could take. 





As stated above, the paper contains a mass of | 


felt sure it would receive the attention of a ae 


Care should be taken to add the chromic acid by | detail on the interesting work carried out by the number of members. 


small quantities, as in large 
the risk of an explosion. 


uantities there was| authors. We cannot enter more largely into it in| 
his formed a most | this report, and shall limit ourselves to giving the | 


effective protective covering for steel against the | headings showing the lines on which the authors have | 


danger of corrosion. 
Sir Hugh Bell thanked the author for his most 


stimulative paper. He (the Chairman) appreciated | 


to its full value Mr, Cushman’s anxiety with refer- 
ence to the waste of material that was going on 
throughout the world; the question was of the 
utmost importance. If we could reduce waste by, 
say, 10 per cent., the evils stated, and for which 
our statesmen were blindly seeking to find remedies, 
would disappear. There would also be less inter- 
ference with manufacturing methods, which inter- 
ference led to results—such cs those of the Food 
and Drugs Act alluded to—that were totally un- 
anticipated. Iron and steel were entering more and 
more into our every-day use, and a very large 
number of buildings in the United States, and also 
in this country, were being erected in concrete 
with iron reinforcement, under conditions of insuffi- 
cient knowledge on many points. Mr. Walker, he 
added, had said that in order to ensure absolute 
protection of the reinforcing members of concrete 
construction, the concrete had to be sufficiently 
dense and made with sufficient care to render it 
practically waterproof. This, the author had stated, 
was not an impossible condition. This last state- 
ment Sir Hugh queried, and asked: Was it not 
an impossible condition? Was every precaution 
taken in ye to every building in course of 
construction / Was it not possible, on the other 
hand, that disasters of a serious nature might occur 
in reference to such buildings? He therefore 
thanked the authors of the three papers just read 
for having brought before the Institute such an 
interesting matter, which, he was quite sure, would 
be duly followed up by the members. 


INFLUENCE OF THE TREATMENT ON THE SOLUBILITY 
or Stee, In SuLPHURIC AcID. 

This is the title of the fourth paper which was 
selected for the meeting of Thursday, the 13th 
inst., and which had been written by Messrs. E. 
Heyn and O. Bauer, of the Institute for Testing 
Materials, Gross-Lichterfelde, near Berlin. The 
authors, unfortunately, could not be present at the 
meeting, and the paper, which contains 120 pages 
of subject-matter and tables, was taken as read. 

The paper deals exhaustively with metallo- 
graphy—a subject with which the two authors 

ave been intimately connected for several years ; 
and its object is to determine the influence which 
the prior treatment of steel has on its solubility 
with respect to sulphuric acid, and, from the 
observed solubility, to determine how far conclu- 
sions can be drawn regarding the prior treatment 
of the material. The authors say that, according 
to the opinions hitherto prevailing, the transition 
of the martensite of hardened steel to pearlite of 
annealed steel was continuous throughout the inter- 
mediate stages of tempering. This would lead to 
the supposition that the curve of solubility in 
dilute sulphuric acid would form a line indi- 
cating the gradual transition from the solubility 
of martensite to that of pearlite. But such is not 
the case according to the authors’ researches, and 
the diagram they give shows a curve which runs up 
to a way ae maximum at a temperature of 
400 deg. Cent. This shows that the transition of 
martensite into pearlite, due to tempering, does 
not proceed directly, but indirectly, and through 
an intermediate ‘‘ metastable” form, to which, in 
honour of Osmond, they have given the name of 
‘‘osmondite.” As the tempering temperature 
gradually increases, the martensite gradually 
changes into osmondite, until at 400 deg. Cent. the 
whole mass consists of this alone. In order to pre- 
vent confusion, the term ‘‘ troostite,” designating a 
phase through which transformation passes up to 
the 400 deg. Cent.—i.e., up to the osmondite stage 
—has been retained, as they have also retained the 
term ‘‘ sorbite,” designating the intermediate stage 
between osmondite and pearlite. Osmondite is 
therefore the boundary between troostite and 
sorbite,; and is distinguished by the maximum 
degree of solubility; the maximum quantity of carbon 
Cf (that is to say, a percen of carbon which is 
insoluble in hot concentrated hydrochloric acid) ; 
the maximum d of dark colouring ‘on etching 
with alcoholic-hydrochloric acid; the change of 
direction of the curve for remanence and coercive 
force ; and the maximum specific weight. 


| proceeded. Besides the influence of quenching and 
| tempering of steel on its solubility briefly sketched in | 
the foregoing paragraph, they indicate the influence 

of quenching and reheating soft mild steel upon its | 
solubility ; the influence of the quenching tempera- 
ture on solubility ; that of cold-working and anneal- 
ing ; that of the chemical composition of the iron 
upon its susceptibility to attack by dilute sulphuric 
acid; and, finally, the influence upon the solu- 
bility of iron of the nature of the sulphuric acid 
used. 

Mr. J. P. E. C. Stromeyer, who opened the very 
brief discussion which took place, stated that he had 
been much impressed by the researches as set forth 
in the paper. One subject of special interest to him 
was that which dealt with the tempering of hard 
samples—the slow progress in the changes taking 
place at low temperatures. He (the speaker) inti- 
mated that he had made experiments for which he 
had believed that a number of minutes would have 
sufficed, whereas, in his diagrams, Professor Heyn 
showed that they took much longer. 

Mr. J. E. Stead, who followed, said that many of 
the points set forth in the paper confirmed what was 
known already in regard to the solubility of steel. 
The authors had shown 400 deg. Cent. to be a critical 
point in tempering, and their exposition was cer- 
tainly a new discovery. On carrying out the experi- 
ments on the lines referred to by Mr. Cushman, and 
which are alluded to above, he obtained a proof of 
a number of statements made by Professor Seon in 
regard to his acid treatment. In Mr. Cushman’s 
experiments, annealed steel pieces were also placed 
in a reagent, the various parts, such as the heads 
and points of nails tested by this method, accord- 
ing to whether they had been crushed or not, 
showed a different tint in the reagent, which 
afforded a determination for corrosion. The indi- 
cation. of the critical point at 400 deg. Cent., being 
the tempering heat to which corresponded the 
formation of the boundary between troostite and 
sorbite, was a very interesting one. The paper 
contained a valuable account of detailed experi- 
ments, and he thanked the authors for having 
produced it. 

Mr. W. Rosenhain found the paper of very great 
importance and value, and it was very interesting 
to have such a detailed exposition coming from 
Gross-Lichterfelde.. The experiments, dealing as 
they did with the solubility of various grades of 
steel, showing also the behaviour of the various 
carbon residues, and this under the different con- 
ditions which had been taken into consideration, 
were, in fact, of immense value. But all the 
points which the authors had so carefully reviewed 
and illustrated would have to be discussed in detail 
by correspondence. He (the speaker) offered some 
slight objection to the fact that the researches 
made by the authors had led to the putting forward 
of a new name—‘‘ osmondite.” There were already 
so many names used in metallography that simplifi- 
cation under this head should be aimed at, 
ae for the sake of students. He hastened 
to add that he spoke only from that point of view, 
and that he had cathorne & no objection to make in 
regard to the name in itself ; and if a name were 
used, the one chosen by the authors was very 
appropriate indeed. A new phase, in his opinion, 
should be associated with a definite structure ; but 
he did not find there was a definite structure, the 
authors gy Prey od followed a different method 
of etching. e whole feature could be explained 
without having recourse to a new phase, and no 
new name needed to have been introduced. 

Mr. E. H. Saniter stated that an interesting point 
in the second diagram given by the authors had re- 
ference to the question of the solubility of steel at 
400 deg. Cent. The diagram showed the behaviour 
of the carbon when dissolving the steel in a 10 per 
cent. sulphuric acid solution out of contact with 
air, also the influence of quenching and tempering ; 
400 deg. Cent. fixed the carbon residue and the 
starting-point of sorbite. It would be important 
to elaborate the methods which had led the authors 
to the point marked in one of their diagrams, and 
showing a phase at a tempering temperature of 
600 deg. Cent. 

Sir ‘Hugh Bell thanked Messrs. Heyn and Bauer 


The next gg taken was one by Mr. W. H. 
Hatfield, B. Met., Sheffield, entitled 


Tue CuHemicaL Puysics INVOLVED IN THE Dp- 
CARBURISATION OF IRON-CARBON ALLOYs, 
and was read in abstract by the author. 

In this the author reverted to the work carried 
out by Dr. Wiist in the matter of the chemical 
physics involved in the decarburisation of white 
iron, and regretted he could not accept the theo- 
retical deductions of the German scientist. The 
latter had put forward a theory to the effect that it 
was necessary that the carbon should be out of solu- 
tion, or combination, as temper-carbon, before the 
action of the oxidising influences, which were to 
eliminate it, could take place. Apparently, Mr. Hat- 
field said, the fact was lost sight of that to produce an 
annealed cast iron, which should be as malleable and 
ductile as possible, it was not necessary that the 
free carbon should be removed. There generally 
remained, he added, at least 1 per cent. temper- 
carbon in the so-called decarburised malleable cast 
iron. The author referred to the experiments made 
by Sir Robert A. Hadfield, also to a former paper 
of his own on the ‘‘ Influence of the Condition of 
Several Varieties of Carbon,” read hefore the 
Institute in 1906. He further called attention to 
the researches made on the subject by several 
members, and after demonstrating his point, giving 
particulars of his own researches, he summed up as 
follows :—‘‘ It may be concluded that the deduction 
of Dr. Wiist, according to which it is essential that 
the temper-carbon be precipitated before elimina- 
tion, has not been established, and that the theory 
given by Ledebur, which Dr. Wiist refutes, repre- 
sents more accurately the chemical physics of 
decarburisation.” 

Mr. J. E. Stead, in opening the discussion, said 
that: before Dr. Wiist had published his researches, 
the conclusions arrived at by Mr. Hatfield were 
received. He (Mr. Stead) had been engaged in the 
same work, and he had also arrived at conclusions 
which agreed with those of Mr. Hatfield. He 
thought, therefore, that the latter was right. 

Professor Turner also stated that he was in 
general agreement with the conclusions of the author 
of the paper. Many experiments had been carried 
out with malleable cast. iron, as it had become an 
important branch of manufacture. He did not 
agree with one point given in the paper: Mr. Hat- 
field had shown the percentage of sulphur to be 
0.35 per cent., this being the same in a converted 
bar as in an unconverted one. He (the speaker) 
had found that the sulphur diminished in quantity 
in a similar case, and occurred as sulphide. But 
generally, as he had said, he was in agreement with 
the author, particularly with the figure illustrating 
the decarburisation of white iron; he also had 
never found precipitated carbon. Other points, 
deduced from the speaker’s researches, supported 
Mr. Hatfield’s conclusions ; he referred to a paper 
of his own, read at a former meeting, in which the 
behaviour of the carbon was dealt with, and was 
found to agree with actual manufacturing practice 
in puddling furnaces, in the acid Siemens and other 
processes. There was, therefore, in his opinion, 
much support in favour of the author’s view. 

Mr. E, Adamson also found that the results given 
by Mr. Hatfield-confirmed his own experiments. 
He (the speaker) annealed at 1100 deg. Cent., and 
obtained an entirely decarburised metal. He also 
alluded to the different grades of graphite formed 
according to the manner in which the piece had been 
cooled down from a given heat, and suggested that 
investigations might be carried out with this in view. 

Professor McWilliam, after first making a passing 
reference to the length of time which was allowed for 
discussions, said he had followed up Mr. Hattield’s 
results. The points should be carefully considered, 
bearing in mind the great attention that was now 
paid to every German research as against work 
carried out at Sheffield. Many of the views which 
were held in former times were found to be still 
correct ; he was, so far as he could then state, in 
agreement with the author, and would add to the 
discussion by correspondence. 

Mr. F. C. Moorwood gave a few words on the 
conversations he had had with his friend Mr. Hatfield 
in the matter of the discussions the latter had 
carried on with German scientists in regard to the 
subject under consideration, and these had led to 
the present paper in which the author's views were 





for their valuable paper. It was one which would 








have to be dealt with by correspondence, and he | 
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Mr. Hatfield; in replying to the discussion, said 
that he had decided to go fully into the matter in 
dispute between Dr. Wiist and the Sheffield men 
who differed from him, and to carry out experi- 
ments which had led to the results he had given. 
It was very satisfactory to him that Mr. Stead, 
Professor Turner, and the other speakers agreed 
with his conclusions. In regard to the point. raised 
by Professor Turner concerning the percentage of 
sulphur stated for the sample of a treated casting, 
the half of the figure given would probably be the 
exactamount. He was aware of a difference in the 
percentage of sulphur which occurred on cooling, 
but had not given, perhaps, sufficient attention to 
this particular point. sft 

Sir Hugh Bell thanked Mr. Hatfield for his inte- 
resting contribution. He also congratulated him 
on the excellent way in which he had read his paper 
in abstract. . 


PRESENTATION OF THE BESSEMER MEDAL. 


The meeting of Friday, the 14th inst., opened 
with a speech by the Chairman, Sir Hugh Bell, on 
the occasion of the presentation of the Bessemer 
Gold Medal to Mr. A. Pourcel. No greater plea- 
sure, he said, could fall to him than the duty he 
had then to discharge, of conferring on his old 
friend, Mr. Pourcel, the honour the Tnstitute had 
bestowed upon him in electing him a Bessemer 
medallist. He had known Mr. Pourcel for a num- 
ber of years, and to know him was to esteem him. 
All felt the deepest regard for the man, and it was 
a great pleasure for the Chairman to tender him 
the highest honour the Iron and Steel Institute 
could bestow in the shape of the Bessemer Medal. 
It was not because Mr. Pourcel was esteemed as a 
man that he was thus honoured, but because he was 
esteemed as a metallurgist, who had done great 
things for the industry in which they were all en- 
gaged. Mr. Pourcel was born at Marseilles, he had 
been educated at_the National School of Mines at 
St. Etienne, and entered the Terrenoire Works in 
1860, 49 years ago ; he had, therefore, almost. half a 
century, and a long term of honourable labour, to 
look back upon. He established Bessemer works 
in 1867; open-hearth steel works followed. He was 
the first to manufacture ferro-manganese and silico- 
spiegel in the blast-furnace. He developed the manu- 
facture of solid-steel castings. He was honoured 
at the Paris Exhibitions of 1878, 1889, and 1900, 
and also by a number of French technical associa- 
tions. He built steel-works at Bilbao, and an open- 
hearth plant at the Clarence Iron-Works. In 
honouring Mr. Pourcel, concluded Sir Hugh, they 
were honouring the Institute, and alse the Besse- 
mer Medal. 

Mr. Pourcel returned thanks in French and ex- 

pressed the deep gratitude which he felt at seeing 
his name recorded on the list of Bessemer medal- 
lists after the names of the eminent men to whom the 
medal had been awarded, a list which was headed by 
the name of Sir Lowthian Bell. He would view the 
distinction as a pious remembrance of Sir Lowthian 
and with feelings of gratitude towards his distin- 
guished son, the President of the Institute. He 
had always considered the Bessemer Medal as the 
highest distinction that could. be awarded in 
acknowledgment of the work carried out by a 
metallurgist, and he had looked up to it since the 
time when he thought he might, perhaps, obtain it. 
He took the opportunity to mention two names, 
well known in Foelian Sans of Messrs. Euverte 
and Walton, who had been his chiefs, and whose 
colleague he became later; they, however, had 
passed away, and he was now the sole survivor of 
the three. He also referred to the work carried out 
by Sir Robert A. Hadfield, and concluded by thank- 
ing Sir Hugh Bell, the Council, and his colleagues 
of the Institute, for their kind award, which he con- 
sidered as the crowning of his career. 
_ Sir Hugh Bell being compelled to leave the meet- 
ing to fulfilanother engagement, the chair was taken 
hy Mr. E. Windsor Richards, and the paper by 
Mr. W. Rodenhauser, Saarbriicken, entitled 


Tue Exvectric Furnack anp Execrricat Process | 
or Sreei-Maktxa, 
was read in abstract by the Secretary. We repro- 
duce this paper on page 690. 
_ The author stated that the method of refining steel 
clectrically was now being taken up readily by the 
stcel-making industry. He reviewed the various 





systems, classifying them into two groups : the 
electric are furnaces, and those in which the are 
was avoided, In the first were the Stassano, 


Héroult, and Girod furnaces. A weakness of the 
Stassano furnace, first built in 1898, was that heat 
losses could not be avoided on account of the doors 
having to be opened for introducing slag-forming 
material ; further, the electrodes projecting hori- 
zontally were more liable to be broken than ver- 
tical electrodes. In 1900 Héroult patented his 
furnace ; the carbons in this are vertical, there is 
less chance of heating the roof. In the Girod fur- 
nace, one electrode is a suspended carbon, the 
other being of iron placed at the bottom of the 
furnace. In all these are furnaces, the tempera- 


|ture of the charge could not be appreciably in- 


creased by resistance heating; the heating was 
localised ; there was a heavy loss of energy due to 
the comparatively high resistance of the carbon, and 
to water-cooling of the openings where the carbons 
entered the furnace. e then gave a description 
of the Kjellin, Frick, and Réchling-Rodenhauser 
induction furnaces. An alternating current made 
it possible, by a comparatively small current in the 

rimary winding, to induce a very large current 
in the secondary winding, with a very small loss of 
power, the currents being inversely proportional 
to the number of turns in the respective windings. 
Ferranti utilised this principle in the first instance, 
and paved the way for its application to furnaces. 
He then described briefly the Kjellin and the 
Frick furnaces, which were very similar, and, in 
greater detail, his own furnace, which was patented 
in 1906. We need not at this place enter into the 
details of the latter; it will suffice to refer to 
Mr. Rodenhauser’s paper, which, as we have said, 
we reproduce on page 690. 

The discussion was opened by Mr. A. Windsor 
Richards, who said that there was no doubt that 
electric steel for special purposes had come to 
stay.. He thought, however, that it would have 
to be cheapened considerably to enable it to com- 
_ with that obtained by the ordinary processes. 

he paper was a very interesting one, in that it 
gave a review of the various types of electric fur- 
naces now used. The analyses of electric steel 
were particularly good; on the other hand, its 
cost was particularly high. He reverted to par- 
ticulars given by the author concerning a rail 
steel he had made in his furnace, The author 
for this had taken blown metal from a_ basic 
Bessemer converter; the blown metal  con- 
tained about 0.08 phosphorus and about 0.1 
sulphur, the electric furnace reducing the phos- 
dhorus to about 0.03 and the sulphur to about 0.01. 

e had also given figures of the physical tests 
carried out with the rails, which figures, like those 
of the analyses, were excellent. ut, as was well 
known, exactly similar steel could be produced with 
the basic open-hearth process, and at much lower 
cost. He asked whether the author had purposely 
stop his refining process when he had reached 
the low percentages of sulphur and phosphorus he 
had stated.’ If he did, he (the speaker) agreed 
with the author, because it was not beneficial to 
reduce sulphur and phosphorus below those _per- 
centages for rail steel, even with a percentage of 
carbon of 0.7 to 0.8. If he did not purposely stop 
at that point, was it because he knew he could not 
further reduce the sulphur and phosphorus? If he 
failed to reduce them, was this not attributable to 
the fact that he was unable to obtain in an.induc- 
tion furnace such a high temperature as in an arc 
furnace? The high quality of electrical steel, 
according to the speaker, was not so much due to 
low percentages of impurity as to the’absence of 
gases—principally nitrogen and oxygen—in the 
steel. 

Mr. J. M. Gledhill, who followed, said he » aw 
with the»statement ‘made by Mr. A. W. Richards 
to the effect that the electric furnace was opening a 
new era in steel manufacture. The whole matter, in 
his opinion, came down to one of cost. At the 
present time in steel-smelting they were using coal 
practically direct; on the other hand, with an 
electric furnace plant they had to consider the 
utilisation of the coal through the boilers, the 
engines, and the electrical machines. It would 
seem, therefore, that electric smelting could only 


| with difficulty compete in regard to cost. Further, 


in smelting in the ordinary way they had for some 
years been recovering the by-products; these were 
valuable, and reduced the cost of production to a 
great extent. In his firm’s works they found that in 
this way they got their coal for nothing ; they even 
gained 1s. a ton for every ton of coal burnt. They 
obtained, for example, in their recovery process, 
sulphate of ammonia, which they could sell at about 


121. a ton, which led to a very low fuel-cost. Al- 
though, moreover, the electric. process gaye pure 
material, yet the various smelting processes also did 
so. The electrical process of steel manufacture had, 
therefore, a large amount of competition to meet 
and much ground to cover before it would be able to 
compete with the usual processes for manufacturing 
on a large scale. He asked for figures as to first 
cost, depreciation, and so forth in the matter of an 
electrical installation, as compared with the ordi- 
nary processes, inasmuch as the whole matter, after 
all, resolved itself into one of £ s. d. 

Mr. O. Frick said he was a competitor of the 
author ; he could not agree with the author on most 
points, and the conclusions he = author) had 
arrived at were not always right. Mr. Rodenhauser 
had said that the Stassano furnace covld not be 
used for large charges because of heat losses, 
through other disadvantages and because the hori- 
zontal carbons would become too long for a large 
surface, and hence be brittle. He also stated 
that the Girod furnace had the advantage over the 
Héroult furnace, both being arc furnaces, : because 
the demand for energy was more constant and the 
electric generators worked under better conditions ; 
but he had not added why it was more constant. 
The fact was that matters were not as stated, and 
the demand for energy and the arc were pretty con- 
stant ; the arc heated the air or above the 
bath, and the hot s transmitted the heat to the 
bath. When the furnace was filled it might occur 
that particles of steel came in contact with the 
carbon, leading to short circuits and to variations in 
the load on the generators. 

The author had said that, in the Girod furnace, 
the current left the furnace by an iron water-cooled 
electrode in the bottom of the furnace, there being 
resistance heating as wellas arc heating, the current 
flowing through the bath to the bottom. This was 
not the case, for the current in this case was on 
about 10 watts, corresponding to only a very small 
amount of energy. He was right when he~ said 
that the heat generated in an arc furnace was gene- 
rated in the arc itself. The author had been kind 
enough to mention in his paper his (the er 
furnace as one which attained some practica 
importance ; he (the speaker) had been very care- 
ful to keep back all information about it, although 
he had been working at it for the last six or seven 
years. He had found that when a new system 
appeared, great harm was done to it when publicity 
was given to it too soon. . He might say, however, 
that there was now a Frick furnace in work at 
Messrs. Krupp’s works at Essen. This was a 10-ton 
furnace working an 84-ton charge, and its results 
were so satisfactory that Messrs. Krupp had taken 
over his German patent. 

The author had also stated that in the Kjellin 
and Frick furnaces the grooved annular hearth was 
the characteristic feature ; that these furnaces had 
no side doors, and that the peculiar shape of the 
hearth naturally prevented the removal or changing 
of the slag ; w 2 these furnaces, therefore, were 
only adapted to conditions where comparatively 
pure materials were to be melted or alloyed. To 
this the speaker could only remark that the author 
of the paper did not know the Frick furnace, for in 
this the slag could be worked very conveniently. 
On the top there was but one single cover; it was 
rotated, and the opening allowed a thorough in- 
spection of the bath. They could make al] additions 
evenly, and could also skim the slag easily. In order 
that dephosphorisation should be certain, the best 
way was to empty the furnace completely, so that 
no phosphorus could get back to the bath, and that 
could be done at a small expense for power. 

The author had further said that his system had 
the great ‘eT * that it kept down the prime cost 
of a plant. To the speaker's mind, the lowering of 
the prime cost was not the most important feature ; 
he referred to the installation at Messrs. Krupp’s, 
on which 75,0001. had been spent, of which only 
40001. to 50001. was for the dynamo. The differ- 
ence in cost between that dynamo and an ordinary 








one was not very great, and by using single-phase 
the power consumption would be reduced. He 
had found that if the loss were lowered by 1 kilo- 
watt, a corresponding gain of 15 per tent. would be 
effected in capital outlay. 

In regard to the cost of electric steel, he said that 
the electric furnace should not be used to compete 
with the Bessemer and Siemens furnaces for melting 
down ; it should only be used in view of the highest 
temperatures that could be obtained with it. Inthe 
matter of recovery of by-products from the gas he 
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stated that if the total efficiency of the gas and the 
total efficiency of a Siemens steel plant were calcu- 
lated and compared, they would arrive at very 
sti e figures. . The total efficiency of the Krupp 
installation was over 33 per cent. ; that of a Siemens- 
Martin plant was 25 per cent. A certain quantity 
of coal could do a given amount, of work.in the 
electric steel furnace ;. the primary cost of the plant 
had; however, to be considered also. - But, he con- 
cluded, the electric furnace had come to stay, as 
had been stated, because when working. in. conjunc- 


tion with the Bessemer converter and Siemens-' 


Martin furnace it produced higher grades of steel. 

Mr. Hiorth, who followed, and ‘who was not dis- 
tinctly heard, pointed out the manner in which he 
understood the author’s furnace. The furnace dia- 
gram “shewed a central :eoil. with a rectangular 
portion ; one part of this could only give an efli- 
ciency of 70 per cent., and that, he thought, was 
the maximum that could be reached in the furnace 
owing to stray fluxes. Now, the author had men- 
tioned a 3}-ton induction furnace at Vélklingen, in 
which the electrical efficiency was stated to be 97 
per cent. Probably the whole efficiency would be 
97-per cent., and in the ordinary rings only 70 per 
cent., and these rings hada great radiating surface. 
If. the whole furnace was giving 97 per cent., it was 
robbing the induction part. . The speaker asked for 
explanation on the point, and drew a diagram on the 
blackboard illustrating a system of his own, adding 
that he had found the flat coil system to approach 
nearer to the ideal transformer; even then there 
were furnaces which had no more than 70 per cent. 
efficiency, and some were as low as 50 per cent. 
The best device, according to the speaker,- was, for 
large quantities, the pure induction furnace ; it was 
the handiest and also the cheapest. 

. Professor McWilliam said that the statement 
made by the author to the effect that any possible 
chemical action of the current might be left out of 
consideration should be received with caution, 
because it had not yet been proved that there was 
no possible chemical action even in the bath of an 
induction furnace. The Metallurgical Department 
of Sheffield University had given their attention to 
the electric steel question ; they had examined the 
Kjellin furnace as the one that would probably be 
the most suitable, and had decided to purchase a 
furnace of this type. They were going to experi- 
ment with it in conjunction with crucibles. He 
referred to a railway company who had paid a 
higher price for a number of steel rails which had 
been obtained from steel refined in an electric 
furnace. 

Professor Turner, reverting to the chemical 
action, said there were two cases, one in which 
current was reversed, this leading to no electro- 
lytic action, the other in which the metal was melted 
and current flowing always in one direction, where 
v0ssibly an electrolytic action did occur. In the 
fatter case there might. be the decomposition of 
— and of sulphide, and purification of the 
metal by the current. The induction furnace did 
not give high temperatures, and if dephosphorisation 
had to take place, the other type of furnace, in 
which the temperatures were higher, would be the 
more suitable one. 

Mr. Moorwood, who followed, said that the 
resistance furnace was more in the form of the 
Siemens furnace ; it could be more readily handled 
by the workmen, and its action observed. His 
opinion, ‘at all events, was that the electric furnace 
should now pass out of the hands of the electricians, 
and be.handed over to the steel-makers. . The 
electricians had done their work in the matter, 
and -he felt sure that if the furnace were passed 
on to. Mr. A.. W. Richards or Mr. Saniter, for 
example, these gentlemen would soon be able to 
show results. It had come to stay, and would make 
it easicr to meet the present-day specifications, 
which were gradually becoming more stringent. 

Mr. KE, Adamson pointed out that the author had 
cast a reflection on the Héroult furnace by stating 
that the steel made in that furnace was not per- 
fectly homogeneous. He (the speaker) said that 
such was not the case, and the steel made in the 
Héroult furnace was perfectly homogeneous. He 
had with him the analyses of sixty different cha: 
made from a 5-ton Héroult furnace, all of which 
afforded clear evidence of a greater purity than the 
analyses which the author had quoted in his paper. 

Mr. A. Cooper said the paper mentioned electric 


furnaces which were supplied with liquid metal 
-from basic Bessemer converters. He (the speaker) 
had seen the furnaces in operation, and there was 


no doubt that they seemed to be working success- 
fully, considering the metal they were using, and 
that metal was Bessemer steel. He would like to 
ask the author. whether he had any_ experience 
in_ using blast-furnace pig iron or mixer metal. 
Until that was done, the electric furnace would not 
form a serious competitor -to the open-hearth fur- 
nace. It was quite an easy matter to make open- 
hearth’steel to the analysis given by the author in 
his paper. He (the speaker) had manufactured, at 
the works with which he was connected, thousands 
of tons of steel rails showing the author's analysis, 
and able to’ stand the same tests. Therefore, he 
repeated, the electric steel furnace could not forma 
serious competitor until, at all events, it could start 
with blast-furnace or mixer metal, instead of starting 
with steel. For that reason, he asked if the author 
had any experience with such metal. 

Mr. T. Rowlands mentioned the experience 
which the American Niagara Falls Company had 
gained on the subject with an induction-furnace 
plant. They had melted steel having 1.2 per cent. 
carbon, .taking 440 kilowatts per ton, the charge 
being melted in 14 hours. It was, however, only a 
saanll demonstration plant. He differed from the 
author, and found slag difficult to remove. Their 
rings were of pure cast iron, and they had had no 
trouble since they used these ; further, it was not 
necessary to start from molten metal. 

. Mr. Rodenhauser, in replying, said he had not 
been able to follow all the questions, and would 
deal with them later. He, however, made the 
following few observations. In the matter of the 
percentages of phosphorus and sulphur they had 
only intended to go down to the figures they had 
stated, and which they found sufficiently low. In 
the matter of temperature there was no difficulty in 
arriving at any required degree of temperature. 
In Liége there was a furnace of the system used 
for making castings for the manufacture of motor- 
cars ; this was soft steel, and proved that any tem- 
rature could be worked to. Stassano was certainly 
imited in the diameter of his furnace ; this was a 
rotating furnace, and, if using long electrodes, 
accidents were greatly to be feared. Héroult 
could not work steadily; there were two poles 
in his furnace, therefore more liability to short- 
circuits, and the variations in the load were greater 
than in the case of the Girod furnace, especially 
when taking cold material. With the Girod fur- 
nace, the bottom electrodes were directly in contact 
with the metal, while in the Héroult there could be 
no.contact. With a circular hearth the removal of 
the slag was difficult to carry out, and the slag had 
to be got rid of carefully in order to prevent re- 
phosphorisation ; when the top was closed it was 
impossible to see to this point ; re-phosphorisation 
might result, and this was a most disagreeable 
occurrence. As to the surface of his furnace 
being larger than that of a circular hearth, 
this was not a fact. The furnace of which Mr. 
Hiorth gave a diagram on the blackboard would be, 
Mr. Rodenhauser said, difficult to work ; it would 
also be difficult to remove the slag from it. In 
regard to the refining action and to homogeneity, 
he had received comparative analyses between his 
steel and Héroult steel too late to communicate 
them ; but he could say that his furnace worked 
more quickly and started with worse material than 
did the Héroult furnace, and had proved that re- 
fining was better than could be accomplished in an 
arc furnace. 

The Chairman thanked the author for his inte- 
resting contribution. ‘ 

The next paper, by Dr. M. Ekenberg, London, 
entitled 


Fvet From Prat, 


was read in abstract by the author. We shall re- 
produce it inan early issue. In his paper the author 
dealt with researches and experiments made with 
the object of finding a suitable process for convert- 
ing peat into fuel without air-drying. Peat bogs, 
he said, were distributed all over the surface of the 
earth, and it had been estimated that there was 
more carbon in the peat deposits than in all known 
coal-fields. The author had studied the subject of 
pressing the water out of the peat and had found that 
a substance of thenature of hydrocellulose prevented 
the removal of the water ; this substance was found 
to be destroyed by heating, superheated liquid 
water being used for this. The percentage of 
carbon increased by increasing the temperature, 
and the treatment was described as ‘‘ wet-carbonis- 


” 





ing.” Ata temperature of 260 deg. Cent., the coal 








obtained with the dry process was 51.8 per ceut., 
and with the wet-carbonising process 78.2 per cent, 
The results at various drying temperatures were 
also stated. The wet-carbonising took about 30 
minutes, The paper described the plant and 
illustrated an experimental. installation ; it also 
gave the characteristics of various fuels in which a 
peat briqitette, obtained at a carbonising temp: ra- 
ture of 200 deg. Cent., showed ash and moisture to 
be 3.8. and-2.9 per cent. respectively, the heat ing 
value being 6280 ‘calories, as against 8000 (14, (i) 
B.Th.U.) for average English steam coal. 

Mr. Stead, who opened the discussion, said that 
during the last thirty years his attention had been 
directed to the subject of peat utilisation. He had 
visited Ireland to look into the matter forsome friends 
who had expressed the desire to make coke and pig 
iron on the spot. But the water present in the peat 
was so great, there being no artificial means to vet 
rid of it, and, further, the Irish climate being one that 
could not be depended upon for natural drying, the 
matter had been abandoned. Others had also tried, 
but their attempts had also ended more or less in 
failures. Dr. Ekenberg had taken up the subject 
and worked on a different basis ; his heating the 
wet material up to 200 deg. Cent., and over, in water, 
rendered filtering through sacking now possible. 
Previously the whole of the wet material went 
through the filters, but since it was heated the 
water only passed through the filters. If material 
were taken from the top of the filter and mixed 
with raw material, the whole went through, and it 
was the hydrocellulose present in the raw material 
which was responsible for that condition. He 
asked Dr. Ekenberg whether the peat did not cause 
wear and tear on the iron tubes, for the peaty acids 
acted on iron. Cold peaty water did not appear to 
act on cast iron to any extent, but confirmation of 
that point was required. In view of the exhaustion 
of coal-fields, a process opening out new sources of 
fuel was welcome. 

Mr. A. Lamberton could not help noticing a certain 
degree of similarity between Mr. Cushman’s aim, as 
shown by his paper on the preceding day, and that 
forming the subject of the paper just read. Whether 
the process described by Dr. Ekenberg would be 
the one adopted he would not like to say ; but if 
it were really a practical commercial success, it would 
certainly prove one of vast interest to all. He (the 
speaker) would not have taken part in the discus- 
sion had not Mr. Stead spoken first on the question. 
If the process really proved to be a commercial 
success, and enabled the utilisation of a product 
that had gone to waste, the paper formed, as it 
were, the commencement of a most important in- 
dustry, and was one that would draw the attention 
of men who were able to go fully into the question. 
He congratulated the author on his contribution. 

In the course of a very short reply, Dr. Ekenberg 
said, with reference to the wear and tear of tubes, 
that some acid did form by the heating, but not to 
such an extent that the tubes were corroded more 
than would be reasonably expected. Experiments 
lasting several months showed that the wear and 
tear would be covered by a depreciation of 10 per 
cent. on the cost of the plant. 

The last paper taken, which was read in abstract 
by Professor Me William, was that entitled 


A Hear Treatment Stupy or Bessemer STEELS, 
written by him, in collaboration with Mr. E. J. 
Barnes, Associate in Metallurgy, Sheftield Uni- 
versity. 

In this paper, the authors describe a series of heat- 
treatment tests which they carried out on ordinary 
commercial English acid Bessemer steels of carbon 
content varying from 0.10 to 0.86 per cent. The 
steels were received and treated in the form of 
forged or rolled”1-in. round bars, and, either as 
received or after the treatment detailed, they were 
all tested in Serie, and as far as possible also 
under Dr. Arnold’s alternating stress test, and were 
examined under the microscope. The paper stated 
the manner in which some of the bars were treated 
by annealing, quenching, and tempering. It als» 
contained a large number of tables giving the 
chemical and physical characteristics of the various 
samples dealt with, these being illustrated by 
micrographical sections and curves. The authors 
concluded by saying that the carrying out of a long 
series of experiments in any material inspires 4 
kind of affectionate regard for it; but, making 
full allowance for all this, they were left with 
a very strong feeling that the acid Bessemer stec!, 
skilfully made, was a really first-class material. 
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Mr. W. F. Beardshaw, who opened the discus- 
sion, said that one of the first actions of the Sheffield 
Society of Engineers and Metallurgists, when he 
became president several years ago, was the presen- 
tation of a Brayshaw salt-bath furnace to the Univer- 
sity, and this had facilitated researches. He called 
the authors’ attention to the fact that they had 
omitted to refer to the work of Mr. Cosmo Johns, 
and suggested that it might be possible for them 
to carry out researches on larger samples. He 
(the speaker) had used 5-in. bars, and had found 
varying results, according as the sample was from 
the core or the outside, the tests showing, from 
the outside, a 48-ton breaking stress, 32-ton yield 
point, and 23 per cent. elongation, the core samples 
showing respectively 44 tons, 27} tons, and also 
23 per cent. 

Mr. J. M. Gledhill, who followed, said the tests 
were very interesting, but they were merely acade- 
mical tests, seeing that they were carried out only 
with small bars. If the experiments had referred to 
forgings of 10 tons to 50 tons, from which test-bars 
had been cut, the results obtained would have been 
of greater value still, for it was concerning the 
metal in large masses that we wanted to know 
more. It was when dealing with large masses that 
special difficulties came in. He (the speaker) 
agreed with the authors in their statements as to 
annealing ; they had found that drastic annealing 
lowered the alternating stress results, and in some 
cases it also seemed to rob the steel almost entirely 
of its elasticity, and was a treatment to be avoided 
for forged steels. Over-annealing was a very 
serious matter, and it was difficult to know exactly 
when to stop the process. The object in view was 
to obtain material that stood well and had higher 
elastic limits. They had trouble enough now with 
their specifications, but they had to go on, and 
they all had to work for increasing their elastic 
limits, by using alloys, or in some other way, while 
maintaining ductility. 

Mr. Stead stated that the paper showed evidence 
of a large amount of work. He asked whether the 
tests made at Sheffield had been carried out on sec- 
tions cut perpendicular to the direction of rolling. 
He (the speaker) made the alternating stress tests in 
a much simpler way than Dr. Arnold, and in an 
apparatus which cost only 10s. He found that the 
samples taken with the direction of rolling gave 
double as many bends as those taken across gave— 
300 as against 150. He also referred to the micro- 
graphical sections shown in the paper, and stated 
the constituents he had found, their behaviour, 
and manner of segregating according to the time 
allowed for the different operations. 

Professor McWilliam thanked the meeting for the 
way in which the paper had been received, and re- 
gretted he had forgotten to refer to Mr. Cosmo 
Johns’ researches. The tests they had made were 
not altogether academical, they were only acade- 
mical to those who made big things. But besides 
the latter, there were a large number of manufac- 
turers who were making small things, in which 
there was an enormous trade. They would, at 
Sheffield, like to test on large sizes, but it was 
with them a question of £ s. d. ; they could only act 
within the sum provided them. He thanked the 
members, in his own name and in that of his col- 
league, for the kind way in which the discussion 
had been carried on, and added he would be pleased 
to reply by correspondence to any criticisms that 
would be sent to the Secretary. 

The Chairman thanked the authors, and the meet- 
ing came to a close. 








BEAKDMORE’S STEEL WORKS AT 
PARKHEAD, GLASGOW. 
(Continued from page 658.) 

Tue Genera Macuine-SHops. 

Ix describing the construction of guns and the 
manufacture of armour in previous articles, we 
have referred in some detail to the machine-shops 
and special tools which are utilised for these, two 
of the most important of the productions of the 
works. There are, however, several shops and 
some heavy and special tools for the completion to 
finished shape of the shafting and other forgings 
and castings, the production of which was described 
on page 513 onte. It is our intention now to deal 
with the important tools in these general machine- 
shops. Apart from those shops in which the work is 
confined to the upkeep of the plant, there are, in 
the western half of the works, B and C.shops, for 





— heavy machine-work and armour at times ; 

shop, for armour ; E shop, for grinding armour 
and marking, boring, and tapping bolt-holes ; and 
F shop, for erecting armour. 

The machine-shops B and C are marked 22 and 
23 on the plan on page 440 ante. They are each 
200 ft.. by 50 ft., lofty and well lighted, and are 
served by 30-ton and 50-ton overhead cranes. Em- 
ployed principally for machining large-shaped cast- 
ings, such as stern castings of ships, entablatures of 
hydraulic presses, &c., shop contains a note- 
worthy planing-machine by Schiess, of Diisseldorf, 

urchased by Mr. Beardmore at the -Diisseldorf 


xhibition of 1902. Its purchase is indicative of | 
the broad-minded policy pursued in extending the | 


works. It is probably one of the finest tools used 
for armour-plate. It has a moving table 13 ft. 3in. 
in width, with a 34-ft. stroke, and a height under 
the girder of 13 ft. 3 in. ; it will be remembered 
in. this connection that the armour-rolling mill 
has a width of 13ft. 6in. The table weighs 
40 tons, and the whole machine 160 tons. There 
are four tool-slides, and the cutting speed varies 
from 12 ft. to 40 ft. per minute, with a constant 
return speed of 40 ft. The machine is driven by a 
50-horse-power reversible electric motor. As an 
indication of the power of this machine, it may be 
stated that on a 65-ton casting (i.e., including the 
table, a moving weight of 105 tons), four tools, 
each taking a 1}-in. cut with a }-in. feed, have 
operated with perfect ease and absence of vibration ; 
so much so that an ordinary lead-pencil stood up- 
right on its end on the table throughout a com- 
plete stroke in each direction. Later we intend to 
deal with several of Schiess’s large machine-tools. 

Other machines in this shop are four heavy planers 
by Messrs. Thomas Shanks and Co., of Johnstone ; 
four band-saws, by Messrs. Noble and Lund, 
Limited, Felling, Newcastle on-Tyne, which ere 
almost continuously employed in cutting out crank- 
webs ; and a vertical boring-machine, which is note- 
worthy as having been first installed at Parkhead 
sixty years ago, and which, recently re-erected in 
this shop and fitted with electric driving power, is 
going to-day as well as it did sixty years ago. It 
is by Messrs. Harvey and Co., of Glasgow. 

Two other noteworthy machines are lathes by 
Messrs. Hulse and Co., Limited, Manchester, used 
for general work, and specially for gun-work. 
These two machines have 32 in. height of centres 
and double beds 80 ft. long. An illustration of one 
of these two powerful and useful lathes is given 
in Fig. 43 on page 686. 

These lathes each weigh 66 tons; are built on the 
firm’s non-rotating twin-screw principle, and each 
of the four sliding carriages is absolutely indepen- 
dent, and may operate in the same or contrary 
directions and at the same or different rates of 
feed ; tapering mechanism and micrometer adjust- 
ments are fitted to the front carriages. Each lathe 
is driven by a 50-brake-horse-power electric motor, 
having a variation of speed of 3 to 1, and a 10-horse- 
power motor traverses the sliding carriages. 

Machine-shop C calls for no particular comment ; 
it contains four heavy planers, two combined 
slotters and planers, a large horizontal boring- 
machine, and two machines specially designed for 
buffing parts of armour difficult of access, such as 
the edges of embrasured gun Fig. 45, page 
687, is an illustration of this shop, and there is seen 
in the foreground the rudder-head casting for the 
twin rudders of H.M.S. Vanguard, which has been 
bored and machined here, while, as also typical 
of the class of work dealt with here, mention may 


|be made of the complete stern-frame casting of a 
| Japanese turbine battleship now building in Japan, 


recently completed and erected on its floor. 

The machine-shops D and E were described in 
our article on the manufacture of armour, and to 
complete the record of the machine-shops in the 
western half it remains only to mention the pattern- 
shop or mould-shop (49a on the plan). This is a 
three-storied building of 170-ft. by 35-ft. floor, and 
is used for thepreparation and storage of all moulds 
for armour-plates; these are made from the Govern- 
ment drawings, but sometimes the moulds them- 
selves are sent from the dockyard at which the ship 
is building. 

In the eastern half of the works are found the 
G, H, and I shops (numbered 2, 3, and 4 in the 

lan on page 440 ante). These shops form three 
ys under one roof, the two latter, with an adjoin- 
ing range of offices, drawing-offices, gauge-room, 
tool stores and smithy being added in the course of 
the last few years to the G shop, which was built 


|in 1900. These three magnificent shops are lofty, 
}and lighted from overhead, as is indicated by the 
| typical view given on page 687 (Fig. 46). G shop 
| measures respectively 630 ft. by 60 ft. ; H shop is 
, 515 ft. long by 55 ft. wide ; and I shop 470 ft. by 46 ft. 
| Together with the offices, &c., and the power-house 
| attached to them at their eastern end, they cover 
/2h acres. Lines of rail run into the entry at the 
| west end of each bay, and put the shops into easy 
_ communication with the forge, foundry, and all 
other parts of the works. ‘The several bays are 
|served each by two cranes of 60 tons to 80 tons 
| capacity each. 

| A very noticeable feature on entering these shops 
is the entire absence of belting; every machine 
is driven by its own electric motor ; of these there 
are approxiniately 100 installed, the horse-power 
of each varying from 24 to 65. In the older op G 
(marked 2 in the plan on page 440 ante) is the plant 
for dealing with the heaviest class of work, amongst 
which may be mentioned marine and other shaft- 
ing, parts of hydraulic presses, armoured ammuni- 
tion tubes for warships, rotor-drums, and such like 
large material. Entering at the west end, there is 
found on the right a series of four crank-lathes. 
The first of these has a 5-ft. 6-in. radius, and an 
extreme length between the headstocks of 45 ft.; by 
the insertion of packing-pieces under the head- 
stocks and under the tool-rests the radius can be 
increased to 10 ft. Fig. 44 illustrates a rudder of 
a battleship being turned in a crank-shaft lathe. 
This rudder casting had a maximum width of 
14 ft. 4 in., and its weight was 14 tons, The other 
three crank-lathes are of less size, the smallest 
being 4 ft. 6 in. radius and 26 ft. length ; all four 
are of the well-known type of Messrs. Thomas 
Shanks and Co., Johnstone. On the left are four 
shaft-lathes of various dimensions, the most impor- 
tant, a double-headed lathe of 32 in. radius and 
65 ft. between head-stocks ; the lathe next to it is 
aligned with it, so that by the insertion of a con- 
necting-piece, shafts up to 130 ft. long can be 
dealt with. In this manner there was completed 
the screw shafts for His Majesty’s ships Black 
Prince and Cochrane, the over-all length of each 
of which when finished was 86 ft. 6 in., with a 
maximum diameter of 26.5 in. Fig. 47 on page 698 
shows this shaft in process of being turned in these 
lathes, which also have been constructed by Messrs. 
Thomas Shanks and Co., of Johnstone. Con- 
veniently placed for these crank and shaft lathes is 
a centering gantry, where the material is marked 
| off and centres drilled. 

Proceeding along the shop, there are, on the right, 
slotting and horizontal boring- machines, radial 
drills and saws, while on the left are found planing- 
machines and a large vertical milling-machine. This 
vertical milling- machine, which is by Messrs. 
Kendall and Gent, Limited, Manchester, is speci- 
ally designed for dealing with various kinds of 
forgings for marine-engine parts; it has a capa- 
city for milling a face 24-in. deep, making a cut 
1} in. deep with a feed of lin. per minute ; for 
this purpose a milling-cutter is used 25 in. long by 
8 in. in diameter, built up of three pieces, tongued 
and grooved together. 

This brings us to the centre of the shops, where 
a transverse line of rails runs across the three 
shops, and facilitates the moving of material from 
one to the other in op antr ng with the cranes. 
Beyond this point, still eeping to the G shop, we 
find, on the right, two double-shaft borers, and on 
the left a trepanning and a parting-machine. Both 
of these latter are in continuous use, since, for 
solid shafting, practically every ingot, after bloom- 
ing and preparatory to forging, has to be first cut 
to hese 4 in the parting-machine and then tre- 
panned. The parting-machine is of the usual type, 
and takes a section of 66 in. diameter, and of any 
weight ; 94-ton ingots have already been dealt 
with. This machine and the trepanning-machine, 
already described in our article.on gun manufac- 
ture, are by Messrs. Fairbairn, MacPherson, Leeds. 
The adjacent shops, H and I, were also described in 
connection with the construction of guns, as they 
are confined to ordnance work. 


(To be continued. ) 





Tae Messaceries Maritimes.—This company has had 
another dividendless year. The net profit for 1908 was 
263,615/., as compared with 505,713/. in 1907.° Of the 
263, 6150. ~ eye the net profit of last year, 180,211/. 
was applied in writing down the fleet, 69,2947. was ex- 
pended in reconstruction, an@ 14,110/. was carried forward 
to the credit of 1909, 
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ELECTRIC FURNACE FOR STEEL-MAKING. 


The Electric Furnace and Electrical Process of Steel- 
Making, with particular reference to the Richling-Roden- 
hauser Furnace.* 


By W. RopENHAvSER (Saarbriicken). 


ELECTRICALLY refined steel, with the various furnaces 
for producing it, has been much discussed in industrial 
centres during the past few years. If I venture, in spite 
of this, to lay before this meeting a consideration of the 
comparative merits of the methods of refining steel elec- 
trically, and of the furnaces in which this is done—with 
special reference to the Réchling-Rodenhauser furnace— 
it is because a renewed consideration of the subject 
appears to be justified and demanded by the industry; 
since, though electric steel-refinin ne gg slowly at 
first, it is now advancing with cagle strides, and is being 
readily taken up by the entire industry, and, in spite of 
the numerous publications concerning the operation of 
various systems, there is still a good deal that is obscure. 

Although I assume that members are well acquainted 
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with the various types of furnaces from what has been 
published, the following will give a summary of the types 
of furnaces which are available at the present time. 

All those furnaces which have got no further than being 

tented, and those which have been tested, but have 

ound no further application, may be passed over. The 
following only remain to be considered :—The Stassano, 
Héroult, and Girod furnaces, on the one hand, and the 
Kjellin, Frick, and Réchling-Rodenhauser furnaces on the 
other. 

The furnaces which are enumerated above can be 
divided into two entirely distinct groups :— 

:(i.) Electric arc furnaces. 

(ii.) Furnaces in which the arc is avoided. 

The main differences between the two groups are care- 
fully considered in what follows. After Werner Siemens 
constructed arc furnaces in 1878-79, which closely resem- 
bled the Girod furnace, Stassano, in 1898, built the first 
arc furnace which was applicable to the iron industry. 

It is well known that two or three carbon electrodes are 
employed in the Stassano furnace, and these are brought 
into the furnace from the side, and dip down slightly from 
the horizontal, and one or more arcs are formed in the 
middle of a nearly circular hearth (see Fig. 1). We thus 
have a furnace which is heated by the heat radiated from 
the arcs. While the heat of the ares is chiefly directed 
downwards, yet, as mentioned by Osann in Stahl und 
Eisen in 1908, a considerable quantity goes to heat the 
dome-shaped roof of the furnace. 

A critical weakness of the Stassano furnace, compared 
with other arc furnaces, is that heat losses cannot be 
avoided, in spite of careful exclusion of air on account of 
the doors being opened for inserting slag-forming mate- 
rials and for taking test-samples, &e. In addition, the 
roof can only stand the high temperature of the furnace 
for a short time, although it is composed of expensive 

esite; and a renewal occupies a considerable time, 
and the cost of renewals is heavy. 

It must also be remembered that the electrodes project 
almost horizontally into the furnace, and so are more 
easily broken than if they were vertical, and that the 
entire furnace is a so that it can be rotated in 
order to mix the metal, and thus ensure homogeneity. in 
the product. It seems scarcely probable, therefore, that 
this furnace will find extensive application except for 
small charges—up to a ton, for instance. 





In 1900, two years after Stassano, Heroult applied for 
the patent of his furnace, which is the best known arc 
furnace at present. 

In the Héroult furnace the arc is not formed between 
the two carbons, as in the Stassano furnace, but between 
the carbons and the bath of metal, so that the current 
which passes through the carbons also passes through part 
of the metal (see Fig. 2). 

The construction of this furnace offers several advan- 
tages over the Stassano furnace. As the carbons are 
arranged vertically, there is less chance of heating the 
roof, which is movable. The furnace does not need to 
rotated, and so is more simple in construction. In common 
with all arc furnaces, the question of maintenance of the 
roof is the weak point, as this needs to be replaced every 
fourteen days. 

The third arc furnace to be mentioned is the Girod 
furnace, in which one electrode is a suspended carbon, 
and the other electrode is made of iron, ag at the 
bottom of the furnace and water-cooled (see 





that the demand for energy is more constant, so the elec- 






Fig.2. 
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ig. 3). This | 
furnace presents the advantage over the Héroult furnace | 


In the Girod furnace the suspended carbon electrode 
acts in the same way as the carbon electrodes in the 
Héroult furnace. The difference between the Hérou!t 
and the Girod furnace consists in the current leaving the 
latter furnace by a water-cooled iron electrode in the 
bottom of the furnace instead of by a second suspend: 
electrode. It appears doubtful if this arrangement pre- 
sents any advan fromthe metallurgist’s point of view, 
for it is evident that there will be a gradual increase in 
temperature from the water-cooled electrode to the high 
temperature of the active bath of metal, and that the 


be | metal, which is solid near the electrode, becomes first 


pasty and then ye farther away from it. If this evil 
oes not appear fatal from a metallurgical standpoint, it 
must be remembered that energy is lost through cooling 
the furnace bottom, and this contributes to the cost of 
producing steel. 

Girod, in using water-cooled electrodes in spite oj 
these disadvantages, combines the advantages of the 
resistance furnace with those of the are furnace. He 
apparently starts with the conviction that the action 
of. the arc is not sufficient for heating a bath of steel, 
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The Girod furnace closely resembles the Héroult fur- 
In all arc furnaces the place where the carbons pass 
the air has access to them ; (2) if the cooling arrangements 
other. This applies particularly to the Héroult furnace. 
causes a great variation of temperiture in the roof, which 
of electric power, which costs money, is accentuated by 
the three furnaces which have been described, which - 
y 

ing of the bath takes place entirely by radiation from the 


S . 

nace in its construction and method of working, the chief 
through the walls must be thoroughly cooled, for the fol- 
are omitted, it is difficult to prevent the carbons rubbing 

It may be pointed out that the provision of openings in 
does not increase its durability. Apart from this, the 
the fact that carbon, having a high electrical conductivity, 
pear to be more essential at first sight than is actual 
arc ; while in the Héroult furnace the method of heating 





* Paper read. before the Iron and ‘Steel Institute, 
May 14, 1909, 
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tric generators are therefore working under better condi- 
difference being that the Héroult furnace is oblong in 
lowing reasons :—(1) Without this thorough cooling the 
on the surrounding masonry where they enter the furnace, 
the furnace roof, which is exposed to great heat, isa draw- 
water-cooling of these apertures involves a fairly con- 
is also a good conductor of heat. 

the case. 

is quite similar, but = the advantage that the arcs are 


y 4 

tions. 
shape, while the Girod furnace is square all round. 
carbons will become very hot and oxidise rapidly where 
causing small currents to escape from one electrode to the 
back, as the artificial cooling required at these apertures 
siderable loss of heat, and consequent unavoidable waste 

Reference may now be made to the differences between 

It has been seen that in the Stassano furnace the heat- 
formed against the bath. 
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since the arc only affects the surface of the bath, so 
that with a deep bath and without sufficient circulation 
there can be very objectionable differences of tempera- 
ture between different parts of the’bath of metal. It 
can easily be seen that this can take place in a 
simple arc furnace, from the fact that the Stassano fur- 
nace is arranged to rotate so as to thoroughly mix the 
metal. On this account Girod employs resistance heating 
as well as arc heatirig, in order to cause the electric cur- 
rent to flow through the bath to the bottom. 

In a 2-ton Gi furnace described in Stahl wnd Eisen 
the circular carbon electrode is 350 millimetres in dia- 
meter (962.11 uare centimetres in area), while the 
average section of the bath is 1200 millimetres by 1200 
millimetres, or 14,400 square centimetres. The depth of 
the bath is 240 millimetres and the length of the electrode 
1500 millimetres. 

From these figures we can calculate the proportion of 
energy expended in the carbon electrode and in the bath 
respectively, without taking account of that accounted for 
by the arc. 

Assuming that the temperature of the bath is 1800 deg. 
Cent., and that of the electrodes is 1000 deg. Cent. through 
their length, we get, 

Resistance of the carbon electrode 779 10—® ohms 

Resistance of the bath > .. 208x10—* ohms 


In this furnace, therefore, the resistance of the carbon 
electrode is 3800 times that of the bath of metal, so that 
3800 times more electrical energy is converted into heat 
in the carbon than in the bath itself. 

If the current in the bath of metal, therefore, produces 
any considerable amount of the total heat of the furnace, 
either there is a great loss of energy in the carbon elec 
trode, or the electrode must have a cross-sectional area of 
a size larger than is practicable. 

The view that the passage of the current through the 
bath of metal has any great influence on the heat pro- 
duced in a present-day arc-furnace must be abandoned, 
and in these furnaces the heating must be entirely ascribed 
to the very localised effect of the arc. In spite of this, 
however, the passage of the current through the carbon 
electrode causes a considerable loss of energy. This is 
shown by the following example :— 

The above-mentioned 2-ton Girod furnace requires 
about 300 kilowatts at 60 volts, with a power factor of 





cos @ = 0.8, 





erence 


ee TERT nm 





May 21, 1909. ] 


ENGINEERING. 





691 








The corresponding current is 6200 am and so 


peres, 
the /2 rloss in the carbon electrode is 6200? x 779 x 10-®= | 


99,944 or about 30 kilowatts, which is 10 per cent. of the 
yhole. . 

= remarks about Sant furnace apply also to 
he Heroult furnace, for though the current in this latter 
+ ae is only half as large as required for the Girod 
furnace, yet in the latter case the current has to pass 
through two carbon electrodes instead of one, so that the 
results which have been calculated for the Girod furnace 
apply also to the Héroult furnace. ; 

The conclusions respecting the operation of the arc 
furnace may be summarised as follows :—1. The tempera- 
ture of the charge cannot be appreciably increased by 
resistance heating. 2. e ek is pean entirel 
heated by the arc, and the hea‘ is very much localised. 
3, The passage of the current ugh the carbon elec- 
trodes gives rise to considerable loss of energy, due both 
to the comparatively high resistance of the carbon and to 
the water circulation for cooling the apertures where the 
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carbons enter the furnace. This loss of energy is about 
10 per cent. The cost of maintenance of the carbon 
electrodes is also considerable. 

Induction Furnaces.—Attention may now be directed 
to induction furnaces ; that is to say, furnaces in which 
the bath of metal is heated by inducing a current in it. | 

Suppose an alternating current is passed through a coil 
of copper wire called the primary, and another coil be 
suitably placed near it, then a secondary current will be 
induced in this coil, without the two coils of wire being 
in any way connected together. This property of an 
alternating electric current by which it can induce a 
secondary current enables a comparatively small current 
in the primary winding to induce a very large current in 
the secondary winding with a very small loss of power, 
the currents being inversely proportional to the number 
of tums in the respective windings. This Se of 
induction enables as large a current as may be required 
to be produced in an ideal manner, and Ferranti utilised 
this »rnciple in the first instance by inducing currents in 
the hody to be heated, and paved the way for all the 
modern electric furnaces. He obtained a British patent 
for hi invention in 1887, which was constructed too much 
from :le electrician’s point of view, and has not attained 
pract cx] importance. 

_ Tis deseribes an induction furnace having the prin- 
cipa! > oints of the Kjellin furnaces (see Fig. 4). In this 
furnac> the primary winding is placed within a cylinder 
mace of refractory materi either cooled by water 
cire:'stion or forced draught; the annular hearth sur- 
roun’s this cylinder. This annular hearth contains the 
mete’, which is an gen — oo and acts Ad 
sing) turn winding. If a current is 
throech the wile, an exceptionally large 
current is induced in the rr in the hearth, which heats 
the ictal, practically the total amount of electrical energy 
bein converted into heat. 

Ths construction of the Frick furnace, which has also 
attained some ical importance, is very similar to 
that of the Kjellin furnace. i 
between the Frick and the Kjellin furnaces is that in the 





former the weey windings are placed above and below 

the annular hearth, instead of within it (see Fig. 5). The 

heat is produced in exactly the same way in both furnaces. 

In these furnaces the Fang a annular hearth is the) 
characteristic feature. ese furnaces have no side doors, | 
and the operations are watched and papeented by lifting | 
off the covers of the grooved annular hearth section by 

section. The peculiar shape of the hearth naturally 

prevents the removal or changing of the slag, and so it 

should be pointed out that these furnaces are only adapted 

to conditions where comparatively pure materials are to 

be melted or alloyed. 

The Réchling Rodenhauser furnace, which has been 
pene since 1906, has a hearth a very different shape | 
trom the induction furnaces previously described. This 
furnace is constructed for single-phase and for three-phase 
current, having two grooves in which metal is melted in 
the first case, and three in the second (see Figs. 8 and 11). 
In both cases these two or three grooves, or panting 
channels, each of which correspond to the annular hearth | 





for pouring the charge, while the furnace may be charged, 
or deg-forraing material or additions may be thrown in, 
through either of the doors. As the doors are not much 
above the level of the top of the bath, the slag can be as 
easily removed in the Réchling-Rodenhauser furnace as 
in an are furnace, which is not the case with some other 
induction furnaces, so that the Réchling-Rodenhauser 
furnace is very well suited for refining processes. 

As access to the working hearth can easily be obtained 
through the doors in this fentiaen, the covers of the heat- 
ing channels and the central hearth remain in ition 
as long as the furnace is in operation. This enables any 
loss of heat.to be kept as 1 as possible, 

This central hearth D of the Réchling-Rodenhauser 
furnace, in which the metallurgical operations are carried 
out, is very similar in form to the hearth of an open- 
hearth furnace, constituting one of the chief departures 
from. the elder electric furnaces, and this construction 
offers considerable advantages from the electrical stand- 
point (Figs. 6, 7, 9, and 10). 
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of one of the above-mentioned induction furnaces, open 
into a distinct open hearth, the working chamber, where 
all the metallurgical operations take place, while the 

ves, which have a comparatively sraall cross-section, 
oon the secondary circuits, in which the currents which 
heat the metal are induced. 

Thus there is a working chamber surrounded by the 
transformer which closely resembles the hearth of an arc 
furnace. Two lateral doors are provided ina single-phase 
furnace, and three in a three-phase furnace, which enable 
the hearth to be observed (see illustrations of 8-ton single- 





principal difference | 


hase furnace, Fig. 12, 694, and of 1-ton three- 
urnace, Fig. 13). As furnace is so constru that 
it can be tilted, one of the doors is provided with a spout 





In the older furnaces the current in the primary only 
serves to induce a secondary current in the annular 
hearth, but in the Réchling- enhauser furnace a dis- 
tinct secondary winding is provided, in which a secondary 
current is induced by the primary current, and these 
windings are connected to cast-steel terminal plates which 
are embedded in the refractory material of the furnace. 
This refractory material becomes an electrical conductor 
at the higher temperatures, and this enables an additional 
electric circuit to be formed, so that the currents induced 
in the secondary winding pass through the terminal 

lates to the central hearth and through the bath of metal, 
fosties the bath still further. The conditions in which 
current is passed through the bath in this furnace are 
very different from those in which current is passed 
through in arc furnaces. There is very little wastage of 
the part of the refractory material which serves as the 
electrical conductor, and it has even been found that 
ome parts last the longest of any part of the furnace 
ining. 

There is no necessity for changing the terminal plates, 
and the heavy charges for replacement of electrodes which 
are incurred with all types of arc furnaces are avoided. 
In addition, there is no possibility of the bath of metal 

ing up impurities from the electrodes, as the current- 
carrying parts in contact with the metal are composed of 
the same material as the rest of the lining, while with 
the arc furnaces there is always the donger bath 
taking up impurities from the electrodes. Finally, the very 
considerable expenditure of energy which takes place, due 
to the of current mH the carbon rods which 
form the electrodes, -is avoided ; for, on the one hand, 
the terminals are thin plates, which present a very large 
area, instead of the so that the electrical resistance 
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is greatly reduced, and, on the other hand, the terminals 
are close to the bath of metal, so that the heat produced 
in them is available for heating the bath. The heating 
action of the secondary circuit, which supplies current 
direct to the bath, is only one of its functions ; the other, 
which is not the least important, is the improvement of 
the electrical conditions. 

It is no doubt within the knowledge of many that 
electric generators were ——e for the older types of 
electric furnaces which uced current at a low perio- 
dicity, and the larger the weight of the charge the lower 
the periodicity must be kept. The generating plant for 
iene fee these sewrgenienelly currents is very costly 
compared with normal machines. 

In the earlier electric furnaces the power-factor (cos @) 
was necessarily very low, on account of the large s 
between the primary winding and the annular bath of 
metal which constituted the secondary, and so the elec- 
trical generators supplying such a furnace were working 
under very unfavourable conditions, 

The following examples show the periddicity of the 
current suited to the different sized Kjellin furnaces :— 


1500-kilogramme charge, 15 cycles per second. 
3000-kilogramme charge, 10 cycles pcr second. 


With a charge of 8000 kilogrammes the periodicity 
must be pt momen « to 5 cycles per second, so that the power- 
factor cos ¢ should not be less than 0.6 to 0.7. 

Whilst the low periodicity has no effect on the electro- 
thermal process itself, it causes the capital cost of the 
electric generators and furnace-transformers to be greatly 
ine . Forexample, a single-phase alternating-current 
generator generating at 5 cycles per second costs twice as 
much as a machine of the same power generating at 
25 cycles, so it will be seen that the effect of abnormally 
low periodicities is worth taking account of. 

In the Réchling-Rodenhauser furnace the combination 
of the heating channels and central hearth, with the 
secondary windings supplying current to the bath, enables 
the power-factor to be considerably increased, and so 
permits the normal periodicities of from 25 to 50 cycles 
per second to be employed. 

It is quite possible for a furnace capable of dealing with 
a 16-ton charge to work on a 25-cycle system, so that the 
capital cost of a plant with Réchling-Rodenhauser furnaces 
is considerably lessthan that with other types of induc- 
tion furnaces. 

How does the capital cost for the various types of 
electric furnaces compare’ It is of interest to investigate 
this’ question further, as the capital cost can exercise a 
very considerable influence on the working costs of an 
electric furnace plant. 

In eer J the cheapness of operating an electric 
furnace plant, the system of current supply required by 
the furnace must be determined. Since none of the fore- 

oing electric furnaces can, as a rule, usually work on a 
Sead anaent system, it is a question of single-phase or 
three-phase alternating current; and if there is a choice 
between the two, it is better to decide on three-phase, as 
the capital cost of three-phase electric generators is 
about bs per cent. less than that of single-phase gene- 
rators. 

The question of periodicity should not have much in- 
fluence on the choice of a furnace, as the furnace which 
has attained the greatest prominence works with the usual 

riodicities of from 25 to 50 cycles per second. As far as 
Tie: the only successful three-phase furnaces are the 
Stassano and the Réchling-Rodenhauser, as the Girod 
and Héroult furnaces require single-phase current. In 
the case of the Girod furnace, all the electrodes above the 
bath must have one polarity or phase, and those below 
the bath the opposite polarity or phase, so it is not pos- 
sible to use three-phase current unless the principle of the 
furnace is elaeiek. In the case of the Héroult furnace 
the adoption of three-phase would increase the number of 
electrodes having a prejudicial effect on the simplicity of 
the furnace and the ease of access to the bath, and in- 
crease the amount of regulating mechanism necessary, 
thereby increasing the difficulties to be encountered. 

The three-phase furnaces are to be preferred to the 
single-phase from the point of view of capital cost. This 
is particularly the case when an electric furnace is to be 
installed in a works where there is already electric gene- 
rating plant which is supplying a considerable amount of 
electric power to rolling-mills, live rolls, &c., as well as to 
the furnaces. 

Single-phase current cannot be used for rolling-mill 
driving, so that, unless costly rotary transformers are to 
be installed for single-phase furnaces, it will be necessary 
to provide special single-phase generators ; and as s 
plant must be held in reserve botk for the single-p' 
and the three-phase, the amount of spare plant is doubled, 
increasing the capital cost. 

If a three-phase furnace is decided on, it can be supplied 
direct from the existing machines in the works power- 
house, if it is large enough ; or if there is any deficiency in 
electric power, so that a new generator has to be installed 
to supply the furnace, this can be so chosen that it can 
act as a stand-by for the other machines in the power- 
house. In short, these remarks have already shown that 
if sufficient care be not givan to the choice of the electric- 
supply system for the furnaces the results may be most 
unsatisfactory, as any undue increase in the capital cost 
of the power plant will react unfavourably on the finan- 
cial results obtained by the furnaces. 

T have already mentioned that arc furnaces must neces- 
sarily be provided with regulating mechanism, in order to 

revent the electric generators which supply current to the 
urnaces being overloaded. Ifa furnace which is taking a 


varying load is supplied by one particular generator, which 
is not connected to any of the other generators, then the 
regulating mechanism can be of the simplest character. If 


then an expensive motor-generator set with a heavy fly- 
wheel is uired to protect the power-house against 
overloads. is would cause a great increase in the 
capital cost, and consequently in the cost of current, as 
the provision of the electrical machinery for supplying a 
furnace requiring heavy overloads may very easily cos 
twice as much as machinery supplying the same power to 
- a which does not require large changes of 


Naturally, variations in the load cannot be prevented 
with any type of furnace, but it is important to distin- 
guish between gradual changes of load made intentionally 
and unintentiona] sudden changes of load. These inten- 
tional changes of load take place with the ideal induction 
furnace, which usually requires a fairly constant load 
when the furnace is set to work or emptied, or when 
more or less energy is required to increase or reduce the 
temperature. All sudden changes of load are practically 
impossible with the induction _ oli If the induction 
furnace which is suitable for an electric circuit of normal 
voltage and frequency has decided 
arc furnace from the point of view of the generating 
ae it must be remembered that the induction furnace 

the greater capital cost. The reason of this is that an 
electric transformer forms part of the induction furnace, 
while the necessary transformer for an arc furnace is 
separate from it. 

f the combined capital cost of the arc furnace and 
transformer be compared with that of the induction 
furnace, the latter is still the dearer on account of the 
very special construction of the transformer. This 
increased capital cost of the induction furnace is insigni- 
ficant compared with the extra capital cost of the 


of the great variations of load. It may, therefore, be 
said generally that the cheapest combined plant is 
obtained by adopting a three-phase furnace, which can 
work on a circuit of normal periodicity, and does not 
take great variations of power. The efficiency of the 
furnace and the capital cost of the installation greatly 
affect the working costs. 

From the electrical point of view, the induction furnace 
shows far better results than the arc furnace under all 
conditions. Tests made on a 34-ton induction furnace at 
Volklingen have shown an electrical efficiency of 97 per 
cent., while it has been shown in the first part of this 
paper that 10 per cent. of the total energy is lost in the 
carbons of an arc furnace alone. 


the total efficiency of a furnace from the point of view of 
the heat lost by radiation. Although an exact calcula- 


taken for granted that the heat losses of all modern elec- 
tric furnaces are about the same, for though the induc- 
tion furnace is at some disadvantage compared with the 
arc furnace, on account of the special shape of its hearth 
and heating channels, it must be remembered that the 
water-cooling of the apertures through which the carbons 
enter an arc furnace accounts for a considerable loss of 
heat ; and as in this type of furnace a great amount of 
heat is produced between the top surface of the bath and 
the furnace roof, there must be more heat lost when the 
doors are opened than in the induction furnace, where 
the top layers of slag act partly asa heat-insulator. It 
will therefore be approximately correct to assume the heat 
losses in all types of electric furnaces to be about the 
same, and to take the electrical efficiency as a basis of 
comparison. 

Metallurgical Conditions.—These may be deduced from 
a detailed description of the Réchling-Rodenhauser fur- 
naces working at the Réchling Iron and Steel Works at 
Vilklingen. 

There is not much to be said about the metallurgical 
conditions of the older electric induction furnaces. It has 
alread m mentioned that these furnaces cannot be 
used for working with slag on account of the annular 
shape of the hearth, and so they only come under con- 
sideration as substitutes for crucible furnaces, as only 

uite pure materials can be melted in them. In thiscase 
the induction furnaces have the advantage that they allow 
a larger charge to be melted, thereby effecting a con- 
siderable saving in the cost of working. 

The Réchling-Rodenhauser furnace can equally well be 
used as a substitute for the crucible furnace, and it offers 
the additional advantage that refining can be carried out 
in it. The refining process is carried on in very similar 
manner in all suitable electric furnaces. 

It is well known that during the period of dephos- 
phorisation an oxidising slag is formed from lime and 
mill-scale or ore, which is removed, as far as possible, when 
dephosphorisation is complete. After this period in the 
Réchling - Rodenhauser furnace, re-carburisation takes 
place, and afterwards desulphurisation, and for this latter 
poe the supposition is that a slag free from iron is 
‘ormed. A goed sented slag for desulphurisation has a 
well-known white appearance, and falls to a white 
powder on exposure to the air. If the slag has this pro- 
perty, one can leave the charge as long as one likes 
_— any appreciable change in its composition taking 
place. 

These, therefore, are the advantages of a good electric 
furnace : On account of the convenient regulation of the 
temperature attainable, the phosphorus can be remov 
till only a trace remains ; it is especially suitable for the 
most - dts desulphurisation ; and, finally, when the 
refining is complete, the charge can be left in the furnace 
as long as convenient without its composition being 


Two Réchling-Rodenhauser steel furnaces are working 
at the Réichling Iron and Steel Works in the manner 
briefly descri above, one of which (Figs. 6, 7, 8, and 12) 
is an 8-ton single-phase furnace, and the other (Figs. 9, 10, 





the furnace is supplied from an existing power-house, 


and 11) a 2-ton three-phase furnace. A 1-ton three-phase 


advantages over the | 


generating plant required for an arc furnace, on account | 


The method of construction has a considerable effect on | 


tion of the losses of heat can scarcely be made, it may be | 


| furnace, formerly at Réchling, but now at the Acicries. 
| Liégeoises, is shown in Fig. 13. Both thece furnaces are 
| adapted to the existing electrical supply. The 8-ton fur. 
| nace, which takes 600 kilowatts, takes its power from a 4000 
| to 5000-volt five-cycle per second generator which existed 


t | previously ; while the 2-ton furnace, on account of the 


steady demand for power which it makes, which is charac. 
teristic of the Réchling-Rodenhauser furnace, is supplied 
from the power circuit of the works, just as a motor might 
be, and takes 200 to 250 kilowatts at a pressure of 400 \olts 
on a 50-cycle circuit. 
In both cases the high-tension current is supplied 
| direct to the furnace transformer without any danger to 
workmen being involved. The furnace transformers are 
| fully enclosed, as is shown in Figs. 14 and 15, so there is 
!no chance of the workmen coming in contact with the 
| high tension, and the two years’ successful operation of 
| the 4000-volt furnace at the Réchling Iron and Stee] 
| Works should give the best proof of how safe the direct 
| utilisation of the high tension is. 
The furnaces at Volklingen are supplied with liquid 
|metal from the basic Bessemer converters, which con- 
| tains about 0.08 per cent. of phosphorus and about 0.1 per 
| cent. of sulphur. The various kinds of high-quality steel 
| are produced from this material, and a typical analysis of 
the finished product can be best seen from the table in 
the appendix. 
While the small furnace is chiefly used in the produc- 
tion of high-class tool steel, the Hoe furnace is_pro- 
ducing chiefly structural steel and similar material, of 
|which large quantities are required. For instance, 
| several thousand tons of rails have been produced in the 
,8-ton furnace by finishing the metal from the basic 
mer converters in the electric furnace for about an 
hour after the re-carburisation. The results of this treat- 
| ment are given in the Appendix in the table of results of 
| tests. 
| The furnaces at Vélklingen are entirely emptied after 
| each charge, so that the preceding charge cannot produce 
| any effect. Whilst the furnace is usually supplied entirely 
| with molten meta], sometimes only one-third to one-half 
| of homers taken from theconverter, and the remainder 
| is melted from small scrap, and in this case the quality 
of the material obtained is excellent, and the furnace is 
entirely emptied. 
| There are two points about the working of the Réch- 
ling: Rodenhauser furnace that are worthy of considera- 
| tion ; these are the heating up and the maintenance of the 
heat of the furnace. In order to heat up induction fur- 
naces before charging, it was usual in the past to place an 
iron ring, which was either screwed or welded together, 
in the annular hearth, which was heated up by the action 
| of the electric current until both it and the hearth were 
red-hot. The fluid metal was then charged into the fur- 
nace and heated further until a sufficient temperature was 
attained to carry out the refining process. This method 
of heating up requires that iin metal should be 
charged into the furnace, and this must be first melted 
in a cupola or in crucibles. This auxiliary melting plant 
can be dispensed with in the modern electro-furnaces, 
which do not have to be charged with liquid metal. 

The above-mentioned ring would be embedded in pieces 
of sorap, turnings, &c., so that when the electric current 
is switched on, the ring is first heated, and it in its turn 
heats up the surrounding material, which frits together 
and itself becomes a conductor conveying additional 
current and increasing the heat of the furnace, so that the 
entire charge is soon fluid, and the refining process can 
be commenced. 

A further advance has been made in the method by 
which the furnace is kept hot when not nape Since 
in a small works the electric furnaces may only be work- 
ing on day shifts, they must be kept hot during the night, 
and perhaps also a charge may not be finished on Satur- 
day, and so has to be kept hot during Sunday. In such 
a case only about one-third to a quarter of the normal 
energy consumption would be required to keep the Réch- 
ling- enhauser furnace hot, and at the present time 
operations can be stopped before the process is completed 
with only half the charge in the furnace, since, when the 
doors are closed, the furnace is air-tight, and only cools 
very slowly and gradually. : 

The 8-ton furnace at Vélklingen has been left for thirty 
hours without taking any current, and could be heated 
up again with the normalenergy consumption. Although 
the furnace was still warm gen the heating up was 
started, the furnace walls and charge had cooled s0 far 
that they were below red-heat, but in spite of this the 
metal began to glow within half-an-hour, and had re- 
gained its normal temperature after four hours, so that 
the charge could then be finished up in the usual way. 

After this conclusive test the operation of the furnace 
was suspended during Sunday only, being left without 
any attention, and within a few hours of electrical energy 
being again supplied to it it had regained its normal 
temperature. hile the supply of electric current was 
suspended the furnace did not cool down very much, and 
after 16 hours’ interval the interior of the furnace was 
still red-hot. This is a proof of the excellent thermal 
efficiency of the furnace, and its behaviour when the 
work was stopped during Sunday should show clearly the 
reliability of the Réchling-Rodenhauser furnace, and that 


ed | it should not cause interruptions to work when installed 


in a steel-works. ‘ 

If I now venture to draw some comparisons between 
the metallurgical conditions in the different electrical 
furnaces, I must not forget that there is no great difference 
between the three arc furnuces described in the early part 
of this pa It will therefore be sufficient if I confine 
my remarks to one of these three furnaces, and | will 
consider the Héroult furnace as best suited to m tal- 
lurgical operations, and what is said about this furnace 
| will hold with very little alteration for the others. 
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\s a typical induction furnace for purposes of com- 
,arison with the typical arc furnace, the Réchling-Roden- 
aces furnace will serve, as this is employed at the 
present time for refining. In the first place, I must 
mention that the Héroult furnace is much older than the 
Rochling-Rodenhauser furnace, and that the metallurgical 
yrocess was being carried out in it while the Réchling- 
Rodenhauser furnace was in its experimental stages, and 
that when induction furnaces were introduced, the Kjellin 
furnace—the first one of this type—was not of suitable 
construction for carrying out any considerable refining 
process, a8 Was subsequently found out, while the energy 
consumption was found to be too =. 2 

In spite of the specially favourable results given by the 
first Kjellin furnace, when for the purpose for which 
it is best suited, its sphere of application is greatly limited 
by natural conditions, and, on account of the indis- 
putable failures which have taken place with large fur- 
naces, some prejudice has been aroused ot all in- 
duction furnaces, including the Réchling- enhauser 
furnace, but this latter furnace has amply refuted such 
prejudice by the good results obtained with it in practice. 

The term ‘‘ electro-metallurgical process” is, properly 
speaking, not correct, and it cannot be too greatly em- 
phasised that, in the opinion of all those who have made 
a special study of the subject, the electric current should 
be regarded solely as a source of heat. E 

Any ible chemical action of the electric current 
may be [oft out of consideration, so that the advantages 
of the electric furnace are entirely on the facilities 
which exist for heating the bath without introducing 
impurities, the possibility of attaining very high tempera- 
tures, and the ease with which this temperature may be 
regulated. 

ro} mmparing the Héroult and the Réichling-Rodenhauser 
furnaces, it has been shown that the refining action can 
be carried as far as may be desired in either furnace. 
It does not in reality make any difference by which 
process the refining is carried out, provided: that the 
metallurgical process can be carried out as easily and 
efficiently in both cases, and this must be admitted to be 
the case in both furnaces, though in one case a thinner 
slag will be employed than in the other. - Thisis caused 
by the difference in the manner in which the electrical 
energy is converted into heat, and so the slag must 
be thinner and more fluid in the Héroult furnace than 
in the Réchling-Rodenhauser furnace.- This, in my 
opinion, sufficiently testifies to the electro-metallurgical 
process. If the slag is only sufficiently thin and fluid to 
give a good and quick reaction, a difference in the degree 
of fluidity must be a matter of indifference to the prac- 
tical metallurgist, provided that too great fluidity does 
not involve greater cost, and no greater cost is involved 
with the slag with which one is accustomed to work in 
the induction furnace. 

A point which perhaps is more worthy of mention is the 
homogeneousness of the metal produced in each type of 
furnace. I do not know if. comparative tests have been 
made to show whether the metal obtained from a Héroult 
furnace is practically homogeneous throughout the bath, 
as it is an interesting question as to whether this would 
be the case when the Casting takes place at the upper 
surface, and the coldest part is at the bottom of the bath. 
Complete tests have been made to clearly show that, in 
the case of the induction furnace, the chemical composi- 
tion of the metal from all parts of the bath is the same. 
This is a consequence of the good circulation which is 
caused by the electrical conditions. 

The report on Poldihiitte, which was printed in Stah/ 
und Eisen in 1908, is given here as a proof of the homo- 
geneity of the metal, and this report shows that the con- 
stituents are quite evenly distributed, and that after the 
metal had been in the furnace thirty-seven minutes after 
the refining was complete, its chemical composition was 
practically unaltered. 

Although the circulation in the induction furnace, 
which is clearly visible to the eye, thoroughly mixes the 
charge and accelerates the refining process, it is not 
sufficient to attack the furnace lining to any extent. This 
is clearly sd by the fact that at the Réchling Iron 
and Steel-Works at Vélklingen, the 8-ton furnace works 
for quite fourteen days without any repairs to the lining 
being needed. The furnace lining is only 350 mill- 
metres thick. The lining of a Heroult furnace needs 
repairs after every charge, while the Réchling-Roden- 
hauser furnace will work fourteen days without re- 
pairs, and such repairs require the furnace to be 
stopped from 24 to 48 hours, according to the amount to 
be done, the sides of the hearth being the parts chiefly 
needing repair, and the roof is available for further use 
after slight patching up. At Vélklingen the lining con- 
sists of dolomite and tar, and the cover of the hearth is of 
fireproof stone. Withreference to the cost of repairs per 
ton of steel in these comparatively small furnaces, these 
are less than the cost of those for an ordinary open-hearth 
Turnace, 

_ In concluding, I must mention that as the electro-steel 
industry embraces such a wide scope at present, it has 
not been possible for me to deal with all the interesting 

‘estions connected with it ; but I hope that the paper 
will show how far the industry has advanced at present, 
and will render clear the various points to be considered 
1 Choosing one or the other type of furnace. 








APPENDIX. 

. The Poldihiitte at Kladno, in Bohemia, during their 
investigations of the three-phase furnace at Vélklingen, 
undertook the following tests to determine how far the 
charge in the furnace was homogeneous: they took 
Samples from different parts of the hearth and heating 
channels and compared them. 

The management of the Poldihiitte have very kindly 





permitted the results which they obtained to be used in 
this paper, for which I must give my hearty thanks. 
Their report reads :—‘‘ Charge No. 14 was started in the 
Réchling-Rodenhauser furnace at 2 p.m. At between 
5.17 and 5.19 ferro-chromium (65 per cent. Cr), which was 
broken up into small pieces, was added. At 5.24 the bath, 
with the exception of the ves, was well stirred. Be- 
tyeen 5.29 and 5.35 samples 1 to 7, from different i- 
tions in the furnace, were taken, and yielded the follow. 
ing analyses :— 




















_| Carbon. | Manganese. Silicon. Phosphorus. Sulphur! Chromium. 
w cent| per cent. per cent} percent. jber -_ aye 
1 ast | o27 | 0835} ost | o0o7| { Toy 
2 077 | 0295 | 0340] 0.080 | 0.008 | 4 }00 
8 0.85 | 028 | 0845 | 0.020 | 0,007 | { “7 
‘ ost | 027 | 0.885 | 0.090 | 0.000 | { 0 
5) oss | 0.25 | 0.835 | 0.080 | 0.000 | { oes 
6 0.78 o27 | 0419| 0.081 | 0.010 | oo 
7) 0.79 028 | 0825) 0.090 0.000 { Sos 








The furnace was teemed at 6.12, and a sample which 
was cast out of the ladle gave the following analyses :— 


Per Cent. 

Carbon if —- rs ie at 0.77 
Manganese ... “ fe a ab 0.29 
Silicon mt ae ll Kes xa) 0.396 
Phosphorus... 0.031 
Sulphur. 0.009 

\ : { 0.99 
Chromium ... ba ws tes “1 1.00 


The analysis made at 5.35, and the final analysis taken 
at 6.12, clearly show that the chemical composition re- 
mained practically unaltered during the 37 minutes that 
the charge was left in the furnace. 


Récuiine Tron AND STEEL Works. 


Electric Steel Department. 
Order No. 159. Cast No. 2005. Volklingen, A/S. 


Tests on Electric Steel Rails, November 27, 1908. 


a Prussian State Railways, Profile 8. 
Weight—41 kilogrammes per metre = 82.65 Ib, per yard. 


Drop Test. 
Weight of tup.. ee 
Length of test-piece . . = - . 
Bearings oe ie - .. 1,067 m. (3 ft. 6 in.) 
Deflection taken over length of 3 ft. 3% in. 


Equivalent 


800 kilogs, (1760 Ib.) 
6 ft. 








Height of | 2 | efection. | Heights i 
¥ " ights in 
Drop. ~ Feet with— 
No. of Blows. — ; z | | pis ras 
£ | * 4 |4 
iy |e laz 2 lesies 
= @ me 
St eS ae a ae | 


Test-Piece No. 1. 




















1. Head up .. 7.600 ; 24.9348 ; 6080 69 | 2.362 | 19.59 | 21.94 
2. Reversed ..| 5.000 | 16.4045 | 4000 Straight | 12.88 14.43 
3. Head up .. 8.100 | 26.5753 6480 74 | 2.913 | 20.88 | 23.38 
4. Reversed ..| 5.500 | 18.0449 4400 | Straight 14.17 | 15.87 
5. Head up ..| 8.500 | 27.8876 6800 90 | 3.543 | 21.91 24.54 
6. Reversed .., 8.500 | 27.8876 | 6800 | Just broken | 21.91 | 24.54 
Test-Piece No. 2. 
1, Head up ..| 8.500 | 27.8876 | 66 | 2.508 | 21.01 | 24.54 
2. Reversed ..| 5.000 | 16.4045 | 4000 Straight 12.88 | 14.43 
3. Head up ..| 8.500 | 27.8876 | 6800 80 | 3.150 | 21.01 24.54 
4. Reversed ../ 6.100 | 20.0135 | 4880 | Just broken | 15.72. 17.61 
Test-Piece No. 3. 
1, Head up.. 1.875 | 6.1516 1500 16, 0.630 4.83 5.41 
my F< 15) .| 1.875) 6.1516 1500 30 | 1.181 | 4.83| 5.41 
3. “A .| 1.875 | 6.1516 | 1500 41 | 1.614 | 4.88) 5.41 
ie = ‘eo .| 1.875 6.1516 | 1500 49 | 1.929 | 4.83) 5.41 
x .. 1.875) 6.1516 | 1500 58 | 2.283 | 4.88) 6.41 
6. ; ..| 1.875| 6.1516 | 1500 67 | 2.6388 | 4.83) 5.41 
7. ; .. 1.875) 6.1516 1500 76 | 2.992 | 4.83) 5.41 
8. : ... 1.875| 6.1516 1500 84 | 4.307 | 4.83)| 5.41 
.. L875) 6.1516 | 1500 92 | 3.622 | 4.88) 5.41 
10. on .| 1.875 | 6.1516 1500 100 | 3.987 | 4.83) 5.41 
11. ; .. 1,875| 6.1516 | 1500 | 109 | 4.291 | 4.83) 5.41 
12. vi ... 1,875 | 6.1516 1500; 117 | 4.606 | 4.83) 5.41 
13. FA ..| 1.875 | 6.1516 1500 | 125 | 4.921 | 4.83) 5.41 
14. ‘s .. 1.875 | 6.1516 | 1500 | 138 | 5.236 | 4.88) 5,41 
15. ra . 6.000 | 16.4045 | 4000 broken 12.88 14.43 





Impression Test (Brinell). 


Ball és sod 19 millimetres diam. 
51,000 kilog. (112,000 Ib.) 


Pressure on ball - 

Depth of impression .. - 3.4 mm. 

Hardness number j 25,082 
Test-Picce No. 1. 

Depth of impression .. 3.4 millimetres 


Hardness number = ad 25,0382 


Test-Piece No. 2. 


Depth of impression .. 3.4 millimetres 
Hardness number s a 25,082 


Test-Piece No. 3. 


Dep'h of impression .. 
Hardness number 


3.5 millimetres 
24,318 





Physical Tests. 














Length of Diameter 3 2 
Test-Piece be- f Breaking Strain. © ra 
tween Marks.| Test-Piece. | ° "7 
_ a ; 4 

i é te | RE | RE 3 
ft) |g) fa a gig 
— | x 
Fig |el¢ leit ef | 28 6/8 
se) =| ee . 5 
25/2/88 gee gr | be | 6 
1 | 200 7.874 | 24.9 | 0.975 | 86.9 | 55,063 | 128,341 12.26 | 1.00 
2 200 7.874 24.8 | 0.966) 88.9 56,327 | 126,172 12.25 | 16.60 
3 | 200 7.874) 25 | 0.084 | 86.5 | 54,806 | 122,765 13.50 20.40 
| | i 
Analysis. 
Per Cent, 
Carbon .. oe és be es ae -- 0.76 
Silicon .. “a - 4 yi ‘s > ene 
Manganese as <i bs “ sa .. 0.67 
Sulphur .. ma se és bl +» 0,044 
Phosphorus 0,023 





THE ROYAL METEOROLOGICAL SOCIETY. 

THE first of the afternoon meetii of this Society for 
the present session was held at 70, Victoria-street, West- 
minster, on Wednesday, the 19th inst., Mr. H. Mellish, 
President, in the chair. 

Colonel*H. E. Rawson read a paper on ‘‘The Anti- 
Cyclonic Belt of the Northern Hemisphere.” In a previous 
communication the author brought forward some facts re- 
— the anticyclonic belt of the southern hemisphere, 

erived fram an examination of the South African records 
from the year 1841 to 1906. He found that the -indica- 
tions of a cyclical oscillation of the belt to and from the 
equator over South Africa were strong enough to encou- 
rage the belief that an analysis of Australian records on the 
one side, and of Argentine on the other, would prove that 
all the action centres of the atmosphere were moving 
together over this wide area, and that a similar oscillation 
existed in the northern hemisphere. Colonel Rawson sub- 
sequently found that investigations of Mr. H. C. Russell 
and Dr, J. W. 8, Lockyer supported his conclusion: that 
there is a period of about 9.5 years between the greatest 
north and greatest south position of the anti-cyclonic 
belt in the southern hemisphere, the double oscillation 
thus taking nineteen years. He has since extended the 
inquiry into the movements of the action-centres in the 
northern hemisphere with a view to ascertaining whether 
they show any similar oscillation to and from the equator, 
which is not to be explained by seasonal changes of posi- 
tion. Dealing with the Nile floods, he draws the infer- 
ence that the high-pressure systems which affect North- 
East Africa are farther north when the floods are in 
excess, and nearer to Egypt when they are deficient. He 
also made an analysis oF the tracks of the hurricanes 
which passed north and south of Manila Observatory, 
and found that these throw an interesting light upon 
the oscillations of the action-centres of the atmosphere. 

A paper by Mr. A. Walter, of the Royal Al Ob- 
servatory, Mauritius, on “‘ Errors of Estimation in Ther- 
mometric Observations,” was read by the secretary. In 
examining the returns from a newly inaugurated series of 
second-order meteorological stations in Mauritius it was 
noticed that a large percentage of the thermometer read- 
ings were in whole or half divisions. This led the author 
to analyse the returns, and he pare in the paper the fre- 
quency curves of the ‘‘ tenths of estimation.” 





‘*AN INTERESTING RELIC.” 
To THE Eprror oF ENGINEERING. 
Srr,—I read with much interest the en of an 
old engine found near Stafford in your issue of the 7th inst. 
have been looking through our old books and would sug- 
t it was made by Tuxford’s, of Boston, Lincolnshire, for 
just remember seeing a similar engine, only mounted upon 
a wood frame and four wagon wheels, and I sup 
it would come under the head of portable engines. The 
boiler was horizontal and of the return flue (not tube) 
type. The fire-door was the highest and the smoke-box the 
lowest; the end near the engine was egg-ended. This 
engine came into my late father’s works at Ashton-under- 
Lyne about fifty-two years ago, and I have a pho’ h of 
it (positive) taken at the time; also one of Messrs. Tuxford’s 
catalogues, issued fifty-one years ago. My father was 
most careful to have all catalogues, photographs, and draw- 
ings taken care of, and these have been in my possession 
for some years and are most interesting as showing what 
was considered a handsome engine fifty years ago, 
and I only regret that there is no one amongst the engi- 
neers to start a museum or secure what few things there 
are left and send them to London. There is still part of 
an old Newcomen at Fairbottom and a Boulton and Watt 
working at 3 lb. pressure close by. 
Yours truly, 
James Watr Bourton. 
Cheadle, Manchester, May 11, 1909. 








Impact Tests AT THE PuysicaL Lasoratory.—The 
Physical Laboratory, Teddington, after along period of 
trials with the machine, has recently acquired an Izod 
poten impact-tester, built by Messrs. W. and T. Avery, 
imited, Birmingham. 


ASSOCIATION OF RaILway CoMPANIES’ SiGNAL SupEr- 
INTENDENTS AND SIGNAL ENGINEERS (ENGLAND).—This 
Association held their thirty-eighth conference, at the 
Railway Clearing House, don (by permission), on 
Thursday, the 13th inst. 
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THE ROCHLING-RODENHAUSER ELECTRIC 
(For Description, see Page 690.) 


















Fig. 12. 8-Ton Srneie-PHase Furnace. 





Fie. 13. 


TWELVE-WHEELED DUPLEX TANK LOCO- 
MOTIVE; NITRATE RAILWAYS COM- 
PANY, CHILI. 


In our issue of January Ist last (vide page 13 ante) 
we gave an account of two large duplex tank engines 
which had then been recently built by the York- 
shire Engine Company, Limited, Meadow Hall Works, 
Sheffield, for the Nitrate Railways Company’s system 
in Chili, Of these engines we sre now able to give on 
Plate XUI., published with the present issue, and on 
page 695, sectional views which will explain the con- 
structive features of these locomotives more clearly. 

The tank engines referred to are some of the heaviest 
built in this country, and are of interesting design, as 
will be seen on reference to our illustrations. In 
Plate XLI., Fig. 1, is given a longitudinal section, 
and pet ge in Fig. 2. On page 695, Fig. 3 shows a 
front end half-elevation and a cross-section through 
the smoke-box. Fig. 4 gives a half cross - section 
through the front bogie centre, and a half cross- 
section through the cylinders attached to the leading 
bogie and the dome. The half-sections given in Fig. 5 
are taken respectively through the fire-box and through 
the cab looking forward, while in Fig. 6 is shown_a 





1-Ton Turee-PHase FurNAcE at THE Acréries-LifGEOIsEs. 





FURNACE. 
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FURNACE, SHOWING CooLING ARRANGEMENT. 








half-section taken through the trailing bogie 
centre, and a half -elevation at the trailing 
end. 

The design, it will be seen from these figures, 
is of a twelve-wheeled class of engine, the wheel plan 
consisting of two groups of six-coupled wheels arranged 
in two bogies. The running gear is all carried by the 
bogies, two cylinders being A sneet at the trailing end 
of each truck, and driving on to the leading wheels in 
each instance. The boiler, &c., is carried in a lon 
girder-frame, which is shown in Fig. 1, Plate XLI., an 
in the several figures on page 695. The side longi- 
tudinals of this frame are built up of 3-in. plate and 
3}-in. by 3}-in. by }}4-in. angles, with 9#-in. by }-in. 
top and bottom flange cover-plates. The frames are 
bellied in the centre, being at their deepest 1 ft. 10in., 
and at the shallowest parts 1 ft. 4 in. over cover- 
plates. These frames are braced together with several 
cross-stays, the bogie centre pivot castings forming two 
stiff braces at the leading and towards the trailing end. 

The boiler is fitted with a Belpaire fire-box, with 
wide fire-grate. A feed-heater is arranged in the trail- 
ing tank ; this is shown in Figs. 1 and 6. It is sup- 
plied with exhaust steam from the cylinders in the 


trailing bogie. 











Fie. 15. Srvete-PHast TRANSFORMER FOR 


ELectric FuRNACE. 


We give below the principal particulars of these 
engines, which are designed to take train-loads of 200 
tons over a 20-mile section of the line between Iquique 
and Carpas, in which the grades average 2.8 per cent., 
there being gradients of 3 per cent., and even more 
than 4 percent. in places, and curves of 300 ft. radius 
The locomotives attain under these conditions a speed 
of 8} miles per hour, and the section is traversed with 
out replenishing either fuel or water. 

For a further description of these locomotives w: 
would refer our readers to the account on page 13 anf. 
already mentioned. The chief dimensions of these 
engines, which were constructed under the supervision 
of Mr. G. Bush, the consulting engineer to the 
Nitrates Railway Company, are as follow : 


4 ft. 84 in. 
Oylietiers . iss 17 in. by 22 in, 
Type of valve-gear ... Walschaert 
Diameter,of wheels 3 ft. 9 in. 
Rigid wheel-base oa 8,, 6,, 
Total wheel-base_... te a 35 ,, 8 
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TWELVE-WHEELED DUPLEX TANK LOCOMOTIVE; NITRATE RAILWAYS CoO., CHILL 


CONSTRUCTED BY THE YORKSHIRE ENGINE COMPANY, LIMITED, SHEFFIELD. 
(For Description, see opposite Page.) 
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Total length over buffers ... 49 ft. 9 in. 
», width over tanks... oa 10 ft. 
Height from rail to top of chimney 13 ft. 6 in. 
Boiler, outside diameter ... Het ey 
» length of barrel 
8 ft. 3 in. 


” 


centre from rail 


Tubes... ... Number, 262; out- 
side diameter, 2 in. 
Fire-box shell, outside length 9 ft. 
ro 8 »» Width 5 ft. 88 in. 
Heating surface : fire-box ... 171 sq. ft. 
mn Ae tubes 2135 ,, 
Total 306 _,, 
Grate area... ? coo, 2 
Working pressure ... sed ... 180 lb. per sq. in. 
Heating surface of feed - water 
heater =" vee és 144 sq. ft. 
Water capacity 4000 gallons 
4 tons 


Total weight in working order ... 117 tons 19 ewt. 








Prrsonat.—Messrs. Mountain and Gibson, Limited, 
Bury, having developed the manufacture of a large 
number of tramway specialities, improved forms of stan- 
dard trucks, including the Warner truck, for which their 
works at Bury were found too circumscribed, they have 
acquired the engineering works of Thornewill and Warham, 
Limited, Burton-on-Trent. An issue of capital is being 
made to effect the transfer, and to provide working 
capital. The name of the firm is to be Mountain and 
Gibson and Thornewill, Limited.—Mr. H. V. Kramer, 
late managing director of Kramos, Limited, Bath, has 
severed all connection with that company, and has formed, 
in conjunction with the Witton Engineering Works, 
Birmingham, the Witton Kramer Electric Tool and 
Hoist Company. 


Tue Sara Drepcer.—The Calcutta Journal says that 
the Eastern Bengal State Railway Company have had a 
dredger, the Alexandra, at work during the last few months, 
combating the frequent silting and shoaling of the river at 
Sara. It is necessary for the railway to keep the ferry- 
way open until the bridge over the site is ready for service. 
The Alexandra has given the test satisfaction. She 
was constructed by Messrs. William Simons and Co., 
brought to India in pieces, and re-erected at Howrah by 
Messrs. Burn and Co. The dredger is 200 ft. long, 38 ft. 
beam, with a full working draught of 4 ft.6in. Her 
funnel, being telescopic, can be lowered to within 30 ft. of 
the water-line, thus enabling her to pass under bridges. 
She carries a powerful rotary cutter which can disinte- 
grate the hardest soil likely to be met with, and she can 
make a channel 20 ft. below the water-line. Her dis- 
ons capacity is 3000 tons per hour. She has a speed 
of 8.35 knots. 








Tue Resistance OF Various Roaps To TRACTION. 
rrr | toa dispute last year between the city authori- 
ties of Toronto, Canada, and the railway companies, with 
regard to the abolition of grade crossings along the water 
front of the city, the question arose as to whether the 
railways were to be carried over the roads or the roads 
over the railways. The railway companies maintained 
that it was much better to carry the roads over the rail- 
ways, while the city authorities held that the tracks 
should be elevated and the roads kept as they were, the 
argument of the city authorities being that the grades 
on bridge approaches for vehicular traffic would exceed 
the grades which would otherwise be necessary, and the 
expense of haulage from the water front to the central part 
of the city would be very much increased. A number 
of experiments were therefore made by Mr. A. C. D. 
Blanchard, A.M. Can. Soc. C.E., to ascertain the resist- 
ance of different kinds of pavements, on various grades, to 
tractive effort, the pavements included being asphalt, 
hitulithic, brick, cedar-block, granite-block, and treated 
wood-block. All the experiments were made in the 
month of May under various conditions of weather, 
and the tests were carried out with a good steady team 
of horses, weighing 2940 lb., drawing a lorry weigh- 
ing 2710 lb., the hangs on the lorry being 8570 Ib. 
standard Fairbanks dynamometer was u to indicate 
the pull exerted by the horses. The tests.were conducted 
under conditions of both wet and dry weather over all the 
pavements considered, but it was found that there was not 
much difference between the results obtained on wet and 
dry roads for the same kind of paving. There was, how- 
ever, a considerable difference in the tractive force required 
to haul the load on different pavements, the lowest force 
being required on brick and on bitulithic pavement, while 


A | 85 





the highest a oer to have been on granite blocks, if we 
except cedar blocks in wet weather and asphalt in hot | 
weather, the tractive force required on this last being very 
high, due to the softening of the asphalt under the heat 
of the sun. The results when plo:ted formed straight lines, 
rising according to the grade. On bitulithic and on brick, 
when wet, the tractive force rose from 200 Ib. on the level | 
to about 800 Ib. on a 6 per cent. grade, while on the same 
roads dry the results for brick were the same as on the 
wet ates but for bitulithic pavement the tractive force on 
the level was about 250 Ib., though still about 800 Ib. on | 
the 6 per cent. e. On granite blocks the force re- 
quired was about 270 lb. on the level and 1300 Ib. on the 
6 per cent. grade. The highest tractive force required on 
the level on any pavement was on cedar blocks, where it 
was about 420 Ib. on the wet road. With asphalt on | 
dry roads the tractive force required was just below | 
400 lb., but it rose much more rapidly with the grade | 
than on any other pavement. Although the tractive force | 
required on wet cedar blocks: on the level was somewhat | 
higher than on dry — it did not rise nearly so much | 
i id on either granite or aaphalt. | 


with the grade as it 


NOTES FROM THE UNITED STATES. 
ELPHIA, May 12. 

TuERE has been a steady increase in the volume of 
business in iron and steel. The mills in the Pittsburg 
district are now working nearly full time, although 
the Carnegie interests are working only to 75 per cent. 
capacity. The Jones and Laughlin Company is work- 
ing to full capacity, having taken considerable busi- 
ness at summer prices. All the sheet and tin-plate 
mills of that district are working full capacity. It is 
evident that bottom prices have been reached, espe- 
cially in bars, sheets, and plates. A general advance 
of 1 dol. a ton was made jast week. A few large con- 
sumers are beginning to consider the wisdom of con- 
tracting ahead, on account of mills filling up. There is 
a better demand for light rails, and prices are quoted 
1 dol. higher. Notwithstanding there is a great deal 
of idle rolling-stock, many railroads are ordering 
new steel cars, and in consequence steel-plate mills 
are filling up. The plate mills will have a normal year 
from now on. Merchant steel pipe is selling excep- 
tionally well, and orders for delivery after July 1 will 
now be taken at an advance. Wire and wire nails 
have been reduced, and under this impulse a large 
amount of business is being done. After the Southern 
furnaces had filled up at an exceptionally low price, 
Northern furnaces have begun to get business and are 
now asking aslight advance for early deliveries on foun- 
dry malleable and basic. Some contracts were p 
this week for delivery during the summer. The general 
situation is clearing up. To understand it correctly it 
must be kept in mind that very fewconsumers have stock 
or material on hand, and that they must order as fast 
as new work comes along. The work of tariff adjust- 
ment is progressing slowly, and the general business 
interests are anxiously awaiting the outcome. The 
railroad people are getting more traffic. Some systems 
are now hauling as much as during the ay ya 
year of 1907. They have well-matured plans for ex- 
tensive expansions and enlargements, including bridge- 
building and locomotive work. The locomotive works 
are gaining steadily. The large electrical equipment 
manufacturers are also filling up with work, and are 
buying pig iron and steel material. The agricultural 
interests will soon be in the market for large quanti- 
ties of raw material, and these requirements for 1909-10 
will exceed last year. Much new work is held up, and, 
according to appearances, the last half of the year will 
compensate for much of the recent depression. 








Raitway Gavuce 1x South America.—The Govern- 
ment of Paraguay has authorised the Central Paraguay 
Railway Company to change its gauge from 5 ft. 6 in. to 
4 ft. 84 in., so as to enable it to join up by means of a 
ferry-boat with the Argentine railway system in the pro- 
vince of Corrientes. There will thus be one gauge from 
Asuncion to Buenos Aires. 


Brazitian Destrroyvers.—The Parahyba, the sixth of 
the ten destroyers ordered by the Brazilian Government, 
was successfully launched on Tuesday, the 18th inst., at 
Messrs. Yarrow’s yard, on the Clyde, in the presence of 
His Excellency Admiral Cordovil Maurity, Chief of the 
Brazilian Naval Commission; Captain Rosauro de 
Almeida, Chief of Naval Construction ; Captain Mello; 
and Captain Rodrigues, who will command the vessel. 





FartureE BY SHEAR AND Diaconat Tension.—The 
resistance to failure by shear and diagonal tension, and 
the effectiveness of metallic web elisivcsnent, are dis- 
cussed in Bulletin No. 29, ‘‘ Tests of Reinforced Concrete 

ms: Resistance to Web Stresses,” by Arthur N. 
Talbot, just issued by the Engineering Experiment 
Station of the University of Illinois. This bulletin, of 

pages, gives the results of tests made in the Laborator 
of Applied Mechanics of the University. The cneneth 
and quality of the concrete itself are shown to have a 
marked effect on web resistance, and the importance of 
securing a high grade of concrete in beams subject to large 
web stresses, even if metallic web reinforcement is used, 
is brought out strongly. Data are given on which to base 
the age necessary to enable concrete to take shearin 
stresses. It is established that the less the ratio of eee 
of span to depth of beam the greater the shearing resis- 
tance developed per unit of cross-section, and also that the 
greater the amount of longitudinal reinforcement the 
greater the shearing resistance. Both effects depend upon 
added stiffness, a relation which has not been formulated 
before. Several types of web reinforcement were investi- 

ted, bent-up longitudinal bars of different forms, unit 
Tames, vertical stirrups of different sizes and proportions, 
smooth and deformed bars, &c. The notes and discus- 


| sions given add to the value of the matter for those who 


wish to study the details of the tests. The analytical 
treatment of web stresses, the discussion of the experi- 
ments, and the remarks on proportioning stirrups may all 
be helpful to engineers. Although a considerable fund of 
information bearing on the part taken by the resistance 
of longitudinal reinforcement and the compressive resis- 
tance of concrete has accumulated, the data of web 
stresses are less definite and less complete. This mono- 
graph is therefore timely, and it ought to take rank as an 
important contribution to the literature of reinforced 
concrete. Copies may be obtained tis upon applica- 
tion to the Director, Engineering Experiment Station, 
Urbana, Illinois. 





NOTES FROM THE NORTH. 

Guascow, Wednesday 
Glasgow Pig-Iron Market.—Last Thursday morning the 
ee market was easier in tone, and 8000 tons of Cleye- 

nd warrants were done at 48s. 1d. cash, and fro, 

48s, 4d. to 48s. 34d. one month. Closing sellers quote 
48s. 14d. cash, 48s. 4d. one month, and 48s. 9}d. thice 
months. Sellers of Standard foundry iron quoie 
47s. 10d. one month. In the afternoon prices again cle- 
clined and Cleveland warrants changed hands at 48s. csh 
and 48s. 3d. one month, and these were the closing quota- 
tions of sellers who, also named 48s. 8d. three months. The 
turnover was only some 3000 tons. Hematite was quoted 
57s. 44d. one month sellers, but buyers quoted 5tis. (id. 
On Friday morning a good business, amounting to 12,500 
tons of Cleveland warrants, was done at easier prices. 
The dealings were from 47s. . to 47s. 8d. cash, 47s. 94d. 
fourteen days, 47s. 8d. seven days, 47s. 11d. and 47s. 104d. 
one month, and 48s. 44d. three months. At the close 
there were sellers at 47s. 8d. cash, 47s. 11d. one month, 
and 48s, 4d. three months. There were cash buyers of 
hematite at 56s. and sellers at 57s. The afternoon session 
opened strong and 8000 tons of Cleveland warrants changed 
hands at 48s. cash, 48s. 04d. seven days, from 48s, 24d. to 
48s. 2d. to 48s. 24d. one month, and at 48s. 74d. and 48s. 8d. 
three months. Theclosing prices were 48s. 04d. cash, 48s. 3d. 
one month, and 48s. 8d. three months sellers. Hematite was 
uoted firm at 57s. cash sellers, but there were no buyers. 

n Monday morning the market opened steady, but the 
close showed weakness. The dealings consisted of 2500 
tons of Cleveland warrants at 48s. and 47s. 104d. cash and 
48s. 7d. three months, and closing sellers quoted 47s. 11d. 
cash, 48s. 14d. one month, and 48s. 7d. three months. 
Hematite was easier at 56s. 6d. cash sellers and 55s. 9d. 
cash buyers. In the afternoon the tone was weak, and 
Cleveland warrants were put through at 47s. 10d. cash, 
47s. 104d. four and seven days, und at 48s. 6d. three 
months. The turnover amounted to 2500 tons, and sellers’ 
quotations at the close were down to 47s. 10d. cash, 48s. 1d. 
one month, and 48s. 64d. three months. Hematite was 
offered at 56s. 9d. one month sellers, and Standard foundry 
iron at 47s. 6d. cash sellers. On Tuesday morning 
Cleveland warrants further declined, and about 4000 
tons were done at from 47s. 9d. to 47s. 84d. cash, 47s. 9d. 
ten days, 47s. 10}d. twenty days, and from 48s. 54d. to 
48s. 5d. three months. At the close there were sellers 
over at 47s. 84d. cash, 47s. 114d. one month, and 
48s. 5d. three months. Sellers of copper were in the 
market at 60/. 2s, 6d. three months. In the afternoon a 
better tone prevailed, but only 2500 tons of Cleveland 
warrants a hands at 47s. 8$d. and 47s. 9d. cash, 
47s. 94d. ten days, 48s. one month, and 48s. 54d. three 
months. Closing sellers quoted 47s. 94d. cash, 48s. one 
month, and 48s. 6d. three months. When the market 
opened to-day (Wednesday) the tone was steady, but the 
dealings only consisted of 3500 tons of Cleveland war- 
rants at 47s. 94d. cash, and 48s. 6d. and 48s. 5d. three 
months. The closing quotations were almost unchanged 
at 47s. 9}d. cash, 48s. O}d. one month, and 48s. 54d. 
three months sellers. Standard foundry iron was offered 
at 47s. 44d. cash. Inthe afternoon the market was firmer, 
and Cleveland warrants to the amount of 4000 tons were 
dealt in at 47s. 10d. and 47s. 104d. cash, and 48s. 1d. one 
month. At the close there were sellers over at 47s. 104d. 
cash, 48s. 1d. one month, and 48s. 7d. three months. The 
following are the market quotations for makers’ (No. 1) 
iron :—Clyde, 60s.; Gartsherrie and Calder, 60s. 6d. ; 
Summerlee, 61s.; Langloan, 68s. ; and Coltness, 88s. (all 
shipped at Gl w); ee (at Ardrossan), 62s. 6d.; 
Shotts (at Leith , 60s. 6d.; and Carron (at Grange- 
mouth), 63s. 

Sulphate of Ammonia. — The sulphate of ammonia 
market is still very quiet, and only a moderate inquiry 
exists. The Glasgow quotation to-day is round 11/. 5s. 
per ton for prompt business, while 11/. 6s. 3d. to 
111. 7s. 5d. is to-day’s price for prompt delivery Leith. 
The amount ship from Leith nll last week was 

3 tons. 

Scotch Steel Trade.—The condition of affairs in the 
Scotch steel trade is only slightly better this week, but 
even that improvement is most acceptable. One order 
reported is said to amount to about 8000 tons of material. 
This contract consists of the whole of the ship-plate, 
nickel, and other steel sections uired for the construc- 
tion of the new Dreadnought which is to be built at 
Greenock by Messrs. Scotts’ Shipbuilding and Engineer- 
ing Company, Limited. Australian buyers have fixed up 
a few hundred tons of ship-plates, and a fair quantity of 
boiler-plates and light sheets have been sold for shipment 
to Canada. No change falls to be reported in the compe 
tition of the local merchants, and their prices are still 
several shillings a ton less than makers’ rates. 


Mallcable-Iron Trade.—The malleable-iron trade of the 
West of Scotland has shown no sign of improvement 
during the past week, and some even say that the condi- 
tions are steadily getting worse. Orders for export are 
being taken at prices which really cannot leave any 
— of profit, and both broad hoops and narrow strips 
are the subject of severe cuts. Altogether the outlook 1s 
anything but bright. 

Scotch Pig-Iron Trade.—A good healthy tone exists 11 
the Scotch Peg izce trade, and makers continue to be w: I 
pee yr oe e export demand is being well maintained, 
and this week some considerable lots have been sold for 
early shipment. Prices are firm. Hematite is unchanged. 








Free Harsorr at Opessa.—Plans are being prepared 
for the construction of a free harbour at Odessa, anc 4 
number of shipping companies, commercial institutions, 
and exporters are being consulted so as to ascertain the 
views. 
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NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 

Tron and Steel.—General satisfaction is expressed 
among the traders of Sheffield at the outcome of the 
recent Home Office inquiry in regard to the new regula- 
tions proposed for the grinding of metals and the racing 
of grindstones. It was demonstrated by the witnesses 
called for the Sheffield Chamber of Commerce that the 
regulations as applied to engineering shops would 
seriously impede the progress of work, and in the end 
be of no more advantage to the worker than the existing 
provisions of the Factory Act. Naturally, therefore, many 
concerned were relieved when Mr. Samuel Pope intimated 
on behalf of the Home Office that he did not think it 
necessary to press forward the question of the inclusion of 
engineering firms within the scope of the regulations. So 
far as the cutlery trades are concerned, it is admitted that 
the new provisions will be of considerable service, and 
generally they have been welcomed by both masters and 
men. Though there has been little evidence during the 
week of any upward tendency in the iron and steel trades, 
manufacturers are far from despondent, and, in fact, the 
outlook is generally considered very hopeful. The out- 
standing feature of the week has been the settlement of 
the Lincolnshire iron-workers’ dispute, the terms of which 
appear to be satisfactory from the point of view of both 
masters and men. Naturally, when the strike was in pro- 
gress stocks of pig iron were being lowered, and the inevit- 
able result of the continuation of the strike would have been 
that Lincolnshire brands of pig iron would have been ad- 
vanced in value. This in turn would have had its effect upon 
Derbyshire brands, and the general result would have 
been to the disadvantage of the Sheffield trades. During 
the week the iron market has been comparatively quiet, 
and prices have not been altered. Little improvement 
can be reported in the demand for railway steel. Owing 
to the t drop in coal and merchandise traffic the 
home railways are at present very poor consumers. Owing 
to pending requirements from abroad, however, future 
prospects of the industry are considered = Quietness 
prevails in the shipbuilding industry, and the local forges 
and foundries are comparatively slack. Some stimulus is 
expected later on from the construction of the Dread- 
noughts, for while the two successful firms will, of course, 
build the engines for the ships themselves, there will prob- 
ably be some of the forgings and machinery for outside 
competition. Of late orders for heavy castings for agricul- 
tural machinery manufacturers have not been so satisfac- 
tory, but within the past few days an accession of orders 
has been received which will produce a state of activity in, 
at any rate, one particular firm for some time to come. 


South Yorkshire Coal Trade.—The demand for coal for 
industrial consumption has been well maintained during 
the week and some good business has been done. Most 
pits are working full time, and it is understood that some 
firms have disposed of the whole of their outputs to the 
end of the year. It is true that in view of the possible 
effect of the Eight Hours Act certain colliery owners are 
not unduly foe «mi business, but that does not at all gene- 
rally apply. Preparations are being made by some firms 
for the employment of extra hands, particularly on 
the afternoon shifts, to endeavour to keep up the 
output to the present level, and in the course of the 
next fortnight something of an actual basis will have 
been arrived at to enable the question of prices to 
dealt with in a more accurate d Considerable 
activity prevails in the steam branch of the business, and 
fully 9s. 6d. per ton for the best hards is now being made 
at the pit. Better prices are also being realised for most 
classes of nuts and second grade pure. There is a revival 
in the demand for slacks and smaller fuel for manufactur- 
ing districts, and prices here also continue firm. There 
has been no reduction in rates for house coal, but there 
has been considerable falling off in the demand, as, of 
course, is only to be expected at this time of the year. 
Pits - working irregularly, from three days per week 
upwards, 








_ GERMAN TorPEDO-Boats.—Two ow pry med for the 
German Navy have just been launched at Elbing. They 
are known at present as the ‘*S 165” and the ‘‘S 166.” 





“Tue Coprer Hanp-Boox.”—“ The Capper Hand- 
Sook,” a manual of the copper industry of the world, 


eighth annual edition, compiled and published at the price 
of 5 dols., by Horace J. Stevens, Houghton, Michigan; 

-S.A., 1908, has reached us. It measures 9 in. by 6 in., 
and contains 1500 closely-prin pages of information. 


Copper is dealt with most exhaustively : its history is 
told; an outline of geological features pertaining to the 
metal is given, An interesting chapter is that which 
reviews the various chemical compositions containing 
copper, also the mineralogy of copper, the names being 
arranged alphabetically, and their chemical formule 
given in every pas case. In the following chapters 
the mining, milling and concentrating, metallurgy, alloys, 
brands and grades, and the uses of copper are dealt with 
in their natural sequence. There are thirty pages of 
mining terms. By far the greater portion of the book is 
taken up by information on the copper mines and copper 
deposits of the whole world, arranged alphabetically 
under the names of the various companies. e statistics 
cover a number of years down to 1907; thus the world’s 
copper production in 1880 is stated as having been 153,959 
tous, In which figure the United States entered for 17 per 
cent., while’ in 1907 the corresponding figures were 
‘10,155 tons, and 54 per cent. for the United States. The 
production of the leading mines throughout the world is 
also stated. The book is carefully got up, is strongly 


— has a neat appearance, and is sure to be appre- 


ciated, 





NOTES FROM CLEVELAND AND THE | 
NORTHERN COUNTIES. 
* MipDLessroucn, Wednesday. | 
The Cleveland Iron Trade.—The pig-iron trade is not in 
a very satisfactory state. Outside speculative operations 
in warrants have had something to do with checking 
legitimate business, but there are other more serious 
influences which interfere with business. There is not 
the same confidence in the future that there has been, and 
traders are now very cautious in their dealings. Production 
of pig iron would appear to be rather in excess of require- 
ments, for additions of both Cleveland and hematite pig, 
it is understood, are being made to makers’ stocks, and 
Cleveland iron is this month being added to the warrant 
stores at something like 350 tons per working day, the stock 
held there now exceeding 215,000 tons. Deliveries of pig 
iron are not coming up to expectations. Shipments to 
date this month average 4400 tons per working day, com- 
ay = “7 tons to * same gl a -— and 
tons for the corresponding oO y, last year. 
No. 3 g.m.b. Cleveland pig is f.o.b., and percent 
have been made from both makers and merchants at that 
figure. No. 1 is 50s. 6d.; No. 4 foundry, 47s. 3d.; and 
No. 4 forge, 47s. Few sales of hematite pis iron are 
reported just now, but producers are unwilling to lower 
rates at all. For immediate delivery of Nos. 1, 2 and 3, 
second hands have sold small odd lots at 55s., but the 
-— market quotation for ordinary early delivery is 
5s. 6d. Dealers in foreign ores continue to take a very 
firm stand, in spite of the absence of business. Lge 
tions are still based on 16s. 3d. ex-ship Tees for Rubio of 
50 per cent. quality, and freights Bilbao-Middlesbrough 
are about 4s. 


Manufactured Iron and Steel.—Little new of moment 
can be reported concerning the various branches of the 
manufactured iron and steel industries. Whilst one or 
two departments are busily employed, others are charac- 
terised by slackness, and producers of several descriptions 
regard the outlook for the future as anything but en- 
couraging. Rail-makers, sheet - producers, and manu- 
facturers of hoops are turning out a good deal of work, 
and they have fairly good order-books ; but demand for 
plates, angles, and bars continues very quiet, and the 
present competition for orders is likely to lead to reduc- 
tion in quotations in the near future. Up to the present 
market quotations all round are steady. Common iron 
bars are 6/. 15s. ; best bars, 7/. 2s. 6d.; best best bars, 
72. 10s.; iron ship-plates, 6/. 7s. 6d. ; iron ship-angles, 
61. 15s. ; iron ship-rivets, 7/. 3s. 9d. ; packing iron, 5J. 5s. ; 
iron boiler-plates, 7/. 7s. 6d.; steel bars, 6/. 5s.; steel 
ship-plates, 6/.; steel ~~ a 5. 12s. 6d.; steel boiler- 
plates, 7/. ; steel strip, 6/. 7s. 6d.; steel hoops, 6/. 10s. ; 
and steel joists, 5/. 15s.—all less the customary 2) per 


iron columns, 6/. 10s. ; light iron rails, 6/. 10s. ; heavy 

steel rails, 5/. 5s. ; and steel railway sleepers, 6/. 10s.— 

all net cash at works. Iron or steel galvanised corru- 
ated sheets, 24 gauge, in bundles, stand at 12/. 10s. 
.0.b.—less the usual 4 per cent. discount. 








THE Russian Navy.—The credit voted by the Duma 
to meet the ordinary expenses of the Russian Navy in 
1909-10 is 8,573,068/. @ amount applied for by the 
Minister of Marine was 9,338,600. The credit granted 
includes 830,192/. for new constructions; this amount 
shows a reduction of 550,140/. The Duma further sanc- 
tioned special naval expenses to the amount of 631,760/. ; 
the amount applied for under this head was 662,5001. 





Tue InpusTrRIAL Position In GERMANY.—A number 
of recent statements seem to agree as to the marked im- 
provement which is noticeable within different German 
industries, including the metal industry. Orders are 
coming’ in freely, and some works are as fully occupied 
as was the case when trade was at its best a few years 
ago. Many concerns within the metal industry have also 
been able to declare very handsome dividends for last 
year. On the other hand, the demand for some of the 
leading raw materials leaves a good deal‘to be desired. 
Pig keeps dull, nor does the business within’ the Steel 
Union’give satisfaction, although some specialities, more 
“especially wire, show an improved demand. 


“To anp Fro,”—This is a title of a new guide-hbook 
through London, eee at the price of 6d. by Messrs. 
Simpkin, Marshall, and Co:, and got up on a new prin- 
ciple. It is used as follows :—For ~, Bond example, 
from our offices, Bedford-street, S' to Lant-street, the 
street directory is consulted, the former street is indexed 
19, and the second 224. Then Table 19 is consulted, and 
opposite line marked 224 is given : ‘* By motor-bus from 
Strand to Elephant and Castle, thence by another 
motor-bus along Borough High-street.” The guide will 
prove useful ; it forms what the French would call wn 
travail de Romain. It — be improved with a map 
of London, but is cheap at 6d. 





Crry or Lonpon Directory, 1909.—The thirty-ninth 
annual edition of this directory has just been published 
phage we W. H. and L. Collingridge at the offices of the 

ity Press, 148 and 149, Aldersgate-street, E.C., price 
12s, 6d. The greater part of the volume is taken up by 
the street directory, and by lists of firms arranged alpha- 
betically and according to their trades; but it also con- 
tains a full list of members of the Corporation and other 
City officials, and a guide to the livery companies, full 
particulars of the schools and charities of the latter being 
given. A'list giving information relating to public com- 

nies and a large scale map of the city area complete the 
irectory, which should be useful to all having dealings 





cent. discount. Cast-iron railway chairs are 31. 10s. ; cast- | pela 





with city firms, 





NOTES FROM THE SOUTH-WEST. 


Cardiff.—Inquiries fur best and second-clas3 steam coal 
have been fairly numerous, but no great amount of fresh 
business has m arranged. The best large has made 
16s, 3d. to 16s. 9d. per ton, while secondary qualities have 
ranged between 14s. 6d. and 16s. per ton. House coal has 
been inactive, but prices have shown scarcely any — ; 
the best an hae ra mye made . “at = 
per ton; No. large brought 17s. 9d. to 
per ton. Foundry coke has made 18s. to 20s. 6d. per ton, 
and furnace ditto, 15s. 6d. woos fey gh ys As 
iron ore, Rubio has been quoted at 15s. 6d. to 15s. 9d. per 
ton, upon a basis of 50 per‘cent. of iron, and charges, in- 
cluding freight, insurance, &c., to Cardiff or Newport. 


The Futurc of Bristol.—Mr.°J. C. Inglis, eral 
ma of the Great Western Railway, attended tlre 
annual dinner of the Bristol Chamber of merce, and 
xe pee the toast, “‘The City and Port of Bristol.” Mr. 

nglis said while Bristol had had great difficulties to con- 
tend with, it was now determined to secure a greater 
share of over-sea traffic. From an import and export 
point of view, Bristol supplied the — surroun ing 
the city to an extent of some 120 miles. If one cut o' 
from the United Kingdom a section comprising a radius of 
120 miles, there was not very much of Great Britain left 
for other people. He had one suggestion to make—viz., 
that Bristol should establish a line of steamers to the 
country discovered by the illustrious Cabot. By this 
means Bristol would get down to bed-rock in the matter 
of rates and fares. It was desirable that Bristol should 
have a line of steamers to America established, and so 
break down the commercial wall upon which Bristolians 
had not hitherto made much, if any, impression. 


The ‘‘ Téméraire.”—The battleship Téméraire has been 
commissioned for service in the first division of the Home 
Fleet. The Téméraire carries ten 12-in. guns, is pro- 
tected by 11 in. of Krupp steel, and can steam at the rate 
of 22 knots. Like her sister-ship, the Bellerophon, built 
at Portsmouth, the Téméraire is an improved Dread- 
nought, the third vessel of the class being the “x 
now on the eve of completion at the works of Sir W. G. 
Armstrong, Whitworth, and Co., Limited, Newcastle-on- 
Tyne. The Téméraire has more than 130 electric motors. 


Gloucester and Birmingham Navigation.—The report of 
the directors of the Sharpness New ks and Gloucester 
and Birmingham Navigation Company, for the half-year 
ended March 25, states that the tonnage receipts show an 
increase of 1168/. as compared with the corresponding 

riod of 1907-8, The imports of grain, timber, and sun- 
vg show some increase. The free revenue is 4604/., and 
the directors recommend the payment of the half-year’s 
dividend on the A preference stock, carrying forward the 
nce. 


Dowlais.—The iron and steel works have been less 
active. The Goat Mill has been working on heavy section 
steel rails, but the output has been relatively moderate ; 
metallic sleepers have also been pressed to only a compa- 
ratively limited extent. 


Llanelly.—The tin-plate trade has shown some signs of 
improvement. Considerable activity has prevailed in the 
local coal-field. The Cwm Capel Colliery, Burry Port, is 
changing hands, and an extended taking has been ac- 
quired, including several of the best seams, 








Wiunnipee INpusTRIAL ExHrsition,.-—We have received 
a copy of the list of prizes—amounting to a total of 
40,000 dols.—which are to be awarded at the Winnipeg 
Industrial Exhibition, to be held from oy ng to 17 next, 
The manager and secretary is Mr. A. W. Bell. 





_ Generat Trape Norices.—In order to identify the 
Siddeley autocars more closely with the name of the 
makers, it has been decided to prefix the word ‘‘ Wolseley” 
and to call them in future the ‘‘ Wolseley-Siddeley Auto- 
cars.” 





Ligut Ratiways Act, 1896.—The Board of Trade have 
recently confirmed the undermentioned Order made by 
the Light Railway Commissioners :— Aldershot and Farn- 
borough Light Railway Order, 1909, authorising the con- 
struction of Light Railways in the Urban Districts of 
Aldershot and of Farnborough, in the County of South- 
ampton and in the Rural District of Farnham, in the 
County of Surrey. 





Tue AssocraTion ory Water Encinrrers.—The four- 
teenth annual general meeting of this association will be 
held at Durham on Thursday, Friday, and Saturday, 
June 10, 11, and 12, under the presidency of Mr. Robert 
Askwith, M. Inst. C.E., Engineer of the Weardale and 
Consett Water Company. The proceedings will be 

med on Thursday, June 10, at 10.30 a.m., when the 
Toes, Councillor John F. Bora, J.P., will welcome the 
members. The meetings will be held in the Town Hall, 
Durham. The following papers have been promised for 
reading and discussion—viz. :—‘‘ Steam-Driven veneee 
Plant for Deep Wells and Boreholes,” by Mr. f 
Towler, M.I. Mech. E.; ‘‘ Working Results of Pumping- 
Engines Xe My Producer-Gas,” by Mr. D. Hastings 
Irwin, M.I. Mech. E.; ‘‘ The Selby New Water-Works,” 
by Mr. Perey Griffith, M. Inst. C.E., and Mr. Bruce 
cGregor Gray, Assoc. M. Inst. C.E.; ‘* Public Water 
Supply for Fire-Extinguishing,” by Mr. C. W. 8. Oldham, 
Borough Water Engineer, Ipswich. The order in which 
the papers will be taken will be announced at the meet- 
ing. Lévense copies will be sent tomembers who signify 
their intention of taking part in the discussions. 
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MOTIVE; NITRATE RAILWAYS COMPANY, CHILI. 


COMPany, LIMITED, MEADOW HALL WORKS, SHEFFIELD. 
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AGENTS FOR “ENGINEERING.” NOTICES OF MEETINGS. or Lee, ae A 
Averralia : Gordon and Gotch, Melbourne; Sydney; Brisbane ; R= gag tay ve or MECHANICAL ENorveEns.— Friday, May 21,| acter. No number of average B.Sc. men, 
Turner and Henderson, , N.S. W. r Tun, Nonru-Baer Coast inwecrox or Exomenrs axp Surp- | however painstaking, could have tone the work of 
Ag = Sk eee Quaeaed, pumsens.— Friday, May 21, at 10 Rm. 5. giesing, busine F y, and in these matters er dag may be 
waa ed enon, elbourne, Victoria. Literary and Ph a Society, Westg te-road, Newcastle-on- | Telied upon to repeat er 4 > oe have they, 
A mis, Vienna : iaieean and Westes, Karntneretresne. Tyne, when the discussion on Mr. A. J. Murray's oF on on “ Notes but they see not,” or, ye So nce they do 
_—v RA a ae Chatelain, > on y * oe of. Steet Watertight Bulleads paper on see, they lack the strength of character to believe 
John M Co., 12, “The Adoption of Steam Turbines for the Wasaga in the accuracy of their own observations, like the 
Paris: Boyveau and Chevillet, 22, Ruede la Banque. For | at Moderate Speeds” first observer of Neptune, who, engaged in n mapping 
Advertisements, Tue SURVEYORS” rh AL, —Mionday, May 24, at5 pm. The tars, observed t the planet th 
58bis Quai des a Paris. Also for Adver-| annual general ing of the to receive the report 8 observ on two. occasions Oa en 
te, a Gee } may of the Council and the & announcement of the result of the election unknown. The observations . differed, but instead 


Linden. 
Frankfurt-am-Main : For Advertisements, G. L. Danube & Co. 
Mulhouse : i. Stuckelberger 
4 i... ° 
INDIA, Calcutta : Thacker, Spink, and 
Bom! : Thacker and Oo., Limited. 


of officers for the ensuing year, will be held in the lecture 
The prizes awarded to successful candidates, in connection with 
the recent preliminary and professional examinations, will be 
presented by the President at the annual general meeting. 

Tae Rovat Socrery or Ar’ ‘Aura. Wednesday, May 26, at 4 p.m. 
“The Manufacture of Nitrates from the Atmosphere by the 
Electric Arc,” by Herr Sam Eyde, of Christiania, Norway. 


Iraty : U. Hoepli, Milan, and gay post ction, Silvanus P. Thompson, D.Sc., F.R.S., will e. Thursday, 
LiveRPOOL : Mrs. , May 27, at 4.30 p.m. Indian Section. “The Function of Schools 
MANCHESTER : John Heywood, 1 of Art in India,” by Mr. Cecil L. Burns, Principal of the Bombay 
New ZxaLanp : Gordon and Go , Limived, Welling- | School of Art. Professor Sir Hubert von Herkomer, ©.V.O., 
ton, Auckland, and Ohristch: D.C.L., R.A., will preside. 
Norway, Christiania: Oammermeyer’s Boghandel, Carl Johans| Tix Coxcrere NstrTruTe.—Thursday, May 27, at the Royal 
neuen i. y 3 and Son. He rt Re ‘and Method, H it ete Game,” 
: tting of Port ement and Me’ of Regu e e,” 
SouTH eS ee News , Limited, —;" Office— | by Mr. H. K. G. Bamber, F.C.S. The chai be taken by Mr. 
W. T. Hatch, M. Inst. C i 
a ee = en te Town, Port AE. atch, M. Inst. C.E., engineer-in-chief, Metropolitan 
Bookstalis throughout South Attica. Also Cape Town Tue Roya, Ixetrrution or Great Brrrai.—Friday, May 28, at 
Wm. Dawson an lee y 31, -street. 9 p.m. “Advances in our Knowledge of Silicon as an 
TasMaNtA ; Gordon and Gotch Proprietary, Limited, Launceston ;| Ejement,” by Mr. Z Emerson Reynolds, M.D., D. ‘en he ., 
aoe ‘Afternoon ectures next week at 3 o’clock.— esday, 
Unrrep Starss, New York : W. H. Wiley, 43, East 19th-street. May 25. On “The Hittites : (2) Recent Discoveries in Asia Minor 
Chi : H. V. Holmes, 957-988, Monadnock Block. Sole | 4, Northern Syria,” by Professor John Garstang, B.Litt., M.A., 
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IMAGINATION IN PRACTICAL LIFE. 


An actor famous in the last century, on the many 
occasions in which he responded to the toast of 
‘*The Drama,” invariably included in his speech 
some reference to the days when actors, rogues, 
and vagabonds were grouped together into a single 
class by wisdom of Parliament. The engineer, 
the business man, and the man of science have 
rested under a somewhat similar stigma, fixed on 
them not, it is true, by the Imperial Parliament, 
but by the parliament of letters, literary men 
having long affected a certain intellectual supe- 
riority over the rest of their fellow mortals. Even 
now, when at length the popular leader-writer or 
essayist is compelled by the hard logic of facts to 

y a certain homage, seldom tempered with know- 
0 Sa to those responsible for the progress made 
on the material side of our civilisation, there is still 
a contention that first-class literary work demands 
for its production a higher order of intellect than 
suffices for eminent success in other walks of life. 

The claim, for instance, is definitely made that 
the creation of a character in fiction involves higher 
mental powers than were necessary to the — 
of the ‘‘separate comdenser,” or to the successf 
development of the reaction steam-turbine. It is 
contended, for example, that the steam-engine was, 
in a way, inevitable, and bound to come in the 
actual nature of events, so that it mattered little to 
the world whether it was perfected by James Watt, 
in 1765, or by Smith, Brown, or Robinson a few 
years later. On the other hand, ‘‘ Hamlet” is, it 
is claimed, a definite creation, possible to one 
man alone, and, failing him, lost for ever. Hence 
it is argued that whilst the dear-bought mono- 
poly of fourteen years secured by a patent is 
ample protection for the product of the engineer’s 
brain, the cheaply-secured monopoly of forty- 
two years or more assured to an author by the 
Copyright Acts is insufficient, his work requiring 
for its production a far higher order of intel- 
lect. he argument is certainly specious, and 
in essence admits the necessity of the great man 
in literature, whilst denying his importance to 
the cause of material progress. Indeed, it has 
been seriously maintained that the progress of 
ian at the present day would be assured were 
its pursuit left entirely to the ‘‘hodmen of 
science” and the activities of intellects of the 
first order directed elsewhere. This view does 
not, perhaps, differ essentially from that of 
Bacon promulgated three centuries ago, but it is 





- | of concluding that the body in question was in truth 


‘*a wanderer,” lack of imagination and_ self-con- 
fidence led to a rejection of the earlier set of obser- 
vations, and the Seer of discovering the outermost 
planet was reserved for greater men. 

Imagination in the practical work of the world 
has, indeed, other and more important applications 
than to the writing of patent medicine advertise- 
ments, or to the preparation of reports of boiler 
tests showing an evaporation ‘‘ of 14 lb. from and 
at,” with fuels little better than smudge. It may 
fairly be claimed, however, that even this mis- 
directed adaptation. of the faculty is not more 
pernicious than its application to the production of 
certain of those romances, glorifying the burglar 
and the swindler, which share with ‘  Saamlet ” the 
distinction that they would never have seen the 
light, failing each its particular author. 

Creative power is as essential to the great engi- 
neer or business man as it was to Shakespeare. 
5 it is by no means certain that a work such 

‘* Hamlet” need necessarily have been the work 
of one manonly. In olden days poems were handed 
down from bard to bard, each of whom added his 
quota to the form in which the text has finally been 
received by posterity, and it is held, by some at 
any rate, that this was the case with the [liad and 
with the Odyssey. It is by a relatively modern 
innovation that literary works are now left as 
they come from the hands of their originator, 
whilst the works of the man of science and of 
the engineer are modified, for the better or 
worse, by their successors. To the average literary 
man mathematics probably appears the most 
‘*Gradgrind ” of pursuits, but original work in 
mathematics requires imaginative power of a very 
high order, and the German mathematician quoted 
by Tyndall was fully justified in asserting that 
‘“‘we are poets,” and the ancients were amply 
warranted in classing together mathematics and 
music. Nevertheless, nothing would seem 4 priori 
more inevitable than the establishment of mathe- 
matical theorems, or to afford a field where the 
aggregate efforts of a number of average intellects 
could so fully and completely replace the necessity of 
the great man. Nevertheless, Fermat's ‘really 
wonderful proof” that «" + y” is impossible 
when n is greater than 2, and zx, y, and z are all 
integers, for which he could find no space in the 
margin of his book, is, we believe, still missing. 

In fact, in the popular mind the mathematician 
is often confused with the mere computer. This 
confusion is well exemplified in one of the charming 
‘** breakfast table ” books of Oliver Wendell Holmes, 
who, after seeing a calculating-machine, professed 
a certain contempt for the mathematician, being 
‘almost able to hear the click of the wheels ” within 
his brain. A similar confusion is not infrequently 
met with in the case of engineering, where an able 
computer is often but a very poor engineer. The 
able engineer suffers in the estimation of his 
successors, because, however great and original his 
work may have been for its time, it can and will be 
improved upon even by smaller men. In fact, his 
original work serves as a point of departure for ‘that 
of generations of other able engineers, some endowed 
with genius. Literary work, on the other hand, 
remains nowadays, with all its faults, as its original 
author left it, and it is for this reason alone that 
it is possible to assert a plausible claim that the 
fer man is more indispensable to the gp aca of 
iterature than he is in the case of other fields of 
work 

Both in “‘raw science ” and in that of the engineer 
there is undoubtedly a very large amount of useful 
work possible to men of limited imaginative powers. 
Each year sees an enormous output of so-called re- 
search work of the third order, involving little more 
intelligence on the part of its author than is required 
by the attendant of a bank of automatic machines. In 
each case, however, the output i is really based upon 
the possession by some third party of intellectual 
powers of a very high class. Possibly by someone 
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dead and buried years previously, into whose labours 
enter men quite incapable of originating them 
ab initio, but fully able to utilise, and at times to im- 
prove upon, the work of the defunct pioneer. From 
the spectacular standpoint the great engineer stands 
thus at a disadvantage as compared with the great 
author. Shakespeare, great as he is, has un- 
doubtedly faults, but since the days of Bowdler no 
one has attempted to rectify them, and Bowdler’s 
work consisted of little more than excision. A more 
ambitious effort was the travesty of ‘‘The Tem- 
pest,” by Davenant and Dryden, but the result was 
not such as to encourage further attempts of the 
same nature. The work of a first-class engineer is, 
on the other hand, continuously being modified by 
his successors; often for the worse, as in many of the 
‘*hyphen”’ Corliss engines, produced after the lapse 
of the principal patents of that able designer. At 


that the horse-power is simply proportionate to 
the total area of the pistons, and that neither 
the number of the cylinders nor the stroke have 
any effect on the power at all. The absurdity of 
this is very obvious, and has often been pointed 
out, and it is evident that the stroke does have a 
great influence on the actual horse-power. In order 
to rate — in any proportion to the power they 
can actually develop, the stroke must be taken 
into consideration, the only question being in what 
proportion. 

is matter has been dealt with from theoretical 
considerations several times, the assumption usually 
being that the stroke had some limiting effect on 
the revolutions, while the mean pressure remained 
constant. As, however, the power of many engines 
has actually been measured, it seems much better 
to judge of the effect of the stroke from the actual 


times, however, the alteration made was also an | facts 


improvement, and it then became adopted into 
standard practice. It may fairly be claimed that 
were the works of great authors subjected to a 
similar process of constant and continuous modifica- 
tion, changes for the worse being weeded out, and 
those for the better definitely adopted, the ulti- 
mate form of the text might be a substantial im- 
ca upon the original, but it would no 
onger be possible to assign to such works the 
unique position now claimed. 

Some may perhaps be more ready to recognise 
the need of imaginative powers in the engineer than 
in the business man, but probably there is no great 
difference in the standard needed for eminent 
success in any walk of life. Certainly it would be 
hard to deny imagination to the men that financed 
the first railways, or the first trans-Atlantic cable, 
or, to come to more recent times, to those to whom 
we owe the foundation of the states of Uganda and 
Rhodesia. 





THE TAXATION AND RATING OF 
MOTOR VEHICLES. 

One of the greatest innovations in the Budget 
this year is the proposal that motor vehicles should 
be taxed to pay for the roads. This is a return, in 
principle, to the system by which the roads were 
paid for in the old days of the turnpikes, under 
which all vehicles which went along the roads paid 
tolls for the use of the roads. The great objection 
to the old turnpike system was that, however right 
it might be in theory, it entailed an enormous 
amount of inconvenience in practice, the collection 
of the tolls interfering most seriously with the traftic, 
and it was very rightly abandoned. The principle 
was then adopted of having the whole cost of the 
roads paid by the ratepayers, whether or not they 
possessed or used horses ; but the apse proposal 
is, as we have said, a step towards the return to the 
older principle. 

The question as to how far it is desirable to 
directly tax the users of roads is one which admits 
of much discussion, and it is one with which we 
do not propose to deal in this present article. Nor 
do we intend to enter into the arguments which 
may be advanced for and against the policy of taxing 
a particular class of traffic to the exclusion of other 
classes. This policy and its effect upon the indus- 
tries Bil | in the class of traffic so taxed are 
matters which require very detailed examination, 
and must be dealt with independently. Our present 
object, in view of the Budget proposals, is to con- 
sider how these proposals may be carried out. 

Granted then that motors are to be taxed, the 
question arises as to the basis on which the taxation 
is to be levied. The present proposal is a gradual 
scale of payment rising with the horse-power. This 
is no doubt fairly satisfactory, as far it goes, though 
it seems as if weight of vehicle should also have 
something to do with the matter. The practical 
difficulty is the determination of the horse-power. 
It is clearly impracticable to make a test of the 
actual horse-power of each car, and it would be 
equally unsatisfactory to take the owner’s or maker’s 
statement, as in either of these cases instances would 
no doubt arise in which the horse-power would be 
under-estimated. The only practical way is to deter- 
mine the rated power by an arbitrary deduction from 
some easily-checked measurement. 

The only such measurement at present in use 
in this country is the Royal Automobile Club 
rating, which was devised for the purposes of com- 
petition, and there seems to be an assumption that 
this is to be the basis of the assessment for the 
purposes of taxation. In this rating it is assumed 





When we examine the matter from this point of 
view, we find that in practice the stroke has very 
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little effect at all in limiting the revolutions, and 
that therefore the power is proportionate to the 
capacity of the cylinders. Thus there have been 
races for engines with a limited cylinder diameter, 
an instance of which is the class in which it is 
limited to4in. An engine of this diameter of cylin- 
der, and the ordinary stroke of 4} in. to 5in., can be 
made to give about 8 to 10 brake horse-power per 
cylinder. In order to get greater power for racing, 
however, the stroke has been lengthened till 20 
brake horse-power have been obtained with a stroke 
of about 10 in.—i.e., the power developed has been 
increased in proportion to the increase in length of 
stroke. It has also been found in practice that 
engines with these long strokes can be run up to 
from 2000 to 3000 revolutions per minute, and that 
there is little difference between the revolutions at 
which they give their best power and that of 
= of ordinary stroke. 

f we examine a series of engines of greatly vary- 
ing size by one maker, we find much the same thing. 
As an instance we may take De Dion, who is the 
oldest maker of engines combining the essentials of 
the modern car-engine. He has made single-cylinder 


engines of substantially the same general design, | 





of varying strokes from 70 to 160 millimetres (2 } in. 
to 6} in.). The curve of cylinder capacity por 
brake horse-power for these engines is given in 
Fig. 1, annexed,-and of piston area per brake horse- 
power in Fig. 2, and from these diagrams it wil! be 
seen that, allowing for the fact that horse-powers arc 
stated in round numbers, the power is practically 
proportionate to the capacity of cylinders, and bexrs 
no proportion whatever to the area of pistons only. 
In fact, three engines having the same diameter 
of cylinder, but of different stroke, are rated at 8, {, 
and 10 brake horse-power respectively. In Fig. 2 
the dotted line shows the R.A.C. rating ; it is very 
evident that the curve has no correspondence with 
the actual facts. 

In practice in the modern car the revolutions are 
limited by external conditions, such as the desire 
to use a moderate ratio of gear on the back axle 
and to avoid noise, and, of course, at a given 
number of revolutions the power is proportionate 
to the capacity of the cylinders, the valves, igni- 
tion, &c., being assumed to be satisfactory. 

It may be observed that no formula based on 
cylinder dimensions will allow for the difference in 
speed at which different engines are run. Prob- 
ably the single dimension which would best allow 
for all the various proportions of engine and speed 
would be the size of the inlet pipe, but rating 
on this might introduce many complications. 
The fact that a tax is also to be levied on 
petrol will also tend to level up some of these in- 
equalities. 

It may be observed here that the rating of a 
car for taxation purposes is a very different thing 
to rating them for competition. In the latter case 
all rules are arbitrary, and are generally intended 
to produce a certain result. Thus in yacht-racing, 
for instance, if it is desired to produce a broad 
boat, breadth is untaxed, but length and sail area 
are. If it is desired to produce a narrower one, 
breadth is taxed ; if a light one is wanted, weight 
is taxed ; if a heavy one, the reverse. So it may be 
presumed that the Rating Committee of the Royal 
Automobile Club left the length of stroke untaxed 
because they wanted to encourage the production 
of a long-stroke engine. The tendency of the motor 
trade, on the whole, for the last ten years has been 
to shorten the stroke in proportion to the diameter 
of cylinder. In the very early days strokes of 
from one-and-a-half to about twice the diameter 
of the cylinders were common, but as time went 
on makers came to the conclusion that a shorter 
stroke gave better satisfaction to the customer, and 
so reduced it. It may be presumed that the Club 
Committee thought this a move in the wrong direc- 
tion, and endeavoured to alter it by making rules 
which would compel makers to produce long-stroke 
engines. As far as the competitions are concerned, 
they have been successful in this, and some very 
long-stroke engines have been made ; but this has 
had no effect on the cars sold to the public, for the 
makers have continued to make and sell engines of 
the proportions which they consider (rightly or 
wrongly) to be ‘correct. It is not possible here to 
go into the whole question of the proportions of 
diameter and stroke, as we dealt with this in our 
issue of January 22 last (vide page 105 ante); but it 
appears to us that taxation on a wrong basis may 
in makers to build special engines to avoid it, 
and that it will be a great pity if they have to 
abandon what they think right on this account. 
There is certainly little probability of any club com- 
mittee knowing what are the best proportions for 
petrol-engines better than experienced makers. 








RAILWAY DEVELOPMENT IN CHINA. 

Tue interest that has always attached to the 
Chinese Empire is in no way diminished, and may 
possibly in a way be increased, by the fact that the 
country is becoming toa certain extent modernised. 
We say to a certain extent, because the change 
appears to be almost entirely confined to the con- 
struction of a few railways, and yet it is this very 
fact that raises such vast speculations as to the future 
of the country. For generations the interest that 
China has created in the minds of Western men 
has been due more to a feeling of wonder 
and curiosity than anything else, for a veil 
of mystery has shrouded the land. But this has 
somewhat changed ; the feeling of interest 18 now 
due more to expectation, not to say speculation, 
as to what the future of the great empire will be, 
than to any mystery that may belong to it ; and 
now that railways have at last got fairly well 
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established—few though they really are when the 
size of the country is considered—it cannot be long 
hefore great advances are made. The future that 
is in store for China will probably be such 
that even the Eastern imagination might find 
it hard to picture. Although the extent of the 
railways already built, or in process of build- 
ing. in China, is not great, we believe that most 
people would be not a little surprised if they 
knew how much has really been done, for in the 
mind of the ordinary man we believe there is a 
sort of idea that such modern contrivances as rail- 
ways are strictly forbidden in the country, with 
the exception, perhaps, of a few miles here and 
there near the coast. That such is not the case, 
however, is quite well known to all who have 
taken the trouble to follow even to a small 
extent the history of the country, and to these the 
paper read last Wednesday evening at the ordinary 
meeting of the Royal Society of Arts by Mr. Arthur 
John Barry, M. Inst. C.E., must prove of par- 
ticular interest, tracing as it does the history of 
Chinese railway enterprise from its commencement 
to the present time. In this paper Mr. Barry de- 
voted really very little space to the actual engineering 
side of the question, but confined himself largely 
to the many difficulties, both political and financial, 
which surrounded the efforts of the pioneer. Such 
matters we have not space to touch upon here, and 
must confine ourselves to a brief outline of the 
present position of the railways of China. 

The whole history of the railway movement is 
divided by Mr. Barry into four periods. The first 
of these was marked by the attempt of foreigners to 
induce the Chinese to permit the introduction of 
railways into the country, but the attempt failed, 
the fanaticism of the — and the opposition of 
the governing classes being too much for it. In the 
second period things had changed somewhat, for a 
small number of the Chinese had imbued the ideas 
of the foreigners, and the attempt to construct the 
first railway succeeded, though in the face of much 
opposition. As time went on, the people of the 
country became more accustomed to the railways, 
and during what may be called the third period they 
began to grasp the fact that these innovations were 
a necessity to the welfare of the country, and con- 
sent was given for the admission of capital on 
mutually agreeable terms for the construction of 
railways. The characteristics of the fourth, or 
present, stage appears to be a growing intolerance 
of foreign guidance and assistance, with the excep- 
tion of what is purely financial. It appears that, 
with regard to the construction and management 
of railways, the Chinese are rapid learners, and 
have turned out a few really good engineers, if it 
can be said that they have turned them out when the 
engineers have had their early training in America. 
There are at present, however, very few of them 
capable of filling responsible posts, and it will 
probably be a long time before the supply of such 
men in China is equal to the demand. 

Forty-five years have now passed since the first 
attempt was made by Sir Macdonald Stephenson 
to introduce the first railway into China, but 
without success, and Sir Macdonald and _his 
scheme were politely bowed out of the country. 
Shanghai made the next move, with a proposal 
to construct a short line from Shanghai to Woo- 
sung, about 12 miles down the Whang Poo 
River, for the convenience of ocean steamers, which 
had to discharge part of their cargoes before they 
were able to pass the bar. Permission was at first 
refused, but leave was afterwards given to Messrs. 
Jardine Matheson and Co. to make an ordinary road, 
which being done, they laid upon ita 2-ft. 6-in. gauge 
railway. This line was for a time enthusiastically 
patronised by the Chinese until one daya coolie threw 
himself down in front of the train and was killed. 
lhis decided the fate of the railway; it was bought 
at cost price and torn up. With this incident ended 
the first stage of the railway construction. Although 
early hopes had been rudely shattered and things 
looked gloomy enough when the second stage was 
entered, the previous efforts of Messrs. Jardine 
Matheson were in time to bear fruit, and this was 
due largely to the efforts of a certain Chinese 
gentleman, Tong Kin Sing, who was a man of 
enlightened views, broad-minded, and tenacious of 
purpose. He built a small railway for the purpose 
of bringing coal from some mines he owned at 

ongshan, in the north of China, to the head of a 
canal about 7 miles distant, from which has grown 
wp the most important railway system in Ehina, 
about 600 miles long from Peking to Mukden. 








The great obstacles to the construction of rail- 
ways in China have been the superstitions of the 
people, the chief of these probably being that of 
ancestor-worship. As the dead scem to have no 

icular consecrated ground for their disposal, 
ut lie wherever it may please their descendants 
to put them, it is not easy to make a railway 
anywhere without coming across somebody’s an- 
cestor, with consequent trouble to follow. This 
superstition appears, however, to be losing much of 
its force, and the ordinary Chinaman is generally 
willing to brave the wrath of his forefathers in 
return for a timely monetary consideration. 

The end of the war between Japan and China 
may be said to mark the close of the second period, 
and then followed a time of much political struggle 
between the nations of Europe as to who should 
obtain the best concession ; but all this we have no 
space to follow. We may say, however, that durin 
the period at the end of the war alluded to severa 
railways came into being. The first of these was 
the Russian railway called the Eastern Chinese 
Railway, from the station on the Siberian railway 
called escheat, through Tsitsihar and Harbin 
to Vladivostock, with a branch from Harbin to 
Yingkow, Port Arthur, and Talienwan. Secondly, 
in the south a railway was projected by the 
French from Lao Kai to Yunnan, which will 
probably be finished next year. Thirdly, the 
German railway in Shantung between Kiaochau 
and Chinan Fu was made. e Eastern Chinese 
Railway south of Kwangchengtsze has been con- 
verted from the Russian 5-ft. gauge to 4 ft. 8} in. 
since the Russo-Japanese War. A _hastily-con- 
structed line has also been made by the Japanese 
from near Neuchuang to the Yalu River; and as 
this railway is now being improved, passengers will 

robably before long be able to go by train from 
tandem to Fusan. 

In 1898 France obtained a Jease of Kwangchau- 
wan as a coaling-station, and the right to construct 
a railway to Yunnan Fu. The total length of the 
line is 280 miles, and eighty years after the date 
of completion the railway passes into the hands of 
China. This railway will probably be completed 
next year. 

The railways belonging to the third period are the 
Pekin-Hankow, the Hankow-Canton, the Pekin 
Syndicate Railway, the Chengting-Fu-Taiyan-Fu 
Railway, the Kaifeng-Fu-Hsian-Fu Railway, the 
Pinghsiang-Chu Chow, the Pekin-Kalgan (Chinese), 
the Swatow-Chauchau, the Macao-Canton, and the 
Shanghai-Nankin Railway. Of these ten railways 
the most important are the first two and the last. 

The Pekin-Hankow Railway was proposed soon 
after the close of the Chino-Japanese war, and it 
was the first railway for the construction of which 
the Chinese Government invited the co-operation of 
foreign capitalists. Its length is 760 miles, and it 
passes through a densely-populated country. The 
permanent way consists of 85-lb. rails laid on Japa- 
nese sleepers, and its cost is supposed to have 
been 5,000,000/. The sleepers are said to be cheap 
as far as first cost goes, but require constant re- 
newals. The principal work on the railway is the 
great Yellow River bridge, which is nearly two 
miles long, and consists of 102 spans of 65-ft. and 
98-ft. length. Much trouble appears to have been 
met with, due to the scour of the river. The rail- 
way earns large profits. 

The Hankow-Canton Railway is really a con- 
tinuation of the Pekin-Hankow Railway, and when 
finished will complete the great north and south 
track from Pekin to Canton and Hong-Kong. 

The last railway belonging to the third period 
is the Shanghai-Nankin Railway. It was inaugu- 
rated under British auspices. Mr. Barry states that 
this line will compare favourably with any line in 
England or elsewhere, and it is the best found 
railway in China. It serves a wealthy district. 
It is thought, however, that if it is to be as 
successful as it ought to be, the Soochow-Hang- 
chow-Ningpo Railway should, when completed, be 
worked with it as one system, as was the original 
intention. 

Coming now to the fourth period of railway con- 
struction in China, which commenced with the 
negotiations for the Canton-Kowloon Railway loan, 
this railway was to be undertaken first, then the 
Tientsin-Pukow line, and afterwards the Shanghai- 
Hangchow-Ningpo line, which now starts from 
Shanghai instead of Soochow, as was originally 
intended. 

As to the future, Mr. Barry thinks that China is 
fully alive to the advantages of railways, and is 





now as anxious to build them as she was at first to 
oppose their construction. The Chinese railway 
system is, of course, still in its infancy, and amounts 
in all to only about 5000 miles. India, with a 
population of about 240,000,000, possesses about 
30,000 miles of track. In the same proportion, 
China, with its population of, perhaps, 340,000,000, 
before it can compare with India should have at 
least another 30,000 miles of railway, at a cost of 
200,000,000/. And yet the railway system of India 
is only partially developed. 

It is a par point whether the railways of 
China should be constructed by private Chinese en- 
terprise or whether the principle of State ownership 
should be universally adopted. Mr. Barry appears 
to think that State ownership in the case of China 
is the better system. This, for several reasons. It 
would be impossible by private companies to raise 
sufficient capital in China. Private companies, 
also, would not have the power behind them 
necessary to enforce their rights as the Government 
has. They would also have too many private in- 
terests which would be antagonistic to the interests 
of the Chinese public and the undertaking. Mr. 
Barry also considers that a strong and capable rail- 
way department or Board should be established in 
Pekin, so constituted as to command the confidence 
of the foreign investor, and strong enough to com- 
mand respect everywhere in China itself. 





THE MAIN DRAINAGE OF THE 
METROPOLIS. 

On page 702 we reproduce from a highly interest- 
ing report of Mr. Maurice Fitzmaurice, C.M.G., 
engineer to the London County Council, a map show- 
ing the present extent of the _—_ system of conduits 
by which the sewage of the Metropolis is transferred 
to Barking and Crossness respectively. When Sir 
Joseph Bazalgette began in 1856 his plans for the 
main drainage of London, it was not financially pos- 
sible to start with a clean sheet and devise, ab initio, 
an ideal system of getting rid of the enormous mass 
of offensive waste products necessarily associated 
with an immense and thickly-populated area. In- 
deed, at the time in question, ideas as to the most 
suitable methods of sewage disposal were still 
unfixed. A famous German chemist had likened 
England to a vampire sucking into herself the life- 
blood of the world, and throwing it into the sea 
through her sewers. The idea was rife that, in 
place of the mere nuisance it is now considered, 
town sewage should be a source of profit to the 
community, and so sanguine were certain sanitary 
enthusiasts, even as late as the ’seventies, that they 
offered large annual payments to certain towns 
for the privilege of converting their sewage into 
marketable manure. To say, in Grover Cleveland’s 
famous phrase, that Sir Joseph Bazalgette was con- 
fronted with ‘‘ a condition and not a theory,” would 
hardly be legitimate, since many theories as to 
the best methods of sewage disposal were rife at the 
time. Nevertheless, the sanitary condition of the 
Metropolis made it urgent that an immediate 
remedy should be found, even though this, in the 
opinion of many of the sanitary theorists of the 
day, should constitute an evasion rather than a 
solution of the problem of Metropolitan sewage 
disposal. As matters turned out, this was fortunate, 
or the Board of Works might have been seduced 
into wasting funds, and, what was still more im- 
portant, time, in the attempt to extract the 
— which so many were ready to assure them 

y in the tons of nitrogenous matter they were 
turning into the Thames and thence into the sea. 
The actual state of affairs at the time was such as 
to compel their able engineer to treat the sewage 
solely as a nuisance to be got rid of as economically 
and efliciently as possible. Certain t drains had 
already been definitely established by roofing over 
several of the smaller tributaries of the Thames, of 
which the Fleet is, perhaps, the best known. ee 
nally these drains were intended to convey into t: 
river surface waters only, and penalties were pro- 
vided for turning into them domestic sewage, which 
it was attempted to confine to cesspools. London 
thus started with a separate system, but circum- 
stances proved too strong for the authorities. First 
the overflow from the cesspools was alone allowed 
to enter the drains, but direct connections soon 
followed, and were ultimately made compulsory. 
As these drains discharged direct into the Thames, 
the state of the river in warm weather may well be 
imagined, and those fortunate enough to possess a 
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set of Punch will find in the earlier volumes frequent 
references to the intolerable stench. 

Conditions were aggravated by the faet that these 
old sewers were only able to discharge their con- 
tents into the Thames during low tide, and in flood, 
or cases of heavy rainfall, the flow backed up the 
sewers, flooding basements and other low-level 
habitations. Of the London area about 10 square 
miles lie less than 12} ft. above Ordnance datum. 
In Roman times it is asserted that the mouth of 





provision thus made for rainfall in the sewers|sewage through land, or else that it should ). 
was quite inadequate to carry off really heavy | carried many miles further down the estuary. F 
downpours, and hence the old outfalls direct | tunately, in chemical precipitation, and the sul 
into the river were utilised as storm overflows. | quent removal of the ieteste sea, the Board fo: 
As the London area has been more and more built | a less ruinous alternative to these demands; and t}::< 
over, the relief thus provided for storm-water has | system, though violently denounced when first ; 
proved inadequate, partly because in inhabited , has proved thoroughly efficacious up to di: <. 
areas the loss by percolation and evaporation is teria beds have, it is true, been installed 


| small, but also owing to the rapidity with which| Barking, but only as an experiment, prac‘ 


rain falling on roofs and paved streets reaches the|ally the whole of the sewage being dealt wii} 


the river was but a few miles below London Bridge, | sewers. As a consequence, in the later ‘nineties it|as originally proposed nearly twenty-five years 


a great gulf or arm stretchi 


over the low-lying | became evident that new intercepting sewers must | ago. 


The precipitants used are 1 grain of proi« 


plains of Essex. Much of the land thus covered was | be provided, since storm-water discharges into the | sulphate of iron and 4 grains of lime per gali 
reclaimed at a very early date by an embankment, | Thames were frequent, even with comparatively | of sewage treated. The sludge containing 92 p.1 


but the low level of much of the area to be drained | light falls of rain. 


These discharges, being the first | cent. of water is pumped into special steamers {\) 


has always formed one of the difficulties of dealing | washings of streets fouled by horses, were very offen- | conveyance to the Black Deep, in the estuary of tiic 


economically with the metropolitan sewage. 


sive—a fact which advocatesof the ‘‘separate’’ system | Thames, and the supernatant effluent run off into 


The most pressing need of the moment, when | of sewerage do not alwaysappreciate. The idealcon-| the river, which is now universally admitted to |) 
Sir Joseph Bazalgette began his labours, was the dition would, no doubt, be obtained by a complete | ina reasonable state of cleanliness, though practic::! 


prevention of wry | in these areas, arising, as 
stated, through the backing up of the sewers. 
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diversion of all rain-water from the river; but, as| freedom from intestinal bacteria is only attained 
Sir Benjamin Baker and Sir Alexander Binnie| after a twenty-mile run. The amount of sludg 
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He decided —and, indeed, financial considerations 
gave him little room for choice—that the exist- 
ing drains must be utilised, but that in -place 
of discharging direct into the Thames they should 
deliver their contents into a series of intercept- 
ing sewers, conveying the sewage on the north 
shore to Barking and on the south to Crossness, 
respectively 11 miles and 13 miles down stream 
of London Bridge. Two of these sewers were 
necessarily low-level sewers, and to transfer their 
contents to the disposal works pumping-stations 
had to be installed at Pimlico and at Abbey Mills, 
Stratford. Obviously it would have been unecono- 
mical to turn the sewage fiom high-lying areas 
into low-level intercepting sewers, which would 
necessitate the pumping of larger volumes of 
sewage, and hence, in addition to the great low- 
level sewer on the north side of the river, Sir 
Joseph Bazalgette provided also on this side a high- 
level and a middle-level intercepting sewer, all 
three of which converged to ee Mills, and 
thence by the famous triple outfall sewer to 
Barking. There were also three intercepting 
sewers at different levels on the south side of the 
river. The total flow provided for was equivalent 
to a discharge at a uniform rate of a 


to 800 million gallons per day, of which 108) of crude sewage 





ut 750! 


pointed out some years back, to carry off even $ in.;now shipped averages, Mr. Fitzmaurice states, 
of rain per hour from the 50 square miles on the | 8200 tons per day. It has practically no manu- 
north side of the river would require a channel |rial value. The average daily flow in 1908 was 
500 ft. wide by 10 ft. deep, flowing with a velocity | 283,000,000 gallons, which during times of storm 
of 200 ft. per minute. Channels of this kind|was augmented to 1,008,000,000 gallons. The 
would form veritable rivers when full, but would | annual working costs at Barking and Crossness 
normally be almost empty, when they would be|amount to 118,1801., of which about 4000. is 
liable to silt up with deposits of filth. Of course, | attributable to the sludge steamers. The popu- 
4 in. per hour constitutes a deluge, but downpours | lation in the area drained was 5,136,192 in the year 
of something like this intensity occur every year | quoted. Sir Joseph Bazalgette’s original scheme 
in some part or other of the United Kingdom. In| provided for a population of 3,450,000, so that 
1903 as much as 3 in. of rain fell in the twenty- | the need for new sewers is evident. Sewers being 
four hours in parts of London, the average for |a subject on which it is difficult to arouse political 
the whole area being 2} in. Rainfalls of such enthusiasm, there has always been some difficulty 
intensity must be discharged direct into the | in getting London County Counce to provide the 
river, which is well able to get rid of such occasional | funds necessary for their construction. Their eng! 

pollution without nuisance. Indeed, for some years | neers have, however, persisted, and, bit by bit, 
after the completion of Sir Joseph Bazalgette’s| have managed to effect the construction of impo! 

sewers the whole of the London sewage was dis- | tant storm-relief sewers, new intercepting sewers, 
charged direct, without purification, into the river, bee new outfall sewers, at a total capital expendi 

and for some time without evil effects, the river |ture on sewage disposal of over 4} millions, the 
containing enough oxygen to destroy the organic amount expended of the Metropolitan Board 





matter disc into it without putrefactive | of Works being over 6} millions. Since the works 
changes being set up. Ultimately, however, the at Crossness and Barking were incomplete when 
aeration of the river was insufficient for it to deal | the Board of Works was dissolved, the initiative fo: 
satisfactorily with the constantly increasing volumes |a proportion of the expenditure attributed above 
poured into it. Sanitary enthusiasts to the County Council really lay with their prede- 


million gallons were sewage proper. Even the large demanded either the passage of the whole of the cessors. In all, the latter constructed 274 miles of 
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sewer, whilst the County Council have been respon- 
sible for another 78 miles. The new outfall sewer 
to Barking (see map) now consists of five 9-ft. 6-in. 
sewers in place of three. A new low-level sewer 
from Hammersmith to Bow is approaching comple- 
tion, as is a mid-level sewer from Willesden to Old 
Ford. On the southern side a high-level intercept- 
ing sewer from Catford to Crossness has been com- 
lected, as well as a new outfall sewer from Dept- 
ford to the same point, and a southern low-level 
sewer from Battersea to Deptford is in course of 
execution. In addition, some miles of additional 
storm-relief sewers, discharging direct into the 
Thames, have been constructed on both sides of 
the river. 





THE STRENGTH OF NAVIES. 

Tue Admiralty have just issued a return showing 
the composition of all naval fleets at March 31 last; 
but no attempt is made to classify the value of ships 
of different types, nor to give statistical tables. 
There is thus little guidance, and we are reminded 
once more of the old saying that statistics can pres 
anything. No ship of over twenty years of age, 
from the date of launch, is included—an exclusion 
which is fair to all nations ; but the fact that there 
are embraced such vessels as the Centurion and 
Barfleur, which are already marked for the scrap- 
heap, shows that the return is not reliable from the 
standpoint of fighting efficiency. But, taking the 
return for what it is worth, we find that the result, 
so far as battleships are concerned, is as follows :— 


— | Built. | Building. ‘Projected. Total. 





Great Britain .. ve 53 6 4ors 63 or 67 
France ; = “sé 18 6 = 24 
Russia me * am 7 8 ae 15 
Germany .. “i . 32 10 a 42 
Italy iy) “ep Gta ee | 1 5 ll 
United States .. ca 26 6 2 34 
Japan é: “a sp 4 2 20 


In Brassey’s Annual there is a careful estimate of 


the future probabilities, and we take. the following 
table, which includes all first-class ships :-— 


End o 








¢ 9 
— 1909. 1910. 1911. 1912. 
Great Britain .. - 44 47 52 56 
United States ¥ 21 23 25 27 
Germany .. ae en 22 24 27 30 
France... ie - acy ll 15 15 
Japan es si e 12 12 14 


Mr. Brassey discards the Royal Sovereign class 
and the Bartleur and Centurion and correspond- 
ingly obsolescent ships of other Powers, but the 
Admiralty list shows that built, building, or pro- 
jected, we have only 67 ships to 76 of the two next 
strongest Powers—the United States and Germany 
—and this is probably the most favourable position. 
In Mr. Brassey’s return the comparison for the 
end of this year is 44 against 43, but three years 


hence we will stand 56 against 57; so that we have | : 


not an equality, far less the 10 per cent. margin. 
To secure this we must build seven ships more 
than these two Powers in the next year or two. 

There is no direct light thrown by the Admi- 
ralty return on the relative strength in Dread- 
noughts ; the reader is left to take out the figures 
for himself. Nor is any indication given as to the 
position at any future date. 

Mr. Brassey gives figures which agree generally 
with the statements made in Parliament by the 
First Lord of the Admiralty. Here are the 
figures, which include four British ships to be laid 
down this year and four to be commenced next 
spring :— 























— | End of | 1910. 1911. | 1912. 

; 1 
Grea’ Britain: Dreadnoughts 4 7 12 16 
Invincibles .. 3 3 4 4 

—$-_ ———— | 
al... hep Sheng 7 10 16 | 2 
Germany: Nassaus .. or 3 7 10 13 
Fast cruisers 2 + | 4 

| 
aE ew 9 ae 


' 





Lt would thus appear that on this somewhat con- 
Servetive estimate of Germany’s rate of construc- 
tion the four hypothetical ships of this year’s 
British programme ought to be laid down if we are 
to have a 10 per cent. margin, either of Dread- 
houchts or, indeed, of all ships at the end of 1912. 
Sclore leaving battleships, it should be noted 





that in this Admiralty return the armament of the 
German battleships is officially given as twelve 
1l-in., twelve 6-in., and twenty-two smaller guns, 
with four torpedo-tubes, while the corresponding 
particulars for our St. Vincent class are ten 12-in., 
twenty 4-in., and five machine-guns, with three 
torpedo-tubes. The comparative displacements are 
17,760 tons and 19,250 tons, and the horse-powers 
22,000 and 24,500. The inference is that gun-power 
has been increased in the German ships at the ex- 
pense of protection or coal capacity, since the ratio 
of power to displacement suggests as nearly as pos- 
sible the same speed for the two ships. 

The Admiralty classify cruisers as armoured and 
protected separately. In Brassey’s Annual cruisers 
are divided into three classes irrespective of pro- 
tection. But it is difficult, if not impossible, to 
make any definite standard suitable for accurate 
comparison. The Invincible and the ships of the 
County or the Cressy classes, although all are 
armoured, are not comparable. But we give the 
figures from the Admiralty list for what they 
are worth, taking the armoured and first-class pro- 
tected cruisers from the Admiralty list, and the 
number of first-class cruisers from Brassey’s Annual 
for the last column. The significant point is the 

ter number of large armoured cruisers being 
built at the present time for foreign navies. 


Armoured Cruisers. First-Class 
_ Protected Total 





isers . Total. 


| Built. | Building. Built.* 











Great Britain) 








38 | 1 18 57 49 
France 20 ~«| 2 5 27 15 
Russia 4 2 7 13 6 
Germany Ss 4 ~ 12 12 
i | ats 7 3 _ 10 7 
United States 15 - 3 18 15 
Japan ie ll 2 2 15 16 





* No large protected cruisers are being built, 


It will be recognised from the last two columns 
that in Brassey’s Annual many cruisers, notably 
in the British and French fleets, are relegated to the 
second-class. These, in the case of the former, 
include the Royal Arthur and Edgar classes, which 
belonged to the Naval Defence Act fleet. A com- 
parison of the strength of cruiser fleets must be 
made only upon due reflection of the immense 
shipping which Britain has to protect, so that here 
the two-Power standard must be greatly exceeded. 
The same applies to the second and third-class 
cruisers and smaller ships ; but the figures of ships 
built and building are nevertheless interesting. 





| Second- 
— | Class Class 


Third- | Unpro- 


| tected ahial Torpedo 





| Cruisers. Cruisers. | Cruisers. | Vessels, 
Great Britain 43 16 } 2 8 18 
France oo 12 ll - ~~ 12 
Russia as 2 2 2 =~ 6 
Germany 2 12 ll —— 1 
Italy .. 4 12 — am 5 
United States 16 2 10 3 2 
Japan ll 8 7 - 1 


As to the second-class cruisers, it must not be 
forgotten that Germany has been steadily building 
such vessels for five years, and they have now twelve 
launched since 1903, and seven more are being 
built, whereas we have launched none during that 
period, although we have five now building. The 
comparison of numbers is thus more or less inne. 
We must in the near future add considerably to 
this class of most serviceable high - speed vessel. 
Our two unprotected cruisers are the Boadicea and 
Bellona, and two more are projected. With the 
exception of these and the second-class cruisers, we 
are not building any unarmoured cruisers. This 
applies also to the other nations. 





| 


Destroyers. Submarines. 


| 
| Torpedo- 
| Boats. | 








| 
Built. | Building.| Built. | Built. | Building. 
Great Britain 146 | 25 116* 45 23 
France 56 16 262 49 49 
Russia oe 7 | es 84 24 ll 
Germany 73 | 24 83 4 a 
Italy... eT 5 109 7 se 
United States 20 | 15 30 12 16 
Japan ol] 55 | 3 69 9 2 





* Including coastal destroyers. No torpedo-boats building. 

Britain’s position in submarine boats is gratify- 
ing, and it is notable that the latest boat, D1, 
now being built is of 604 tons displacement, that 
the heavy-oil engine with which she is being 


fitted will develop 1200 horse-power for propulsion 
on the surface, and that there is available for 
driving her when submerged 550 horse-power. The 
vessel will have three torpedo-tubes, so that she is 
the most powerful, as well as the largest, yet ordered 
for any navy. As regards destroyers, it is signifi- 
cant that while we have launched only fifty-five 
since 1900, Germany has floated in the same period 
68. The proportion of newer vessels in the two 
fleets is an important question in measuring their 
relative strength, and it may, therefore, be useful 
to complete our review of the return by giving a 
note of the vessels of the nopeatoat types launched 
since 1900 for Germany and Britain, including those 
projected in our Navy Estimates for this year, 
excepting in the case of submarine boats, as the 
number of these to be laid down has-not yet been 
determined :— 


Britain. Germany. 
Battleshi o . BSlor 3S 26 
Armou cruisers .. “4 Se 37 ll 
Cruisers and scouts a on 28 26 
Torpedo-boats and destroyers .. 124 68 
Submarines .. ; 68 8 


It is obvious from the results given that our 
position is not satisfactory in respect of battleships 
and fast light cruisers. “The 31 British battleships 
assumes the laying down of only four this year ; 
the 35 includes the ‘‘ hypothetical” four. 








NOTES. 
AmeERICAN Rariway Statistics. 

Tur interesting railway statistics of the United 
States of America, which are published every year, 
are again to hand, this time for the year 1908. As 
before, they have been prepared by. Mr. Leason 
Thompson, and include particulars of the railways of 
many other countries. Owing to the year ended 
June, 1908, being a time of uncertainty and confu- 
sion in the financial world in America, the particu- 
lars given do not afford a very good basis of com- 
parison with those of former years, for, owing to 
the panic of 1907, the railways suffered a loss 
of over 330,000,000 dols. in earnings in the 
twelve months ended June, 1908. Owing to the 
fiscal year including the most prosperous four 
months of American railway history, however, the 
reports only show half of this amount. The com- 
parison with former years is also impaired by the 
introduction of new and arbitrary methods of 
accounting. Business depression was also brought 
about in 1908 by requirements and legislative regu- 
lations affecting the hours and conditions of labour, 
which added 32,000,000 dois. to the pay-rolls. If 
these facts be borne in mind, it will help to make 
clearer some of the salient features of the industry 
compared with previous years. Up to the end of 
the fiscal year the total mileage of all tracks, 
reckoned as single track, was 332,000.miles, but this 
includes all sidings, &c. This is an all trackage 
increase of 36 percent. during the last decade. 
The increase in double, treble, and quadruple 
track is particularly noticeable, pointing to the fact 
that the rapid increase of traftic has compelled the 
railway companies to adopt this method of adding 
to their power of transportation. At the end of 
1908 the mileage of second track had increased 
75 per cent. during the previous ten years, the 
mileage of third track 99 per cent., fourth track 
79 per cent., while yard track and sidings had in- 
creased 69 per cent. In 1907 the total mileage of 
the railways of the United Kingdom, reckoned as 
single track, amounted to 53,189 miles, includin 
sidings, or about one-sixth that of the Uni 
States. In yard and side tracks alone the 
United States have 46 per cent. more than the 
total of all the mileage in Great Britair and 
Ireland. With regard to the equipment of Ameri- 
can railways, there was, with the exception of the 
opening months of the fiscal year, a surplus of 
equipment, for the output of locomotives and cars 
had been very much increased during the years 
1904 to 1907, owing to the excessive demand there 
then’ was for increased equipment. In 1907 the 
manufacture of rolling-stock reached itshighest level, 
not only numerically, but also in size. There were at 
the close of 1908 on the railways of the States 57,000 
locomotives, weighing 4,056,700 tons without the 
tenders, and having a tractive power of 1,455,970 lb. 
These figures indicate an increase of over 115 percent. 
in the weight of locomotives during the last decade. 
The number of passenger cars has increased nearly 
19 per cent. during the last six years, their number 
being, at the end of the last fiscal year, 42,623, 
against 36,989 at the end of 1906. The increase in 





the capacity of the freight cars is, however, the most 
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noticeable feature in the car equipment, these having 
increased from a carrying capacity of 43,416,977 
tons in 1902 to 76,191,028 tons in 1908, or an in- 
crease of 64 percent. The population of the United 
States has during the same period increased from 
79,000,000 to 87,377,000, or nearly 11 per cent., 
while the passenger engines and cars have increased 
over 18 per cent. Mr. Thompson states that at 
the present time practically the whole of the equip- 
ment of the railways of the United States has been 
fitted with train brakes and automatic couplers, 
though the instalment of the block system on the 
roads does not appear to have made much progress 
during the last year, and seems almost to have come 
to a standstill after the close of the fiscal year 
1907. There are now rather more than 151,000 
miles of track, reckoned as single track, fitted with 
this system. This shows that in about twenty 
years since the block system was first introduced 
into America, rather more than one-quarter of the 
total mileage has been fitted. It appears some- 
what extraordinary that American railroad com- 
panies are so slow to adopt block signalling on their 
tracks, when it is well known to be the best safe- 
guard against accidents and loss of time. 


Tue Frntay Evecrrotytic ALKALI-CHLORINE CELL. 


Among the papers recently brought before the 
Faraday Society was one by Dr. F. G. Donnan 
and Messrs. J. T. Barker and B. P. Hill on ‘* The 
Current and Energy Efficiencies of the Finlay 
Electrolytic Alkali-Chlorine Cell.” The cell of 
Messrs. Robert and Alexander Finlay, of Belfast, 
is a very simple apparatus, with which a high effi- 
ciency is realised ; and the paper was all the moro 
welcome as information on the actual efficiency 
realised is rarely published. On the theory and 
practical performance of diaphragm cells with 
stationary electrolyte we have the researches of 
Foerster and Josse and of Guye, and studies of the 
diaphragm bell-cells in use at Aussig, in Austria, 
have been published by Adolph and Steiner, and 
last year by Brochet. As regards the diaphragm 
cells with percolating liquid, to which the cells of 
the Hargreaves and of the Finlay types belong, 
detailed studies have hardly been published, and 
the papers which C. P. Townsend and Baekeland 
have read on their cells do not give much detailed 
information on efficiencies. The chief points in 
the Finlay cell are that the brine is fed into a 
middle compartment confined between two dia- 
phragms ; passing through the diaphragms the brine 
enters on the one side into the cathode compart- 
ment, and on the other into the anode compartment; 
both the middle compartment and the cathode com- 

rtment are exceedingly narrow, forming sheets of 
iquid 2 or 3 millimetres in thickness only. With 
this arrangement the flow of the brine op the 
migration of the O H ions from the cathode to the 
anode, and thus the diffusion and mixing by electric 
endosmose of the anode and cathode be one 
of the principal sources of loss of electric energy. 
In practical construction the Finlay electrolyser is 
a filter press, like many other electrolytic cells. 
The diaphragms are formed of asbestos, 2 or 3 
millimetres in thickness, and are separated by 
rectangular frames of waxed cardboard of the 
same thickness, and similar frames are interposed 
between the diaphragm and the cathode of iron. 
In this way the very narrow chambers mentioned 
are created ; the anode chambers are wider. The 
anoces are rods of ordinary graphite, or preferably 
of Acheson graphite, held in brass or copper 
troughs. These frames are provided with holes, 
which, when the parts are assembled, form ducts 
allowing the liquid to circulate and the caustic 
soda and the gases to escape. The 2000 ampere- 
units of Messrs. Finlay have a length of 4 ft. 
and a width of 2 ft. 6in.; the height is also 
4 ft., but that figure comprises the feet of the cell. 
The cell is fed with brine under pressure ; the brine 
has previously to be treated with alkali to remove 
magnesium. and calcium sa!ts, which would clog the 
diaphragms. Dr. Donnan in his tests, which were 
conducted in the Muspratt Laboratory of Physical 
and Electrochemistry, at the University of Liver- 

1, and continued for months, electrolysing eight 
ours each day, used diaphragms supplied by Bern- 
feld, of me Mr. R. Finlay, who is a soap-maker, 
and sta. these experiments on alkali cells, which 
he patented in 1906, with the object of manufac- 
turing caustic soda free from arsenic, stated that 
he also used asbestos diaphragms, but had also found 
impregnated textiles suitable. Dr. Donnan had some 
trouble with maintaining a constant circulation, as 





the anode diaphragm would pulp a little sometimes. 
Yet the advantage of the double diaphragm was 
quite apparent; with a single diaphragm, he 
pointed out, the O H ions oxidised the carbon 
electrode (which is far more liable to suffer from 
this oxidation than from chlorine) and the dis- 
integrated carbon particles choked the diaphragm 
pores, especially when concentrated caustic was 
produced ; that was not to be feared in the Finlay 
cell. The current densities which he applied 
were those usual in electrolytic alkali electrolysis, 
the concentration of the caustic sometimes high, 
and the current efficiency mostly over 90 per cent., 
nearly 100 sometimes. The energy efficiency realised 
was over 60 per cent., ranging up to 70 per cent. 
These figures are certainly higher than those gener- 
ally obtained, and show that, at any rate for mode- 
rate concentration of the caustic, 6 or 8 per cent., 
the Finlay cell with double diaphragm is very much 
more efficient than single diaphragm cells with non- 
percolating electrolyte. Owing to the large electrode 
surfaces and the small thickness of the electrolyte 
the cells work at low voltage, about 3.4 volts, in 
Dr. Donnan’s experiments ; Mr. Finlay remarked 
that he had-reduced the pressure to 3 volts. 
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Ir is inevitable that the German ‘ mailed fist ” 

should hold the interest alike of writers and readers 

of the Naval Annual this year. It is true that this 
unfailingly comprehensive and well-informed review 
of naval procedure has recognised in each yearly 
record of events since 1900 the full significance of 
Germany’s forward policy, and thus we have 
nothing of that sudden awakening and somewhat 
hysterical alarm which dominated less informed 
writers and politicians following the serious pro- 
nouncements in Parliament of the First Lord of 
the Admiralty and the Premier. The consequence 
isa more philosophic, but none the less vigorous, 
analysis of the present position, and is therefore 
entitled to a fuller respect and to be more readily 
accepted as a guiding influence. We have, too, a 
wealth of authenticated fact, compiled by the editor 
with that care and judical accuracy for which he 
is reputed. But equally effective in the appraise- 
ment of the significance of the situation is the con- 
tribution by Mr. John Leyland on ‘‘ The Naval 

Expansion of Germany.” In this we have a calm 

and judicially fair review of the motive and action 

of the Kaiser’s Government, the writer demonstrat- 
ing the fact that Government and people are at 
one with their Emperor and equally active in propa- 
ganda for naval expansion. A consideration of the 

owth of population, and of the development of 
internal trade, leads to the conviction that the naval 
policy of Germany, which ‘‘ does not depend upon 
the personality of the Emperor nor upon the 
views of particular German ministers, nor upon 
the ing phase, excitement, or exaggeration of 
public opinion, . . . is based upon the ground of 
national necessity and upon those unquenchable 
impulses which have driven other countries in the 
same circumstances to seek outlets for their energies, 
and fields for their enterprise, in countries outside 
their own, to which they have sent the produce of 
the labour of their sons, and from which they have 
drawn in return their wealth and many of the 
means for increasing it, in the shape of raw 
materials, which are the life-blood of manufac- 
tures.” When we in Britain have realised this, 
our resentment must evaporate in the atmosphere 
of reason. Nor is Germany’s position contradictory 
of her professions of peace. As Mr. Leyland re- 
minds us, the Chinese master of war laid down 
the dictum twenty-four hundred years ago that ‘‘ to 
fight and conquer one hundred times is not the 
perfection of attainment, the supreme art being to 
subdue theenemy without fighting.”” Germany, then, 
has pursued her naval expansion with thoroughness, 
consistency, and confidence, by providing larger 
shipbuilding resources, by improving ports and har- 
bours, by constructing ships and docks, and by in- 
creasing the working power of naval establishments. 

We ought not to resent this action, although we 
oy trea that Britain may be the chief obstacle 
to modified, overcome, or removed. Jealousy, 
too, is unworthy of us; it is but evidence of 
weakness, of insufficiency. Our national duty is 











clear ; it is unmistakable even in the German view 
of the situation. Their motive is equally operative 
in our case, for what we have won we must keep. 
Without haste, without hesitancy, with well- 
regulated continuous effort, with cheerful patriotic 
sacrifice, we must maintain our position with: its 
preponderating power, exercising with calmness 
and discretion that ‘‘supreme art” which the 
wise Chinaman has handed down to us. That 
is the burden of the Honourable T. A. Brassey's 
and of Mr. Leyland’s treatment of the subject. 
And there is sprinkled throughout the book abiun- 
dance of incentives. We do not propose here to 
enter into a comparison of fleet strength ; that is 
done in another part of this issue, on the: basis of 
this year’s Dilke return issued by the Admiralty to 
the House of Commons. But the need for maintain- 
ing the two-Power standard—meaning the next two 
strongest Powers—or even a two-to-one standard 
against the next strongest Power to Britain, is 
incidentally established in the editor’s ample sum- 
mary of the work of each navy. Some facts should 
be a in order that their fullest significance 
may appreciated. It is disturbing to reflect 
that the nations with whom we are allied by 
national heredity, treaty, or tradition are not 
erp a really active building policy. The 
Inited States shipbuilding votes for the two 
latest years have been decreased; in 1909 from 
15,000,0001., asked for by the Naval Board, to 
5,800,000/. granted by Congress, and the number 
of battleships from four to two. Financial exigen- 
cies in Japan have commanded a reduction in the 
building 5 amen The French navy is in a 
‘*deplorable condition,” owing to lack of ‘ con- 
tinuity of effort in method and in practical sense,” 
and to the fact that defence of territory rather than 
destruction of the enemy’s naval force is dominant 
in the organisation of her fleets. On the other hand, 
nations which may be allied against us are full of 
enterprise. Of Germany’s work there is no need 
to write ; Austria has practically decided upon a 
programme of four Dreadnoughts, which may co- 
operate with the Germans ; and although Italy, in 
the increase of her navy by four similar ships, is 
actuated by the need of adjusting the balance in 
Adriatic waters, we must not in the scheme of 
international politics ignore the possibilities of the 
Triple Alliance. 

Passing from reflection on the chapters on the 
progress of the British and all foreign navies, and 
on the comparisons of naval fleets, we come to those 
theses on current topics by recognised authorities 
on the respective subjects which form a valuable 

rt of the Annual. The most suggestive of these 
is that on ‘‘ Dockyard Administration: Past and 
Present,” by Vice-Admiral W. H. Henderson and 
Mr. Herbert Russell. The gallant admiral was, it 
will be remembered, Superintendent of Devonport 
Dockyard, and in that capacity did much to intro- 
duce changes conducive to economy. He, with his 
collaborator, traces the evolution of the dockyard 
system, and deals with the proposals of successive 
committees of reform, particularly with that pre- 
sided over by Vice-Admiral Graham in 1885-7. 
Immediate experience of the results makes his 
criticisms worthy of most careful consideration. 
His view is that the system of administration 
evolved by this Committee converted each yard 
into ‘‘a huge bureaucracy,” and consequently 
‘‘almost nerveless.” ‘‘ Real energy, initiative, or 
true responsibility was obliterated, and the chief 
aim of officials was to ‘save their faces’ by rigid 
adherence to obsolete regulations or to evade 
responsibility by reference to the Admiralty. Over- 
regulation and tradition had converted the depart- 
ments into separate camps, each struggling for its 
own; the efficiency of the yard, as a whole, was 
lost sight of, and the economic loss was very great. 
The evidence in connection with accounting, stores, 
time-keeping, &c., seem to go a long way to sub- 
stantiate the statements. e instance may be 
referred to. The expense accounts officer has per- 
manently attached to his staff a number of artisans 
of various trades, who become recorders, and are 
supposed to visit every man in the yard once in the 
forenoon and once in the afternoon, and record the 
ship and, in very gencral terms, the job on which he 
is engaged. This system is pronounced as costly, 


for these skilled artisans are taken from their tools 
and receive additional pay. The Admiral sug- 
gests that one of the several systems in daily com- 
mercial use should be adopted, or the chargeman 
of a gang should be primarily responsible for the 
record of his expenditure on labour as he would at 
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least know what he is doing. It is true that quite 
recently effort has been made to improve the system ; 
but Admiral Henderson and Mr. Russell contend 
most vigorously that the system is wrong, and, 
contrary to the widely-entertained view, they assert 
that the Royal Dockyards only differ from a large 
industrial undertaking as regards Parliamentary and 
Treasury financial control, which may be designated 
as of an administrative order. They consider that, 
because of the excess of work in the Controller’s 
department, the dockyard branch should be separate 
and analogous to those of the Director of Works and 
Director of Naval Ordnance, with all the power of 
direct communication to the Board, and with even, 
if necessary, an additional Lord of the Admiralty. 
The Controller’s department would hold the same 
position in regard to construction and engineering 
in the dockyard that it now does with the ship- 
building and engineering contractors. At the same 
time each dockyard should be brought into parallel 
lines with the best industrial organisations in the 
country by a system of true decentralisation. The 
main reforms suggested are :— 


(a) A capital account under the heads on which expen- 
diture would fall, with the addition of all capital ex- 
pended and the Vote 10 cost of maintenance, while a 
percentage for deterioration should be allowed. _ 

(b) A working account, both for construction and 
repairs. In both cases the time value of the machines 
used should be included, and in the latter an item or job 
account introduced. 

(c) Each yard to keep its own accounts, on a similar 
system, rad» be subject to proper audit. These should 
be published and so arran that the comparative 
efficiency of each would be shown. The yards would 
then be put into competition with one another and an 
incentive to good and economical work be provided, 
together with a comparative profit and loss account. 

(d) Delegation to the Admiral Superintendents of the 
whole of the work, with power to do it as they choose, 
and to devise and carry out the best expedients for so 
doing without reference. They should have control of 
the capital provided in gross for improvements and new 
machinery. 

(c) Abolition of all returns, except such as are necessary 
to compare results with other yards, and such returns as 
to state and progress of work as are essential for Admiralty 
compilation or information.” 


These are far-reaching suggestions, and it is hoped 
that more will be heard of them. 

The engineering chapter is again contributed by 
Mr. Alex. Richardson, who discusses ‘‘ Alterna- 
tive Systems of Propelling Machinery,” and thus 
covers a wide field. Having discussed difticulties 
met with in running turbines, he analyses the 
economy of the system, showing that the steam 
consumption is 13 lb. against 19 lb. with re- 
ciprocating engines, and that the boilers of our 
battleship cruisers ‘‘ would require to have been 
40 per cent. heavier to enable 43,000 shaft-horse- 
power to be developed under the same degree of 
forcing. The consequent addition to the displace- 
ment of the ship, presuming other fighting elements 
to be the same, would have made a speed of 26 knots 
practically impossible.” It is shown, too, that the 
Lusitania and Mauretania have a coal consumption 
equivalent to 1.4 lb. per indicated horse-power per 
hour, as compared with 1.54 lb. in the high-speed 
German Atlantic liners. Parsons’ turbines equal 
to 2,583,300 horse-power are now fitted, or in course 
of construction, and of this total 900,000 horse- 
power is for foreign ships. Warships account for 
1,879,300 horse-power, merchant ships for 677,500 
horse-power, and yachts for 26,500 horse-power. 
The Curtis turbine comes next with 160,000 horse- 
power, including the machinery of H.M.S. Bristol, 
now being constructed at Clydebank. The advan- 
tages and disadvantages of the Rateau, Zoelly, 
A.i.G.,and other turbines belonging to the reaction, 
impulse, and the dise types are discussed at some 
leugth in the light of practice and experimental data. 
As regards turbo-electric propulsion, it is indicated 
that the inevitable loss in electrical transmission 
would be 10 to 15 per cent., and that the issue is as 
‘o whether the gain in having screw propellers of 
ore efficient proportions, consequent on the slower 


ST 


peed of the motor as compared with the turbine, 


would compensate for this loss. Cost and weight | 
| reference to the Vickers and Armstrong mountings 


are uncertain elements in our present knowledge. 
The combination of turbines and reciprocating en- 
gines in relatively slow merchant ships is dealt 
with, and it is indicated that the steam consump- 
tion is 15 per cent. less than with ordinary recip- 
rocating engines, and the weight for all machinery 
1s about the same. Turbines are more costly than 
reciprocating engines ; but the reduction in boilers, 
owing to steam economy, compensates for this, and 
As to the 


thus the total cost is about the same. 








much-discussed adoption of gas-engines, the pro- 
blems to be faced do not justify a strong belief 
in the early application of the system. These 
are associated with flexibility, reliability, and 
vibration. ‘‘It is eminently a case for slow 
evolution. There are many inventions, but few 
practical successes which yet justify an installa- 
tion of any high power for warships or mer- 
chant liners. Good results have been got with 
engines up to 400 or 500 brake horse-power, but in 





made to the continued improvement in acouracy of 
gun-fire in the Fleet. 

eer oe —_ contributions of no less import- 
ance, although they may not a 1 so directly to 
our a Thus the Menets of Graham welles 
with knowledge and sympathetic enthusiasm on 
the ‘‘ Naval Volunteers,” and Mr. John Leyland 
on the ‘‘ Manceuvres,” while all will welcome the 
postscript by Lord Brassey on naval affairs 
generally, and particularly on the need for naval 


this, perhaps more than in other mechanical pro-| vigilance. There are the usual tables of ships, 
ductions, the step from small to great things is! 


obstructed by serious difficulties.””» The problems 
of the gas-producer and of the reversibility of the 
internal-combustion engine, and the results of oil 
engines, are also considered; and as regards in- 
ternal-combustion turbines, a convincing result of 
an experiment by Mr. Parsons and Mr. Stoney is 
announced. In order to determine whether the 
high temperatures of the gas might be reduced by 
the expansion of the flame in a divergent nozzle, 
they experimented with a flame flowing under pres- 
sure through such a nozzle. A platinum wire was 
laced at each end, and the temperature effect on 
it observed through glass windows. ‘‘It was found 
that the two wires attained almost identical 
temperatures, both showing a bright red heat. 
The gases had cooled on expansion, but the heat 
was restored by the impact of the volume of gas 
against the wire.” The same result would occur 
with turbine-blades, which would therefore be 
burned. The light-oil engine is discussed, and the 
conclusion of the whole matter is that ‘it is 
obvious, from the consideration of the limitations 
of the internal-combustion marine engine, that 
steam must continue for some time the principal, 
if not the only, medium of converting heat into 
work, at all events for large warships.” 
Commander Charles N. Robinson, R.N., brings 
wide experience and knowledge to bear on his 
treatment of the subjects of armour and ordnance. 
The latest 12-in. gun, the Mark XI., with a muzzle 
velocity of 3000 foot-seconds, penetrates 17 in. of 
Krupp armour at 3000 yards range, with an 850-lb. 
projectile ; and a 13.5-in. gun, with a 1250-lb. pro- 
jectile, is now under trial. The growth in guns is 
marked, and there are indications that Germany 
intends to adopt a 12-in. instead of the 11-in. 
gun, the former firing a 981-lb. projectile. Ger- 
man critics contend that the advantage in power 
insufficiently compensates for the increase in weight 
of the 13.5-in. over the 12-in. gun. This, however, 
is what we heard at each step in past years. It 
remains to be seen whether the wire-wound system 
will be continued for the higher power gun. In the 
first 12-in, 50-calibre guns the ‘‘ mistake was made 
in not continuing the wiring to the muzzle, and at 
the trial some want of girder strength became 
manifest. The mistake was corrected by removing 
the thick outer tube over the chase, continuing the 
wiring to the muzzle, and then placing a thin outer 
tube over the wire.” This change proved entirely 
successful, and ‘‘it is not at all likely that we shall 
abandon the system.” Another point brought out 
has reference to the disposition and protection on 
large ships of the 4-in. or 5-in. guns fitted for 
repelling torpedo attack. Such torpedo attack 
would probably be, as at the Battle of the Sea of 
Japan, during the night following a day action, 
and the protection of the guns in the day fight- 
ing is of vital importance. The suggestion comes 
from the States to ‘‘ pocket” a pair of such guns 
in trenehes in the tops of the big gun-turrets, 
with an armoured flap to close the front of the 
trench over the chase of the gun. The mounts 
would be designed on the principle of a disappear- 
ing carriage. Messrs. Schneider suggest the 
lowering of the small guns on to the protective deck 
in armoured tubes covered with armoured shields. 
The gun would be so mounted that the piece would 
assume a vertical position apne od to being 
lowered into the tube, which would be done by 
hydraulic or electric power. Commander Robinson 


,also gives much information regarding develop- 


ments in breech and other mechanism ; and in 


in the Invincible cruisers, says that ‘‘ the two types 
of mountings—hydraulic and electric—are equal, if 
not superior, in design and execution to those in 
any foreign battleship, and will during the next 
year or two enable the Admiralty to decide for the 
time being as to the relative advantages of electric 
and hydraulic gun-mountings.” Recent armour- 
plate tests are reviewed—notably those of Had- 
field’s ‘‘ Era” steel—and complimentary reference 








guns, estimates, and other data, prepared with that 
care for accuracy characteristic of the ‘* Annual,” 
and arranged, too, for convenient reference. To 
the plans of ships there is this year added the prin- 
cipal dimensions, &c. These and other details 
show that the ‘‘ Annual” continues to merit the 
high place it holds in international literature, and 
the thon. T. A. Brassey is therefore to be con- 
gratulated on this the twentieth 


— of his re- 
sponsibility for the publication of t 


e ‘* Annual.” 








THE RANSOME-VER Meurer ConcretTe-MIxeR: ERRatTA. 
—The name of the makers of the nsome-ver Mehr 
concrete-mixer, illustrated and described in our issue 
of April 16, should have read ‘*‘ Messrs, Ransomes and 


Rapier, Limited,” of Ipswich, and not as printed. 
The machine was supplied to Messrs, Walter Scott and 
Middleton. 





Tue Society oF ENGINEERS.—At the meeting of this 
Society, which was held on the 3rd inst., a paper by Mr. 
C. A. Battiscombe, was read on ‘‘The Influence of Rain- 
fall on the Design of Sewers.” The author stated that 
existing records of rainfall were of little value in settling 
the provisions to be made for surface water passing to the 
sewers ; this was generally estimated on the basis of the 
total rainfall over the whole area to be drained, and the 
method frequently led to inadequate provision for storm- 
water. Judging from the Report of the Royal Commis- 
sion on Sewage Disposal, it was not unusual for sewers to 
serve as land drains also, but it was a mistake to allow the 
quantity of foul sew which had to be purified, and in 
some cases lifted, tobe increased by a large volume of 
subsoil water. Reference was made to the author's ex- 
periments, undertaken to enable him to estimate the 
quantity of rain-water absorbed by various surfaces during 
heavy storms of short duration, and particulars of some 
heavy rain-storms were quoted from *‘ Records of British 
Rainfall,” by H. R. Mills, D.Sc., LL.D., the average 
rate of rainfall per hour in these storms being 3 in. during 
an average period of 17 minutes. Few reliable records 
being kept of the rate of rainfall in inches per hour, the 
author thought that the frequency of heavy storms might 
be assumed to be ter than was generally believed, 
and that the provision to be made for storm water, when 
designing sewers, should be 3 in. per hour during a period 
of 15 minutes. Referring to the use for drinking pur- 
poses of rain-water from roofs, as sometimes obtained both 
at home and abroad, the inference was drawn that this 
water, if allowed to pass into the sewers, was wasted, 
while at the same time the cost of purification and pump- 
ing (if any) was inc As regards the cost of provid- 
ing a separate system of drainage for roof and surface 
water, the author considered that the cost would not be 
prohibitive, while the accruing advantages would be 
considerable. 





THE MANCHESTER ASSOCIATION OF ENGINEERS.—On 
Wednesday last the Manchester Association of Engi- 
neers visited by invitation the s ~ ge = and 
organised works of Messrs. Alfred Herbert, Limited 
at Coventry. To this firm more than to any other 
belongs the honour of rendering the British market for 
turret - lathes and automatics independent of foreign 
sources of supply. They combined the convenience of 
the original American machines with the sterling quali- 
ties of strength, stiffness, and accuracy ever associated 
with the products of the best British firms of machine- 
tool builders. The old works of the firm were described 
in ENGINEERING, vol. lxvi., page 843. These are still 
devoted to the production of turret-lathes and automatic 
machines, but two or three years the business of 
the firm had increased beyond the possibility of further 
extension of the premises, and hence new works, ar- 
ranged almost ideally for economical and convenient 
mai ment, were opened last year at Edgwick. These 
were described in our issue of June 12 last year. On Wed- 
nesday the guests of the firm were first shown over the 
older establishment, and had the opportunity of seeing in 
operation turret-lathes of the heaviest class. One of these 
machines is capable of reducing a 1}-in. bar to # in. in 
diameter at the rate of 224 in. per minute. This feat 
would seem to show that it is now possible in some cases 
to machine metal more rapidly than wood. Other notable 
exhibits were high-speed drilling machines, drilling a j-in. 
hole in cast iron at the rate of 1 in. in 4 secon We 
hope shortly to illustrate and describe one of these 
machines, as well as an automatic machine of novel design, 
built for cutting out of the solid bar the metal studs fitted 
to non-skid pneumatic tyres. Before taking their guests, 
which numbered over 100, to their new works at Ragwick 
Messrs. Alfred Herbert most hospitably entertained them 
to lunch at the Corn Exchange. e Edgwick Works are 
at present devoted entirely to the production of milling 
machines. They cover at present an area of over 33,000 
square feet, and can be extended as occasion serves to 
nearly four times this figure. 
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SAND IN THE STERN BUSHES OF 
STEAMERS. 


In the case of steamers navigating water largely 
pr es nated with sand and with itty matter con- 
siderable trouble has been bivalved 1 in the upkeep of 
propeller-shafts and bushes, and not infrequently new 
liners, and sometimes also'new bushes, have to be fitted, 
involving not only the withdrawal of the steamer 
from the service, but also considerable cost. Many 
engineers have tackled the problem, and among them 
Messrs. Benjamin R. Vickers and Sons, of Gascoigne- 
street, Boarlane, Leeds, who have fitted several 
vessels witha patent stern fitting, which, as the result 
of prolonged experience, seems to suggest that a large 
measure of success has been achiev Of this tail- 
shaft-preserving appliance we give a sectional drawing 
in the accompanying illustration. This appliance was 
fitted to two twin-screw hopper-barges constructed 
for the Clyde Navigation Trustees by Messrs. Fleming 
and Ferguson, Limited, of Paisley, in 1896. After 
running two years the shafts were examined, and were 
found to be in very good condition. They were again 
examined quite recently after three year's continuous 
work, and the wear was found to be less than »,; in. of 


GZ 


Du 





the total diameter of the shaft in the bush, so that it 
was not considered necessary to true up the bushes. 
When one remembers the peculiar gritty nature of the 
Clyde water, and that the barges are often in close 
proximity to dredgers whieh are disturb’ng the bed 
of the river, this result will be accepted as very satis- 
factory. The section is almost self-explanatory. It 
will be seen that on each side of the floating packing 
there are two packings ; and next the guard-ring there 
are elastic discs which grasp the shaft like the sleeve 
of a diver’s jacket. e inner one is a fine elastic 
woollen felt, and the outer of a special composition of 
a slightly elastic nature which is unaffected by either 
sea-water or oil. Incidentally, the application of oil 
here reduces the friction, and as the friction resistance 
within the stern-tube is a large proportion of the total 
friction of the engine and shaft, the advantage is very 
considerable. There have been many dther applica- 
tions on the same principle, notably in the twin-screw 
boat built by the Vickers Company, of Barrow-in- 
Furness, for the Furness Railway Company, in which, 
al it works in Furness Harbour, in water fully 
charged with sand, the results are very satisfactory. 





TECHNICAL TEACHERS IN ConGREss.—The annual con- 
ference of the Association of Teachers in Technical Institu- 
tions will be held this year at Liverpool. The conference 
will be Ce on Whit Monday jeer a William 
Oulton, Chairman of the Liverpool Education Committee. 
On Tuesday, June 1, the proceedings will be opened by 
the Right Honourable the Lord Mayor of Liverpool, Mr. 
H. Chaloner Dowdall. On Tuesday afternoon there will 
be a reception by the Lord Mayor and Lady Mayoress at 
the Town Hall. On Monday morning the Presidential 
address will be delivered by Mr. J. Wilson, M.Sc., and 
during the conference important resolutions relating to 
the improvement of technical education will be discussed. 





Tue LATE Mr. C. EK. Spoonrr, C.M.G.—By the death 
of Mr. C, E. Spooner the coionial railways lose one of their 
capable engineers. Mr. Spooner was the general r 
of the Federated Malay States Railways, and since his 
appointment to that responsible position a few years ago 
he done much to further the interests of those States, 
and through them the interests of the Empire generally. 
He had always held the opinion, on which he acted 
throughout his career, that the construction of railways 
was the best means to encourage progress, and in numerous 
instances he had the pleasure of seeing practical evidence 
of this, due to his own personal initiative. Strenuous 
work in the trying climate of the tropics weakened his 
constitution, and the news of his death come as & 
shock to all who knew him. Much sympathy is felt for 
his widow, son, and daughter. The deceased was the son 
of Mr. C. E. Spooner, of Bron-y-Garth, North Wales, and 
was born in 1853. After working for some years in 
Ceylon, he went to the works department at Smee, 
which he left on being appointed general manager of the 
above-mentioned railways in 1901. He was made a 
C.M.G. in 1904. While acting in his ity as general 
peer hy Tength of the lines of the y Beaten Rail- 
ways beén Anne the total length being 

= 


now some 450 mi ly a few weeks the news was 


received that the extension through the State of Jahore 
was completed and = for —_ We are indebted 
for the above data to his friend, * 

Messrs. Wheatley, Kirk, Price, and Co. 


John Place, of 





DAMAGE TO TURBINE OF U.S. SCOUT 


“SALEM.” 




















WE have been favoured by the Fore River Shipbuild- 
ing Company, of Quincy, Massachusetts, with the 
following interesting notes on the damage done to the 
starboard turbine of the United States scout-cruiser 
Salem :— 


The United States scout-cruiser Salem has been sent to 
the builders—the Fore River aoe, “emp. Sconce J —for 
an examination of the main propelling turbines, which are 
of the Curtis marine type. Sales the recent competitive 
trials the starboard turbine ran considerably slower than 
the port, with the same steam supply, thus indicating that 
some internal derangement had occurred, although there 
was no difficulty in its operation. 

When opened up it was discovered that some forei 
body had me caught in the fifth stage between the 
nozzles and first row of buckets. It had bent over the 
edges of the buckets (see illustration above) so as to com- 

letely prevent any steam passing through them, and had 

roken about one-quarter of the nozzle division-plates. 
The foreign body which caused this has not yet been found, 
but a loose §-in. nut was found in the fifth stage lying in 
the bottom of the casing ; it had not become caught in the 
moving 

Examination of the port turbine disclosed a service- 
bolt 24 in. long, which was not a part of the machine, 
lying in the first stage against the nozzle openings leading 
to the second stage. The damage done here was compara- 
tively slight. 

The rotors of both machines were also found to have 
moved axially so as to allow the moving buckets to rub 
against the stationary guide-blades, with the result that 
in the first and second stages, where the axial clearances 
are least, the guide-blades were worn on the edges; but 
no blade-stripping occurred. Asin these s the guide- 
blades only cover a small part of the circumference, prac- 
tically all the wear occurred on them and very little on 
the moving buckets, 

All blading was found to be entirely free from any 
erosion due to the action of the steam, and the surfaces 
were as smooth as when first installed. 

This shows that the Curtis type of construction has a 
remarkable ability to withstand abuse and still remain in 
operative condition, as even in this condition the vessel 
made 24} knots for twenty-four hours and for the first 
eight hours made 25 knots, while the contract speed 
required 24 knots for four hours. Also the operation of 
the turbine was perfect, and except for the drop in revo- 
lutions, it would not have been known that any internal 

had occurred. The damage is being repaired, 
and is expected to be finished in thirty days from the 
vessel’s arrival at the yard. 





PHOTOMETRIC UNITS. 
WE have received from the Director of the National 
Physical Laboratory the following memorandum as to 
photometric units. 





May, 1909. 

In order to determine as accurately as possible the 
relations between the photometric units of America, 
France, Germany, and Great Britain, comparisons have 
been made at different times during the past few years 
between the unit of light maintained at the Bureau of 
Standards, Washington; at the Laboratoire Central 
d’Electricite, Paris; at the Physikalische-Technische 
Reichsanstalt, Berlin; and at the National Physical 
Laboratory, London. 

The unit of light at the Bureau of Standards has been 
maintained through the medium of a series of incandescent 
electric lamps, the values of which were originally intended 
to be in agreement with the British unit, being made 
100/88 times the Hefner unit. 

The unit of light at the Laboratoire Central is the 
bougie decimale, which is the twentieth part of the stan- 
dard defined by the International Conference on Units 
of 1884, and which is taken, in accordance with the 
—— of Violle, as 0.104 of the Carcel lamp 

unit 





of light at the Physikalische-Technische 


Reichsanstalt is that given by the Hefner lamp burning 
at normal barometric pressure (76 centimetres) in an 
atmosphere containing 8.8 litres of water vapour per 
cubic metre. 

The unit of light at the National Physical Laboratory 
is that given by the 10-candle-power Harcourt pentane 
lamp, which was prescribed for use by the Metropolitan 
Gas Referees, burning at normal barometric pressure (76 
centimetres) in an atmosphere containing 8 litres of water 
vapour per cubic metre. 

n addition to the direct intercomparison of flame stan- 
dards carried out recently by the national laboratories in 
Europe, one comparison was made in 1906 and two in 1908 
between the American and European units by means of 
carefully-seasoned carbon filament electric standards, and 
as a result of all the comparisons the following relation- 
ships are established between the above units. 

The pentane unit has the same value, within the errors 
of experiment, as the bougie decimale. It is 1.6 per cent. 
less than the standard candle of the United States of 
America, and 11 per cent. greater than the Hefner unit. 

In order to come into agreement with Great Britain 
and France, the Bureau of Standards of America pro- 
posed to reduce its standard candle by 1.6 per cent., 
provided that France and Great Britain would unite with 
America in maintaining the common value constant, and, 
with the approval of other countries, would call it the 
International candle. The National Physical Laboratory, 
—— and the <my oy Central d’Electricite, pore, 

ave agreed to adopt this proposal in respect to the 
photometric standardisation which they undertake, and 
the date agreed upon for the adoption of the common unit 
and the change of unit in America is April 1, 1909. 

The following simple relations will therefore hold after 
that date :— 


Proposed New Unit 


” ” 


1 Pentane candle. 

1 Bougie decimale. 

1 American candle. 

1.11 Hefner unit. 

” ” = 0.104 Carcel unit. 

Therefore 1 Hefner unit = 0.90 of the proposed new 
. unit. 


” ” 


The pentane and other photometric standards in use in 
America will hereafter be standardised by the Bureau of 
Standards in terms of the new unit. This, within the 
limits of experimental error, will bring the photometric 
units for both gas and electrical industries in America 
and Great Britain, and for the electrical industry in 
France, to a single value, and the Hefner unit will be in 
the simple ratio of 9/10 to this international unit. 

The is gre to call the common unit of light to be 
maintained jointly by the national standardising labora 
tories of America, France, and Great Britain the ‘‘ Inter- 
national candle” has been submitted to the International 
Electrotechnical Commission, and through it to all the 
countries of the world which are represented on that 
Commission. 

It is hoped that general approval will be secured, and 
that in the near future the term “International candle 
for the new unit will have official international sanction. 








Fue. 1n Germany.—The production of coal inGerman) 
in the first quarter of this year was as follows :—January, 
12,010,715 tons; February, 11,551,538 tons ; March, 
12,915,617 tons ; total, 36,477,870 tons. The correspond- 
ing production in the first quarter of 1908 was :—January, 
12 579,152 tons; February, 12,642,714 tons; Marci, 
12,476,008 tons ; total, 37,697,874 tons. The production 
of coke, lignites, and briquettes in the first quarter of the 
last two years was :—1909: Coke, 5,243,737 tons ; lignites, 
16,615,920 tons; briquettes, 4,506,769 tons. 1908: Coke, 
5,471,331 tons; lignites, 16,604,727 tons; briquettes, 
4,419,351 tons. The imports of coal into Germany in t! 
first quarter of this year were 1,982,157 tons, as compare:! 
with 2,351,949 tons in the corresponding quarter of 10. 
The exports of coal from Germany in the first quarter 
of this year were 5,241,817 tons, as compared wit! 
4,929, 200 tons. 
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MOTOR-STARTER 


CONSTRUCTED BY MESSRS. A. 
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. Copper brush of main 
switch and circuit- 
breaker. 


Pole pieces. 
Resistance clamping- 
lates. 











THE increasing use of electricity in coal-mines has 
resulted in the development of a special type of switch- 
gear designed to withstand the rough handling and 
other adverse conditions which are met with under- 
ground. All switch-gear for exposed situations, and 
to be used by unskilled men, has to be designed and 
built with regard to these circumstances ; but in mining 
switch-gear there is in addition the risk of causing an 
explosion to be guarded against. The flash or spark 
which always occurs when a circuit is broken is enough 
to firea sutticiently explosive mixture, and thereby to 
bring about a catastrophe in a fiery mine. Two ways 
of rendering switch-gear free from this danger have 
been attempted. The switch may be enclosed in an 


absolutely air-tight iron casing, so that no inflammable 
gas may surround the spark, or, on the other hand, 
the casing may be so designed that if any flash or ex- 


plosion should oceur within it, no flame can possibly 
emerge and no other harm can be done. 
lhe last method is the more satisfactory of the two, 


and has been adopted in the mining motor-starter made 
by Messrs. A. Reyrolle and Co., Limited, of Hebburn- 
o- I'\ne, which we illustrate above. This starter, 
which 


is of the drum type, is, as the illustrations show, 
ig and simple construction. The resistance and 
‘switch are interlocked with the double-pole 
lain switch, and both are operated by the single 
hand | at the top. The details of the gear are 
siven in the table of references annexed, and are similar 
to those adopted by Messrs. Reyrolle for their drum- 
‘ype starter for workshop use. These parts are in the 
present instanee enel in a strong iron casting, and 
in order to avoid the possibility of the emission of 
Hane tie cover is bolted on with a wide metal-to-metal 
machin ‘faced joint. It is not claimed that this is 
4 ‘ectly gas-tight, nor is it intended to be so, but any 
lame existing inside the box could only escape by 
passing across the joint. The well-known principle of 
the Davy lamp would absolutely prevent flame travers- 
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B. Main switch contact- sistances. 
block. Cable glands. 

C. Shunt contact-block. Bottom clamping- 

D. Brush-carrier. cone with cam. 

E. Shunt-magnet arma- U. Catch-lever for drum. 
ture. V. Knock-off pin. 

F. Toggle-link. W. Drum-spindle. 

G. Shunt-magnet frame. X. Bottom spindle. 

er H. Shunt-coil. Y. Hand-wheel. 

K. Series resistance for Z. Main casting. 
shunt-coil. a. Main spring. 

L. Mechanical push for 6, Circuit-breaker 
switching out. spring. 

M. Contact-drum. Overload magnet not 

N. Contact-fingers. usually supplied for 

0. Blow-out coil. coal-cutters. 


ing such a long crevice between walls of cold metal, 
hence a flame occurring inside the casing would be 
powerless to ignite an explosive atmosphere outside. 








INDUSTRIAL NOTES. 

Tue fifty-first annual financial report of the Asso- 
ciated Blacksmiths’ Society tells the story of last year’s 
losses owing to bad trade and to the disputes in the 
engineering and shipbuilding industries. The year 
1908 is declared to have been the worst in the history 
of the society. It commenced fairly well for the season 
of the year, but depression ensued, each month being 
worse and worse, and then followed the strike on the 
North-East Coast and in some of the shipping centres, 
until the number of unemployed rose to an extent never 
before witnessed in the last fifty years. The balance 
in hand at the close of 1907 was 26,207/. 3s.; the in- 
come, 1908, 8323/. 11s. 5d.; total cash, 34,530/. 14s. 5d. 
Details are given. The expenditure for the year was 
11,706/. 8s. ld.; the net loss in the year was 3382/. 
16s. 8d., reducing the balance to 22,824/. 6s. 3d. for the 
current year. The largest item in expenditure was for 
unemployment, which averaged l/. 19s. 10d. for the 
whole membership. There was, in addition, payment 
to 860 members owing to the dispute on the North- 
East Coast, out of the contingent fund. Sick benefit 
absorbed 2302/. 5s.4d. It appears that the cost of this 
benefit is increasing year os year. Tén new claims 
were made for superannuation in the year; forty-six 
members and wives died in the year, funeral benefit 
being paid. Two members were paid accident benefit, 


MACHINERY IN 
ENGINEERS, 





MINES. 
HEBBURN-ON-TYNE. 
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'the expenditure by 7583/. 8s. 2d., whereas in one 
quarter of last year the expenditure exceeded the 
|aggregate income of the ten previous quarters, owing 
to the North-East Coast strike and the strike in 
Lancashire by the card-room hands in the cotton 
trade. It is pointed out that fewer disputes were 
registered in the quarter ; the total was 140 all told, 
several being of very small account; the average of 
the total was only 134 persons to each dispute, the 
aggregate of persons affected being 1895. The 
managing committee of the Federation succeeded in 
averting stoppages in some cases, and in others were 
instrumental in bringing the parties together, and 
thus averting a prolonged strike. The Federation 
has also done good work in preventing friction, dis- 
np and stoppages on account of demarcation claimed 
xy one union over another. If the Federation can 
avert these internal jealousies, employers and employed 
will be benefited. The Counsell elatin to have done 
much to secure the election of two Labour men as 
representatives on the New Port of London Adminis- 
trative Authority, each representing an important 
body of men associated with the work of the Port on 
its practical side. The report gives in full the 
agreement entered into by all the chief labourers’ 
unions to prevent friction in the future. This appears 
to be a good beginning in this line. The balance- 
sheet shows a total of 83,246/. 15s.'7d. invested, and 
139/. 1s. 6d. in bank and cash in hand. Dispute benefit 
was small, the largest being 252/. lls. 8d. to the Gas- 
Workers’ and General Labourers’ Union, the next was 
189/. to the Iron-Founders’ Union. All the others 
were small items, mostly under 50/, 





The Engineers’ Monthly Journal is in no sense 
aggressive this month; Socialism is scarcely men- 
tioned. The aggregate membership of the Amal- 
gamated Society of Engineers stood at date at 107,956, 
showing a loss of 123 in the month, and of 3011 from 
the same date last year. ‘T’he total number of full 
members on benefit was 19,180, at a cost of 8018/. 
—at the rate of ls. 114d. per member per week. Of 
the total, 10,515 were on donation benefit—previous 
month, 10,720; on sick benefit, 3150 — previous 
month, 3038; on superannuation benefit, 5714—pre- 
vious month, 5697. ‘The figures on unemployment do 
not indicate any great increase of activity. The split in 
the Labour Party is alluded to, but only to show that 
it is of no consequence. The division is said to be like 





that of a running stream, which divides only to re- 
unite. It may be so, but the quarrels give rise to 


and seventy-two members were granted sums from the | much bitter feeling on all sides. A series of 
benevolent fund. In spite of all drawbacks, the mem- | articles is appearing on ‘‘ Trade Schools” at home 


bership only decreased by fifteen in the year. 


The thirty-ninth uarterly report of the General 
Federation of e Unions shows a return to 
healthier financial conditions, for the income exceeded 


| 





and abroad, showing what is being done to train the 
learner into a skilled workman. 


The report of the Associated Iron-Moulders of Scot- 
land repeats the old tale of lack of employment. Even 
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the somewhat brighter prospects of a few weeks ago 
appear to have disappeared. Men were taken on at 
some shops in the anticipation of a revival in trade, but 
discharges followed, so that at the date of report the 
stagnation continued. There was a loss of sixty-five in 
membership through arrears, while the financial loss 
in the month amounted to 1199/. 9s. 10d., or at the 
rate of 300/. per week. The capital account stood at 
50,9187. 3s. a. The depletion of funds has compelled 
the executive to a 1 to the branches not to make 
demands for other ies at present, for the funds will 
not stand further depletion. There are some notable 
letters from members out of the United Kingdom 
which throw a side light u the unemployment 
question :—1. Chicago : lots of idle men ; in eighteen to 
twenty shops strikes are still on—ever since 1906. The 
writer only worked 584 days in foundries in the last 
eighteen months—up till the middle of April. 2. New 
Zealand : many men idle all over the country, and new 
immigrants are in a bad state. 3.. Dunedin: hundreds 
of skilled men only too glad to get a few days’ casual 
work. 4. One on travel tells of visits to chief centres 
in'Lancashire and Yorkshire, quite unable to secure 
work. Machinery, it is said, is being largely employed 
in moulders’ work. One good feature in the report is 
the absence of allusion to strikes. . The recent mutual 
agreement seems to have worked well in this impor- 
tant branch of trade, so that where activity again pre- 
vails there is little fear of stoppages by disputes. The 


great object now is to keep up membership, so that al) 


can influence wages in the lower-paid districts, as there 
are some such in Scotland, as elsewhere. At date of 
the report.there were 2153 members out of work. 





The monthly report of the Amalgamated Society of 
Carpenters and Joiners is again disappointing from the 
labour point of view. The total ee ar is reduced 
to 59,870, of whom 6058 were on the funds as unem- 
ployed ; of these, 4373 were on donation benefit. On 
sick benefit there were 1666 ; on superannuation benefit, 
2486. There were in addition twenty-eight members in 
receipt of benefit on travelling-cards in search of work. 
The cost of unemployed members’ benefits last year 
amounted to 36s. 8d. per member, whereas ten years 
ago it was only 4s. 10{d. per member, the number of 
members being about equal at the two dates. In 
spite of all dithculties and unemployment, the society 
has been able to make better terms in Birmingham by 
arranging that the new working rules shoukd come 
into force on May 1 instead of April 1; also in York 
as to the radius for concessions out of the limit for 
lodgment, and in Wigan as to shorter hours and over- 
time rates. These changes have been effected by the 
conciliation boards in the several districts. In the 
current month several changes are expected, but the 
negotiations were not completed at date of report. 





The monthly report of the Associated Blacksmiths, 
with which is issued the quarterly report for the first 
quarter of this year, though not quite desponding in 
tone, tells of the pie ae financial ae through 
depression in trade, loss in membership, and increas- 
ing arrears. The loss of members is attributed to 
emigration, and to change of occupation because of 
the lack of work at the trade. Indeed, the report 
states that changes in modes of work by use of machi- 
nery, &c., are seriously affecting this industry, as fewer 
men are needed. But that is the cry in nearly all 
trades. It is stated that at three Scottish centres trade 
had improved, but in three others it had declined. It 
is said that the slight improvement in shipbuilding had 
not reached this branch of industry. But the outlook 
is better than it was. The chief item of expenditure 
was on account of out-of-work members. 





The report of the cotton-spinners is fairly good. 
The proportion of unemployed on the funds was only 
2.23 per cent., as cutagueed ith 2.18 in the previous 
month. But there were as many as 8.46 per cent. 
idle through temporary stoppages. This is always a 
variable quantity. The number on the funds from all 
causes ool in all grades rose to 13.48 per cent., a high 
percentage for the spinners. The united membership 
was 19,211—increase in the month 16, and of 1107 for 
the year. The officers dealt with 27 disputes ; previous 
month, 40 ; and 37 the sasne month a year ago There 
were 28 accident cases and 72 claims for compensation 
sent in to employers. One case was taken into Court 
and 200/. was obtained for the widow. The total 
claims sent in since the Act came into force number 
3217. There was a gain of 1811/. 7s. 2d. in the funds. 





The report of the Steam-Engine Makers’ Society 
shows that trade is still deemed, with a large number 
of unemployed members on the books. It states that 


the proportion in receipt of benefit was 6.5 per cent.—_ 


satisfactory as compared with other trade unions, but, 


after all, very bad. Taking all the societies it is | 


stated that the percentage of unemployed on the 
North-East Coast was 19.9; Manchester, 11.9; Bolton, 
Blackburn, and Oldham, 15.9 ; Glasgow and the Clyde, 
21.7. In addition to giving figures there is a word of 





caution given about not engaging in ill-considered dis- 
putes and wanton strikes in the present state of 
trade. Complaint is made that the branches are lax 
in enlisting new members; some have excluded 
more than they have admitted of new members. 
More energy is urged in this respect. A list of con- 
ferences is given at which agreements were entered 
into as to wages in five large Lancashire centres, in 
which concessions were made mutually by the parties. 
On the one-break question complaint is made that 
another union tried to negotiate by themselves, when 
the question had become a national one affecting the 
members of all the societies in the engineering trade. 
Unless the matter is undertaken on this basis the 
steam-engine makers threaten to break off all negotia- 
tions. owever, the basis appears to have been 
accepted, so that the strained iliens may cease. It 
would be disastrous if otherwise, as the employers 
a —_ to agree upon a national basis, all being treated 
alike. 





The Iron - Workers’ Journal gives the last two 
reports of the auditors as to the price of material, 
and the wages to be paid in the current two months. 
In the Midlands there is no change in wages, but in 
the North of England there was a reduction of 3d. per 
ton on * raat and of 24 per cent. on all other forge 
and mill wages. The chief sales consisted of bars in 
both areas covered by conciliation boards. The journal 
reports also the general council meeting, and the pro- 
posals for an amendment of the rules to be submitted to 
a general conference later on. The finances of the 
union are shown to be in a healthy condition; but 
the Society has no strikes to contend with, to throw 
things out of balance. 





The President of the Board of Trade received a very 
influential deputation on the Trade Board Bill dealing 
with sweated industries, consisting of representatives 
of employers in various trades. e deputation did 
not complain much generally of the scope and objects 
of the measure, but they urged that other trades ought 
not to be scheduled except by the express sanction of 
Parliament. It is dangerous to legislate by Statutory 
Rules and Orders. Those documents have to ‘‘lie on 
the table” for a certain period, but oa are seldom 
seen, except by afew who may be specially interested. 
‘Legislation by reference” is another dangerous thing, 
for Acts so passed puzzle the lawyers, and even the 
judges. An Act ought to be self-contained ; if he has 
to wade through the provisions in other Acts, the 
layman is sure to go astray. We want legislation to 
be simplified, not to be made difficult. 





At date of writing the final issue of the strike of 
stal employés and other servants of the State in 
rance is uncertain. It is evident that there is 
division in the ranks, and that many have refused to 
join in the revolt; but even as matters stand the 
conditions are serious for the public service. It wasa 
strange infatuation that the Socialists, who profess to 
be in favour of the reorganisation of production, dis- 
tribution, and exchange for the benefit of the public, 
should be urging the disorganisation of the State 
services— to the detriment of the public, of the whole 
nation, and of other nations not parties to the dispute. 
As to the rights or wrongs of the alleged grievances, 
this is not the place for their discussion. the State is 
eg by its Ministry, Chamber of Deputies, its 
pper Chamber, as here. There seems to be an 
organised conspiracy to destroy the (iovernment. 
The joint action of all the Federations of State Em- 
ag to embarrass the Government can scarcely be a 
na fide industrial act; the issues are too vast. 
There would appear to be political factions behind to 
urge the employés on. There is never any great trouble 
in securing some aggressive men for the purpose, while 
others pull the strings. It may be that the Govern- 
ment have not in all things been wise, but that is a 
matter for debate in the Chamber of Deputies, not in 
the streets. Again, wilful damage to State property 
is not in accordance with pro Socialist principles ; 
uite the contrary. The injury of these most unwise, 
if not actually criminal, strikes will fall upon the inno- 
cent and helpless even more than on the instigators. 





The strike of 2500 ironworkers in Lincolnshire 
ended last week, a settlement being effected. The 
strike led to thirteen furnaces being closed down, but 
these will be again put in blast. 





At a conference of steel-masters and their employés, 
held at Swansea, it was agreed to adopt an eight-hour 
day as soon as ible in the whole trade ; it is ex- 
pected that 1 more men will be employed in conse- 
quence. 

The Se over a reduction in coal-miners’ wages 
in South Wales and Monmouthshire, and also in Scot- 
land, were discussed by the conciliation boards, which 
failed to agree. In Wales the matter was referred to 


the arbitrator, but in Scotland an adjournment was 
agreed to, when the matter will be reconsidered. 


The Board of Trade has arranged an arbitration to 
settle the dispute between the Cape Copper Company, 
Limited, at Briton Ferry, and the employés, as to 
wages, &c. 











THE ELECTROLYTIC THEORY OF THE 
CORROSION OF IRON AND ITS APPLI- 
CATIONS.* 

By Witi1am H. WALKER (Boston, U.S. A.). 


Tue Iron and Steel Institute has endorsed the economical 
importance of the general subject of the corrosion of 
iron by granting a Carnegie rch Scholarship for an 
investigation of this important problem. The holder of 
this scholarship, Dr. J. Newton Friend, in reporting the 
results of his work, dwelt entirely upon certain experi- 
ments which he had carried on, and which he interpreted 
as a support of what has been called the carbonic-acid 
theory of corrosion. At the same time the results of these 
experiments were considered totally to disprove the elec- 
trolytic theory of corrosion, and especially the work of the 
author of the present paper, and that of his associates, in 
—— of this theory. 

‘he author wishes to lay before the Institute as briefly 
as possible, firstly, the fundamental conceptions involved 
in the modern electrolytic theory of the corrosion of iron ; 
secondly, to develop this theory from the facts now known, 
and to show that the older carbonic-acid theory advo- 
cated by Dr. Friend can be, and is, included therein ; and, 
thirdly, to point out some of the practical applications of 
this theory to the problem of corrosion as met with in 
engineering practice and daily life. 


Ions AND THE Evectro.ytic Dissociation THrory, 

In order to explain certain important and well-estab- 
lished facts, such, for example, as the electrical conduc- 
tivity of salts dissolved in water, the abnormal lowering 
of the freezing-point and the raising of the boiling-point 
of water by the presence of dissolved salts, abnormal 
osmotic pressure, &c., there has been proposed, and almost 
universally accepted, what is known as the electrolytic 
dissociation theory. In accordance therewith, when a 
salt dissolves in water, a certain proportion of the dis- 
solved molecules are regarded as dissociated or broken 
up by the water into component parts, called ions. These 
ions act in the phenomena just mentioned, and in many 
others, just as whole molecules do. These parts of mole- 
cules may be le up of a single atom ora group of atoms, 
but as individuals they differ aon real atoms, in that they 
carry relatively large charges of electricity. This common 
salt-in-water solution furnishes two ions—the sodium ion 
carrying a positive electrical oon, and the chlorine ion 
carrying an equivalent negative charge. Water itself is 
somewhat dissociated into two ions 2 paar charged— 
the positive hydrogen ion, com of one atom of hydro- 
gen, and the negative hydroxy] ion, composed of one atom 
each of oxygen and hydrogen. 


ELECTROLYTIC SOLUTION PRESSURE. 
Every metal, when placed in water, or under such con- 
ditions that a film of water may condense upon it, tends 
to dissolve in the water, or, in other words, to pass from 
its atomic or metallic condition into its ionic condition. 
This escaping tendency of the metals varies from that 
shown by sodium or potassium, which is so great as to 
cause instant and rapid decomposition of the metal and 
water, to gold or platinum, where such tendency to dis- 
solve is zero. Between these two extremes we find the 
other common metals, including thereunder the element 
hydrogen, which may be considered as a metal. As the 
atom of metal passes into the water, it assumes a positive 
charge of electricity, leaving the metallic mass from which 
it separated charged negatively ; this property or escaping 
tendency of the metal is termed its ‘solution pressure.” I 
is obvious, however, that thisaction can continue for only 
ashort time ; owing to the fact that the mass of meta] and 
solution are of opposite polarity, the electrolytic tension 
becomes so great that no more atoms can escape to the 
ionic state, and the solvent action ceases. This condition 
was first described by Helmholtz, and called by him an 
electrolytic double layer. If now there be in the water ions 
of another metal which has a smaller solution pressure 
than the one under consideration, the action as above de- 
scribed will be reversed, and the ion with the less solu- 
tion pressure will pass back to the metallic state, plating 
out on the first metal, and giving up its charge of elec- 
tricity. At this point the first metal will be charged 
positively, and the solution in the immediate vicinity 
D sively , and there will tend to be set up a second elec- 
trolytic double layer opposite in polarity to the first. 
The result is, a current of electricity flows from the 
metal to the solution at the point where the metal passes 
into solution, through the solution to the metal at the 
point where the ions of the second metal are plating out, 
and back through the first metal to the starting-point 
again. The electrolyic double layers are thus destr ved, 
an electric current passes, and the solvent action of the 
water on the first metal continues. ; f 
This phenomenon, and its relation to the corrosion 0 
iron, are clearly exemplified in the well-known Daniel or 
vity cell. 
“ the case of pure iron in water a perfectly analogows 
condition is found to exist. Water itself is dissociat 
to a small but perfectly definite extent into its ions, hy- 
drogen (H), onl todeenyl (OH). When a strip of pure 
iron comes into contact with water, it sends into 





* Pa read before the Tron and Steel Institute, 
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water iron atoms in the form of positively charged ions. 
Hydrogen as a metal has a much smaller solution pres- 
sure than iron, and hence an equivalent number of hydro- 
gen ions plate out on the iron strip (leaving the free hy- 
droxyl ions with their negative charges to balance the iron 
ions with their positive charges) and an electric current 
tiows from the iron by means of the iron ions to the solu- 
tion, and by means of the hydrogens from the solution 
hack to the iron again, thus completing the circuit. But 
here comes an important break in the analogy of the film 
of copper in the Daniel cell. —— copper is a good 
conductor of the current, and offers no resistance to its 
flow from the solution to the iron on which it is attached. 
The reverse is true of the déposited hydrogen ; here we 
have a high insulator—a film of gas, which offers a great 
resistance to the flow of the current. Hence, although in 
the case of the iron strip in water all the conditions for 
continuous solution are present, owing to the resistance 
offered by the deposited hydrogen film (called polarisa- 
tion) the action must cease. 

Justas in the case of iron in a copper sulphate solution, 
the rapidity of the action depended upon the number of 
copper ions present in the solution, so here the solution 
of the iron, in the first instance, depends upon the number 
of the hydrogen ions present. This number of hydrogen 
ions, or the concentration of these ions, is increased by 
the addition of any acid. So weak an acid as carbonic | 
increases the number, but toa relatively small amount; | 
while a strong acid, like hydrochloric or sulphuric, adds 
to the number to such an extent that the solvent action | 
becomes violent, and the deposited hydrogen comes off as 
a stream of gas. 

It is this aspect that Dr. Friend has ignored, and he | 
has made some statements in this connection, which, if 
taken seriously, can but prove a stumbling-block to the 
progress of the study of corrosion. He gives experimental 
data, from which he concludes that, when pure iron is 
placed in water free from oxygen and carbonic acid, no 


bright blue colour at those points on the iron bar at 
which the iron is passing into solution, and a bright red 
colour on those portions on which the hydrogen is plating 
out, leaving in the solution at those places an equivalent 
number of hydroxyl ions. ese conditions are easily 
realised, and an experiment is shown in Fig. 1, below, 
where some ordinary wire nails have been placed in such 
a jelly. The dense portions are the blue zones at those 
points where iron is ing into solution and reacting with 
the ferricyanide, on te more diffused portions are the 
red of the phenolphthalein, where separating hydrogen 
has left the free hydroxy] ions. The how of the current 
may be seen to by preference from the ends of the 
eA just as is the case with magnetic lines of force. The 
ends of the two nails running horizontal have been tipped 
with paraffin, which throws, as a rule, the point of corro- 
sion into the centre of the nail.* 

Since the presence of the polarising film of hydrogen 
arrests the further solution of the iron, it is obvious that 
in order for the reaction to proceed this hydrogen must 
be removed. The destruction of the hydrogen film in 
ame corrosion is accomplished by the oxygen of the 
atmosphere, which is dissolved in the water. ‘The action 
here taking place is a simple union of the hydrogen on 
the iron and the oxygen dissolved from the air, with the 
re-formation of water. It follows from this that any 
substance which dissolves or reacts with hydrogen should 
accelerate corrosion. This is found to be in fact the case. 

It was formerly thought that the action of oxygen as a 
factor necessary in corrosion was simply to oxidise the iron 
ions thrown into solution, and to precipitate them as rust. 
While it is true that this reaction does take place, and is 
indeed the most striking function that oxygen performs, 
it is in reality a secondary one, which issimply incidental 
to corrosion, and not a necessary part of the action. Its 
real accelerating effect isdue to the fact that it depolarises 
the hydrogen which is set free by the reaction, and sepa- 
rates out on the metallic iron. 


and a current of electricity will pass through the system. 
A third example is found in the action of zinc in water 
containing an electrolyte. If a strip of zinc and a piece 
of iron be placed in water containing a very little salt, the 
iron will corrode rapidly, while the zinc will be but 
slightly attacked. The usual explanation for this pheno- 
menon is that the zine protects itself with an adherent 
film of zinc oxide or hydroxide, while the iron produces 
a non-adherent voluminous hydroxide which does not 
protect. If now, instead of being separated, the two 
strips of metal be placed so as to touch each other, the 
iron no longer corrodes, but the zinc very rapidly passes 
into solution. This action is shown in Fig. 3. A 
jece of zinc is seen at the centre, corroding slightly 
rom the ends, and showing the red due to the separating 
hydrogen ions at the centre. Zinc ferricyanide is white, 
and hence the same reagent demonstrates the separation 
of zinc ions just as it does the iron ions in the plate 
already considered. The nail which has been connected 
to another piece of zinc is not corroding, but is protec’ 
by the separating hydrogen. The zinc thus connected, 
however, is seen to be rapidly dissolving. The presence 
of the iron cannot affect the nature of the coating of zinc 
hydroxide, which, in the previous case, adhe thereto 
and protected, according to the old explanation, the sheet 
of zinc ; nor can the presence of the zinc affect the oxida- 
tion and precipitation of the iron ions should they pass 
into solution, as they are wont to do. The explanation 
consistent with the electrolytic theory is that the zinc in 
the first arrangement does not dissolve and corrode, not 
use there was formed an adherent and protecting 
layer of zinc hydroxide, but because the surface of the 
zinc does not catalyse the reaction Hy + O = Hy, O with 
sufficient rapidity continually to remove the hydrogen 
from the surface of the zinc. The film of hydrogen, 
therefore, forms on the zinc and protects it. Although 
the catalysing action of the iron surface is not so 
rapid as is the platinum surface, it has sufficient 
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iron is dissolved, because, under such circumstances, no 
iron was detected by him directly by the ordinary test for 
iron ions—namely, potassium sulphocyanate. But, on 
the other hand, he finds that, when the minute amount of 
carbonic acid which naturally adheres to the iron and to 
the sides of the containing vessel is present, iron will dis- 
solve, and under these conditions can be later precipitated 
by oxygen as rust. Upon these observations he throws 
out the entire electrolytic theory of corrosion, and states : 
—‘* We thus see that the electrolytic theory of corrosion 
is untenable.” 

Even though the entire accuracy of the experimental 
work just noted be granted, the fact remains that these 
data in no way contradict the electrolytic theory, but in 
reality they confirm it. 

Dr. Friend did not detect the iron ions in the water in 
which his iron strip had stood, simply because his anal yti- 
cal methods were not sufficiently refined. As the author | 
has shown, owing to the formation of the polarising film | 
of hydrogen, the amount of iron in solution must of nece3- 
sity be very small ; but by using the excessively delicate 
method for determining dissolved iron devised by Stokes* 
the amount of iron which has passed into solution can be 
accurately determined. As has been seen, the only effect 
which carbonic acid can have upon the solution of iron in 
water is that of any acid—namely, to increase the con- | 
centration of the hydrogen ions. This it surely does ; 
and if Dr. Friend’s observation be correct, which the | 
author does not admit—namely, that this small amount 

Mf arbonic acid is necessary to the solution of the iron— 

this fact does not contradict the electrolytic theory, but | 
can best be explained, and in truth can be explained only, 
by the use of the electrolytic theory. 

It happens that there exists a very delicate test for the 
Presence of the iron ion in the fact that potassium ferri- 
; yauide solution immediately forms therewith a bright 

luc colour ; while, on-the other hand, there is an organic 
substance known as phenolphthalein, which becomes in- 
tenscly red in the presence of hydroxyl ions. If, there- 
‘ore, a piece of iron be placed in an aqueous solution con- 


‘ining potassium ferricyanide and phenolphthalein, 
which, to prevent convection currents, has been thickened | 
Ww ith a little ordinary gelatine, there should be formed a 

* Journal of the American Chemical Society, 
page 451, : 


1907, | 
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That this is true may be seen from the consideration of 
a number of now well-known phenomena. When a piece 
of iron is placed in ordinary water exposed to the air it 
will dissolve or rust. If now there be placed in the water 
with this piece of iron a piece of platinum, the solvent or 
corroding action of the water will not be changed. The 
oxygen is present in the solution as before, and the iron 
ions as they separate from the metallic iron are being 
oxidised and precipitated as rust. If now the platinum 
and iron be dlectriaaily connected, a marked increase in 
the rate of the solution or corrosion of the iron is noticed. 
No chemical condition has been changed ; the difference 
lies in the fact that there is now an electrical contact 
between the iron and the platinum, and the platinum 
furnishes a surface on which the hydrogen can deposit, 
and on which, by virtue of its catalysing action, the 
hydrogen will be rapidly oxidised by the dissolved oxygen, 
and thus removed from the sphere of action. This is 
shown in Fig. 2. A piece of platinum wire is seen in 
the centre of the plate. A nail is also seen corrodirx 


| at the ends and setting free hydrogen in the centre. 


second nail is connected with a platinum wire. The red of 


'the phenolphthalein is seen around this wire, while the 


nail is corroding very much faster than the unconnected 
nail. 

Or if in two limbs of a U-tube separated at the bottom 
by a jelly plug there be placed two pieces of the same 
iron, electrically connected, and in a very dilute solution 
of any electrolyte, and both of these limbs be protected 
from the air, no action will be noticed. That is, there 
will be on both pieces of iron points at which iron has 

me or tends to go into solution, and points at which a 

lm of hydrogen has deposited, and owing to the resis- 
tance of this film of hydrogen no local currents can pass 


| over the surface of the pieces of iron, and no current as a 


whole passes through the jelly plug at the bottom, or 
through the system as a whole, 
in one of the limbs a substance which will unite with 
hydrogen, such as potassium bichromate or alkaline 
hydroxylamine, still no action will be observed in that 
limb, but the iron in the other limb will pass into solution 








—— | are desired for this experiment, wire nails are preferred. | that material of this purity may now be o 
Care must be taken, however, to see that they are free 
from adhering alkali. 


f now there be placed ' 


mn | forefathers. The steel com 
* Inasmuch as pieces of iron having a uniform surface | 
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rapidity to depolarise the iron strip and to render 
continuous the solution, and, therefore, the corrosion of 
the iron. While the solution pressure—that is, the 
tendency to pass into solution—is much stronger in the 
case of the zinc than it is in the iron, the iron corrodes 
and the zinc does not, because the electrolytic double 
layer set up on the surface of the zinc cannot rapidly be 
| destroyed by a flow of electric current. When the two 
lare united, the greater solution pressure of the zinc 
forces a larger number of zinc ions into the solution, and 
| the next result of the flow of the current is that the zinc 
| soon becomes anodic over its entire surface, while the iron 
| becomes the cathode, and that no iron is then dissolved, 
| but, as a cathode, furnishes a surface on which the hydro- 
| gen, set free by the solution of the zinc, may be deposited 
and catalysed and removed. 

Having now a conception of the mechanism by which 
iron corrodes, some important conclusions may be drawn 
from a consideration of the factors involved. Since 

| before the iron can form rust it must first pass into solu- 
| tion, and in so doing cause an electric current to flow 
|from the iron at that point to the iron at some other 
| point, any circumstance which will aid the flow of this 
| current will accelerate the solution of the iron. In other 
| words, any differences in potential which may exist upon 
| the surface of the iron will in itself cause a flow of elec- 
tricity which will result in a solvent action on the iron. 
Such differences of potential inevitably result from a 

gation or uneven distribution of any impurities 
which the iron or steel may contain. Hence we should 
expect that the speed of corrosion would increase in 
accordance with the percentage of impurities present, 
and it should decrease in accordance with the care 
bestowed upon the iron or steel during its manufac- 
ture to prevent a segregation of these impurities. The 
simplest way, of course, to ensure an absence of a- 
tion is to eliminate altogether those materials not needed 
in the iron. It has’ been found that a steel made under 
such conditions that the total impurities are reduced to 
not over five-hundredths of 1 per cent. (0.05 per cent,) 
resists corrosion to an extent equal to the iron of our 
nies have been slow to accept 
ut it is gratifying to know 


this general proposition, 
tained on the 


| open market. 


Since iron can pass into solution only by assuming the 
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ionic form, and having at the same time an equivalent | sure and temperature of the boiler, with a formation of a 
amountjfof ;hydrogen pass {from the ionic condition to the | pyrogallate of the alkali, and this rapidly absorbs the 
gaseous state, the speed of the reaction will depend upon | oxygen. Sodaash, or, rather, alkali, is, of course, useful, 

t in the solution. The | but not because of its effect upon the oxygen content, 
y been noted ; but the pre- but because, as has already been explained, corrosion is | P 


the number of hydrogen ions 
effect of free acids has al: 


sence of any material, such as alum or magnesium | inhibited by thus decreasing the hydrogen ion concen- 
chloride when subjected to pressure, or other materials | tration of the water. 
which by hydrolysis will form an acid, will also accelerat | 


corrosion. . 
If, on the other hand, the hydrogen concentration be 
reduced, the corrosion of the iron will also 


sion of iron by aiding in the oxidation of the hydrogen set 
free by the reaction. If, therefore, in the manufacture of 
be decreased. | the so-called tin-plate, which is sheet iron or steel covered 
Such a condition may be most easily realised by adding | with a layer of metallic tin, there be imperfections or 
to the water a strong alkali, which, owing to the presence | pin-holes in the tin coating, these channels through the 
of a large number of hydroxyl ions, decreases thereby the | tin to the iron will become centres of corrosion, which 


Tin is a metal which, like copper, accelerates the corro- 





depolarisation, can go on. Fig. 6, below, shows the 
en of mill-scale on the speed of .corrosion of a wire 
nail. A piece of scale is seen at the centre, while on the 
outside a free nail and also oneconnected with another 
iece of scale. The accelerating effect is obvious. The 
inevitable result is that a pit forms at the exposed p. int, 
and grows deeper and more marked in proportion as the 
scale is dense and closely adherent to the iron surface, 
Hence; if it were possible to remove the mill scale entirely 
from ‘steam-boiler tubes, for example, pitting would be 
largely eliminated, and the life of the tubes prolonged. 

ny more examples of the application of the electro. 
lytic theory to problems of corrosion could be given, but 
these will suffice to:'make clear'the general applicability 
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number of the hydrogen ions. This is the probable ex- 
planation why the iron of Dr. Friend’s experiment did not 
corrode in the presence of oxygen and hydrogen. It has 
been shown by conductivity experiments that it is impos- 
sible to remove all the caustic soda from iron and glass by 
a few rinsings. It is worthy of note that the wae time 
when the iron was not soaked in caustic soda it rusted, 
notwithstanding the absence of any carbonic acid. 

This fact has an important bearing upon the question 
which has been lately much disc , a8 to whether con- 
crete will protect iron from corrosion. Inasmuch as 
Portland cement, when it sets or hardens, liberates a large 
quantity of caustic lime, which is a strong alkali, and 
since good concrete is therefore saturated with this strong 
alkali, the answer to the question must be in the affirma- 
tive. Iron or steel will not corrode when embedded in 
concrete. But caustic lime is soluble in water, and 
ag concrete is not impervious to water. There- 
ore, if iron be embedded in concrete through which 
water at any time be allowed to percolate, this calcium 
hydrate will be slowly but surely dissolved and washed 
away, and with it will disappear the inhibiting action of the 
concrete, and iron embedded therein will surely rust. To 
ensure absolute protection of the reinforcing members of 
concrete construction, therefore, such concrete must be 
sufficiently dense and carefully made to render it prac- 
tically waterproof. This is not an impossible condi- 
tion. 

The fact that the presence of a metallic iron surface 
accelerates the corrosion of zinc has an important bearing 
upon the protection of such structure as barbed-wire 
fencing, or any structure where both an iron and zinc sur- 
face are exposed. In making barbed-wire fencing, for 
example, the wire is first galvanised and then wound into 
fencing, the cross-wires forming the barbs being cut at an 
angle in order to make a pointed barb. This freshly cut 
surface of iron is thus exposed, and so furnishes just the 
surface uired for depolarising the zinc surface, and 
thus greatly increases the rapidity with which the zine 
coating will corrode. As the zinc coating recedes from 
the iron surface the latter rusts, on account of the low con- 
ductivity of the water film on the two, and hence the ex- 
planation of why deterioration of a barbed-wire fence 
always starts at the barbs and travels from there along 
the strands. It also shows the necessity of protecting 
those places on a galvanised structure from which the 
zinc, from whatever cause, has been removed. 

Since oxygen is necessary 0 énsure the continuous re- 
moval of the hydrogen film, it is obvious that if no oxygen 
be allowed to reach the iron through the water, no corro- 
sion can take place. This fact teaches us much regarding 
the corrosion of boiler-shells and tubes. Pitting may be 
entirely avoided if the air be removed from the feed- 
water before its introduction into the boiler. This may 
best be done ‘by the employment of an open feed-water 
heater, or, what is better still, a feed-water heater con- 
nected to the dry vacuum pumps of the condenser. If 
such treatment is not Pie, the air may be removed 
from the feed water by drawing the water through a closed 
box containing scrap iron ; the oxygen in the water is 
used up in corroding the scrap iron instead of the boiler- 
tubes ; or the oxygen in the water may be absorbed by 
feeding into the boiler with the water a very small quan- 
tity of an alkaline solution of a tannin material. Such a 
solution of alkaline tannate will break up under the pres- 
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rapidly destroy the plate. It is impossible to detect these 
imperfections by a simple inspection, and hense users of 
tin-plate have been unable to test the quality of their 
raw material from this point of view. Since the iron 
must pass into solution at these exposed points in the tin 
coating, their presence may be easily located by flowi 
upon the tin surface a solution of gelatine or glue in whic 
is dissolved some potassium ferricyanide. When the 
jelly has stiffened, Pg sens will into solution through 
the holes in the tin, and, reacting with the ferricyanide, 
will leave a bright blue spot in the jelly. Variations in 
the quality of tin-plate may thus be easily detected. This 
is shown in Figs. 4 and 5, annexed. Fig. 4 is a sheet 
of ordinary tin-plate of low quality, such as is used in 
canning vegetables, and is seen to be covered with pin- 
holes. Fig. 5 is a high- e piece of dairy-stock, and 
shows but comparatively few such imperfections. 

The author ~ already shown* that ‘‘mill-scale,” or 
magnetic oxide of iron, is strongly electro-negative to 
iron. Since mill-scale is insoluble in water, and cannot of 
itself enter into the reaction, its only function must be 
analogous to that of platinum or other insoluble conductor 
of this kind—viz., to furnish a surface on which the 
hydrogen liberated by the dissolving iron can separate, 
and be catalytically oxidised to water again. his is 
also true of the black oxide protective coatings sometimes 
used upon iron and steel, as, for example, that of the 
Bower-Barf process. Just as is the case in mill-scale, 
these coatings are very serviceable so long as the whole 
coating is intact. But so soon as a portion of the metallic 
iron is exposed, this portion corrodes all the more 


rapidly on account of the presence of the surface of scale 
on which the oxidation of the hydrogen, and consequent 


” curnal of the American Chemical Society, 1907, 
page 1259. 
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of the theory, and its usefulness in the investigation of a 
subject of such fundamental importance to manufacturers 
and users of iron and steel. 
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By AtLerTon S. CusHMAN, Assistant Director, Office of 
Public Roads, United States Department of Agri- 
culture. 

INTRODUCTION. 


It is significant of the present age that the tendency of 
thought amongst all nations is toward the conservation of 
natural resources. Increasing consumption of the world’s 
—- and constant decay of materials menace the future 
of the human race. It is evident that carbon, from which 
we derive energy, and iron, which provides the principal 
means of applying energy, are the materials which should 
particularly engage the attention of those who are study- 
ing the problems of conservation. The annual production 
of pig-iron in the United States alone grew from 13,789, 242 
tons in 1900 to 25,307,191 tons in 1906; and while for the 
year 1908, owing to industrial conditions, it decreased to 
about 16,000,000 tons, it seems sure again to show an in- 
crease in the near future. How much of this enormous 
and constantly increasing world’s production of iron and 
steel is wasted for lack of adequate preservation? Where 
will the growth of demand stop, and how many years 
will the world’s ore supply stand the drain upon it? 
These are questions of vast importance, the answers to 
which can only be vaguely guessed, One thing seems 
certain: civilisation must learn to conserve more efficiently 
its stores of iron and steel already manufactured, and seek 
methods to prevent the almost resistless tendency of iron 
to return to its lethargic union with oxygen, from which 
it was won only by the consumption of vast quantities 
of the ever-dwindling coal supply. It is not generally 
realised that about four tons of coal, or its equivalent, 1s 
used in preparing one ton of finished steel from the ore. 
The world’s store of gold is not subject to loss by cor- 
rosion, but Suffers to some extent from attrition, owing to 
the softness of the metal. If steel could by any means 
whatsoever be ennobled, and thus -protected from the 
inevitable decay due to corrosion, future conditions for 
all possible years to come could be viewed with comp!a- 
cency. It is-said+ that there exists at Delhi an iron 
monument that, since dim beginning of history, has 
been exposed to the ther without rust or decay, and 
yet this column has been provided with no protective 
coating other than that which the atmosphere has itself 
fovmial upon it. Could we to-day, with all our boasted 
knowledge and our great pneumatic processes, build its 
like? It is probable that we could not, and yet an art 1s 
not necessarily lost for ever. It is simply a question ot 
whether or not it is worth our while to rediscover it. 


Tue Corrosion or [Ron. 


It is the object of this paper to examine into the con- 
trolling factors that influence the causes and the cure of 





* Paper read before the Iron and Steel Institute, 
May 15, 1909. f , 
+ Wood, M. P., ‘‘Rustless Coatings,” 1905, page 17. 
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the corrosion of iron, and to inquire into the possible 
practical bearing of the results of recent research. 

The author has in previous investigations* referred to 
the fact that the problem of the preservation of iron has 
three distinct phases. The first is concerned with 
the manufacture of a metal highly resistant to corrosion, 
such as is represented by the iron column of Delhi, or the 
splendid examples of hand-forged metal that have come 
down to us from past centuries, with which may be con- 
trasted the pitted, lace-like condition of specimens of 
modern steel after only a few years’ exposure to the 
atmosphere. The second concerns the general 
subject of protective coatings, which may consist of other 
metals, such as zinc, tin, copper, and lead, or of oil 
paints, varnishes, lacquers, an ituminous materials, or, 
finally, the production of a higher oxide on the surface, 
as in the Bower-Barf, Wells, and Speller processes. The 
third phase includes the interesting study of the ive 
condition which iron is capable of assuming, and the pe. 
sibility of maintaining the surface in such an ennobled 
condition. 

Many discussions} have arisen in regard to the several 
rival theories of corrosion, but the evidence which has 
been collected in numerous recent researches appears to 
the author to prove beyond all argument that the cor- 
rosion of iron, like that of other metals, is an electro- 
chemical phenomenon. 

In considering the corrosion of iron it is important to 
remember that, with possibly one or two exceptions, 
there are no elements that do not either dissolve in or 
combine readily with iron. It is also unique in the fact 
that the presence of very small quantities of impurities 
suffice to change its physical characteristics entirely. On 
account of this fact metallurgists scrutinise the hundredth 
of a per cent. of some of the principal impurities that are 
generally associated with this metal. This is particularly 
true, fer instance, of the element phosphorus. It is so 
important to modern metallurgy that the amount of 
phosphorus should be controlled in certain forms of steel 
that an animated discussion is going on at the present 
time between certain interests as tothe maximum amount 
of phosphorus that a steel shall be allowed to contain, 
and the question at issue-amounts to no more than a few 
hundredths of 1 per cent. 

Manganese also is an element which is nearly always 
associated in modern metallu with iron and steel. 
Manganese decreases the electrical conductivity of iron, 
and as the percen of manganese, starting from zero, 
rises, the electrical resistance increases up to a certain 
specific maximum. It will be seen that if the presence of 
manganese in iron raises the electrical resistance, any 
variation in the distribution of the manganese means 
that there will not be a constant electrical conductivity 
throughout its mass, or on any given surface. re is 
abundant evidence to show that manganese associates 
itself to a considerable extent with sulphur when both 
these impurities are present in steel.t That manganese 
sulphide shows a difference of electrical potential against 
steel is also well known. e who is familiar with the 
methods of modern metallurgy knows that the manganese 
is added for certain specific pur not as a rule quan- 
titatively, but in accordance with the views of the iron- 
master who has control of the mi]J or furnace. Moreover, 
the manganese is usually added by throwing lumps of 
ferro-manganese into the molten metal, either in the fur- 
nace itself, or in the ladle into which it has been poured. 
Chemists know the extreme care that has to be taken in 
order to get unifurm mixtures of substances in the course 
of chemical operations. Inthe large scale in which metal- 
lurgical processes are carried on, even if it were possible 
to take great care in the mixing, it still happens that 
when iron is cooled from the molten state, —oa 
takes place; that is to say, the impurities, although they 
may have been thoroughly mixed in the molten mass, do not 
remain homogeneously distributed after the metal is cooled. 
_ For these reasons we must remember that in studying 
iron and steel from the standpoint of their stability, under 
the conditions of service, we are not dealing with homo- 
geneous pure metal. It is not difficult for an electro- 
chemist to believe that when such material is immersed 
im, or even brought into contact with, an electrolyte, 
electrolysis will take place upon the surface, and thereby 
induce rapid corrosion. It is probable that the corrosion 
of all metals is more or less due to electro-chemical 
action. Before metals can be attacked at ordinary tem- 
peratures in the presence of water they must first pass 
into solution, and in passing into solution become ionised. 
This is true of copper, zinc, lead and other metals that 
suffer corrosion. 

In accordance with the conceptions of Nernst§ and the 


* United States Department of Agriculture, Office of 
Public Roads, Bulletin No, 30, 1907 ; Transactions of the 
American Society for Testing Materials, 1907, vol. vii., 
page 209; Transactions of the American Electro-Chemical 
Society, 1907, vol. xii., page 403. 
| Jransactions of the American Society of Mechanica! 
Eng neers, 1894, vol. xv.. page 998 ; ibid., 1895, vol. xvi., 
pages 350, 663; Zeitschrift fiir Elektrochemie, 1903, vol. ix., 
page 442; Treadwell and Hall, ‘‘ Analytical Chemistry,” 
1907, page 92; Manchester Lit. Phil. em., 1871, vol. v., 
Re © 104; Journal of the Iron and Steel Institute, 1888, 
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modern theory of solutions, all metals have a certain 
solution pressure which will operate until counterbalanced 
hy the osmotic pressure. Iron, however, appears to differ 
from the other metals in one important respect. The 
corrosion of iron does not take place evenly and uniformly 
over the surface. On the contrary, it is a matter of 
common observation that iron corrodes rapidly at certain 
weak points, the effect produced being known as “ pit- 
ting.” That this effect is produced by local electrolysis 
would hardly be doubted, even if it were not possible to 
demonstrate it by the use of the ferroxy] indicator. 

Early in his investigations the author* observed that 
whenever certain specimens of iron or steel are immersed 
in water or in a dilute neutral solution of an electrolyte 
to which a sufficient quantity of phenolphthalein indicator 
has been added, a pink colour is developed. If the solu- 
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tion is allowed to stand perfectly quiet, it will be noticed 
that the pink colour is confined to certain spots or nodes 
on the surface. The be colour of the indicator is a 
proof of the presence of hydroxy] ions, and thus indicates 
the negative poles. It may be added that some specimens 
of steel exhibit this phenomenon much more quickly and 
distinctly than others. 

Since phenolphthalein shows only the nodes where solu- 
tion of iron and subsequent oxidation does not take place, 
Walkert suggested the addition of a trace of potassium 
ferricyanide to the reacting solution, in order to furnish 
an indicator for the ferrous ions whose appearance marks 
the positive poles. If iron goes into solution, ferrous ions 
must appear, which, with ferricyanide, form the well- 
known Turnbull’s blue compound. If the reagent is stif- 
fened with gelatine or agar-agar, diffusion is prevented and 
the effects produced are preserved. For this combined 
reagent, which indicates at one and the same time the 
appearance of hydroxy] and ferrous ions at opposite poles, 
the author has su ted for the sake of brevity the name 
“ferroxyl.” Ifthe reagent has been properly prepared, 
the colour effects are strong and beautiful. In the course 
of a few days the maximum degree of beauty in the 
colours is obtained, after which a gradual deterioration 
sets in. 

In the pink zones, as would naturally be expected, the 
iron remains —_ bright as long as the pink colour per- 
sists. In the blue zones the iron passes into solution and 





* United States Department of Agriculture, Office of 
Public Roads, Bulletin No. 30, 1907. 

+ Journal of the American Chemical Society, 1907, 
vol, xxix., page 1257. 








continually oxidises, with a resulting formation of rust. 


Even the purest iron develops the nodes in the ferroxy] 
indicator, but impure and badly ted metal de- 
velops the colours with greater rapidity and with bolder 


outlines. This result would, of course, be expected, as in 
pure iron the formation of poles would be conditioned by 
a much more delicate equilibrium than in impure iron, 
where variations in concentration of the dissolved impuri- 
ties would stimulate the electrolytic effects. 

The ferroxyl mounts are prepared as follows :—A 14 per 
cent. solution of agar-agar is first made by dissolving a 
weighed quantity of powdered agar in the requisite 
amount of water. This solution is boiled for one hour, 
fresh water being added to replace that lost by evapora- 
tion. It is then filtered while hot, and 2 cubic centi- 
metres of standard phenolphthalein indicator added to 
every 100 cubic centimetres solution, after which it is 
brought to a perfectly neutral condition by titration with 
a tenth normal solution of potassium hydroxide (K OH) or 
hydrochloric acid (HCl), as the case may be. e addi- 
tion of 7 cubic centimetres of a 1 per cent. solution of 
potassium ferricyanide to every 100 cubic centimetres of 
solution is then made, and the ferroxyl reagent, 
while still hot, is ready to use. Enough of the re- 
agent should be poured into a Petri dish just to 
cover the bottom and the dish floated in cold water until 
the has jellied. A clean sample of iron is then 
i ot ll this of jelly and covered with the hot solu- 
tion. After the final addition of ager the dish should not 
be moved until thoroughly cool. ile the colours some- 
times show up immediately, they usually require from 
12 to 24 hours to attain their most perfect development. 
The mounts may be preserved for many months by keep- 
ing the surface of the agar covered with alcohol (Fig.'1, 
annexed). 

In the author’s opinion, these effects, which are pro- 
duced in the ferroxy] indicator, constitute a visible demon- 
stration of electrolytic action taking place on the surface of 
iron and causing rapid corrosion at the positive nodes. 
This electrolytic action, which is shown to take wene 
whenever iron rusts, should not, however, be confused 
with the rapid destruction of steel in the neighbourhood 
of vagabond currents from high potential circuits used 
for electric lighting or tramways. In order to avoid such 
confusion of terms and ideas, it has been proposed to 
speak of the underlying electro-chemical cause of corro- 
sion as au mous* electrolysis, or, more briefly, auto- 
electrolysis.+ It is not the author’s intention at present 
to collect all the evidence which tends to prove that auto- 
electrolysis always takes place when iron rusts; this has 
already been done in numerous papers by several inde- 
pendent investigators.t The case may be allowed to rest 
on the evidence of the ferroxyl test, which at least is 
conclusive as to the fact that iron is going into solution 
and oxidising more rapidly at certain points than at 
others. 

The electro-chemical explanation of the corrosion of 
iron is not complicated, and so far has been found in 
accordance with all the facts. Briefly stated, the expla- 
nation is as follows :—Iron has a certain solution tension, 
even when the iron is chemically pure and the solvent 
pure water. The solution tension is modified by impuri- 
ties or additional substances contained in the metal and 
in the solvent. The effect of even the slightest segre- 
gation in the metal, or even of unequal stresses and 
strains in the surface, will therefore throw the surface out 
of equilibrium, and the solution tension will be greater 
at some points than at others. The points or nodes of 
maximum solution pressure will be electro-positive to 
those of minimum pressure, and a current will flow, pro- 
vided the surface points are in contact through a conduct- 
ing film. If the film is water, or in any way moist, the 
higher its conductivity the more rapidly iron will pass 
into solution in the electro-positive areas, and the faster 
corrosion Positive hydrogen ions migrate to 
the negative areas, negative hydroxyls to the positive. 
By a hydrogen ion is meant a Ganeateed nycregen atom 
carrying its equivalent static electrical charge which may 


+ 
be represented by the symbol H. The hydroxyl ion is 
written OH. Water, which may be expressed by the 


+ 
symbol HOH, is made up of the dissociation products H 
and OH. An acid like hydrochloric acid (HC1) dissociates 


+ pote 
into H and Cl. An acid is always highly dissociated in 
solution, while water itself is only slightly dissociated. 
This explains why the presence of an acid increases the 
concentration of the hydrogen ions. Ionisation always 
takes place in every solution of an inorganic compound, 
and even the purest water is slightly dissociated into its 
+ 


constituent ions H and OH. The more ionised a solu - 
tion is the higher its electrical conductivity, and the more 
rapid the damage to the underlying iron. If the concen- 
tration of the hydrogen ions is sufficiently high, which is 
only the same as saying if the solution is sufficiently acid, 


the hyd m ions will exchange their electro-static 
charges with the iron sweeping into solution, and us 
hydrogen is seen escaping from the system. If, how- 


ever, as is usual in ordinary rusting, the acidity is not 
high enough to produce this result, the hydrogen ions 
will polarise around the positive nodes and the so-called 
electrical double layer of Helmholtz will be formed.§ 


* Proposed by G. W. Thompson. . 

+ Proposed by R. H. Gaines, Engineering News, 1908, 
vol. lix., page 583. 

t Whitney, Journal of the American Chemical Society, 
1903, vol. xxv., page 394; Cushman, United States De- 

ment of iculture Office, Public Roads, Bulletin 

o. 30, 1907 ; Walker, Journal of the American Chemical 
Society, 1907, vol. xxix., page 1251. ie 

§ Wiedermann’s Annaler, 1879, vol, vii., page 337, 
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This polarisation effect resists and slows down the 
action. Nevertheless, although it cannot he seen, some 
exchange takes place and iron slowly pushes through, 
as is shown by the development of the blue nodes in the 
ferroxyl test. Forevery exchange of static charge between 
iron and hydrogen at the positive node, a correspondin 
negative hydroxy] ion appears at the negative node, whic 
is shown in pink with the ferroxyl indicator, In other 
words, as fast as the iron sweeps into solution the concen- 
tration of ferrous hydroxide grows, but the ferrous re- 
action appears in one place and the hydroxy] in another. 
It is now that the oxygen of the atmosphere dissolved in 
the solution takes up its work, the ferrous ions are oxidised 
to the insoluble ferric condition, which results in the pre- 
cipitation of rust, and the action of hydrolysis proceeds. 
The formation of the insoluble ferroso-ferric carbonates 
and hydroxides changing to the red ferric hydroxide 
known as rust is familias to every one. Even the purest 
iron obtainable shows the electrolytic nodes in the ferroxy] 
indicator, which proves that the equilibrium is so delicate 
that it is affected by the physical condition of the surfaces 
as well as by the chemical constitution of the metal. In 
a recent publication®* the author has discussed this subject 
at length. It was observed that in making ferroxyl 
mounts an indentation, scratch, or wound of any kind on 
the surface of the steel invariably became positive to its 
surrounding area, and thus formed a centre of corrosion. 
If this had occurred only upon milled specimens which 
carried a coat of scale or blue oxide, the explanation would 
be simple; but the fact is, if a freshly-polished steel 
mirror receives a cut before immersion, the marked place 
comes out in blue, and corrosion takes place more rapidly. 
It has been known for a long time that indentations or 
injuries on the water surfaces of boilers become centres 
of corrosion and pitting. It has been shown by Walker 
and others that the polarity is affected by stresses and 
strains on the surface ; and it would seem, in view of all 
the facts, that this condition is determined by a number 
of widely different causes, which may be classified as 
electrical, chemical, and mechanical. It seems probable 
that the surfaces of steel which ‘are subject to the con- 
densation moisture of the atmosphere are always ina state 
of electrical strain and polarity. The ferroxyl tests show 
that in a large majority of cases the positive spots, once 
formed, remain positive, and so corrosion proceeds steadily 
to the formation of destructive pitholes. 

Those who have followed the above explanation will 
understand the statement of the author, that the rusting 
of iron is primarily due, not to attack by oxygen, but by 
hydrogen in its 1onised condition. evertheless, the 
function of oxygen in carrying on the process of rusting, 
although a secondary one, is absolutely essential to its 
progress, for in the absence of oxygen rust is not formed. 

t is owing to these separate, though co-ordinated, func- 
tions of hydrogen and oxygen that the formation of rust 
can be inhibited by the addition to the water of certain 
oxidising agents, as well as by certain reducing agents, 
a seeming paradox that no other theory attempts to 
explain, he strong reducing agent, pyrogallol, will 
inhibit rusting by interference with the function of the 
oxygen, while such conspicuous oxidising agents as 
chromic acid and its soluble salts, by inducing a passive 
condition, interfere with the action of the hydrogen ions. 

Let us now examine this theory in the light of some 
additional well-known facts. That the presence of acid 
is necessary for the continued corrosion of iron has been 
believed for a long time, and some authorities have even 
contended that carbonic acid is the sole cause of the 
rusting of iron. In the opinion of the author this is true 
only inasmuch as carbonic acid is one of the factors in 
the hydrolysis which produces hydrogen ions. Iron does 
not rust in alkaline solutions which contain an excess of 
hydroxyl ions, provided the alkalinity is high enough ; 
but in dilute alkaline solutions rusting goes on in a 
dangerous fashion, the tendency to pit being accentuated. 
This action is incompatible with the theory that free acid 
is necessary to induce rusting, but is explained by the 
electro-chemical theory. Hydrogen and hydroxy] ions can 
exist in a solution at the same time to a considerable ex- 
tent only when they are separated, or held apart, by poten- 
tial differences, and, therefore, in the rusting of iron the 
concentration of hydroxyl ions, or, in other words, the 
alkalinity, must reach a certain value before rusting is 
entirely prohibited. This is because, owing to the very 
slight dissociation of water, an excess of hydroxyl ions 
would be incompatible ‘vith the presence of free oxygen 
ions. 

THe Passivity or Tron. 


Chromic acid and solutions of its salts inhibit corrosion of 
iron and steel by inducing a passive condition of the sur- 
face. This passive continin is maintained not only 
while the metallic surface is in contact with the solution, 
but also for a certain length of time after the iron is 
clean anddry. The passive condition, however, gradually 
disappears. There is a vast literature} on the subjest of 
passivity, and the three following theories have been 
advanced to account for it:{ (1) A layer of oxide is 
formed on the surface ; (2) oxygen is plated out on the 
surface, polarising it to the condition of an oxygen elec- 
trode ; (3) the solution tension of the iron is lowe by 
the change of the elementary iron to the condition of its 
higher valency, in which state it behaves as though it 
were a noble metal. The first theory is untenable, and 
each of the other two, though based on observed facts, 


* Transactions of the American Society for Testing 
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offers incomprehensible difficulties. It is not, however, 
the intention of this vo eal to discuss these theories, but 
merely to nt the subject in sufficient detail to permit 
the consideration of the practical bearing of the general 
theory on the important subject of the preservation of 
iron. 

PRESERVATIVE COATINGS. 

The various forms of iron and steel used in the arts and 
industries may be, for our present purpose, conveniently 
classified according to the methods in most general use for 
their preservation. 


TABLE I.—Preserrative Coatings for Various Forms of 
Iron and Steel. 








Coatings. Forms of Iron and Steel. 

Roofing and sheathing of buildings ; wire 

for telegraph, ang suspension cables, 

&c. ; nails, screws, bolts, fittings, &c. ; 

tanks, vessels, and utensils; chains for 

special purposes ; pipes and tubes for 

special pu S 

bitu- Structural iron and steel; decorative 
iron-work, fire-escapes, railings, &c.; 
locomotives and cars; smoke-stacks, gas 
and oil tanks; pipes; machinery (in 
part); boats and ships ; boilers (on the 
outside) ; trolley-poles, masts, posts, 
mail-boxes, &c. 

Lacquers, varnishes, Small articles, hardware utensils, imple- 

japans, and enamels ments, tools, cans, &c. 

Processed after manufac- Structural steel, gun-barrels, &c, 

ture to form a skin of 

oxide, phosphide, or 

some other compound 

Usually unprotected 


Zinc, tin, copper, lead 


Paints, varnishes, 
mens, cemerts, &. 


Machinery (in part); tools and farming 
implements (in part); chains; boilers 
and tanks (inside); railroad rails, plates 
and bolts 





Taking up these preservative coatings in the order indi- 
cated, we may inquire how successful the present methods 
of manufacture and preservation are, and whether or not 
the electro-chemical explanation of corrosion is likely to 
be of any practical value in indicating improvements in 
methods of protection. 

It is unnecessary to discuss at length the dissatisfaction 
which is so widespread among consumers of modern steel 
and iron, who complain that it rusts and corrodes much 
more rapidly than older metals made largely by hand- 
working in past times. The technical and scientific Press 
is crowded with evidence of the truth of this contention. * 
A prominent American railway engineer, in considerin; 
the possible conservation of forest trees which woul 
result from the substitution of steel for hardwood railroad 
ties, has pointed out that unless more rust-resistant 
metal is manufactured, such a course could not be 
economically followed. . He further points out that the 
rate at which both wood and iron decay leaves little 
to be said in favour of either material, though re-affores- 
tation is possible, while iron ore is not capable of repro- 
duction. 

The preservation of iron is, of course, a problem which, 
in the ease of its solution, varies directly with the rust- 
resisting character of the metal to be preserved. For.this 
reason a number of the progressive steel-manufacturers in 
the United States, and presumably elsewhere, have been 
for some time past investigating methods of manufactur- 
ing rust-resistant steel. It is not the author’s intention 
at this time to go deeply into this phase of the problem, 
but it seems to be a fact that carefully-made open-hearth 
metal, in which the ordinary impurities are cut down to 
mere traces, and in which the heat treatment has n 
carefully controlled, is much more resistant to corrosion 
than the ordinary types of metal with a comparatively 
high percentage of impurities. The author is well aware 
that reducing the content of impurities can only be 
achieved at the expense of tensile strength, and perhaps 
other characteristics of steel as well, but for certain pur- 
poses great strength can be sacrificed to longevity. 

There is now being manufactured in pede 
mills in the United States an extremely pure metal which 
contains, according to analysis, about 99.95 per cent. iron. 
The only impurities which this metal contains are sulphur 
(0.019), phosphorus (0.004), and carbon (0.026). This pure 
iron is manufactu in basic, open-hearth, 50-ton con- 
verters, and is smelted from Yd pig iron and carefully 
selected high-grade scrap. There is no mystery about its 
manufacture, everything depending from start to finish on 
the heat treatment which the metal receives. 

In the opinion of the author, resistance to corrosion is 
attained largely by a study of the proper heat treatment 
of the metal and of the amount ma working which it has 
received, both in the hot and cold rolls. Up to the pre- 
sent time this — iron manufactured by a steel process 
has been used for the preparation of sheet and plate only. 
It has been demonstrated, however, that wire can be made 
from it. The demand for this type of metal appears to 
be growing, and it has been largely used for the manu- 
facture of road culverts. In the letter of transmittal 
accompanying the author’s bulletin on ‘‘ The Corrosion 
of Iron,” it was stated that the development of a sheet- 
iron culvert, which shall be at the same time strong, light, 


and resistant to corrosion, would be of great assistance to” 


road-builders. The fact that this new metal has been 
largely specified by culvert-manufacturers, even at a some- 


what added cost, is the best evidence that it is meeting a | wires of varying chemical composition, and a 


| ascertaining the relative resistance to corrosion of 


Many metallurgists believe that the resistance to corro- 
sion exhibited by some wrought irons is due to the slag 
and cinder inclusions which are always found in this type 
of metal. Microscopic examination does not, however, 
ag’ this conclusion, as the slag and cinder are found to 
ie in definite streaks or cleavage lines in the rolled iron, 
There is no evidence to show that the fibres of wrought 
iron are enclosed by cinder, as has been claimed by certain 
metallurgists. Impure wrought irons, which have been 
prepared by what is known as the “ bushelling process,” 
also contain the full amount of cinder inclusion, and yet 
are not at all resistant to corrosion. While it is iin. 
doubtedly true that the tendency of iron to rust is an 
elementary characteristic of the metal itself, there is, 
nevertheless, abundant evidence to show that very pure 
iron does not exhibit a tendency to dangerous pitting, or 
localised corrosion, to the same extent as more impure 
and carelessly manufactured steel. Passing over the 
metallurgical and economic problems involved in the 
manufacture of rust-resistant steel, we will proceed to the 
discussion of the methods of preservation which depend 
upon covering iron with other metals. 


PRESERVATION WITH ZINC. 


As is well known, zinc is applied to the surface of iron 
by several different processes which may be classified as 
the hot-dip method, which is misnamed ‘‘galvanising ;’ the 
cold electro-plating method ; and the vapour, or dry-heat 
process, known as ‘‘Sherardising-” Zinc is electro-posi- 
tive to iron, and when the two metals are in contact and 
wet with a corroding solution, zinc will pass into solution, 
and the iron will be protected. The sphere of influence 
of the zinc does not, however, extend far from the point 
of contact between the two metals, so that iron can begin 
to rust in places long before all the zinc is destroyed. 
This can easily be shown by soldering a button of zine 
into the machined surface of a plate of steel and im- 
mersing the whole either in water or in the ferroxy] 
indicator. This action, which is very well illustrated in 
Fig. 2, e 711, shows how futile is the expedient of 
inserting zinc blocks in a boiler in the attempt to pre- 
serve the tubes. It is, of course, true that the more 
corrosive the action the larger will be the sphere of influ- 
ence of the protecting zinc, and the faster the destruction 
of the zine will p 5 

The function of the zinc coating in the ordinary galva- 
nising process is a double one: first, to cover the iron, so 
that water and oxygen cannot come in contact with it; 
and, second, to protect the iron at its own expense if pin- 
holes or cracks in the zine surface exist. Generally 
speaking, the more zinc that can be put on, the more 
efficient the protection ; but there are decided practical 
limits to the amount of zinc that can be carried by an iron 
surface. If the material must undergo bending in use, 
the heavier the coating the greater the danger of cracking. 
Thus wire which is to used in single strands, as, for 
instance, in telegraphy, can be ‘‘ double galvanised ” and 
unwiped, whereas wire which is to be woven into fences 
must carry a thinner coating and be wiped smooth. So- 
called ‘double. galvanised ” wire is not dipped twice into 
the bath of molten zinc, but merely carries about twice 
as much zine by weight as ordinary wire. In the hot-dip 
galvanising process it is customary in American practice 
to wet the iron with a soldering solution just before its 
immersion in the zinc bath. This soldering solution 
is generally an acid bath containing zinc chloride. The 
electro-chemical explanation of corrosion indicates that 
this is a dangerous practice for which metallurgists should 
find a substitute. That some of- the electrolytes are 
included undér the zinc coating can hardly be doubted. 
The system Fe - FeCl, - ZnCl,—- Zn is a galvanic couple, 
which, however well it may justify the name of “‘galvan- 
ised iron,” would certainly tend to hasten corrosion. 

The electro-chemical theory suggests the possibility of 
devising an inhibitive soldering solution as a substitute 
for the acid treatment. .The author, in co-operation with 
Mr. A. H. Gardner, has found that zine oxide dissolved 
in an alkaline bath gives promise of a successful solution 
of this problem. . The cold galvanising or electro-plating 
method of coating iron with zinc is open to the same 
criticism as the hot-dip method, inasmuch as the deposi- 
tion is made from an acid bath, with the inevitable inclu- 
sion of some of the electrolyte. The vapour deposition 
processes, such as that of Cowper-Coles, avoid this diffi- 
culty ; but it is by no means certain that they do not 
introduce other dangerous factors. Although zinc 1s 
electro-positive to iron, certain alloys of zinc and iron 
are electro - negative. If these alloys are formed in 
the Sherardising process, we defeat our main pur- 
pose in using zinc as a protective agent. At all 
events, the superior protective effect of zinc deposited by 
@ vapour-coating process may be said, as far as t e United 
States is concerned, to be still on trial. In the Sherardis- 
ing process the material to be coated is packed into air- 
tight iron drums together with zinc flue-dust from the 
smelters. These drums are then heated for a certain 
length of time at a temperature below the melting-point 
of zinc. The drums are in some cases made to revolve 
while the heating is going on. By this means a very 
efficient coating of zinc is — to the surface of the 
metal. For certain purposes this process may prove to be 
of value.: i ; 

At the request of the author, a number of interesting 
tests have recently been undertaken for the purpose of 


steel 
lso to show 





long-felt want in this and allied industries. There would the relative value of protective coatings. 


seem to be no reason why such a pure iron, if it receives | 


Proper heat treatment and rolling, should not be 
as resistant to corrosion as the pure iron made by 
the older processer, 





— Raitroad Age Gazette, 1908, vol, xlv., page 24, 


With these ends in view, twelve samples of galvanised 
steel wire were manufactured by a prominent steel and wire 


manufacturing company. They have been ew up in the 
| form of a fence and exposed to the action of the ae 


| These twelve samples fall into three groups, which \ 
described in the order in which they were made, 
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The first sample was a wire of the following composi- 
tion :— 


Per Cent. 
Carbon a8 ms rae al .. 0,66 
Manganese ... ibe nf Fei ue 0.84 
Sulphur -* sss iti ofa ee 0.028 
Phosphorus ... a ist 0.016 


This was made in a prominent Western steel mill by 
the basic open-hearth method. e@ ingots were cast on 
July 23, 1908, and were reheated and rolled into billets 
the same day. On the following day they were again 
heated to redness and rolled into ;-in. rods. One billet 
was taken at random from the lot for the purpose of 
this test. The rod, after cooling, was cleaned by immer- 
sion in hot dilute sulphuric acid, then rinsed with 
water, and dipped into. milk of lime. After drying, 
the rod was drawn cold into 9-gauge wire. It was 
then galvanised by passing it through a furnace in which 
it was heated to dull redness, and then into a bath 
of hydrochloric acid a zine chloride, and lastly 
intoa bath of molten zine. is wire was not wiped— 
that is to say, it was allowed to retain as much zinc as 
would adhere to it. This sample was designated C-1, and 
it is purposed to test itagainst any of the low carbon, low 
manganese wires to bo descri later, and which may 
for this purpose be regarded as C-2. 

The second group consists of six samples of ‘‘ American” 
style, eight-strand fabricated fencing, 45 in. high. The 
object of this group is to determine the effect, if any, 
of segregation of the impurities in the iron. Therefore 
the six samples were taken from the same neat. The 
steel was made at the same milland on the same day as 
sample C-1, but by the Bessemer proceas, and was cast in 
six ingots. As these ingots were rolled, two billets were 
taken from the top of the first ingot, two billets from the 
middle of the first ingot, and two from the bottom of the 
first ingot. These three pairs of billets were marked respec- 
tively A-1, A-2, and A-3. Similarly, from the last ingot of 
the heat two billets were taken from the top, two from the 
middle, and two from the bottom. These three pairs of 
billets were marked respectively B-1, B-2, and B-3. These 
were all rolled hot into rods, and after cooling and clean- 
ing in the manner described above, were drawn into wire. 
The six — were each divided into three portions. 
About half of each sample was drawn into 11-gauge wire, 
a quarter of each sample into 9-gauge wire, and the re- 
maining quarter into 12-gauge wire. This was because 
these three sizes of wire are all used in making the standard 
‘** American ” fence, the 9-gauge for the top and bottom 
horizontal strands, the 11-gauge for the intermediate 
strands, and the 12-gauge for the vertical connecting- 
wires. . Immediately after being drawn the wire was gal- 
vanised in the same manner as described for sample C-1, 
except that on emerging from the molten zinc it was wiped 
by a mechanical device which left only a thin smooth coat- 
ing of zinc on the steel. A separate piece of fencing 
about 300 ft. in length was then woven om each of the 
samples. These six pieces of fencing then represented 
the top, middle, and bottom of the first and last ingots of 
the heat respectively. The samples were not analysed 
separately, but an analysis of the heat as a whole showed 
the following composition :— 


Per Cent. 
Carbon ix = acs on ote 0.9 
Manganese ... yee bie aed — 0.55 
Sulphur pis ee Ad bck =. 0.045 
Phosphorus ... se * Sis a 0.092 


The third group consists of five samples of basic open- 
hearth steel, showing increasing amounts of manganese 
from 0.07 to 0.37 per cent. These were all made in one 
furnace between August 18 and 22, 1908. The process of 
manufacture throughout was identical with that employed 
on the sample designated C-1, except that the wire was 
wiped during the process of galvanising. These five 
samples were all drawn to 11-gauge, and are designated by 
their ‘“‘heat numbers,” which are given here, together 
with the analyses. 


TABLE IT.—Analyses of Five Samples Forming 
the Third Group. 





Heat Numbers. Carbon. | Manganese. | Sulphur. | Phosphorus. 








| 
} 
| per cent.| percent. | per cent. per cent, 
8118 | 0.05 0.12 0.014 0.014 
8119 | 0.04 0.07 | 0,014 0.014 
8120 | 0.05 | 0.16 | 0.010 | 0.010 
8121 | 0.05 | 0.24 | 0.018 0.018 
8122 0.06 | oO 37 | 0.018 0.016 


All the wire described above was oan to Pittsburg, 
Pa., and between September 23 and 26, 1908, was put up in 
the grounds of ‘the Carnegie Technical Schools. The site 
assigned for this purpose is a level strip of ground at the 
bottom of a deep and narrow natural depression to the 
north of the quadrangle of school buildings. Because of 
this location none of the wire will be exposed to the action 
of wind, but all will show the effects of fog and damp- 
ness, which are very prevalent in this hollow. 

In addition to the test fences described above, a number 
of panels have been mounted on either side of the original 
rows in order to test different methods of providing - 
tective coatings for ordinary steel-wire fences. The 
pat ed wire was treated in the following way :—Ten 
80-rod spools of four-point galvanised wire were run 
through the spelter after fabrication, and 96 Ib. of spelter 
added to the total weight. They were then given one 
coat of regular barbed-wire ‘dippi int. el o 
American style woven wire fence is veniaed by the 
: ‘id or electro-plating process ; another panel is made of 
double galvanised wire carrying about the same weight of 
zine as is usually specified for telegraph wire. : This gal- 
vanising has been done by a special adaptation and varia- 








tion of the ordinary hot-dip process, and has not been 
subjected to the acid bath before galvanising. A third 
panel is coated with zinc by the Sherardising process. A 
number of panels, in part galvanised by the ordinary hot- 
dip process, and in part u vanised, have been pro- 
tected by painting with various protective paint coatings. 
All of p ome extra panels have been mounted in exactly 
the same manner, and side by side with the samples 
already described in the foregoing, and the tests should in 
the course of time yield results of great value. 


PRESERVATION WITH TIN. 


Roofing, cans, and tinned utensils of all kinds depend 
for their preservation on a metal coating, which, though 
not electro-positive to iron, has such a low solution ten- 
sion that it is known to be practically incorrodible. The 
difficulty with the use of this metal is that it seems im- 
possible at the present time to apply it economically to 
the surface of steel, so that pin-holes shall not exist in the 
coating. Walker has shown this by an ingenious modi- 
fication of the ferroxyl test.* A slightly acid solution of 
gelatine containing a small amount of potassium ferri- 
<r is flooded, while hot, upon the surface of the tin- 
plate to be tested. The gelatine becomes hard upon cooling, 
and in a very short time every pin-hole on the tin surface 
is marked bya spot of Turnbull's blue. After the number 
and position of the pin-holes is known, it becomes possible 
to study ways and means of eradicating them. Hot 
rolling and ageing of the — under pressure are among 
the solutions that have been suggested in the hope that 
Gg ymame will cy oe 

e ae of the Food and Drugs Act of 1906 has had 
a curious and interesting bearing on the tin-plate industry 
in its application to canned goods. Artificial colouring 
matter is debarred by this law, and it was found that the 
natural colour of preserved food-stuff is reduced and 
destroyed by the action of the tin. In the effort to meet 
this difficulty the can-manufacturers sought to use less 
tin, and also to lacquer the tin-plate, so as to prevent its 
contact with the fruit and vegetable juices. The forma- 
tion of pin-holes has gone on rapidly, however, so that it 
is not an unusual occurrence to find tinned preserves dis- 
charging their juices in tiny streams through small holes 
resulting from rapid corrosion. Walker's method of 
examination should prove of great value to manufacturers 
who have to deal with a problem of this kind. 


(To be continued.) 








Our Locomotive Exprorts.—The value of the loco- 
motives exported from the United Kingdom in the first 
four months of this year was scarcely equal to the corre- 
sponding value in the corresponding period of 1908, and 
when the comparison is extended to 1907 the decline 
becomes more marked. The value of the exports to South 
America to — 30, this year, was 414,477/., as com- 
pared with ,8977. and 839,842/.; to British India, 
242,572/., as compared with 403,948/. and 151,860/.; and 
to Australia, 223,557/., as com with 154,0967. and 
78801. It will be observed that there was a marked falling 
off in our locomotive shipments to South America this 
year, but that the Indian and Australian demand exhibits 
a welcome improvement. There has also been a little 
more inquiry for British locomotives upon South African 
account, but the shipments to April were still small, 
being valued at only 91197. 





Rope-DRIVING AND THE TRANSMISSION OF POWER BY 
Roprs.—A little book, carefully got up and well-illus- 
trated, has recently been written and published by Mr. 
Thomas Hart, of Blackburn, the well-known maker of 
the ‘‘Lambeth” cotton driving-ropes. It is unnecessary 
for us to call attention specially to the ropes manufactured 
by this firm, for they are widely known, and have for 
so many years stood the test of work in all kinds of situa- 
tions and for a t variety of drives. The little book 
before - =, owever,. serve as & yee to re 
users of ropes for power purposes, as it 1s full of usefu 
hints. It is divided into six sections. First there 
is a general description of rope-driving, which points 
out the ef purposes for which the system is speci- 
ally applicable, the reasons for its applicability being 
given. The next section is on the designing of a 
rope-drive, and here we have what will probably prove 
the most useful of the sections, pestioutaclyr to those who 
contemplate installing this method of power transmission, 
for the section contains a number of practical hints as to 
what points have to be particularly attended to, and the 
mistakes that are to be avoided. These hints cover the 

uestions of size.of pulleys, the distance apart of pulleys, 
the form of the pulley age the amount of sag to be 
allowed in the ropes, the best speed, &c. e@ remain- 
ing sections deal with angular driving, points in connection 
with the working of rope drives, the manufacture of the 
rope itself, and, finally, instructions for splicing ropes. 
These last particulars are, for such a technical subject, 
pow 3 clearly given, and are very well and fully illustrated, 
each operation being distinctly portrayed by diagrams. 
This subject is, however, not an oe to describe in 
writing or with diagrams, and can t be learned by 
watching some expert splicer at work. Short splices are 
comparesrely easy, whereas long splices are at best 
troublesome to the novice, however clearly instructions 
about them may be written. The matter is, however, 

led as so important by Mr. Hart that he gives the 
full instructions in French as well as in English. The 
author states that he has endeavoured to deal with those 


f 9 oe in sop Gives which usually occur, and we think 
e 


has succeeded. book may be procured from the 
author at Blackburn, Lancashire. 





* Paper read at Baltimore meeting of the American 
Chemical Society, December, 1908, 


CATALOGUES. 


A LEAFLET, illustrating their duplex durable pump, and 
also a simple pump, is to hand from Messrs. Dean Brothers, 
| Steam-Pump Works, Indianapolis, Ind., U.S.A. 


The Niles-Bement-Pond Company, New York, have 
sent usa copy of their catalogue of heavy milling-machines. 
| This illustrates the different types manufactured. 


Messrs. J. Firth Blakeley and Co., Thornhill, Dewsbury, 
| Yorks, have sent us a circular peer | water-towers, 
| gas-holders, and steel tanks recently erected by them. 


We have received a circular from Messrs. Wm. Geipel 
and Co., Vulcan Works, St. Thomas’-street, S.E., relating 
to their ‘‘ Vulco” compounds for filling joint-boxes of 
electric cables. 


We have received from the Machine-Tool Company, 
Limited,.Northern Werks, London-road, Nottingham, a 
list of new and second-hand machine-tools in stock. Full 
a and prices are given of a large variety of 
too: 


The Empire Roller Bearings Company, Limited, of 15, 
Victoria-street, Westminster, S.W., have just issued a 
revised list, giving particulars and prices of their roller- 
bearings as applied to line shafting. 


The Electrical Company, Limited, Charing Cross-road, 
W.C., have sent us leaflets dealing with their oil-switches, 
—— accessories, massage motors, and cigar-lighters. 
The leaflets are fully illustrated and prices are given. 


From Messrs. John Haddon and Co., Salisbury-square, 
E.C., we have received a pamphlet illustrating and 
describing the Haddon time-recorder, and another giving 
particulars of several forms of cabinets suitable for the 
storage of drawings, &c. 

From Messrs. Lacy-Hulbert and Co., Limited, 91, 
Victoria-street, Westminster, S.W., we have received 
leaflets illustrating some of their recent productions—viz., 
a portable petrol-driven water-pump, small rotary pumps, 
and air-compressors. 


We have received from Messrs. White Brothers’ Engi- 
neering and Machinery Company, Limited, High-street, 
Stratford, E., a copy of their latest catalogue of second- 
hand plant and machinery. It covers a large variety of 
apparatus, tools, and pieces of machinery. 


Messrs. Marples, Leach, and Co., Limited, Artillery- 
lane, E.©., have issued their April catalogue, giving a list 
of direct-current, three-phase, two-phase, single-phase 
and crane motors they have in stock. General particulars 
as to power, voltage, speed, winding, &c., are stated. . 


A pamphlet, giving prices of discsof cloth or paper coated 
with carborundum or other abrasive materials for use on 
disc grinding-machines, is to hand from the Vincit Com- 
pany, Limited, 67, Aldersgate-street, E.C. The abrasive 
can be put on the cloth in the form of a spiral, and this 
arrangement is said greatly to improve the results. 


From Messrs. L. G. Mouchel and Partners, 38, Victoria- 
street, Westminster, S.W., we have received Part I. of a 
hand-book on Hennebique ferro-concrete. A general 
description of the system is given, and the fundamental 
principles involved in the —— of beams, columns, and 
piles explained, The price of this part is 3s, 6d. net. 


A price-list of line material for electric railways and 
tramways is to hand from Messrs. Siemens Brothers’ 
os Works, Limited, Caxton House, Westminster, 
S.W. Prices and illustrations are given of a large variety 
of insulators, hangers, ears, and other parts, for use wit 
either bow or trolley collectors. 


A description of the Elmore vacuum process of ore con- 
centration installed at the Telemarken Copper Mine, 
Norway, and also a leafiet giving the working costs of the 

rocess at the above and other mines, have come to hand 
rom the Ore Concentration Company (1905), Limited, 
4, Broad Street-place, E.C. 


Messrs. Princeps and Co., Princeps Works, Sheffield, 
have sent us their latest catalogue of piston-rings for 
cylinders and piston-valves. Princeps’ patent metallic 
ey is also illustrated and described, as well as steam- 

ryers, oil-separators, and other apparatus required by 
steam -users. 


The sectional catalogue on their high-speed milling- 
machines, issued by Messrs. J. “Archdale and Co., Li. 
mited, Ledeam-street, Birmingham, gives very ee 
information on the vertical and horizontal types of mil- 
ling-machines which — build. Messrs. Archdale have 
been for some time developing this type of machine-tool, 
and among the special features it contains may be men- 
tioned a great range of — speeds and of feeds. The 
various machines are well illustrated. 


We have received from Messrs. Dennis Brothers, 
Limited, Guildford, a copy of their commercial vehicle 
catalogue for 1909. The cars, which are suitable for all 
trade uirements, are made in five standard sizes, for 
loads of from 15 cwt. to 5 tons, and are all driven by 
semen, Prices and illustrations are given of 
omnibuses, char-a-bancs, and other vehicles for special 
work. Among the latter is a tractor for hauling agri- 
cultural implements, also fitted with a centrifugal pump 
for irrigation purposes. 








_ Our Ratts Asproap.—Some improvement was noticed 
in April in our rail exports, the shipments for the month 
coming out at 50,073 tons, as compared with 43,087 tons in 
April, 1908, and 37,910 tons in April,1907. In these totals 
Argentina figured for 11,224 tons, 10,311 tons, and 4160 
tons respectively, 
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GAS ENGINES, PRODUCERS, HOLDERS, &c. 

12,030. The Anderston Foundry Company, Li- 
mited, and F. G. Hatch, Glasgow. Internal-Com- 
bustion Engines. [1 Fig.) June 3, 1908.—This invention 
relates to vertical internal-combustion engines, and is particularly 
applicable to high-speed, short-stroke engines of the kind in which 
a piston of less diameter at its lower end than the cylinder forms, 
in conjunction with a guide-ring at one end of the ecvlinder, a 
chamber wherein air or other gas may be compressed and utilised 
for various purposes, The invention consists in attaching to the 
bed of the engine, and beneath the cylinder flange, a guide-ring, in 











which the piston works, which ring is so disposed that it does not 
materially increase the height of the engine. The piston A, which 
at the open end is of less diameter than the cylinder B, is of such 
length that it always projects into and works in the guide-ring C. 
The part of the piston of smaller diameter is of plain cylindrical 
form, and has slots formed in its open end for the connecting-rod 
to clear. By altering the length of these slots the degree of com- 
pression to btained in the chamber E can be varied as may be 
necessary. The ring © is bolted on to the bed of the engine 
beneath the lower end of the engine cylinder. (Sealed May 6, 
1909, ) 


GUNS AND EXPLOSIVES. 


3587. H.C. L. Holden, Woolwich. Breech Mecha- 
nism. (4 Figs.) February 17, 1908.—This invention relates to 
breech mechanism which is operated by a hand-lever that serves, 
through the medium of suitable gearing, to rotate the hinge-pin 
upon which the breech-block swings at an accelerated 5) rela- 
tively with the breech-block, to perform through suitable devices 
the various operations of unlocking the screw, releasing the 
‘ovturator from its seat, withdrawing the breech-screw, and swing- 
ing it round out of the way in order that the gun may be loaded. 
@ indicates the breech of the gun, b the breech-block, and ¢ is the 














oe or shaft carrying the block. As shown, the pin is ex- 
tended downwards, and has mounted on its lower end a lever d. 
¢ is a bevel-wheel fixed to the shaft c, and fis a toothed segment 
fixed to the lower lug on the end of the frame of the gun. 
Carried upon the lever d is a bevel-wheel g which engages with 
the bevel-wheel ¢ and the segment / in such a manner that when 
the lever d is rotated through, say, an angle of 180 deg., the inter- 
mediate wheel g rolls round the fixed segment f and rotates the 
bevel-wheel ¢ at an accelerated equal to the sum of the 
rotary movement of the hand-lever d and of the intermediate 
wheel g. (Sealed May 6, 1909.) 


LIFTING AND HAULING APPLIANCES. 


3836. F. A. Bullivant and C. 8S. Wardle, London. 
Rope {6 Figs.) February 20, 1908.—This in- 
vention has for its object to provide an improved apparatus for 





ENGINEERING. 


pping ropes used on aerial ropeways, the apparatus being such 
that any predetermined leant | in the le of the rope causes 
an automatic grip on the rope, and preferably so that an increase 
of the angle of the rope causes an increase of the grip on the b 
According to this invention, the gripping apparatus consists of a 
pair of hinged jaws b, c, actuated by the movement of the hanger 
g, by means of which the load is supported, these jaws being 
carried in a frame a, to which wheels s are attached for en- 
gaging with the shunt rails which are situated at various 
places along the ropeway. Each end of the frame a is provided 
with jaws embracing the rope r, so as to ensure the necessary 





alignment of the jaws b, c withthe rope r. One of the inner faces 
of eavh of the jaws may be made so as to engage frictionally or 
positively with the rope r, one from one side, and the other from 
the other side of the rope. The = ends of the jaws b, ¢ are 
formed with inclined planes, and the inner faces of the lower 
ends of the jaws are shaj so as to be capable of sripping the 
rope 7 firmly. On the inclined planes on the upper ends of the 
jaws b,c run tapered rollers m, which are actuated by the move- 
ment of the hanger g so as automatically to re; te the grip on 
the rope as required, according to its inclination. (Sealed 
May 6, 1909.) 


MACHINE AND OTHER TOOLS, SHAFTING, &c. 


9831. A. Herbert, Kenilworth, and P. V. Vernon, 
Coventry. Automatic Lathes. [2 Figs.) May 6, 1908.— 
This invention relates to turret-slide mechanism for automatic 
lathes, and has for its object to provide an improved construction 
of mechanism of the type which enables an automatically variable 
traverse or stroke to be imparted to the turret according to the 
requirements of the tools in use, with a constant stroke of the 
turret-actuating ram. According to this invention, the turret- 
actuating cam carries a number of adjustable bars automatically 
selected by the rotation of the turret, and forming the actuat- 
ing means between the ram and the turret, the said selection 
automatically varying the stroke or traverse to be imparted to the 
turret. The ram A may be actuated by a cam incline C engaging 
a —— or roller B upon the ram. Mounted to slide upon, or 
adjacent to, the ram is the turret slide D, which carries the 
rotatable turret E. A cam or cam-shaft F is mounted upon the 
turret-slide and rotated or otherwise actuated by the rotation of 
the turret by means of — G, H, shaft J, and gears K, L, M. 
Thus the cam-shaft F will be actuated in a step-by-step manner at 
each step-by-step rotary movement of the turret. The cam on 
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's O through the medium 
to engage adjustable 
to be el i 


the shaft F actuates a ber of plung 

of levers N, and the plungers O are adapted 
bars on the ram. ese bars are adapted ped in any 
suitable position, each having a hardened block R. In operation, 
the cam normally holds all the plungers O but one out of engage- 
ment. On the ram advancing, a hardened block R on one of the 
bars P strikes that plunger O which happens to be down, advanc- 
ing the turret D to a position which has been previously deter- 
mined by the adjustment of that bar P. The turret is eventually 
withdrawn, and during its next partial rotation the cam-shaft 
is operated, so that the first plunger O is raised and another 
lowered, On the ram advancing, another bar P strikes this second 
plunger O, advancing the turret to a position which is determined 
according to the position of that bar P, and its hardened block R, 
which, as will be clearly seen, is arranged to suit the particular 
tool in operation. This sequence is followed through the whole 
rotation of the turret, and it will be seen that with one main turret 
actuating cam C a different stroke can t tically produced 
for each tool, which stroke can be varied in a simple manner by 
‘oye the position of any individual bar P. (Sealed April 29, 











MINING, METALLURGY, AND METAL- 


WORKING. 

4966. H. Clo’ Sheffield, and W. C. Mountain, 
Gateshead. a Machines. {7 Figs.) March 
4, 1908.—This invention relates to chain coal-cutting machines. 
In accordance with this invention, a chain composed of alternate 

















double links and intermediate single connecting links is employed, 
and each of the double and single links is provided with a cutter 
or tool-holder, the arrangement being such that, while the links 
are free to pivot or turn in order to pass round the sprocket- 





wheels, the adjacent faces or ends of each pair of holders on (iiose 
links, or that part of the chain which lies between the sprocket- 
wheels, abut against each other, and so practically form a rivid 
bar and prevent the links or chain being pressed inwards or 
towards the supporting arm, and also prevent backward tilriny 
of the cutters. In the construction shown, the cutter-holders g 
are formed in one with the single links 6 and the double links v, 
which are pivoted together alternately at d. Each link is yro- 
vided with a cutter-holder, and the holders are cut away at their 
adjacent faces to pod y e to allow any coal-dust which ma, 
get between them to fall through, whilst at their bases they a}ut 
against each other at f. (Sealed April 29, 1909.) : 


wy George Anderson and Co. (1905), Limited, 
and A. G. Carnoustie. Percussive Toois. 
[3 Figs.] October 20, 1908.—This invention relates to percus-ive 
tools. In carrying out this invention the handle 1 is made jn 
two parts in order to facilitate the fitting of the cam 2, these parts 
being held together by pins or screws. The cam 2 is duplex in 
order that there may be two reciprocations or blows of the 
hammer 3,for one revolution of the cam-arbor, such arbor 4 being 
rotated by a flexible shaft, not shown in the drawings. The cam, 
instead of being duplex, may be arranged to give one or inore 
blows per revoluti The h is attached to a rod 5 which 
terminates in a ring-shaped member 6 formed with an internal pro- 
jection 6a, so designed that it will be lifted by the cam 2and then 
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yr The h 3 always tends to move out- 
wardly unless otherwise constrained by means of a spring 7 in com 
pression. The hammer, when in operation, impinges on a cushion 
9, to which is attached the rod 10 carrying the tool-holder 11. The 
hammer and the cushion are provided with anti-friction devices, 
consisting of balls poet vied g in groove:. The cushion always 
tends to move inwardly unless otherwise constrained by means of 
aspring 14. The moving parts are contained in a case 15 and a 
screwed-on end 16. The tool operates in the following manner : 
A chisel or other tool is placed in the tool-holder 11, and the cam 
is made to rotate quickly, thus givinga rapid vibratory motion to 
the hammer 3, which in turn, striking the cushion 9, imparts its 
force to the chisel, which in turn acts on the article being operated 
upon. (Sealed May 6, 1909.) 


5362. J. Govan, Cambuslang. Cogging and Rol - 
Mills. {2 Figs.) March 10, 1908.—In cogging or rolling-mills 
the hot slab is usually run on live rolls from the cogging-rolls to 
a shearing-machine, which shears or trims one end, and passes 
thence to a further series of live rolls, which are reversed to bring 
back the slabs to be sh or trimmed at the opposite end. The 
object of this invention is to provide apparatus, by means of 
which the hot slab, after being run on the usual live rolls to the 
shearing-machine to effect the trimming of the one end and 
then run back, is raised off the live rolls and turned or slewed 
round to present the opposite end to the action of the shearing- 
machine, so that the hot slab does not pass through that machine 
and tend to overheat the shearing-blades, and the use of the live 
rolls beyond the shearing-machine is dispensed with, the labour of 
handling the slab being also minimised. The apparatus com- 

rises an hydraulic ram R within a cylinder A!, the ram having a 

at table top B kept normally under the level of the upper sides 
of the live rolls C, so that it does not interfere with the free run 
of the slab towards the shearing-machine located at the end of 
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these rolls C. This ram A is adapted to be raised on actuation of 
a hand-lever when the slab is run back over the table B, and it is 
so constructed that the first movement of the ram A is directly 
upwards to lift the slab off the rolls C, the next movement Is to 
turn the ram A or its table B through half a revolution, and the 
final movement is to lower the slab and leave it on the live rolls C, 
the uncut end of the slab being thus presented towards the 
shearing-machine. For the purpose of obtaining the requisite 
movements of the ram A a continuous cam groove D is cut in the 
latter, of a form approximating to the letter W in developed plan, 
and entering this growe isa hardened pin or pins E extending 
inwards through the cylinder A! of the ram A. The cam groove 
D extends slightly beyond each junction of its inclined limbs in such 
wise that as the motion of the ram A is reversed, the pin or pins E 
from one inclined path to that adjoining, and the 


or 
motion of the ram A may be for a short distance near each end 
of its stroke quite vertical, while during the main part of its up 
and down strokes it is also rotatory, completing a half-reyviuuon 
in the course of the double stroke, each succeeding rotary move- 


ment being in the same direction. (Accepted March 3, 1%.) 








Coan 1x Germany.—The production of coal in the 
Zollverein in the first three months of this year was 
36,477,870 tons, as compared with 37,697,874 tons in the 
first quarter of 1908. The output of lignites was 16,815,920 
tons, as compared with 16,604,727 tons ; of coke, 5,243, 73% 
tons, as compared with 5,471,331 tons; and of briquettes, 
4,506,769 tons, as compared with 4,419,351 tons. f the 
36,477,870 tons of coal produced in the Zollverein t 
March 31, this year, 34,064,059 tons were raised in Prussia. 
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THE NEW ORIENT AUSTRALIAN MAIL 
LINER “ORSOVA.” 


Wrruin three or four months the Orient Steam 
Navigation Company will add to their fleet five new 
vessels constructed to comply with the conditions of 
the new mail contract betweon the Commonwealth 
of Australia and the company, which is to come into 
force on February 1 next. This contract is for the 
conduct of a fortnightly service between Adelaide 
and a suitable European port, and the amount of 
subsidy to be paid is 170,000/. per annum. The 
existing contract, made a year or two ago, provides 
for the payment of 120,000/. per annum, while the 
earlier contract with the Imperial Government 
allowed 85,0001. per annum. There has in this 
brief period been considerable development in 
the service, and at the same time the advance in 
ideas in the Commonwealth has dictated more 
severe conditions, particularly in respect to the 
manning of the ships. But here we are principally 
concerned with the important feature that the new 
contract reduces the maximum time allowed from 
Adelaide toa Mediterranean port from 696 hours, as 
at present, to 650 hours, and outwards to 638 hours. 
Both times include the periods for the usual stop- 
pages at Fremantle and at Colombo, which are some- 
what protracted, and at Port Said, and for the time 
occupied in the passage through the Suez Canal. 
During the season of the south-west monsoon, how- 
ever, thirty-six hours additional will be granted as at 
present. The terminal port in the Mediterranean 
contemplated is Brindisi, instead of Naples. This 
will shorten the sea route by about 180 miles, and 
will offer better railway facilities to and from 
London, so that there wiil be a saving on the 
voyage of from two to three days. To the general 
reader this may seem a small matter ; nor will it 
appear of importance that the necessary average 
speed on the complete voyage must be increased 
from 15 to 16 knots. The full significance, how- 
ever, is the better appreciated when it is noted 
that at the trials of the Orsova last week it was 
found that with a mean service displacement of 
15,100 tons the increase from 16} knots to 18 knots 
required an addition equal to 33 per cent. to the 
power developed by the propelling machinery. The 
increase in coal consumption would be- practically 
in the same proportion. The additional cost of the 
fuel is not the only consideration ; the cost involved 
in the increased size of the ship required to accom- 
modate the coal being also a serious matter. 
It is true that vessels in the Australian trade take 
coal at various ports on the route, but on the longest 
continuous run between ports, between Suez and 
Colombo, provision would require to be made for 
between 450 and 500 tons more coal than is neces- 
sary for 16? knots. The loss in revenue from cargo, 
presuming that the same displacement was main- 
tained, would be serious. Alternatively, if the ship 
were made larger in order to accommodate the 
extra 500 tons of coal, a corresponding increase in 
ary would be required to cope with the greater 
oad to be driven, involving great addition to size 
and cost. It seems, therefore, that with a service 
speed of between 16 and 17 knots, which will easily 
be reached, the maximum economy is ensured, and 
this consideration is as important to the colony as 
to the owners, 

Of the five new vessels, the order for which was 
placed in April of last year, three are practically 
alike, except in details and in the design of the 
engines. The first to be completed is the Orsova, 
which was built by Messrs. John Brown and Co., 
Limited, of Sheffield and Clydebank, and arrived in 
London on the completion of her trials on the 20th 
inst. She will leave on her first voyage on June 25. 
The second, the Otway, has been constructed by 
the Fairfield Shipbuilding and Engineering Com- 
pany, Limited, of Glasgow, and is running her 
steam trials this week. She will arrive in London 
on the 29th inst., and leave on her first voyage on 
July 9. The Osterley is being completed, and will 
follow very soon from the works of the London and 
Glasgow Engineering and Shipbuilding Company, 
Limited, of Glasgow. The other two ships, the 
Otranto and Orvieto, which differ considerably—not 
only in their deck arrangements, but also in their 
machinery—are being constructed by Messrs. Work- 
man, Clark, and Co., Limited, of Belfast. The first 
of these two ships has been launched, and will run 
her trials in the summer ; the second will follow 
soon after. Thus all five vessels will be completed 
well in advance of the date fixed for the com- 
mencement of the new service—February 1 next. 





DIMENSIONS AND SCANTLINGS. 


On Plate XLII., published with this issue, we give 
the longitudinal section and deck plans of the Orsova, 
and before describing these we may give the leading 
particulars of the vessel. They are as follow :— 

Length over all... sei nt 553 ft. 

»» between perpendiculars 535 ,, 
Extreme breadth on oS 63 ft. 3 in. 
Depth from shelter-deck __... 46 ft. 

a top of chart-house 80 ft. 9 in. 
Gross tonnage ... ‘& sob 
Mean service displacement. ... 
fe. draught a! a 
Power on trial on service draught ... -H.-P. 
Speed on trial on service draught ... 18.1 knots 
Number of mger-decks ... che 5 
as rst-class passengers 268 
‘6 second-class passengers... 120 
ay third-class passengers ... 388 
ra officers, engineers, and 
crew... ion oon a Y 292 
Total cargo capacity ... i ... 254,000 cub. ft. 
Estimated dead-weight capacity 5000 tons 

So far as the scantlings are concerned, little need 
be said, except that they conform with Lloyd’s 
highest class. There are ten water-tight bulkheads, 
with cellular double bottems from the fore peak 
to the after peak. The space between the double 
bottoms is divided to provide for 1000 tons of 
ballast, 500 tons of fresh water for the ship’s use, 
and 300 tons of fresh water for boiler-feed reserve. 
The plating is for the most part treble riveted, and 
the stem is straight, while the stern framing is of 
the spectacle type. A balanced rudder has been 
adopted, together with portable auxiliary rudder 
for use in the Suez Canal. The rudder is operated 
by Brown’s tiller-gear, while in addition there is an 
emergency steam-gear of the usual type, fitted 
alongside, both of these being controlled from the 
forward or after bridge by telemotors. The bilge- 
keels extend for about 230 ft. of the vessel’s length, 
which ought to make the ship easy in a seaway ; 
but on the trials there was no opportunity of test- 
ing the behaviour of the ship under severe con- 
ditions. 

PASSENGER ACCOMMODATION. 


The promenade space is specially extensive, be- 
cause on the highest, or ‘‘A,”’ deck (Fig. 2) the life- 
boats are ingeniously stowed away, as illustrated in 
Fig. 10, Plate XLIV., affording a very fine sun- 
promenade. On the ‘“B,” or next lower, deck 
(Fig. 3) there is the main promenade, which’ is 
sheltered from the sun; while on the shelter, or ‘‘C,”’ 
deck (Fig. 4) there is a further promenade. The 
second-class passengers have part of the promenade 
and part of the shelter-deck ; while the third-class 
passengers have the poop anda considerable area of 
the shelter-deck below it. 

The arrangement of passenger accommodation is 
clearly shown on the five plans reproduced, with the 
longitudinal section, on the two-page Plate XLII. 
The departures from standard practice are only in 
detail, but are all directed towards ensuring ade- 
quate ventilation. The suites of rooms (Fig. 3) are 
ingeniously arranged so that they may be let sepa- 
rately, and in many instances ordinary state-rooms 
(Figs. 3 and 4) are connected so that they may be 
let in series for families. The Bibby system of 
tandem cabins (Fig. 5) has been liberally inter- 
preted, as the passage from the port-hole to the 
inside state-room is of considerable width, and can 
accommodate lounge-chairs, while forming also a 
convenient place for the stowage of luggage and the 
hanging of clothes, &c. Indeed, this inner cabin 
may be preferred, because the air is as sweet as in 
the outer rooms, and the convenience greater. In 
many state-rooms only single berths are provided, 
and the great majority of the rooms are only for two 

ers. In each room there is an electric fan. 

The decoration of the ship conforms to the latest 
ideas and marks a sharp contrast to the methods 
adopted ten or fifteen years ago. We have happily 
departed from that over-elaboration in scm 
scheme, which, however admirably treated, sooner or 
later becomes wearisome, if not offensive. Equally 
elaborate wood carving was next in vogue, largely as 
a consequence of the introduction of machine-carv- 
ing from ‘‘formers.” Nodoubt in many cases hand 
work was done, but in such case the cost was far 
beyond the merit of the result. In the modern 
ship the tendency is towards simplicity, and de- 
corative effect is achieved by the careful selection 
of wood panels, and the treatment of them to bring 
out the fine grain of the wood, which of itself offers 
infinite variety. Thus we find in the Orsova that 
walnut is selected for the lounge, which, with its 





buffet, is situated at the top of the companion- 
way on the promenade-deck (Fig. 3), and in this 
it conforms with the companion-way, alongside 
which there is an electric passenger lift. In the 
library and music-room, which is immediately abaft 
the main vestibule, sycamore, stained to a bluish- 
grey, lends itself to a specially charming tout en- 
semble with the Louis Seize furniture and the rose- 
shaded carpet. In the smoke-room aft, on the 
same deck, oak has been selected alike for decora- 
tion and furniture, and the result is effective (Fig. 11, 
on Plate XLIV.). 

In the Orsova an absence from vibration has been 
attained, and under normal conditions an easiness 
or freedom from rolling and pitching which should 
enable the nger to forget that he is afloat, 
were it not for the fact that the general arrange- 
ment of the public rooms follows a more or less 
uniform plan. In the Orsova and other vessels 
some relief is afforded by bay windows and alcoves, 
and in service the semblance of the modern hotel 
or mansion will be further advanced by the disposi- 
tion of ferns, palms, and other plants in suitable 
places. It is worthy of consideration, however, on 
the part of all naval architects whether still more 
could not be done towards a fuller dissemblance in 
ship saloons. 

he dining-saloon, which is illustrated in the 
engraving, Fig. 9, on Plate XLIV., is exceptionally 
large for the ship, and might accommodate far more 
than the 148 passengers for whom seats have been 
provided, but the aim has been to enable parties of 
almost any number to dine in separate groups. 
The room is panelled in mahogany, painted white, 
and the carving of the capitals of the columns and 
of the pilasters on the walls is effectively un- 
obtrusive and well done. The general scheme is 
conceived in the Georgian style. As shown in the 
engraving, there is a well with a balcony on the 
shelter-deck, In the second-class quarter the same 
principle has been adopted in the dining-saloon, 
and the most striking result has been got by the 
use of polished pitch-pine panelling. It is notice- 
able that in the third-class quarters the great 
majority of the cabins have only two berths. Here, 
as throughout the ship, wood cement decking has 
been adopted, as in so many modern ships, the 
particular type used here being conolite. 

One of the main difficulties in the Eastern trade 
is the great range of temperature through which the 
ships have to pass on practically every voyage, often 
from freezing point to 100 deg. Fahr. The ventila- 
tion problem is consequently of the first importance, 
and the company, after long experience, have pre- 
ferred the plenum system, as the atmospheric air, 
without treatment for heating or cooling, affords 
the most suitable percentage of moisture for the 
different climates. The alleyways are all fitted with 
grille doors, while in calm seas the heavy doors on 
the openings of the ship’s side forming the entrance 
to the companion-way on the different levels can be 
oe leaving only the grille doors to pass a current 
of air. There is thus, when the ship is going ahead, a 
free circulation throughout the alleyways and cabins. 
The upper panelling of the cabins has been fitted 
with open gratings at the top to further assist ven- 
tilation, and the cargo and other hatches are utilised 
to the same end, glazed doors being provided where 
these pierce the passenger quarters. In all the 
lavatory quarters exhaust-fans are used. In the 
galley, which is located between the first and 
second-class dining-rooms on the upper deck 
(Fig. 5), the cooking-ranges are immediately below 
the light-and-air shaft, where also there is a power- 
ful exhaust-fan, so that a most effective draught is 
induced from the dining-saloons by way of the 
kitchen. 

ReFRIGERATING MACHINERY. 


There are five cargo-holds, as shown in the longi- 
tudinal section (Fig. 1). In addition, 1500 tons of 
coal can be carried, but a part of the cargo accom- 
modation can, when necessary, be utilised to in- 
crease this to 2270 tons. The fuel economy of the 
ship is such that this bunker capacity would enable 
the vessel to steam at 167 knots for 6800 miles, or 
easily from London to Colombo, and more easily 
to the Cape. The general cargo is dealt with by 
six steam and two electric cranes, electricity being 
adopted in this case because the cranes so closely 
adjoin the passenger accommodation on the pro- 
menade deck. These cranes are of 30 cwt. fitting 
power, and are driven by 15-horse-power motors. 

The feature of the cargo accommodation, how- 
ever, is the insulated holds, and the arrangement 
for keeping them at the freezing temperature. As 
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generally in use, the consumption was well within 
the guarantee. In other words, the total consump- 
tion for the 400 miles steamed during the 24 hours 
was about 130 tons, and although the weather con- 
ditions were very favourable for economical steam- 
ing, there is certainty that, given the same quality 
of Welsh coal, this result can be maintained in 
service, 

The design of the engines is therefore of special 
interest, and on page 716 there are reproduced 
plans (Figs. 12 and 13) showing their general dis- 
position, while the longitudinal section of the ship 
(Fig. 1) further facilitates a complete understanding 
of the system. A view of one of the two sets of 
main engines is given in Fig. 8, on Plate XLIII. 
The twin engines are of the quadruple-expansion 
type, the diameters of the cylinders being 28} in., 
41 in., 584 in., and 84 in. respectively, with a 
stroke of 60in. They are arranged on the Yarrow- 
Schlick-Tweedy system of balancing, with a high- 
pressure and a low-pressure cylinder forming the 
tirst couple, and the second intermediate and the first 
intermediate the after couple, the valves being on the 
outside of each pair. The valves are of the piston 
type for the high-pressure and first intermediate 
cylinders, and of the double-ported slide type for 
the second intermediate and low-pressure cylinders. 
The general design, with its independent columns, 
as shown in the illustration (Fig. 8), gives a very 
open engine. The shafting is entirely of com- 
sressed ingot steel, and was manufactured at the 
Sheftield works of Messrs. John Brown and Co. 
The crank-shafts are of the built-up type, and are 
each in two separate double-throw sections. The 
shafts are 17} in. in diameter, with 18-in. pins. 
The thrust-shafts are also 17} in., the tunnel-shafts 
being 16? in., while the propeller-shafts are 17} in., 
covered throughout with a solid gun-metal sleeve. 
The bearings are extra long, oot the shafting is 
considerably in excess of that required by the Board 
of Trade. The propellers have each four blades of 
manganese bronze, with cast-steel bosses. 

The condensers, which have a cooling surface of 
900) square feet, are entirely separate, and placed 
in the wings, as shown on the plan, Fig. 13. The 
air-pump and all other pumps are also separate. 
This separation was adopted not only to assist in 
the balancing of the engine, but to increase reli- 
ability in manceuvring, as with the pumps worked 
separately there is always a vacuum in the con- 
denser, independently of the action of the main 
engines, so that the engines start more easily from 
a state of rest. The air-pumps are of the Weir type, 
each with two 94-in. steam-cylinders, 26-in. water- 
cylinders, and a stroke of 18 in. They are placed 
immediately in advance of the condenser on eac 
side of the ship. The condensed water is dis- 
charged into a hot-well tank, the temperature being 
about 100 deg. Fahr. Two Carruthers filters are 
supplied, with a Weir hot-well pump for each, the 
latter discharging into a Weir direct-contact feed- 
heater, whence, at a temperature of about 210 deg. 
F SEs» the main feed-pumps pass it to the boilers. 
There are two main ay ph cad in addition to a 
Spare set which can be used either for taking water 
from the hot-well or main feed. A separate auxiliary 
fecl-pump is fitted for use in port. 

the hot-well pump, filter, and tanks described 
are arranged along the transverse bulkhead at the 
for ward end of the engine-room, but are not shown 
on the plan, On the starboard side-wing there is a 
distilling plant for 30 tons per day, and an addi- 
= val evaporator with a capacity of 40 tons per day. 
The other auxiliary machinery is very complete, 
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comprising the usual centrifugal circulating-pumps, 
ballast-pump, and fire and bilge-pumps. A point 
of interest is that one of the bilge-pumps—which are 
placed between the two thrust-shafts—is driven by 
an electric-motor through worm-gearing, the pump 
itself being of the three-throw plunger type ; while 
the other is of the usual duplex design. On the 
port wing there are also two sanitary centrifugal 
pumps, which are electrically driven. As these are 
in constant use while the ship is at sea, the adop- 
tion of electric power tends to economical work. 
One of the sanitary pumps is so arranged that it can 
raise hot salt water from the main circulating-pum 
to the hot salt-water bath tanks on the boat-deck 
70 ft. above. 

There are four double-ended and two single- 
ended boilers, the diameter in all cases being 
16 ft. 9in., and the length 20 ft. 3in. and 11 ft. 
2 in. respectively. The furnaces are 3 ft. 4 in. in 
diameter, and of the Brown cambered type. The 
grate area is 728 square feet, and the heating sur- 
face 31,370 square feet. The boilers are arranged, 
as shown in Figs. 12 and 13, in two compartments, 
the after boiler-room having two double-ended and 
two single-ended boilers, and the forward room two 
double-ended boilers. Two of the forced-draught 
fans discharge by a common trunk into the boilers 
in the forward compartment, but arrangements are 
made so that any fan in the respective groups may 
deal with any boiler. The furnace gases discharge 
into two funnels rising to a height of 116 ft. above 
the centre fire-bar level. 


ELECTRICAL MACHINERY. 


The electricity generating plant is on a gallery 
at the after end of the engine-room (Fig. 12); 
there are four generators driven by Allen’s com- 
pound enclosed type of engine to give an electro- 
motive output of 75 kilowatts each, the engine 
developing 100 horse-power at 400 revolutions. 
The switchboard has been arranged so as to enable 
inspection to be made of the connections at the 
rear. The electric distribution is on the double- 
wire system, and has been worked out very care- 
fully, but the more interesting point is the exten- 
sive application of the current for motive pur- 
poses. In the engine-room section there are eight 
motors, in the deck department ten, in the 
kitchen six, and in the laundry four, making in all 
twenty-eight motors, apart from 210 cabin-fans, 
a propeller-fans, and four motors for working 
punkahs. The motors range from } to 25 horse- 
power. A notable feature is the use of drum or 
tramway controllers and regulators. Frequently 
the lack of reliability in motors applied on board 


h | ship has been largely attributable to the absence of 


a sound controller, and those responsible for the 
design of the Orient liners have acted wisely in 
this matter, because the extra expense incurred in 
this respect will be amply justified in practice. 
The larger motors are used for driving the forced- 
draught fans and cranes and passenger-hoists, and 
here especially the controller is a valuable feature. 
There are other features which are common to 
other ships, and consideration of these we may 
defer. The only further remark which may be made 
now is that the whole scheme has been carried out 
with success. The placing of the building contracts 
was, of course, in the hands of the managing firms, 
Messrs. F. Green and Co. and Anderson, Anderson, 


still earlier experience of the Australian trade in 
the days of the old sailing ships. The work of 








| supervising the construction of the vessel devolved 





and Co., who started the line in 1878, and had a! 
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on Captain Tuke, the marine superintendent, Mr. 
Peacock, superintending engineer, and Mr. Gillies, 
naval architect of the company. 








IMMINGHAM DOCKS. 
(Concluded from page 655.) 

Tue hydraulic gate machine is illustrated in 
Figs. 49 to 53, on Plate XLV. One of these machines 
operates each of the lock-gates. The machines are 
situated in brickwork chambers covered with steel 
plating which is flush with the quay-level. They 
are extremely simple, consisting of a cast-iron 
cylinder, furnished with a piston and heavy cross- 
head working between slides. At the crosshead is 
jointed a connecting-rod of steel-plate construction, 
which acts directly on the gate-lever, as shown in 
our previous illustrations. The diameter of the 
cylinder is 18 in. and the stroke 11 ft. The gate- 
lever is hinged at one end to a pin immediately 
above the heel-post of the gate, secured to a fixed 
steel casting, and at the other end to a gusset 
attached to the top of the gate near the mitre-post. 
By this means the pressure exerted by the gate 
machine comes only upon the mitre-post and upon 
the fixed pin above the heel-post, thereby doing 
away with all opening and closing pressures upon 
the heel-post itself, and thus reducing the wear 
upon the heel-post to a minimum. ‘he sluices 
are arranged at the side of the gate machines on 
each side of the lock, in the position shown in 
Fig. 49. Nearest each gate machine is a sluice 
operated by a hand-wheel and screw, to be used 
in the event of a breakdown of the hydraulic power. 
In series with this is a sluice operated by hydraulic 
power. These sluices are illustrated and referred 
to later. In series with them again is a chamber 
runnirg into the culvert, in which a temporary dam 
can be constructed should it be necessary to isolate 
the hydraulic sluice. 

Figs. 53 to 55, on Plate XLV., show the arrange- 
ment and details of the fender-chains for protecting 
the gates should a vessel enter the lock too fast. 
When in action the chains stretch across the locks 
in front of the gates, and to allow a vessel to 

they are lowered, so that they hang in grooves 
in the sides and bottom of the lock. Hach fender- 
chain is raised and lowered by a winding-chain 
attached to it at such a point that the winding-chain 
serves to ensure the fender-chain falling back into 
the groove when it is lowered. The arrangement of 
the winding-gear is illustrated in Figs. 56 to 59, 
Plate XLVL The chain passes from the winding- 
drum round a sheave pinned to the floor behind, and 
is led away by means of a hawse-pipe built through 
the dock-wall. From the drum to the sheave it is 
supported on wooden planking, across which it can 
travel in order to get a direct lead to the drum. 
From the sheave to the hawse-pipe this provision is, 
of course, unnecessary, and the chain therefore lies 
in a gutter of heavy timber, as shown in Fig. 59. 
The winding-engine is operated by an hydraulic 
engine, and a clutch and single spur reduction-gear 
transmit its power to the m. The other end 
of the fender-chain enters the dock-wall through a 
hawse-pipe, and after passing through the relieving 

is coiled in a chamber sunk beneath the quay- 
evel, the last link being secured to an eye-bolt in 
the frame of the relieving-gear. The object of the 
latter is to allow the chain to yield somewhat, should 
a vessel run into it when entering the lock. A 
fender-chain rigidly held would obviously run a 
‘risk of being snapped if a vessel entered the lock 
,too fast, whereas by allowing the chain to pull 
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out under a sufficiently great force, the risk is 
diminished, and the vessel will be stopped, or her 
speed be at any rate very considerably diminished, 
before coming into contact with the gates. The 
relieving-gear consists of a framing carrying a drum, 
around which the fender-chain makes two or three 
turns. Above the drum is a roller which is pressed 
down by strong springs in the housings, and nips 
the chain on the drum. The pressure on the roller 
is adjustable by hand-wheels, as shown. The chain 
can only be pulled through the relieving-gear by 
lifting the roller against the action of the springs as 
each link passes. Figs. 60 and 61, page 717, illustrate 
the relieving-gear, and its arrangement in the pit. 

The sluices for the loc« are illustrated in Figs. 62 
to 65, above. As already stated, each set consists 
of a hand-worked and an hydraulic sluice in series. 
The culvert is 7 ft. 6 in. wide by 9 ft. high at the 
centre, the sluices having a stroke of 9 ft. 7 in. 
The hand-worked sluices are operated by means of 
a spur reduction gear, and a long screw working in 
a nut, which is fixed in a crosshead ; the sluice is 
hung by spear-rods from the crosshead, which is 
guided at its ends by rails fixed to the sides of the 
well. The hydraulic sluices are raised by direot- 
acting hydraulic pistons working in cylinders, with 
crossheads above, from which return-rods go to the 
sluices, as shown in Figs. 64 and 65. 

It may be interesting to add that, besides the 
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'commercial graving-dock already referred to, there 


is a possibility that another and larger graving-dock 
will be constructed, capable of taking the largest 
battleships. The commercial graving-dock is de- 
signed with a width of 56 ft. at entrance and a total 
length of 740 ft. It is divided by caissons into 
two compartments, the inner one 420 ft. long, and 
the outer one 320 ft. long. The Admiralty have 
approached the company with a view to ascertaining 
what facilities could be provided for dry-docking 
battleships at Immingham, and a scheme is at 
present under consideration. There is no doubt 
that provision can be made, if considered desirable, 
for docking the biggest battleships afloat, or likely 
to be constructed, at any state of the tide. . Im- 
mingham is admirably suited for such works, both 
from the topographical and strategic points of view. 

It will naturally be some time yet before the 
new docks at Immingham can be completed and 
ready for shipping, but work is actively proceeding. 
The construction of the lock-gates and hydraulic 
machinery by Messrs. Head, Wrightson, and Co., 
Limited, is well advanced; and Messrs. Price, 
Wills, and Reeves, the contractors for the dock 
work itself, expect to have one of the gate chambers 
ready in a couple of months. The engineers for 
the whole undertaking are, as we have already 
mentioned, Sir John Wolfe Barry and Partners, 
of Westminster. 
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VARIATION IN ANGULAR VELOCITY 
OF FLY-WHEELS. 


A Method of Determining the Variation in Angular 
Velocity and the Angular Lag and Lead of an 
Engine Fly-Wheel from the Diagram of Crank 
Effort by Means of a Planimeter. 


By Avex. R. Horne, B.Sc. (Lond.), 
A.M.I. Mech. E. 


Tur object of this article is to describe a method 
by which to determine the variation in angular 
velocity and the angular lag and lead of an engine 
flywheel from the diagrams of crank effort on a 
crank-angle base. With the exception of the calcu- 
lation of the scales of the resulting diagrams, the 
method involves only the use of a planimeter ; and 
it dispenses with the many and laborious calcula- 
tions which are necessary in the case,of a method 
of tabular integration. 

The method is an approximate one, but the error 
involved is considerably smaller than those which 
may be introduced in the determination of the 
crank-effort diagrams from the indicator-cards ; and 














ordinates at approximately equal distances from one | 
another. The greater the number of ordinates, the 
more accurate the resulting curve; if, however, 
only the maximum and minimum velocities are de- | 
sired, those intermediate ordinates are not required, 
since D, G, &c., are points of minimum or maximum 
velocity. 

The area A B D represents the deficiency of 
energy while the crank moves from B to C. Choose 
an arbitrary point below B, as bin Fig. 2. Determine | 
the area A B D, and set down (since speed is de- 
creasing) c a from a horizontal through b, equal to 
this area to a suitable scale. In the same manner | 





| make e f equal to area A B E F, and so on. 
| After D is passed, the speed begins to increase. 
| Through a draw a horizontal line, and from it set 
|up gh to represent area DH G. Intermediate | 
| points on the curve ah may be obtained in a manner | 
| similar to that of determining f, only that the axis 
is now the linea g. Draw a horizontal through h, 
and set down j k equal to areaG K J. Continuing 
this construction throughout, changing our axis 
| every time the line of crank effort crosses the line 
of mean effort, we finally obtain the point 1, which, | 
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it is negligible when it is considered that the errors 
due to frictional forces, even although estimated, 
must be fairly large. There are also errors intro- 
duced by the indicator and its gear. 

In Fig. 1, the upper curve represents the 
diagram of crank effort on a crank-angle base, as 
determined from the indicator cards of a single 
cylinder, double-acting steam-engine. The line of 
mean effort is shown. 

‘The assumption made is that the variation in the 
angular velocity is so small that we may assume 
the fly-wheel to turn through equal angles in equal 
times ; the writer has found that the error intro- 
duced by this hypothesis is very small, The crank- 
angle base then becomes a time base also, and 
upon this the whole construction is founded. 

The variation in speed is produced at any instant 
by the excess or deficiency of the crank effort above 
or below its mean value—i.e., by a force which is 
represented by the ordinate between the curve of 
crank effort shown in Fig. 1, and the line of mean 
effort AA. Further, the abscissz represent times, 
and consequently the areas of the diagrams enclosed 
between the curve and the line AA represent 
force x time, or impulse. 

sut impulse of force = mass moved x change in 
velocity, and since the mass moved is constant, 
the areas represent change in velocity. We may, 
therefore, obtain the velocity curve by integrating 
these areas, or portions of them, by means of a plani- 
meter, and plotting our results upon the base-line of 
the crank-effort diagram. 

The method is as follows :— 

Draw ordinates through the points where the 
curve of crank-effort crosses the mean-effort line, 


hes 


asat D, G, &c.; and between these draw several 








if the work has been accurately performed, will lie 
on a horizontal through b. 

The mean height of this diagram will give the 
line of mean velocity ; this is indicated by the line 
pp, and it is seen that in the case in question the 
fly-wheel has a velocity equal to that of the mean 
velocity at points s, t, u, v. 

The scale of the velocity curve may be obtained 
thus :— 

Let scale of crank effort be 1 in. = m lb. per 
square inch of piston area. 


A = area of piston in square inches ; 

r = radius of crank ten: , 

I = moment of inertia of fly-wheel in lb.-ft.4 units ; 
M = weight of fly-wheel in pounds ; 

R = mean radius of fly-wheel in feet (really radius of 

gyration). 
N = mean revolutions of fly-wheel per second ; 
p = length of base-line in inches. 


Consider the sectioned area in Fig. 1, keeping in 
mind that the curve is assumed to drawn on a 
time-base. While the crank turns through a small 
angle represented by xx in time dt, the mean tan- 
gential force acting at the crank-pin is represented 
by P lb. per square inch of piston area. 

Now 

Pp 


y X m pounds per square inch of piston area ; 
y x m x A pounds, total. 


Equivalent force at mean radius of fly-wheel 
=yx mx Axe, ° » (1) 


Also 


Length of base-line = p inches, represents 360 deg., 
or one revolution. 








But engine makes one revolution in Ps second, 
> 


Hence, scale of time is 1 in. = y sec. 
-p 
Therefore d ¢, the duration of the force, is 
xa x sec 
N.p 
Now 
Impulse of force = force x time 
* a? ae, {a= of shaded dia-| . 
sot 5% 5 oe or he gram in sq. in. J 
a. A. . 2) 
N.p.R 
Since area = y X x2. 
Also 
Impulse = mass moved in pounds , change in 


g 
velocity in feet per second 
-M, change in velocity; , . (8) 
7] 


or, equating (2) and (3), 


Change in velocity 
Seta oe 
paso] or | square inches 


hence, 


mA 
‘Nip. RM 


CURVE OF ANGULAR DISPLACEMENT 








CURVE OF CRANK-EFFORT 





Change in velocity A 1 
of this point in{_. MAMI — : 
revolutions per{~ shaded area ~ N.p.R.M. *2eR' 
second 
or 
One square inch) |, 
areaof crankeffort | 5.15 m,.A.7 revs. per sec. : (4) 
diagram repre N.p.M.R? he es: 
sents 
or 
5.13 mA. roug per sec, , . (5) 


N.p.I. 
Since I = M.R?. 
Further, if Fig. 2 be drawn such that 
1 in. height = s square inches in Fig. 1, 
the scale of velocity curves in Fig. 2 is 
_ 5.138.m.A.r.8 
N.p.I 

This diagram can also be used to determine the 
moment of inertia of a fly-wheel necessary to limit 
the variation in speed te a certain value. 

The over-all depth of the diagram, as represented 
by hg in Fig. 2, gives the maximum fluctuation in 
velocity to the above scale. ; 

If q be the maximum total fluctuation in speed 
permitted, expressed as a fraction of the mean 
speed, then 


Over-all depth of |. 5.13.m.A.r.e N=q 


1 in. = k revs. per sec. (6) 


diagram in inches j Nip. t 
or 
I = over-all depth) . 5.13.m.A.r.s - 
in inches ies ie re mend (7) 


The variation in velocity causes the fly-wheel to 
have a lag or lead, as compared with an imaginary 
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one which rotates with a uniform velocity equal to 
that of the mean of the actual fly-wheel. This 
difference of phase is particularly important in the 
case of engines driving alternators in parallel. 

By wr sey the areas of the velocity curve, 
above and below the line of mean velocity, in the 
manner already described in connection with the 
crank-effort diagram, we at once obtain a curve 
showing this phase difference. 

This is obvious from the fact that the ordinates 
represent velocity, and the abscisse represent time, 
and 

Displacement = velocity x time. 

The scale of the diagram nay be obtained thus :— 
The scale of velocity is given by equation (6) as 
lin. = k revolutions per second. 

Also from (2) scale of time is 


lin, = wp eon 


Hence 
Scale of displacement is 1 sq. in. = ww revolutions. 
_ 360.4 
= — degrees. 
N.p 


Further, if displacement curve be drawn to scale of 








lin. = w square inches, 


(For Description, see- opposite Page.) 


Fig. 
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scale of displacement is 
360 k.%. degrees. ‘ ‘ - (8) 
N.p 
The lowest curve of Fig. 3, page 719, is a curve 
of crank effort for a twin tandem double-acting gas- 
engine, having four cylinders acting on two cranks 
at right angles. This was carefully transferred from 
a diagram given by Mr. I. V. Robinson.* The 
velocity and displacement curves shown above this 
diagram were obtained by the method described 
above. 
Using the letters already given, their values were 
m = 51.28 lb, per square inch (in diagram as originally 
drawn) ; 
A = 254.5 square inches (cylinder, 18 in. in diameter) ; 
r = 1 ft. (stroke, 2 ft.) ; 
N = 3 revolutions per second (180 revolutions per 
minute) ; 


lin. = 


$s 
uv 


I 


| 


11,200 Ib.-ft.4 (kinetic energy at 180 revolutions 
per minute = 594.3 ft.-tons) ; 
p = 9 im. (as originally drawn) ; 
Hence, substituting in equation (6) the scale of 
velocity is 





* Discussion on paper by Mr. James Atkinson on 
‘** The peroming and the Regularity of Gas-Engines.” 
Proceedings of the Institution of Mechanical Engineers, 
1908, pages 476 to 480. 
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1 in. = k = 0.00514 revolution per second ; 
= 0,309 revolution. per minute. 

This scale is shown on the velocity diagram. 

Further, the scale of displacement was found to 
be, from (8), 

1 in. = 0.0457 deg., 
and this scale is aftixed to the displacement curve. 

From the former curve the total fluctuation in 
velocity is found to be 0.716 revolution per minute ; 
and from the latter, assuming the lag to be equal 
to the lead, the greatest displacement, relatively to 
a uniformly rotating wheel, is 0.073 deg. 

These curves and values are practically identical 
with those given by Mr. Robinson, which were ob- 
tained by a method of tabular integration. 

The application of curves such as have been 
described would lead to greater definiteness and 
economy in the design of fly-wheels for engines 
whose permissible fluctuation in speed is specified. 
The displacement curve is most important in the 
case of engines driving alternators in parallel, in 
which only a small phase difference—from three to 
five electrical degrees—is permissible. 





Tue Marin Drarnace or THE Merropouis: Exratc 
By a printer’s error, the annual cost of running th: 





sludge steamers was stated on page 702 of our last issue 
as $000/,, in place of 40,0002, 
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THE MANUFACTURE OF CALCIUM CARBIDE. 


Fig. 105. 
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CHE MANUFACTURE OF CALCIUM 
CARBIDE. 
(Continued from page 620.) 

‘ THe Evotvine or NiTRoLiM. 

‘TeX THOUSAND tons of the calcium carbide annu- 
ally manufactured at the Odda Works, described in 
our preceding articles, are utilised in the adjacent 
cysnamide factory belonging to the North-Western 
Cyanamide Company, Limited, for the production 








NortH-WesTERN CyANAMIDE Company, LIMITED. 





LinpE Company’s REFRIGERATION PLANT FoR ExtractTine NITROGEN FROM 
ATMOSPHERIC AIR. 


of this new fertiliser, which practical tests and 
experience have proved to be equal to the more 
expensive nitrate of soda and sulphate of ammonia. 
The natural deposits of the former are being 
exhausted, and any shortage in the suppl of nitro- 
gen, it has long been ised, would be serious 
for the already eed cared industry. 
Chemists have consequently been prosecuting ex- 
tensive research with a view to producing a sub- 
stitute, and the success of their efforts is one of the 
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Cooler 


Puant ror Extractinac NrrroGeN AND OXYGEN FROM THE AIR AT THE Oppa WORKS OF THE 


most interesting of modern triumphs in chemistry. 
The substitute now named nitrolim, or cyanamide, 
has in some cases superior properties to nitrate of 
soda and sulphaté of ammonia, and is cheaper per 
unit of nitrogen. The current price of sulphate of 
ammonia is 11/. 7s. 6d. per ton ; of nitrate of soda, 
101. 7s. 6d. per ton ; and of cyanamide, 101. 17s. 6d. 
per ton. As in this country we use well over 
130,000 tons of nitrate of soda, while the world’s 
consumption is 1} million tons, and as we use well 
over 80,000 tons of sulphate of ammonia, with a 
world’s consumption of three-quarter million tons, 
the commercial potentialities of the new product 
are enormous. oreover, there are other uses to 
which this material can be put. 

The factory for the manufacture of this novel fer- 
tiliser, which we are about to describe, is worked 
upon the process evolved by Dr. Adolph Frank and 
Dr. N. Caro, both distinguished German chemists. 
This process demands the separation of nitrogen 
from the atmosphere, and its subsequent combina- 
tion with carbide of calcium, to produce cyanamide. 
Like many other chemical discoveries, this most 
satisfactory process was the outcome of one of those 
side issues which prove so seductive in all chemical 
research work. e experiments in progress were 
for the production of cyanides and ferro-cyanides, 
from which it was desired to prepare cyanide 
and ferro-cyanide of potassium, well-known pro- 
ducts used in the extraction of gold from the ore. 
Barium carbide, with which the fixation of nitrogen 
was easy, was selected, and the barium cyanide 
was obtained by the following reaction :— 


Ba C, + N, = Ba (CN); 


Here was the promise of a possible fertiliser, but 
the presence of barium and the cyanide form were 
objectionable from this point of view, and their modi- 
fication would have involved a costly process. By 
subsequent investigation it was proved that calcium 
carbide substituted for barium would yield a cyana- 
mide, which was a satisfactory nitrogenous fertiliser, 
containing 20 per cent. of nitrogen and upwards, 
without being in the objectionable form of a cyanide, 
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The investigators, with the co-operation of Messrs. 
Siemens and Halske and the Deutsche Bank of 
Berlin, founded the Cyanid Gesellschaft of Berlin, 
who prosecuted experiments on a large scale at 
experimental works at Nonnendun, near Berlin, in 
order to overcome the difficulties in the commercial 
application of the discovery, their efforts being 
directed to the ensurance of a uniform constitution 
of 20 per cent. of nitrogen in the finished product. 
Finally, the details of manufacture were evolved, 
and now factories of an initial producing capa- 
city of nearly 100,000 tons per annum have been 
built, or are in process of construction or contem- 
plated, for the manufacture of this calcium cyana- 
mide or nitrolim. The Cyanid Gesellschaft sold 
their patent rights to the Sociéta Generale per 
la Cianamide of Rome, by whom manufacturing 
licenses are granted. The British concessionnaires 
are the North-Western Cyanamide Company, who 
own the rights for Scandinavia, 30 per cent. of Ger- 
many, Belgium, Britain, and all the British Colonies 
excepting Canada. Their works are at Odda, co- 
terminous with the carbide factory described in the 
previous article, and the plant is typical of the most 
modern practice in order to secure the economic pro- 
duction of a uniform product containing 20 per cent. 
of nitrogen. The Odda Works are the largest in 
operation, although others of equal, or even slightly 
greater, capacity are now being constructed. The 
following list gives the works in — with 
their annual producing capacity, and those (in the 
second column) now under construction and con- 
templated :— 
Works Completed. 

tons 
12,000 
3,750 
3,750 
5,000 
2,600 
5,000 
5,000 


Works under Construction. 
tons 
Dalmatia (two factories) 
Italy (two factories) 


Odda 
Briancon.. 
Martigny 
Piano d'Orte 
Bromberg 
Westeregeln 
Knapsack 


Bavaria 
Niagara 
Osaka ae - oe 
Contemplated in India, 
South Africa, & Canada 12,000 


Erricrency oF NITROLIM As A FERTILISER. 

World-wide experience has proved the great 
value of nitrolim as a fertiliser. Twenty per cent. 
of nitrogen equals 24} per cent. of ammonia, and 
this in nitrolim is combined with some 30 per 
cent. of lime as cyanamide, and 24 per cent. of free 
lime, so that, unlike other nitrogenous manures, it 
enriches rather than robs the soil of its lime. The 
best results are realised (1) when it is applied in the 
spring, eight to ten days before sowing ; (2) when 
applied with from 100 to 125 per cent. of potassic 
salts, and two to three times as much ground basic 
slag to facilitate the spread; (3) when the proportion 
of nitrolim per acre is 125 lb. to 225 lb., containing 
20 per cent. of nitrogen ; and (4) when it is buried 
to a depth varying from 3 in. to 6 in., according 
to the nature of the soil, because it is not as 
suitable as nitrates for top dressing. It has 
been proved in many tests to be on an average 
5 per cent. superior to nitrate of soda, and 7 
per cent, better than sulphate of ammonia. In 
the case of oats, for instance, the chemist of 
the Highland Agricultural Society has established 
that when nitrolim was used as a manure the yield 
per acre was 4 per cent. greater than when nitrate 
of soda was applied in equal quantities, and 10 per 
cent. more than when no nitrogenous manure was 
used. The same authority showed by test that in 
the case of barley crops the gain was 24.95 per 
cent. over non-nitrogenous manures, and 46.15 per 
cent. where no manure was used. Professor 
Immendorf, of Jena, made tests with wheat crops, 
and here the yield with nitrolim as a fertiliser was 
6.81 per cent. greater than with nitrate of soda, and 
27.35 per cent. greater than with no manure; while 
Professor Wagner, of Darmstadt, recorded a gain of 
10 per cent. to 30 per cent. over sulphate of am- 
monia. Average comparative figures showing the 
yield of grain, excluding straw, are as follow (B, 
Britain ; F, France ; G, Germany) :— 





Yield in Pounds per Acre with 
Various Fertilisers. 





Wheat, 
2107 (G) 


| Barley, 
1410 (B) 





No manure .. - 
Sulphate of ammonia 
Nitrate ofsoda_ a 
Nitrolim applied early... 
Nitrolim applied with seed 


(B) | 
1950 (B) | 


On the Clonakilty farm (Irish Department of 
Agriculture) the yield of mangolds was, when using 
nitrolim, 9 per cent. greater than with nitrate of soda 





as the fertiliser, while with potatoes and other root 
crops & corresponding advantage has been _ estab- 
lished. Another important point is that nitrolim, 
which is put on the market in double bags with paper 
lining to exclude moisture, may be stored for a length 
of time, even in a shed completely exposed to the 
access of damp air and similarly disadvantageous 
conditions, without losing more than 1 per cent. of its 
nitrogen. From these facts, and hundreds of others 
of similar character, there can be no doubt that an 
extensive market will be created for this new fer- 
tiliser in the near future. 

The manufacture we are about to describe in- 
volves problems in chemistry and in mechanical 
engineering. It requires the liquefication of air, 
and the separation of the oxygen and nitrogen 
respectively therefrom. The furnaces in which the 
calcium carbide combines with the nitrogen are of 
considerable electrical interest, and the arrange- 
ments both for grinding the material to a fine 
powder, and for the handling thereof from stage 
to stage in the process of manufacture, are of 
mechanical interest, because as great a degree of 
economy has been attained as in the case of the 
carbide factory already described. 

Apart from the important work of obtaining the 
nitrogen from the air, the chief desideratum in the 
process is to ensure that no air comes in con- 
tact with the carbide during its thirty to forty 
hours’ treatment in the furnaces, as the oxygen 
in the air would increase the proportion of car- 
bonate of lime at the expense of the cyanamide, and 
reduce the percentage of nitrogen. One element 
conducive to economy is that the process is endo- 
thermic, the absorption of nitrogen by the carbide 
generating a large proportion of the heat necessary 
to effect the combination, so that the 196 electric 
furnaces in use, each producing 1 ton of nitrolim 
per week, require comparatively little current 
(which is of 60 to 75 volts pressure) to maintain 
the temperature at from 800 deg. Cent. to 1000 deg. 
Cent. (1470 deg. Fahr. to 1830 deg. Fahr.). Care 
has also to be exercised in order to ensure the 
uniform distribution of the temperature throughout 
the furnaces. 


MANUFACTURE OF NITROLIM. 


The preparation of the calcium carbide for the 
absorption of the nitrogen in the electric furnaces 
‘astaden the grinding of the carbide to a powder 
before it is charged into the furnaces. The carbide is 
first conveyed by an aerial ropeway from the cooling- 
house at the carbide works to the building where 
the grinding machinery is erected. It is then passed 
into hoppers, to which the retorts are brought by 
an overhead crane to be filled under a shoot, and 
then conveyed and placed in the furnaces. The 
nitrogen is applied in the electric retorts, and at the 
end of 30 or 40 hours these are taken out of the fur- 
naces and conveyed to a cooling-platform, where 
the cyanamide is removed ; it has then the form of 
cakes, of great hardness, not unlike coke. Subse- 
quently this cyanamide, or nitrolim, is ground into 
fine powder, and is subsequently stored in silos 
having a capacity of from 6000 to 8000 tons. It is 
taken thence by automatic machinery, packed into 
double bags, as already described, having an inner 
lining of paper to exclude any moisture, which 
would be detrimental to the nitrolim. 


THE CarBIpF-CrusHING MacHINery. 


In describing the details of the installation for 
these several operations we shall follow the process 
from the reception of the carbide from the carbide 
factory in skips travelling on the inclined rope- 
way. By these the material is delivered on the top 
floor of the crushing-room, as shown on the plan, 
Fig. 32, page 477 ante, and in Figs. 86 to 92, page 
618 ante. e crushing machinery is illustrated in 
Figs. 101 to 104, page 720. The buckets discharge 
into hoppers which feed a jaw crusher, whence 
the carbide falls into a gate-mill, and subsequently 
into ball-mills of the centrifugal type. These 
latter are of special design. On a horizontal plate 
driven by a vertical shaft a train of balls, by centri- 
fugal action, roll against the side walls of the mill, 
which are curved to suit the balls. A fan is intro- 
duced above the centre of the roller-pan, which is 
mounted on a sleeve, so as to leave an annular 
space between the fan and the vertical shaft. 

is fan draws the fine dust from the roller-pan, 
throwing it against the side-walls, which consist 
of a double sieve, the lining of the outer being of 
such fine mesh that only particles of carbide of 
sdoo im. can pass through. The material which 


has passed through the inner lining, but is too 
large to go through the outer meshes, falls between 
the twe on to the top of the balls in the mii!, 
|That which cannot go through the inner linin 

|is, by reason of the induced draught, throw: 
| upwards, descending into a central hopper, an. 
thence, through the shoot between the shaft an: 
the fan, back to the roller-pan. This pan is drive: 
at 180 revolutions per minute by belting. Althous 
| the carbide is a hard crystalline material, the mil] 
|grinds it with ease. The material which falls 
| through the outer sieve passes into a hopper below 
‘the mill, and from thence is taken by worm-cou- 
| veyors and elevators to hoppers used for charging 
the electric retorts, there to absorb the nitrogen, 


EXTRACTING THE NITROGEN FROM THE AIR. 


Attention may now be directed to the plant for 
obtaining the nitrogen from the air. This has been 
constructed by the Linde Eismaschinen Gesell- 
schaft, Munich ; the English patents are held by 
the British Oxygen Company, Limited. The 

rocess is the invention of Professor Linde. It is 
sed on the fact that at atmospheric pressure, 
nitrogen boils at —196 deg. Cent.; liquid air boil- 
ing at —194 deg. Cent.; and liquid oxygen at 
—183 deg. Cent. By using the well-known rectiti- 
cation process followed in the manufacture of alcohol, 
the nitrogen can be completely separated from the 
oxygen. The Linde Company guarantees that 
the nitrogen does not contain more than 0.4 per 
cent. oxygen, a percentage which has neither an 
unfavourable influence on the chemical reaction, 
nor leads to the burning of the electrodes. The 
plant has been working for several months, and 
the guaranteed maximum has never been exceeded. 
It was put down by the Linde Company for a pro- 
duction of 375 cubic metres (about 13,000 cubic 
feet) per hour, and is run by a 200-horse-power 
electric motor. All parts are in duplicate, in order 
to prevent any long interruptions in the working, 
the second half of the plant acting as a stand-by. 

The diagram reproduced on page 721 shows how 
the separation of oxygen and nitrogen from the air 
| takes place, and will better explain the process 
| than would sections through the various apparatus. 
| The right half of the diagram represents the part 
| of the plant in actual working ; the left half shows 
the part held as a stand-by. We shall deal only 
| with the former part. Fig. 105 is a perspective 
| view of the Linde house. ‘The air to be treated is 
drawn from the atmosphere by the largest of the 
four cylinders of the compressor, and through two 
towers, through which a soda liquor is made to 
trickle, the object of this being to free the air as 
much as possible from carbonic acid. The air is 
compressed to approximately 4 atmospheres (57 |b. 
per square inch); it is then cooled, first in a water- 
tower down to the temperature of the cooling 
water, and, further, by being passed in pipes 
through a reversing air-cooler. Around these 
pipes flow cold oxygen or nitrogen from other 

ortions of the apparatus. The water condensed 
is drained off at the bottom. In the rising leg of 
the apparatus:ice is liable to form, as the tempera- 
ture is below freezing point. It is got rid of by 
periodically reversing the direction of the flow by 
the valves indicated. The air next passes to an 
ammonia-cooler, where its temperature is further 
reduced to about —20 deg. or — 25 deg. Cent. In 
this almost the whole of the remanent moisture is 
abstracted. On leaving thisalmost absolutely pure 
and dry the air passes next to the separator or still, 
which it enters through a counter-current inter- 
changer consisting of the usual system of concentric 
pipes. Flowing itself through the inner of these 
pipes, it is cooled by an oppositely-flowing cur- 
rent of nitrogen or oxygen evaporating from 
the liquid state. The incoming air thus passes 
from the interchanger at a very low tempera- 
ture, and being led next into a coil immersed 
in a tank of liquid oxygen, liquefies there, since 
it is at a pressure of 4 atmospheres. From 
this coil it expands through a throttle - valve, 
with the result that a large proportion of it is ob- 
tained in the liquid state, and at about atmosphere 
pressure. The liquid thus produced is led to 
point near the top of a rectifying colu:nn filled with 
glass marbles, over which it trickles to the bottom. 
On its way down it meets with an ascending current 
of gas evaporating from liquid below. This gas is 
rich in oxygen, and this oxygen having a higher 
temperature of liquefaction than the liquid air it 
meets in the rectifier, is condensed by an equiv:- 
lent proportion of nitrogen being distilled off froin 
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the descending liquid. The latter therefore enters 
the tank at the bottom enriched in oxygen, whilst 
the gases ing off above are nearly pure 
nitrogen. ‘To remove the remaining traces of 
oxygen, the rectifying column is extended at 
the top above the point at which the liquid 
air is introduced. The gases ascending through this 
extension meet a downward flow of pure liquid 
nitrogen, which robs them completely of oxygen, so 
that finally — seous nitrogen alone escapes from 
the top of the column. Of the supply thus obtained 
the bulk is drawn off through the interchangers to 
the electric carbonide furnaces, but a proportion 
goes to form the supply of oy liquid nitrogen 
needed in the upper part of the rectifying column. 
To this end it is led into the second cylinder of 
the compressor, and thence, through intermediate 
coolers, to the other cylinders, from the last of 
which it is delivered at a pressure of 120 atmo- 
spheres. After cooling and cleaning, the com- 
pressed gas is next passed through a coil in a tank 
of liquid oxygen derived from the separator. Here 
it condenses to the — state, and is finally 
passed through a throttle-valve to the top of the 
rectifying column. By expansion through this 
valve the supply of liquid nitrogen at low pressure 
needed for rectification is obtained. The oxygen 
separated from the air is evaporated in a special 
receiver by a portion of the compressed air, and is 
led by a special pipe to the counter-current spiral, 
to cool the compressed air. 

The evaporation of the ammonia in the coolers 
is governed by an ammonia compressor, which 
draws the ammonia vapours from the coolers and 
compresses them in a condenser, in which they are 
precipitated for delivery afresh in a liquid state into 
the coolers. 

As it is not possible to free the air in a large 
measure from moisture and carbonic acid before 
its entrance into the separator, and these impuri- 
ties, owing to the low temperature of the liquid 
air, always reaching a solid state, in which state they 
are removed, the separator is gradually choked up. 
The working period lasts six to ten days. In order 
that no interruption should take place, the second 
half of the plant is started working a few hours 
before the first half is stopped, and when this is 
done the second half is already yielding nitrogen. 


(To be continued.) 








PARIS METROPOLITAN RAILWAY. 

Tue length of line worked in the course of last year 
upon this gradually expanding system was :—From 
January | to April 20, 284 miles ; and from April 21 
to December 31, 31} miles. The proportional average 
for the whole of the year was, accordingly, 284 miles. 
The extension of April 21 resulted from the opening 
for traffic of a section from Porte de Clignancourt to 
Chatelet. The staff of employés of all kinds in the 
service of the company was increased last year from 
3630 to 4114. A system of gratuities interesting the 
various classes of the staff in the good management of 
the undertaking was further developed in the course 
of last year; the amount distributed was altogether 
' 19,816/., or 33262. more than the corresponding alloca- 
tion of 1907. The company also proceeded last year 
with the erection of more workmen’s houses, an ex- 
wry of 19,222/. having been made under this 
1eal during the twelve months. This allocation 
enabled seventy-six houses to be built. The capital is 
loaned to the company’s employés and workpeople, 
partly at the rate of 24 per cent., with repayment in 
twelve years, and partly at the rate of 3 per cent., with 
repayment in twenty years. The total revenue of the 
conipany last year from all sources (including sundry 
miscellaneous receipts) was 1,626,519/. The working 
expenses of the year were 683,511/., so that the net 
receipts were 943,008/., as compared with 789,033/. in 
1907. It will be seen that the ratio of the working 
expcnses to the traffic receipts declined last year to 
42.02 per cent., as compared with 43.12 per cent. in 
1907. The share of the Municipality of Paris, by the 


terms of the concession granted to the company, 
amounted last year to 530,747/. The balance of net 
prot remaining to the company was accordingly 


412.2611, as compared with 340,015/. in 1907. 
he expenditure made by the company upon capital 
account to the close of 1908 comprised the following 


items : Way, 942,157/. ; stations and approaches, 
(63,334/. ; lands, 121,300. ; buildings, 415,765/.; fixed 
plant, 496,989/. ; administrative offices, 58,910/: ; 
construction worksho 552,664/. ; rolling stock, 


1,422.7701.; tools, small plant, &c., 85,844/. ; and mis- 


cellaneous, 43,7212. These various items accounted 
altogether for 5,117,524/. The revenue of the com- 
pany is almost entirely derived from passengers, the 


income wader this head last year having been 








1,597,594/. Electric traction cost last year 229,129V. 
Other working expenses were :—Central administration, 
11,1200. ; neral working service, 120,756/.; move- 
ment, 171,746/.; plant, 89,190/.; and way and fixed 
electric plant, 61,569/. The company’s works are 
partly executed by the Municipality of Paris and 
partly by the company itself. Works of infra-struc- 
ture devolve principally upon the municipality, and 
permanent way, equipment, erection of stations, &c., 
upon the company. The infra-structure of the last 
section of the first network was completed by the 
municipality in March, 1908. Two lines of the second 
network remained to be completed by the municipality 
and opened for traffic at the commencement of 1908 ; 
one of these from the Porte de Clignancourt to Chatelet 
was opened April 21, 1908, Another section, involv- 
ing the passage of the Seine, is still in course of execu- 
tion, but the works appear likely to be completed in 
July. 
The company’s second line from the Place d’Italie 
to the Place de la Nation was, opened for traffic 
in March, this year. A number of other works 
remained to be completed on the third network. 
Upon one section operations were aa d by a strike 
of workpeople from June, 1907, to May, 1908, and 
on another section from June to August, 1908 ; the 
sections have, however, since been advancing to 
completion. The company completed last year the 
laying of primary canalisations enabling it to supply 
three-phase current to the République sub-station. The 
company further established last year by ey | canali- 
sations between the Bercy works and the Italie and 
Nation sub-stations. A gallery was also carried out 
last year for secondary canalisations, uniting the 
Italie sub-station to line No. 6. Workshops erected 
in the Commune of St. Ouen, in the neighbourhood of 
the Porte de Clignancourt, were completed and brought 
into service in the course of last year. Ten ventilat- 
ing tunnel openings, approved in September, 1907, 
were completed in 1908, The rolling-stock upon the 
company’s lines comprised at the close of last year 408 
motor-carriages and 463 trailer-carriages; the corre- 
sponding number of vehicles at the close of 1907 was 
365 motor-carriages and 415 trailer-carriages. Further 
orders have been given out for 124 motor-carriages 
and 74 trailer-carriages, and this additional plant is 
in course of construction. Lifts have been established 
at the Pere Lachaise and Place de la République ex- 
change stations. Another lift is about to be estab- 
lished atthe Barb2s Rochechouart exchange station. 
The aggregate expenditure made by the company 
on capital account to the close of 1908 was 5,295,795/., 
of which 750,974/. was expended in the course of last 
year. In this latter total central administration figured 
for 20,111/.; loan charges for 20,181/.; way and works 
for 147,094/.; stations and approaches for 134,578/.; 
works of sub-stations for 40,954/.; distribution of 
energy for 56,122/. ; construction workshops for 
65,987/.; rolling-stock for 250,901/.; and tools for 
14,938/. The additional capital expended on way and 
works arose principally out of the equipment of lines 
Nos. 4 and 5. The augmentation under the head of 
‘*stations and approaches” also related largely to the 
approaches to stations on lines Nos. 4 and 6. The 
outlay on works of sub-stations was due principally to 
the installation of the Cité sub-station, the purchase 
of land for the Italie sub-station, and the construction 
of a coal dépét at the Bercy station. The expen- 
diture made under the head of “distribution of 
energy” represented the laying of new three-phase and 
continuous cables, and the establishment of a second 
gallery at the Bercy works. The outlay for construc- 
tion workshops referred almost exclusively to the com- 
letion of the St. Ouen works. The finance of the 
aris Metropolitan Railway appears, prima facie, to 
somewhat confused, as some of the works are exe- 
cuted by the municipality and some by the company ; 
while, on the other hand, the municipality takes care 
to secure a good slice of the profits, so that it is diffi- 
cult to estimate the position of the company at the first 
blush. On the other hand, there is this superiority 
about the Paris Metropolitan Railway over the London 
Metropolitan Railway; whatever may be the relations 
of the French company with the municipality, it is 
treated so that its stockholders receive a fairly good 
dividend. It would be well if “the ordinary stock- 
holders in the London Metropolitan Railway could say 
as much. 


~ 





East Lonpon Coiiece.—A course of three lectures on 
the ‘** Electrification of Main Lines” will be delivered at 
East London Daley. London, E., by Mr. Leonard 
Murphy. A.M.I.E.E., at 8 p.m., on June 2, 9, and 16. 
The titles of these lectures are :—*‘ The Conditions of 
Main and Suburban Traffic Com 3” ** Cost and Effi- 
ciencies of Direct-Current and Single-Phase Systems 
Compared ;” ‘‘Cost of Power for Steam and Electrically- 
Worked yaad At the first lecture, Mr. Ph. Daw- 
son, I.E.E., M. Inst. C.E., will take the chair. A 
seen lecture on ‘‘ The Technical Aspect of the G.B. 

ystem of Electrical Tramways” will be delivered by 
Professor J.T. Morris, M.I.E.E., on Monday, June 7, at 
ope. the chair being taken by Mr. W. H. Patchell, 
M. Inst. C.E., M.1.E.E, 





INVOLUTE GEAR STANDARDS. 
To THE Epiror oF ENGINEERING. 

Sir,—A Committee has been appointed by the Council 
of the Institution of Mechanical Engineers to investigate 
some questions connec with gearing ; and, quite inde- 

ndently, a Committee has been appointed by the 

ident of the American Society of Mechanical Engi- 
neers to formulate a standard for involute gears. 

It occurred to me that it would be a very excellent 
thing if the Institution of Mechanical Engineers and the 
American Society of Mechanical engineers could co- 
operate in this matter, which is one of particular difficulty. 
and which would benefit greatly from the united wisdom 
of experts in the two countries. 

I think that any standards which might be recom- 
mended by the committees in question would have a 
better chance of acceptance by engineers generally if it 
could be made to apply both to England and America. 

I have been informed by the secretary that my sugges- 
tion will come before the Council of the Institution on 
June 11, and it is also suggested that the hands of the 
Council would be strengthened if there were a general 
opinion in this country in favour of taking joint action 
with the American Society. 

A very great deal of experimenting is at present going 
on in this country in gear-tooth forms, but as the exper- 
ments are not made under any central authority, it is 
doubtful whether they will te | in a standard which is 
likely to be universally adopted. 

The object of this letter, therefore, is to su t that 
those gentlemen or firms who are interested in the ques- 
tion of ———_ standards, should write to the secretary 
of the Institution of Mechanical Engineers, expressing 
their agreement with the suggestion and their hope that 
joint action will be taken. 

have suggested that the way in which co-operation 
could be carried out would be to arrange with the Ameri- 
can Society of Mechanical Engineers to exchange results 
with the Institution as arrived at, so that the final reports 
when presented will be in substantial agreement. 

Trusting that this suggestion will do something to re- 
move: the great lack of uniformity which at present 
characterises gear-tooth practice, 

I am, yours faithfully, 
>. V. VERNON, 
M. Inst. Mech. E., Mem. Am. Soc. M.E. 
Coventry, England, May 22, 1909. 








Messrs. Ruston, Proctor, anp Co., Liwirrep.—The 
directors propose to obtain authority to increase the 
capital of the company to the extent of 200,000/. The 
object is to continue extensions and improvements of 
buildings, plant, and machinery, and to provide addi- 
tional working capital. The Board recently purchased 
land at New Boultham, in the neighbourhood of the 
company’s wood works ; this will allow of extensions both 
oe and at the company’s engineering works at Water- 
side. 





INSTITUTE OF MARINE ENGINEERS.—On the 15th inst., 
this Institute visited in detail the National Physical 
Laboratory, Teddington. After making the tour of the 
buildings, the party, which included a number of New 
Zealand engineers, assembled to witness a very pleasing 
ceremony, when the High Commissioner for New Zea- 
land, the Hon. William Hall-Jones, awarded Mr. James 
Adamson, hon. secretary of the Institute in London, in 
the name of the New Zealand section of the Australasian 
Institute of Marine Engineers, the gold emblem of New 
Zealand, and declared him elected a life honorary asso- 
ciate of the Australasian Institute “in recognition of the 
magnificent work performed by him on Fehalf of the 
marine engineers of the Empire.” In making the pre- 
sentation, the High Commissioner referred to the secre- 
tary’s career as an engineer, and said that from all quarters 
he had heard of Mr. Adamson’s good qualities and natural 
qualifications. Mr. Adamson was one of the best-hearted 
of men, and he had always kindly welcomed and assisted 
young engineers coming from New Zealand to the home 
country. . 





GENERAL Trader Notices.—Messrs. Reavell and Co., 
Limited, Ipswich, have secured an order from the Mysore 
manger wy Company for a large two-stage air-com- 
pressor of their direct-coupled type to be driven by a 
Saagnase motor of 200 horse-power.—Messrs. Fielding 
and Platt, Limited, have recently secured the following 
contracts :—Three 120-brake-horse-power oil-engines for 
H.M. Government, of their twin-cylinder lamplees type, 
with which they guarantee a consumption not exceeding 
0.625 pint per brake-horse-power per hour on full load. 
Two oil-engines for the pumping supply of Stow-on-the- 
Wold, to replace two steam-engines made by them over 
forty years ago, which are still working to-day; the 
new oil-engines are to be coupled to the present set of 
pumps. Suction-gas engine plant and pumps for the 
town wuter supply of Wotton-under-Edge. A 240-brake- 
horse-power suction-gas plant for South Wales.— Messrs. 
Ed. Bennis and Co., Limited, Little Hulton, near Bolton, 
have recently secured contracts for forty-two of their 
various types of stokers, a high-duty smoke- 
less coking-stoker. These are to be supplied to seventeen 
different firms, among whom Messrs. Ruston, Proctor, 
and Co., Limited, take four; the Wilderspool Brewery, 
Warrington, aleo take four; Messrs, 8. Courtauld and Co., 
Limited, Coventry, six ; and Messrs. Gamble and Smith, 
Leigh, four.—The works and offices of the Newall Engi- 
neering Company have been transferred to Blackhorse- 
lane, Walthamstow. The factory is fully equipped and 
running in the production of the articles associated with 





the Newall name, 
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CONSTRUCTED BY MESSRS. A. A. 


Fig.4. 


id 


22rer 














DETAILS OF 26-IN. HIGH-SPEED DRILLING-MACHINE. 


AND SHIPMAN, LIMITED, ENGINEERS, LEICESTER. 


ae 
” Se 
eit 
c * em * Wee t 
‘~ 
+ 
A 
5 ee ee A | 
Gor 
Tt 
2sT, 



































= So 
“ihe, 


Z 


Seeeererere 











SASRAMAAAAAN 


Yllaiyyy 





















































t---—-—= \ 


I 



























































eC ata 
TT Se “Wer 4 
6? 
oft} 
al 
se 16s 
ee Lda | 
- * 
- ws 8 YY pes aoe | 
worm; purcne ie sor a } 
_ ae 
' ‘ ="\ WORM WHEEL 
L ---103ig----—>|  207te TH. ee 
p-—-------------------- 3°65 --- 
i 1 
! ” 
oes Phe veo | 
Fig.7\\|' > 
a ie 
$Gewnewceceee wee nn= 
* 
i H a 
! ‘ 
i ih i) 
! ' ; 
oe HG F 
: ! LA 6 
3 <th 
ee ne nee + a! 
ry _ 4 
| ' ' ic 
| ’ ; a) 
| } ' ; 
‘ ‘ x 
= AH 
ath =iethy r & 
wes o 
H H Ss 
4 ' 
! H 
‘ 
4] + 
{' apse Tier r 
posed = HS ; 
: 
| ' 
r + 
! ! 
' 
! ’ 
' 
' 
rae 
ox Bis b= === | 
/ ZZ f 
cena i 
(U3. 0) ar) 


are readily adjusted’ at.either end. These gibs are|have obtained a penetration of practically 9 in. per 
male of steel and accurately planed all over to the | minute with a 14-in. drill running at 300 revolutions, 
\’ angle of 55 deg., and are tapered 0.25 in. in 12 in. | and of 16 in. per minute with a 1-in. drill running at 
he maximum distance from the nose of the spindle to | 555 revolutions per minute, the feeds in both cases 
tre table is 30 in., and the travel of the spindle bein 


‘ket is 20 in. The height from floor to the centre of 
tue Lop shaft is 91 in., while the size of the base is 60 in. 
by 30 in. A universal table can also be supplied with 
this machine, arranged ona heavy box bed, instead of 
the knee, as illustrated. In this case the travel of the 
sp:adle bracket is. increased. 

he annexed table gives particulars of some official 
tests taken in the wake 

Since these tests were made, the makers have 
modified the feeds of a machine in their works, and 
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The makers of the machine are Messrs. A. A. Jones, 
Pollard, and Shipman, Limited, of Leicester, who, 
from a large experience in drilling-machine manufac- 
ture, have introduced the type described to meet the 
demand for a powerful, accurate, and handy tool for 
the general shop. 








THe AvustTro-HuNGARIAN Navy.—The credit voted for 
new construction pu: is found to be wholly insuffi- 
cient. In 1909 the it is to be 2,537,480/.; it is estimated 
that it will be nevessary to increase the total in 1910 to 
4,272,000. The increase is rendered necessary by the 
pro’ to undertake the construction of three ironclads 
of the Radetzky type, the cruiser. Admiral Spaun, and 


_ | twelve torpedo-boats, 
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NOTES FROM THE UNITED STATES. 
PHILADELPHIA, May 19. 

Most steel products have fractionally advanced 
because of heavy buying, bars, plates, and shapes 
having advanced 1 dol. per ton. Bars had declined to 
1.10 and plates to 1.20. The advance was due to the 
fact that the mills were filling up. The recent reduc- 
tions on iron products will soon be withdrawn. They 
were 7 dols. per ton on nails, 8 dols. on plain wire, 
and 10 dols, on barb wire. Sheet mill capacity is being 
increased each week. The Youngstown (Ohio) Sheet 
and Tube Mills will double itscapacity. Very quietly 
the largest order ever placod—viz., the requirements 
for the agricultural implement plants—has been sent 
to the mills. This order runs into several hundred 
thousand tons. Last year it amounted to 600,000 tons, 
but was not all placed at one time. The contract 
extends over twelve months, beginning July 1, and was 
placed just before the recent advance noted. The 
price for the merchant steel was 1.15, which covers 
all deliveries made up to next January. The price for 
the ensuing six months will be determined by the price 
prevailing at the close of this year. The developments 
of the past few days by way of inquiries for plates are 
very encouraging. A number of vessels are to be built 
for lake and ocean service, five in all—viz., two lake 
freighters for the Pittsburg Steamship Company, 
and three steel ships for coastwise service for the 
Hawaiian Steamship Company. Large deliveries of 
plates are being made to the steel-car builders, 
who are rushing output. About 50,000 tons will 
be required for the vessels named. The past week’s 
orders for the structural mills have been light, 
the largest order being for 1200 tons for a Pittsburg 
hospital. Industrial improvement is noted in the 
frequency of orders for light rails ranging from 25-lb. 
to 45-lb. sections. The Carnegie Company, which is 
especially equipped for turning out light rails, took 
orders for 2700 tons recently, just before the advance. 
The new price is 26 dols. on all sections between 25 |b. 
and 45 1b. Standard sections are still 28 dols. The 
sales of basic pig-iron outrun all other kinds, and the 
average price is now ]4dols. On account of the inflow 
of orders, basic has been slightly advanced. Con- 
sumers of basic have very little material on hand, and 
must become buyers. Stocks of other kinds of iron are 
large, and hence consumers are taking matters indif- 
ferently at present. The surplus, however, will not 
stand a long run, as most pig-iron users have very 
little iron in hand, and are cautious about making 
contracts. The makers are equally cautious, knowing 
that delay brings possibilities of stronger prices. The 
tariff reductions to be made will probably prove to be 
a disappointment to the country, and the electorate 
may have something to say at the next general Con- 
gressional election. 





Sovrn AmeRIcAN WIRELESS TELEGRAPHY.—A wireless 
telegraph station has been opened for service at Ponta 
del Este. Another station is to be erected at Rio Grande, 
and when this is reached, vessels between Rio de Janeiro 
and Buenos Aires will be able to keep up communication 
with either city. 


Tue CommercitaL Enotneer’s Pocket-Book or Exxc- 
Tricity Suprty.—This, the latest addition to the pocket- 
books provided for engineers, enters a field entirely its 
own. It makes no attempt to meet the wants of the 
designer, but is devoted to providing the kind of informa- 
tion necded by the canvasser for a contractor, or a power 
or light undertaking. The estimation of the light required 
for rooms, shops, and offices, the comparative cost of gas 
and electricity, data concerning gas, steam, and electric 

ower, the power required for various machines, electric 

eating ond cooking, &c., are typical contents. Con- 
siderable attention is paid to costs throughout the book, 
which is well printed and indexed. It is published at the 
price of Is. éd, net by H. Alabaster, Gatehouse, and Co., 
of 4, Ludgate Hill, B.C. 


Tuk WILKINSON Frep-Water Hrater.—The Comp- 
troller of Patents has just given his decision in the 
matter of an opposition to the tof a patent to Mr. 
George Wilkinson, Harrogate, for improvements in the 
Wilkinson feed-water heater, an apparatus well knawn to 
steam-users in all parts of the country. There are aseries 
of patents for this heater, but the present application— 
No. 1777, of 1908—relates to- means for regulating the 
amount of heat transterred from the steam to the feed- 
water, it being recognised that there is a limit to the 
number of heat units which can economically be trans- 
ferred from the steam in a: boiler to the feed-water 
brought into contact therewith. The grant of the patent 
was opposad by Messrs. Hamilton and McMasters, of 
Central Engine Works, Belfast, on the ground that the 
invention was covered by their prior Fogg No. 21,070 of 
1900, and also upon the ground that the manner in which 
Mr, Wilkinson’s invention was to be performed was not 
sufficiently or fairly described and ascertained in his 
complete specification. The opposition having been 
argued at a hearing before the Comptroller, at which the 
applicant was re mted by Messrs. Tasker and Crossley, 

tent agents, Halifax, and the opponents by Messrs. 
Marks and Clerk, of London, the opposition was dis- 
missed, with 7 guineas costs against the opponents. 





NOTES FROM THE NORTH. 
Gtascow, Wednesday. 

Glasgow Pig-Iron Market.—On Thursday in last week 
the pig-iron market was closed, being the local Victoria 
Day holiday. When business was resumed on Friday 
morning a strong tone prevailed, and 6500 tons of Cleveland 
warrants were put through at 48s. 1d. cash, 48s. 4d. one 
month, and 48s. 9d. three months. There were cash buyers 
over, and sellers at 48s, 2d. cash, 48s. 44d. one month, and 
48s. 94d. three months. In the afternoon the market 
was steady, and prices were unchanged. The turnover 
amounted to 6000 tons of Cleveland warrants at 48s. 1d. 
cash, 48s. 4d. one month, and 48s. 9d. three months, and 
closing sellers quoted 483. 1}d. cash, 48s. 44d. one month, 
and 48s. 94d. three months. On Monday morning the tone 
was strong, and Cleveland warrants were dealt in at 
48s. 1d. cash, 48s. 3d. four and eleven days, and 48s. 5d. 
and 48s. 54d. one month. The business amounted to 
about 4000 tons, and closing quotations were firm at 
48s. 34d. cash, 48s. 6d. one month, and 48s. 104d. three 
months sellers. At the afternoon session the upward 
movement inade a little further progress, but the dealing 
was confined to one Cleveland warrant at 48s. 34d. cash. 
Sellers’ prices at the close were 48s. 4d. cash, 48s. 64d. 
one month, and 49s, three months. The market was 
steady on Tuesday morning, but business was quiet. The 
transactions only amounted to 2000 tons of Cleveland 
warrants at 48s. 44d. twenty days, 48s. 54d. one month, 
and 48s. 11d. three months. At the close there were 
sellers at 48s. 34d. cash, 48s. 6d. one month, and 
483. 114d. three months. In the afternoon the tone was 
an strong, and Cleveland warrants were done at 

. 44d. and 48s. 5d. cash, 48s. 7d. and 48s. 74d. one 
month, and 49s. three months. The turnover consisted 
of 7500 tons, and closing sellers quoted 48s. 5d. cash, 
48s. 74d. one month, and 49s. 04d. three months. When 
the market opened to day (Wednesday) Cleveland war- 
rants were very firm, and some 6500 tons changed hands 
at 48s. 7d. and 48s. 74d. cash, 48s. 9d. twelve days, and 
from 48s. 84d. to 48s. 10d. one month. At the close 
sellers’ quotations were up 4d. at 48s. {d. cash, 48s. 114d. 
one month, and 49s. 44d. three months. In the after- 
noon the tone was strong and 4000 tons of Cleve- 
land warrants were done at 48s. 94d. cash, 48s. 11d. nine- 
teen days, 48s. 10}d. and 48s. 10d. nine days, 49s. one 
month, and 4s. 5d. three months. The higher level of 
prices was not maintained, and at the close there were 
sellers at 48s. 8d. cash, 48s. 104d. one month, and 49s. 44d. 
three months. The following are the market quotations 
for makers’ (No. 1) iron :—Clyde, 60s.; Calder and Gart- 
sherrie, 60s. 6d. ; Summerlee, 61s. ; Langloan, 68s. ; and 
Coltness, 88s. (all shipped at Glasgow) ; Glengarnock (at 
Ardrossan), 62s. 6d. ; Shotts (at ith), 60s. 6d.; and 
Carron (at Grangemouth), 63s. 


Sulphate of Ammonia.— Sulphate of ammonia is only 
moderately active at the present time, and the demand is 
limited. The price is round 11/, 5s. to 11/. 7s. 6d. per ton, 
Glasgow or Leith, for prompt delivery. The shipments 
from Leith Harbour last week amounted to 2361 tons. 


Scotch Stcel Trade.— No improvement falls to be re- 
ported in the Scotch steel trade, and inquiries are very 
poor. Specifications against contracts are exceedingly 
scarce, and this is particularly noticeable in heavy mate- 
rial, the demand for which has fallen wey! so much that 
great difficulty is experienced in keeping the rolling-mills 
even moderately employed. In structural sections busi- 
ness is limited. A conference of some importance be- 
tween the Scotch steel producers and those on the North- 
East Coast of England was held in Carlisle yesterday 
(Tuesday) when several matters were discussed. After the 
meeting was over it was learned that it had been decided 
to make an all-round reduction of 5s. per ton in the prices 
of Scotch steel. The new rates, which are only for prompt 
specifications, and for deliveries not extending beyond a 
month, areas follow :—Angles, 5/. 15s. per ton ; ship-plates, 
61. 2s. Gd. per ton ; and boiler-plates, 6/. 17s. 6d. per ton—all 
less 5 per cent. Clyde delivery orequal. Thearrangement 
whereby the Scotch makers charged 2s. 6d. per ton above 
the North-East Coast makers for ship-plates delivered in 
Belfast has now been terminated, and both are now on 
an equal footing. A further conference was held at Car- 
lisle to-day (Wednesday), when the shipbuilders of the 
above districts met the steel-producers. The shipbuilders 
stated that they had a grievance in that steel for export 
is charged less than steel for home consumption, and in 
consequence shipbuilding orders are often lost to this 
country. It is understood that, as a result of to-day’s 
conference, a reduction of 5s. per ton was made bh) the 
English makers, and that the Scotch Steel-Makers’ Asso- 


ciation also made a reduction of 5s. per ton off the above G 


uotations, which is now a total fall of 10s. per ton in 
the Scotch prices. 

Shipbuiiding.—In the contracts for new tonnage given 
out within the past few months shipbuilders in the lower 
reaches of the Clyde were very successful, and several 
new orders are reported for the Greenock and Port 
Glasgow district. Messrs. A. Rodger and Co., Port 
Glasgow, have received orders to build two large cargo 
and passenger steamers, and also to supply the neces- 
sary machinery.—Messrs. Russell and Co., Port Glas- 
gow, have secured the contract to build a stcamer 
of 10,000 tons dead-weight carrying capacity, for the 
Lyle Shipping Company, Greenock. The engines 
will be supplied by Messrs. Rankin and Blackmore, 
Greenock.—The Greenock and Grangemouth Dockyard 
Company have contracted to build a first-class cargo 
steamer for Belgian owners. This vessel will be about 
7500 tons, and will have her engines made in Glasgow.— 
Messrs, William Hamilton and Co.; Port Glasgow, have 
received the order to construct’a large steamer of about 
8000 tons carrying capacity, for English owners. She 





will be 400 ft. in length, and will be built on the Isher. 
wood system, of which Messrs. Hamilton are the sole 
lessees on the Clyde. 


Malleable-Tron Trade.—The conditions in the mallea}]>- 
iron trade of the West of Scotland are unchanged, and 
might almost be said to be worse this week. Broken 
time is general, and, like the home trade, business for 
export is of the most meagre description, despite the fact 
ee ey eee prices are much below those for the home 
market. 


Scotch Pig-Iron Trade.—Business in the Scotch pi,- 
iron trade continues to be satisfactory, and makers are 
well sold ahead. Prices are very firm, and fresh con- 
tracts will not be considered under recent quotations. 
The demand for hematite has somewhat improved. 








NOTES FROM SOUTH YORKSHIRE. 

SHEFFIELD, Wednesday. 
Ieeds Gas Projits.—The increased cost of coal and the 
decreased price received for tar and other residuals are 
the reasons alleged for the heavy falling off in the protits 
of the Leeds undertaking. The accounts for the 
year ending Starch, 1909, showed a surplus profit of 
5245/. 11s. 3d., as compared with 14,708/. 16s. 10d. in the 
previous year. The gross profit was 93,538/., this being 
a decrease of 8449/. as compared with 1907-8. The de 
creased price of residuals is said to account for 7600/. of 

the reduced profits, and the cost of coal for 2000/. more. 


Leeds Chamber of Commerce and Brussels Exhibition. 
The question of arranging a collective exhibit of the 
manufactures of the district for the International Exhi- 
bition to be held in Brussels next year was considered by 
the Leeds Chamber of Commerce on Tuesday. It was 
pointed out that at the large exhibitions held in recent 
years England had made a deplorably poor show, and 
that this year the British Commission which had been 
appointed were prepared to give facilities to exhibitors 
which had never been given before. A resolution was 
adopted urging the desirability that Leeds should be well 
represented at the Exhibition, either by individual firms 
or by collective exhibits representative of the trades of 
Leeds and district. 


Tron and Stecl.—'There is little or no improvement in 
the general industrial ition. Some branches are even 
quieter than they have been this year, and with the period 
rapidly approaching when manufacturing is largely in- 
terrupted by stock-taking operations, the outlook for the 
immediate future is not promising. Government contracts 
are still delayed, and the demand for railway work, and 
from shipbuilders, is very scanty. Indeed, the position 
is, if anything, worse than twelve months ago. ilway 
steel departments are very quiet, and considerable foreign 
competition exists in axles and tyres for home consump- 
tion. The imports of these goods last month amounted 
to 529 tons, as compared with 152 tons in the preceding 
month. There is but little doing in the engineering 
branches. In the iron market there is a downward ten- 
dency in prices, and though a fortnight ago the Lincoln- 
shire makers inc their premiums on quotations from 
ls. to 2s. 6d., this advance has now been withdrawr. 
Hematite, toc, is weaker. The armament houses are still 
anxiously awaiting Government orders, but the Admiralty 
are apparently in no hurry to place contracts. 


South Yorkshire Coal.—Notwithstanding the disturb- 
ance in the South Wales coal trade, there has been no 
increased activity in the demand for hard coal for ship- 
ment. The normal tonnage is being despatched to the 
Humber ports, though after the great activity recently 
experienced the demand has fallen off considerably. 
Hard-coal pits, however, are still working full time, and 
stocks are not increasing to any marked extent. Prices 
are st2xady, and in view of the heavy forward bookings 
there is no likelihood of any reduction. Gas coal con- 
tracts are now being settled, and big tonnages have been 
booked for the Midlands. Slacks are selling well, though 
second-grade qualities are plentiful. House-coal market 
sales are now at a low level. Merchants are much in 
arrear with contract quantities, consequent upon the ex- 
ceptionally small amount of trade doing in the district. 
London and the southern market are taking very limited 
euppties, and competition for business by local collieries 
is keen. 








British Raiway Trucks ror Gun Transport.—We 
read in the Zeitung des Vereins Deutscher Eisenbuhnver- 
waltungen the following :—Notwithstanding the disincl:- 
nation with which the English adopt foreign methods, 
the Great Western Railway Company has followed the 
erman example, particularly that given by the Krupp 
works, and has built special wagons for the transport 
of specially heavy guns from the manufacturers’ works to 
their destination. Owing to the difficulties which su: 
round the dealing with such heavy and bulky loads on the 
railways, the guns had hitherto been delivered at desti- 
nation by water, and this course was facilitated by the 
fact that most of the works are located near the sea, and 
that the guns were required either for coast defence o1 
for the armament of ships. Owing, however, to the very 
great dread of an invasion now noticeable in England, it was 
probably feared that this means of transport by sea, if a 
war occurred, might be sooner destroyed, or cut off altc- 


| gether, than the railways, these lying more inside the 


country. The special trucks in question are so arranged 
that the rear end of the gun-tube rests in a lower support, 
the muzzle end being carried in a higher saddle ; by this 
means the arrangement remains within the loading gauge. 
The new trucks have been tested in Devonport Har- 
bour with a 12-in. gun, weighing 58 tons, and, adds the 
Zeitung in question, they have so far given no cause for 
any difficulty. 
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NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 


NOTES FROM THE SOUTH-WEST. 
Cardif.—The steam-coal trade has exhibited a quiet 


Mipp.xessBroucH, Wednesday. | tone, with scarcely any transactions of importance ; for 


The Cleveland Iron Trade.—A fairly good business is | 


vig iron. Confidence seems to have n 


passing mm ( . 
a steady rise in warrants has assisted the 


restored, an 


upward movement in makers’ Cleveland iron. The most | 
satisfactory and encouraging feature of the market is the | 


inclination shown to buy forward. Buyers are prepa 


ruling for early delivery ; and if sellers were prepared to 
accept those terms, a very considerable business on for- 
ward account might be transacted; but makers are not at 
all keen to contract ahead on such terms, as they believe 
valuesare likely to continue toadvance. Shipments of pig 
iron for May have turned out better than was at one time 
expected. 1tis understood that makers’ stocks have ceased 
to increase, but Cleveland iron is still being sent into the 
warrant stores, so that the output appears to continue 
rather in excess of requirements. No.3 ga» Cleveland 
pig iron is 48s. 9d. for early f.o.b. delivery, and_both 
makers and merchants have sold at that figure. No. 1 
is 51s. 3d.; No. 4 foundry, 48s.; and No. 4 forge, 47s. 9d. 
East-Coast hematite is, if anything, a little firmer, but 
there is not a great deal doing in it. The ised 
market quotation for ordinary early delivery of Nos. 1, 
2, and 3 is 55s. 6d., but some second hands are pre- 
pared to sell ata little below that figure for immediate 
delivery. The very firm attitude of the mine-owners in 
Spain has caused a rise of 3d. in Spanish ore, quotations 
now being based on 16s, 6d. ex-ship Tees for Rubio of 
50 per cent. quality, and freights Bilbao-Middlesbrough 
are up to 4s. 44d. Quotations for coke are strong, and 
local consumption is heavy. 

Manufactured Iron and Steel.—The manufactured iron 
and steel industries present few new features of moment. 
There are reports of rather more activity in one or two 
branches, but there is much room for improvement in 
many departments. Rail-makers and producers of other 
railway material, as well as sheet-manufacturers, are busy, 
and have good contract-books, but only moderate accounts 
are given of the bar, plate, and angle departments. Com- 
petition for orders for shipbuilding material is keen, and 
may lead to some further reduction in quotations. Steel 
plates have been lowered 5s. Common iron bars are 
6/. 15s. ; best bars, 77. 2s. 6d.; best best bars, 7/. 10s. ; 
packing iron, 5/. 5s.; iron ship-plates, 6/. 7s. 6d. ; iron 
ship-angles, 62. 15s.; iron gong 7l. 3s. 9d.; iron 
boiler-plates, 77. 7s. 6d.; steel bars, 6. 5s.; steel ship- 
plates, 5/. 15s.; steel ship-angles, 5/. 12s. 6d.; steel boiler- 
plates, 7/7. ; steel strip, Wy. 7s. 6d.; steel hoops, 6/. 10s. ; 
and steel joists, 5/. 15s.—all less the customary 24 per 
cent. discount. Cast-iron railway chairs are 5/. 5s. ; cast- 
iron columns, 6/. 10s. ; light iron rails, 6/. 10s.; heavy 
steel rails, 5/. 5s.; and steel railway sleepers, 6/. 10s.— 
all net cash at works. Iron or steel galvanised corru- 
* sheets, 24 gauge, in bundles, stand at 12/. 10s. 
-0.b.—less the usual 4 per cent. discount. 


Cargo Flect Iron Company, Limited.— An extraordinary 
meeting of the Cargo Fleet Iron Company, Limited, was 
held this week at the works, Middlesbrough, for the 
purpose of considering the following resolution :—‘‘ That 
the directors of the Company be, and they are, hereby 
authorised to raise or borrow any sum or sums of money 
for the purposes of the Company up to, but not exceeding, 
250,000/. in excess of the amount authorised by Article 47 
of the Articles of Association of the Company to be 
raised by them.” The proceedings were private. We 
understand the motion was adopted. 








Larck GrerMAN Dockxs.—Germany boasts at present 
twelve docks, completed or in course of construction, 
large enough to receive a Dreadnought. There are eight 
Government docks: two at Kiel, one at Wilhelmshafen, 
and two new ones approaching completion ; two large 
dry docks are being construc at Brunnsbiittel, and a 
floating dock is being built at Kiel. In addition to these 
there are four private floating docks: one at Bremen, two 
at Hamburg, and one in course of construction at Stettin. 


_ Bevcian_ Buast-Furnaces.—The number of furnaces 
in Hlast in Belgium at the commencement of May was 35, 
as compared with 33 at the commencement of May, 1908. 
There were nine furnaces out of blast at each date. The 
total of 35 representing the furnaces in blast in Belgium 
at the commencement of May was made up as follows :— 
Charleroi group, 15; Liége group, 14; Luxembourg, 6. 
he production of pig in Belgium in April was 127,070 
tons, as compared with 116,770 tons in April, 1908. The 
aggregate output for the three months ending with 
April 30, this year, was 462,380 tons, as compared with 
007,060 tons in the corresponding period of 1908. 





Tue Encingerinc Stanparps Commitrer.—No. 43 of 
‘the above Committee’s British standard specifications 
as just been issued. It contains matter relating to 
‘harcoal-iron lap-welded boiler-tubes. During 1907 a 
sub-committee was appointed to consider the question of 
. rought iron for use in railway rolling-stock, and during 
the course of this sub-committee’s work a request was 
received from the tube-manufacturers that a standard 
Specification for charcoal-iron boiler-tubes should be 
formulated. As a result of this request, specification 


No. 43, above referred to, has been pre and pub- 


| 
- | nary 
to pay, for autumn delivery, sixpence above the rates | 





prompt delivery, however, prices have shown hardly any 
change. The best large steam-coal has made 16s. 6d. to 
16s. 9d. per ton, while secondary descriptions have ranged 
between 14s. 9d. and 16s. per ton. The house-coal trade 
has remained in much the same condition ; the best ordi- 
ualities have made 14s. 6d. to 16s. per ton; No. 3 
Rhondda large has brought 17s. 9d. to 18s. 3d. per ton. 
Foundry coke has made 18s. to 20s. 6d. per ton, and fur- 
nace ditto, 15s. 6d. to 16s. 6d. = ton. As iron 
ore, Rubio has been quoted at 15s. 6d. to 16s. 9d. per ton, 
upon a basis of 50 per cent. of iron, and charges, including 
freight, insurance, &c., to Cardiff or Newport. 

Wages in Wales.—The employers’ demand in the South 
Wales coal trade for a reduction of 74 per cent. has been 
allowed by Lord St. Aldwyn, as independent chairman 
of the Welsh Coal Trade Conciliation rd. The wage 
rate will now be 474 per cent. above the standard of 1879. 
The men’s representatives were unwilling to accept a 
larger reduction than 5 per cent. ° 


Llantrisant.—In addition to recent developments in the 
Ely Valley, sinkings for coal are shortly to be made by a 
new company. 


The Swansca Valley.—The tin-plate trade has shown 
activity ; four new tin-mills, which have been s , are 
stated to be only the forerunners of eighteen others which 
will be working in the district before the close of the 
year. The steel trade has improved to some extent, and 
the collieries have been working more regularly. 


* Patynton Water Works.--The members of the Paignton 

Urban District Council, the clerk, the water engineer, 
the medical officer of health, and the water superinten- 
dent, have visited the water works at Holne, moor, 
officially to examine and test three Candy filters recently 
erected. These filters have been ao ly designed for 
rendering the water passing through them non-plumbo- 
solvent, in addition to the ordinary functions of filtration 
and purification. They are the first of their kind yet 
installed, and they were constructed by the patentees, 
Messrs. Candy and Co., Limited, 5, Westminster Palace- 
gardens, Victoria-street, 5.W. They were connected 
and fitted with special castings and valves, supplied by 
Messrs. Glenfield and Kennedy, of Kilmarnock, under 
the supervision of Mr. F. W. Vanstone, the Paignton 
Council’s engineer. 


Dowlais.—The iron and steel works have exhibited a 
quiet tone. The Big Mill has had a comparatively small 
output of fish-plates, light rails, angle iron, &c. At the 
Goat Mill the output of heavy steel rails and sleepers 
has been below the average. The engineering and fitting 
works have also not been fully employed. 





Tramway ConsTRucTION IN Hottanp.—H.M. Consul 
at Amsterdam reports that the Dutch Staatscowrant of 
May 7 publishes a degree relative toa projected Haarlem- 
mermeer steam tramway. The tramway is to run :—l, 
From Amsterdam to Leyden via Aalsmeer, Hoofddorp, 
Venneperdorp, and Oude Wetering. 2. From Hoofddorp 
to Haarlem. 3. From Aalsmeer to Nieuwersluis via 
Uithoorn, Mydrecht, Wilnis, and Vinkeveen. 4. From 
Bovenkerk to Alphen via Uithoorn, Nieuwveen, and 
Aarlanderveen. It is to be connected with the existing 
railway stations at Amsterdam, Haarlem, Leyden, and 
Alphen. The Government may order private or public 
tenders to be made for the necessary material. The total 
cost of the work is estimated at about 600,000/. Ma 
forwarded by H.M. Consul showing the route of the 
tramway may be seen by British firms interested, on gw 
cation at the Commercial Intelligence Branch of the 
Board of Trade, 73, Basinghall-street, London, E.C. 





THe MAINTENANCE CHARGES oF A Moror-Car.—A 
doctor who possesses a 10-12 horse-power Wolseley- 
Siddeley car gives the following data of expenses for 
the last twelve months, which, he thinks, are remarkably 
good, considering the hard work the car does, sometimes 

ing kept running all day, “‘ the car showing no signs of 
wear, in spite of ker hard life” :— 

204 £2804 
Petrol (24 miles toa gallon), 296 gallons 1413 0 
Lubricating oil (527 miles to a gallon), 


13 gallons .. : 190 
Grease o6 ab 015 0 
Accumulator charging o90 “% 
‘ 


Replacements—fibre ring for commutator, brak 








cable shackle-bolts, plugs, terminals, &c. «) 848 © 
Sundries, cotton-waste, &c. .. ‘sia ion 08 0 
Total .. 20 8 0 

Tyres : Three 760 x 90 Michelin covers at 31. 17s. 6d. 1112 6 
One 760 x 90 grooved Dunlo re. 

One re-treaded 760 x 90 Michelin 220 

Two square Michelin inner tubes .. 214 0 

One Durandal non-skid af ite 37 6 

Three re-treaded Durandals. . “= 5 5 0 

Small tyre repairs (punctures, &c.) 010 6 

Total for tyres 3011 0 

Petrol and sundries .. 208 0 
Total for year Fs 5019 0 


Cost per mile, 1.7d., approximately. 


MISCELLANEA. 


Tue Austro-Hungarian Government have ordered two 
more small shallow-draught gun-boats, for service on the 
Danube, propelled by internal-combustion engines, similar 
to those supplied last year oes, Yarrow and Co., 
of Scotstoun. The vessels are being built by the Danubius 
a aa Budapest, and the machinery by Messrs. 

arrow. 


The Board of Directors of the State Railways of 
Saxony, says the Zeitung des Vereins Deutscher Eisen- 
bahnrerwaltungen, have issued a notice forbidding every 
class of railway employés from joining any union which is 
connected with the Gorman Social. mocratic Associa- 
tion of Railway Servants. All who contravene this rule 
will be forthwith dismissed from the State Railway 


service. 


In the course of an article in L’Industrie Electrique, 
reference is made to the custom of granting a premium 
to stokers with a view to encourage them in taking more 
interest in their work, the object being to save on the coal 
bill.’ All premiums based upon observations which the 
stoker cannot follow, and upon subsequent calculations 
made in the offices, have always been mistrusted by the men, 
and have generally failed. In most of the works and stations 
in Holland, the article adds, premiums are distributed, 
based upon the percentage of cubenle acid gas in the smoke. 
A sample of the escaping gas is taken during the time one 
pang of stokers is at work ; an analysis of this is made 

vy the works representative in the presence of the chief 

stoker ; the analysis takes but a few minutes; the propor- 
tion of carbonic acid gas is noted down and serves as a 
basis for calculating the premium. 


The laying of the second line of rails on the Siberian 
Railway, which was taken in hand in the year 1906, is 
being energetically proceeded with, and the distance— 


Atschinsk-Irkutsk—1170 versts, will, it is expected, be 
a within a comparatively short time ; the cost, 
as far as this section is concerned, amounts to some 
36,000,000 roubles. The work is attended with greater 
difficulties than were at first anticipated, and it has proved 
not to be the simple laying of an additional line of 
rails, but in reality a separate engineering work alto- 
gether, at least so far as several long sections are con- 
cerned, owing to the want of forethought with which the 
original plan was conceived and carried out. The line, 
more especially on its eastern portion, suffers from sharp 
curves and heavy ——. which, it now appears, could 
very well have been avoided. These shortcomings, 
which, to no small extent, are answerable for the 
extreme slowness of the traffic, will now as far as - 
sible be rectified as regards the new line of rails. The 
section—Atschinsk-Omsk—will be taken in hand in the 
spring of next year, but this part presents much less 

ifficulty, on account of the line going principally 
through flat land, Two new important branch lines, one 
from Omsk to Tjumen, and one to Kurzan, have been 
planned and will, when completed, prove of great indus- 
trial and commercial importance. 








Tue Coprer Marxet.—In their mid-monthly report 
issued on the 17th imst., Messrs. James Lewis and 
state that an exceptionally large business has been trans: 
acted in standard copper during the past fortnight, almost 
entirely in speculations, the chief part of which is reputed 
to be on American account. The age of the Amalga- 
mated Copper Company made very sales of electro- 
lytic copper at about 59/. per ton c.i.f. for May and June 

elivery, and subsequently at 59/7. 10s. The prices at 
which the American electrolytic was purchased and the 
standard sold against it left the buyers of the former a 
very handsome profit. 





Tue Travian Navy.—The first Italian Dreadnought 
will be named the Dante Alighieri, and its construction 
will be commenced in June in the Castellamare yard. 
large quantity of material has been collected, and it is 
expected that the ship will be launched by the close of 
next year. . Another Italian Dreadnought will be also laid 
down at Castellamare, a third at La Spezzia, and a fourth 
will be entrusted to a private firm. All four ironclads 
are to be ready for sea within four years. They will each 
have a displacement of 21,000 tons, and their turbine 
engines are to work up to a speed of 22 knots. The 
will each carry berg Ay ee and the cost of eac 
ship will be about 2,400,000/. Italy is also to have 
three armour-plated cruisers, with a displacement of 3000 
tons each ; they will be fitted with turbine engines, and 
they are to steam at the rate of 29 knots, 





THE INTERNATIONAL CONGRESS OF APPLIED CHEMISTRY. 
— The seventh International Congress of Applied 
Chemistry was Spanos yesterday afternoon at 3 p.m. by 
the Prince of Wales in the Royal Albert Hall. Some 
2500 members had sent in their names before the meeti 
week, and a many more joined in the last days. 
reception by the Lord yrend Corporation of the City 
was held at the Guildhall on Wednesday evening, and a 
pons at the Foreign Office followed last = 
| Sectional meetings, receptions, garden ies, and ex- 
cursions will take up the week till next Wednesday, and 
| the Society of Chemical Industry is holding its annual 
| meeting at the same time, so that the week will be more 











lished. It may pe pocceen from Messrs. Crosby Lock- | The car only missed six days in the year, mostly Sun-| than fully occupied. The Co 8 rooms are in the Royal 
wood and Son, 7, Stationers’ Hall-court, Ludgate-bill, |days. The heavy tyre or is due to the condi- | College of Science and in the University of London, the 
shire 


E.C., and 1214, Victoria-street, Westminster, S.W., who | tion of the North Staffo The petrol con- | Imperial Institute Building. The two buildings are oppo- 
are the publishers for the Committee, or direct from the | sumption in the country is 30 miles to the gallon and over ; | site each other, and as the street between them is little 
offices of the Committee, 28, Victoria-street, 8.W., or | the 24 miles is for town work, where the engine is never | frequented, the meetings practically take place in a big 
through any bookseller, the price being 2s. 6d. net. | stopped for two hours continuvusly. | complex of buildings. 
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TREBLE-GEARED BREAK-LATHE. 


CONSTRUCTED BY 


MESSRS. G. WILKINSON 


AND SONS, ENGINEERS, KEIGHLEY. 








Messrs. G. WILKINSON AND bons, of Keighley, 
Yorkshire, have recently built the electrically-driven 
treble-geared break-lathe illustrated above, for machi- 
ning large propeller-bosses, the flanges of propeller- 
blades, and work of a kindred nature. The lathe is of 
30-in. centre, and carries a face-plate of 6 ft. 6 in. in 
diameter, which will swing work of 8 ft. diameter in 
the gap. The foundation- is 19 ft. 6 in. long by 
40 in. wide, and forms a continuous foundation for the 
sliding-bed. This latter is 10 ft. 6 in. long by 38 in. 
wide, and has a travel of 2 ft., its maximum distance 
from the face-plate being 4 ft. It is traversed by means 
of a screw and nut, actuated by spur-gear at the end 
of the bed, and driven by the back shaft. The motion 
is reversible. 

The saddle is very strongly built, and carries a 
swivelling slide-rest. It can be moved quickly along 
the bed a rack-gear. Its self-acting motion is 
obtained from a back shaft, and work of 4 ft. in 
diameter may be turned over the saddle. The swivel- 
rest, which is capable of boring a taper hole 2 ft. long, 
has a self-acting sliding traverse, obtained by a vertical 
shaft running up inside the column. A clutch on the 
rest serves for starting and stopping the self act. The 
back shaft for the saddle is driven from the headstock 
through a pitch chain and cut gearing, and is reversible. 
Screw-cutting is provided for by a leading screw 
running the full length of the movable bed. This, as 
is shown by the illustration, is driven by a spline shaft 
and gear, and the necessary change wheels are mounted 
at the back of the headstock. 

The driving motor is of the enclosed type, rated at 
9 horse-power, and suitable for a pressure of 460 volts. 
It can be regulated to run at any speed from 650 
to 1300 revolutions per minute by shunt control. It 
drives the face-plate by a raw-hide pinion and cut- 
steel gearing, the final drive being through a pinion 
workin, ore a cut-steel poet wheel on the back 
of the face-plate. Two ® are provided 
on the face-plate, the clam hee ptoted ty the 
large hand-wheel shown at the sidé of the headstock. 
Three feeds are obtainable on each speed. 

The lathe generally is very strongly built, with 
a view to the use of high-speed steel, and it is 
handy to work. The gearing is well guarded, and 
the motor drive enables the athe to be put down 
anywhere in the shop, and to be served by an-over- 
head crane with no danger of fouling belting, counter- 
shafting, &c. 





MANCHESTER STEAM-USERS’ 
ASSOCIATION. 

THX annual meeting of the members of this Associa- 
tion was held on Tuesday, May 18, at the offices, 
9, Mount-street, Manchester, the ident, Mr. Adam 
Dugdale, Blackburn, in the chair. 

report of the committee of management was 
read by the secretary, and stated that, as usual, the 
committee had pleasure in reporting that the result of 
@ngther year’s working was highly satisfactory, and 





that there had been a steady increase all round. The 
number of members and works, the number of boilers 
under inspection, and the total revenue from subscrip- 
tions, special service fees, &c., reached a point never 
previously attained. The net surplus in favour of the 
year was 1999/., after making allowance for various 
items of special expenditure. During the year the 
sum of 2000/. was invested on loan with the Derwent 
Valley Water Board, and the sum of 1997/. 9s. 6d. was 
invested in the purchase of Great Western Railway 
5 per cent. Consolidated Preference Stock. The total 
investments now stood at 33,615/., while cash at 
bankers and other assets brought the reserve fund up 
to 38,595/. In the years 1904, 1905, 1906, and 1907 
ts to the total amount of 550/. were made to the 
ational Physical Laboratory to assist in experimental 
research, and a further sum of 100/. was contributed to 
the same object during 1908. 

The report stated that the experiments on the age- 
ing of steel, which the Association had undertaken, 
were not yet completed, but already important results 
had been ibtained, which would be communicated to 
the members in due course. 

The service of faithful boiler inspection had been 
well maintained, and the report adds that ‘it is this 
system of thoroughly careful inspection which is the 
costly part of the service, but it is only by efficient 
inspection that the object for which the Association 
was founded—viz., the prevention of steam-boiler ex- 
plosions—can be secured. No boiler under the Associa- 
tion’s care burst during the year, and at the end of 
54 years’ working the Committee, with pleasure, again 
place on record the fact that no guaranteed boiler nas 
ever exploded, and that no life has been lost from any 
cause which the Association could or ought to have 
prevented.” 

Outside its ranks the Association recorded during 
the past year the occurrence of 68 explosions, killing 
26 persons and injuring 40 others. Of these, 30, 
killing 12 persons and injuring 20 others, might be 
termed boiler explosions ‘‘ proper,” while the remain- 
ing 38, killing 14 persons and injuring 20 others, might 
be termed ‘‘miscellaneous” explosions—i.e. those 
arising from steam-pipes, stop-valves, kiers, drying- 
cylinders, &c. In addition to the above, seven explo- 
sions arose from the bursting of hot-water or kitchen 
boilers, by which one person was killed and two injured. 

The report further adds that “‘it is satisfactory to 
note that owing to the influence of the Boiler Explo- 
sions Acts and the Factory and Workshop Act, the 
number of serious explosions has been very materiall 
reduced in recent years. There is little doubt that if 
all steam boilers not at present submitted to syste- 
matic examination, such as, for instance, those used at 
farms and for agricultural pur , &e., could be 
included within the operations of the Factory Act, and 
if the principle of careful periodical inspection intro- 
duced by the Association in 1854 were adopted univers- 
ally, a serious boiler explosion would be a rare occur- 
rence.” 











referred to the tact that in the early years ot the 
Association each member of the committee, having 
great faith in competent inspection, guaranteed 1000/. 
in order to provide against claims for damage should 
an explosion occur from any boiler found on examina- 
tion to be safe. The Association did not pay any 
dividend, but the members in his (the chairman’s) 
opinion got their dividend in the shape of excellent 


inspection. 

The record showed that after fifty-four years’ work- 
ing no explosion had ever occurred from a guaranteed 
boiler from any cause which the Association could have 
prevented. The committee were proud of this. In 
the United States during the last forty years there 
had been more than 10.000 boiler explosions, or an 
annual average of 250 explosions and 250 deaths, 
against 30 explosions and 12 deaths in the United 

ingdom. Every member of the Association might 
feel quite content as to the safety of his boilers, and 
well satisfied that he was not going to have an 
explosion. 

{r. Charles Heaton, vice-president, Bolton, seconded 
the resolution, and congratulated the members on the 
successful working or the past year. Thoroughly 
careful inspection had been the Association’s main 
—— from the first. The speaker well remem- 

red when, in the early days, a discussion was going 
on in the public mind as to the cause of boiler ex- 
plosions, and they were, by most people, attributed to 
electricity, Sir William Fairbairn, the Association's 
first President, said, ‘‘ give me a well-constructed 
boiler, of good materials, and efficient inspection, and 
there need be no explosions.” 

The resolution was then put to the meeting and 
carried unanimously. 

Upon the motion of Mr. J. A. Saner (Weaver Navi- 
gation, Northwich), seconded by Mr. John Robinson 
(Messrs. Richard Evans and Co., Limited, Haydock), 
the thanks of the Association were presented to the 
committee for their past services, and they were re- 
appointed for the ensuing year. The auditors also 
were reappointed, and a hearty vote of thanks was 
accorded, to the chairman for presiding at the meeting, 
and for the constant service he had rendered. _ 

Thechief engineer subsequently explained a diagram 
he had prepared showing the influence of nitrogen 
on the strength of steel, and some illustrations of the 
water-hammer action in steam-pipes were also shown. 





Mors CanaptAn Coat.—Coal has been discovered upon 
a scale in the Rocky Mountains along the eastern 
boundary of British Columbia, and the western boundary 
of Alberta. The coal-beds show a total thickness of 
200 ft. The beds are in layers, running from 2 in. to 
30 ft. in thickness. Between these layers of coal, rock, 
shale, and slate occur, making the total formation 4700 ft. 
Between these breaks it is estimated that at least 
100 ft. of coal-beds are workable. It is estimated that 
45,000,000,000 tons of coal can be taken out of this area. 
The coal is generally bituminous, with some fairly good 


The chairman, in moving the adoption of the report, anthracite, 
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THE NEW ORIENT AUSTRALIAN MAIL T--SS. “ORSOVA.” 
CONSTRUCTED BY MESSRS. JOHN BROWN AND CO., LIMITED, SHEFFIELD AND CLYDEBANK. 
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THE NEW ORIENT AUSTRALIAN MAIL T--S.S. “ORSOVA.” 
CONSTRUCTED BY MESSRS. JOHN BROWN AND CO., LIMITED, SHEFFIELD AND CLYDEBANK. 
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IMMINGHAM DOCKS; DETAILS OF GATE-ENGINE AND 
FENDER-CHAINS. 


SIR JOHN WOLFE BARRY AND PARTNERS, ENGINEERS; MESSRS. HEAD, WRIGHTSON, AND CO., LIMITED, CONTRACTORS. 
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IMMINGHAM DOCKS; FENDER-CHAIN 


PARTNERS, ENGINEERS; MESSRS. HEAD, WRIGHTSON, AND CO., LIMITED, CONTRACTORS. 
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FRIDAY, MAY 28, 1909. 


THE GOVERNMENT AND 
UNEMPLOYMENT. 


One of the most serious problems in industrial 
economics is the ensurance of the continuous utilisa- 
tion of labour, Theoretically the necessities of 
*|mankind should not vary; but the advance of 
civilisation has evolved requirements which are 
practically necessities, although more or less de- 
pendent upon the financial resources of the indi- 
vidual. It follows that a shortage of money in 
any community at once affects the demands of that 
community, and, as a consequence, there is less 
utilisation of labour in meeting them. This con- 
dition reacts upon the worker, and his requirements 
are also minimised. This simple condition is enor- 
mously intensified in effect when weakness in the 
financial and economic conditions in one country 
synchronises with depression in others, and we 
have, therefore, periods of widespread depression, 
with a consequent accession to the ranks of the 
unemployed. It would be easy to show reasons 
why such periods of depression alternate with 
9pm of activity, and come in fairly regular cycles. 
t is not, however, so easy to find the remedy. 
Improving demand tends to encourage over-produc- 
tion, and there is such an absence of co-ordination 
in the dissemination of information regarding the 
requirements of markets in the immediate future 
that the output continues at too great a pace. No 
doubt the economist could justify this production 
from the general standpoint of advance in the 
world’s ral. but the sudden cessation of demand 
with an equally sudden discharge of a great body of 
workers brings to the individual no consolation from 
the increased collective wealth of the nation. In 
the absence of a completely successful solution, 
every scheme for mitigating the evil, even to a small 
extent, must be welcomed, and for this reason alone 
the proposals of the Government to organise labour 
exchanges and insurance inst unemployment 
will be sympathetically considered. The scheme, 
which is certain to be accepted by Parliament, and 
to have a careful test in practice, should only be 
regarded as more or less tentative, and the results 
of its application should be critically examined, so 
that the germ of success which it possesses may be 











D. | so cultivated as to develop the fullest fruit. 
be 


The fundamental difficulty—we had almost said 
error—in its inception is in applying the same con- 
ditions to industries which are very varied, not only 
in their scope, but in the character and skill of 
the workers. The main object in establishing 
labour exchanges is to arrange for a distribution of 
workers to suit the requirements of labour markets 
throughout the kingdom. Thus it is proposed to 
create a department of the Board of e, with 


72g | advisory committees in the principal centres, in- 


cluding in their composition representatives of 
workers and employers in equal numbers, under 
rtial permanent official. 
For this pw ing to the scheme pro- 
pounded by the President of the Board of Trade, 
the whole country will be divided into ten divisions, 
each with a divisional clearing-house, presided over 
by a divisional chief, and all co-ordinated with a 
national clearing-house in London. Distributed 
among these ten divisions will be between 30 and 
40 first-class labour exchanges in towns of 100,000 
inhabitants and upwards ; 45 second-class exchanges 
in towns of between 50,000 and 100,000 inhabitants; 
and about 150 minor sub-offices, or third-class ex- 
changes, in the smaller centres. Mr. Churchill's 
idea is to make these bureaux focussing centres 
for all industrial affairs, and he pro the 
construction of buildings for the accommodation 





of meetings in connection with trade unions and 
other such organisations. The cost of the scheme 
is estimated at 170,000. per annum normally, or 
200,000. per annum during the building period. 


ical | We may interject that the building scheme should 


be deferred until it has been demonstrated that the 
scheme otherwise is efficient. Is it not also play- 
ing with a serious problem to suggest, as Mr. 
Churchill does, that the labour exchaages will offer 
facilities for ‘‘ washing, for clothes-mending, and 
for non-alcoholic refreshments”? The influence 
of the exchanges may be developed by a judicious 
use of the social element, but if they are to be 
centres of influence for highly-skilled mechanics, 
the spirit which suggested ti the inclusion of washing 
and clothes-mending should be kept severely in 
check. 

As a complement to this scheme—which it is 
hoped to bring into operation in the beginning of 
next year—the Government proposes to introduce 
into Parliament next year a keg for insurance 
against unemployment, In this, as in the labour 
exchanges, they are following the suggestions of the 
Poor Law Commission, and are also adopting in a 
modified’ form the examples of several European 
countries. The utilisation of the labour exchanges 
is to be Memes | on the part of the workers, and in 
this respect the President of the Board of Trade has 
acted wisely ; but the intention is’ to make the in- 
surance against unemployment compulsory, begin- 
ning with all e ee trades, machine-tool- 
making, ship and boat-building, vehicle-building, 
house Suilding, sawing, works of construction, and 
the general labour associated with these industries. 


This group of industries, it will be ised, is a 
very extensive one, embracing, according to the 
census returns of the last ten years, 24 million 


adult males, or one-third of the total proportion of 
the population of the United Kingdom engaged in 
purely industrial work. Many will be surprised at 
the selection, as there are other and more homo- 
geneous industries which would lend themselves 
very effectively to successful experiment in this 
direction. There are, for instance, the workers in 
the textile trades, in mining, and in transport. 
The scheme, unlike that for old-age pensions, 
is to be based on the contributory principle, and 
actuarial consideration has induced the President of 
the Board of Trade to estimate that ‘‘a weekly 
contribution of something between 5d. and 6d.— 
rather nearer 6d, than 5d.—per man per week ” will 
suffice. This sum is to be raised between the work- 
men, the employers, and the State—not necessarily 
in equal proportions. The machinery for carrying 
into effect this proposal will be the same as that 
organised for the labour exchanges. 

Drery one will wish well for both schemes, and 
even critics will sympathise. But it would bea mis- 
take to ignore the difficulties, because when these are 
considered there is more hope for such modifica- 
cations in the details now being evolved as may 
enable those difficulties to be overcome. - We have 
already indicated that the variation in the class of 
work and in the skill of the worker affects the pos- 
sibilities of continuous employment ; and for this 
reason the degree of success, possibly alike as 
regards labour exchanges and insurance, would be 
greater in the case of, say, miners than of engineers, 
or of housebuilders than of shipbuilders. e efli- 
ciency of the labour exchange is dependent upon 
trade being busy in one communi’ ee depressed 
in another, and upon the adaptability of unem- 
ployed workers enrolled at one exchange for em- 
ployment open in another. Mr. Havelock Wilson, in 
opposing the Bill in Parliament, pointed out that 
at a cost of about 50,0001. per annum exchanges 
had been instituted in order to assist seamen 
to obtain employment, and contended that these 
bureaux only facilitated the employment of Chinese 
labour on board ship. This disadvantage ought to be 
easily overcome. In engineering there is, however, 
the serious difficulty of the unadaptability of workers 
skilled in one department only. Their efficiency 
cannot be the same in all departments. Again, in 
the locomotive industry or the marine industry the 
causes involving depression are so far-reaching that 
they affect every community in the kingdom 
almost in the world. A yearago 25 per cent. of the 
workers in shipbuilding 7 and marine engineer- 
ing works were idle, and labour exchanges on the 
North-East Coast could not have found work on the 
Clyde for the unemployed on the Tyne or Wear. 
There is another phase of the question which becomes 
serious when the insurance system is compulso 
The great majority of the employers—certainly ail 
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who produce the best work—are justifiably proud of 
the continuous connection between them and their 
workers. In many instances one finds generations 
of masters and men working practically continuously 
and amicably os ea The men have by reason 
of thrift or industry built or bought their own 
dwelling-houses. They are anchored to a com- 
munity by their a sy their traditions, and 
their associations. ey know that if they are 
discharged owing to depressed trade, they will have 
the earliest available 4, easy of being re- 
engaged in the same works because of their superior 
craftsmanship. If these men have, by compulsion, 
contributed to the insurance fund, and do not care 
to move, even temporarily, to another district, are 
they to be deniivell of their out-of-work payments 
from the insurance fund? How far is the normal 
attitude of employers in relation to the re-engage- 
ment of the men to be influenced by the Govern- 
ment bureaux ? 

The position of the trade unions becomes also 
a matter of importance. They no doubt regard 
with satisfaction the general proposal, but it is un- 
questionable that a very considerable number of 
capable workmen who have joined their ranks 
look upon the organisation of ‘labour not so much 
for its combative influences—that is to say, for the 
fighting of claims in respect of wages and the hours 
of labour—as for the benevolent advantages deriv- 
able. All trade unions have labour bureaux for their 
members, but when there is a general shortage of 
work over the country these agencies can do little 
except see that occasional vacancies are offered to 
unionists. The Government insurance fund is thus, 
to a certain extent, a duplication. Mr. Churchill 
pointed out that the ‘‘scale of benefits would be 
somewhat lower, both in amount and in duration, 
than those which the strongest trade unions paid 
at the present time.” As the Government scheme 
is thus in direct opposition, or is at least comple- 
mentary, to the benevolent fund of the trade 
unions, men who are not disposed to resort to 
extreme measures in cases of dispute—and there 
are many—may be inclined to retire from the 
unions. Since the Government scheme has the 
advantage of contributions from employers and the 
Government, those who continue in the union 
--and they will undoubtedly be the majority— 
will get, in the case of unemployment, nearly 
twice the sum they now receive. Is this con- 
ducive to a desire for re-employment ? Some econo- 
mists refuse to accept the principle that supply 
and demand can influence the relation of capital 
and labour, but the influences are inevitable and 
dominant. It often occurs, for instance, that a 
revival of trade is encouraged by the modification 
of the demands of labour and capital in respect of 
remuneration. Nearly every order for a steamship 
which has been booked within the last year has 
béen accepted by the employers without profit, and 
many of these orders have been won in competition 
with foreign nations. The workmen, too, have, in 
order to secure employment, agreed, very properly, 
to accept reduced wages. How far will such pro- 
cedure be affected by duplication of out-of-work 
benefit to workmen. If the trade unions refuse 
to have wages reduced in order to encourage the 
revival of trade, knowing that continued depression 
will secure them a large out-of-work allowance, are 
the employers to be expected to continue contri- 
buting to keep their idle workers, while they them- 
selves are incurring heavy loss owing to the attitude 
of the men ? 

These doubts may, however, be dispelled when 
Mr. Churchill a year hence unfolds his as poem 
insurance scheme, and for the present all will agree 
that his labour bureaux have some potentialities of 
success, although their complete success is doubtful. 
It is perhaps as well that it is so, because the dis- 
tribution of labour to suit lecal requirements can 
never solve the fundamental problem of unemploy- 
ment. Into that, however, we do not at pre- 
sent propose to enter. Continuity of confidence 
in Government policy, and the encouragement 
of enterprise are among possible remedies. The 
co-ordination of our educational and industrial 
systems, whereby the periods of education and 
apprenticeship will be continuous, is another pro- 
mising scheme, because, in large towns especially, 
the release of the lad from school without any 
scheme in life, excepting the ambition to earn a 
little wage as a m -boy, undoubtedly swells 
ultimately the ranks of the unskilled and unemploy- 
able. ere is a suggestion in Mr. Churehil ’s 
speech in the House of Commons that this idea has 


not been forgotten, and we shall welcome any 
sound proposal to check this exploitation of youth- 
ful labour with its regrettable conclusions. The 
labour bureaux can assist towards this end, giving 
the youth, when too old for shop-work, an oppor- 
tunity for pleasant and profitable employment. 
They will certainly de-casualise the casual labour, 
which is one of the most serious difficulties of our 
social system. They will eliminate, and we hope 
will provide a drastic remedy for, the tramp, 
searching for work, and trusting to Providence that 
he will not find it. 








PUBLIC WORKS IN NEW SOUTH 
WALES. 

Tue last annual report, recently received, of the 
Department of Public Works of New South Wales 
discloses a remarkable activity in construction 
work, Indeed, we might have expected this from 
the prosperous times which the State has 
through, coupled with the fact that practically 
every public work is constructed and operated by 
the Government, even to the extent of tramways, 
which in other parts of Australia are largely left to 
municipalities or private companies. The Depart- 
ment, Sanu. yi not work the railways and 
tramways, which, after their construction by the 
Department, are handed over to Commissioners, 
also under Government ; and besides this, owing to 
the recent establishment of Local Government, the 
construction and maintenance of many small works 
are in the stage of my passed over to local bodies. 
The magnitude of the business of the department, 
however, may be estimated by the fact that over 
45,000 vouchers were passed and paid during the 
year under report, while 395 permanent and 346 
temporary officers were employed. 

Before passing on to the chief works represented 
by these facts, we might call passing attention to 
the delay in publication. The report is dated 
December 15, 1908, and was not issued til! within 
the present year, while the period nominally repre- 
sented was from June 30, 1907, to June 30, 1908. 
Similar reports of many previous years, when the 
work was also heavy, were available very much 
earlier. We have said ‘‘ nominally,” for in the 
report the completion of several works some months 
later than June 30, 1908, are mentioned, so that 
confusion is likely to arise, not only in comparing 
facts with figures, which latter refers strictly to 
the financial year June to June, but in the com- 
parison of the work of one year with that of 
another. 

Railway construction was especially prominent. 
The extension from Manilla to Barraba, 32 miles, 
was so far complete as to be handed over to the 
Commissioners in September, 1908. Of that from 
Bogan Gate to Bulbodmy, a 16-mile length was 
opened in August, 1907, and a second section of 
22} miles was in hand. The second section of the 
Temora to Barellan extension, 41 miles, was com- 
“arog in June, 1908. In the north-west of the 

tate substantial progress was made with the 
extension, begun in 1901, from Narrabri to Col- 
larendabri, with its branch from Burren Junction 
to Walgett, the total length of these being about 
148 miles. An extension from Mudgee to Dunedoo 
was in progress, the first section, 20} miles, to 
Gulgong, being under construction. All of the above 
are light lines of standard gauge, mostly over level 
plains with 60-lb. rails, 2464 sleepers to the mile, 
and generally unballasted. The most important of 
the railway operations, however, was the initiation 
of the North Coast main line from West Maitland 
to South Grafton, a length of about 311 miles, some 
of the contracts having been let. This line is to be 
fully ballasted and laid with 80-lb. rails. In connec- 
tion with these contracts, it may be noted that the 
Government, which for years has been changing its 
policy periodically from doing its construction work 
itself, to giving it to contractors, has reverted to 
ithe latter system. Both plans have their advan- 
tages and advocates ; but, like Free Trade and Protec- 
| tion, a worse policy than either is to be constantly 





| changing from one to the other. About 20 years ago, 


| the colony had a fair supply of efficient contractors 
|who had been fully employed, but the Govern- 
‘ment changing their system to departmental con- 
| struction, had to buy plant, and when this was in 
| full operation and their engineers and other officers 
‘had acquired the experience usually possessed by 
those engaged in the administration of contracts, 
|suddenly the contract plan was reverted to, and 
|plant had to be sold, probably at a loss ; while 





contractors, finding their occupation gone, hal 
migrated and had to be replaced. Some small lines 
in the suburban area of Sydney, and a very large 
extension of tramways both there and in Newcast]e. 
complete the record of the Railway and Tramway 
Construction Branch. The Sydney tramways are 
constructed for electric traction, and the Newcas(!. 
ones for steam, the reason for the latter being 
that the arrangement. affords an asylum for tlie 
discarded rolling-stock from Sydney, where the 
original lines, since converted, were on the older 
system. 

The Government Architects’ Branch shows an ex- 
penditure of about 509,000/. within the year, the 
previous three years showing about 194,000/., 
293,0001., and 351,000/., a very remarkable advance. 
This branch constructs and maintains Parliamentary 
buildings, public offices, hospitals and asylums, 
University Condens schools, post-oftices, prisons, 
museums, &c. An interesting feature of the 
Government architects’ report is the statement 
showing the relation of cost of office-work and 
supervision to the total expenditure, which is as 
follows :—Alterations and repairs under 200/.— 
drawings, &c., 1} per cent.; supervision, 2 per 
cent. New buildings over 200/.—drawings, &c., 1} 
per cent., and supervision also 1} per cent. These 
are compared with the figures laid down by the 
Institute of Architects of New South Wales, which, 
following the same order, would be, in these cases, 
34, 34, 24, and 24 per cent. respectively. 

In Enerneerine, of April 10, 1908, an article 
appeared on ‘‘Steel-Making in New South Wales.” 
In the report now under review, signed by the 
Under-Secretary for Public Works, the following 
extract gives some further details of this under- 
taking :— 

At the date of my last report, the blast-furnace at Esk- 
bank had only recently been brought into operation, and 
supplies had m drawn only to a limited extent from 
Lithgow of iron and steel manufactured from the native 
ores under “‘ the steel and iron contract.” This contract, 
which was originally let to Messrs. William Sandford, 
Limited, on January 1, 1907, for a period of seven years, 
was transferred tc Ae deay G. and C. Hoskins for a period 
of nine years from January 1, 1908. Since taking over 
the works, Messrs. Hoskins have made a number of 
changes in the plant and arrangement of the rolling-mills, 
and these were still in progress at the end of the financial 
year. 

A Government testing-oftice has been installed at 
Lithgow, where the works are situated, and the 
report states that the machine-shop ‘‘has been 
equipped with a gas-engine, machinery for pre- 
paring specimens for testing, and a 100-ton Richle 
testing-machine.” In another part of the report 
there is embodied a memorandum on the com- 
mercial testing of steel and iron by the Govern- 
ment testing engineer, Mr. W. F. Burrow, occupy- 
ing nineteen blue-book pages (including  pwenens )y 
and four plates, which is of considerable interest, 
but could hardly be abridged. In view of the 
remarks in our previous article, already mentioned, 
it will be interesting, when this novel Australian 
venture of steel-making has been more developed, 
to see its results, more especially from the economic 
point of view, in regard to the finances of the State, 
as compared with the previous policy of importation. 

The preliminary work in connection with the 
great Barren Jack dam is mentioned in this report, 
such as the special 28 miles of railway constructed 
to convey cement to the site, the temporary diver- 
sion cut, the testing of the foundations, and some 
of the distributory work for irrigation purposes at 
220 miles lower down on the Murrumbidgee River, 
across which the dam is being built. This dam, 
which was described in Enorveerine of July 5, 
1907, is comparable in regard to dimensivns, 
storage, &c., with the Assouan, the Roosevelt, and 
other dams now in progress in America. As regards 
town water supply, the completion of the Cataract 
dam, which was illustrated and described in EN«t- 
NEERING of April 24, 1908, page 537, is recorded in 
this report. It is constructed across a gorge within 
the drainage area which at present supplies the 
city of pm ale This adds 21,411 million gallons 
to the previous total reservoir capacity, the limited 
amount of which had been for some years previously 
a source of some anxiety. et 

During the past session of the Institution of 
Civil Engineers, a paper by Mr. L. B. Wade, Chief 
Engineer for Rivers, Water Supply, and Drainage, 
New South Wales, on certain concrete dams of an 
unusual design, was read and discussed. These 
resist the water pressure by their curved form i 
plan alone acting as a horizontal arch, and as sume 














May 28, 1909.] 


ENGINEERING. 





731 








are of considerable height, their successful com- 
pletion and use, as detailed in this report, appear 
to have fully justified the boldness of the design. 
These dams were erected for country-town water 
supplies. 

Ihe Roads and Bridges Branch completed, during 
the year, an important road, 31 miles long, from 
the foot of Mount Kosciusko to its summit, 7328 ft. 
above sea-level, the highest point of the Australian 
Continent. It is suitable for motor traffic. Many 
other works of less importance than the foregoing, 
dealing also with sewerage, harbours, lighthouses, 
docks, &e., are covered in the report under notice, 
which is unusually full as regards large and interest- 
ing engineering works. 








DECREASE IN RAILWAY FATALITIES 
IN 1908. 

Tue year 1908 will, when compared with pre- 
vious years, be remembered as one remarkable for 
its freedom from railway accidents, both in this 
country and in the United States of America. We 
are apt to regard the railways of the latter country 
as causing the loss of a very high percentage of 
lives—at any rate when compared with those of this 
country. Whatever the cause, this belief is no 
doubt well founded. The circumstances in the two 
countries are, however, very different, but, as time 
goes on, the toll paid in this way by the passengers 
and servants on American railways will no doubt be 
much reduced. The remarkable drop in the number 
of casualties during 1908 is of 8 interest, as it 


seems to show that railway casualties largely depend | 


on the degree of stress and pressure to which 
people’s lives are subjected during certain periods. 

According to figures supplied by Mr. Slason 
Thompson, of Chicago, the fatalities to railway pas- 
sengers and employes in the United States, owing to 
accidents during the calendar year 1908, were 1932 
fewer than in 1907, and if the returns for 1908 be 
compared with those of the fiscal year 1906-7, a still 
better result is shown, the decrease being 2173, or 
43.4 per cent. The reduction in the number of 
casualties to passengers was nearly 50 per cent., 
or from 570 to 292, although not quite so much 
among employés, where it fell from 4430 to 2535, 
or 43 per cent. We have in these figures merely 
given the total results without going into details as 
to the various causes of death, both to passengers 
ani servants, as to whether the victims met their 
deaths through collisions, falling from trains, or 
what not; but from full details supplied by Mr. 
Thompson it is clear that the decrease is common 
to all kinds of accidents. The fatalities to pas- 
sengers due to train accidents fell from 410 in 1906-7 
to 119 in the calendar year 1908, or 70 per cent., 
while the number of similar accidents to employés 
dropped from 1011 to 491, or over 51 percent. It 
appears that the decrease in passenger fatalities 
was not due to the decline in the number of pas- 
sengers who travelled, for, as a matter of fact, the 
number really increased. For the year 1908 there 
was a passenger mileage of 28,000,000,000, whereas 
in the year ending June 30, 1908, the passenger 
mileage was 29,540,931,000, and 27,718,554,000 for 
the year 1906-09. The figures supplied also show 
that the freight traffic’ plays a large part in the 
danger or the safety of passenger traffic, for with a 
fall of only 6 per cent. in the freight traftic the 
fatalities to passengers fell 70 per cent. 

A point quite as worthy of note as this is the 
decrease in fatalities to employés in train accidents, 
which may be considered to be partly due to the re- 
duction in the number of employés which took place 
during 1907 and 1908, owing to the financial panic 
of October, 1907. As far as safety appliances and 
lucthods of operation are concerned, these were the 
Same in 1908 as in 1907 and,in 1906-07. Therefore 


it is pretty clear that such devices could have had | 


little or nothing to do with the decrease in the 
number of fatalities. 'To Mr. Thompson the reason 
for the decrease is clear, and was, he thinks, due 


entirely to the greater deliberation and more careful | 


observance of regulations on the part of every- 


body connected with the transport industry. In | 


proof of this there was a great reduction in the 
Casses of accident with which safety appliances 
have nothing whatever to do, such as falling from 
cars, or from coming in contact with structures 


cver or beside the tracks, such accidents being due | 
“tmost entirely to the carelessness or negligence | 


i the victim, _ Mr. Thompson, therefore, arrives 
st the conclusion that the marked diminution of 
railway accidents in 1908 was almost entirely 











due to the decrease in freight traffic, which re- 
lieved the strain from every department of the 
service, and enco ed the Nigienes of rules b 
passengers and employés, in place of the feveri 
rush caused by the wave of prosperity that ended 
in October, 1907. -This is a most interesting point, 
and one well worthy of careful thought. 
With regard to the railwaysof the United Kingdom 


during the same period—that is, during the calendar | 


year 1908—it is highly satisfactory to note that no 
passenger was killed on them during that time. This, 
of course, only refers to casualties caused by accidents 


| to trains, rolling-stock, and permanent way. There 


were, due to other causes, 107 passengers killed 


| and 3368 injured, 283 of the injured having 


been damaged by accidents to trains, rolling-stock, 
or permanent-way. In the calendar year 1907 
18 passengers were killed in this country owing to 
accidents to trains, rolling-stock, &c., and 534 were 
injured. In the same year the total number of 
passengers killed from all causes was 125, and 
injured, 3502. The total number of employés 
killed during 1908 was 432, while 24,181 were 
injured. Inthe previous year these figures were 
509 and 21,514. Tn comparing these figures with 
those of the United States, however, the difference 
in mileage must not be forgotten, for in the States 
the mileage is 230,000, while here it is only 23,108, 
and passenger-mileage over the water is more 


than double ours—namely, 28,000,000,000 to 
13,000,000,000. Other things also are in our 
favour. 








CO-PARTNERSHIP. 


Tue remark that the interests of Capital and 
Labour are identical is frequently made ; but, how- 
ever correct this may be as to ultimate issues, it is 
certain that it is only partially the case when the 
immediate desires of the moment are concerned. 
In the last great strike on the North-East Coast, 
for instance, the men considered it more impor- 
tant that a certain standard of wages should be 
nominally retained than that the financial resources 
of the great engineering and shipbuilding firms 
should be conserved, ready to take advantage of the 
time when new tonnage must perforce be ordered to 
make good the steady wastage of shipping from 
misadventure and natural decay. In their action it 
will hardly be contested that the men were swayed 
rather by a narrow view as to what they considered 
their immediate interests to be than by a cool con- 
sideration of theactual.state of the shipping industry. 
Under special conditions a strike on a falling market 
may not be entirely unwelcome to the capitalist, 
though it invariably turns out badly for the men. 
The constant menace of a strike is, however, a 
serious hindrance to business. Customers will not 
always agree to the insertion ina contract of a strike 
clause, and, in times past, the men learning of the 
omission of such a clause in particular cases, have, 
under the perfervoured eloquence of some local 
organiser, sometimes seized the opportunity to make 
most unreasonable demands, though it is only fair 
to say that such a course has time and again been 
discountenanced by the more responsible officials 
of the trade unions, 

Mary have been the attempts to abolish the 
strike and the lock-out. It was hoped that the 
agreement of 1907 had definitely rendered we 
industrial warfare of this type almost obsolete 
in the engineering trades, and had the officials 
possessed the same powers as they do in some 
foreign unions, it is certain that the acute dispute 
on the North-East Coast would never have come 
to a head, to the great benefit of both parties, 
and of this important industrial area. The 
men, however, refuse to grant, to their central 
executive, powers to make effective agreements 
with the representatives of the employers ; and in 
view of what has taken place in certain cases in 
America, it is perhaps well that this should be the 
case. It may be quite true that the best of govern- 
ments is that of a wise and benevolent despot, but 
experience shows that it is hopelessly impossible, 
once an autocracy is established, to permanently 
ensure these absolutely essential virtues in the 
holder of the office. ‘‘ Bossism” in American 
building trades-has at times led to nothing less 
than the blackmailing of the employers for the 
pecuniary advantage of the ‘‘ Boss.” With the 
restricted powers of the central executive usual 
here, this disgraceful state of affairs is impossible ; 
but, on the other hand, the representatives of the 
employers at a trade conference are placed in a 








very awkward position. Indued with plenary 
powers to negotiate by the men they represent, 


they meet delegates empowered only to report and 


discuss terms of settlement, but not to enter into 
definite agreements. 

The hope that such conferences would prevent 
labour disputes from reaching the acute stage being 
falsified, attention was naturaliy drawn to other 
methods, and the system of profit-sharing, so 
strongly advocated in this country a quarter of 


/a century ago, has again excited practical interest. 
| Few of the schemes started under the impulse 
| of Professor Sedley Taylor's treatise, published 


in 1884, have been successful, and the reason is 
not far to seek. In most cases a certain pro- 
portion of the annual profits are paid over 
to the workmen in the shape of bonuses, and 
arc, in general, rapidly got rid of, the recipients 
being often no better off a month after getting 
their bonus than if they had never received it. 
Again, great hopes were expressed that every 
man would, in consideration of his bonus, treat the 
business of the firm under which he worked as if it 
were his own, avoiding waste both of time and of 
material. Here, however, the workers’ interest 
was commonly too remote and contingent to be 
really effective in this direction. A man working 
on piece or on the premium system obtains a 
direct and immediate benefit by doing his best, but 
where his reward is contingent on the declaration of 
a profit at the end of the year, he may feel that his 
best efforts are liable to be neutralised by the in- 
difference or incompetence of others. 

This defect in many of the original schemes of 
profit-sharing seems to have been largely surmounted 
in the plan adopted by the late Sir George Livese 
at the South Metropolitan Gas Works. Though 
originally known as a scheme of profit-sharing, it is, 
as it now exists, better ceooel as one of co- 
partnership. Under this plan the worker receives 
only half his bonus in cash, the remainder being 
transferred to him in the shape of shares in the 
undertaking. The result has been that in no great 
lapse of time a large proportion of the workers 
began to find themselves in possession of (for them) 
a substantial stake in the company, giving an in- 
terest at once sustained and direct in its profitable 
working. In 1907 the men held over 200,0001. of 
the total capital of the company, and, as is well 
known, have now, under special arrangements made 
to that end, three representatives upon the board of 
directors. 

A sense of proprietorship, even on a small scale, 
has undoubtedly a material influence on the way 
waste and injury to property are regarded. The 
establishment of such a state of mind was not, 
however, Sir George Livesey’s primary object in 
initiating his scheme of co-partnership. Its main 
object was the avoidance of possible strikes, which 
are particularly inconvenient in the case of under- 
takings working under statutory obligations. It 
was this feature of his scheme which led to the wild 
denunciations with which it was originally received 
in labour quarters, and of which it is probable the 
authors are now a little ashamed. 

It was mainly the same consideration which in- 
fluenced Sir Christopher Furness in inaugurating 
last autumn his scheme of co-partnership at the 
Middleton neers Yard and the Harbour 
Dockyard at West Hartlepool. He arranged, it 
will be remembered, for the creation of employés’ 
shares, paid for in instalments by the deduction of 
5 per cent. from the men’s wages. On the holder 
leaving the company these shares must not be sold 
in the open market, but toa fellow-employé. The 
men in return were required to give an undertaking 
that under no condition whatever would they go on 
strike against the decision of the administration of 
the business, but it was at the same time agreed that 
the generally recognised trade-union regulations for 
the district as to wages and hours should prevail. 
The scheme met with no little opposition in 
labour quarters, but. was finally adopted tenta- 
tively for a year, and it is to be hoped will receive a 
fair trial. Some years at. least: must e before 
the men’s holding in the: concern begins to be 
substantial enough to have a steadying effect on the 
ardent and pugnacious spirits always to be found 
to the fore in the incipient stages of an industrial 
dispute ; and should such a dispute arise during 
the infancy of the arrangement, it may be ques- 
tioned whether the experiment would not collapse. 
The objections urged against the plan by many 
labour leaders are | upon the -circumstance 
that it creates an obvious breach in the solidarity 
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of labour. If Middleton keeps at work whilst 
the yards in the rest of the district are closed by 
strike or lock-out, the favoured operatives may make 
very large profits whilst their fellows are starving 
on strike-pay. The latter will undoubtedly feel a 
certain degree of resentment at such a situation, in 
which the brunt of the fight is borne by them, 
whilst, if successful, the Middleton men will reap 
the full benefit. Hence the workmen co-partners 
will undoubtedly be subjected, in the case of an 
industrial dispute, to very heavy pressure from 
outside to make them repudiate their bargain. If, 
however, a few years’ respite from strife can be 
secured, the stake of the men in the undertaking 
should be sufficient to enable them to successfully 
withstand any such external influences. 

Sir Christopher Furness, at any rate, is so hope- 
ful of the ultimate success of his plan that he has 
now proposed to extend it to a colliery recently 
bought by himself in conjunction with Sir Walter 
Scott and Mr. G. 8. Barwick. The undertaking in 
question is the Wingate Colliery, which has lon, 
suffered from the fact that it has been administe: 
by trustees unable to adopt other than the most 
conservative systems of management and operation. 
The new owners will have a free hand, and a 
large reduction in working costs is anticipated. 
To bring the equipment up to date a sum of 25,0001. 
is required, making the total capital expenditure 
200,000. Of this, it is proposed that 50,0001. 
shall be held by the miners, and paid for by deduct- 
ing 5 per cent. from their wages. Sir Christopher, 
pow expresses the hope that in the first instance 
the sum in question may be provided by the Miners’ 
Union, but, failing this, he will make other arrange- 
ments for financing the men’s shares. The men, 
as at Hartlepool, are required to abandon the right 
to strike, and it is on this point that difficulty may 
be found in coming to an agreement. 

The main point on which the scheme of Sir 
Christopher Furness differs from ordinary co-opera- 
tive societies lies in the fact that the control of the 
business remains in a few hands. This is probably 
absolutely essential in engineering undertakings, 
where courage and enterprise are essential to pro- 
gress, choaah in some other more hum-drum indus- 
tries a reasonable degree of success may be secured 
by mere industry and ieteliquess. 








THE FIXATION OF ATMOSPHERIC 
NITROGEN. 

THE discourse on ‘‘ The Manufacture of Nitrates 
from the Atmosphere by the Electric Arc,” deli- 
vered by Mr. Sam Eyde, of Christiania, Norway, 
at the Society of Arts, in the afternoon of last Wed- 
nesday, suffered, rather than profited, from the fact 
that the seventh International Congress of Applied 
Chemistry was practically in session, although 
officially opened only yesterday, and that the 
Society of Chemical Industry had been holding its 
annual meeting the same day. Mr. Eyde described 
the process which is commercially carried on at 
Notodden, in Southern Norway, due to Professor 
K. Birkeland, a distinguished investigator of cathode 
glow phenomena and of auror, and to himself, 
an engineer. We have dealt with this process 
on several occasions, notably in connection with 
the lecture which Professor Birkeland delivered 
at the Faraday Society two years ago, and as we 
have referred to the subject again since, we shall 
confine ourselves to features not previously empha- 


sised. 
Mr. Eyde pointed out that their success was due 
to the fact that they first applied arcs of large 


energy, flame discs flattened out by the etic 
field surrounding the furnace chamber, while their 
predecessors had thought a sub-division of the arc 
to be essential. Mr. Eyde expressed the. belief that 
the concentration of energy in the electric arc was 
alone likely to answer industrially, and in that he 
is probably correct ; for their chief rivals, with 
whom they are now working in conjunction—the 
Badische Anilin und S rik—also concentrate 
the energy in arcs, 15 ft. and more in length, which 
display some peculiar characteristics. The elec- 
trodes in the Birkeland-Eyde process, Mr. Eyde 
explained, were radial; an inductive resistance 
was pl in series with the flame, which burned 
with an astonishing steadiness. The electrodes 
were copper tubes, 1.5 centimetres in thickness, 
cooled by flowing water, and taking up 1500 horse- 
power with a flame 1.8 metres in diameter. The 
vertical furnace had a diameter of 2 metres, and a 
width of only a few centimetres. The first small 





experimental furnaces of this t had been in- 
stalled at Frognerkilens in 1903; there had followed 
the experimental plants at Ankerlékken and at 
Vasmoen, near Arendal, and then the actual plant 
at Notodden. 

The Notodden furnace-house, covering about 2000 
square metres, had, the lecturer said, been built 
in masonry and iron. The Svaelgfos power station 
was about 3 miles distant on the Tinn River. The 

lant comprised a dam raising the water level by 
56 ft., a tunnel and conduits taking the water to 
four turbines, the effective height of fall being 
146 ft. The four turbines were each of from 
10,000 to 12,000 horse-power, each turbine having 
two wheels directly coupled with the generators. 
These turbines were constructed by Messrs. Voith, 
of Heidenheim, and ran at 250 revolutions per 
minute. The generators were built by the All- 
manna Svenska Electriska Aktiebolag, of Vesteras, 
and were three-phase-current machines for 600 
amperes per phase at 10,000 volts. Three cables 
of six wires each conveyed the current to Notodden ; 
a fourth cable was being added, The water-power 
station was the largest in Europe ; it stood on the 
bed of the river under the almost perpendicular 
western bank, and all the materials had had to be 
hoisted up or down some 150 ft. 

Eighteen copper wires, each 3 in. in thickness, 
brought the current to the furnace-house and to oil- 
cooled converters; of the 36 furnaces installed, 
32 received their power from Svaelgfos, and the 
four others from Trinfos. The furnace-chamber 
was built in cast iron and fire-brick, and the 
nitrous s escaped through a conduit in the 
lining. The furnace burned for weeks without re- 
quiring any regulation worth mentioning. The 
electrodes were changed every three or four weeks, 
the lining every four or six months. The gases 
were heated in the furnace to a temperature of 
3000 or 3500 deg. Cent., and left it probably at 
1000 or 800 deg. Cent. Fans drew the air into the 
furnace from the basement, and out again through 
the lower part of the furnace to the boiler-house, 
in which two large and two small air-compressors 
had been installed. From the boiler-house the 
— passed to the cooling-house, consisting of a 

rge number of aluminium tubes, over which water 
was kept running, and to the oxidation towers, of 
iron. fin these towers the oxygen in the furnace 

oxidised the nitric oxide formed in the are to 

O,. The gases were then taken to the absorption 
towers, each of 600 cubic metres capacity, which were 

ked with quartz, through which water was trick- 
ing. The dilute nitric acid produced was taken 
to a granite cistern and to the montejus of stone- 
ware which circulated the acid through the towers 
until sufficiently concentrated ; these montejus 
worked automatically. Finally, the last traces of 
acid were absorbed by soda solution in wooden 
towers, and about 97 per cent. of the nitrous gases 
produced were in these ways really fixed. The 
resulting nitric acid, of about 30 per cent. by volume, 
was neutralised in the so-called dissolution works, 
which were charged with limestone, and the solution 
of calcium nitrate concentrated in vacuum appa- 
ratus until the salt contained about 13 per cent. of 
nitrogen. The solution then passed into the solidifi- 
cation chambers, shallow iron pans cooled by air, in 
which the nitrate of calcium stiffened to a stron 
mass. This product was ground by means of bal 
disintegrators, and the product raised by elevators 
and charged into casks of 100 kilogrammes capacity. 
These casks were made at the works, and lined 
el to keep out the moisture. The nitrate 
of calcium was utilised both as manure and for 
chemical purposes ; in the former case the product 
was not und fine, but run directly into iron 
drums while in the liquid state. 

In addition to the nitrate some nitrite, Mr. Eyde 
said, was formed in the alkaline towers, and the re- 
spective solutions also contained nitrate and bicar- 
bonate of sodium. The substances were separated 
by concentration, crystallisation, and centrifugal 
treatment in currents of hot air. The final sodium 
nitrate was run into casks of 300 kilogrammes, and 
was utilised in the anilin dye manufacture. Through- 
out the process, Mr. Eyde stated, coal was not 
needed at all ; the power and heat all came from the 
water. An important fact mentioned by Mr. Eyde 
was that they , in conjunction with the Nobel 
Syndicate, succeeded in concentrating the weak 
nitric acid which they produced sufficiently for 
transport. Mr. Eyde further dwelt upon the im- 
portance of the calcium nitrate and nitrite of 
calcium as fertilisers ; and he referred in this con- 





nection to experiments carried on abroad and }: 
the United Kingdom*by Mr. James Hendrick, «; 
the Highland Agricultural Society ; by Profess:; 
Patrick R. Wright, of the West of Scotland Ag:'- 
cultural College ; by Professor J. Percival, 
Reading University College; and by Professor 
D. B. W. Bull. of the Essex Education Co- 
mittee. The subject of the fixation of atin.- 
spheric nitrogen will be discussed by the Congr. 
of Applied Chemistry. 
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AND ITS INFLUENCE © 
MAGNETI¢ 


SILICON 
THE ELECTRIC AND 
PROPERTIES OF IRON. 

TxHosE who regard the primitive and appareniiy 
natural as right, and the artificial, apparently not 
natural; as wrong, may feel distressed by tiie 
various efforts of scientists aimed at replacing 
carbon by silicon. Silicon resembles carbon in 
many respects, but stands nearer the metals than 
carbon does. Our organic world is essentially the 
domain of carbon compounds ; yet chemists have 
succeeded in substituting silicon for carbon in many 
organic preparations. Such silicon organisms may 
exist on other worlds, it is suggested. The 
metallurgist who used to distinguish the various 
kinds of iron and steel chiefly as high and low- 
grade carbon metals, has learned long ago that 
silicon can, to a certain extent, take the place of 
carbon in the metallurgy of iron. With all that the 
properties of pure silicon are not any better under- 
stood than are the properties of pure iron. It is 
not that we really do not know, strictly speaking, 
anything in the pure state. The degree of purity 
in which we can produce gold, for instance, is 
justly considered very high ; it is so both absolutely 
and relatively, because a further purification seems 
hardly to make any difference in the properties of 
the metal. We cannot say the same with regard to 
iron and silicon ; we are not quite certain in their 
case that further purification may not disclose 
unexpected properties. 

Some valuable information on the properties of 
silicon was given last year by Miss Frances G. Wick, 
in a series of papers published in the Physical 
Review. Miss Wick obtained her silicon from the 
Carborundum Company, in the shape’ of cast rods 
3.2 millimetres in diameter and from 40 to 280 
millimetres in length, of a purity of 95.3 and 99 

r cent. The experiments were made in Cornell 

Jniversity. The material was too brittle to allow 
of rolling or drawing, and this hardness and brittle- 
ness, as well as the difficulties of fusing the metal, 
rendered the research laborious, -because the dif- 
ferent specimens were by no means equal in their 
behaviour. The most striking peculiarity of silicon 
was the high thermo-electric force, which was inves- 
tigated over the temperature range — 190 deg. to 

+ 350 deg. Cent. e direction of the thermo- 

current was found to be from silicon to copper (the 

silicon sheet was soldered to copper) through the 
hot junction ; silicon is thus, like lead, thermo- 
electrically negative to copper, but the force is 
much greater. At a mean temperature of about 
20 deg. Cent. a lead-silicon junction gave a thermo- 
electric force of about — 400; while lead-bismuth 
gives — 89, lead antimony + 22.6, lead-tellurium 
+502, and lead-selenium +807. Thus silicon appears 
thermo-electrically almost as powerful as tellurium 
and selenium, but of opposite sign, and something 
might be done with silicon-tellurium (or selenium) 
couples. The Hall effect is always closely related 
to the thermo-electric force. When a thin strip of 
a metal, along which an electric current is flowing, 
is placed in a magnetic field, so that the magnetic 
lines of force are at right angles to the plate and 
thus to the current, an electromotive force is gene- 
rated in a direction at right angles to both, or, what 
comes to the same, the equipotential lines are no 
longer parallel to the upper and lower edge of the 
strip, but oblique to them. This Hall effect was 
particularly great in the purer silicon of 99 per cent. 

(greater than in the 95.3 per cent. Si). Placed in 

voltaic cells, silicon behaved like carbon, but its 

higher resistance and the difficulties of manipu'«t- 
ing silicon did not recommend it as electrode 
material. 

Of more direct interest are Miss Wick’s stuclics 
of the electric resistance of silicon. This resistan 2 
is very high, as the following figures, resistances 1 
ohms for rods 1 metre in length and of a cross-sec- 
tion of 1 square millimetre, will indicate :—Coppe’, 
0.017 ; iron, 0.11; nickelin, 0.40; antimony, 0.00 ; 
mercury, 0.95 ; bismuth, 1.2; carbon filament, 4% ; 
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carbon rods for arc-lamps, 70; carbon, 100 to 800; 
and silicon 430 to 800. The various silicon rods 
cave different results, and showed themselves, as in 
the other cases mentioned, highly sensitive to the 
influences of changes in purity and in physical con- 
ditions. The chief fact is that, as regards resist- 
ance, silicon ranks with carbon, and that the 
temperature coefficient is, on the whole, neyative 
for both these substances. The purest silicon gave 
a negative coefficient for the whole range investi- 
gated from — 200 up to 400 deg. Cent., tne average 
value being about — 0.0002; in the less pure (95.3 
per cent.) silicon the temperature coetticient became 
very feebly positive (+ 0.00006) above 200 deg. Cent. 
These figures refer to coefficients per deg. Cent. ; all 
the metals have positive temperature coefficients of 
something like + 0.004. 

The high electric resistance of silicon and its 
negative temperature coefficient suggest a strong 
influence of silicon on the iron with which it is 
alloyed. The first experiments in this direction 
were made some years ago by Sir R. A. Hadfield, 
who noticed that the electric resistance of iron in- 
creased when silicon was added to the iron, and that 
the magnetic properties were changed at the same 
time. Further researches on these points, and on the 
mechanical strengths of iron containing a few per 
cent. of silicon, have been published by Dr. Emil 
Kolben, of the Elektricitiaits A.-G., vormals Kolben 
and Co., at Prague, Bohemia, in the ‘‘ Rundschau 
fiir Technik und Wirtschaft.” We will briefly deal 
with these researches. 

The tensile strength tests which Dr. Kolben con- 
ducted were not very satisfactory. A moderate 
addition of silicon increased the strength of the iron, 
while it reduced the elongation ; owing to the diffi- 
culties of rolling and annealing the sheets which 
were supplied by the Bismarckhiitte, in Silesia, 
however, the results were not very concordant. He 
tried sheets 0.5 millimetre in thickness, and the 
following results show the influence of the increas- 
ing percentage of Si; the elongations were deter- 
mined on test lengths of 200 millimetres (8 in. ):— 





Style of Sheet Metal. A. 
Si, percentage .. - --| 9.02! 1.07) 
Tensilestrengthin kilogrammes) 30.8 | 35.1 4 
Elongation, per cent. .. ook BS 7.5 





It was, of course, known that as the silicon con- 
tents of iron are increased up to about 4 per cent., 
the tensile strength is raised, and that the material 
becomes, at the same time, more brittle, less 
tough, and less malleable. The carbon percentage 
is of influence in this respect, and an iron which 
contains silicon will not able to take up the 
full 4.3 per cent. of carbon which an otherwise 
pure iron is capable of absorbing as a eutectic. On 
this point Wiist and Peterson, experimenting at the 
Metallurgical Institute at Aachen, have found that 
as long as the silicon contents remain within the 
limits of 2 to 5 per cent., 1 part of silicon will 
replace about 0.28 part of carbon. When the silicon 
percentage is less than 2, silicon replaces compara- 
tively more carbon ; when the Si contents rise above 
5 per cent., the silicon replaces less carbon. Since 
now additions of from 2 to 5 per cent. of silicon 
also affect the electric and magnetic properties of 
iron fairly in the same way, Dr. Kolben con- 
cluded that some special molecular influences were 
at work, and he studied various alloys of iron with 
silicon. One of the outcomes of this study has been, 
as we shall see, the introduction of a new resist- 
ance material. 

Low-carbon iron, with carbon ranging from 0.02 

to 0.3 per cent., rolled to sheets, rods, and wire, 
Dr. Kolben points out, has a resistance of 0.10 or 
0.11 ohm when free of silicon. With increasing 
ilicon contents the resistance rises; up to about 
4 per cent. of Si this rise is approximately propor- 
tional to the Si percentage ; a further addition of 
siicon has less influence on the resistance. The 
merge table refers to the same metals as the 
irst table :— 


Style of Metal 








B | o |p| F 
Sipercent., minimum .. ../ 0.026/1.07 |2298 | .. | 3.50 
oes maximum .. —_..| 0.30 | 1.54 | 3.15 | 3.26 | 3.53 
Revistanee .. . ohms) 0.118 | 0.287 | 0.355 | 0.50 | 0.595 


Increase in resistance per 100) 
dey. Cent. per cent. | 41 
[t will be noticed that the low-silicon alloys 

alter their resistance considerably with rising tem- 








perature, while the 3.5 per cent. alloys resemble 


nickelin in having a low itemperature coefficient ; 
nickelin has a resistance of 0.40 or 0.48 oh 

and a temperature coefficient (per 100 deg. Cent.5 
of 3.5 or 4 per cent. This is a valuable pro- 
perty for rheostats, and Dr. Kolben has patented 
the use of plates, rods, or wires made of iron con- 
taining from 2 to 6 per cent. of silicon and up to 
5 per cent. of aluminium, for the manufacture of 
resistances capable of replacing nickelin, German 
silver, and similar alloys. "The resistances are 
stamped from sheet-metal in the shape indicated in 
the diagram, always of the same length, but vary- 
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ing in width. They are dished, strung with their 
eyes on rods, separated by spacing rings of porce- 
lain, and then mounted in iron frames, 

As regards dynamo and transformer iron, per- 
meability, hysteresis, and Foucault currents are 
decisive features. In this respect silicon used to 
be considered as injurious, and Dr. Kolben himself 
wrote in 1896 that dynamo sheets should be free 
of carbon, silicon, and manganese. Subsequent 
experience, and his recent researches in particular, 
prove this prejudice against silicon to be quite 
unjustified. The total iron losses in watts W are 
made . hysteresis losses W, and of eddy-current 
losses W,, such that W = W, + W.. For current 
of n periods per second the hysteresis losses are 
W, = 7. n B10 per decimetre cube, orn. n 
B!-6/7.7 . 10* per kilogramme, where 7 is the co- 
efficient of hysteresis. The hysteresis increases 
with the power 1.6 of the induction B, according to 
Steinmetz ; for high silicon percentages the power 
index is, according to Kolben, about 1.4, for low 
silicon percentages 1.8. The silicon hence reduces 
the hysteresis. The eddycurrents W, are W, =¢n?. 
B? . 10-* per decimetre cube, or ¢ n*® B*/7.7 10° 
per kilogramme. They decrease hence with in- 
creasing electric resistance, and as the addition of 
silicon increases the resistance, the eddy-current 
losses should be reduced by the addition of silicon 
to the iron. The addition of silicon hence diminishes 
the iron losses in two ways. The permeability is 
not favourably affected, but does not appear to 
change much with the silicon contents. e fol- 
lowing table gives a summary of the experiments of 
Dr. Kolben on these points; the experiments were 
made with circular rings of the sheet metal. 


F. 











Style of Sheet Metal. A. B. Cc, Dz. 
Silicon, percentage . | 0.026 | 1.072 | 2.28 3.25 3.52 
q.. os --| 0,0015 0.0014 | 0.0010 | 0.0009 | 0.0009 
Hysteresis, watts per) } 

kilogramme | 2.5 2.2 1.65 1.45 1.45 
Eddy currents, watts 

per kilogramme ..| 1.3 | 0.8 0.7 0.6 0.4 
Total losses, watts per 

kil m 3.8 | 3 2.35 2.05 | 1.85 


ogramme . 
Permeability, B for H| 
= 140 ++ +«| 17,600 | 17,800 | 17,000 16,700 | 16,400 





Thus it would appear the watt losses are — 
considerably reduced by alloying the iron wit 
silicon. These advantages cannot fully be realised, 
however, in the case of dynamo iron when the 
machines are to run at high speeds, because the 3 
per cent. of silicon makes the iron very brittle. In 
the case of transformers the brittleness does not 
much matter. Silicon also seems to counteract 
ageing effectively. In ordinary iron the watt losses 
become intensified in the course of time, especiall 
if high periods and high temperatures are applied. 
Dr. ‘Kolben observed no such effect of age at all in 
his alloys which contained 3 per cent. and more 
of silicon, and a slight effect only in the others. 
There remains, on the other hand, the difficulty 
of working these alloys. A good many sheets, we 
are told, are spoilt in rolling, and we mentioned 
already that their homogeneity leaves something to 
desired. The iron is more easily dealt with 
when it contains some 0.6 per cent. of manganese 
in addition to the silicon. It is a fortunate cir- 
cumstance that the reduction of silica to silicon in 
electric furnaces by means of carbon is much facili- 
tated by the presence of iron, which binds the 
reduced silicon, We thus obtain silicon-iron more 





readily than silicon itself; and as we have of late 
been presented with quite a number of new silicon 
compounds—electric-furnace rns valuable as 
refractory materials and insulators—we may look 
forward to further discoveries concerning silicon 
and its compounds. 





NOTES. 
Tue Successes oF THE ‘‘ Maureranta.” 

Tue last voyage of the Cunard liner Mauretania 
to New York makes the tenth consecutive trans- 
Atlantic run during which she exceeded a mean 
speed of 26 knots. Since leaving the States early 
in February she has steamed between 32,000 and 
33,000 nautical miles, and her average ocean s' 
works out at 25.42 knots. Taking the best day’s 
run on each of the voyages, we have an average of 
over 26 knots. Her highest average on any one 
day was 26.36 knots, wal the highest for a whole 
voyage to the West 25.62 knots on the trip just 
completed, and to the East 25.7 knots on the last run 
home. The making of records is now so frequent 
that we are apt to lose sight of the splendid work 
done, and it is therefore as fitting as it is opportune 
to give a note of the average speeds made in these 
trans-Atlantic voy , and of the mean rate on the 
best day's running, beginning with February last :— 





Average on Ave on 
Voyage. Best Day. 

Eastward .. in “ - 25.2 26.1 
Westward .. on as oe 25.55 26.19 
Eastward .. ‘ os is 25.28 26.22 
Westward .. ie 2% - 25.53 26.25 
Eastward .. * st =i 25.61 26,36 
Westward .. oe sé ret 25.04 26.4 
Eastward .. ae ie a0 25.42 25.73 
Westward .. oe - - 25.33 25,78 
Eastward .. od A e 25.7 26.29 
Westward .. os “ e 25.62 _ 

Mean .. 25.42 26.03 


This is unprecedented steaming, and a great 
achievement for four months’ work. It completely 
justifies the enterprise of the Cunard Company, and 
the selection of the Parsons turbine. We believe, 
too, that the economy of the machinery has been 
most satisfactory, and on this the Wallsend Slipway 
and Engineering Company, Limited, are to be con- 
sages and especially their managing director, 

. Andrew Laing, who has been so intimately 
identified with the machinery of Cunard liners 
since the days of the Umbria and Etruria. These 
ships, now obsolescent, have done wonderful steam- 
ing, and there is the likelihood that the Mauretania, 
although 6 or 7 miles per hour faster, will establish 
a similar record for reliabilityand endurance. The 
speed performance of the Mauretania, however, is 
not being utilised to the full. On her last trip to New 
York, when she put up the record speed on the west- 
ward tripanother notch, thetime on the ocean run was 
4 days 16 hours 53 minutes for the 2892 miles. The 
mails were delivered on Friday night, but because 
of serious delays in awaiting the arrival of the train 
at Queenstown the passengers were prevented from 
getting ashore to proceed to their homes on Friday 
night. The time has come for discontinuing this 
call at the Irish port, as the balance of advantage 
against disadvantage favours the taking of the 
mails from Liverpool. 


ComMERCIAL EpucaTIon 1n Korea. 


The Japanese have a most important and in- 
teresting problem before them in the government 
of Korea, and it is being watched very carefully by 
all the nations of the world. We can only notice it 
in so far as it affects the development of industry 
and commerce in the Far East, Sut if things pro- 
gress in Korea at anything like the rate which 
they have done in Japan, that country will become a 
factor in Far Eastern problems which cannot be 
overlooked. The Koreans, however, are neither so 
intelligent nor so pushing as the Japanese, and 
therefore changes in the direction of Western civili- 
sation are likely to be slower than they were in 
Japan. Even the geographical position of Korea 
increases her difficulties, for she is placed between 
opposing forces which have made her, in modern 
times, the cause of two great wars. These must have 
left their mark not only on the country, but also on 
the character of the people, and have shown them 
the necessity of placing themselves somewhat in 
line with the other countries of the world. Being 
under the —— of Japan, Korea has been 
relieved of the necessity of developing her military 
and naval power, and, naturally, attention is being 
paid to commerce and industry, in both of which a 
very good beginning has been made. The need for 
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education in Western methods has become appa- 
rent, and several institutions have been organised 
which are certain before long to have an effect on 
the economic conditions of the country. One of 
these is a commercial school at Scoul, the capital of 
the country, which owes its inception to the benefi- 
cence of Mr. Kihuchiro Okura, the well-known 
Japanese merchant and financier, who gave suffi- 
cient money to place it on a sound basis as regards 
maintenance and equipment. It began its work 
about two years ago, but its formal inauguration 
took place much later, in order that the donor 
might be present. At the opening ceremony Dr. 
Ichihara, a well-known banker, and at one time 
Mayor of Yokohama, said that the two things 
most urgently needed in Korea were the reform of 
the administration and the spread of education, 
especially technical and commercial education, and 
it was to fill this latter want, in some measure, that 
the school had been called into existence. When 
Mr. Okura announced his intention of giving money 
for the maintenance of a commercial school in 
Korea, the proposal was submitted by Prince Ito to 
the Korean Government, which was so pleased with 
it that it turned over for the use of the institution 
the premises which it occupied, and further pro- 
mised to give a grant of money annually. The 
school was therefore a joint Japanese-Korean under- 
taking, and the name Shun-in (good neighbourli- 
ness) which had been given to it was a most appro- 
ye one. The school started with five students, 
yut_ now there were thirty-one in the second year 
course and forty-eight in the first year, which is very 
good, considering the conditions of the country. In 
addition to the commercial school there is a tech- 
nical training institute. in Seoul, and an agricultural 
school at Suwan, thus showing that the Koreans 
intend to follow the example of the Japanese, and 
lay an educational foundation for their future com- 
merce and industry. 


Tue Battic-Biack Sea Cana. 


The plan of connecting the Baltic with the Black 
Sea by means of a navigable waterway has very 
often been under consideration, and different pro- 
jects have from time to time been to the fore, 
without anything, so far, having come of them. At 
the present time a fresh attempt is being made 
to realise this important scheme ; and as a number 
of large capitalists are interested in the new move- 
ment, there is a probability of it being carried out. 
The length of the new waterway is some 1800 to 
1900 miles, of which long distances can be com- 
yassed by means of the Rivers Dwina and Dnieper. 

hese rivers will have to be deepened and regu- 
lated, rapids will have to be passed by canals, and 
a canal, with locks, will have to be constructed 
between the two rivers in the vicinity of Vitebsk. 
The cost is roughly calculated at some 500,000,000 
roubles. Comprehensive and detailed plans have 
already been prepared, and a limited company is 
intended to take the matter in hand. The pro- 
moters hope the Government will be willing to issue 
44 per cent. State bonds, which a Paris syndicate is 
understood to be willing to take over in accordance 
with terms already discussed between the syndicate 
and the Russian Minister of Finance. Should the 
Government and the Duma sanction this proposal, 
the work will be begun without undue delay, and 
should, it is expected, be finished within five years, 
The canal, according to the present plan, from 
Riga to Cherson, shall have a breadth of 140 ft. 
to 210 ft., and a depth of 14 ft. The bed of 
the River Dwina is followed almost the whole 
distance (500 versts) between Riga and Beschen- 
kowitschi, in the neighbourhood of Vitebsk. From 
this place a canal has to be constructed across 
the land, a distance of some 60 miles, separating 
the River Dwina from the River Dnieper, to 
Kopis; this land lying 378 ft. above the level 
of the sca, a number of locks will have to be con- 
structed. In order to obtain the necessary water 
for the locks and the regulation of the canal it will 
be necessary to construct an auxiliary canal from 
Kopis to the considerably higher-located lake of 
Goryuj, which smaller canal can supply the main 
canal with ample water. The canal will follow the 
course of the Dnieper as far as Cherson, on the 
Black Sea, a distance of 1615 versts. The whole 
distance between the Baltic and the Black Sea can, 
it is reckoned, be compassed by ordinary Baltic 
boats in twelve days, while the trip round by Gib- 
raltar averages forty-five days. The canal, accord- 
ing to the calculations, should prove a_ highly 
remunerative concern, inasmuch as almost the 





entire grain trade is expected to take this course. 
It will, besides, tend greatly to advance the 
export of timber, and to make the coal from 
the Donetz district available for the Baltic pro- 
vinces, a matter which is bound to greatly inter- 
fere with the position of English coal in these 
parts. At present the Baltic ports import English 
coal to the value of 6,000,000/. annually. It is 
roposed to call the new canal the ‘‘ Emperor 
icolas II. Canal,” and its promoters are san- 
guine enough to hope that it will revolutionise 
the trade and shipping of Northern and Eastern 
Europe. 
PorceLain INSULATORS. 


A good electric insulating material has to satisfy 
many requirements. It should be mechanically 
strong, easily shaped, not hygroscopic, practically 
indestructible by atmospheric and thermal influ- 
ences, and not pierced by electric discharges of 
high pressure. Wood, asbestos, slate, and marble 
may fail for want of homogeneity, or because 
they are, if not directly hygroscopic, at least unable 
to resist the long-continued action of moisture ; 
many artificial products labour under the same 
defects. The best material is, in many respects, 
porcelain, with which Dr. A. Zoellner, of Charlot- 
tenburg, has recently dealt in a dissertation ; some 
of his experiments were carried out in the porce- 
lain manufactory of Ph. Rosenthal and Co., of 
Selb, in Bavaria. The chief constituents of porce- 
lain are kaolin, quartz, and feldspar. Kaolin, 
the purest porcelain earth, is an aluminium silicate 
of the formula Al, O,.2S8i0,.2H,0. Baked 
by itself, this earth turns into a porous, highly 
hygroscopic mass, which would be unsuitable for 
insulation purposes, but which finds valuable ap- 
plication in electrolytic cells. The feldspar forms, 
at about 1200 deg. Cent., a glass which looks 
milky, as it encloses many small air - bubbles. 
Heated to a higher temperature, it dissolves quartz 
and combines also with the further ingredients, 
lime and magnesia, which must be added for pro- 
curing a glazing. In the manufacture of porcelain 
the mixture should, according to Zoellner, first be 
heated to 700 deg. or 800 deg. Cent. ; the kaolin 
gives off its water and shrinks; the feldspar remains 
intact. The product is porous, hygroscopic, and 
fragile. The mass is then heated, in another fur- 
nace, to a higher temperature. At 1200 deg. Cent. 
the feldspar begins to melt and to fill up the pores, 
and quartz is dissolved. It looks as if the whole 
mass would turn into a glass. But at 1370 deg. or 
1400 deg. Cent. a change sets in. Two silicates 
begin to separate—a glassy silicate and a crystalline 
silicate of the formula Al, SiO;, identical apparently 
with the mineral sillimanit. ‘The mass is then in 
a state of tough fluidity, and the small needle 
crystals unite to a felt-like skeleton. These crystals 
can well be distinguished under the microscope at 
a moderate magnification (about 300); they are 
embedded in the glassy magma, in which many 
air-bubbles, more or less spherical, are also con- 
spicuous. Microscopic slides further show the 
gradual transition of the porcelain proper into the 
glazing. The last few hundred degrees of the fur- 
nace temperature are very essential, Zoellner points 
out. The temperature should be raised to 1450 deg., 
or at least to 1400 deg. Cent., otherwise the por- 
celain will not become sufficiently dense nor elec- 
trically strong, and may deteriorate in a moist 
atmosphere. The air-bubbles, which are also con- 
tained in the glazing, explain the glow and brush 
discharges which precede the piercing of an in- 
sulator; the air expands, the porcelain between 
them breaks down, and the hole looks as if fusion 
had taken place. So far, air-bubbles cannot be 
avoided. On the whole, the best service porcelain 
seems also to make the best insulators ; Zoellner 
found that the Rosenthal porcelain had the com- 
position of A. S. Watt’s normal porcelain—viz., 
0.25 K,O .1 AL,O,.4SiO,. The porcelain should be 
transparent in thin slices, shining bluish-white in 
transmitted light, and showing a conchoidal, some- 
what greasy fracture; a grainy fracture is not 
good. The glazing should be bright and uniform ; 
a surface like that of an egg-shell is said to betray 
inferior quality. 


TENTH ANNIVERSARY OF THE BriTisH FIRE- 
PREVENTION COMMITTEE. 


At a dinner given on the 25th inst. at the Gaiety 
Restaurant, under the presidency of Mr. Edwin O. 
Sachs, chairman of the executive, the British Fire- 
Prevention Committee celebrated the tenth anni- 





versary of its incorporation, the occasion being 
honoured by the presence of many distinguished 
guests. Ten years is not a very long time duriny 
which to expect a society of this kind to show tha: 
its existence is justified, yet in those ten years this 
committee have done much excellent work. They 
have gained during that time a world-wide fame, 
and are now recognised, both at home and abroad, 
wherever the important subject of fire-prevention 
has been considered, as the leading authority on 
such matters. The great Cripplegate Fire of 1897 
was the cause of their foundation, but incorpora- 
tion did not take place till 1899. The work of the 
Committee is now so widely known that it is not 
necessary to enter largely into the nature of their 
investigations. It may be said, however, that their 
primary object has been to deal with the protec- 
tion of life and property from fire, not so much 
as regards actual fire-fighting appliances, as hy 
the timely adoption of preventive measures. In this 
respect there is no doubt that their efforts have 
been followed by a large measure of success ; 
their testing-ground for fire-resisting materials has 
taught many valuable lessons, and their efforts 
have done much to obtain a better understanding 
of the value, as well as the limitations, of different 
methods of construction and equipment. Building 
and fire-service legislation have also received guid- 
ance as to what direction they should take to pre- 
vent loss of life and property. - The ‘‘red books” 
of the Committee, giving the results of all kinds of 
tests, are now familiar objects wherever technical 
literature is found, for they now number 140, and 
comprise quite a comprehensive library on the 
subject of tire-prevention. Up to the end of last 
year the objects tested by the Committee since its 
foundation numbered 160, and when it is under- 
stood that some of these investigations, even as to 
one object, sometimes require as many as twenty 
or thirty testing operations, the magnitude of 
the work may be appreciated. Among these 
tests may be mentioned large reinforced-concrete 
floors, a series of fifty fire-resisting doors, fire- 
resisting glazing, &c. A noteworthy feature of 
the Committce’s work is that the whole of it 
has been accomplished by voluntary funds, and 
over 20,000/. have been expended during the 
ten years. In responding to the toast of the 
‘* British Fire-Prevention Committee,” Mr. Sachs 
said that, in addition to the work they were carrying 
on, in the way of tests, they were also educating 
people, and particularly children, with regard to 
the dangers of fire, and they had already issued a 
series of fables on the subject suitable for children. 
These had been received better in New Zealand 
and Australia than in this country. Mr. George 
R. Sims, in responding to the toast of ‘* Our 
Visitors,” spoke very strongly on the subject of 
the extraordinary number of deaths caused among 
children by burning due to the use of flannelette as 
clothing. Mr. Sims is now taking great interest in 
this matter, and is a strong advocate of some form 
of preventive measure which shall, to a great 
extent, put a stop to such calamitiss. Among the 
guests present were the Hon. Sir John Cockburn, 
K.C.M.G., M.D., late Premier of South Australia ; 
the Right Hon. the Earl of Londesborough, 
K.C.V.O.; His Honoar Judge Rentoul, K.C., 
LL.D. ; Captain J. de Courcy Hamilton, R.N. 
(London Fire Brigade) ; Chief Officer Westphalen 
(Hamburg Fire Brigade), Chief Officer de Marie 
(Eltelbriick Fire Brigade), Chief Officer J. Meier 
(Amsterdam Fire Brigade), and Chief (flicer 
Reichel (Berlin Royal Police Fire Brigade). 








Water Works Piant ror Hoitanp.—The Bulletin 
Commercial (Brussels), of May 8, announccs, on the 
authority of the Belgian Vice-Consul at Hansweert, that 
a committee has been formed at Heer-Arendskerke 
(South Beveland) for the purpose of considering the esta- 
blishment of extensive-water works for that town. The 
committee will be presided over by the Burgomaster. It 
is estimated that the undertaking will cost about 
1,500,000 florins (125, 000/. ). 


Tue Worp’s TRAVEL AND Sports Exurpirion.—This 
exhibition, which will be held at Olympia during July, 
has for its object to illustrate every form of sport, pas 
time, and travel in all parts of the world. Numerous 
valuable hunting trophies are to be lent ; aeroplanes wi!! 
be on view ; cinematographs will be in constant opera 
tion to show, free of charge, the wonders of other lands; 
relics will illustrate the history of many British sports, 
&c. There are to be no side-shows. Mr. A. R. Bell, 
editor of the Locomotive Magazine, has undertaken to 
organise the Railway, Travel, &c., Loan Section. Th: 
whole of the o' ising arrangements are in the hands oi 
Mr, A. Staines endo, 75, Chancery-lane, W.C, 
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THE SUCHOSTAWER STUD SYSTEM. 


SURFACE-CONTACT systems of traction offer advan- 
tages in many ways over the conduit and the overhead 
systems. They are of necessity cheaper and more 
hygienic than the former, and are more convenient 
and usually at least as cheap as the latter. However, 
in the matter of safety the surface-contact system has 
nut, on the whole, come up to modern requirements, 
although, theoretically, it can hardly be considered as 
more dangerous than one where a broken live wire 
may be coiling about the street at any moment. 

The source of difficulty in surface systems arises 
from the necessarily very large number of contacts per 
mile, so that if only a very small percentage is faulty, 
there are yet a few, if only one or two, which may 
left alive. And no one desires to be the first to 
demonstrate that a particular stud is in this condition. 

To make a surface-contact system a success, it is 
hence not sufficient that there should only be a small 
proportion of live studs, it is essential that there 
should be an impossibility of any under, ordinary con- 
ditions of use. Experience has shown that it is no 
light task to attain this result, but the inventor of the 
system at ~_o under consideration, and the tramway 
experts who have helped him to improve his original 
idea and make it practical, claim to have done so. It 
is maintained that this stud cannot remain alive after 
use under working conditions, and that, as the lawyers 
say, even if it can, arrangements are made by which it 
can be instantly detected and removed. 

In the following the construction will be explained, 
so that an independent opinion can be formed of the 
probability that the stud will work as alleged durin 
continuous use. That it does so under experimenta 
conditions was demonstrated during recent trial runs. 
The stud is worked by magnetic attraction from 
the car, where a large electromagnet placed under- 
neath is excited by a current of about 25 amperes 
from six accumulators. The electromagnet runs the 
whole length of the car, one pole along the centre, and 
placed over the line of studs in the street, with the other 
pole surrounding it like a ring. The general arrange- 
ment of the car and the studs is shown in Fig. i 
in section. Fig. 2 is a cross-section of the electro- 
magnet anywhere excepting at the extreme ends. At 
and partly in the central pole along its whole length 
is hung a specially designed flexible skate, which is 
insulated didaaliy from the magnet, and connected 
to the motor system on the car. The skate is so 
arranged that it can come into contact with the studs 
when attracted down to them, but is otherwise up out 
of the way. It consists of two strips of iron wire 
netting with thick strands and small mesh. These 
strips are joined side by side at the middle and are 
hung on edge in the slot in the central pole, one end 
of each being attached. In this way the necessary 
vertical flexibility is obtained. To turn now to 
the stud system as shown in section and plan in 
Figs. 3 and 4. An outer cast-iron box is securely 
held in place by tie-bars fastened to the rails. 
The live wire is well insulated by encasing it in 
bitumen in an insulating trough. The wire passes 
through the bottom of the box, and for a few inches 
is exposed in this. At this place a copper lug is 
screwed securely on to the wire, and forms the point 
where contact is made to draw off the current. The 
outer box has a machined inner face, on which rests 
an inner cast-iron frame carrying the wooden road- 
block and the stud, as well as the stud mechanism. 
By these means the box is easily made water-tight, 
and a very short time is required to remove one frame 
and put in another. 

_The surface-stud is of mild steel, and is connected 
rigidly to an inner brass stem. To the bottom of this 
are pivoted two brass levers, with short and long arms 
on opposite sides of the pin. The short arms are 
pivoted to a soft-iron plunger in the form of a tube 
surrounding and sliding loosely on the brass stem. The 


longer arms are faced with carben, and arranged to 
come into contact with the copper lug on the live wire. 
It is clear that an upward movement of the plunger 
will bring the long arms down towards the live wire, 


and that normally the weight of the plunger will keep 
the arms up and out of the way. The plunger is so 
arranged that when the arms are in contact with the 
live wire, the top of the plunger is very nearly touching 
the bottom of the stud. 

All these joints are loose, and work easily, so that, 
to avoid bad contects, a flexible wire connects the free 
end of the arm with the brass stem. Thus there are 
only two moving contacts between the live wire and 
the motor—viz., at the wire and the skate. The 
skate is made long enough to be in contact, for a 
shor time, with two studs, so that, while the front of 
the skate is coming over another stud, current is flow- 
in to the car from the stud immediately behind. 
When the skate is over the new stud it is attracted to 
it, coming thus into contact, and as the stud is then 
dead, there is no sparking. The stud magnetises the 
plunger, attracting and raising this, thus bringing the 
arms into contact with the live wire, and making a 
path for the current to the motor. However, this is 


then drawing current by the other stud, and there will 
only be a little sparking at the carbon contacts. The 
magnetisation is assisted by the outer divided pole of 
the electromagnet on the car. This is over the frame, 
and thus magnetises it in the opposite sense to the stud. 
In this way a nearly complete magnetic circuit is made 
which concentrates the magnetic lines and considerably 
increases the magnetisation of the plunger, and hence 
the force raising it. 

As the car travels forward the skate drags along the 
studs, picking up current until it leaves the back stud. 
As, however, the current is passing by the front stud, 
the sparking is again not serious, and takes place this 
time at the stud surface. Immediately the skate 
has left, the opposite pole of the magnet comes momen- 
tarily over the stud, reversing the magnetism of this, 
and demagnetising the plunger. Any residual mag- 
netism left in the Totter will cause it to repel the stud, 
and hence, owing to this and its own weight, the plunger 
will immediately fall and thus bring the arms away 
from the live wire, making the stud dead. Repeated 
tests during recent trials, with various distances 
between the skate and the brush, have shown that the 
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contact was invariably broken 0.1 second after the 
skate had left, and frequently in less than 0.05 
second. 

At the back of the car, a foot or so behind the elec- 
tromagnet, a small metallic brush contact is fastened 
and connected to an electric bell on the car. As this 
brush touches the stud, the bell will immediately sound 
if, by any mischance or accident, the stud has remain 
alive. Experience would then show what should be 
done, but it is supposed that the car would be stopped 
and the faulty stud system replaced by a spare one 
| kept on the car. This is done quite easily, as the 

inner frame requires to be merely lifted out. Once 
| during many weeks of trial one stud did remain alive, 
owing to the very loosely laid track and to the motion 
|of the stud-boxes in consequence, However, since 
then the track has been improved, and many miles 





Recently over 30 miles were run at speeds up to 
15 miles per hour. As the studs occur at every 6 ft. 
it is clear that, taking this alone, there were over 
26,000 contacts without a single failure, and on a 
roughly-laid track. The boxes remain quite dry, and 
the carbons show that sparking could only have 
been slight at the live wire. If water were to get 
into the boxes, it would first make a contact between 





have been run without the occurrence of a live stud. | 


the live wire and the case, and hence through the tie-bars 
with the rails; in no casc the entrance of water 
make the studalive. The accumulators are so arranged 
that, while running, they are kept charged, while the 
exciting current for the electromagnet is supplied by 
the main. They are thus always available for supply- 
ing the excitation when the car is not taking current. 

t will be seen from Fig, 1 that the whole stud-box 
is very little deeper than the rails, so that this system 
can be used wherever rails can be laid without any 
special excavation. 

If continued trial with a properly constructed track 
should prove that this system works safely and with 
certainty, its obvious simplicity should make it worthy 
of serious attention. It is in the hands of the 8.P. 
Syndicate, Limited, of 88, Fenchureh-street, London. 





Tron AND Steet iy Swepen.—The last quarterly 
report of the Swedish Union of Iron-Masters states that 
the general depression, which during the first quarter 
of the present year has prevailed in all branches, has also 
affec the iron market, and there is a falling off both 
in production and export. The prices, which in many 
cases mean a loss to the producers, have not yet risen 
to a level capable of leaving any et and the January 
quotations were maintained. The home demand con- 
tinues limited, but there is reason to believe that stocks 
are now getting small. Of foreign markets, it is more 
especially England and the United States which have 
shown absence of activity, whilst the Continental markets, 
though not brisk by any means, have not been quite so 
conspicuous in their abstaining from buying. 


Tae Latest Typr or Fire-Boat.—A _ powerful fire- 
boat containing several new features has just been com- 
pleted by Messrs. Merryweather and Sons, of London, to 
the order of the Italian Government for the protection 
of the naval port of Spezia. The hull is of steel, with an 
over-all length of 50ft.; beam, 9 ft. 6 in.; and draught, 
3 ft. 3in. It is propelled by an 80-horse-power six-cylin- 
der internal-combustion engine of Merryweather’s im- 
proved marine pattern, driving a single screw, giving a 
speed of 8 miles an hour. Reversing 1s effected by means 
of a reversing-gear box. The fire-engine is steam-driven, 
of the double-cylinder vertical = Greenwich ” pattern, 
and is provided with a quick-steaming boiler capable 
of raising steam to working pressure in a few minutes. 
The boiler is fired with oil fuel. The fire-engine dis- 
charges through a swivelling monitor, which can be 
turned in any direction, or through a special four-way 
delivery head with flexible hose attached, in the event 
of a number of jets being requi At a trial trip on 
the Thames a_highly successful run was made from 
Greenwich to Westminster and back. At Westminster 
a pumping display was given, a powerful 7. jet 
from the monitor being projected to a height of nearly 
200 ft. A t advantage with a boat on the lines 
mentioned is that it can be started instantly on re- 
ceipt of an alarm, steam for working the fire-pump being 
raised cn route. It is the first vessel of itskind depending 
solely on petrol for propulsion and solely on steam for 
pumping. 





Moror PLOUGHING AND IRRIGATING PLANT.—On Friday 
last, the 2ist inst., through the courtesy of Mr. John 
Gwynne, we had the opportunity of witnessing a de- 
monstration of a motor ploughing and + plant, 
which took place in a field attached to Mr. Gwynne’s 
private house, near Harrow, and which was witnessed 
»y a number of guests and representatives of the Press, 
The plant with which the trials were carried out is de- 
signed for use on a large sugar plantation in Natal, and 
is intended for ploughing and irrigation purposes. It 
consisted of a motor-tractor, which was attached to a 
two-furrow Howard plough. The field on which the 
plough was tried was an old meadow of tough clayey soil, 
which was very dry, so that the test was a severe one. 
The whole of the plant wassupplied by Messrs. Gwynnes, 
Limited, Hammersmith Iron Works, Hammersmith, 
London, W., to the order of Mr. De Pass, of Natal, for 
use on his estate. The pumping plant used was really an 
adaptation of what Messrs. Gwynnes have for several 
ears supplied, for irrigation purposes, to the petrol set. 

he tractor tried at Harrow was made by Messrs. Dennis 
Brothers, Limited, Guildford, and has been designed to 
haul a two-furrow plough through clay soil, and plough 
toa depth of 10in. If used on Tighter soils, and worked 
at a less depth, three or more furrows can be ploughed. 
Lightness is a feature of the machine, and great 


ed | attention has been given to the details, all the run- 


ning parts and the gear-wheels and bearings bein 
enclosed in oil-tight castings. Three forward 5 8 
are vided for giving a speed of 24, 5, and 9 miles 
per hour, as well as a reverse. A four cylinder engine, 
consuming petrol, and rated at 28 to 30 horse-power, 
is used, having cylinders each 110 millimetres in dia- 
meter and 130 millimetres stroke. At the rear end of 
the tractor a Gwynne turbine pressure pump is fitted, 
capable of delivering 250 gallons of water per minute at a 
pressure of from 60 lb. to 70 1b. per square inch, and it 
can be brought into action instantly by moving a lever 
| placed at the side of the driver. The pump has two deli- 
very pipes, each 3 in. in diameter. After the ploughing 
trials were over the capabilities of the pump were tes’ 
with very satisfactory results, a jet of water from a _ 
nozzle being thrown horizontally for a distance of about 
150 ft. The jets were also directed in a vertical direction, 
| and in this case the height to which the water was thrown 





was about 110 ft. We hope, however, at a future date to 
give further details of the plant, 
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INDUSTRIAL NOTES. 


THE general report on unemployment by the Labour 
De Sent of the Board of Trade is based on the 
following extensive and varied returns :— 

In addition to the 2918 employment returns from 
trade unions used for the chart, 3561 were received 
from employers relating to 1,099,855 workpeople em- 
ployed in coal and iron-mining, the cotton, woollen, 
worsted, and other textile trades, the building trades, 
the boot and shoe and other clothing trades, and the 
paper and glass trades. Besides these 6479 statistical 
returns, a large number of returns of a non-statistical 
character were received from employers’ associations, 
trade unions, local correspondents, and other sources. 
From the above it appears that employment was, on 
the whole, much about the same. re was @ slight 
improvement in the engineering trade and in some of 
the textile industries. There was also a seasonal 
improvemeut in the building trade, bit, on the other 
hand, the shipbuilding and printing trades showed 
some decline. As compared with a year ago, there 
was some improvement in most of the textile trades, 
and a decline in the coal-mining industry, and in the 
building, iron and steel, engineering, and the woollen 
trades. 

The 416 trade unions making returns had a net 
membership of 700,867, of whom 57,250 (or 8.2 per 
cent.) were reported as unemployed, or the same 
percentage as a month ago; a year ago the percentage 
of unemployed was 7.1. 


Employment in coal-mining continued fairly good; 
it was not so good as a yearago. The average number 
of days worked per week was 4.86, as compared with 
5.05 a year ago. 

In iron-mining employment continued fairly good, 
and showed little change as compared with either a 
month ago or a year ago. 

The ge industry continued moderate ; it was 
adversely affected by a dispute. Employment was 
about the same as a year ago. Returns relatin 
to the works of 108 ironmasters, employing 20,000 
workpeople, showed 280 furnaces in blast, as compared 
with 287 a month ago and 293 a year ago. 

Employment at iron and steel works showed a slight 
decline as compared with a month ago, and was worse 
than a year ago. The volume of employment—.e., 
number employed multiplied by the number of shifts 
worked—at the works from which returns were received 
was 1.1 per cent. less than a month ago and 4.5 per 
cent. less than a year ago. 

In tin-plate and steel-sheet manufacture employ- 
ment was good. It showed some decline as compa 
with a month ago, and was about the same as a year 
ago. At the works covered by the returns, 438 tin- 
plate and sheet mills were working, as compared with 
445 a month ago and 437 a year ago. 

In the engineering trades employment continued 
slack, but showed a slight improvement as compared 
with a month ago. It was worse than a year ago. The 
percentage of trade-union members unemployed was 
12.4, as compared with 12.6 a month ago, and 8.7 a 
year ago. 

Employment in the shipbuilding trades continued 
bad, and was rather worse than a month ago. It 
showed little general change compared with a year 
ago. Branches of trade unions with 59,047 members 
reported 23.3 per cent. unemployed, as compared with 
22.2 per cent. a month ago and 23.1 per cent. a year 
ago. 


The cotton trade, on the whole, continued moderate ; 
as compared with a year ago there was a decline in the 
spinning branch and an improvement in the weaving 
branch. Short time and slackness were reported in 
all the principal districts, 

In the woollen trade employment was fair, and 
-better than a month ago; it was worse than a year 
ago. Returns from firms employing 25,540 work- 
people showed an increase of 2.4 per cent. in the 
amount of wages paid compared with a month ago, 
and a decrease of 2.6 per cent. compared with a year 
ago. 

Employment in the worsted trade was fairly good, 
and better thana month ago and a year ago. turns 
from firms employing 46,768 workpeople showed an 
increase of 1.3 per cent. in the amount of wages paid 
compared with a month ago, and of 4.6 per cent. com- 
pared with a year ago. 

The linen trade continued fair, and was much better 
than a year ago. Returns from firms employing 
48,093 workpeople showed a decrease of 0.7 per cent. 
in the amount of wages paid as compared with a month 
ago, and an increase of 10.9 per cent. as compared with 
@ year ago. 

> the jute trade employment continued fair, but 
was not so good as a year Returns from firms 
employing 17,775 workpeople showed a decrease of 
0.2 per cent. in the amount of wages paid as com- 

with a month ago, and of 4 per cent. as com- 
pared with a year ago. 

The silk trade was fair generally ; it was better 





than a month ago and about the same as a year ago. 
Returns from firms employing 8129 workpeople showed 
an increase of 3 per cent. in the amount of wages paid 
compared with a month ago, and of 0.7 per cent. com- 


pared with a year ago. 

Employment in the lace trade continued moderate ; 
it was better than a year ago. Returns from firms 
employing 9040 workpeople showed a decrease of 0.4 
per cent. in the amount of wages paid as compared 
with a month ago, and an increase of 8.8 per cent. as 
compared with a year ago. 

In the hosiery trade employment was fairly good 
and better than a month and a year ago. turns 
from firms employing 18,302 workpeople showed an 
increase of 2.6 per cent. in the amount of wages paid 
compared with a month ago, and of 6.6 per cent. com- 
pared with a year ago. 


Employment in the boot and shoe trade generally 
continued fair. It was slightly worse than a year ago. 
Returns from firms employing 65,459 workpeople 
showed an increase of 0.5 per cent. in the amount of 
wages paid compared with a month ago, and a decrease 
of 3.4 per cent. compared witha year ago. 

In the other leather trades employment continued 
bad. It was about the same as a month ago, and 
rather better than a year ago. Trade unions, with a 
membership of 3264, reported 7 per cent. unemployed, 
as compared with 7.1 per cent. a month ago, and 8 per 
cent. a year ago. 

Employment in the paper-making trades was fair. 
It showed little change compared with a month ago, 
but was worse than a year ago. 

The printing and kbinding trades were slack 
generally, and worse than a month ago and a year 
ago. he percentage of trade-union members un- 
employed in the printing trades was 5.7, as com- 
pared with 4.6 a month ago and 5.6 per cent. a year 
ago. In the bookbinding trade the percentages were 
9.7, 7.8, and 8.7 respectively. 


In the building trades employment continued slack ; 
it was better cen a month ago, but worse than a 
year ago. 

Employment in the furnishing and wood-working 
trades, though bad generally, continued fair with 
coach-makers, and good with brush-makers. It 
showed a further improvement compared with a month 
ago, and was, on the whole, about the same as a year 
ago. Trade unions with a total membership of 35,953, 
reported 6.3 per cent. of their members unemployed, 
as compared with 7 per cent. a month ago, and 6.3 per 
cent. a year ago. 

Employment in the glass trades continued moderate 
= ; it was not so good asa year ago. Returns 

rom firms employing 8252 workpeople showed a de- 
crease of 2 percent. in the amount of wages paid as 
compared with a month ago, and of 6.5 per cent. as 
compared with a year ago. 

In the pottery, brick and tile trades employment 
continued bad, and worse than a year ago. In the 
brick and tile trades there was some improvement on @ 
month ago. 


Employment of et labour was generally re- 
gular, rain causing little or no interruption to outdoor 
work in most districts. Hoeing and other work provided 
much better employment for day labourers, and the 
supply and demand for this class of labour was on the 
whole fairly equal. 

Employment of dock and riverside labour in London, 
though still moderate, showed some improvement as 
compared with both a month ago and a year ago. At 
the other principal ports it was, on the whole, better 
than a month ago, but worse than a year ago. The 
average number of dock-labourers employed at the 
docks and principal wharves of London was 13,015— 
an increase of 3.7 per cent. as compared with a month 
ago, and of 8 per cent. compared with a year ago. 


The changes in the rates of wages affected 85,000 work- 
people, of whom 7000 received advances, and 78,000 sus- 
tained decreases. Amongst those whose wages were 
reduced were 50,000 coal-miners in Northumberland, 
Cumberland, Bristol, and Somersetshire, 7500 iron- 
stone miners in Cleveland, 6900 blast-furnacemen in 
Durham, Cleveland, and Cumberland, 4000 iron- 
moulders in Lancashire, and 2000 engineers in Dundee. 
The number whose wages were increased included 1250 
blast-furnacemen and 5000 iron and steel-workers in 
South Wales and Monmouthshire. The total com- 
puted effect of all the changes was a net decrease 
of nearly 4100/. per week. 

ets Me labour disputes began in the month, as 
compared with seventeen in the previous month and 
twenty-six a year The total number of work- 
people involved in disputes which began or were in 
progress was 8963, or 1285 more than in the previous 
month, and 27,823 less than in the same month a 
year ago. The gate duration of all the disputes 
of the month, new and old, amounted to 106,700 
working days, or 5100 more than a month ago, and 
659,100 less than a year ago. Definite results were 





reported in the case of nineteen disputes, new and old, 
directly involving 3899 to grag Of these ninetee:, 
disputes, five were decided in favour of the work- 
people, nine in favour of the employers, and five were 
compromi 


The monthly report of the Boiler-Makers and [ron- 
Shipbuilders tells a sadder tale than even last mont: ., 
There was a total of 14,599 on the funds—last mon), 
12,701. Of the total, 10,557 were unemployed—last 
month, 8581. Then on the sick list there were 1972-— 
last month, 2105 ; on superannuation benefit, 2070; 
last month, 2015. The increase of out-of-works is 
appalling for the season of the year. The total ex- 
penditure for the month was 21,613/. 18s. Lld.—pre- 
vious month, 15,226/. 9s. 3d.; increase, 6387/. 9s. 8d. 
There was a decrease of 134 in membership, thouch 
261 new members were admitted; but then the 
losses by death and arrears were 395. The voting for 
representation at the next Trades Congress was in 
favour of two only, instead of seven, by a majority of 
5066. The report blames the Government and thie 
House of Commons over the fate of the Unemploy- 
ment Bill, and states that the election of a Labour 
Member was a reply to the vote of the House. In the 
past quarter the balance in hand decreased to the 
extent of 77,843/. 2s. 6d., leaving only 156,041/. 3s. 11d. 
in hand. The green. | sign is that there are appa- 
rently no labour troubles ahead. The reports from 
the several districts as to the state of employment 
are gloomy in most cases, with here and there a gleam 
of hope for the near future. They are nearly as bad in 
the inland boiler-shops as in the shipbuilding centres. 
And yet we hear rumours of orders here and there, 
but activity is not yet. Last year was undoubtedly 
the worst ever known in this industry, and this year, 
so far, has been no better. There is, however, hope 
after Whitsuntide. 


The report of the Ironfounders is a little better on 
the whole, but there was an increase of 19 on home 
donation. The total on the funds was 5493, last month 
5583—decrease, 90 in the month. The decreases were 
in respect of the sick, superannuation, disputes, &c. 
The total membership was 18,606; a year ago it was 
19,178 ; arrears, through lack of work, were the cause of 
the decrease. The report finds some balm in the reflec- 
tion that the 76 decrease on the sick list have found 
work, and also the 28 on travel, &c. The total cost of 
benefits in the month was 1937/. lls. per week, or at 
the rate of 2s. 7}d. per member per week. The cash 
in hand again decreased by 2903/. 1s. Id.; it now 
stands at 43,854/. 6s. 9d., a decrease of 43,028/. 18s. 8d. 
in twelve months. The abnormally high expenditure 
is causing the members to seek economies where they 
can, and it has been decided to reduce the travelling 
expenses of officials and delegates ; but, as the general 
secretary points out, these are trifling in comparison 
with the total expenditure. The benefits cannot be 
reduced ; the contributions have therefore to be kept 
high to meet expenses. The best hope for the Council 
is in the fact that peaceful relations are practically 
assured for a long period between the employers and 
the members of the union, so that with a spell of good 
trade the funds should go up again. 


The President of the Board of Trade gave last week, 
in bold outline, some proposals by the Government for 
dealing with unemployment, labour exchanges, and 
industrial insurance. These proposals rest with the 
Board of Trade alone; they do not touch other depart- 
ments of the State, such as the Home Office or the 
Local Government Board. The scheme is not uni- 
versal ; it is, for the present, restricted to the building, 
engineering, shipbuilding, and general labourers work- 
ing in those groups of trades. It is estimated that 
24 millions of adult workers will be included in these 
industries. The insurance is to be compulsory upon 
employers and employed alike, ‘‘ aided by substantial 
subventions from the State.” The skilled trades in 
the groups mentioned provide out-of-work pay, but 
the unions of the unskilled do not. Mr. Churchill said 
that the financial part of the scheme had been carefully 
gone into, but had to be adjusted and to be interwoven 
with those of the Treasury as to invalidity and sick- 
ness. It is thought that the scheme, when fully 
matured, will not bear heavily upon the workmen, the 
employers, or the State. It is proposed to safeguard 
trade unions, so that voluntary provision will not be 
injured. Other groups of trades were mentioned to be 
dealt with at a later stage, such as the textile trades, 
mining, carrying, and mercantile marine. Labour 
exchanges are to be established, ultimately to be per- 
caenlie: housed in buildings erected for the purpose. 
The outline, as given by the President of the Board of 
Trade, was well received by those present in tlie 
House—by the Labour Party particularly. 


The American Federationist for this month is again 
full of the appeal case against the decision of Justive 
Wright and the sentence of Messrs. Gompers, Mitche'!, 
and Morisson. It gives in full, or nearly so, what is 
called Judge Parker’s magnificent argument in favour 
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of the union leaders. In this way Mr. Van Cleave is 
pilloried from the trade-union standpoint, as he is 
also in a special editorial. There is no doubt that 
this celebrated boycotting case will have far-reaching 
effects in the world of American labour. 





The threatened general strike in France fizzled out ; 
even that of the postal employés collapsed. Only a 
comparative few of the yd thousands employed 
responded to the appeals of the self-elected leaders, 
mostly of the revolutionary type. If all the hidden 
facts could be disclosed as to the headstrong move- 
ment and unrest, it would be discovered that it was 
not an industrial or labour plot so much as an unholy 
conspiracy, in which three factions were at work to 
discredit the Government, and to hasten, if possible, 
the downfall of the Republic. Two of these factions 
are bitterly opposed, but each seeks its chance. The 


third is content to ally itself with either for its own | 9 


ends. 





Much unrest and some anxiety prevails in South 
Wales, in Scotland, and in some parts of Yorkshire, 
as regards the situation created by the Mines Eight 
Hours Act, which comes into force on July 1 next. In 


South Wales the matter was considered at the Con-| Ro 


ciliation Board last week, but no agreement was arrived 
at. The Miners’ Federation refuses to consider the 
question of a reduction in wages, and the mineowners 
made some counter-proposals, but these were not 
deemed to be satisfactory. The coalowners, it is 
reported, intend to issue notices on June 1 next, inti- 
mating that existing contracts would terminate at the 
end of the month. There is a fear that this will 
end in a strike, and probably a lock-out. But this 
may be averted. Negotiations are not closed by the 
issue of notices; indeed, these often cause them to 
begin in earnest. In Scotland the situation is even 
more critical, for at the conference held last week the 
men’s representatives refused to accept the proposed 
reduction in wages of 6d. per day,.and also refused to 
refer the matter to a neutral chairman. So there is a 
deadlock at present—certainly at date of the decision. 
In Yorkshire the employers and the men’s represen- 
tatives have been in conference, but no definite deci- 
sion has been arrived at. 





As aset-off to the foregoing, Sir Christopher Furness, 
M.P., has expanded his scheme of co-partnership at 
the Wingate Colliery, employing 1400 men and boys. 
The estate consists of 1000 acres, and several hundred 
houses, with 7000/. in consols. It is proposed to create 
a company with 200,000/. capital in 1/. shares. It is 
proposed that the miners shall become the possessors 
of 50,000 shares, and it is suggested that possibly the 
Durham Miners’ Association might purchase those 
shares for the members, to be repaid by instalments. 
This the union could do if the requisite security for 
repayment can be given. The scheme is worthy of 
careful consideration by the men, who would be part- 
owners as well as workers in the mine. 





There is no tangible sign as yet of any real revival 
of activity in the iron and steel trades. Indeed, 
there was something like unrest in the Midland market 
in consequence of the failure of one firm and a sus- 
picion of other complications, owing to the depression 
still prevailing. 





The Sheffield Master - Builders’ Federation have 
asked the Operative Bricklayers and the Carpenters 
and Joiners to submit to the abolition of walking-time 
to places of work beyond a radius of 24 miles from the 

rish church. This the men refuse to concede. The 
atter have replied by asking for an increase in wages 
of jd. per hour. The operatives are well organised 
in the district, and the Master-Builders’ Federation 
is strong. The fear is that a strike may take place; 
but it is probable that the matter will be settled by 
the Conciliation Board. 








FUEL FROM PEAT. 

Rescurches and Experiments with the Object of finding 
a Suitable Process for Converting Peat into Fuel without 
Ai -Drying.* 

By Dr. M. Exensere, Ph.D. (London). 
Tie vast coal-fields of Great Britain make this country 


practically independent of other fuel supplies for general | ordina 


urposes. It is quite otherwise in many other countries 
less favoured by Nature, and this restricts not only their 
iron and steel production, but all other industries, as well 
as the domestic consumption of fuel. 

With the present methods of manufacture of iron and 
steel, charcoal is still, by reason of its low percentage of 
sulpiiur and phosphorus, an almost indispensable fuel in 
the manufacture of the finest qualities of iron. 

During the last twenty or thirty years an enormous 
development in the wood-pulp and timber industries has 
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taken place. Forests which previously gave raw material 
for charcoal are now Utilised for i 

good-sized trunks were cuarred, nowadays only branches 
and offal are am 2 to the kilns. uction of 
charcoal in general decreased, and is only flourishing 
in remote countries where the value of forests is low. 

At the same time the demand for charcoal has increased 
with the development of the iron industry. Several 
cases are on record where iron-works dependent on char- 
coal have had to be closed for the reason that this fuel is 
not obtainable in sufficient quantities and at reasonable 
prices. For a long time past peat-bogs have been looked 
upon as a ible source for a substitute for charcoal. 

As peat is of a woody nature, consisting practically of a 
more or less oxidised cellulose with cummusntively Wale 
sulphur and ag angen there is every prospect of its 
being a suitable raw material for charcoal. 

Peat-bogs are distributed all over the surface of the 
earth, and represent enormous deposits of carbon. Based 
upon Geological Survey reports giving the area and depth 
bog-land, it has been estimated that there is more 
carbon inthe peat deposits than in all known coal-fields. 
Yet the carbon in t-bogs is not ready to be ‘‘ mined.” 
Even if well drained, a peat-bog contains 84 to 90 per cent. 
of water, or on an average about 874 per cent., and only 
about 124 per cent. of peat substance. 

There are certain practical difficulties connected with 
the conversion of peat into fuel. The report of the last 
yal Commission on Coal Supplies very accurately 
describes the position as follows :— 

“In order to make the manufacture of peat-fuel a 
success in this country, it is necessary that some process 
should be discovered by which the moisture can be got 





Fie. 1.—A typical mature peat under the microscope. The cells 
are filled with, and surrounded by, a slimy hydrocellulose. 


rid of without ‘air-drying,’ and at a cost which would 
not be prohibitive ; at present (1905) there is no such 
rocess. ” 

In dealing with mature peat (black fuel-peat), no method 
of drainage has been found whereby a lower percentage of 
water than that mentioned above can be obtained. The 
material which has to be dealt with contains about 7 tons 
of water for each ton of peat substance, calculated as 
theoretically dry. If artificial heat is to be applied for 
evaporating this water, more peat would have to be con- 
sumed as fuel than the dry peat substance that would be 
obtained. The evaporating power of the peat substance 
obtained in soctieal working is only 5 lb. to 6 lb. of water 
per pound of peat. As there are 7 lb. of water to be got 
rid of in order to obtain 1 lb. of dry peat, the idea of using 
artificial heat to evaporate the main part of the water is 
therefore absolutely excluded from practical consideration. 

The only method which has hitherto yielded practical 
results is “air-drying” the peat, or drying it by the sun’s 
heat during the summer months. When working t 
air-drying is, and has always been, more or less the chief 
operation in eliminating the bulk of the water, but it is 
a A that successful working is dependent upon atmo- 
spheric conditions. 

Experience has shown that it is extremely difficult to 

ta regular supply of air-dried peat, and no industry can 
i oend u peat fuel to any extent for this very reason. 
The production is limited to the summer months, and 
only if the peat is dried under sheds, and large quan- 
tities are kept in store as a reserve, can any larity in 
the supply of air-dried peat be obtained ; but the manual 
labour connected with the production makes this appa- 
rently cheap process so expensive that c made 
from such pent is dearer than charcoal from wood under 
inary conditions. If the increased cost for secu a 
regular supply be added, the price of the product be- 
comes prohibitive. 

The mechanical pressing out the water from peat has 
frequently been su , and experiments on a small 

e with surface peat have given positive results ; but 
the black fuel-peat, which predominates in peat deposits, 
does not give off its water when submitted to pressure. 
It has been declared a technical impossibility to press out 
the water mechanically from mature t—.e., black fuel- 
peat. The question may, however, be asked: Could the 
separation be effected by using a reasonable pressure— 
say, for instance, 50 atmospheres, the power required to 
produce which represents approximately only 1.5 per cent. 


these industries. Where | based 





of the caloric energy available in the peat? A process 
upon pressing would, in such circumstances, offer 

vast possibilities for oe solution of the problem. 

The author has studied the question of pressing, and 
has found that the reason that the water does not se 
under pressure is of the presence of a slimy hydro- 
cellulose, produced from the residues of the decaying 
plants, of which mature peat consists. This hydrocellulose 
1s formed by prolonged contact of the cellulose with water. 
It is present to the extent of 0.2 to 1.2 per cent., and 
more, of the peat substance, and can be extracted from 
the peat. It readily forms dextrose, and is destroyed by 
heating in the presence of water to temperatures above 
150 deg. Cent. 

He has examined numerous peat samples from different 
pone af me wor, 908 foun ae they all contain ow 

ydrocellulose. e greater the percentage present the 
more difficult it becomes to separate the water. The iso- 
lated hydrocellulose has remarkable properties. In peat 
it is enormously swollen, having taken up water and 
formed a jelly of the consistency of soft soap. A jelly 
containing twenty-five times its own weight of water is 
still comparatively stiff, and can be cut into slices. If the 
jelly be pressed in a canvas bag, it passes unchanged 
through the meshes without separating water. Submitted 
to pressure, it transmits the pressure in all directions like 
a homogeneous solution. A pulp from mature peat sub- 
mitted to pressure also unchanged through the 
meshes of ordinary canvas with holes of about 1 square 
millimetre. If, however, the hydrocellulose present in 
the raw peat-pulp is extracted or destroyed, the bulk of 
the water can easily be separated from the plant residues 
by pressing the peat in a canvas bag, or against a suitable 





Fie, 2.—Mature peat heated to 200 deg. Cent. in presence of 
water. The cellular structure is still noticeable, but the slimy 
hydrocellulose of the raw peat has disappeared. 


metallic grating. If such pressable t be mixed with 
a small percentage of slimy hydrocellulose and water to 
the amount of that contained in raw peat, it again becomes 
impossible to separate the water by mechanical pressure, 
the pulp going right through the meshes. winl a 

It is this hydrocellulose which binds the particles 
together in the t-sods obtained when making air-dried 
peat in the usual way. Under the microscope the hydro- 
cellulose can seen as a jelly, on staining the prepara- 
tion with fuchsine or methylene blue. The accompany- 
ing Figs. 1 and 2 show the structures at magnifications of 
250 diameters. 

A typical mature fuel-peat appears as a mixture of a 
few fibres embedded in a preponderant mass of broken-up 
awe in a more or less decayed state. The cells are 

lied with, and surrounded by, a gelatinous or slimy 
substance, which is the hydrocellulose. The surface t, 
however, “oe as fibres of various kinds with : 
cells. But little, if any, slimy hydrocellulose is found in 
surface peat. 

When it had been ascertained that a substance of the 
nature of hydrocellulose prevented the water from being 

out of peat, there was comparatively little diffi- 
culty in devising a treatment by which the separation of 
water could be technically effected, the hydrocellulose 
having been found, as previously stated, to destroyed 
by heating. By “ye bang temperature of heating 
other —— also take place. Thus the percentage of 
carbon in the peat gradually increases with the rise in 
temperature, and a portion of the components—hyd n 
and oxygen—combine to form water. The difference 
tween this carbonising process and the ordinary dry- 
charring in retorts is the presence of fluid water. The 
heat is transmitted by the water which surrounds every 
peat particle. Water is a much better conductor of heat 
than gas, allowing a sharply defined charring with a uni- 
form effect, corresponding exactly to the temperature 
used. The heating has, of course, to be done in closed 
vessels to prevent evaporation. 

As the heating“medium is superheated liquid water, and 


as the pew of car increases, the author believes 
himself justified in describing such treatment as ‘‘ wet- 
carbonising.” 


The effect of the wet compared with dry carbonisation 
can be seen from the following table. material for 
these determinations was obtained by heating the peat 
with water to 150 deg. Cent., pressing out the water, and 

the 





completely drying peat at 150 deg. Cent. In the wet 
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process water was added to the amount of seven times the 
weight of the peat :— 
Temperature Used. 
Deg. C. 
160 


130 
200 
220 
240 


D 


81.5 
260 78.2 

In the d large volumes of gases are evolved, 
together with tar, while acids and water distil over. Prac- 
tically no gases are to be observed in the wet process. 
The tar remains in the peat, and only traces of acids are 
formed. Organic compounds of —— molecular weight 
and of a non-corrosive nature are found in the P - 
out water to the extent of 0.10 and 0.60 per cent. Amongst 
these caramel from the dextrose of the hydrocellulose is 
found, giving with Fehling’s solution the sugar reaction. 
(In pulp submitted to higher temperatures no sugar re- 
action is ror php” | If the solids in the pressed-out water 
are collected and the weight determined, the weight does 
not correspond with the difference between the coal pro- 
duced and the raw material. The difference consists 
chiefly of water, and the percentage of water in the peat- 
pulp is found to be higher after the wet carbonisation has 
taken place. 

Two determinations gave the following figures (peat 
completely dried at 150 deg. nt., mixed with seven 
times its weight of distilled water) :— 

Carbonising Temperature. 
180 Deg. Cent. 200 Deg. Cent. 

Per Cent. Per Cent. 
Percentage of water before 
heating a és ab 
Percentage of water after 
heating ow on ie 
Solids in the water pressed 
out... os eo oe 
Percentage of dry peat sub- 
stance forming water 

When am 

0 


87.5 87.5 
88.3 


0.3 


83.6 
0.4 


4.4 6.1 


fuel from peat the decrease in 
weight through the formation of water during wet- 
carbonisation is not to be regarded as an actual loss. It 
only means concentration, and the value of the product 
increases in proportion. The increase in the calorific 
value of the peat is seen in the following table :— 

Calories per Kg. 

Peat ‘‘S,” water free, raw pee es 7 5571 

wet-carbonised at 170 deg. Cent. .. 
at 225 deg. Cent. .. 
at 320 deg. Cent. .. 


” 5880 
6480 
6800 
4950 
6250 
5150 
5210 
5830 
5980 
6200 
4550 
6080 


” 
Peat * T,” water free, raw ea os eo 
“ wet-carbonised at 200 deg. Cent. .. 
Peat ‘‘ L,” water free, raw = ie = 
wet-carbonised at 160 deg. Cent. .. 
at 180 deg. Cent. .. 
at 200 deg. Cent. .. 
ai = at 230 deg. Cent. .. 
Peat ‘“‘W” (young peat), water free, raw .. 
wet-carbonised at 200 deg. Cent... 
(young peat), water free,raw .. 4740 
i wet-carbonised at 200 deg. Cent. .. 6120 
The calorific value seems to depend chiefly upon the 
temperature used. Young* and mature peat alike yield 
a product of about the same calorific value at a certain 
temperature, which is a point of t practical import- 
ance, as it secures a uniform P uct from the different 
layers of peat in a bog. The only difference between 
young peat and mature peat seems to be that the young 
peat forms more water, thus giving a lower net yield of 
product than mature ag ; -aehed 
As the calorific value increases there is a rise in the 
percentage of carbon, as shown in the two following 
tables :— 
Peat ‘S.” 


” 
” ” 


Peat up 


Wet-Carbonised 
at 170 Deg. Cent. 
Per Cent. 
60,20 


Raw Peat. 
Per Cent. 
Carbon .. 56 
Hydrogen 
Nitrogen 
Oxygen .. 
Ash 28 


5.90 
1,33 
2.68 
3.50 
the following results :— 


Wet-Carbonised at 


6 

1.38 
28.32 

3.70 


Another sample of peat gave 


Peat. 


| 180 Deg. C. | 200 Deg. C. | 220 Deg. C. 
per cent, 
61.9 





per cent. 
Carbon 
Hydrogen 
Nitrogen 
Oxygen 
Ash 


| 
! 

per cent. | 
63.8 


6.8 
12 

27.1 
3 


The press-cakes of peat show a slightly higher per- 
centage of nitrogen than the raw t used, which is the 
result of the general conceniration which the peat under- 


The following analysis of an Irish peat explains what 
becomes of the nitrogen before and after wet-carbonisa- 
tion :— 

Wet-Carbonised 
Raw Peat. at 180 Deg. Cent. 
Per Cent. Per Cent. 


Nitrogen in the dry substance .. 1.10 1.170 
0.002" 0.009 


” ” ressed water .. 
Actual loss of alvegta v% = 0.060 
* Only a small portion could be pressed out. 


For the purpose of determining the effect of heating at 
different temperatures, the author selected a very soapy 
black peat with a high percentage of hydrocellulose. e 





" * The author uses this expression to designate peat of 
comparatively recent formation. 


ing water—1.ec., there were 7 lb. of water present for 
each pound of peat substance. The peat was made into a 
homogeneous pulp, and passed through a sieve with holes 
of 1 square millimetre. By pressing the pulp in a fine 
press-cloth at a pressure of 300 Ib. per square inch, no 
water was separated, and the cloth burst. In a coarser 
cloth the pulp passed right through the meshes :— 


| 





Pounds of 

Water per 
Pound Peat | 

Substance 
Remaining in 
the Pressed | 
Cake. } 


j on ane 
Jsed. 
t 
Substance. 


| Deg. Cent. 





Raw Sack burst 


at pulp 
Pulp Ne 


eated to 80 
” 100 
125 
150 
160 
180 
” 200 
’ 220 
240 


” 
” 
” 


” 


” 


The experiments were repeated several times, and, for 
the sake of checking the results, peat of different origin 
was used. The above figures are averages within i lb. or 
+4 lb. The pressure was gradually increased from 0 
to 300 lb. per square inch. Immediately the desired 
temperature had been reached, the heating was inter- 
rupted. (The carbonisation is instantaneous, every par- 
ticle being surrounded by the superheated water.) 

Wet-carbonised peat obtained at temperatures above 


PEAT. 


(74.8) Pressure in Atmospheres 


180 deg. Cent. can easily be pressed by hand, giving off 
the bulk of the water, a part of the water having les 
already separated during the heating. 

Experiments in exposing the peat to various tempera- 
tures for a longer period—ten minutes or half-an-hour— 
yielded no better results. 

At 150 deg. Cent. a sudden change takes place _ 
table), which indicates that at this point the hydrocellu- 
lose commences to decompose. Dried above 100 deg. 
Cent. the peat gradually gives off a little water until 
140 deg. to 150 deg. Cent. is reached, when the weight 
remains the same for hours. 

If the peat is heated dry, the first acid distillate is 
observed at'a temperature of abont 160 deg. Cent. 

These facts explain to some extent the changes taking 
place on heating the peat in the presence of water at 
~ypuenns above 150 deg. Cent. 

The results set out in the table seem to show that the 
possibility of successful pressing depends first of all upon 
the temperature used. The influence of pressure as a 
separating factor cannot, however, be ascertained from 
the above table. A series of observations on this point 
were made by pressing the peat in an hydraulic press and 
measuring the outflowing water at certain points, the 
pore not being increased until the water ceased to 

low. The results are graphically recorded in Fig, 3. 

For these observations a raw pulp containing 7 Ib. of 
water to 1 lb. of t substance was again used, and the 
figures indicate how many pounds of water separated 
from each pound of peat substance at certain pressures. 

The influence of the slimy hydrocellulose is clearly 
seen from the curves. The peat heated to 125 deg. 
Cent. under the prevailing experimental conditions 
showed nearly a straight line — very different from 
the other curves. Further experiments were therefore 
carried out, using pressure up to 280 atmospheres, 
when a curve similar to the curve for 150 was obtained, 
but the bend commenced at 40 atmospheres and 2 Ib. 
of water, ending with 5 lb. at 280 atmospheres. All 
| the curves begin as straight lines. The curve for 160 deg. 
| Cent, indicates that there is still some slimy matter lef 
| in the peat at that temperature. The curves for 180 deg. 
|Cent., and higher, clearly show that for practical pur- 
| poses at least 1 we Cent. ought to be used. The bulk 
of the water—viz., 5 lb. out of the 7—readily leaves the 

peat at the low pressure of 2 to 4 atmospheres. 
| A third factor of influence on the results of pressing is 
| the time. A sudden rise in pressure, not giving the water 
| time to separate, naturally causes very diffe¥etit results. 





percentage of water was adjusted exactly to 874 per cent. | 
y 


_| which 


Gradually increasing the pressure to 50 atmospheres for 
| & period of half to one minute in one instance, compare: 
| with five to ten minutes in another instance, shows ) 
difference when pressing carboni peat. In peat with 
slimy matter, partly or wholly unchanged, the water :- 
| quires a long time to separate, and for such peat time w..s 
| found to be a very important factor. 
| Various Experiments.—In view of the great bulk of 
| water present in raw peat, heating was thought to be too 
expensive, and therefore several other means for destroy- 
|ing the hydrocellulose were tried—e.g., the adding of 
| chemicals ; passing an electric current through the peat- 
| pulp; freezing it, &c., before pressing it. None of these 
| means, however, proved successful. The hydrocellulose 
is oy agate resistant to the action of chemicals, 
ve only the desired effect when in high con- 
centrations. The water present in raw peat makes it 
| necessary to use ten times as much of the chemicals 
| than would otherwise suffice. Besides this, chemicals 
|either increase the ash, or have other detrimental 
| effects. Amongst other chemicals, oxide of calcium 
(lime) and sulphuric acid were tried; but only when they 
| were used in conjunction with heating could the per- 
| centage thereof be kept within reasonable limits. If, 
| however, the peat-pulp is to be heated, the heating can 
| inexpensively be increased to the required temperature of 
wet-carbonising, and the addition of chemicals rendered 


a 
he effects of an alternating or continuous electric 
current of 50 to 1000 volts have also been tried. When 
the current through without the temperature being 
allowed to rise more than a few de; the effect was nil, 
even at 1000 volts. The hydrocellulose was not notice- 
ably changed. If the temperature was raised 60 deg. 
Cent. to 80 deg. Cent., some effect on the peat could be 
observed, especially when under pressure during exposure 
to the electric current. The best pressing amine with an 
electric current traversing the peat were obtained on 
fibrous young peat having only a small percentage of 
hydrocellulose. In such peat the current causes increased 
osmotic pressure in the cells. Practical results from this 
treatment can consequently only be expected when 
material having all the cells in good condition—‘.c., not 
decayed—is dealt with. No adequate results were ob- 
tained when mature peat (black fuel-peat) was treated, 
and the effect obtained was chiefly to be attributed to the 
heat developed by the electric current. As electricity is 
a comparatively expensive heat-producer, ordinary fuel is 
to be preferred. 
The experiments in applying the electric current conse- 
quently indicate heating as the correct treatment. 
The idea of ‘‘ bursting the cells” by freezing the peat 
for the purpose of being able to press out the water has 
been frequently discussed, and thought to be specially 
adaptable in cold countries, like Northern Russia. It 
is, of course, out of the question to produce cold artificially 
for such purposes, the cost being prohibitive. Therefore 
such treatment would be still more dependent on atmo- 
spheric conditions than air-drying. Besides this, the peat 
has to be thawed before being pressed, and this would 
uire heat. 
he experiments made by the author showed that frozen 
young peat gives off its water more easily than mature 
t after having been thawed and pressed within an hour, 
ut the results were not so gi as when an electric 
current was used. If frozen peat is left to thaw a few 
days, it returns to its original condition, showing the 
Pounds of Water Pounds of Water 
in Press Cake _ Pressed out from 
per Pound of Each Pound of 
Dry Substance. Dry — 


Mature Peat. 


Peat not pulped .. . 
Peat pulped - oe ‘e 7 
Peat not pulped, submitted to 
an electric current of 50 to 
100 volts se nee s 
Peat not pulped, submitted to 
1000 volts ° oe 


Peat not pulped, submitted to 
50 to 100 volts at 80 deg. Cent. 
Peat pulped, submitted to 50 
to 100 volts .. ss wy 

Peat pulped, submitted to 50 

to 100 volts at 80 deg. Cent. 

Peat pulped and __ frozen, 

ressed within 1 hour after 
ing thawed .. ia 

Peat not pulped, but frozen .. 
same ‘resistance. In cold countries peat is frozen many 
times over and is not easier to press, nor does it show 
any difference in its properties and consistency lending 
support to the view that freezing facilitates the separa- 
tion of water. It is therefore obvious that freezing and 
pressing the t is a treatment which cannot replace 
air-drying. manufacture of peat-fuel must, above 
all things, be independent of atmospheric conditions. 

Some of the results of these experiments with mature 
peat may be seen from the table above. 

The pressure was gradually increased to 300 lb. per 
square inch. The results from the use of an electric 
current were obtained by pressing the peat and su! 
mitting it to the action of the current at the same time. 

The Practical Application of the New Process.—The 
results obtained from the above researches and exper'- 
ments show beyond doubt that by —_ heating the 

t to a certain temperature the bulk of the water can 

mechanically expelled at low pressure. Moreover, it 
shows that this treatment equalises the different kinds 
of peat, converting all peat, young and mature, into @ 
—— of uniform properties and fuel value. As 4 

is for a commercial process, this treatment has the 
a of not requiring outside raw materials. Tlie 
heat and power required can be produced by a part 
of the t itself, making a manufacture independent 
of weather and season. The carbonisation is instan- 
taneous, and the time required for making fuel from 
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the raw peat is only that required for heating, cool- 
ing, and pressing. e. can be done within a 
minute, and the heating and cooling ought not to 
require more time than the heating and cooling of 
water, provided an efficient penne. is used. ; 
Air-drying occupies one to three months. With suitable 
mechanical arrangements the wet-carbonising process 
ought not to take more than 30 minutes in all. ¢ 
The important question remaining to be discussed is : 
How much heat and power respectively will the process 
require? To heat the peat up to, say, deg. Cent., no 
more than 200 calories per kilogramme need be used. 
The specific heat of the peat-pulp is 0.92, or, say, 1. As 
free or sensible heat can be regenerated, the net cost of 
the heating ought only to be a part of the 200 calories 
required to reach the desired carbonising temperature. 
The heated pulp can be cooled by the raw pulp awaiting 
its turn to be heated, and thus great saving of heat ob- 
tained. The author has tried the regeneration of heat on 
a large scale, with an apparatus (Fig. 4) consisting of one 
double tube built according to this principle, with a space 
of 4 in. between the outer and inner tubes, thus securing a 





rapid interchange of heat. The pulp was forced through 
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It is known from experience in steam-raising that the 
heat developed from gaseous fuel is utilised to the extent 
of 70 to 80 per cent., the balance being losses through the 
chimney and through radiation. If these — are 
— to the wet carboniser, the total cost of heatii 
will be 90 to 100 calories per kilogramme wet pulp, whic 
corresponds with the figures actually obtained from ex- 


periments. 

Calculated on the basis of mature fuel-peat at 5600 
<a. the heat balance of wet carbonisation is as 
‘ollows :— 


Calories. 
800 kilogrammes peat-pulp containing 100 kilo- 
grammes peat substance at 5600 calories. 
Heat available in the fuel .. - i os 560,000 
uct carbonisation heat, 100 calories per 
kilogramme pulp .. és we - es 80,000 
Leaving .. on 480,000 


equal to 85.7 kilogrammes peat substance. Consequently 
about 14.3 per cent. of the peat in the pulp has to be 
sacrificed in the wet-carbonising oven, but against this a 
continuous process and a concentrated fuel are secured. 





tL . 
hy 





briquetting plant. The lignite is dug_up with a moisture 
of about 50 per cent., and has to be dried before it is 
briquetted. A lignite-briquetting plant (Figs. 7 to 9) is 
therefore equi with all that is required to produce a 
high-class fuel from the press-cakes of peat. press 
used for making the briquettes is a high-pressure plunger 
press with a die consisting of an open tube. It moulds 
one briquette for each stroke, or 80 to 120 briquettes per 
minute, each briquette weighing about 1 Ib. e cealie 
tion is 50 to 60 tons per twenty-four hours. f 

There are at the present time over 900 ae working 
lignite in various parts of Europe, each plant producing 
about 50 tons of briquettes per twenty-four hours. This 
industry is rapidly increasing in countries where there 
are lignite deposits. The briquettes are popular because 
of their cleanliness, and if peat is treated in the same wa 
there is every reason to believe that such briquettes woul 
answer all the requirements of a high-class fuel. 

To try the effect of briquetting, the author sent two 
wagon-loads of wet-carbonised peat to a ligniteb-riquetting 
factory in Germany, and the briquettes obtained were 
excellent, Power, heat, and labour for briquetting lig- 
nites are well-known ems, and when all heat and power 
— for excavation, transport, pulping, pumping, 
carbonising, pressing, final drying and briquetting are 
estimated, the conclusion may be arrived at that the total 
fuel consumption in making briquettes from wet-car- 
bonised peat will equal 37 per cent. of the fuel available 
in the raw peat. 
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Fic. 4. SecrionaL View or One-Tuspe EXPERIMENTAL APPARATUS FOR Wet-CARBONISING OF Peat-PCLp. 


Description :—A, receiving-chamber for raw pulp. B, receiving-chamber for wet-carbonised pulp. C, heating-tube. D, cap closing the tube. 
F, pulley for revolving the inner tube. ti 


regulate the flow. 








Fug. 5. 
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the tube with an ordinary sludge-pump ata pressure a little 
above the tension of steam at the selected carbonising 
temperature, and boiling thereby prevented. 

The results were as follow :— 





| Deg. ©. | 








—_ Deg. C. | Deg. C. 
Carbonising temperature. . 180 200 220 
Temperature of raw pulp entering 21 19 14 
Temperature of coond pulp dis- 

charged a a ° 89 93 80 
Regeneration a nr as 91 107 140 
Net cost of wet carbonisation in 

calories oa a ° 68 74 66 

From these results it is obvious that 57 to 65 per cent. 


of the heat applied can be regenerated, and the higher 
the carbonisation temperature the better the regenera- 
tion. Compared with ponent, where it is hardly 
possible to regenerate any heat, this method of carbonisa- 
tion is vastly superior. Instead of conducting the heat 
through gases to the substance, fluid water is the heating 
medium, and the apparatus can be built upon:the prin- 
ciple of a tubular Poiler. The regeneration of heat is 
only a question of the cost of apparatus to secure sufficient 
cooling surface. 

Trials on a larger scale with a system of fifty-two 
tubes, through which 50,000 gallons of peat-pulp were 
pumped, gave the following results. (As regards con- 
¥, ction and general arrangement of this apparatus, see 

5.) 


ig. 
Average temperature at the heated end of Deg. Cent. 
7 : ae ob 152 


the tubes . ; 8 E 
Temperature of raw pulp entering... ~ 10 
” ,»» pulp discharged oe ee 80 
Regeneration Reg: sab imacaaced “wh 2 
Net cost of carbonisation in calories ..  «» 70 


h 





G, gas-burner. 


H,.h 


Fig 





Block of 52 tubes. 


A. Inlet of raw pulp. 
B. Outlet of wet-carbonised 
pulp. 


In view of the low value of peat-bogs, the 
cost of the fuel in the process equals prac- 
tically only the expense of its excavation 
and transport to the factory. 

Assuming that one-seventh of the origi- 
nal water in the peat is left in the press-cakes, or 1 fb. 
of moisture for each pound of peat, the cost of eliminating 
this moisture by artificial heat would be equal to the 
evaporation of 100 kil mmes of water from each 100 


kilogrammes of wet-carbonised peat. 
100 kilogranmmes of water require for evapora- Calories. 
tion 640 calories per kilogramme, or total .. 64,000 
To cover 25 per cent. lossesadd .. an 16,000 
Per 100 kilogrammes of dry peat 80,000 


These 80,000 calories are equal to 14.3 kilogrammes of 

t with 5600 calories, or a further 14.3 per cent. peat, 

ut a water-free fuel is thus produced. It is ible to 

carry out the drying partly with the waste heat from 

other parts of the factory—e.g., the wet-carbonising oven 
and power plant—thereby saving 20 to 30 per cent. 

For pressing out the water, any press capable of work- 
ing at 50 atmospheres can be used. The diagram of appa- 
ratus (Fig. 6) shows a strainer in which the bulk of the 
water is separated by the pressure in the oven, which is 
15 to 20 atmospheres produced by the Pulp. ump, and an 
additional pressure is given by the ram of the press. The 
pressed wet-carbonised peat forms here a plug which is 
suffiviently hard to resist the pressure of the oven, but is 
moved by each stroke of the ram. For use in factories a 
stronger-built strainer of a somewhat different pattern is 
contemplated. 

The cost of pressing is therefore the total pressure 
minus the pressure given by the pulp-pump, and with 
gasified fuel and gas-engines the power required is 

uivalent to a consumption of 14 per cent. of the peat, 
all transformation losses included. 

The water-free wet-carbonised peat has, as above 
mentioned, the heating value of about 6200 calories per 
kilogramme, or 11,000 British thermal units per pound. 





Such fuel in compressed form can be obtained in a lignite 


g-oven. 


. 5. SecrionaL View oF EXPERIMENTAL APPARATUS FOR WET- 
CARBONISING OF Peat-PuLp. 


C. Outlet of combustion gases. 
D. Gas-producer, 


E, inner tube, with a screw-thread to 


, ther 





Capacity = 180 tons per 24 hours. 


E. Heating-chamber. 
F. Mechanical arrangement for 
revolving the inner tubes. 


At the author's request, Mr. C. Dellwik has carefully 
computed the probable manufacturing expenses of the 
briquettes, based upon a eae of about 20/. per acre of 

t-bog, of average depth and with existing labour con- 
Sitios. He arrived at the following figures :— 


Daily production .. 100 tons briquettes. 





£8. d. 

Value of the peat in the bog os ‘es “fe 30 0 
Wages for excavation by machinery .. +. 13 0 
Wages for transport to factory .. oe ee 140 
Wages in the factory = _ be 10 00 
Depreciation and maintenance of plant 12 0 0 
Administration and sundry expenses .. 600 
£33 7 0 

Cost per ton of briquettes 8d.* 


* If the excavation is carried out by hand, this cost would be 
considerably increased—to &s. 9d. per ton or more, depending 
upon local conditions. 


Considering the high fuel consumption in the factory, 
the question of possibly recovering some by-products from 
the fuel used which would recoup part of the expenses 
has been investigated. Attention was first devoted to the 
nitrogen. In modern plants for producing coal-gas the 
nitrogen is recovered in the form of sulphate of ammonia, 
a readily marketable article of increasing demand. 
According to a statement by Mr. A. Lymn,* the long 
experience of many firms working gas-producers shows 
that 90 lb. to 95 lb. of sulphate of ammonia are obtained 
from each ton of coal gasified, the being simul- 
taneously used without difficulty in Eick conpenstene 
furnaces. Peat contains not less, but rather more, ni n 
than coal, and recent statements by Frank, Caro, Rigby, 
and others show that the nitrogen in peat can be recovered 
— successfully in connection with the manufacture 
of producer-gas. Frank states that 77 to 83 per cent. of 
the nitrogen in peat has been recovered at dodingea, in 
Westphalia, and elsewhere, and that peat containing up 





* Journal of the Iron and Steel Institute, 1907, No. L., 
page 168. 
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to 2 lb. of water per pound of dry substance can be 
gasified. 

Messrs, Crossley Brothers, Limited, Manchester, are 
building gas-producers specially adaptable for peat. From 
pe with 2 per cent. nitrogen and a heating value of 
5600 calories per kilogramme, Mr. Rigby obtained in a 

-producer built by Messrs. Crossley Brothers the 

Tiwies average of products :—* 

Gas volume (reduced to 760 millimetres and 
0 deg. Cent.) ee 3 ; re oe 

Calorific value of gas 

Ter. 0s os ee 

Acetate of lime... oe os os 

Sulphate of ammonia - Pi ~* p 

The figures relate to a metric ton of peat, calculated as 
dry. The peat was delivered to the producer covtain- 
ing moisture in the proportion of 1 Ib, to each 1 lb. of dry 
substance, or 50 per cent. 

It is shown above that wet-carbonised peat contains a 
trifle more nitrogen than raw peat. 

Samples of wet-carbonised peat were sent by the author 
to the Power-Gas Corporation, Limited, for analysis and 
trial in gas-producers, and with recovery of nitrogen. The 
report was favourable, the samples giving similar results 
to those of ordinary dry peat. 

Further trials with wet-carbonised peat obtained at 
180 deg. Cent. gave the following results :— 

Gas produced per ton, reduced to 760 milli- } 
metres pressure and 0 deg. Cent. 


2800 cub. m. 


2830 cub. m. 
(99,500 cub. ft.) 
{ 1428 cal. per cub. 


Calorific value, net m. (160 B.Th.U. 
per cub. ft.) 


er es a - Pe j .. 4.2 per cent. 
Sulphate ofammonia__... os ee -- 43 a 
Proportion of nitrogen recovere ws oe ” 
Nitrogen in the wet-carbonised peat .. = a 
Calorific value of wet-carboni peat.. «- 6110 calories 


All the figures relate to the peat substance calculated as 


dry. 

Peat always contains nitrogen, the percentage of which 
varies from 0.6 to 2.8 per cent., the average being 1.1 per 
cent. to 1.5 per cent. 

In the author’s laboratory a great number of samples of 
peat from Ireland, Scotland, England, Germany, France, 
Austria, Russia, Sweden, Italy, Brazil, the Argentine, 
the Falkland Islands, Switzerland, &c., have been 
analysed, and all mature peat was found to contain at 
least 1 per cent. ey The more mature and de- 
composed the peat, the higher the percentage of nitrogen. 
A highly-decomposed Russian peat having 11 per cent. 
ash was found to contain 3.1 per cent. nitrogen.t Of the 
English and Irish peat analysed in the laboratory several 
samples contained 2.7 or 2.8 per cent. nitrogen. 

The recovery of nitrogen from that part of the peat 
which has to be used as fuel in the manufacture of wet- 
carbonised peat is consequently to be looked upon as a 
sound proposal. It considerably increases the percentage 
of fuel required—viz., from 37 to about 45 per cent.; but 
if an average peat is worked, that fuel is paid for by the 
sulphate produced. Assuming 4 per cent. yield of sul- 
phate having a market value of 10/. for each 100 tons of 
gasified peat, this would give 40/. credit towards the ex- 
penses, and thus reduce the fuel economy to a question of 
minor importance. 

In actual working with gas-producers having ammonia- 
recovery plants, the cost of sulphuric acid, labour, and 
sundries 1s found to amount to about 15/. per 100 tons 
gasified fuel, leaving a surplus of 25/., or 5s. per ton, the 
value of gas and tar not counted. 

Gas is an ideal fuel for heating tube systems like wet 
carbonisers. The combustion can be regulated so as to 
give a soot-free product, and the tubes can easily be kept 
clean. The gas will also supply power for direct use in 
gas-engines. 

If the cost of manufacturing the briquettes from an 
average fuel be computed upon the basis of gasified fuel 
and ammonia recovery, it will be found that the briquettes 
cost only about 4s. per ton, deducting the value of the 
sulphate from the total expenses. At the price of 4s. per 
ton this fuel can be introduced into the iron and steel 
industries, and it is clear from what has been stated that 
there will be no insurmountable technical difficulties in 
realising this under actual working conditions. 

A complete factory, consisting of wet-carbonising plant, 
briquettin, ee and gas-producers with ammonia re- 
covery, Will shortly be working in this country. Another 
a is being built in Germany for working on a peat-bog 
there. 

The Products of the Wet-Carbonising Process.—In the 
foregoing portion of this paper the principles and advan- 
tages of the wet-carbonising process have cn described, 
and the results of experiments and trials reported. The 
products obtained during the process have also been the 
object of careful investigation. 

The Press-Cakes.—The press-cakes are to be regarded 
as the first crude product. They contain a fraction more 
moisture than air-dried peat, one-fourteenth to one- 
seventh of the original wate: remaining ; but the higher 
calorific value of the dry substance counterbalances the 
reduction caused by the higher contents of moisture. 

The average percentage of water in air-dried peat in the 
north of Europe and in Canada is 25 per cent.t The 
heating value in a large number of samples examined 
varied from 2235 to 4307 calories per kilogramme, averag- | 
ing 3463 or 6233 B.Th.U. In wet summers manufac- | 
turers of air-dried peat have to be contented with 33 to | 





* Information received by the author in a letter from 
Mr. Rigby himself. 

+ The author has been informed of the existence of 
peat-bogs said to contain over 4 per cent. nitrogen, and | 
samples are expected for analyses. 

t See Nystrom’s report to the Department of Mines, 


Ottawa, Canada, 1908, on ‘ Peat and Lignite. 


40 per cent. of moisture in the sods, if they get any peat | ou 
a 


t 
Although it is not proposed 


t of 1 ton of cakes as from the same weight of belle. 
The press-cakes dry quickly in the o 
to use the press-cakes as a | ratio of dry substance to moisture of 4:1 after one or 


m air, showing a 


fuel, itis of interest to compare their fuel value with that | two weeks’ drying. In that condition, of course, they are 


of peat in an air-dried condition. 


Fig. 6. DIAGRAM OF THE APPARATUS OF THE EX. 
A,PuMP. &, CARBONISER 
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ENBERG WET CARBONISING PROCESS FOR PEAT. 


C, WATER PRESS. 





PEAT BRIQUETTE FACTORY FOR 50 TONS PER 24 HOURS. 


Fig .7. 


REFERENCES TO NUMBERS ON PLANS, 


8. Sifter. 
9. Elevator. 
10. Hopper. 


. Hopper to receive one day’s 
raw peat-pulp. 
Conveyors. 





ll. Dryer. 

12. Conveyors. 

13. Grinding-rollers, 
14. Elevator. 

15. Heater. 


3. Pulp-pumps. 
. Carboniser. 
SSeS. 
Conveyors. 

. Grinder. 


: os of the press-cakes from the experiments recorded | 
in the 


Mahler bomb calorimeter. 


16. 
17. 
18. 
19. 
20. 
21. 
22. 


23. 


Briquetting-press. 
Water-tank. 
Briquetting-trough, 
Water-dischargers. 
Shaftings. 
Gas-work. 


. Gas-engine. 


Gas-pipe. 


. Conveyor. 
25. Boiler. 
26, Superheat. 
Flue. 
28. Ash-pits. 
29. Exhauster. 
. Smoke-stalk. 
31. Dust-separator. 


Briquettes.—The appearance of a briquette of wet-car- 


ing diagram were directly tested in the bonised peat is very similar to that of a lignite briquette. 
The peat-pulp used for these | It has a black glossy surface, and is very compact. During 


determinations contained seven parts of water to one part | the wet-carbonising a wax of paraffinous nature is libe- 


of t (see table on next page). 


| rated which serves as a binder for the 


rticles. There is 


hould air-dried peat be substituted for wet-carbonised | 3 to 4 per cent. of this wax in wet-carbonised peat. Fo: 





| peat as press-cakes, the consumer will get as much heat practical purposes the briquettes can be regarded as im- 
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Relation between Calories 


y Substance per 
and Moisture in Kilo- 
the Sample. gramme. 
Pressed cakes, fresh— 
W et-carbonised at 220 deg. Cent., 
50 atmospheres .. ve ee 2:1 4008 
Wet-carbonised at 200 deg. Cent., 
0 atmospheres .. - oe 19:1 3495 
Wet-carbonised at 180 deg. Cent., 
40 atmospheres .. ob Se 1:1 2707 
\et-carbonised at 220 deg. Cent., 
{0 atmospheres .. we on 1:1 3050 
Pressed cakes, air-dried one week— 
Wect-carbonised at 220 deg. Cent., 
atmospheres .. et od 4:1 4785 
Wet-carbonised at 180 deg. Cent., 
() atmospheres =a ee @:1 4370 
Raw peat 
Air-dried to 25 per cent. moisture 3:1 3546 
Air-dried to 83 per cent. moisture 2:1 3218 
Air-dried to 37} per cent. moisture 19:1 2810 


vervious to water. Some briquettes submerged in water 
increased in weight as follows :— 





Sudden heating and cooling do not disin te bri- 
quettes of wet-carboni peat, and they can burned 
under locomotive becilers without any change being made 
in the construction of the fire-boxes or grates. 

At a trial firing of the locomotive of a shingle train 
running at full speed briquettes of peat, wet-carboni 
at 155 deg. Cent., produced 6.2 Ib. of steam of about 
130 lb. pressure for each pound consumed, whilst coal 
used on the same engine generated 6.7 Ib. of steam under 
similar conditions. No smoke nor cinders from the chim- 
ney were observed. The ash or powder amounted to 
4.5 per cent. With briquettes of higher carbonising tem- 
perature still better results may be expected. 

On many occasions it has been observed that the evapo- 
rating effect from firing with briquettes of peat is higher 
than could be puter | from the calorific value. If, for 
instance, peat briquettes with a calorific value of 4000 are 
compared with coal of 8000 calories, the result is not 
50 per cent. of the effect, but 60 per cent. An explana- 
tion of this is given by Professor V. B. Lewes, who points 
out that the amount of air needed for complete com- 
bustion is less for peat, and therefore in steam-raising 
practice the heat of peat is better utilised. The value of 





5 per cent. water, one with press-cakes containing 20 per 
cent. water, and one with 40 per cent. water, were 
through a Kopper’s by- uct coke oven worked with 
coal. The lids were fastened with screws and the crucibles 
‘*planted” in the charge, surrounded by coal. After 
twenty-six to twenty-eight hours, when the coke was dis- 
charged from the oven, the crucibles were taken care of 
and separated from the coke, and the contents examined. 
The charcoal from the press-cakes with 40 to 50 per cent. 
water was the strongest, and well cemented. e three 

roducts were not noticeably different from those obtained 
. direct heating in the crucible furnace. 

It is evident from this test that charcoal can be made 
direct from the pressed cakes, which fact is of great 
practical value. 

For the pur of ascertaining whether the gas 
evolved during the charring is sufficient in quantity and 
calorific value for working a by-product coke oven with 
wet-carbonised peat the experiments were repeated, using 
a retort of suitable shape, in which the material was 
pressed. With the help of an iron rod a hole was formed 
right through the cake, serving as a gas channel. The 
gas was measured and tested. 




















Fie. 


A. Crushed cube. B. Crushed parallelopiped. 


Increase in Weight. 


After 1 Day. After 1 Week. 

Small briquette with perfectly Per Cent. Per Cent. 

smooth surface; carbonising 

temperature 200 deg. Cent. 0.4 0.7 
Small briquette with perfectly 

smooth surface; carbonising 

temperature 180 deg. Cent. .. 0.7 0.9 
Large ay ag from peat heated 

to 150 deg. to 155 deg. Cent., 

cracked on surface 3 ee 0.6 0.8 

For comparison— 

Lignite briquette .. at Pe 1.3 1.5 
Briquette of air-dried peat on 3.5 6. 
Coal from Lancashire, average of 

four sample pieces < : 0.8 0.9 


Coal does not absorb water in the ordinary sense of the 
word, the water being in reality only drawn up by capil- 
lary attraction into the cracks of the coal. In the peat 
oo the water is absorbed and equally distributed. 

The briquettes from wet-carbonised peat burn with a 
long luminous flame, and are quickly lighted. Thin pieces 
can be lighted with a match like wood. With an ordinary 
chimney draught they burn without soot or smoke. A fire 
of briquettes is more like a logwood fire than a coal fire. 
The composition of the briquettes is shown below. 


| 
| 
| 
| 








be 
a Ses| .| #2 {38 
= & oan 2a 
: deg. C.| p.c. | p.c. 

Small briquette 200 «63.8 | 29) 62380 
2» ‘" ite * , 180 | 3.7 | 41 | 5754 

Large briquette, according to Pro- 
fessor V. B. Lewes’ analyses ; 155 | 4.46 5136 

Large briquette, according to Pat- 
tinson and Stead’s analyses 155 4.93 5250 

_ Por comparison— 

A briquette of air-dried peat, Ger- 
man make <ie5 4) Glerigg 4.1 | 14.5 | 3910 
Averaye English steam coal ue 5.2 | 6.5 | 8000 
Ss German coal . . a poe +e 6. 6.5 | 7400 
Lignit: briquette sin 9.1 12.6 | 4960 
Coal uettes, Belgian 6.2 7.5 | 7800 


The specific gravity of the wet-carbonised peat bri- 
quetics varies from 1.29 to 1.35. Owing to saving of 


space by the regular —— of the briquettes, the volume 


age is considerably higher than in the case of coal. 
f ne ton of briquettes occupies a space of about 30 cubic 
Bali whilst Newcastle coal will require 43 to 45 cubic feet. 


t bulk there is consequently no difference in the 
ueating value of the briquettes and ordinary coal, which 


1S & c:cumstance of importance on board ship as well as 
for locomotive use. 


10.—Determination of resistance to crushing of charcoal and coke from wet-carbonised peat. 
B’. Test-piece in position to be crushed, 














peat generally, whether carbonised or not, should not, 
therefore, be judged from the number of calories or 
B.Th.U. alone, but from practical results. 

Charcoal and Coke from Peat.—According to informa- 
tion obtained, there are in Europe at present no more 
than six known localities where charcoal or coke from peat 
is used in blast-furnaces—viz., four in Germany and 
Austria, and two in Russia (Perm and Warschini, Ural). 
At none of these places is peat charcoal used alone. The 
uncertainty of the supply compels owners of furnaces to 
keep a considerable store of wood charcoal. Another 
drawback is the comparatively low crushing strength of 
the charcoal from air-dried peat, which is not strong 
enough to carry the weight of the ore charge in the fur- 
naces. The porous condition of air-dried t of average 
quality makes the coal very brittle. To obtain coal with 
sufficient strength good mature peat has to be selected 
and submitted to a special treatment somewhat differing 
from the ordinary air-drying process. Otherwise the 
result with peat coal has been highly satisfactory, and 
the low percentage of sulphur makes it an excellent sub- 
stitute for wood charcoal. 

Now that the wet-carbonising process makes it possible 
to obtain a regular supply of peat material, it becomes a 
question of great importance to know the qualities of the 

roducts resulting con charring or coking such t. 

he experiments and trials with wet-carbonised peat have 
pe recently been completed, and manufacture on a large 
scale has not yet commenced. The wet-carbonised mate- 
rial at disposal for trials in this direction has, therefore, 
been rather limited, but the quantities available have been 
sufficient to make the results of the trials reliable. 

Two kinds of products are obtainable: one a light 
porous product, similar in appearance to wood charcoal, 
which may be called ‘‘ peat charcoal;” and the other very 
heavy, and similar in appearance to coke, but without the 
large pores. This latter product the author calls “‘ peat 
coke,” to distinguish it from the former. 

The first material tried was taken from the press-cakes 


of wet-carbonised peat obtained at 180 deg. Cent. 
Samples were cha in retorts and large iron crucibles 
containing 1 lb. to 5 Ib. of the material. The dried press- 


cakes were comparatively strong, but after being charred 
in retorts the coal could be crushed to powder between 
the fingers. Powdered and pressed into the crucibles, 
they did not bind. Better results were obtained with 

t-cakes containing 40 to 50 per cent. water. 
into the crucibles they bind well, giving charcoal in 
pieces. A rapid heating here gave better results in this 
case than gradually increasing the heat. It is evident 
that the water present had some chemical action upon 
the peat during the charring. 

In order to make the , test under conditions 
similar to those which would obtain on a large le, three 
crucibles, one filled with dried press-cakes containing 





Fie, 11,—Tensile strength of peat coke. 





A and B, Test-pieces. 
C and C’. General arrangement, 


Altogether forty-two charring experiments and tests 
have been carried out. The principal results are sum- 
marised below :— 


Crucible Tests, 


Percentage of Net Yield. 
of Water. Fer Cent. 
§ 36.1 Very soft and friable. 
50 32.4 Hard. 
5 34.1 Powdery. 
20 33.7 Soft and friable. 
40 32.9 Hard. 


The peat used was wet carbonised at 180 deg, Cent. 
(except in yield, no difference can be expected in wet- 
carbonised peat produced at different temperatures). 

The volume weight was 0.20, equal to 1 hectolitre, 
weighing 20 kilogrammes, 1 cubic foot to 12.8lb. Average 
wood charcoal has a volume weight of 0.14 to 0.16. 
Analyses of three samples of charcoal made of wet- 
carbonised peat from different peat-bogs showed the 
following results :— 


| 
Peat from Peat-Bog marked “_ “7° “5° 











per cent. per cent. per cent. 
Ash in the peat charcoal . .| 8.9 10.1 . 
Phosphorus .. - - | 
Sulphur os 


0.05 
0.19 


0.042 
0,41 


0.06 
0,30 


Samples of charcoal from the press-cakes were tested as 
rds crushing strength. ‘o obtain regular pieces, 
ane and oblong pieces were cut out of the material with 
a fine saw. Such pieces of charcoal were then crushed 
with the help of the appliances illustrated in Fig. 10. 
The load in the form of water was gradually increased 
until the pieces were crushed. The result was :— 


Charred Press-Cakes. Crushing Load per 


. Centimetre. 
ilogrammes 
Oblong mM Ist sample 424 
a M 2nd sample 37.8 
os y 8rd sample 39.9 
as Y 4thsample (with some large pores) 19.6 
Iii 
Cube ¥ 1st sample 38.3 
- Y 2nd sample 39.1 
- Y ard sample : 30 
2” Y 4th sample (with some large pores) 22.6 
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If the two test-pieces with large be excluded as 
faulty, the average crushing st according to 
tests is 37.8 kilogrammes per square centimetre. The 


crushing load was applied in the samples marked 
in the direction of the fibrous structure, and in samples 
marked ¥ in right angle thereto. 
Kilogramm: 
Square Centimetre. 
Two samples of wood charcoal tested in a Il. 


similar way gave crushing strength Mm 
Two samples of wood charcoal tested in a 

similar way gave against the fibres Y 9.7 11.8 
Medium .. ‘ cs ‘i Sie 33.2 49.2 

The great difference between the two figures makes it 
difficult to compare the wood c direct with the 
peat charcoal. If, however, the medium strength of 
wood charcoal can be accepted as an exponent, the peat 
product is gum | equally strong. 

The poor results from the crushing test 
charring the materia] in briquet condition. Hereby 
the heavy ‘‘coke” above mentioned was obtained. To pro- 
duce the best hard clinkering coke it was found necessary 
trheat the briquettes slowly, allowing the gases proper 
time to escape. The result was a fine porous coke, having 
a volume weight of 0.47 to 0.51, equal to 47 to 50 kilo- 

mmes per hectolitre, or 30 lb. to 32 lb. per cubic foot. 
Coke from ordinary coal showed weights of 36 to 45 kilo- 
grammes per hectolitre. 

The specific gravity of the peat coke was determined in 
alcohol, thereby carefully filling the pores. The figure 
obtained as true specific gravity was 1.585. The porous 
coke showed an apparent specific gravity equal to 1.070, 
with 35.9 volume per cent. fine pores. 

In coking the briquettes shrink 40 to 50 per cent. of the 
original volume. By a number of tests the yield of coke 
was found to be 44 to 45 per cent. in weight. 

— of three different samples* gave the following 
results :— 


56.5 86.6 


ve the idea of 


Sample 
No. 1. | 


| per cent. 
5.6 


Sample Sample 
No. 2. No. 3. 








per cent. per cent. 
4.10 7.8 

0.017 

0.16 

4 


84, 
2.6 
7.4 


Phosphorus .. 
Sulphur 
Carbon 
Hydrogen... ee - 
Oxygen & nitrogen, balance | 

The calorific value per kilogramme of the coke and 
charcoal in four samples was :— 


Charcoal peat ““S” 
Charcoal peat “L” 
Coked peat ‘S”.. 
Coked peat “1.”.. te ne * en 
The coke obtained from briquettes of wet-carbonised 
peat is remarkably strong. A number of determinations 
ve the following figures as regards crushing strength. 
The tested pieces were cut with a fine saw, as before. 
Crushing Load 
per Square 
Centimetre. 


290 kilogrammes 


Calories. 
7850 


Coke Briquettes, 


Cube Y 


‘ Y 


Wh 


" Y 


Parallelopiped Mi 
ill 


397 


230 


nH 
” Y 
Medium .. 


The arrangements for testing the pieces were the same 
as seen in the illustration. The remarkable strength of 
this coke and its fine porous nature made it possible to cut 
out pieces of the shape marked “‘ A” and ‘‘B” (see Fig. 11) 
and test it as to tensile strength. 

Breaking Load 
r Square 
entimetre. 
Kilogrammes. 

33 


Coked Briquettes. 


Piece of the shape “A” .. + ne * 

” ” (cracked on the sur- 

face) ‘3 es ve oe oa 4. 
Piece of the shape “‘B” .. 


Medium (cracked sample excluded) 


A coke of this strength will undoubtedly carry a charge 
of iron ore in an t-furnace. 

Retort Tests.—The following results were obtained by 
charring two samples of wet-carbonised peat oon 
in aretort. The calorific effect of the gas was determin 
with Simmance and Abady’s calorimeter. 


I, IL 


510 cubic metres 577 cubic metres 

(18,291 cubic feet) (20,694 cubic feet) 

45 per cent. 40.3 per cent. 

4880 calories per cubic metre = 549 
B.Th.U. per cubic foot 


ced to 760 milli- 


Yield of crude gas per ton, 
redu 


metres and 0 deg. Cent. 
Yield of charcoal .. ee 
Heating value of the crude \ 

gas, gross “s re 

* Made from peat especially selected for its low per- 
centage of ash, 





L IL, 
Heating value of Soe e calories per cubic metre = 466 
gas, net* .. a am B.Th.U. per cubic foot 
Yield of gas per ton after 


purification with potash, | 462 cubic metres 528 cubic metres 
reduced to 760 milli- { (16,572 cubic feet) (18,749 cubic feet) 
metres and 0 deg. Cent. 
Heating value of the puri- \ 5271 calories per cubic metre = 592 
fi gas, rose oa a B.Th.U. per cubic foot 
Heating value of the puri- | 4808 calories per cubic metre = 540 
fied gas, net... aa B.Th.U. per cubic foot. 
* After deducting water condensed from the combustion gases. 
Five other tests were made with wet-carbonised peat in 
a retort having a condenser arrangement, by which heavy 
tar oils were returned to the glowing contents. The gas 
thus obtained gave the following calorific value, deter- 
mined with Simmance Abady’s calorimeter :— 
I. I Of. Iv. V. 
Calories per cubic metre.. 6595 7068 7382 7096 7170 
British thermal units per 
cubic foot .. ge .. 741 794 830 798 806 
Messrs. Pattinson and Stead, of Middlesbrough, to 
whom samples of wet-carbonised peat were sent, obtained 
the following figures. The sample was wet-carbonised 
at a somewhat lower temperature than the above samples. 
Yield of crude gas per ton 17,472 cub. ft. 
Yield of coke om . - 33.73 per cent. 
Illuminating power of the gas_.. 15 standard spe 
Yield of purified with potash 14,851 cub. ft. 
Illuminating power of the gas_.. 20.6 standard sperm candles 
The gas produced from peat is practically free from 
sulphur. The little sulphur there is in the peat remains 
in the coke tar and potash solution used for purifying. 
No further purification is necessary to obtain a hig 
quality of gas for illuminating purposes. Ordinary coal 
gives a yield of about 11,000 cubic feet of per ton, 
having a heating value of 575 to"650 British thermal units 
gross, and illuminating power equal to sixteen standard 
sperm candles. It is obvious from the above figures that 
the wet-carbonised peat can be seriously considered as a 
material for making gas for illuminating and heating 


Al 





purposes. 

In yield of gas 2 tons of wet-carbonised peat is equal to 
3 tons of best gas-coal, and the by-product charcoal will 
fetch higher prices than ordinary gas-coke, because of its 
freedom from sulphur. 

The above figures will also show that by working a 
modern by-product coke-oven requiring from 5000 to 
6000 cubic feet of gas per ton of coal coked, there will be 
sufficient surplus of gas to give heat and power for a com- 
plete factory for producing the raw material by means of 
wet carbonising. 

The above reports, researches, and experiments indicate 
that for working peat-bogs by the new process the follow- 
ing combination of plants can be made to answer different 
requirements :— 


To Produce Briquettes for General Purposes. 
(a) Wet-carbonising plant. 
(6) Briquetting plant. 
(c) Gas-producers with ammonia-recovery plant. 
(d) Gas-engine power plant, 

(See Figs. 7 to 9, plan of a factory with a ‘‘ one-press unit” plant.) 
To Produce Charcoal. 
(a) Wet-carbonising plant. 
(b) By-product coke-oven with ammonia recovery. 
(c) Gas-engine power plant. 
To Produce Hard Coke for Blast-Furnaces, 

(a) Wet-carbonising plant. 
(6) Briquetting plant. 
(ec) By-product coke-oven. 
(d) Gas-engine power plant. 

To Produce Gas for Illuminating Purposes. 
(a) Wet-carbonising plant. 
b) Gas-work as now used for coal. 
3 Gas-engine power plant. 

The retort system can in some instances be substituted 
by by-product coke-ovens. 


To Produce Power and Electricity (Specially Recommend- 
able for Working Peat-Bogs having High Percentage of 
Nitrogen). 

(a) Wet-carbonising plant. 
(b) Gas-producer with ammonia recovery. 
(c) Gas-engine, power, and electricity plant. 

Each one of these various combinations will be of 
interest to the iron and steel industry, giving a cheap and 
a ~ _ the coke being able to replace cha: 4 

n the pi 
process opens up new fields, as it is apparently possible 
to produce electricity equally as cheaply from a peat-bog 
as from a waterfall, while, if the percentage of nitrogen 
is above 1.3, the electricity will be even cheaper. This is 

a circumstance of extreme interest in connection with the 

new electro-steel industry, now rapidly developing. 








AMERICAN Ro.iinc-Stock.—The number of railway 
oo and trucks built in the United States and 
mal, the ten years ending with 1908 inclusive 
was as annexed :— 
Year. Carriages. Trucks, 

. 1805 


4 st 5457 
1908 fe *3 as ay on 1716 76,555 
It will be observed that twice during the ten years there 
was a great contraction in the deliveries, a period of 
vertiginous activity being followed by a bewildering col- 
lapse. This appears to be the repeated experience of 
almost every branch of American trade and industry. 


THE PRESERVATION OF IRON AND 
STEEL.* 


By Aterton 8. CusHMAn, Assistant Director, Office of 
Public Roads, United States Department of Ay. 


culture. 
(Concluded from page 713.) 


PRESERVATION WITH CopPER, LEAD, AND OTHER MeErars, 
IT is possible to make a copper-coated steel wire, but 
this makes an efficient and rust-resistant wire materia] 
only when the coating is thorough and homogeneous, 
Methods are being developed to extend the use of copper 
for this purpose, and it is also applied now to sheet and 
plate-metal. If the cost is not a prohibitive factor, there 
would seem to be no reason why steel protected in this 
way should not come into more general use. The expe. 
dient of dipping iron into copper chloride or sulphate 
baths to supply a preliminary coating of copper before 
covering with zinc has also been tried. Lead has to some 
extent been for covering iron, and for certain pur- 
this material is useful. It is doubtful, however, 
whether the application of lead in this way will find a 
very wide field. Methods have also been tried of apply. 
ing an alloy of lead and antimony, but the success of the 
processes is not at present assured. One company in 
America has already placed on the market steel-sheet 
coated with this alloy, the success of which will be watched 
with interest. 

Alloys of tin, zinc, antimony, and aluminium are also 
being experimented with, and give some promise of suc- 
cess. In all these coatings, however, the use of acid, cor- 
rosive soldering fluxes should be avoided. 


PRESERVATION WITH PAINT COATINGS, VARNISHES, 
Brrumens, Lacquers, AND ENAMELS. 

The application of paint coatings of various kinds con- 
stitutes the method which is most generally depended 
upon for the preservation of iron arfd steel. It is along 
this line that the electro-chemical theories of corrosion 
appear to find the most important and interesting appli- 
cation. Two years ago, in a paper presented to the Ameri- 
can Society for Testing Materials,t the author suggested 
that, owing totheir inhibitive action against rusting, the 
slightly soluble chromates should be theoretically the 
best protectives for the first application to iron and steel 
surfaces. Subsequent investigations, however, showed 
very conclusively that if the chrome pigment had been 
precipitated in'an acid medium, or, for any other reason, 
contained soluble impurities that tended to stimulate cor- 
rosion, the surface of the steel might still fare badly. 
The following account of some special experiments, 
a report of which has previously been published, 
will probably be found interesting in this connection. 
Samples of bright steel wire were immersed in 100 cubic 
centimetres of a very dilute one-thousandth normal solu- 
tion of potassium bichromate in a series of shallow dishes. 
The wire test-pieces were suspended in the solution so 
that they did not come in direct contact with the glass 
surfaces of the dishes. This precaution should never be 
omitted in experiments of this kind, as, owing to the ab- 
sorption of air by glass, rusting is always stimulated at 
the point of contact between glass and iron, The first 
dish was left as a blank, the second received one drop 
equal to jy; cubic centimetre of a dilute tenth-normal 
copper solution. The third dish received two drops of 
the solution, and so on, each dish getting an increased 
amount of copper sulphate until twenty-five dishes had 

m pre a 

Now it is apparent that we have in this system two con- 
tending forces at work. Iron has a higher solution ten- 
sion than copper, and therefore tends to pass into solu- 
tion, the copper tending to plate out on the iron. 
Chromate ions, on the other hand, put the surface of iron 
in a condition in which it cannot pass into solution. In 
the solution system iron-chromate-copper, we have an 
equilibrium to be decided between two contending forces 
acting in opposite directions. .It was interesting and 
instructive to note the results of this struggle, which was 
known to be going on, although the actual conflict could 
not be watched. In the first dish, in which no copper 
was present, no corrosion took place; in the second 
also no action was visible. In the third, however, minute 
specks of iron rust appeared. These were i and 
more frequent in the immediately succeeding dishes, the 
test-pieces showing rust tuberculation with the well- 
known pitting effect. As the middle of the series of 


uction of electricity the wet-carbonising | dish 


ishes was approached, both iron rust and precipita 
copper began to appear side by side on the surface of the 
iron, and from thereon in the series more and more 
copper separated, while less and less rust formed, until 
in the fom dishes copper and iron were changing places 
evenly over the surface without apparent hindrance. 
These experiments, and others of a similar nature, were 
repeated many times with the same results, and there 
seems to be no escape from at least the following two 
conclusions, to which they obviously lead :— i 

1. If the surface of iron is subjec to the action of 
two contending influences, one tending to stimulate corro- 
sion and the other to inhibit it, the result will be a break- 
| ing down of the defensive action of the inhibitor at the 
| weakest points, thus localising the action and leading to 
| pitting effects. 
es ? 





ile the concentration of an inhibitor may be 
| strong enough to prevent theelectrolytic exchange between 
atom and ion, it must be still stronger to prevent entirely 
the solution of iron and the subsequent oxidation whic 
leads to the formation of rust spots. 


* Paper read before the Iron and Steel Institute, 
May 13, 1909. : L 
+ Transactions of the American Society for Testing 
Materials, 1907, vol. vii., page 290. 

t Ibid., 1908, vol. viii., page 605. 
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If these principles are applied to the selection of inhi- 
bitive pigments, it is ——— that many paints ony 
contain substances well adapted for carrying on just suc 
a struggle on the surface of iron. It seems to be the con- 
gensus of opinion among experts that an ideal vehicle for 
spreading pigments does not exist. Linseed oil, well 
adapted as it is in some respects, not only undergoes 
complex changes, but absorbs and carries water. There- 
fore, even when covered with the best paints, the surface 
of iron is sooner or later subject to attack by the two 
factors which produce corrosion—viz., hydrogen ions and 
oxygen. 

‘These considerations suggested that more study should 
be given to the action of the various pigments which are 
in general use for compounding paints to be used on 
steel. A modified form of a test first proposed by G. W. 
Thompson* was used in the laboratory investigation. A 
series of bottles, all of the same size, were arranged with 
two-hole stoppers, so that a current of air could be drawn 
rapidly through the whole series. Glass tubes connected 
one bottle to the next in line on the principle of a train 
of wash-bottles. About fifty typical samples of pigments 
were obtained in the open market for the test, and after 
careful sampling were distributed among five independent 
chemists for investigation. The method of testing fol- 
lowed by each investigator was as follows :— 4 

The train of test-bottles having been set up as described, 
two carefully-weighed samples of sheet-steel, each con- 
taining 4 square inches of surface area, were inserted into 
each bottle. Approximately 10 cubic centimetres of each 
pigment was then added in turn toa bottle of the train 
with 100 cubic centimetres of distilled water, and when 
all was ready a rapid current of air was drawn through 
the train. The duration of the test varied among the 
different workers, some allowing it to run for seven days, 
others for three weeks. Finally the test-pieces were re- 
moved, scrubbed with a soft brush, dried and weighed. 
For the pur of this test the losses in weight were 
assumed to be the measure of corrosion. The results 
obtained by the five separate investigators are shown in 
Table III. Test No. 1 was made Ba Gardner, Paint 
Manufacturers’ Association of the United States, Phila- 
delphia, Pa.; Test No. 2 by the author in the laboratories 
of the Office of Public Roads; Test No. 3 by Mr. P. H. 
Walker, Bureau of Chemistry ; Test No. 4 by Mr. L. G. 
Carmick, also in the Office of Public Roads; and Test 
No. 5 by Dr. W. H. Walker, Massachusetts Institute of 
Technology. 


TasLe ITI.—Results from Tests to Ascertain the Value of 


Test No. 3.—P. H. WALKER. 


Pigments as Rust-Inhibitors. 
Test No. 1.—H. A. GARDNER. 

Name Loss in Name Loss in 
of Pigment. Grammes. of Pigment. Grammes. 
Zinc chromate . . - 0.0050 China clay ae -. 0.3493 
Calcium chromate . 0.0088 Indian red on 0.3546 
Zinc and lead chromate 0.0004 Keystone filler .. +» 0.3560 

Zine and barium chro- Calcium carbonate (pre- 

mate .. .. 0.0153 cipitated) .. -. 0.3574 
Lithopone : 0.0160 Prussian blue (neutral) 0.3584 
Ultramarine blue 0.0247 Prince’s metallic brown 0.3774 
Zinc lead white .. 0.0842 Calcium carbonate 
Chrome green (blue — Pt .. 0.8828 

tone) .. Se .. 0.0860 Bright red oxide .. 0.3878 
Umber .. + .. 0.1365 Orangemineral(French) 0.3950 
Prussian blue (inhib‘- Calcium sulphate +. 0.3966 

tive) .. os -. 0.1438 Ochre... oe +. 0.4022 
Zinc oxide * . 0.1524 Medium chrome yellow 0.4090 
Willow charcoal -. 0.1694 Sublimed lead (basic 
White lead (Dutch pro- sulphate) .. -- 0.4176 

cess) .. eee -- 0.2040  Litharge.. es 0.4325 
White lead (quick pro- American vermilion 0.4328 

cess; basic carbonate) 0.2120 Graphite No. 1.. -. 0.4342 
Barium chromate 0.2333 Orange mineral (Ameri- 
Asbestine we 0.2394 can) .. - -. 0.4416 
Carbonith (white) - 0.2655 Barium sulphate (bary- 

Lemon chrome yellow 0.2767 tes a ve -. 0.4454 
Venetian red .. 0.2782 Carbon black .. .. 0.5008 
Sienna ca -. 0,2826 Chinese blue (stimula- 

Orange chrome yellow 0.2876 tive Prussian) -. 0.5113 
Mineral black .. -- 0.3050 Precipitated barium 

Redlead.. .. 0.3112 sulphate (blane fixe) 0.5247 
Sublimed blue lead .. 0.3177 Gra Rite No. 2.. .. 0.5262 
Chrome green (yellow Naples yellow .. 0.6482 

tone) .. .. 0.3265 Lampblack 0.7180 

Bone black 0.3392 

Test No. 2.—A. S. CusHMAN. 
Barium chromate .. 0.0101 Asbestine . -. 0.4025 
Zinc and leadchromate 0.0277. Lemon chrome yellow 0.4067 
Zine oxide is .. 0.0296 American vermilion .. 0.4147 
Zine chromate . . .. 0.0300 Orange chrome yellow 0.4203 
Zine and barium chro- Orange mineral (Ameri- 

Mate .. os 0.0468 ean) .. "f -. 0.4336 
Zinc lead white 0.1712 Prussian blue (neutral) 0.4463 
Litharge. . Bid 0.1982 Chinese blue (stimula- 
Calcium sulphate -. 0.2143 tive Prussian) 0.4559 
Prussian blue (inhibi- Keystone filler. . 0.4651 

tive) .. ss ae 2267 Venetian red 0.4756 
Chrome green (blue China clay - .. 0.4771 

tone) .. ia .. 0.2269 Naples yellow .. .. 0.4800 
Prince's metallic brown 0.2620 Calcium carbonate 
Orange mineral(French) 0.2724 (precipitated) .. 0.4910 
Willow charcoal .. 0.2795 Sienna .. “ .. 0.5432 
White lead (Dutch pro- Graphite No. 1.. -. 0.5437 

cess) .. ey -. 0.2895 Sublimed lead (basic 
Ultramarine blue 0.3185 sulphate) .. .. 0.5856 
Bone black .. 0.3245 Barium sulphate (bary- 

White lead (quick pro-  i-* oe .. 0.5883 

_ cess; basic carbonate) 0.3352 Umber .. oe 0.5961 
Sublimed blue lead 0.3425 Graphite No, 2.. ).6337 

Redlead.. =, .. 0.3555 Carbon black .. 0.6955 
Caicium carbonate Bright red oxide 0.7896 
whiting) -. 0.3620 Mineral black .. 0.8018 
Chr ne green (yellow Ochre... és .. 0.8408 
: tone) ., .. 0.3670 Precipitated barium 
ation sn I sulphate (blanc size) 0.8806 
Medium chrome yellow 0.3767 Lampblack - -. 18098 
Lithopone os .. 0.3791 


Name Loss in Name Loss in 
of Pigment. Grammes. of Pigment. Grammes. 

Zine and barium chro- Orange mineral (French) 0.1495 

mate .. we .. 0.0084 Umber .. x -. 0.1498 
Zinc chromate . . 0.0094 Naples yellow .. .. 0.1512 
Ultramarine blue .. 0.0137 Orange chrome yellow 0.1700 
Zinc and lead chromate 0.0153 Orange mineral (Ameri- 
Litharge.. a -. 0.0809 can) .. a +. 0.1719 
Barium chromate .. 0.0429 Asbestine os . 0.1748 
Prussian blue (inhibi- Calcium sulphate .. 0.1759 

tive) .. Ss .. 0.0448 White lead (Dutch pro- 
Zinc lead white .. 0.0615 cess) .. si .. 0.1781 
Chrome green (blue Calcium carbonate 

tone) .. as .. 0.0548 (precipitated) . 0.1828 
Bone black i .. 0.0921 Venetian red .. «- 0.1955 
White lead (basic sul- Prince's metallic brown 0.1983 

a. ‘ rp. .. 0.0982 Mineral black .. .. 0.2017 
Sublimed blue lead .. 0.1001 Chinese blue (stimula- 
Zinc oxide de .. 0.1002 tive i +» 0.2055 
Prussian blue (neutral) 0.1218 Ochre .. an +. 06,2119 
China clay os .. 0.1248 Barium sulphate (ba- 
Lithopone an -. 0.1274 rytes) .. ne -- 0.2547 
White lead (quick pro- Graphite No. 1 .. -. 0.2606 

cess ; basic carbonate) 0.1288 American vermilion .. 0.2612 
Medium chrome yellow 0.1319 Indian “a .. 0.2617 
Chrome green (yellow Lampblack a 0.2838 

tone) .. i .. 0.1348 Bright red oxide 0.2920 
Lemon chrome yellow 0.1365 Sienna .. -_ .. 0.2049 
Keystone filler .. .. 0.1366 Precipitated barium 
Calcium carbonate sulphate (blanc fixe) 0.3132 

(whiting) .. 0.1884 Graphite No, 2.. -- 087! 
Willow charcoal 0.1439 Carbon black . .. 0.4069 
Red lead. . cF -. 0.1495 

Test No. 4.—L. G. CarMIck. 

Zine oxide - .. 0.0085 © Lemon chrome yellow 0,1972 
Zinc and lead chromate 0.0085 Orange mineral (Ameri- 
Barium chromate 0.0094 can) .. >a .. 0.2065 
Zinc chromate .. .. 0.0130 Chinese blue (stimula- 
Zinc and barium chro- tive Prussian) . 0.2195 

mate .. a .. 0.0140 Asbestine i 0.2240 
Zinc lead white .. 0.0856 Naples yellow .. 0.2347 
Prussian blue (inhibi- Sublimed blue lead 0.2365 

tive) .. ae .. 0.11830 White lead (basic sul- 
White lead (Dutch pro- phate). . 2 .. 0.2372 

cess) .. ad .. 0.1150 Venetian red .. .. 0,2375 
Chrome green (blue Calcium carbonate 

tone) .. - .. 0.1240 (nw in .. 0.2880 
Willow charcoal .. 0,1362 Prussian blue (neutral) 0.2415 
Prince's metallic brown 0.1408 China clay es -» 0.2445 
Bone black “ -. 0.1413 Calcium carbonate(pre- 
Chrome green (yellow cipitated) .. -. 0.2625 

tone) .. oe -. 0.1453 Graphite No. 2.. 0.2789 
Orange mineral Sienna .. és 0.3085 

(French) .. 0.1467 Graphite No, 1.. 0.3173 
Litharge - 0.1584 Keystone filler. . 0.3349 
Calcium sulphate 0.1597 Mineral black .. 0.3529 
Red lead me .. 0.1717 Bright red oxide 0.3707 
Medium chrome yellow 0.1763 Carbon black .. 0.3751 
Lithopone re -. 0.1792 Umber .. “¥ .. 8.3817 
White lead (quick pro- Barium sulphate (ba- 

cess; basiccarbonate) 0.1848 rytes) .. be -. 0.3841 
Ultramarine blue -. 0.1865 DR cies af .. 0.4815 
American vermilion .. 0.1877 Precipitated barium 
Indian red oe -- 0.1905 sulphate (blanc fize) 0.5085 
Orange chrome yellow 0.1907 Lampblack S. .. 0.7096 

Test No. 5.—W. H. WALKER. 

Zine and barium chro- White lead (Dutch pro- 

mate .. ot .. 0.0251 cess) .. oa .. 0.2743 
Zinc chromate . . 0.0396 White lead (basic sul- 
Zinc lead white 0.0456 phate).. ae .. 0.3116 
Ultramarine blue 0.0496 China clay . 0.3212 
Zinc oxide aa .. 0.0504 Asbestine oa .. 0.3405 
Zinc and leadchromate 0.0620 Chrome green (yellow 
Calcium carbonate tone) .. ad .. 0.3521 

(whiting) ‘ 0.1208 Mineral black .. .. 0.3558 
Keystone filler .. 0.1481 American vermilion .. 0.3587 
Venetian red .. 0.1564 Naples yellow .. .. 0.3846 
Barium chromate -- 0.19382 Prussian blue(neutral) 0.4173 
Prince's metallic brown 0.1974 Indian red - -» 0.4334 
Willow charcoal .. Q.2110 Bone black a 0.4401 
Orange chrome yellow 0.2150 Bright red oxide 0.4429 
Calcium sulphate 0.2174 Sienna .. ; .. 0.4462 
White lead (quick pro- Precipitated barium 

cess; basiccarvonate) 0.2274 sulphate (blanc jize) 0.5064 
Medium chrome yellow 0.2288 Graphite No.2.. +» 0.5005 
Orange mineral (Ameri- Chinese blue (stimula- 

can) .. v7 -- 0.2815 tive Prussian -. 0,5202 
Chrome green (blue Barium sulphate (ba- 

tone) .. be .. 0.2346 rytes) .. ee .. 0.5636 
Umber .. “4 .. 0.2408 Red lead. . we 0.5707 
Orange mineral (French) 0.2526 Carbon black .. 0.5716 
Calcium carbonate(pre- Lampblack Bs 0.6257 

cipitated) _ .. .. 0.2616 Carbonith white 0.7152 
Prussian blue (inhibi- Graphite No. 1 0.7165 

tive) :. .. 0.2671 


From these results a tentative classification of the pig- 
ments was made under the headings:—(1) Inhibitors; 
(2) Indeterminates ; (3) Stimulators. No one of the fifty 


pigments tested was, however, admitted to any 


class 


except in the cases in which a majority of the investi- 
The classification reached 

y this method is shown in Table IV. 

It should be carefully noted at this point that well- 
known pigments, such, for instance, as red lead and 
litharge, which fall into the indeterminate class, are not 
thereby impliedly condemned, nor, indeed, are the results 
of the work given out as a proof of any contention what- 


tors reached the same result. 


soever. 


The results shoul 
in a comprehensive invest 
further studies which are 


be considered on] 
pce and as pre 
ut to be described. 


as a step 
minary to 


t is 


justly claimed by men of practical experience that labo- 
ratory tests on a small scale should not be used to draw 
sweeping deductions which may not accord with the 
results of experience, and may, indeed, even introduce 


into 


ractice methods of doubtful value. While admit- 


ting the general truth of this argument, it may be claimed 


that careful and systematic ex 
sound theory are sure to yiel 
to note that, in so far as they are com 


interesti 


these results show a striki 


experiments carried out in ft a 


riments | 


ment with the 


upon & 
fruitful results. It is 


le, 
lish 


and described by Smith. * 





* Transactions of the American Society for Testing 
Materials, 1907, vol. vii., page 493, 











-* Journal of the Society of Chemical Industry, 1899, 


vol. xviii., page 1093, 




















TABLE IV.— Classification of Pigments. 

Inhibitors. Indeterminates. | Stimulators. 
Zinc lead chromate. White lead (quick pro-| ok. 
Zinc oxide. cess ; basic carbonate). Precipitated barium 
Zinc chromate. Sublimed lead (basic! sul (blanc fixe 
Zinc barium chrom- culphate) Ochre. : 
ate. Sublimed blue lead. t red oxide, 
Zinc lead white. Lithopone. Car! black. 


Prussian blue (inhi- Orange mineral (Ameri-|Graphite No. 2. 
bitive). can). jum sulphate 

Chrome green (blue Red lead. ». 

ite No. 1. 


tone). Litharge. G 

White lead (Dutch Venetian lead. \Chinese blue (stimu- 
on Prince's metallic brown. lative Prussian), 
Ultramarine, blue. (Calcium carbonate 

Willow charcoal. 


| 
| Asbestine. 
|American vermilion. | 
Medium chrome yellow. | 


In order to extend these investigations into the field of 
practice, 600 large plates, representing three kinds of 
steel, were mounted in wooden frames facing the sea-shore 
near Atlantic City, N.J. These plates were painted under 
the strictest test conditions with the single paints as well 
as with formule made up from the three tentative classes 
of pigments. The following organisations co-operated to 
a greater or less extent in this work :—United States 
Department of iculture, American Society for Testi: 
Materials, Paint-Manufacturers’ Assocation of the United 
States, Master-Painters’ Association of Pennsylvania, 
Carnegie Steel Company, and American Rolling-Mill 
Company. The test-plates, which were comple and 
exposed to the weather and salt air in September, 1908, 
are being watched with interest, and it is hoped and 
believed that they will yield results of much value to the 
metallurgist, the engineer, and to all persons interested in 

int technology. In view of the fact that these tests 

ve been described in detail in a preliminary report* of 
the scientific section of the Paint Manufacturers’ Associa- 
—. it is unnecessary to describe them further at this 

ime, 

If we apply the auto-electrolytic theory of the cause of 
corrosion to the subject of protection by paint films, it 
follows that in general pigments that are good conductors 
of electricity should never be applied directly to the 
surface of iron or steel. A moment’s thought will serve 
to show why this must be true, provided the theory is 
true. It has been shown that the surface of iron or steel, 
when brought into contact with an electrolyte, tends to 
throw itself into positive and negative nodes, so that 
spreading out a good conductor on the surface in the 
presence of moisture and oxygen will tend to stimulate 
corrosion at the itive n with the well-known 
pitting or tuberculation effect go Bean noted when steel 
rusts under atmospheric conditions. Whether the con- 
ductor is of the first class, such as powdered aluminium or 
graphite ; or of the second class, such as a soluble inorganic 
salt, makes little difference, as either will stimulate 
the solution pressure of iron at the positive points. In the 
light of this theory, let us consider the probable effect of 
using three forms of carbon pigments — lampblack, 
graphite, and willow charcoal, in contact with moisture 
on the surface of steel. 

Of these three Hy corned in the dry state, lampblack 
and graphite have a high conductivity, while willow char- 
coal is almost an insulator. In order to get an approxi- 
mate measurement of their relative conductivities in the 
moist state, 10 cubic centimetres of each of the three pig- 
ments were en up with 100cubic centimetres of very 
pure distilled water, and the conductivity of the resulting 
slimes oo measured in a special type of conductivity 
cell. e results obtained are shown in Table V. 


TABLE V.—Results of Conductivity Tests of Three Pigments. 








: | Comparative Comparative 
Mame of Figment. | Resistance, Conductivity. 
r cent. r cent. 
Lampblack. . poe a 2.28 
Graphite es o° 1.10 0.91 
Charcoal .. os es - 1.83 0.54 


_ It will be noted that in the results shown in Table III., 
in the results obtained by three out of the five experi- 
menters, the corrosive action of the three pigments falls 
in this same order. In every case the lampblack and 
a ages appeared high up in the “stimulator” class, 
while willow charcoal just qualified as an “inhibitor.” 
If we inquire why willow charcoal exhibits a slight con- 
ductivity when damp, and yet is to some extent an inhi- 
bitor of rust, the answer is that all charcoals contain a 
slight amount of potash. It is admitted that the con- 
ductivity test could not be generally used in order to 
determine the corrosive effect of a given pigment, for 
everything must necessarily pe a upon whether the 
material which passes into solution, and thereby in- 
creases the conductivity of water, is stimulative or inhi- 
bitive in action. Thus alkaline electrolytes as well as 


| chrome compounds inhibit, while acid dnd neutral salts 


generally stimulate corrosion. 

_Nevertheless, the test of the three carbon pigments as 
given above is of value, inasmuch as it indicates that good 
conductors should not be used in the first application to 
iron and steel, unless the conducting material is inhibi- 
tive in its nature. In order to determine whether or not 


* Preliminary ‘‘ Report on Steel Test-Fences,” Paint 
Manufacturers’ Association, Philadelphia, Pa, 
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this indication would be borne out by actual paint tests, 
the following experiments were e: the three carbon 
pigments were ground in the usual manner with a 
— of raw linseed oil and a small amount of a — 
ri These three paints were then thinned slightly 


with pure turpentine and painted in neighbouring stripes 
on pte les aay pure steel which had been machined 
and polished to a smooth surface. After the paint films 
were set the plates were laid flat and covered with damp 
blotting-paper, under which they were kept for three 
weeks. At the end of this time paint films were re- 
moved with the usual paint solvents and the surface care- 
fully examined. The steel was deeply etched under the 
graphite, less so under the lampblack, and to a much less 
extent under the willow charcoal. During the course of 
this work it occurred to the writer that if an acceleration 


test could be devised to distinguish between inhibitive | P 


and stimulative pigments, by a simple and easy method, 
and without the necessity of referring the matter to a 
chemist, it would be of great value to both manufacturers 
and consumers. To this end the following test has been 
devised :— : . 

The pigments to be tested are rubbed up with sufficient 
water to make thick water-colour paints, and are then 
flowed or brushed upon the clean blades of steel table- 
knives. After the coatings are dry, the knives are laid 
on a wet blotter and covered with a sheet of wet blotting- 
paper. At the end of forty-eight hours the surface is 
cleaned off with running water and a stiff brush. This 
acceleration test has been found to "ed results which 
agree with the oil-film tests. The following table indi- 
cates the pigments that were used. 


TABLE VI.—List of Pigments used in Acceleration Test. 





|Number 
of Knife. 


(1) 
(2) 
(3) 
(4) 
(5) 
(6) 


} 
Number! 
of Knife. | 


(t) 
(2) 


Pigment. Pigment. 

Zine and barium chromate 
Chrome green (blue tone). 
White lead (Dutch process) 
Red lead. 


Barium chromate. 
Zinc lead chromate. 
Zine chromate. 
Lampblack. 1 
Litharge. 


Graphite No. 2. 
Ferro-ferric oxide. 


| Willow charcoal. 


These film corrosion tests usually agree with the results 
obtained in the Thompson test, and in the few cases in 
which differences have been noted reasonable explana- 
tions are forthcoming. For instance, in the cases of some 
of the very heavy pigments, such as the leads, barium 
compounds, &c., it was impossible in the air-bubbling 
test to keep them in suspension, with the consequence 
that the steel was in contact merely with the supernatant 
liquid. The damp film test is much easier and more 
rational than the bubbling test, and will probably come 
into very general use. 

The fact has been brought out that some pigments 
which have been supposed to be excellent for protecting 
steel should in reality never be used, at least for the prime 
or contact coat, and that some pigments which theoreti- 
cally should inhibit corrosion in reality appear to stimu- 
late it. This is very well shown in the chrome pigments, 
some of which appear to be inhibitors and some stimu- 
lators, depending upon the technology of their prepara- 
tion and whether or not they contain stimulating im- 
purities, 

As a result of a large number of these film tests, the fol- 
lowing conclusions appear to be justified, and are there- 
fore advanced at this time :— 

1. The name of atype of pigment does not necessarily 
guarantee its inhibitive value. 

2. Pigments which are good conductors of the first class 
should not be applied as the prime or contact coating to 
iron and steel. 

3. If pigments contain material which is even in the 
slightest degree soluble in water, they should not be used 
yee ema their inhibitive effect on corrosion has first been 
established by test. 

The use of varnishes and bitumens on the surface of 
iron recommends itself on account of the well-known in- 
sulating properties of these materials. The author has 
proms | in making a successful hibitive lacquer by 
dissolving chromic acid crystals little by little in a filtered 
alcoholic solution of shellac. Many cases are on record 
in which pure refined coal-tar has given a ee account of 
itself as a protective coating, and undoubtedly many of 
the proprietary bituminous paints and compounds are 
well adapted for application to iron. The reason that 
such materials are not in general use appears to be that 
they change their nature to some extent as they age, 
pe'f are apt to become brittle, or to produce the effect 
known as “‘alligatoring ” under the action of sunlight and 
the atmosphere. 


PROTECTION WITH CEMENTS. 

The question whether steel embedded in concrete is 
protected from corrosion is of the highest importance. If 
steel reinforcements rust awiy, it bodes ill for the future 
of many modern structures, re the impossibility 
of making inspections and repairs before the danger-point 
is reached. The records of discussions before a number 
of engineering and scientific bodies show that there is 
conflicting evidence and opinion in regard to this subject. 
There can be no doubt that the reaction of unleached 
cement concrete is strongly alkaline owing to the separa- 
tion of free lime at the time of set. If this alkaline re- 
action is maintained, steel embedded in the concrete 
should remain uncorroded. If, however, as is sometimes 
the case, percolating waters find their way through the 
concrete, the free lime will eventually be removed and 
prem pe rusting take place. Nails and other objects of 
steel will remain bright when immersed in lime water, 
and the author has found that the addition of about 5 per 
cent. of quicklime to soggy sour clays and soils will have 








a very decidedly protective effect. on steel embedded in 
them. It is curious that this simple expedient has not 
been resorted to in order to prolong the life of steel pipe- 
lines trenched in clay soils where there is but little 
movement of soil a subsoil water. Cement paints and 
grouts have also been used to protect steel, but have 
not‘come into general use owing to the difficulty in making 
them adhere without cracking and peeling off. 


PROCESSING AFTER MANUFACTURE TO FORM A COATING 
or Oxipk, PHospuipg, Siuicipe, &c. 


A number of metallurgical processes, such as the Bower- 
Barf* and others, have been, from time to time, pro 
and exploited for producing an oxidised surface on steel. 
As far as the writer is aware, none of these-has as yet 
been found practically successful, except for certain special 


uu 
The Coslet process is said to consist in immersing the 
iron in a hot, phosphorised solution containing an iron 
compound. The surface, it is claimed, is converted into 
a ferroso-ferric phosphate, which is to some extent 
resistant to corrosion. Jouvet has called attention to the 
fact that iron containing 20 per cent. of silicon is not 
attacked by acids, and therefore such material should 
theoretically be unrustable. The author has confirmed 
this deduction by experiment, and found that iron con- 
taining 10 per cent. of silicon is almost incorrodible. 
Unfortunately, such a metal is not easily workable, and 
has peculiar properties. Since silicon is much like 
carbon, chemically speaking, it would seem as if it might 
be worked into the surface of steel, by modifications of 
some of the processes used for case-hardening with carbon. 
If anyone should discover a method for applying a skin 
of high-silicon metal on worked steel, it woul be a con- 
tribution of the highest value to the art of metallurgy and 
to the world at large. 
UNPROTECTED STEEL. 

A very large proportion of the iron and steel which is 
in use cannot, from the very nature of the service to 
which it is put, be protected from corrosion. To thisclass 
belong rails, heavy chains, implements, boiler tubes, &c. 
The only hope of meeting this particular phase of the 


problem consists in the improvement of metallurgical | GQ 


processes, to the end that perfectly homogeneous metal, 
as free as possible from segregation, may be manufac- 
tured. It is well known that some of the alloyed steels, 
such as nickel steel, are very highly resistant to corrosion. 
The same thing is probably true of the chromium and 
chromium-vanadium steels. Unfortunately, such materials 
are too costly to be used on a large scale, although there 
is always the possibility that some alloy or combination 
will be discovered which will be at the same time com- 
are inexpensive and incorrodible. It es to 

the yng of a number of metallurgists with whom 
the author has corresponded that carefully made open- 
hearth steels, in which the ordinary impurities have been 
worked down to a minimum, with especial care in the 
heat treatment, are much more resistant to corrosion 
than the ordinary run of merchant steel. One well- 
known example of this type of steel which is on the 
market, and has already iad referred to in a previous 


paragraph, has the following composition :— 
Per Cent. 
Sulphur 0.019 
Phosphorus 
Carbon .. 0.026 
Manganese A! oe ne 3 Rae trace 

This metal is therefore, practically speaking, 99.95 per 
cent. pure. Although it is apparent that a metal of this 
character could not be used where a tensile strength in 
excess of 40,000 Ib. to 50,000 lb. per square inch is re- 
quired, there are certain purposes for which it is well 
adapted, such, for instance, as roofing, sheathing, cul- 
verts, — Cc. ’ 

It has been found that this pure steel (or iron) resists 
the attacks of acids to a high degree, and an acid test has 
been proposed to predetermine the resistance to corrosion 
of various types of metal. This proposal has, however, 
met with decided opposition from some metallurgists, 
who believe that the test is not a rational one. The need 
of a quick preliminary test for determining the resist- 
ance of steel and iron to corrosion is universally conceded. 
It is, however, in the opinion of the author, extremely 
doubtful whether such a test is ible, in view of the 
fact that the auto-electrolysis which is slowly but con- 
tinually at work in the natural process of rusting, does 
not proceed in the same way in any short-time test. This 
criticism applies to all the various tests which have been 
proposed, such as immersion in corrosive liquids, while air 
is being bubbled over the test-pieces. considerable 
amount of work has already been done in investigating 
this particular problem, and the results have already been 
in part published.t More work is being done, and will 
soon be published. Up to the present time there would 
seem to be but one perfectly sure criterion, and that is, 
the test of service. 

Electrolytic processes for protecting steel have also 
from time to time been pro As far as the author is 
aware, none of them hascome into general use. It should 
of course, be possible, by making the steel to be preserved 
the anode in anelectric circuit against a scrap-iron cathode, 
to check, if not entirely stop, corrosion. It is, however, 
extremely doubtful if such a method could be made to 
work economically. Engineers are much disturbed by 
the damage to certain steel structures which is caused by 
electrolysis due to vagabond currents from high potential 
circuits used in lighting, trolley lines, &c. This un- 
doubtedly constitutes a very serious engineering problem ; 


* Wood, M. P., “‘ Rustless Coatings,” 1905, page 166. 
+ The Engineer, 1908, vol. cvi., a. 
} Transactions of the American iety for Testing 
Materials, 1908, vol. viii., page 231. 
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but: it should be remembered that extraneous currents 
may be made to as we las to attack steel through 
electrolysis. tory experiments indicate, however, 
that a considerable voltage is necessary to prevent a sive] 
anode in an electrolytic circuit from suffering from cor- 
rosion. The action which has been described in ‘}:is 
paper as autogenous electrolysis, or auto- electrolysis, 
may be truly said to be the underlying and active cause of 
all forms of corrosion. 


CONCLUSION AND SuMMARY. 


It has been shown in this paper that the preservation 
of iron and steel has a direct and important bearing on t}. 
conservation of the natural resources of the world. The 
controlling factors which influence the more or less raj,id 
corrosion of iron and steel are discussed in the light of the 
electrolytic or auto-electrolytic theory of rust formation. 
The various methods which are in common use, or which 
have been pi for the protection of iron and steel, 
are then considered with special reference to the results 
of recent ‘investigations, and certain new principles are 
announced to serve as a guide in the selection of paints 
for the prime or contact coatings for steel. With regard 
to the protection of metal which, from the nature of iis 
service, cannot be treated with a protective coating, it is 

inted out that this is purely a metallurgical problein, 

ependent upon the manufacture of a perfectly homo- 
geneous and carefully-worked material. 








CATALOGUES. 

A CARD illustrating their patent swivel plummer-blocks 
has been received from Messrs. C. F. Carver, Limited, 
Alfred-Street Mills, Nottingham. These plummer-blocks 
are easily adjusted, either vertically or horizontally, and 
are supplied with either plain or self-oiling bearings. 

A circular illustrating Miller’s patent revolving accom- 
modation ladder has reached us from Messrs. Murray, 
Lotz, and Co., 102, Fenchurch-street, E.C. The feature 
of this ladder is that it can be turned about a vertical 
axis so as to make any angle with the side of the vessel. 


The India-Rubber, Gutta-Percha, and Tel hh Works 
mpany, Limited, Silvertown, London, E., have sent 
us their price-list, No. 31, which deals with their galvanic 
batteries. The various types they manufacture are illus- 
trated, and detailed prices are given in each separate case. 


** Hints about Case-Hardening ” is the title of a little 
booklet received from Messrs. W. H. Palfreyman and Co., 
17, Goree Piazzas, Liverpool. Instructions are given in 
the use of the firm’s hydro-carbonated bone-black for 
hardening, annealing, and coloring articles of iron and 
8 


Messrs. Henry Pels and Co., Lincoln Chambers, 9, 
Portsmouth-street, Lincoln’s Inn Fields, W.C., have 
issued a catalogue of punching and shearing-machines, 
bar and bevel croppers, notching-machines, joist-shears, 
&c. The machines and apparatus are well illustrated and 
their duty carefully set forth. 

A catalogue of the D.W.F. ball-bearings is to hand 
from Messrs. Ludw. Loewe and Co., Limited, 30 to 32, 
Farringdon-road, E.C., who are the sole agents. Prices 
and particulars of journal and thrust-bearings are given, 
as well as illustrations of their application to many diffe- 
rent classes of machinery. 

From the Wolseley Tool and Motor-Car Company, 
Limited, York-street, Westminster, S. W., we have received 
a complete list of tyres and accessories for motor-cars. 
Motorists will probably appreciate the arrangements 
which have been made to ensure the quick delivery of 
goods ordered by telegraph. 

From the Atlas Carbon and Battery Company, Limited, 
Ewer-street, S.E., we have received a catalogue of primary 
batteries. Most of those illustrated have the Leclanché 
elements, but are made up in various forms, both wet and 
dry, the latter being suitable for ignition purposes on 
motor-cars, &c. 

The British Thomson-Houston Company, Limited, 83; 
Cannon:street, E.C., have sent us leaflets pointing out 
the advan of the Curtis steam-turbines as e by 
them, with horizontal shaft; and the economy obtained 
when the turbine is made to utilize the exhaust steam 
from reciprocating engines. 

The Clift marine motors are described in a catalogue to 
hand from Messrs. Piercy and Co., Limited, Broad Street 
Engine Works, Birmingham. Prices and dimensions of 
engines of from 12 to 240 horse-power are given. The 
two Clift motors exhibited at the recent Olympia Show 
were made by this firm and were described on page 428 
ante. 

Messrs. Haslam and Schontheil, Western Mail Cham- 
bers, Cardiff, have published a new price-list of the 
“Alpha” patent cable-connector. This consists of 
split, threaded taper tube, in which the ends of the cable 
are inserted, the tightness of the joint boing cmmzed by 
screwing up a nut on each end of the tube. Various 
patterns are made for cables, switches, fuses, &c., and in 
a large number of different sizes. 








Lonpon anp SourH-Western Raitway.—This cow- 
pany’s official illustrated guide, just issued, contains 4 
map of the system, including the French departments : 
Seine -Inférieure, Calvados, Manche, Cdtes-du- Nord, 
Finistére, &c., to which the system gives access. All the 
places of interest are reviewed, a large number of them 
are illustrated, and a mass of information is given on the 
accommodation available at each of them for tourists aud 

en. The book is edited by Mr. W. T. Perkins, 
and is issued at the various offices of the company. 
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THE ORIENT COMPANY’S AUSTRA- 
LIAN MAIL LINER “OTWAY.” 


Te twin-screw steamer Otway, the second to be 
completed of the five new-steamers being built for 
the Orient Steam Navigation Company to carry out 
the conditions of the new Australian contract, was 
delivered to the company on Saturday last, upon 
the completion of her steam and other trials. is 
vessel was constructed and engined by the Fairfield 
Shipbuilding and Engineering Company, Limited, 
Glasgow, in whose works there have been built all 
the Orient liners since the formation of the company 
thirty years ago, with. the exception of the Ophir. 
Indeed, most of the Pacific liners which were run 
under the direction of the present managers of the 
Orient Company, before the formation of that com- 
pany, were also constructed at Fairfield. A retro- 
spect is, therefore, appropriate. The Cuzco, built in 
1871, was the first steamer to sail under the new 





not only of the greater dimensions of the hull, but 
also of the augmented effort to add to speeds 
beyond a certain limit. Fortunately, improve- 
ments in the machinery have lessened the. weight 

r unit of power, and the higher efficiency 


m the thermodynamical standpoint has reduced | hard 


the quantity of coal required to be carried for a 
voyage at a given speed, and it will not be for- 
gotten that Fairfield has largely contributed to 
this end by original work and enterprise. Thus, 
notwithstanding the trebling of power to add about 
three miles per hour to the sea s on service, 
only 32 per cent. more coal has to be paid for and 
carried. Thus the forfeiture of cargo capacity to 
accommodate the more powe machinery, and 
the fuel to keep it running, is not so great as it 
would otherwise have been. In other words, for 
equal displacement load and corresponding speed 
the consumption of coal per 100 miles traversed 
has been reduced from 32 tons with the old com- 


a result of the increase in base, and to make the 
moving parts of the engine more accessible for 
oversight and overhaul. The cylinders, which are 
28} in., 41 in., 58} in., and Ef in. in diameter 
respectively by 5 ft. stroke, are each fitted with 

close-grained cast-iron liners, forming with 
the outer case a steam-jacket. The high-eres- 
sure and first-intermediate cylinders have piston- 
valves ; the others double-ported slide-valves, and 
the arrangement of cylinders’ and valves conforms 
to the Yarrow-Schlick-Tweedy balancing system. 
The main bearings are extra long—26 in:—and 
special attention has been given to the lubrication of 
ol pate: the ‘‘ Axiom ” forced system being applied 
for the main moving parts, while a very complete 
gravitation supply has also been provided.. The 
shafting, which is solid, has been supplied by 
Messrs. Cammell Laird and Co., Limited. The 
crank-shaft of each engine is ‘in ‘two parts, each 
a double-throw, built up of nine pieces; the 
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Orient Company, when formed, and she was only 
370 ft. in length and of 3898 tons gross register. 
The Otway is 553 ft. long over all, and 535 ft. between 
perpendiculars, but her beam of 63 ft. 3 in. and 
moulded depth of 38 ft., and her two promenade 
decks above this, mark such advances in capacity 
that the gross tonnage has increased more than 
threefuld—to 12,500 tons. The following table 
marks the successive stages in this progress :— 


Particulars of Successive Orient Liners Built at Fairfield. 











} | 
Built z | Gross | Indicated | Speed on 
Name, | Length. laeeage |Horse-Power.| Trial. 
me ft. tons knots 
1871 (Cuzeo .. 370 3,898 3,000 14 
1879 Orient .. 445 5,385 5,600 15.5 
1831 Austral .. 455 5,590 | 6,900 17 
1885 |Ormuz .. 465 6,120 9,150 17.5 
1898 |Omrah .. 490 8,290 10,000 17 
1902 |Orontes .. 512 | 9,020 | 10,400 17.9 
1909 |Otway ..! 558 12,500 | 11,870 18.2 


Perhaps of even greater interest is the advance 
earning capacity. It is obvious that the increase 


in 





in 


speed from 14 to 18 knots has involved an addi- 
ion of much higher proportion to the power of | 
the luachinery—jt is about trebled—a consequence 








pound enginesjto less than 25 tons with the latest 
type of machinery. Within the thirty-eight years 
the earning capacity has been doubled, the number 
of cabin passengers having been increased from 
170 to 400, and each is allowed now a much 
greater cubical capacity ; while the dead-weight 
cargo carried is now 5800 tons, as compared 
with 3100 tons in the Cuzco. The net result 
is a gain to the Australian Colonies, for not only 
has the duration of the voyage been shortened 
and the comfort of passengers increased, but the 
produce of the Commonwealth is transported in the 
carefully controlled refrigerated holds with surety 
of its being placed on the market in its most accept- 
able condition. The cargo and refrigerating arrange- 
ments are the same in all five ships, and were full 
described in our article on the Orsova last week 
(page 715 ante). 


THe ProreLLinc MacHINERY. 

The propelling engines are illustrated on Plate 
XLVIL., this week. The Fairfield Company have 
followed their usual practice in res to the fram- 
ing for machinery of this class. e cylinders are 
supported on the front by braced columns spread out 
at the lower end to add stability to the structure as 








Tue ‘‘Orway” Sreamine 18,2 Knots on THE MeasureD Mie at SKELMORLIE, 


diameter is 174 in., with 18-in. pins. The tunnel 
shaft is 168 in., and the propeller shaft 18} in., 
with a solid gun-metal liner pressed on by hydraulic 
»ower. The screw propellers have three bronze 
Plades recessed into a cast-steel boss which is truly 
spherical, and a conical sheath is fitted over the 
propeller nut to lessen eddy resistance. The thrust 
surface for each engine is 1530 square inches. 

As in the other ships the condensers are separate, 
oval in form, and are built up of steel plates. 
All the pumps, too, are separately driven by 
their independent steam engine, or, as in the 
case of the bilge and ballast pumps, by electric 
motor. List and Munn’s gravitation ‘filters of 
the twin type have been fitted to separate any 
grease from the feed-water. In order, further, to 
keep the boilers clear of oil-grease, extractors have 
been fitted to the auxiliary exhaust-steam circuit, 
the grease from the numerous auxiliaries and deck 
machines being a frequent source of trouble in such 
ships. These extractors deal with the exhaust from 
all engines in use when the ship is in harbour— 
windlass-engines, winches, cranes, &c.—so that the 
main filters can then be opened upand cleaned. As 
a further example of the care which has been be- 
|stowed on the arrangements for overhauling the 
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machinery, it may be mentioned that ball bearings 
have been fitted in the lifting-gear for the raising 
of the cylinder-covers, pistons, &c. 

The four double-ended and two single-ended 
boilers in the Otway have 720 square feet of grate 
urea and 32,150 square feet of heating surface, and 
work at 215 lb. pressure, As is now the usual 
practice where Howden’s system of draught is 
applied, the tubes are of 2} in. external diameter. 
Tech of the five fans has a double inlet 72 in. in 
diameter. The fans are each driven by an electric 
motor, with drum controllers of the tramway type, 
arranged for a wide range in speed. 

The bunkers, to take 1 tons of coal, are 
arranged on each side of the boiler-room, with a 
cross bunker between the two boiler-rooms, and an 
additional or reserve bunker, to take 770 tons, at 
the forward end of the boiler space. Silent ash- 
hoists are fitted in each stokehold, two of the 
Crompton and two of the Galloway type. The 
former, of the atmospheric design, are worked by 
the vacuum from the main condenser, and are 
mostly used at sea, while the others are of the 
direct-acting steam design. 


Tue Stream TRIALS. 

The steam trials of the Otway occupied practically 
the whole of last week. Leaving Glasgow on Mon- 
day, the vessel steamed on a preliminary run down 
the Clyde, and on Tuesday carried out a series of 
progressive speed runs from a knots upwards, for 
the accumulation of data to facilitate the regula- 
tion of speed on service, so that the schedule times 
may be conformed with irrespective of weather, by 
acceleration to compensate for delays caused by 
head winds, &c. The mean speed attained at full 
power was 18.2 knots for 11,724 horse-power, the 
vessel then being loaded to her mean service draught 
of 24 ft. 3 in., corresponding to a displacement 
of 15,200 tons. On Wednesday a continuous steam 
trial of ten hours’ duration was carried out, during 
which the full power was maintained. Early on 
Thursday the vessel left the Clyde for the Thames, 
carrying out on the passage the twenty-four hours’ 
coal-consumption trial at 16? knots at mean service 
draught. e contract required, as in the other 
ships, that the consumption for all purposes should 
not exceed 1.4 lb. per eat adh indicated by the 
main engines. The weather was squally on this, 
as on the ten hours’ trial, the wind being at times 
of force 6. The contract condition was in every 
respect satisfactorily attained. During the twenty- 
four hours the vessel steamed 412 nautical miles— 
a mean speed of 17.16 knots—and the coal, carefully 
weighed, totalled just under 127 tons, which works 
out at about 5 lb. per 100 tons displacement per 
mile traversed—a most economical result. Phe 
extensive and searching trials were thus completed 
within four days of the vessel leaving Glasgow, a 
fact which of itself establishes the reliability of the 
work done, not only in design, but in manufacture 
at the works. The vessel was docked at Tilbury on 
Saturday morning—five days after leaving Glasgow 
—and she will leave on her first voyage on July 9. 


Tue INTERNAL ARRANGEMENTS. 


The plans of the decks published in last week’s 
issue apply generally to the Otway, which accom- 
modates 280 first-class, 115 secand-class, and 400 
third-class passengers, while provision can be made 
under the som of the Australian Commonwealth 
for 280 emigrants, The crew numbers about 300. 
A notable feature in all five ships is the liberal 
allowance of space in the crew's quarters. Our 
Board of Trade rules require 72 cubic feet per sea- 
man, while the Australian regulations call for 120 
cubic feet, and this has been generously met by the 
Orient Company, as is shown on the plans of the 
Orsova. The stokers, for instance, are accommo- 
dated in three large separate compartments for- 
ward, one for the men or each watch, with adequate 
bath-room and lavatory vunveniences. These com- 
— communicate with a companion-way 
eading to a e on the port side extending to 
the stokeholds, so that the men in the boiler-room 
complement pass direct to and from their work. 
These men have also a separate mess-room. These 
arrangements are shown in Figs. 5, 6, and 13 of the 
Orsova’s . The engineer officers have their 
cabins and mess-room on the port side close to the 
ae ceem with a separate alleyway, which is also 
tilised for the steam, fire, fresh-water, sanitary, 
and other mains. It may be nthetically stated 
here that from this alleyway it is possible to shut 
down the main steam-valves in the event of any 





accident in the engine-room.. For this purpose there | 
is a wheel actuating a shaft across the engine-room 
hatch gearing with two spindles operating the valves 


of the port and starboard engines respectively. 


Tue Decoration oF Pusiic Rooms. 

The decorative scheme is different in its most | 
essential features from that of the Orsova. Itis the | 
conception of Mr. A, N. Prentice, F.R.1I.B.A., and 
has been admirably worked out by the Fairfield 
Company. An enthusiastic student of Spanish 
architecture and art, Mr. Prentice has given us 
something original in the dining-saloon, which 
simulates a Spano-Mooresque hall, with the mini- 
mum of suggestion of ship structure. The knee- 
brackets at the junction of the beams and frames 
are discarded, and heavy flat angles used as 
stiffeners. Thus a plain wall of five-ply panelling 
is carried up without interruption or excrescence to 
the ceiling of the room. The port-holes are in 
couples, instead of at uniform distances, and the 
panels below them are of walnut, while the others 
are in white, with framing of carved fretwork 
sparingly picked out with gilded scroll. The 
ceiling has light walnut beams under the steel bars 
supporting the deck, with arching in white between 
them. The few steel columns necessary for rigidity 
are cased in walnut, with irregular fluting turned 
as spirals from the bottom to the top, where there 
are brackets characteristic of Spanish feeling. The 
tables are small, of oblong, hexagon, and octagon 


form. Thg well and balcony are treated with 
similar success, The balustrades of the balcony 
are in walnut, with Spanish lustre tiles as shields, 
and the columns work into the ceiling effectively. 
The ceiling of the well is of walnut beams, alter- 
nating with Seville lustre tiles recessed. The 
electric lamps, long-blade fans, and punkahs are 
secured to the beams of the ceiling. At one end 
of the saloon there is an appropriately-designed 
sideboard, and at the other a panel in jesso, with 
inted relief figures typical of the seasons com- 
yined to symbolise the offering of the fruits of all 
the earth to Ceres, the Goddess of Plenty—a result 
most creditable to the artist, Mr. R. Anning Bell. 

In the smoking-room the aim has been to recall 
the old timber ship of the Tudor period, and there- 
fore we have heavy knee-beams with carvings of 
lions’ heads, panels of wainscot Austrian oak, carving 
around the central skylight, and doors of linen-fold 
panels. 

The music and reading room, on the other hand, 
is unlike a ship’s saloon. The ceiling is plain white 

laster, with a curve to the frieze of floral scroll 
in limewood on a walnut background. The walls 
are of walnut, of soft texture, divided into panels by 

ilasters having scrolls of the same white wood as 
in the frieze. ith the bay windows, and a curved 
recess in which the book-cases conform to the 
curvature, the effect is novel and pleasing. 

The lounge is similarly treated, having walnut 
panels from floor to ceiling, each made up of four 
angles with their apex to the centre, so that the 
grain of the wood radiates inwards. A pleasing 
result has also been attained in the curvature of the 
stairway, which leads into the lounge, as does the 
electric hoist which serves the four principal 
passenger decks. 

The suites of rooms and cabins de luxe are in dis- 
tinctive woods—oak, maple, ash, and mahogany— 
and are beautifully furnished, with adequate ward- 





robes, 


ELEcTRICALLY-DriveN PunKAHs, 
As we pointed out in our article on the Orsoya, 


| ventilation has had special attention in all the tiye 


new Orient liners, and the efliciency of the electric. 
ally-driven punkahs over the wing tables in the 
dining-saloon invests with special interest the illus- 
trations we give of the Bandy punkah, made by 
Messrs. me prey and Young, London (see Fig. 4, an- 
nexed, and Figs. 5 and 6, on page 748). The motor, 
it will be seen, is rigidly attached to the ceiling, and 
on to its projecting spindle there is fitted a leather 
cone for frictional drive. To the punkah frame 
there is attached a sector, also covered with leather 
on both sides. This leather sector is formed eccen- 
trically with the radius rods, and the outer and inner 
surfaces of the sector are alternately pressed on the 
top and bottom of the driving cone respectively, 
and a to-and-fro motion ‘is thus given. The peci- 
liar ‘* flick ” essential to the efficiency of the punkah 
as an air-wafting device is obtained by a rapid reverse 
as the sector leaves the side of the driving pulley 
to return on the other side, and this rapid reverse is 
obtained by springs acting through the levers shown. 
Tue Launpry Macuinery. 

An interesting feature of the arrangements made 
for the convenience of passengers is the provision 
of a power-driven laundry in the deck-house on the 
poor Of this laundry, which has been equipped 

y Messrs. D. and J. Tullis, Limited, Clydebank, 
we give illustrations on pages 748 and 749. Figs, 
7 and 8 show the general arrangements. Taking 
the appliances in the order of their use, there 
is, first, a cylindrical tank in which the water 
is maintained at the boiling-point by a steam-pipe 
coil ; thence the water is run to one or other of the 
two washing-machines of the drum-rotating type, 
illustrated in the perspective views, Figs. 11 and 12, 
on page 749. Each has an inside shell of perforated 
brass and brass transverse beaters, with a sliding 
door extending for the full length of the shell for the 
admission and withdrawal of the clothes. Between 
the shell and the outer drum there is, at the bottom, 
a steam coil to keep the water at the boiling-point. 
The shell rotates on detachable bearings, three revo- 
lutions in each direction alternately, and the auto- 
matic reversing-gear is a notable detail of the design. 
On the pulley-spindle there is a worm gearing with a 
pinion driving aneccentric pinorcam. To the latter 
there is, as an extension, a lever, which throws the 
cross-belt on to the reversing pulley, and the open 
belt on to’the loose pulley. Thus in its revolu- 
tion the eccentric alternates the direction of the 
washer-drum ‘after three revolutions. A machine 
of a capacity for 150 shirts has a rotating shell 
30 in. in diameter and 48 in. long, making 170 revo- 
lutions per minute, and occupying a floor space 
of only 7 ft. 7 in. by 3 ft. 5 in. The reversing gear 
can be set at any angle to suit its position, and two 
alternative systems are shown in the views, Figs. 11 
and 12. The washing-machines are both driven 
from one shaft, to which is coupled, as shown in 
Fig. 7, an electric motor on the deck above, where 
eight boats are housed, and from which the ship 
may be worked into dock. Close by the washing- 
machines there are two teak-wood troughs for hand- 
washing, with hand-wringers, &c. (Fig. 8). The 
rinsing-water is returned to the tank overhead 
through a steam-ejector. 

The shirts, &c., are transferred from the washers 
to a self-balancing hydro-extractor, illustrated on 
page 749 (Figs. 13 and 14). The basket, 22 in. in 
diameter, is of galvanised steel-plating, perforated 
with small holes and with rivets on the outer sur- 
face. The rotating spindle, of steel, in a gun-metal 
bearing, is driven by belting at 640 revolutions per 
minute, working from a pulley on an electric motor 
spindle, the power being 2 brake horse-power. The 
machine weighs 8 cwt. 1 qr. and occupies 4 ft. 6 in. 
by 2 ft. 9 in. of floor space. 

In addition to hand-ironing benches there is & 
Decoudun machine, illustrated in Fig. 9, page 748. 
The roller is 7 ft. long by 18 in. in diameter, and on 
the feed side there is a plate, so that should the 
operator’s fingers advance too far towards the roller, 
there will be no danger of injury, as the plate acting 
through a lever instantly stops the electric motor, 
which is of 2 brake horse-power. It drives the 
roller through spur and pinion gear. The body of 
the machine is heated internally by steam of 5v |b. 
pressure, and the roller by steam of 10 lb. pressure, 
passed through a trunnion on the spindle of the 1e- 
volving-drum. Ae 

The collar and cuff ironing-machine is illustrated 
by Fig. 10. The lower table is advanced to and 
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retired from the steam-heated upper table by hand 
on the extensions of the framing, and is raised up- 
wards against the top table by toggle levers geared 
toa rack actuated by the pulley shown. . There are 
several hand-ironing tables of various convenient 
forms, with electrically-heated irons. 

The drying-room shown on the plan, Fig. 8, is 
heated by steam coil, is insulated, has suitable 
ventilating screens, and is fitted with hanging rods 
suspended to the ceiling. All the details have thus 
been worked out with great care, and the condensed 
steam from the various appliances is led through 
automatic traps to the drainage system of the ship. 








THE INTERNATIONAL CONGRESS OF 
APPLIED. CHEMISTRY. 

Wuen the Seventh International Congress was 
solemnly declared open by the. Vice-Patron, the 
Prince of Wales, on Thursday, May 27, at 3 p.m., 
members had already been received by the Lord 
Mayor at the Guildhall the previous evening, and 
committee meetings had been held. Officially the 
Congress was*to last from Thursday, May 27, to 
Wednesday, June 2. Notice of this reception had; 
of course, been sent out long before, and when -the 
rooms of the Congress were thrown open at 10 a.m. 
on the Wednesday an eager.crowd was waiting for 
admittance. That there was eonfusion for an hour 
or two, and disappointment about missing tickets 
and letters, was natural; matters soon settled down, 
however. Official attendance lists were not issued, 
but Sir William Ramsay announced at thé conclud- 
ing meeting that over 3000 members and over 600 
ladies had assembled. / 

Such international gatherings, at which thousands 
are expected, and at which hundreds more finally 
arrive and other hundreds stay away, require a 
vast amount of preparatory work. A permanent 
international commission guards the general inte- 
rests of the congresses, and organising committees 
are formed in every country, and in countries like 
Bohemia, where two nationalities agree to di ee, 
two separate committees are elected. In the large 
countries special committees are appointed for each 
separate section; and as there are eleven sections, 
not counting the sub-sections which ought to rank 
as full sections, the number of committees is large, 
and the ensuing correspondence must have been 
formidable. This year’s Congress met under the 
patronage of the King; the Prince of Wales was 
Vice-Patron ; Sir Henry Roscoe, Honorary Presi- 
dent ; Sir William Ramsay, President; and Mr. 
William McNab, F.I.C., of London, Honorary 
General Secretary. The Congress found convenient 
accommodation in the Royal College of Science and 
in the Imperial Institute (University of London) 
buildings in South Kensington, which face one 
another, with long frontages. The tenth Section— 
Electrochemistry—had to assemble in the chemical 
lecture-theatre of the Central Institute, quite close 
to the other buildings ; and the physiologists- had 
to go to University College for certain demonstra- 
tions. Up till Friday, and again on Tuesday, the 
students in those colleges were at work while the 
Congréss was sitting. 

The inaugural meeting in the Royal Albert Hall 
was presided over by the Prince of Wales, who was 
accompanied by the Princess. In welcoming the 
members on behalf of the King, the Prince said :— 
‘‘ We all recognise that without a scientific founda- 
tion no permanent superstructure can be raised. 
Does not experience warn us that the rule of 
thumb is dead, and that the rule of science has 
taken its place ; that to-day we cannot be satisfied 
with the crude methods which were sufficient for 
our forefathers, and that those great industries 
which do not keep abreast of the advance of science 
must surely and rapidly decline?’ This was the 
key-note also of the brief addresses delivered by 
the other speakers, Sir Henry Roscoe thanked 
the Prince, in English, of course. Sir’ W. Ramsay 
Welcomed the assembly in the four Congress lan- 
guages, English, French, German, and Italian, and 
remarked that the difference between pure and 
applied seience might be summed up in this 
country by the question ‘ Will it pay 7’ The Con- 
tinent had more fully realised than England and 
America that industrial prosperity was best ad- 
vanced by friendship between university and fac- 
tory. Dr. Harvey W. Wiley, chief of the United 
States Bureau of Agriculture, emphasised that with 
the removal of the Tenefits that agriculture owed to 


chemistry the world would soon become half- 
starved and half-clad. Professor Armand Gautier, 





of the Sorbonne, responded for France ; Professor 


Otto N. Witt; of the Charlottenb Technical 
High School, President of the great Berlin Congress 
of 1903, for Germany; Professor Paternd, of Rome, 
President of the Rome Congress of 1906, for Italy ; 
and Professor Svante Arrhenius, of Stockholm, for 
the other countries. Thesame evening Mr. L. Har- 
court received the members at the Foreign Office ; 
a most enjoyable evening was spent in spite of the 
crowding. More than the two thousand expected 
ap to have come. 

Sectional proceedings opened on Friday morni 
at 10, and in some sections business was sta 
punctually. But the general programme with lists 
of papers to be read was not ready; the sectional 
programmes were to be found in the- respective 
sections only, and in a few sections the chairmen 
called in vain for the authors of communications ; 
there was no response, or the reply came that the 
author had not yet arrived from abroad. Thus 
there was some disappointment, not on the first 
day only, in spite of the hard work done by the 
organising committees. But the eminent delegates 
and chemists who had flocked together from more 
than twenty ‘different countries, from’ China in the 
East to Peru in the West, were sorry to separate 
after a thoroughly instructive and enjoyable week. 
The general tendency had been to group papers of 
cognate character and to discuss them together ; 
communications on specialities had not been en- 
couraged, but had been presented all the same, and 
without the strictest enforcement of the ten minutes’ 
time allowance for authors, and five minutes for 
speakers, it was manifestly impossible to deal with 
the 105 papers (of which 60 were read) presented to 
Section I.—Analytical :Chemistry—the 67 communi- 
cations (47 read) to be discussed by Section IT..— 
Inorganic Chemistry—and the 125 papers (87 read) 
presented to Section X.—Electrochemistry. Unfor- 
tunately, some presidents failed to do their duty in 
stopping members—men of some distinction were 
the greatest delinquents—when far exceeding their 
time. The division into seventeen sections or sub- 
sections, deliberating in different rooms, had been 
adopted by the previous congresses in view of the 
vast development of chemical science and the crowds 
to be expected ; some overlapping is unavoidable, 
and the enumeration of the sections will indicate 
that the selection of the section might be difficult 
in many an instance. 

The sections are:—I., Analytical Chemistry ; 
II., Inorganic Chemistry and Allied Industries ; 
TIla:, Metallurgy and Mining; IIIs., Explosives ; 
IVa. 1, Organic Chemistry and Allied Industries ; 
IVs., Colouring Matters and their Application ; 
IVa. 2, Physiological Chemistry and Pharmacology ; 
V., Industry and Chemistry of Sugar; VIa., Starch ; 
VIs., Fermentation ; VII., Agricultural Chemistry ; 
VIlIla., Hygiene; VIIIs., Pharmaceutical Chem- 
istry; VIllIc., Bromatology (food - stuffs); IX., 
Photo-Chemistry and Photography; X., Electro- 
Chemistry and Physical Chemistry; XI., Law, 
Political Economy, and Legislation Affecting the 
Chemical Industry. 

It will be seen from our report that electrolytic 
processes were discussed in II., as well as in X., 
that papers on sewage went to VIIIa., and thata 
paper on ‘‘ High Carburetted Motor-Spirit” was dis- 
cussed in the Fermentation Section, VIs. Ab- 
stracts were available of most papers. The rule 
that presidential addresses are not obtainable in 
abstract is time-honoured, but ought surely to be 
abolished. The abstracts were drawn up in the 
language of the communication; in some cases 
abstracts were offered in several languages. Sec- 
tional meetings were held both in the mornings 
and afternoons of the four days—-Friday, Saturday, 
Monday, and Tuesday. 

The number of communications was too great in 
general, and far too great certainly for our attempt- 
ing to publish an abstract of the entire proceedings, 

e must confine ourselves to matters of interest to 
the engineer, and may not be able to observe con- 
sistent sequence. 

The proceedings of Section II.— Inorganic Chemis- 
try and ‘Allied Industries—were opened by Dr. 
Ludwig Mond, F.R.S., on Th y afternoon, 
after the imauguration meeting, while in most 
of the sections the committees were deliberating. 
Dr.‘ Mond made a brief communication on metallic 
carbonyls. 

Metatiic CaRBONYLS. 
At the British Association meeting of last autumn* 





* See ENGINEERING, vol. lxxxvi., page 500. 


Sir James Dewar announced on behalf of Dr. Mond 
that the latter, assisted by Dr. H. Hirtz and Mr. 
Cowap, had succeeded in preparing cobalt carbonyl, 
a compound between cobalt and carbon monoxide, 
whose production had for a long time baffled 
their exertions. Dr. Mond said he could now add 
several new carbonyls to the list of these interest- 
ing commpeends. Nickel formed one carbonyl, 
he stated, and the process was worked in Clydach, 
in Wales, and elsewhere, for the production of 
nickel on a large scale. Cobalt formed two carbonyls, 
iron three, and quite recently they had obtained 
carbonyls of molybdenum and ruthenium. The 
combination of molybdenum and carbon monoxide 
started at a pressure of 150 atmospheres, and about 
300 deg. Cent.; but at that relatively low pressure 
only traces of the compound were obtained. Dlighcr 
pressures were needed to prepare larger quantitics, 
and.in the case of ruthenium—a metal resembling 
iridium—the pressure had to be raised to 450 atmo- 
spheres. Still higher pressures might be needed 
for the more'refractory metals. All these carbonyls 
decomposed and deposited metallic mirrors when 
heated: at pressures lower than those mentioned. 
Industrially~ nickel carbonyl alone was, so far, 
applied.’ 


Tue INFLUENCE OF ELECTROLYSIS ON THE 
Akal InpustRy. 

In presenting his report on the ‘‘ Influence of 
Electrolysis on the Alkali Industry,” Professor B. 
Lepsius, director of the Chemische Fabrik Griesheim- 
Elektron, situated on the Main, near Frankfort, 
unfortunately > did not- husband time. - That ~ he 
should point out that his own works had exhibited 
the first products of electro-chemical works ‘at’ the 
Frankfort Electrical Exhibition in May, 1892, exactly 
a hundred years after Volta had laid the foundations 
of the theory of electrolysis in the University of 
Pavia, was natural enough ; but he dwelt too long 
on generalities and questions of historical interest. 
The audience wished to hear the expert of un- 
rivalled experience on actual processes. The first 
products had been made in Stroof cells, provided with 
diaphragms of the Breuer type, a kind of cement 
windows in iron frames, which resisted both chlorine 
and alkali. The anodes had first been made of 
carbon ; but they liberated carbon dioxide, which 
escaped together with the chlorine and deteriorated 
the chloride of lime. Anodes of iron oxide were 
then adopted, oxidised by the electric are and turned 
into artificial magnetite. Some oxygen was liberated 
with these anodes, but that had proved rather an 
advantage, because it led to the formation of some 
chlorate, which was gained from the concentrated 
lye in crystals. As the solution of alkali chloride 
became exhausted in metallic ions, water was being 
decomposed, and oxygen and hydrogen were libe- 
rated.. For this reason the electrolysis had to be 
interrupted when the lye contained 8 per cent. of 
caustic alkali, and the process was thus discon- 
tinuous. The lye was evaporated to a strength of 
50 per cent., and the finally resulting fused solid 
caustic had a strength of 90 per cent. The process 
was being worked in a considerable number of 
works, notably at Bitterfeld, where cheap lignite 
was burnt. 

In 1897, Professor Lepsius continued, the Castner- 
Kellner process had been introduced. In this cell 
the mercury cathode absorbed the liberated sodium, 
and the formed amalgam was, by rocking the whole 
cell, carried over into the decomposition com- 
partment, in which the amalgam and water were 
decomposed, the decomposition being accelerated 
by providing a shunt for the circuit amalgam-caustic 
auxiliary iron electrodes. A lye of 20 per cent. was 
gained ; but some water was also decomposed, some 
mercury oxidised, and the voltage and the plant 
costs were higher than with the Griesheim process. 

Similar objections applied to the Solvay process, 
in which many anodes dipped into the salt solution 
floating on the stationary mercury cathode; the 
horizontal arrangement required much floor space. 
In the so-called bell process of the Oesterreischische 
Verein fiir Chemische Produkte, worked out at 
Aussig, in Bohemia, neither diaphragms nor mer- 
cury were wanted. A slow current of the brine 
was maintained from the anode to the cathode to 
keep the hydroxy] ions off the cathode ; the heavy 
brine, which spread over the horizontal anode 
surface, and then flowed down a narrow passage 
between the anode edge and the bell to the cathode 
mounted outside the bell, was substituted in the 
place of a diaphragm. But the cells were very 





narrow, the apparatus rather complicated, and the 
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pressure was still higher than with the other pro- 
cesses, being 4 volts, so that these processes, superior 
to the Griesheim-Elektron process as being con- 
tinuous, hac not attained the importance of the 
Elektron process. Other electrolytic alkali pro- 
cesses were not used on a large scale. A 3000- 
horse-power bell process plant required some 25,000 
bells. 

Passing to a review of the general position of 
the alkali industry, Professor Lepsius pointed out 
that the ammonia-soda process of Solvay (1875, 
introduced into England by Ludwig Mond) had 
severely shaken the paramount position of the old 
Leblanc process, as supplemented by Deacon and 
Weldon, which was so strong because so remark- 
ably cyclic. The weakness of the ammonia-soda 
process was that the chlorine which Le Blanc 
gained as hydrochlorid acid was converted into 
calcium chloride—of little value, Hence the chances 
of the electrolytic processes ; the electrolytic chlo- 
rine was utilised in organic and inorganic chemistry, 
and the hydrogen, which was first allowed to 
escape, now served for welding and for filling 
balloons ; 60,000 cubic metres of hydrogen were 
gained every day at Bitterfeld, and y com- 
pressed to 150 atmospheres. About 33,000 horse- 
power were utilised in different countries in work- 
ing Griesheim-Elektron cells, to yield 40,000 tons 
of caustic soda and 45,000 tons of chlorine; one- 
third of the caustic alkali production of the world 
was prepared by the Griesheim process ; the other 
electrolytic processes supplied together about one- 
sixth ; and the hundred years’ giant, the Leblanc 
process, would.succumb. These figures will prob- 
ably be questioned. 


THE CastTNER-KELLNER ALKALI PROcEss. 

Further information on the Castner-Kellner pro- 
cess was given in Section V.on Monday by Rudolf 
Taussig in a .paper entitled ‘* Technical Chlorine 
Alkali Electrolysis.” The old Castner-Kellner cell 
had been rocked (as indicated by Lepsius); the 
current strength had been limited to 500 am res, 
much space and long leads had been soaiivel aan 
mercury been oxidised. The second type of cell 
was the more interesting. The three compartments 
(chlorine now in the middle) were connected by 
Syphons, and compressed air forced the mercury 
into the lateral compartments. The anodes, grids 
ot platinum netting, 2 in. square, weighing 1 gramme 
each, and fixed in little mercury cups of glass, were 
contained in diaphragm boxes of cement; each.cell 
con'ained six boxes with 88 nets each, and the 
electrodes. took 4000 amperes. The cathodes 
Were cast-iron grids; the above-mentioned iron 
Shunt was now common property, and was required 
because in the eiepeatied solution mercury ions 
Would take part in the conduction and be oxidised 
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if the decomposition of the amalgam were not 
rapid. In the Kellner-Solvay cell (used in Bel- 
gium and elsewhere) the mercury was circulated 
over an overflow with the aid of a wheel ; the cur- 
rent strength could be raised to 10,000 and even 
15,000 amperes. In the most recent Kellner type 
this wheel had been replaced by an Archimedean 
screw, without securing any advantage, however. 


Tue Fixation or ATMOSPHERIC NITROGEN. 

The announcement of papers on the fixation of 
atmospheric nitrogen and of a demonstration of the 
Badische Anilin Fabrik process drew a far ter 
crowd to the chemical lecture-theatre of the Central 
Institute on Saturday morning than this large 
theatre could accommodate. It was a joint en 
of Sections II., UlIs., [Va., VII., and X., hel 
under the presidency of Professor H. E. Armstrong, 
professor of chemistry at the Central Institute, 
whose theatre had been placed at the dis of 
Section X. The first of the pa was by Pro- 
fessor A, Bernthsen, of Lud en, director of 
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the Badische Anilin und Soda-Fabrik. The com- 
munication on ‘The Utilisation of Atmospheric 
Nitrogen, particularly for the Manufacture of 
Nitrate of Lime,” was to have been made by Dr. 
Schénherr, the inventor of the process, whom ill- 
ness prevented from attending the Congress. The 
overcrowding of the theatre almost interfered with 
the demonstration, as the lantern wires went 
wrong. 

Professor Bernthsen might more quickly have 
come to his point. He travelled over the well- 
known ground of the importance of nitrogen for 
organic life, the threatening exhaustion of the 
natural nitrate stores, the old experiments of 
Cavendish, and the recent investigations of the 
many men who have tried to force the sluggish 
nitrogen into combination with oxygen, matters 
that may now be accepted as fully understood by 
an audience of chemists, and he showed photo- 
graphs illustrating the value of nitrate of lime as 
a fertiliser. But we need hardly say he presented 
his subject in a masterly fashion, and statements 
like the following are of general interest. The 
26,000,000. tons of coal which Germany employed 
at the present time in her gas and coke works 
yielded only 260,000 tons of ammonium sulphate, 
valued at 3,250,000/.; in 1906 the ammonium- 
sulphate production had amounted to 235,000 
tons, of which 197,000 tons had come from the 
coke-ovens, the rest from the gas-works. If all 
the coal which Germany consumed in a year 
(143,000,000 tons in 1907) were converted into 
coke, five times that production of ammonia could 
be realised, and more rational methods of convert- 
ing nitrogen into ammonia—for instance, the Mond 
water-gas process—might quadruple that re. 
Such an increase was not likely to take place, 
however, because the production of ammonia was 
dependent upon the production of coke and gas. 
If Germany doubled the amount of nitrogenous 
manure applied to its soil, it would be able to raise 
all its own corn and potatoes, and export. These 
are important considerations. 

The process of the Badische Anilin und Soda- 
Fabrik, Professor Bernthsen continued, had been 
worked out by Otto Schénherr and Hessberger, 
an engineer. There were no magnetic fields, as in 
the Birkeland process, It was merely an arc flame 
of large volume, different from the ordinary arcs, 
however, and, we shall see, peculiar indeed. ‘The 
apparatus used for the demonstration was as fol- 
lows :—A glass tube, 2} in. in diameter, 3 ft. 
high, was mounted in an iron framing which con- 
tained the cold-water pipes. A thin strip of tin- 
foil was attached to the inside of the tube, forming 
a spiral of a few turns. The lower electrode was 
an insulated rod of iron, oxidised at the top, which 
entered the tube axially from below ; the upper 
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electrode was a knob contained within the cylin- 
drical water-jacket of copper which formed the 
upper mounting of the tube, or that jacket itself, 
and was earthed. Air-holes were provided near 
the lower extremity in such a way that the air 
entered tangentially. When the current from a 
transformer absorbing 5 horse-power at 5000 volts 
was ‘switched on, the arc flame was seen to rise 
in the glass, climbing, one might.say, with the aid 
of the metal spiral inside the tube, and presently 
is’ burned as a fairly steady axial column, thicker and 
brighter below (near the iron electrode) than higher 
up. . In practice the glass tube with its wire spiral 
-was replaced by an iron pipe, and there was no 
special upper electrode. e fact that the are struck 
the whole height of the tube, rather than bridged 
the few millimetres from. the iron-rod electrode 
to the earthed tube, .was due to the vortex motion 
of the air current. ._The demonstration was per- 
fectly successful. The are travelled up the tube 
without making much noise, formed a flame core 
the next moment, and the large glass balloons, 
joined to the glass tube, began to fill with brown 
vapour of nitrous gas, The gas, Professor Bernthsen 
explained, contained 2 per cent. of nitric oxide (NO), 
nearly twice as high a concentration as Birkeland 
and Eyde realised. The diagram of the actual arc 
tubes.used in the works at Christianssand, in Norway, 
showed that the arc tube proper was surrounded by 
two jacket tubes, the whole being enclosed in an iron 
cylinder lined with fire-brick. The air entered the 
first outer jacket space low down at the side, 
travelled up this space and down the inner jacket, 
was then admitted into the arc tube through a 
series of holes or slits near the lower electrode, 
and was taken out through the space between 
the outer jacket tube and the olnke lining. 
The experimental furnaces at Christianssand, the 
speaker explained, absorbed 600 horse-power at 
4200 volts, and burned arcs 5 metres in height ; 
the 1000-horse-power furnaces had ares of nearly 
8 yards length, and required 40,000 cubic feet of 
air per hour. The lower iron rod electrode which 
evaporated could be raised from outside, and the 
are lengths thus kept constant. The are burned 
quietly, and could easily be restarted if it should go 
out, a contingency only occurring with short circuits 
on the line and similar disturbances by approach- 
ing an auxiliary electrode. 

Professor Bernthsen did not dwell upon the 
peculiarities of these arcs, to which we shall refer on 
another occasion. The tube may be horizontal, or, 
indeed, bent at an angle; it need not be cylin- 
drical: the are will burn steadily according to 
Schonherr’s experiments, provided a whirl of air is 
carried around it. When the air sweeps along the 
are, it is apt to extinguish the arc, and large 
volumes of air cannot be carried across the arc 
without extinguishing it. The Schénherr arcs 
also send out electric waves suitable for radiotele- 
graphy. 

The gases left the furnace, the Professor continued, 
at about 1500 deg. Cent., and had to be cooled down 
to about 600 deg. Cent. before combination between 
the NO and the atmospheric oxygen to N,O, com- 
menced. This tetroxide could directly be gained 
hy condensation ; as a rule, the gases were absorbed 
by water to form nitrous acid and nitric acid, 
with absorption of moze oxygen, and the acids 
were then neutralised with the aid of soda or lime- 
stone. Both the calcium nitrite and the nitrate 
were valuable fertilisers, and the nitrite of lime, 
which had been distrusted at first, had the ad- 
vantage of being less hygroscopic than the nitrate. 
The nitrite was also useful in the dye manufacture, 
and they conducted their operations in such a way 
as to gain chiefly nitrite. They had also succeeded 
recently in absorbing the gases directly by milk of 
lime in towers; the special acid absorption in 
towers, in which water trickled down, was then 
avoided. The difticulty with the quicklime had 
been to keep the lye circulating and to prevent 
clogging, of course. 

In spite of the relatively high concentration of 
their nitrous gas, very little of the arc energy was 
really utilised in fixing nitrogen; most of the energy 
was converted into heat, but that heat was not lost, 
as it served to pre-heat the air, raising steam, and 
concentrating the dilute salt solutions. Forty per 
cent. of the energy was thus utilised, and only 17 
per cent. lost by radiation. To improve the yield 
will be the task of the engineer. 

In concluding, Professor Bernthsen stated that 
the Badische Anilin und Soda-Fabrik, with its two 
allied firms—the Farben-Fabrik, vormals Bayer and 





Co., of Elberfeld, and the Actien-Gesellschaft fiir 
Analin-Fabrikations, in Berlin—had combined with 
the Norsk Hydro-Electrisk-Kvaelstof-Aktieselskap 
(the Norwegian-French Birkeland-Eyde Company), 
in founding two new companies—one to develop 
Norwegian water-power, and the other, the Nors 

Salpeterverker, to make nitrates, &c. The works 
at Notodden (Birkeland-Eyde) and Christianssand 
(Badische Analin-Fabrik) remained the property 
of their owners. The first joint factory was 
rising on the Rjukan Fall, where a total, head of 
2820 ft. was utilised in two steps; the upper fall, 
now being developed, was to yield 140,000 horse- 
power. Without cheap water-power, giving a fairly 
constant supply throughout the year, as in Norway, 
these processes could hardly be carried out profit- 
ably. Assuming the schemes at present elaborated 
(comprising a 50,000-horse-power station near 
Burghausen, in Bavaria), to be executed, the 
annual output of nitrate of lime, or air-saltpetre, 
might reach. 100,000 tons in a few years. That 
would not demoralise the Chili nitrate market ; for 
the increase in the demand for saltpetre amounted 
to 100,000 tons every two years. On the other 
hand, Chili saltpetre would not unfavourably influ- 
ence the outlook of the lime nitrate ; for the Chili 
saltpetre was in itself often inferior to nitrate of 
lime as a fertiliser, and contained, moreover, 
injurious impurities, such as perchlorate. Any- 
how, the world’s demand for combined nitrogen 
increased so enormously that there was room for the 
various processes. 

Professor RK. Birkeland followed with a short com- 
munication on the Birkeland-Eyde process. As we 
outlined Mr. Sam Eyde’s discourse, delivered at the 
Royal Society of Arts last week, we refer our readers 
to that and previous reports. Professor Birke- 
land mentioned several interesting points. They 
were now building 1600-kilowatt furnaces instead 
of the 800-kilowatt units, of which thirty-five were 
run at Notodden, eight in series; the air entered 
the flame-dise through a number of perforations 
arranged in circles on radial lines in the furnace 
walls. The 1600-kilowatt flame-disc had a diameter 
of 2 metres and a thickness of about 10 centimetres. 
Currents of 500 amperes were evidently starting 
from points on the tubular copper electrodes not 
more than 1 millimetre in diameter, and those 
partial ares which were constantly spreading out 
and breaking off were not steady for more than 


of a second. 
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Tue Nirroiim Inpustry. 

The third paper, by Dr. Nikodemus Caro, of 
Berlin, on ‘*‘The Nitrolim Industry and Allied 
Industries,” concerns the process carried on at Odda, 
in Norway, which we have described in detail in 
the series of articles on the ‘‘ Manufacture of Cal- 
cium Carbide.” The process is due to Professor A. 
Frank and Dr. N. Caro. The operation is performed 
by heating calcium carbide in an atmosphere of nitro- 
gen. The resulting product is cyanamide, or kalk- 
stickstoff (nitrolim). The isolation of that nitrogen 
was one of the features dealt with by Dr. Caro. He 
first referred to the influence of the impurities con- 
tained in the carbide—features of considerable in- 
dustrial importance. Ordinary calcium carbide, he 
stated, contained lime, sulphides, phosphides, car- 
bon, and other impurities, and their presence and 
physical properties influenced the absorption of 
nitrogen so much that carbide of the same com- 
position, but made in different types of furnaces, 
might behave very differently in the nitrolim 
furnace. Pure calcium carbide, we should interpose, 
does not appear to absorb nitrogen ; and a great 
many researches have been published in late years 
on the most suitable substances (calcium chloride is 
used as a rule) that should be added to the carbide 
to favour the fixation. None of these researches 
was made with pure carbide, and Dr. Caro warned 
his hearers against drawing conclusions from ex- 
periments conducted in the laboratory with a parti- 
cular kind of carbide which was, after all, impure. 
Industrially the proper mechanical treatment of the 
carbide was of more importance than those addi- 
tions. The second raw material of the process, the 
nitrogen, should not contain any other gases or 
water. Linde apparatus (which we illustrated last 
week) supplied a suitable nitrogen ; but as they 
were somewhat expensive, the older process of 
binding the oxygen of the air by means of copper, 
which was burned to oxide leaving the nitrogen, 
was also applied ; the copper was afterwards re- 
duced again. Dr. Caro made an interesting an- 
nouncement in thisconnection. He had succeeded 





in isolating ope we from the combustion gases of 
producer gas. e conducted these gases through a 
mixture of copper and copper oxide, which absorbed 
oxygen and carbon monoxide ; he thus .obtained a 
mixture of nitrogen and carbon dioxide, and thie 
latter was absorbed by alkali carbonate solution, 
which bound the CO, more readily if the oxygen and 
other gases had previously been removed ; the carbon 
dioxide might in this way be recovered from 
furnace gases. If we learn to utilise furnace gases, 
there will be a hope of a real smoke abatement. 

The nitrogen, Dr. Caro proceeded, had to be free 
from water, and also from CO and CO,, because these 
gases reacted with calcium carbide with liberation 
of carbon; they also destroyed the cyanamide 
already formed. The cyanamide formation was a 
reversible process—CaC,+N,=CaCN,+C. With 
a carbide of 82.3 per cent. of CaC, (calcium carbide) 
and 14.7 per cent. of CaO (lime), the temperature 
above which the already formed cyanamide was 
decomposed into nitrogen and carbide again was 
1360 deg. Cent. ; in the presence of more carbide 
decomposition began at lower temperature. Owing 
to this reversibility the process of carbide and 
nitrolim manufacture could not be made continous ; 
the cooling carbide became impervious to nitrogen, 
and had hence to be ground up and reheated for 
absorbing the nitrogen. Now although the combi- 
nation of CaC, and N took place with the evolution 
of heat, that heat was not sufficient to continue the 
process when cold nitrogen and cold carbide were 
fed into the furnaces, the more so as the specific 
heat of carbide increased from 0.243 at 0 deg. 
Cent. to 0.288 at 1200 deg. Cent. The furnaces had 
hence to be heated ; but if the heat were applied 
from outside, the temperature would rise too 
high on the walls and. decompose the formed 
cyanamide. The heating was therefore effected 
in the mass itself in heat-insulated furnaces by 
means of electrically-heated rods of carbon ; after a 
while the heating could be interrupted, and would 
proceed automatically, all the more readily the 
purer the carbide. For this reason the above-men- 
tioned additions to the carbide were undesirable as 
ballast to be heated. The total amount of electric 
energy required was small, being only 3 horse- 
power-year per ton of nitrogen bound as cyanamide 
-—a very low figure, it must be said. A factory 
commanding 12,000 horse- power could produce 
20,000 tons of nitrogen lime per year, corre- 
sponding in nitrogen contents to 20,000 tons of 
ammonium sulphate and 25,800 tons of Chili salt- 
petre. Large works were hence rising, mostly 
relying on water-power ; those at Knappsack and 
Westeregeln burnt lignite, however. 

Passing to the application of cyanamide, Dr. 
Caro stated that the constitution of the substance 
was still doubtful. Treated with an excess of steam 
or water, it yielded all its nitrogen as ammonia, and 
the carbon was liberated as graphite. By means of 
platinum as a catalyser, Ostwald had recently suc- 
ceeded in converting ammonia into nitric acid, and 
the author had used ceria and thoria as catalysers ; 
that would be an indirect process of preparing 
nitric acid, cheap as regards power cost. Cyanides 
were being prepared from calcium cyanamide by 
fusing it with sodium chloride with addition of 
carbon, the reaction being Ca CN, + C = Ca(CN),; 
this reaction was again reversible, however, and 
some carbide might be re-formed during the fusion 
process, so that special furnaces and cooling arrange- 
ments had to be adopted. Another derivative, the 
dicyandiamide, was a neutral body which was 
added to explosives in the place of ammonium 
oxalate. These and other products were being made 
in works at Spandau, near Berlin. ; 

In commenting upon these three communications, 
Professor Armstrong pointed out that certain 
bacteria had found out the way in which nitrifica- 
tion could be effected, and we should not rest until 
we had solved that problem. Nitrogen components 
had so far chiefly been prepared to kill people ; it 
was our duty to see how to keep folk alive. He 
further insisted on a stop being put to the intoler- 
able waste of coal. The general interest, taken in 
the nitrification question was further demonstrated 
by the large number of papers on the same subject 
which were brought before the Agricultural Sec- 
tion VII. on Saturday morning. 


IMPROVEMENT OF Mepium anp Low-GraDE 
RvuBeBeERs. 


In a paper on “A Technical Process for the 
Improvement of Low and Medium-Grade Raw 
Rubbers,” Dr. Meyer Wildermann, of London, 
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stated that some 60,000 tons of rubber were pro- 
duced every year. Less than half of this was of good 
quality, a quarter medium quality, and another 
quarter low quality. The demands for rubber were 
constantly increasing ; we had to have recourse to 
substitutes — artificial rubbers— which were not 
rubbers at all, or to waste rubber offered as devul- 
canised, which was neither devulcanised nor freed 
from its original adulterations. There was no ho 
of our building up synthetic rubbers (on which su 
ject several papers were presented to the Congress). 
The best remedy was, no doubt, to plant more 
rubber; but the growth was slow, and meanwhile we 
should do all we could to improve the inferior-grade 
rubbers. They might contain a fair proportion of 
good rubber ; but a comparatively small percentage 
of resin in the rubber depreciated the product very 
badly. A washed and dried Para rubber, contain- 
ing up to 3 per cent. of resin, cost two years ago 6s. 
or 7s.; when the resin rose to 5 or 8 per cent., the 
price went down to 4s. or 5s. ; and a rubber containing 
from 60 to 80 per cent. of rubber would only fetch 1s. 
or ls. 6d. The reasons were that the resins were un- 
stable and liable to oxidation, that their presence pre- 
vented correct vulcanisation, leading to over orunder- 
vulcanisation, which were serious causes of deterio- 
ation, and that the resinous rubbers were sticky, 
and could not bear the vulcanisation temperature 
without running, and had to be mixed with all sorts 
of ingredients to allow of some vulcanisation. Thus 
a good deal of rubber, fairly rich in the right con- 
stituent, found no application at all, or inadequate 
application. In attempting to remedy this trouble, 
it had been proposed to extract the resins by means 
of alcohol or acetone, or mixtures of these and other 
chemicals; but their action was very slow and only 
superficial, as they could not penetrate through the 
rubber envelopes of the resin particles. The second 
method was to dissolve the whole raw product, rubber 
and resins, together, by means of chloroform or ben- 
zol, and then to precipitate the rubber by means of 
alcohol. That required enormous amounts of the 
solvents—Dr. Wildermann gave figures after Weber 
and after Schloesing—and hence large plants. For 
the treatment of 50kilogrammes(1cwt.)of rubber, we 
should require apparatus of at least 40 cubic metres 
capacity, which had to be air-tight and liquid-tight, 
and to stand a vacuum and considerable tem- 
perature variations; yet considerable losses of 
rubber were unavoidable. The process which Dr. 
Wildermann proposed, and with which he had been 
experimenting for a few years, was cyclic, and did 
not aim at separating the whole of the rubber from 
the whole of the resin. He prepared a series 
of mixtures of two solvents—say chloroform and 
alcohol; the first solution would dissolve only 
rubber, the second only resin. In applying the 
process mixtures rich in chloroform were gradually 
replaced by mixtures in which alcohol predomi- 
nated ; the solution was drained off and the solvent 
recovered, first under atmospheric pressure, then in 
a vacuum, and fresh mixtures were prepared and 
re-used. Such an extraction took only twelve 
hours, and much less solvent than the other pro- 
cesses. The valuable rubber remained undissolved 
and unimpaired, and the resulting product was 
more uniform than with other treatments. 

The success of such a method will, of course, 
depend upon the possibility of making suitable 
arrangements for working on a large scale. Dr. 
Wildermann ,did not give particulars, but we 
notice. his , as the idea — improvement of 
low-grade rubbers—seems sound, though we think 
that the primary rubber problems will have to be 
solved on the spot. 


AUTOMOBILES AND ALLOYs. 


In opening the proceedings of Section IIIa., the 
President, Sir Hugh Bell, said that the industry 
vl mining was little indebted to chemistry, except 
in the matter of explosives ; but when the mineral 
had been won, the services of the chemist were 
called in. In earlier days these services had 
often been rendered unconsciously, but we were 
now In possession of the principles underlying the 
connection between the cdeuddedl and physical pro- 
erties of iron and steel. The need of steels of 
very special quality for automobiles had called 
forth a quasi-commercial demand for finer alloys, 
‘» some of which he referred in detail. Machines 
had been produced to traverse the land, the sea, and 
‘he alr at speeds and costs regarded as incredible 
by our forefathers; thus the improvements in- 
tended for a very small class of the idle rich had 
redounded to the advantage of the people. 





Tae History or PROPELLANTS. 

The president of Section II[s.—Explosives—Sir 
Andrew Noble, delivered a short address on the 
‘* History of Propellants. The discovery of explo- | 
sives, he ated would remain obscure. Gun- 
gd had certainly been known to Roger Bacon. 

hen the theory was studied in a more scientific 
mae in the middle of the Be cpap ose century, 
the powder was simply regarded as a heating agent 
of the air.” Rumford’s estimate (of 1797) of 100,000 
atmospheres, many times the pressure assumed by 
Robins and others, had been disbelieved because 
the resulting velocities of the projectiles were 
comparatively slow, and further to account for 
this discrepancy it had been assumed that the 
powder burnt slowly in the gun. Robins had in- 
sisted upon the influence of the weight of the Faas 
jectile in such determinations, and Sir Andrew 

imself had, 150 years after Robins, been able 
to confirm his reasoning. Taking the density 
0.25, the maximum permissible density in guns, 
Sir Andrew had found pressures of “3141 atmos- 
oo for Italian ballistite, of 3190 atmospheres 
or M.D. powder, and of 2896 for Norwegian 
ballistite, while at double the density the pressures 
became 7956, 7545, and 8536 atmospheres. The 
increase in density was always accompanied by a 
decrease in the volume of gas, and as the result- 
ing pressure increased much more rapidly than the 
density, it was obvious that increase of density 
must go together with a considerable increase of 
temperature ; for density 0.5 "Sir Andrew esti- 
mated the temperatures of modern high explosives 
at 4000 deg. and 5000 deg. Cent. The proportions 
of the various gases, CO,, CO, CH,, and H varied 
greatly with the pressure. The charges of propel- 
lant required to give to similar projectiles the same 
maximum velocity increased as the cube of the 
calibre, and hence the life of guns would be short. 

Erosion had not yet received sufficient attention 
in this country, and peculiar notions were enter- 
tained as to the amount of erosion; Sir Andrew had 
previously uttered warnings against the erroneous 
statement still to be found concerning pressures, &c., 
in text-books. The erosion due to four three-quarter 
charges and to sixteen half charges was, with one 
explosive, in each case equivalent to the erosion pro- 
duced by one full charge. But explosives differed 
much in this respect. ‘T'wo half-charges of a certain 
explosive were less destructive as to erosion than 
one full charge, but three half charges were more 
destructive. Sir Andrew exhibited specimens of his 
remarkable experiments on erosion, which were ex- 
amined with the greatest interest. The experiments 
are made by screwing a steel cylinder provided with 
a bore (thus resembling a shell) into a cylindrical 
chamber, in which the agent was exploded. In 
rushing out through the bore the gases had worn 
out the steel in smooth and deep furrows; it is 
difficult to imagine that instantaneous currents of 
gases could have produced these effects. 


(To be continued.) 








BEARKDMORE'’S STEEL WORKS AT 
PARKHEAD, GLASGOW. 
(Concluded from page 689.) 
Street Founpry. 

Tue steel foundry, which was laid down a little 
over four years ago, is capable of turning out 
200 tons of finished castings per week. The work 
is of a varied nature, ranging from specially soft 
castings for electric pu s to special steels, such 
as nickel, vanadium, chrome, &c., but the. large 
bulk is for shipbuilding purposes—naval and mer- 
cantile marine—such as stems, stern-frames, shaft 
brackets, &c., and general engineering castings, 
such as riveters, engine sole-plates, entablatures, 
and cylinders for hydraulic presses up to 90 tons 
weight. There are also wheel-moulding machines 
capable of moulding gear-wheels up to 20 ft. diameter 
by 3 ft. broad. 

The building has two bays, 800 ft. long and 75 ft. 
and 60 ft. wide respectively. Fig. 48, on page 752, 
is a general view of the moulding bay from the east 
end, and shows also the tapping side of the melting 
furnaces. 

In the melting department there are three open- 
hearth Siemens furnaces—one of 50 tons and two of 
25 tons capacity. —equipped with electric crane and 
charger, removable port ends, and Beardmore’s 
patent water-sealed gas-valves. Collectively they are 





capable of turning out over 1000 tons of steel per 


week for castings, forge and plate ingots, &. In 
conjunction with the melting plant there is a -fluid- 
compressed plant capable of dealing with ingots up 
to 20 tons. The principle of this system was 
described in a previous article (page 101 ante). 

The moulding-shop and casting-pit (Fig. 48) 
occupy the larger bay, which is traversed by four 
electric overhead cranes of from 30 tons to 60 tons 
capacity, while there are also twelve hydraulic 5-ton 
floor cranes.” Thus castings or ingots up to 90 tons 
weight can’ be handled.-*The entire liber of this 
shop is niade up of sand to a depth of from 10 ft. 
and 12 ft., and the larger castings are moulded in 
it. For especially largé castings a pit with a depth of 
20 ft. is provided, and of 40 ft. by 20 ft. superficial 


area. 

The drying-stoves, situated alongside the melting 
furnaces, are of bogie type, with carriages 25 ft. by 
12 ft., and are heated by a special’ arrangement of 
gas-firing. The carriages are manipulated by electric 
motor, and the doors by hydraulic power. By means 
of portable hot-air “drying-stoves, supplied with air 
by electric fans, moulds can be dried, if desired, at 
any part of the floor. In close proximity to the 
stoves are the’ sand and composition stoves and the 
mills for the manufacture’ of thé moulding compo- 
sition, all this material being manufactured in the 
foundry. 

The remainder of the 60-ft: bay is occupied with 
the dressing-shop, sand-blast, and compressor for 
pneumatic tools, while for machining wheel-centres 
there are special lathes and horizontal boring-tools 
under this roof. Fig. 49, on page 752, illustrates 
the dressing-shop. 

The annealing ovens in conjunction with this 
shop are gas-fired, the~air — being - regenerated. 
They are capable of annealing the largest size of 
castings up to 40 ft. by 20ft. ~ * 

Built over the dressing-shop is the pattern-shop, 
capable of accommodating ‘about ‘forty pattern- 
makers, and well equipped with wood-working tools. 

Some instances may be given of the capacity of 
the foundry, not only for large castings, but also for 
expeditious work. Illustrative of the- latter there 
is the case of the construction of a rudder for 
the battleship Agamemnon. This ship injured 
her rudder when she was being docked ; an order 
for a new rudder-frame was placed with the 
foundry on December 23, 1907. The rudder-frame, 
machined, tested by an Admiralty overseer, and 
ready for taking the shell-plating, was despatched 
on January 25, 1908. Even although the patterns 
were ready, this is a splendid performance; the 
weight of the casting,was approximately 20 tons, 
the height 18 ft.,.and the widtl?20ft.8in. A view 
of it is given in Fig. 51. Fig.52, on page 753, 
illustrates a set of hawse-pipes for a warship as cast 
atthe foundry. The largest of these weighed 5 tons 
13 cwt., the pipe having a minimum internal dia- 
meter of 3 ft. Fig. 53 is an A-bracket for a battile- 
ship, which weighed 12 tons, the lengths of the 
arms from the centre of the propeller shaft-tube 
being 16 ft. and 13 ft. 10} in. 

There is also a cupola furnace for producing all 
cast-iron work required in the steel Rader, and 
two Tropenas converters, which can be utilised for 
the production of extra light castings, if required. 


- Franome’ Botter-Piates anp Furnaces. 

The manufacture of flanged boiler-end and com- 
bustion-chamber _ plates, together with the making 
of plain farnnsenthias begiin'in the year 1885, in a 
shop measuring 95 ft." By 48 ft. 6 in. wide, the plant 
including one small hydraulic flanging-machine and 
a furnace with a set of small-bending-rolls. But 
great developments have recenjly* been made ; the 
department is installed in a iiew’ building, 400 ft. 
by 55 ft., and the more important part of the plant 
comprises two hydraulic flanging-machines for end- 
week two hydraulic presses for recessing and 

nging furnace ends ; and a circular planer with 
17-ft. 6-in. table and a set of bending-rolls 12 ft. 
long, capable of bending plates up to 1f in. thick. 
Fig. 50 is a general view of this shop. 

e latest addition to the plant, and perhaps the 
most interesting of it, is a water-gas generator 
and welding-machine for the welding of furnaces, 
which, in conjunction with a mill for corrugatin 
the furnaces, was i ed in 1901. The specia 


features of the welding-machine are the arrange- 

ment for controlling the supply of gas and air so as 

to ensure uniformit 

hammer by which th 

lated to a nicety. 
The corrugating mill differs from the usual corru. 


of heat, and the belt-driven 
e weight of blow can be regu- 
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gating mill in that the furnace, while being rolled, 
hangs suspended on the lower roll, and does not 
lie on it, as is usually the case ; but the upper roll 
is screwed down as usual, so that its corrugations 
alternate with those of the lower roll. The object 
of hanging the furnace as thus described is to pre- 
vent scale or foreign matter passing through the 
point of contact between the rolls, and by this 
precaution a good interior surface is ensured ; ex- 
perience has proved this innovation to be bene- 
cial, 

Many large orders for flanged plates have been 
undertaken since this branch of the business was 
started, among which is included the order for all 
the lower front plates of the boilers for the Cunard 
turbine mail steamer Mauretania. This order con- 
sisted of forty-eight plates flanged to suit the boiler 
shells, which were 17 ft. 3 in. in diameter ; each 
plate had four flanged and bored furnace holes 
4 ft. a in. in diameter, together with three flanged 
man oles, 

For many years the production of plain furnaces 
was carried on to a very limited extent, but during 


the year 1902 a series of tests was carried out 
under the direction of the Board of Trade, in which 
several welded and corrugated tubes were subjected 
to a cold-water test to destruction. Since then 
the demand for all classes of flanged corrugated 
furnaces has steadily increased, the production of 
Po ces for the years 1905, 1906, and 1907 being 


376, and 590 respectively. The process of 








manufacture of these fur- 
naces is in general similar to 
that carried out by other 
makers, and only in details of 
manufacture is any improve- 
ment claimed. After bend- 
ing, the plate is welded and 
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Fig. 53. 








corrugations formed by the Tae: 
machine referred to above, 

and the flanging and finishing is accomplished by 
specially-constructed hydraulic machinery installed 
for the purpose. The quality of the welds is demon- 
strated by the fact that samples cut through the 
welded portion of the plate from time to time show 
a tensile strength of within about 1 ton of the 
strength of the solid plate. The welds also with- 
stand the severe test of corrugating ; it is a rare 
occurrence to find any defect after this work is 
done. 


PReEssED-STEEL Motor-Car FRAMEs. 


With the advent of the motor-car a branch of the 
business was formed to produce pressed - steel 
frames. But for many years the opinion of motor- 
car engineers favoured a frame made of wood and 
strengthened by means of steel plates, and conse- 
quently the production of pressed frames was very 
limited. The value of the pressed-steel frame, 
however, has been acknowledged as a consequence 
of experience, and with growing confidence in it, 
the demand for pressed-steel sections has become 





great, an annual output for many thousands of 
frames being necessary to keep this plant fully em- 
ployed. The steel used for pre frames varies 
greatly—from a breaking load of 32 tons per square 
inch to the highest. quality of nickel aaesaa a 
tensile strength of from 45 to 48 tons per square 
inch, to suit constructors’ requirements. The work 
is carried out in a shop which measures 260 ft. by 
45 ft., and contains only such light machinery as 
this class of work entails. After the steel sheets 
are received from the rolling-mills they are roughly 
shaped by means of circular shears, and pressed in 
cast-iron dies to the required shapes. Special 
attention has been paid to the construction of the 
heating furnace, which has been designed to pre- 
vent any pitting of the surface of the sheets. e 
channels and other sections when pressed are then 
straightened, lined off on surface tables, and, after 
the edges have been machined, the frames are 
erected on special tables, on which brackets to hold 
the cross-members in place are fixed in the correct 
position, so that every frame is practically made to 
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gauge. All rivet-holes are drilled in place, and 

- the rivets closed by hydraulic pressure. The frames 
are then finished off, and are finally examined and 
checked by means of limit gauges to ensure accu- 
racy of work. 


RarLway WHEEL AND AXLE DEPARTMENT. 


This department, in which 400 pairs of wheels 
and axles can be manufactured per week, in addi- 
tion to wheel centres, &c., has, like practically all 
other branches of the works, been reconstructed, 
the equipment being arranged and the tools de- 
signed according to the dictates of long experience. 
In the extensive forge and smithy the principal 
tool is a 2000-ton hydraulic press, under which 
the Mansell wooden wheels, disc wheels, and all 
spoke wheels are bossed, the wheels, where neces- 
sary, being heated on round revolving fires. These 
fires are also used for heating the wheels for the 
junction of the spokes to the rim. The rim is 
afterwards glutted 7 prepared for machining 
in the nt way. e furnaces are gas-fired, and 
the waste heat is utilised in the Stirling boilers 
which supply steam for the hammers, &. The 
hydraulic pumping-engines in connection with the 
press, the electric blowers for the smiths’ fires, 
and the air-compressors for supplying pneumatic 
power to hammers for closing down tyres on 
to the retaining ring, &c., are accommodated in 
u separate building, the roof of which carries 
a tank for water supply, and the discharge water 
from the hydraulic presses flows into it. 

The machine-shop in connection with this de- 
partment is in three bays, each of 45-ft. span, with 
a length of 400 ft. The centre bay, where the 
larger work is carried out, has two electric over- 
head travellers. The machinery is most compre- 
hensive, but calls for no remark. : 


THe WetcHInc-MACHINES AND OTHER 
AUXILIARIES. 


A description of other departments of the works 
might have been acceptable to our readers, but we 
conclude now our series of articles with a reference 
to an exceptionally heavy weighing-machine pro- 
vided by Messrs. W. and T. Avery, Limited, of 
Glasgow, and of which elevation and plan are re- 
produced in Figs. 54 and 55, above. This is one 
of several machines of great shock-resisting power, 
the weighing-platform being made of a belle olete 
14 in. thick, while the weighing-levers are of unusual 
strength. The frame of the machine, it will be seen, 
is of considerable depth. It is designied and con- 
structed so that, in the event of a 10-ton load being 
accidentally dropped on to the platform, no damage 
will result. 

In conclusion, we have to express our in- 
debtedness to the firm for the facilities afforded 
us in preparing our description, and particularly 
to Admiral Adair, chief of the ordnance depart- 
ment, and Mr. George Ritchie, chief of the steel 
department, for conducting our representative 
round the various departments. 








Tuer Junior INSTITUTION OF ENGINEERS.—At a recent 
meeting of this Institution, the chairman, Mr. Frank R. 
Durham, Assoc. M. Inst. C.E., presiding, a paper on 
“The Construction of Coin-Freed Mechanisms as applied 
to Gas-Meters” was read by Mr. T. S. F. Gibson, Assoc. 
M. Inst. C.E., Member of the Institution, superintendent 
of the Old Kent-road Works of the South Metropolitan 
Gas Company. The origin and effects of the applications 
of coin-freed mechanisms were first briefly reviewed, and 
as showing the prolific industry of inventors on the subject, 
the author incidentally mentioned that no fewer than 320 
patents had been registered previously to 1907. Read in 
sequence these documents revealed the nature of the 
troubles met with as the use of the apparatus had de- 
veloped. The essentials of a good machine were shown 
to be simplicity, strength, accuracy, and compactness, 
and features in its design and construction were pointed 
out as —— to meters of both the wet and dry 
types. any slot-meters had been put on the market 
. in which the flow of gas had to be stopped by holding 
the meter oe mechanism, and relying on the 
meter-valves for tightness; but this was not desirable, as 
it tended to strain the meter asa measuring instrument. 
The author dwelt upon the necessity of guarding against 
fraud, and p ‘ to describe in detail the various 
coin-freed mechanisms employed by gas undertakings, in 
illustration of which a fine collection of examples which 
had been lent by Mr. Charles Carpenter, M. Inst. C.E., 
chairman of the South Metropolitan Gas Company, was 
exhibited, and their construction explained. A discussion 
followed the reading of the paper, in which Messrs. Walter 
Fendick, C. G. Evans, W. Ballantyne, N. S. Trustrum, 
C. H. Smith, A. W, Marshall, Sidney V. Cooke, and J. 
Wylie Nisbet took part, 





SUBMARINE TELEGRAPH ENTERPRISE. 


Tue Eastern Extension; Australasia, and- China 
Telegraph Company, Limited, a rs to have held 
its own fairly well in the second half of last year, the 
revenue collected having been 306,890/., as compared 
with 304,416/., while the working expenses, includin 
25,204/. for the maintenance of cables, absor 
151,5071., inst 154,203. The dividend and bonus 
upon the nliay shares was altogether at the rate of 
7 per cent. per annum. It should be observed that 
the revenue of the past half-year was helped up by a 
Tasmanian cable ‘subsidy of 2100/., a Visayas (Philip- 
a cable subsidy of 2250/., and by 19,704/. received 
or interest on reserve funds investments. The expenses 
attending the maintenance of cables in the second half 
of 1908 amounted to 41,461/., reduced to 25,204/. by 
16,257/. derived from charters and other credits. In 
the total of 41,461/., the expenses of maintenance 
steamers fi for 26,166/.; cable dépéts at Singa- 

re and Adelaide and a factory at Singapore, for 

107/. ; cable expended on repairs (after deducting value 
of picked-up cable), for 5999/.; insurance of cable in 
maintenance ships and at stations, for 722/. ; deprecia- 
tion of spare cable, for 2411/.; and supplemental 
allowances to staif, for 1055/. The various reserve 
funds formed by the company amounted at the close of 
1908 to 1,433, .» Viz.:—general fund, 1,034,345/. ; 
maintenance ships fund, 59,524/.; marine insurance 
fund, 146,718/.; fire insurance and guarantee funds, 
122,965/.; and depreciation of buildings and cable 
dépét, 69,7967. The investments made upon re- 
serve funds account comprised 117,000/. for spare 
cable held for renewals ; spare cable and other stores 
also stood in the books for 50,769/. The general 
reserve fund amounted at the close of June, 1908, 
to 994,228/. This was increased by an allocation 
of 50,0007. made from revenue, and a profit of 3464. 
from the sale of certain investments. On the other 
hand, the fund was reduced to the extent of 87100. by 
the balance cost of the Java and Cocos cable, and 
1519/. by the partial renewal of the Singapore and 
Banjoewangie. cable. The fund had, accordingly, 
grown at the close of last year to 1,034,345U. 

The revenue of the Western Telegraph Company, 
Limited, for the second half of last year amounted to 
343,668/., while the working expenses of the six 
months were 133,673/. After providing for interest 
on debenture stock and income tax, and adding a 
reliquat of 4260/. brought forward from the previous 
half-year, a balance of 192,594/. remained available 
for dividend. Out of this balance the directors distri- 
buted 62,379/. in two interim dividends, and trans- 
ferred 100,000/. to the general reserve fund, 5000/. to 
the maintenance ships reserve fund, 10,000/. to the 
marine insurance fund, and 10,000/. to the land and 
buildings depreciation fund. After all these alloca- 
tions had been made, there still remained a balance of 
5215/. to be carried to the credit of the current half- 
year. The 343,668/. representing the revenue of the 
past half-year included 24,426/. derived from interest 
on investments, and 10,706/. from dividends in other 
telegraph companies. The expenditure of the half-year 
included 1578/. for improved apparatus for cable-work- 
ing at stations, and 684/. for the use of patents. The 
expenses attending the maintenance of cables in the 
past half-year amounted to 44,503/. The actual outlay 
was 45,523/., but this was reduced to 44,503/. by 1020/. 
received for the charter of one of the company’s cable- 
repairing steamers. The cost of the cable used during 
the past half-year for maintenance purposes was 
20,044/., and 2102/. was allowed for depreciation of 
cable in stock. ‘The reserve funds formed by the com- 
pany amounted at the close of last year to 1,646,899V. 
—viz., general fund, 1,461,989/. ; maintenance shi 
fund, 54,159/.; marine insurance. fund, 65, 3 
land and buildings depreciation fund, 65,000/. ; and 
guarantee fund, 7500. 

The Submarine Cables Trust has little more than 
a financial existence. The Trust started with an issue 
of 4200 six per cent. certificates of 100/. each, and 
the number has now been brought down to 2992, 
1208 having been redeemed since the formation of the 
Trust. The annual charge for interest has thus been 
reduced from 19,2007. to 11,952/. ; and as the income 
of the Trust amounts to about 25,000/. annually, the 
surplus available for the further redemption of certifi- 
cates is steadily increasing. A coupon of reversion is 
attached to each certificate ; some of these were sur- 
rendered by their holders when their certificates were 
purchased for redemption, but 389 certificates were 
redeemed exclusive of the reversion coupon, and all 
the reversion coupons outstanding will be similarly 
dealt with in future, so that ultimately they will ibe 
highly valuable to their holders. The success of the 
Trust is largely due to the fact that when it was 
established in 1870 it was possible to purchase shares 
in the Eastern and Eastern Extension Telegraph Com- 
panies considerabl 
mand a respectable premium. The system of trust 
companies for the purchase of shares in many con- 
cerns has been generally successful in relation to cable 


property. 


below par, while now they com- | 7, 





SAND IN THE STERN BUSHES OF 
STEAMERS. 
To THE EpiToR OF ENGINEERING. 

Sir,—-We notice in your issue of May 21 a short article 
dealing with the exclusion of sand from the stern bushes 
of steamers. As representing Messrs. F. R. Cedery.!! 
and Sons in this country, we may state that we have 
supplied a considerable number of their patent lubricating 
and shaft protective boxes for tail-shafts, and these have 
been found to be also admirably adapted for the purpose 
above mentioned. It may interest you to know that over 
1500 of these patent boxes have been fitted to various 
types of vessels in the British, German, French, 

ussian, Swedish, Norwegian, and ish mercantile 
marine ; but among the vessels calling for special notice 
we might mention that they are being largely used 
for sand-pump gers, and the owners of | these 
have advised us from time to time that the Cedervall 
boxes so fitted have been found thoroughly satis- 
factory as sand-excluders on their tail-shafts. We 
might add that one corporatiun, after fitting the Ceder- 
vail arrangement to their first sand-pump dredger, 
when she was built twelve years ago, were so satisfied 
with its efficiency in saving their tail-shafts that they 
have never fail To y it in connection with any 
dredgers they have since. Some years ago we sup- 

lied boxes for the Peruvian Government’s river gun- 
oar America and Loreta, employed in the shallow sandy 
waters of the Upper Amazon, and these also have given 
the test satisfaction to the Government officials in 


keeping the sand, &c., from wearing away the bush and 
shaft. The use of the Cedervall box is increasing each 
ear, and while it enables the tail-shaft to be efficiently 
pone the sea water ard 


ubricated by oil, the box also 
grit from entering the stern-tu 
Yours very truly, 
Joun G. Kincarp ann Co., Limitep. 
East Hamilton-street, Greenock, May 27, 1909 
P.S.—The Cedervall arrangement is so well known that 
we see no use in troubling you with a sketch of same, but 
may mention that it has no studs, nuts, or other regulat- 
ing gear to get out of order, and has worked satisfactorily 
for years ata time without any adjustment. 








NEW PARALLEL WIRE MICROMETER. 
‘To THE Epiror oF ENGINEERING. 
Srr,—A ‘new micrometer especially adapted to the 
uirements of double star observers is being constructed 
“all steel,” so as to effect constant readings of coinci- 
dences. The micrometer screw, on which is fixed a con- 
centric head and revolution-counter, is an inch long, 
and each revolution amounts to a hundredth of an ink 
It carries four parallel wires, the intervals being respec- 
tively 0.0975, 0.1050, and 0.1025 in. The fixed wires are 
also four in number, their distances apart being 0.1000. They 
are fixed on asliding-box (Dawes’ slide), which is moved by 
a screw, the head of which is opposite to and of the same 
dimensions as the head of the micrometer screw. In 
Repsold’s micrometer there is a screw for changing the 
coincidence of the wires by part of a revolution in order 
to eliminate periodic errors of the screw, but the bisection 
of one of the components is supposed to be made by the aid 
of the slow motion of the telescope, which is inconvenient, 
not to say im ible. In Burnham’s micrometer, which 
is the best, there is a screw sliding the box, by aid of 
which one component is bisected while the other com- 
ponent is bisected by the micrometer screw, but there are 
no means of varying the coincidence, so that periodic 
errors are not eliminated, and the screw will be unequally 
worn intime. By the new arrangement explained above 
one screw serves for both purposes. There is a quick- 
screw movement toslide the eye-piece (a single lens, so as 
to minimise the loss of light), ut every pair of wires 
need not be used on thesame night. They may be used on 
different nights. In case of a good screw two wires, 
placed 10} revolutions apart, would suffice. There are 
no perpendicular wires. The wires are illuminated by 
an electric lamp, the brightness of which can be increased 
sufficiently to make use of a very high power, and de- 
¢e so as to be able to see the faintest objects. Mr. 
Burnham states that in his micrometer any objects that 
can be seen can also be measured. There is also a 
microscope that can be fixed instead of the eye-piece. The 
eye-pieces can be used on the cetera and then their 
power is doubled. In the eye-piece of the microscope are 
two wires, apparently one-tenth of a revolution apart. By 
measuring their distances apart on different parts of 
the screw, the errors of the latter are determined. The 
screw-head and ition circle are read through single 
fixed lenses by aid of a small bull’s-eye lamp held in the 
hand. The cost of this instrument is defrayed by aid of 
a grant voted out of the Elizabeth Thompson Science 
Fund, of Boston, Mass., U.S.A. 
Yours truly, 
Witii1aM DoBERCK. 
Kowloon, Elgin-road, Sutton, Surrey, June 1, 1909. 








GeneraL TrapE Norices.—Messrs. Wm. Geipel and 
Co. have secured the contract for the London and North- 
Western Railway Company for the whole of the carbons 
required during the year ending June 30, 1910, including 
open type, enclosed type, and flame carbons of Henrivn 
make, for whom this: firm are sole representatives for tle 
United Kingdom. We understand that the contract 's 
for 1,170,000 carbons.—The Underfeed Stoker Company. 
imited, have recently received orders for 85 of their 
apparatus from seventeen different purchasers, among 
ween are the Leyton Urban District Council, who take 
sixteen, and the Metropolitan Borough of Woolwic!), 
which takes eighteen apparatus. 
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THE PHYSICAL SOCIETY OF LONDON. 


\r the meeting of the Physical Society of London, held 
on the 14th ult., Dr. C. Chree, F.R.S., President, in the 
chair, a paper on “A Bifilar Vibration Galvanometer ” 
was read by Mr. W. Duddell. The paper describes a 
new type of vibration galvanometer, and a series of tests 
made upon it. Vibration galvanometers thay be divided 
into two types :—(1) Those in which the moving part con- 
sists of a piece of iron or steel, and the current to 
measured flows round fixed coils, as in the case of the 
Thomson galvanometer ; (2) those in which the current to 
be measured flows round a moving coil placed in a fixed 
magnetic field on the yoo recorder principle. The 
vibration galvanometers of Max Wien and Rubens belong 
to the first class, while Mr. Campbell’s vibration galva- 
nometer and the one described in the r belong to 
the second. In the instrument described the mass of the 
moving parts is reduced toa minimum, the moving 
coil being reduced to the two wires forming its two 
sides, similar to a bifilar oscillograph, but with this dif- 
ference :—Whereas the bifilar oscillograph is designed 
so as to make the dampi aperiodic, the vibra- 
tion galvanometer is des so as to keep the 
damping as small as possible. A series of tests made 
upon the instrument showed that the total range of fre- 
quency was very large—namely, from about 90 periods 
per second - to 1900 periods per second. The dampin 
is very small, so that the resonance is very sharp. 
series of measurements on the sensibility of the instru- 
ment showed that the sensibility to alternating current 
decreases very near] a the frequency for which 
the instrument is adjusted, whereas for direct current the 
sensibility decreases approximately inversely as the 

uare of the frequency for which the instrument is 
adjusted, which is what usually takes place with direct- 
current galvanometers. The sensibility of the galvano- 
meter for detecting small alternating voltages is reduced 
by the back electromotive force of the instrument, and 
the paper concludes with a determination of the magni- 
tude of the back electromotive force in the instrument 
shown at the meeting. The advantages of the galvano- 
meter are its simplicity, ease in tuning, wide range of 
frequency for which it can be tuned, high sensibility, 
negligible self-induction, and comparatively small back 
electromotive force. 

Mr. A. Campbell said that thanks were due to the 
author for an interesting account of the valuable and 
thorough investigation he had made of the behaviour of 
single-loop bifilar vibration galvanometers. Galvanometers 
of this type had been at the Reichsanstalt for several 

years (Zeitschr. fiir Instrwmentenkunde, May, 1906), and 
had given good results with frequencies as high as 2500 
periods per second. He did not know what sensitivity 
was obtained with the German instruments, but there 
was no doubt that Mr. Duddell’s pattern of the same 
type was much more sensitive than the instrument of the 
moving-coil type which he (Mr. Campbell) described in 
1907. Blondell pointed out in 1900 that in an oscillograph 
there was no advantage in having more than one turn of 
wire; but this appeared to be only true when the mirror 
was very small. As a large mirror with plenty of light 
and good definition greatly improved the ease and 
accuracy of observation, he gave the preference to a 
moving coil of more than one turn, even though the single- 
loop instrument was highly recommended by Dr. Orlich. 
With a moderately large mirror one could obtain good de- 
finition of a dark line with a scale distance of 600 centi- 
metres. Mr. Campbell mentioned that Wien’s vibration 
galvanometer (Ann. der Physik, 1901) with very small 
magnets and minute mirror gave 70 millimetres at 1 metre 
distance for 1 microampere at 100 periods per second, and 
had a resistance of 200 ohms. Mr. Duddell’s curves were 
most instructive. He had verified experimentally the law 
which he (Mr. Campbell) had stated from theoretical 
considerations—namely, that with a given bifilar sus- 
pension (taned to resonance) the sensitivity varies in- 
versely as the frequency. The figures given tended to 
show that the shorter bifilars gave reduced sensitivity. 
With much shorter bifilars he had found great loss of 
sensitivity. In the moving coil type with many turns 
the back electromotive force was considerable and might 
even double the effective impedance of the instrument and 
lower the volt-sensitivity accordingly. 
_ Dr. J, A. Fleming asked the author if he had tried his 
Instrument with intermittent currents of the right fre- 
quency. If the galvanometer was sensitive to currents 
such as are obtained by rectifying trains of oscillations 
from condensers, it might be useful as an optical call in 
wireless telegraphic stations. 

Dr. Russell congratulated the author on the notable 


advance he had made in the design of vibration galvano- 
meters. He much appreciated the clear presentation and 
the accuracy of the experimental results. - He asked 
whether variations of the barometric 


| ey had any 


appreciable effect on the sensitivity of the instrument, 
and suggested that variations in the humidity of the 
atmosphere might possibly have some effect. So far as 
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S aware, the author was the first to point out the 
nce of the back electromotive force due to the 
‘ng wires cutting the magnetic field. He thought 
‘he experimental results given would be a great help 
smulating a more exact mathematical theory of this 
of apparatus. He showed that to a first approxima- 
the author’s results were in agreement with those 
ed from the differential age ordinarily given for 
the motion of the mirror. He asked whether. the fre- 
(ues y of ordinary alternating-current supply circuits was 
sufficiently steady to avoid the necessity of constant 
tuning of the apparatus. 
Re Chairman asked the author if the mirror was 
aly.yS Situated in the middle of the vibrating fibres. 
he author, referring to Mr. Campbell’s remarks, said 








considerations of space prevented him from working with 
scale distances of 6 metres. With regard to’ Wien’s 
instrument, it was easy to obtain high-current sensibility, 
but not high-voltage sensibility. He had tried Professor 
Fleming's | ye but his instrument was not sensi- 
tive enough for ordinary signals. With more uniform 
spark — ency it gave excellent results. In reply to 
Dr. Russell, he stated that the sensitivity of the vi = on 
meter did vary slightly with the barometric pressure. In 
the ordinary differential equation the term giving the 
moment of the applied forces needed. amending, and so 
also did the term for the damping couple. The complete 
equation was complex, and there were difficulties in the 
way of getting an exact solution. The frequency of 
ordinary supply circuits was quite constant enough for 
accurate work. In reply to Dr. Chree, he stated that 
the mirror was always symmetrically situated on the 
suspension, e 

» A paper by Messrs. W. P. Fuller and H. Grace, on the 
“* Effect of Temperature on the Hysteresis Loss in Iron in a 
Rotating Field,” was read by Professor Marchant. 

The rotating field was produced by means of two-phase 
currents. One phase was connected to a coil of long 
rectangular section, and of sufficient length to produce a 
uniform field within a radius of 2 centimetres from the 
centre, ‘The second phase was connected to a similar coil 
enclosing this one, and causing a flux at right angles to it. 
The resultant field at the centre was qieculy rotating. 
An iron disc, 4 centimetres in diameter, 0.027 centimetres 
thick, was supported by a bifilar suspension, and the 
torque was measured by a mirror and scale in the usual way. 
an was heated by means of nickel-wire heaters 

] above and below it, and the temperature measured 
a of a thermo-junction placed close to the disc. 
The flux in the iron was measured by the voltage induced 
in a coil of eight turns of bare wire wound round it. To 
measure the voltage, the maximum value of which was of 
the order of 0.03 R.M.S. volts, a special galvanometer 
was constructed. This depends for its action on the 
forces exerted by a rotating field on a suspended coil 
carrying alternating currents. If E be the electromotive 
force applied to the moving coil, and E, the electromotive 
force due to the field on the coil, then by turning the coils 
producing the field round until the deflection is a mini- 
mum, this deflection is proportional to E -E,. The re- 
sults of the experiment Bw that the effect of increasing 
the temperature of iron is to reduce the hysteresis loss at 
a given induction and to cause the maximum loss to occur 
at a lower value of the induction. In one.specimen. the 
maximum value of the loss at 220 deg. Cent. was 12,300 
ergs per cubic centimetre per cycle at an induction of 
16,000 c.g.s. units. At 580 deg. Cent. the maximum loss 
was 2600 ergs at an induction of 10,700. The frequency of 
the experiments was 42 cycles per second. 

Dr. W. H. Eccles remarked that the effects of previous 
thermal treatment, and of the nature of the material on 
the properties studied by the authors, were so enormous 
that comparison of the present experiments with similar 
ones with alternating fields was difficult ; but the authors’ 
curves seemed to show that the effect of rise of tempera- 
ture on hysteresis loss was less for rotating fields than for 
alternating fields if the fields were below about 12 c.g.s. 
The curves showed also that the maximum values of 
hysteresis loss in rotating fields were reached at lower 
and lower flux densities the higher the temperature, 
although the permeability varied but little. This was of 
importance from the point of view of the molecular 
theory of magnetism ; it showed that smaller forces 
sufficed to rotate the molecules within a magnetically 
stable up at high than at low temperatures. The 
authors’ experiments might be regarded as adding strong 
confirmation to the molecular theory of magnetism. 

Professor Marchant said the iron tested was obtained 
direct from the manufacturers, and its previous thermal 
treatment was not known. A permeability curve had, 
however, been obtained. He expressed his interest in 
Dr. Eccles’s remarks upon the bearing of the experiments 
on the molecular theory of magnetism. 

A paper, “‘On a Method of Testing Photographic 
Shutters,” by Messrs. A. Campbell and T. Smith, was 
read by Mr. Smith. 

The authors described a simple and rapid method of 
testing the speeds and efficiencies of ae weg shutters, 
with a maximum error of 0,0001 second at the highest 
o—. A vibrating beam of light falling through a narrow 

it on to a moving plate serves to measure the time. 
This beam is obtained by reflecting the light of a Nernst 
lamp from the mirror (area 50 square millimetres) of a 
vibration galvanometer actuated by a current of fixed 
frequency (say 100 or 500 periods per second) obtained 
from a microphone hummer. The use of the vibration 
galvanometer, in which the a is enormously 
increased by resonance, greatly facilitates the measure- 
ments. 

When the total duration of exposure only is required, 
the vibrating beam of light is passed through the shutter, 
tracing a sine curve on the moving plate. The duration 
of exposure is immediately found by counting the number 
of ripples recorded on the plate. Ten records of the 
various _— of a shutter can be taken side by side on 
one 5-in. y 4-in. plate in one minute. 

When the efficiency in addition to the duration of ex- 
posure is required, the method adopted is essentially that 
of Sir William Abney, but the time measurements are 
made with the vibrating beam of light instead of a screen. 
The sine curve now extends over the | of the plate 
and serves as a continuous time , and is to be pre- 
ferred to any intermittent method of measuring the time. 
A slit is placed in the diameter of the shutter-opening as 
close to the shutter leaves as possible, and an image of a 
line source of light is made to fill this slit. By means of 
a concave mirror an i of this slit is formed on the 
plate by the side of the viteating beam of light. - As the 











shutter opens, the length ofthe slit th h which light 
can reach the plate increases, and.the on the plate 
gives the length of the slit which is opened at every in- 
stant of time. Measurements are then taken of the’ area 
of the shutter aperture corresponding to a number of 
lengths of the slit-opening. Combining these records the 
area of the shutter aperture at every instant of the ex- 
posure is. obtained, and by integrating this area with 
respect to time the equivalent exposure at full aperture 
and the efficiency are calculated. 

Mr. Baker expressed his interest in the method, which 
he said was. the most satisfactory yet produced. It was 
difficult to say exactly what to call exposure. In photo. 
graphing moving objects it was advisable to use as the 
effective time the time during which the central eight- 
tenths of the shutter was open. 

Mr. Duddell said the method was an ingenious one for 
determining the efficiencies of shutters. He suggested 
that by using an arc it might be possible to reduce the 
size of the mirror, and thus work at higher frequencies, 
Instead of using a slit it might be better to use’ a short 
foous cylindrical lens. 

Mr. Campbell, referring to Mr. Duddell’s remarks, sai 
that with a Nernst lamp it was ible to obtain high- 
frequency curves showing very little tendency to tail o 





ImpERIAL CoLLeck or Screnck AND TEcHNOLOGY.—The 
following short courses of instruétion, to be given at the 
ramen | College of Science. and Technology, South 
Kensington, London, 8S. W., will be organised for science 
teachers this year, from July 6 to 28, both inclusive :— 
Chemistry, Light, Mechanics, Plant Physiology, Practical 
Mathematics. No teacher is allowed toattend more than 
one of the above courses, and teachers who wish to attend 
have to fill up and return Form 500 T. before June 10. 





MercHANT VENTURERS’ TECHNICAL COLLEGE, BRISTOL. 
—The formal opening of the new buildings of the College 
in Unity-street will take place on Thursday, June 24, when 
the Master of the Society of Merchant Ventuiers, Mr. 
G. W. Davey, will preside. The ceremony will /be_per- 
formed by the Right Honourable Lord Reay, President 
of University College, London, and of the Royal Asiatic 
Society. The college has already installed new engineering 
departments, in which work has commenced. he base- 
ment contains all the heavy machinery. To the left of 
the entrance is the motor-car engineering shop, measuring 
82 ft. by 60 ft., and completely equipped for the study of 
the motor-car in all respects. A 12-14 horse-power 
Talbot car will be used for observation under road condi- 
tions. In addition, the shop contains a 22-horse-power 
sliding sleeve Daimler engine, lent by the Daimler Motor 
Company (1904), Limited, a 16-horse-power four-cylinder 
engine (tappet valves), and a single-cylinder engine. 
Beyond this 100m, on the same side of the building, comes 
the engineering workshop, measuring 36 ft. by 44 ft, 
By the side of the cneeing workshop is the forge, 
complete with all necessary appliances for the production 
of hammered ironwork and for making and dressing tools. 
In an electrical ramp | laboratory, measuring 76 ft. 
by 22 ft., are centralised all the electrical systems in the 
building. The main part of the equipment for demon- 
strating the characteristics of the chief types of electric 
machines consists of seven machines, set with their 
shafts in line and arranged so that any two or more 
adjacent ones may be coupled together mechanically. 
Power is obtained at from 4 to 120 volts from the storage 
batteries, at any voltage from 120 to 500 from the machines 
in the engine-room, and at 250 and 500 volts, direct current, 
from the city mains. For experiments a supply of current 
at 105 and 210 volts, 93 cycles, is taken from the city 
lighting mains, and polyphase currents, whose a 
and frequency are under control, can be had from the 
alternator, or from machines Nos. l.and7. Beyond the 
electrical engineering laboratory is the hydraulic labora 
tory, 35 ft. by 23ft. This contains an electrically-driven 
centrifugal-pump of the twin-series type, a Thomson 
double-vortex water-turbine of 3 brake horse-power, and 
a Pelton wheel of 2 brake horse-power. The water supply 
for the turbine is obtained from a tankon the top floor of 
the building. At the rear of this laboratory, in the new 
portion of the coll building, is the engine and testing- 
room, measuring 72 ft: by 46 ft., and excellently lighted and 
ventilated. At one end of it have been i led reciprocat- 
ing steam-engines and a De Laval turbine, the latter with . 
its auxiliary pumps and the necessary testing appliances ; 
at the other end is the machinery for testing thamater 
of construction and the strength of parts of machines 
and structures. A complete equipment is provided for 
measurement of the indicated power, for tests of mecha- 
nical efficiency for measurement of the supply of steam, and 
for the estimation of the heat supplied to, and ejected by, 
the engine. The hydraulic testing-machine, to test the 
strength and elasticity of materials used in engineering con- 
structions, has tted with highly sensitive record: 
apparatus. When the poise weight isat the end of thelevel 
the pull at the straining head is-50 tons. The machine is 
fitted with the necessary apparatus to bend, crush, twist, and 
cut the various materials which it is desired to test in these 
ways. An hydraulic accumulator supplies water under a 
pressure of 1500 1b. to thesquare inch. The electrical plant 
in the engine-room forms an experimental light and power 
station where senior students can become familiar with the 
running of the plant under actual working conditions. It 
consists of two 4-pole open-type Mavor and Coulson 
dynamos, rated at 120 am each at 210 volts and 900 
revolutions a minute. he battery house adjoining 
contains three batteries by the Electrical Power Storage 
Company, Limited. The first, second, and third floors 
are also fully ge Pe with mechanical engineering, 
physical, optical, and other laboratories, lecture - halls, 
preparation and class-rooms, 
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CRUDE-OIL ENGINES FOR LAND AND 
MARINE PURPOSES. 


On this and the opposite pages we illustrate two 

tterns of a new type of crude-oil engine which has 
just been definitely placed on the market by Messrs. 
Blackstone and Co., Limited, of the Rutland Engi- 
neering Works, Stamford, after a somewhat prolonged 
series of experiments, followed by the severe practical 
test of operating one of the engines for months by 
native labour in Ceylon. Having passed this ordeal 
most successfully, the makers are now arranging to 
build the type in large quantities. It will work with 
any quality of oil, from paraffin up to heavy Canadian 
residuals so viscous as to require heating before it is 
possible to pump them. In the character of its dia- 
gram, and in the method of getting the charge into 
the cylinder, the new engine is not wholly unlike the 
well-known Diesel type, but differs from the latter in 
operating with relatively low compressions and maxi- 
mum pressures. 

A general view of the horizontal form of the engine 
is represented in Fig. 1, annexed, whilst the plan, 
Fig. 2, shows the complete plant, inclusive of engine, 
water-tanks, air-reservoir, and fuel-tanks. The engine 
has a cylinder 10} in. in diameter by 18 in.. stroke, 
and is designed to run at 240 revolutions per minute, 
developing 35 brake horse-power at full load. It 
operates on the ordinary four-stroke cycle, but, as 
in the Diesel engine, the charge is not sent into the 
combustion-chamber until the completion of the com- 
pression stroke. In this compression stroke, therefore, 
the contents of the cylinder consist merely of pure air 
mixed with residual products of combustion from the 
previous working stroke. These are compressed to 
150 lb. per square inch, and then as the piston begins 
to move forward again the new charge is gradually 
sprayed into the cylinder, being ignited by a flash from 
a bulb-shaped ignition chamber bolted to the back of 
the cylinder. The air needed for spraying the oil is 
supplied from a reservoir, kept charged to a pressure 
of 400 lb. per square inch by a pump fitted at the 
side of the cylinder, as shown in Fig. 1, and driven 
by an eccentric mounted on the crank-shaft. The oil 
is supplied to the spraying and ignition chambers by 
means of a plunger pump, the stroke of which is 
variable by the agency of the governor. 

The spraying-chamber is a small rectangular block of 
steel, shown in position at a in Fig. 3. It is water- 
cooled at the back by a by-pass from the cylinder 
jacket, and its interior is in direct communication 
with the air-reservoir. From this spraying-chamber 
lead two needle valves, one direct into the cylinder 
and the other through the side of the spraying-cham- 
ber into the ignition-chamber, which is a hollow bulb 
of cast iron, which when the engine is at work is kept 
red hot by the heat of the explosions. The oil enters 
the spraying-chamber through an annular passage 
left round the stem of the air-valve leading to the 
ignition-chamber. Any oil, therefore, left in this 
space is, on the opening of this valve, blown direct 
into the ignition-chamber, being at the same time 
atomised. It is ignited there by the red-hot walls, and 
escapes into the cylinder through a hole drilled 
obliquely, so that the jet of flame meets and ignites the 
spray, which is simultaneously ejected from the spray- 
ing-chamber through the air-valve leading direct into 
the cylinder. The consequence is that the sprayed oil 
burns rather than explodes, and the flat-topped dia- 
gram shown in Fig. 6 is the result. The maximum 
pressure attained at full load is only about twice the 
compression, and the sharp peak characteristic of the 
ordinary ——— from an internal-combustion engine 
is missing. This peak causes strains out of all propor- 
tion to the extra useful work shown on the diagram. 

At full load the bulk of the charge of oil passes 
through the spraying-chamber into the cylinder. At 
reduced load the governor cuts down the stroke of the 
oil-pump, so that the proportion of oil entering the 
ignition-chamber to that entering the spraying-cham- 
ber is increased, and at light load no oil whatever 
enters the spraying-chamber, but the whole suppl 
reaches the cylinder via the ignition-chamber. At ail 
loads, in fact, the charge entering the ignition-chamber 
is constant, and is equal to the amount needed to 
drive the engine at light load. Governing is effected 
solely by cutting down the supply of oil, and not by 
missed ignitions. The ignition-chamber, therefore, is 
always kept at a uniform temperature, sufficient to 
ignite the charge, and yet not so hot as to lead to 
rapid wasting. Three characteristic diagrams—at full, 
half, and no load respectively—are shown in Figs. 6, 
7, and 8, At full load the maximum pressure attained 
is about 320 lb. above the atmosphere, and the mean 
effective pressure 92.2 lb. per square inch. 

The governor is of the centrifugal type, partly 
weight and partly spring-loaded. This spring can be 
adjusted when the engine is running, so as to change 
the normal speed as desired. As already mentioned, 
the governor acts by varying the stroke of the oil- 
pump. The plunger of the latter is driven by a bell- 
crank lever working in a long slot in its stem. This 
slot is so long that the plunger would not be actuated 
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(moray 


The same type of engine as arranged for marine 


at all were it not that at one end of it a wedge is in- | ) 
purposes or for dynamo-driving is illustrated in Figs. 9, 


serted, the position of which is altered by the 
governor. At full load the governor lowers this | 10;e@nd 11, page 760. As applied to the former pur- 
wedge to the fullest extent possible, and the end of the | pose, the engine is peal so that it can be run at 
bell-crank abutting against this wedge gives the pump | will in either direction. ‘That shown in our illustra- 
its maximum stroke. If the wedge is raised, the bell-| tion has four 
erank has a greater amount of lost motion, and the | 10 in. stroke. 

pump-plunger makes a partial stroke only, so that the 
charge of oil delivered to the cylinder is reduced. 


cylinders, each 94 in. in diameter by 
Each cylinder is fitted with a spraying- 
chamber and an ignition-chamber, exactly as already 
In | described, the section, Fig. 10, showing well the shape 
starting, the egy mp as has to be heated by a/ of the ignition-chamber, and the inclined port leading 


blow-lamp. hen this chamber is sufficiently hot, | fromit into thecylinder. As will be seen, the engine 's 
the engine is started by putting the crank just over the | of the enclosed type, but the lubrication to the bearings 
centre, and then admitting air from the air-reservoir | is forced, the oil-pump drawing its supply from the 
into the cylinder through a special valve. |crank-chamber, and circulating the lubricant round 

As the result of their experience, the makers state | the various bearings. The front of the engine is repre- 
that the engine keeps itself clean, it being quite sented in Fig. 9, and shows clearly the four burner 
unnecessary to open it up periodically for cleaning fitted to heat the ignition-chambers in starting up. 
purposes, | The engine is started by compressed air, and this ca: 
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be done at will in either direction, the cams operating 
the valves being movable along their shaft, so as to 
alter the ‘‘ sequence ” of the cylinders. 

The air supply is taken from a reservoir kept charged 
to a pressure of 400 lb. per square inch by a vertical 
compressor worked from an extension of the crank- 
shaft. In addition to the ordinary air and exhaust- 
valves each cylinder has also a special valve connected 
to the air-reservoir, and this valve can be opened by a 
lever. The four air-valve levers are mounted eccen- 
trically on a common shaft, which can be rotated so as 
to bring the tails of the levers in contact with cams on 
the cam-shaft, which is the state of affairs at starting 
up, or alternatively, when the engine is started, the 
eccentric shaft can be rotated so that the lever tails 
stand clear of their cams and the special valves then 
remain closed, which is their normal condition when 
running. The air supply to the special valves passes 
through a two-way valve geared to the eccentric shaft 
already mentioned, in such fashion that when the 
latter is in the starting position the air supply can pass 
to the special valves, but not to the spraying-chambers ; 
and conversely, when the eccentric shaft is in the 
running position, compressed air reaches the spraying 
chambers only, but is cut off from the special valves. 

The whole of the valves are actuated by a single 
cam-shaft, and each valve roller can be caused to 
engage one of two cam surfaces by sliding the 
cams along the cam-shaft axially. th air and 
exhaust-valves are mechanically operated, and their 
functions are, moreover, interchangeable. In fact, 
the exhaust-valve when running forward becomes the 
inlet-valve when the engine is running astern, and 


vice versd. The advan of this is that when the 
Sequence of the cylinders is altered for running astern 
by shifting the cams as already described, the ahead 
cam ior the air-valve is very nearly of the correct 


shape and lead to actuate the exhaust-valve going 
astern. Hence by converting the air-valve into an 
exhaust-valve on reversing, the valve-roller moves 
easily from the old cam to the new, and a very short 
axial motion of these cams is needed. 

lcversing is a very simple operation and very 
certain in its action ; thus, suppose the engine to be 
running forward, then the sequence of operations is as 
follows :—First the liquid-fuel supply is cut off by a 
lever which takes the resistance off the governors, thus 
Stopping the oil-pumps, and at the same time the air- 
control lever is moved from the working to a neutral 
pusition, in which the compressed air is cut off from 





the sprays, next the reversing lever is pulled over, 
Siiing the cam-shaft into position for backward run- | 
ning; then, when the engine is on the point of stopping, | 
tie control-valve lever is pushed over to the starting | 
position, admitting compressed air to the starting 
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valves, and causing the engine to start in the reverse 
direction. The air-control valve-lever is finally restored 
to the working position, admitting compressed air to 
the sprays, and the fuel-pumps are then restarted by 
the governor. This system of bag been 
applied with great success by Messrs. Blackstone to 
four and three-cylinder engines, but it is obviously 
oo to engines having any number of cylinders. 

e governor is of the same Geenl ee as used in 
the horizontal engine already described. It permits 
of the normal speed being varied, without stopping 
the engine, between 160 and 450 revolutions per 
minute. 

Several fishing-smacks on the East Coast fisheries 
are being fitted with these engines as an auxiliary 
source of power when the wind fails and for manceuvring 
in harbours ; and for these pu the engines leave 
nothing to be desired, being clean and economical in 
working, and requiring the minimum of attention. 





Tue InstrruTion oF Gas Encineers.—The annual 
meral meeting of this Institution will be held on Tues- 
ay, Wednesday, and Thursday, the 15th inst. to 17th inst., 
at the Institution of Mechanical Engineers. The fol- 
lowing papers will be read and discussed :—‘‘ Carbonis- 
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ing,” by Mr. J. Ferguson Bell, Derby ; ‘“‘ The Efficiency 


of Gas in Relation to Incandescent Lighting, ’ by Mr. 
A. M. Forshaw, B.Sc., Birmingham ; ‘‘ A Study in Work- 
ing Costs,” by Mr. Herbert Lees, Hexham ; ‘‘ Carbonisa- 


tion in Chamber Settings,” by Dr. R. Lessing, London ; 
** Report on the Gas-Heating Research Committee, and 
Explanatory Nop, by Mr. E. W. Smith, M.Sc., 8; 
«the Relative Capital Accounts of Gas Undertakings 
Owned by Companies and by Local Authorities,” by Mr. 
A. Valon, London; ‘‘Some Advantages and Disadvan- 
tages of a Hot-Coke Conyeyor,” by Mr. R. Watson, Don- 
caster. An excursion to Norwich has been arranged for 
Friday, June 18. 





Tue INTERNATIONAL Fire -Servick Councit, — The 
president (Chief Officer Meier, Amsterdam Fire Brigade), 
vice- idents (Chief Officer Westphalen, Hamburg, and 
Mr. Edwin O. Sachs, London) and the members of the 
executive of the International Fire Service Council con- 
cluded their annual business meetings in London on the 
28th ult. They have decided to porpae and issue a small 
technical pocket dictionary on fire service terms in Eng- 
lish, French, and German, and to publish in these three 
languages the results of a large number of the tests under- 
taken in London by the British Fire-Prevention Com- 
mittee, whose testing station they visited during their 
stay in London. They will also deal with the matter of 
obtaining reliable data on uniform lines as to the result of 
motor traction in fire brigades throughout Europe. 





Tue InstiTuTION OF Mrintne ExecrricaL ENGINEERS. 
—A general meeting of members and Peeve members 
of the newly-formed Institution of Mini Electrica! 
nee was held at Sheffield on Saturday, the 12th ult., 
under the chairmanship of Mr. William Maurice, of Huck- 
nall Torkard, President. Amongst those present were 
Messrs. J. H. C. Brooking, In; , R. J. Frost, P. 
D. Coates, J. Kirkby, and the Secretary, Mr. J. 
Williams. Mr. William Maurice, in opening the pro- 
ceedings, explained the lines on which it was proposed , 
to develop the Institution. In the course of his re- 
marks he su ted that branches should be form 
in every mining centre, each branch to be separately 
organised, with its president, council, and secretary. 
A meeting was held on gy fe at the University College, 
Cardiff. r. Sydney F. Walker, who — gave a 
brief opening address, in which he echoed the views 
of Mr. Maurice, expressed at the inaugural meeting at 
Manchester. The following gentlemen were then nomi- 
nated for local officers: — President— Mr. Sydney F. 
Walker, R.N., M.LE.E., M.E.M.E., M.C.S.1.A.; the 
vice-presidents will probably be—Mr. E. M. Hann, 
ge a ao Powell Duffryn Company, Limited ; 

r. G. F. Flanders, chief electrical engineer, Powell : 
Duffryn Company, Limited ; and Mr. Llewellyn, M.E., 
Baldwins, Limited, Landore ; Local Secretary—Mr. E. 
Ivor Davies, B.Sc. (Eng.), Rock Cliffe, Peny near 
Llandebie, R.S8.0., Carm, It was decided to hold meet- 
ings alternately at Cardiff and Swansea for facilitating 
matters to members. 
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NOTES FROM THE NORTH. 
Guiascow, Wednesday. 

Glasgow Pig-Iron Market.—Last Thursday morning the 
pig-iron market opened pence 0 and about 4500 tons of 
Cleveland warrants were dealt in at 48s. 104d. cash, 
48s. 10d. eleven days, 49s. eight om 49s. 14d. one month, 
and 49s. 74d. three mont losing sellers quoted 
48s. 114d. cash, 493. 24d. one month, and 49s. 74d. three 
months. In the afternoon the tone was weak and the 
dealings only amounted to 2000 tons of Cleveland war- 
rants at 49s. Od. and 49s. one month. At the close 
there were sellers at 48s. 10d. cash, 493. 1d. one month, 
and 49s. 5}d. three months. On Friday morning a 
stronger tone prevailed, and Cleveland warrants were 
put through at 48s. 9d. cash, 48s. 1ld. fourteen days, 
49s. ten days, 49s. and 49s. 14d. one month, and 
at 49s. 74d. three months. The turnover consisted of 
about 5500 tons, and the closing quotations were 49s. 
cash, 49s. 3d. one month, and 49s. 8d. three months sellers. 
In'the afternoon the market was steady for the posi- 
tion, but forward iron waseasier. The only dealings were 
1000 tons of Cleveland warrants at 49s. cash and 49s. 6d. 
three months, and closing sellers quoted 49s. cash, 49s. 24d. 
one month, and 493. 64d. three months. On Monday the 
market was closed for the annual Whit-Monday holiday. 
With the resumption of hnsiness on Tuesday morning a 
strong tone prevailed, and fully 10,000 tons of Cleveland 
warrants changed hands. The dealings were at 49s. 1d. 
and 49s. 24d. cash, 49s. 5d. and 49s. 4d. one month, and 
49s. 9d. three months, and the closing quotations were 
49s. 3d. cash, 49s. 51. one month, and 49s. 10d. three 
months sellers. Thera were buyers of hematite at 56s. 9d. 
cash, but no sellers. In the afternoon there was a slight 
reaction in prices, and the market was bof quiet. The 
turnover consisted of only two lots of Cleveland warrants 
at 49s, 3d. one month and 4s. 9d. three months, and at 
the close the prices were 493. 1d. cash, 49s. 34d. one 
month, and 49s. 9d. three months sellers. Buyers of 
hematite were again in the market, and offered 57s, one 
month, but no dealing took place. When the market 
opened to-day (Wednesday), the tone was steady, but the 
total business did not exceed 3000 tons of Cleveland 
warrants at 49s. 1d. cash, 49s. 3d. twenty-three days, 
49s. 44d. one month, 49s. 7d. August 6, and 49s. Od. 
three months. The session cl firm, with sellers 
quoting 49s, 14d. cash, 49s. 4d. one month, and 49s. 9d. 
three months. In the afternoon the market was weak, 
and 4000 tons of Cleveland warrants were dealt in at 
49s, 3d. and 49s, 2d. one month, and closing sellers quoted 
49s. cash, 493. 2}d. one month, and 49s. 64d. three months. 
The following are the market quotations for makers’ (No. 1) 
iron :—Clyde, 60s.; Calder and Gartsherrie, 60s. 6d. ; 
mS sean _ ; , loan, a, -_ ne = bi 

ip} at ow) ; Glengarnock (at , 62s. 6d. ; 
Shotts (at Leith), 60s. 6a; and Carron (at Grange- 
mouth), 63s. 
. Sulphate_of Ammonia.—There has lately been a quiet- 
ness in the demand for sulphate of ammonia, but the price 
keeps fairly steady. The current quagation is round 
11/. 7s. 6d. per ton for prompt business, Glasgow or Leith. 
Ed amount shipped from the latter port last week was 

03 tons, 


Scotch Steel Trade.—The Scotch steel trade has not, as 
yet, shown any signs of picking up, and business this 
week is again very quiet. The reductions agreed upon 
last week were for prompt specifications, but the subject 
of delivery has mn under discussion this week. The 
Scotch Steel-Makers’ Association had a meeting in Glasgow 
on Tuesday, when matters affecting the trade were being 
considered. Is is understood that the finding of the 
meeting was that the reduced prices, as regards ship- 
building material at least, prune y apply to contracts over 
a a of three months. The current prices are now as 
follow :—Angles, 5/. 10s. per ton; ship-plates, 5/. 17s. 6d. 
ver ton; boiler-plates, 6/. 17s. 6d. per ton; channels, 
5l. 158. per ton ; and tees, 6/. 10s. per ton—all less 5 per cent. 


The withdrawal of the former allowance for sketches in | 


connection with ship-plates, &c., has not given general 
satisfaction. 


Malleable-Iron Trade.—Little in the way of improve- 
ment can be reported in connection with the malleable- 
iron trade of the West of Scotland, and makers are finding 
much difficulty in keeping their works even partially 
seouseyee. A meeting of the Associated Malleable-Iron 
Makers in the West of Scotland was held in Glasgow at 
the end of last week, when the price of ingot steel bars 
was reduced 5s. per ton, making the quotation 6/. 2s. 6d. 
per ton, less 5 per cent., at which contracts can be made. 

e basis price for crown bars is also 6/. 2s. 6d. per ton, 
less 5 per cent. 

Scotch Pig-Iron Trade,—The Scotch pig-iron makers 
continue to bo in receipt of a good a for the 
ordinary qualities of Scotch iron. Inquiries from the 
South and from abroad ars said to be quite satisfactory, 
but the home demand is rather quiet. Hematite has not 
yet improved very much. 


Shipbuilding.—The shipbuilding returns for the month 
of May were quite satisfactory, the total for the various 
Scottish districts amounting to 30 vessels, of 43,600 tons 
making the output for the year to date 107 vessels, of 
153,777 tons. The figures for the past month were made 
up thus :—The Clyde, 22 vessels, of 40,578 tons ; the Tay, 
2 vessels, of 2480 tons; the Dee, 6 vessels, of 546 tons. 
The Clyde output for the month was.a long way ahead of 
the other months of this year, and brings the total for 
the five months up to 75 vessels and 139,939 tons. This 
is considerably better than the total of 114,826 tons for 
the corresponding iod of last year, but is a bit 
below the high-water mark of 1907. Among the prin- 


cipal launches were 6 \essels between 4000 and 5000 tons, | 
' 





and 4 vessels between 2000 and 3000 tons, one of the latter 
being from a yard on the River Tay. New work 
been rather more plentiful, and it is estimated that 
vessels amounting to about 50,000 tons have been ordered 
during the month. 


Wages in the Iron Trade.—Mr. John M. Macleod, 
C.A., Glasgow, has made the following intimation to 
Messrs. James C. Bishop and James Gavin, joint secre- 
taries of the Scottish Manufactured Iron Trade Concilia- 
tion and Arbitration Board:—‘‘In terms of the remit, 
I have examined the employers’ books for March and 
April, 1909, and I certify that the average realised net 
selling price at works is 5/. 18s, 9.74d. per ton.” This 
means that there will be no change in the workmen’s 


wages. 








South Waxes Sream-Coat District.—The Business 
Statistics Publishing Company, Limited, 12, James-street, 
Cardiff, have published a new railway map of the district in 
question, The map is on ascale of pin. to the mile ; each 
railway is shown in colour, there being twelve different 
colours. It measures 33 in. by 27 in., and the area covered 
includes the northern boundary of the coalfield to the 
Bristol Channel, and from east to west, Newport and 
Pontypool to Swansea. The map contains the various 

roposals now engaging the attention of the House of 

rds Committee. Its price, mounted, is 15s. net. Great 
care has been given to its preparation. 


Srrikes 1n Germany.—Official statistics just published 
show a very material decrease in the number of strikes in 
Germany last year, as compared with preceding years, and 
a corresponding reduction in the number of hands affected. 
The following table gives some particulars in this con- 
nection :— 

Number of 

Han 
Employed. 

196,787 
445,165 
1906 3328 16,246 686,539 
1905 aes 2403 14,481 776,984 

Depression in trade, which was particularly pronounced 

as far as the last quarter of 1908 was concerned, has, 

of course, been the most potent factor in bringing about 
this great reduction in strikes, the figures for the four 
quarters being :— 

First quarter .. 

Second quarter 

Third quarter. . os _ 

Fourth quarter os - “9 oe ee 

Of the strikes terminated during 1908, 16.1 per cent. 
ended satisfactorily for the men, 31.7 per cent. partly so, 
whilst 52.2 per cent. were unsuccessful from the men’s 
point of view. This result also shows an improvement 
viewed from the employers’ standpoint, as will appear 
from the appended table :— 

Fully Successful Partly Successful Unsuccessful 
Strikes. trikes. Strikes. 
Per Cent Per Cent. Per Cent. 

16.1 31.7 52.2 
16.5 41 42.5 
18.4 45 36.6 
22 40.4 37.6 


Establish- 
ments 
Affected. 
4,817 
13,092 


Number 

Year. ti) 

Strikes 
1307 
2266 


1908 
1907 


276 
535 
322 
174 


Year. 


1908... 
1907... 
1906... 
1005.. 


Tue Steam Consumption oF THE De Lava STEAM- 
TvurRBINE.— When the De Laval steam-turbine was first 
brought into the market, some twenty years ago, the 
types were small and there was no condensing. The 
result was asomewhat high figure as regards the turbine’s 
consumption of steam. Subsequent improvements and 
the use of condensing, however, have tended to reduce 
the steam consumption so materially that the De Laval 
steam-turbine may now claim its place amongst the most 
economic motors; it should also be borne in mind that 
the tests with the De Laval motor refer to effective horse- 
power, whilst in many cases it is customary to give the 
steam consumption as per indicated horse-power. The 
following table gives the particulars of a series of tests 
with the De Laval steam-turbine :— 


Steam Con- 

sumption. 

Pounds per 
Hour. 


Centi- 


per Square Inch. 


Power. 


Steam Pressure. Pounds 
grade. 


Superheating. 
Per Effect- 
ive Horse 


| Horse-Power. 


| 


3s , 
} $4 | Vacuum. 


| 


Nov., 1908 


50 Royal Chateau, La 
Granja, Spain 


154 | 208 83 


= 
« 


100| L. Grohmann, 
Lodz, Poland 
150/Shoe factory, 


| Petersburg 
150) Ditto 


April, 1901 


St. April, 1903 |107 | 370 91 


Nov., 1905 |113 256 84 


150'/Polytechnicum, Nov., 1906 |101, 285944 .. 
| Dresden 
250/Gustafsberg, 
factory, Sweden | 
300/Krusche and Ender 
| Pabianize, Poland 
300 [gnaz Spiro, Kru- 
| mau, emia 
330\Léeontjear Brothers, March, 1906/138} 295 94 
| St. Petersburg | 
500/\Sandvikens iron Nov., 1908 jit | .. 98.5 22) 5} 
works, Sweden | 
500\John Mellor, Stock- June, 1906 |186 | 260 88 


| port 


1 


china April, 1905 |1184 .. 93 


234 88 
123 | 1923 99 


Dec., 1899 |194 


April, 1900 154 


18} 


13} 








NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 
Messrs. Cammell Laird and West Cumberland.—The 
roposed amalgamation of Messrs. Cammell Laird’s 
umberland properties with those of the Workington 
Iron, Moss Bay Iron and Steel, and Harrington Coal and 
Iron Companies, is exciting keen interest in Sheffield. 
The intentions of the promoters of the combine with 
regard to the Workington.dock and harbour estate ar» as 
yet unknown. It is virtually Messrs. Cammell Laird’s 
roperty, purchased from Lord Lonsdale’s trustees, who 
a still a considerable charge upon it, but vested by 
Act of. Parliament in a Board nominated by Messrs. 
Cammell Laird and Co., and its transfer to other hands 
would need Parliamentary sanction. The assurance that 
Mr. H. Wilson, Messrs. Cammell Laird’s managing 
director at Workington, will be retained in that capacity 
after the amalgamation, is regarded as negativing the 
su tion that Messrs. Cammell Laird and Co. are 
selling out their West Cumberland interests entirely. 


Engineering Feat.—A smart engineering feat was per- 
formed at le, a large iron church building being 
removed from one site in Doyle-street to another soime 
distance away. The structure, which accommodates 250 
persons, was removed a in the course of the 
operations not one pane of was broken or a piece of 
timber or iron displaced. The cause of the removal was 
that the old site is required by the Aire and Calder 
Navigation for docks extension. 


William Cooke and Co.—Further evidence of the de- 

ressed conditions of the iron and steel industry is 
ound in the report of William Cooke and Co., of Shef- 
field. The iron and kindred trades, they state, during 
the past twelve months have gone through a period of de- 
pression which has not been equalled for many years. A 
greatly diminished demand and low prices have pre- 
vailed, and it has been very difficult to obtain work of a 
profitable character. The company’s profits for the year 
ending March 31 last are much below the level of the 
previous three years, the net profit of 10,828/. comparing 
with 21,786. in March, 1908, 18,670/. in 1907, and 13,406/. 
in 1906. Despite this severe contraction in earnings, the 
company are, however, able to pay a dividend of 74 per 
cent., or only 24 percent. below the total distribution 
made a year ago. 


Drink and Industrial Disease.—The report of the Com- 
missioners on the relation of industrial and sanitary con- 
ditions to pauperism gives a somewhat extraordinary 
statement by a Bheffiel manufacturer with regard to the 
habits of the scythe-grinders. ‘‘They are clever work- 
men,” he says, ‘‘but drunken. They work a week and 
drink a week. We have orders waiting to be done, but they 
will only work when they choose. Of course, they must 
drink beer. It washes down the dust, of which they must 
inhale a lot. Monday and Tuesday once a month off on 
the drink I do not mind, but they are always at it.” 
In mitigation of the statement the Commissioners say 
scythe-grinding is exceedingly heavy and trying work, 
even though 4/. to 5/. a week is frequently obtained at it, 
and the evidence about other varieties of grinding is not 
so sinister. The Commissioners believe that a great im- 
provement has come about of recent years, and that the 
men on the whole are ‘‘fairly steady.” They also testify 
that ‘the independent spirit and thrift of the Sheffield 
inhabitant is a matter of common comment.” 


Ironand Stecl.—The holidays and stock-taking arrange- 
ments are now on in Sheffield, and there is no apparent 
increased inactivity in the steel trade. There 1s, how- 
ever, a confident spirit in expectation of armour-plate orders 
connected with the new Dreadnoughts. There are one or 
two cases of activity in regard to heavy forgings on tur- 
bine material, shafting, and guns, and shell - manufac- 
turers are busy. There is still, however, little doing in 
railway steel,‘ and general steel castings and forgings. 
No change is noticeable in pig iron, except a little confu- 
sion as to premiums among Lincolnshire makers, which is 
evidence that there is not much buying beingdone. There 
is a slight improvement in the lighter steel trade, 
although it is still considerably below the normal level. 


South Yorkshire Coal.—There is not much variation 
from the position of a week ago, the expectations of a good 
clearance before the holidays not having been realised. 
The demand for steam coal is the most brisk, but there is 
a disposition on the part of coal-owners to accept less 
money for house a Although there is considerable 
disquiet, owing to the unrest in South Wales and its 
possible effect upon the general trade, it is hardly ex- 
pected that an entire cessation of work is likely. How- 
ever, prices have stiffened, if not increased. There is a 
disinclination to sell far forward until the financial effect 
of the Eight Hours Bill has been ascertained. Gas coal 
is quieter, though coke has improved, and better grade 
slacks are selling freely. 








NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 

MippiesBroucH, Wednesday. 
The Cleveland Iron Trade.—Holidays have this week 
checked business, but many people take a cheerful view of 
the situation and look for a fair amount of activity in the 
near future. Values of Cleveland pig iron are well main- 
tained, but the output is not fully taken up, as is shown 
by the steady addition day by day to the warrant stores. 
Makers’ stocks, however, are said to be being reduced 
somewhat. News to hand from the Continent is not of 
an encouraging kind, but reports from America are cheer- 
ing, and have assisted to strengthen this market. No.3 
g.m.b. Cleveland pig is firm at 49s. f.o.b; whilst No 1 
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is dls. 6d; No. 4 foundry, 48s. 3d; and No, 4 forge, 
47s. 9d. There is not much East Coast hematite 
jig iron selling just now, but the outlook for makers 


is considered to showing some improvement. The 
general market uotation for early delivery of Nos. 1, 
> and 3 is 55s. 6d., but that could be ed ; and, in- 


deed, some second hands would sell at 55s. 3d., and 
perhaps even rather less. Makers, however, hold out for 
the first-named figure, and for autumn delivery they ask 
5s. Spanish ore is very stiff, owing to the continued 
firm attitude of the mine-owners in Spain, all of whom 
are well sold and in no hurry to make further contracts. 
Rubio of 50 per cent. quality is fully 16s, 6d. ex-shi 
Tees. Freights Bilbao-Middlesbrough are firm at 4s. 3d. 
Coke tends upward. Local demand is heavy, and 15s: 9d. 
is the lowest price named for average blast-furnace quali- 
ties delivered here, and some sellers now put the price 
at 16s. 


Manufactured Iron and Steel.—There is little new of 
moment to report with regard to the manufactured iron 
and steel industries. Oneor two branchesare well placed 
for orders, but in several departments slackness prevails. 
The reduction in steel ship-plates does not appear to have 
brought buyers into the market. Principal quotations 
stand :—Common iron bars, 6/. 15s. ; pac iron, 5J. 5s.; 
iron ship-plates, 6. 7s. 6d.; iron ship-angles, 61. 15s.; 
steel bars, 61. 5s. ; steel ship-plates, 5/. 15s.; steel ship- 
angles, 5/. 12s. 6d.; steel joists, 5/. 15s.; heavy steel rails, 
Bl. 5s.; steel railway ee ne 62. 103.; and iron or steel 
galvanised corrugated sheets, 24 gauge, in bundles, 
12/. 10s.—railway material net at works, sheets less 4 per 
cent., and all other descriptions less 24 per cent. discount. 


Tron and Stcel Shipments.—Pig iron shipments for May 
turned out better than many ple expected, the total 
clearances being returned at 114,200 tons, 102,127 tons 
having gone from Middlesbrough, and 12,073 tons from 
Skinningrove. Of the Skinningrove shipments, 11,173 
tons went to Scotland, and the remainder to Holland. Of 
the pig iron loaded at Middlesbrough, 72,057 tons went 
foreign, and 30,070 tons coastwise. Germany received 
17,012 tons; Scotland, 15,025 tons ; Canada, 11,550 tons ; 
France, 8312. tons; Sweden, 5976 tons; Belgium, 5780 
tons; Italy, 4943 tons; Japan, 4215 tons; Holland, 
3296 tons; and South Australia, Norway, and Austria, 
each over 2000 tons. Of the 9990 tons of manufactured 
iron shipped last week, 3471 4ons went abroad, and 6519 
tons coastwise; and of the 35,279 tons of steel cleared 
during May, 30,569 tons went to foreign firms, and 4710 
tons to coastwise customers. As usual, India was the 
largest buyer of manufactured iron, taking 1552 tons. 
The Argentine was once more the best customer for steel, 
receiving 9241 tuns, whilst India impor’ 8682 tons ; 
Portuguese East Africa, 2573 tons; and Egypt, Japan, 
Natal, South Australia, and West Australia each took 
over 1000 tons. 








British Motor-Boat Crus Nores.—Among the boats 
at the British Motor-Boat Club meeting at Lowestoft 
and Oulton may be mentioned the Vice-Commodore’s 
(Mr. L. M. Waterhouse) Secret, which was at Monaco ; 
but in order to make her fit the 64 to 8-metre class, liners 
have been put into her cylinders. The Rear-Commodore’s 
(Mr. F. May) Defender IT., a new boat, 21 ft. over all, 
with a single 4-in. cylinder engine, is entered in the over- 
12-knot class, and we hear that she can exceed that speed. 
Mr. Gordon Pratt’s Tyreless, a 30-ft. boat, with a 40 to 50 
horse-power six-cylinder Brooke, is a fast boat, and has a 
cabin fitted. Mr. Dewhurst’s Mayfly is a very interesting 
boat, especially so as she is entirely an amateur job, Mr. 
Dewhurst having assembled the 16 to 20-horse-power 
engine, and installed it himself. Baby ITI. (Mr. Mawdsley 
Brooke) is also an interesting boat. She is the hull of the 
old Brooke I., fitted with the 100-horse-power Brooke 
engine which was in Brooke IT. last year. r. Schmahl’s 
Spitfire is another boat entered in the over-12-knot class, 
and has a 30-horse-power Ballot engine ; she is the hull of 
Scarlet Runner, shortened by about 3ft. In the hydroplane 
class the only boats are Mr. Mawdsley Brooke’s 
Baby Hydro, and Mr. J. J. Dawson Paul, Jun., and Mr. 
G. E. Ffiske’s Dollydo ITI. 





Tue LATE Mr. James Winu1AM Bennett.—We regret 
to record the death of Mr. J. W. Bennett, which occurred 
at Bournemouth on May 31. Mr. Bennett was born at 
Great Grimsby in 1850; his father was a member of the 
well-known firm of Bennett and Sons, of that place. He 
was educated at Nottingham, and in 1864 commenced an 
apprenticeship with Mr. Charles Sacre, chief engineer of 
the M.S. and t. Railway. During part of this time he was 
employed at the Gorton Works on oy railway then build- 
ing from Manchester to Liverpool. After the expiration 
of his apprenticeship he went to Russia for a year as 
contractor’s engineer, and afterwards sailed for the 
United States. ._In 1875 he accepted an appointment 
with Messrs. Russel and Robinson in Java, and in 1879 
became part owner of the business of Messrs. Taylor 
and Lawson, Batavia, and sole owner two years later. 
He retired from the business in 1894, and in 1897 
joined Messrs. Jokn Birch and Co., Limited, London, 
of which firm, up to the time of his death, he was a 
managing director. Besides being a thorough mechanical 
engineer, Mr. Bennett, during the many years he spent 
in the East, designed and built a considerable number of 
craft now being utilised in Java. He was an ardent 
yachtsman, as members of the Parkstone Sailing Club 
will recall with many pleasant memories ; but like many 
other engineers of the present day, with him, later in life, 
the yacht gave place to the motor. He was elected a 


ie of the Institution of Mechanical Engineers in 





NOTES FROM THE SOUTH-WEST. 


Cardiff.—Business has, of course, been interrupted by 
the holidays, but for ery t delivery high prices have 
been obtained. The best large steam coal has realised 
16s. 6d. to 17s, per ton, while secondary qualities have 
brought 14s. 9d. to 16s. per ton. The house-coal trade 
has shown little change ; the best ordinary qualities have 
brought 14s. 6d. to 16s. per ton. No. 3 Rhondda large 
has made 17s. 9d. to 18s. 3d. per ton. Foundry coke has 
realised 18s. to 20s. 6d. per ton, and Scseee abe, 16s. 
to 16s. 6d. per ton. As regards iron ore, Rubio has brought 
15s. 6d. to 16s. 9d. per ton, upon a basis of 50 per cent. of 
iron, and charges, including freight, insurance, &c., to 
Cardiff or Newport. ' 


Coal for Atlantic Greyhounds.—The latest record of 
the Cunarder Mauretania was achieved upon Welsh 
steam coal, as have been all the record performances of 
the Mauretania and the Lusitania. The Mauretania was 
bunkered ‘with Nixon’s Navigation coal, and she made a 
trip from Liverpool to New York in 4 days 16 hours 
53 minutes, beating her own record by 13 minutes. The 
course was the long one of 2892 nautical miles, and 
although delayed three hours owing to fog, the ship 
averaged 25.62. knots. 


Portsmouth.—The Lords of the Admiralty have under 
consideration proposals for Pa more berthing 
accommodation in Portsmouth Harbour, and also for 
extending Portsmouth Dockyard. Plans have been pre- 
ogy for the construction of two new docks to open from 

o. 5 basin, but there is an impression that the only work 
which will be carried out now is the construction of 
special berths for large ships up the harbour. 


Llanelly.—Local industries have shown considerable 
activity, employment being full and regular. A North 
of England syndicate is stated to be looking for a site for 
sheet mills, and it is expected to select some land below 
the Llanelly Steel Works. The Harbour Trust has 
decided to let three-quarters of an acre near the North 
Dock for a power-house. 


Tredegar Iron and Coal Company.—The profits of the 
Tredegar Iron and Coal Company, Limited, last year 
were 183,236/., as compared with 128,608/. in 1907. "The 
dividend for 1908 is to be at the rate of 10 per cent. per 
annum, as compared with 74 per cent. per annum dis- 
tributed in 1907. During the last ten years the company 
has written 202,126/. off its capital account, placed 175,000/. 
to reserve for new sinking operations, and charged off 
30,0007. for depreciation. 

South Wales Coal.—Shipments of coal from the Bristol 
Channel ports in April were 338,905 tons cargo and 
21,035 tons bunkers. The corresponding shipments in 
April, 1908,. were 365,206 tons cargo and 18,965 tons 


bunkers. The principal cargo shipments in April were :— | }, 


Cardiff, 203,800 tons; Gloucester, 25,823 tons: Newport, 
63,727 tons; and Swansea, 21,158 tons. The principal 
bunker shipments were :—Cardiff, 9647 tons; Swansea, 
4669 tons ; and Newport, 2793 tons. 


Coal for the Admiralty.—The Lords of the Admiralty 
have been chartering tonnage actively of late. Their 
lordships appear to consider it necessary to provide con- 
siderable stocks of coal, in view of the threatened stoppage 
in South Wales. So far, vessels agerogating about 40,000 
tons have been chartered, principally for home dépdts. 








British Marks on ForreigN-Mapge Goops.—That 
enterprising body, the British Chamber of Commerce, 
Paris, give in their report for 1908 several recent instances 
of importation into France of foreign-made goods wrongly 

i British marks. Thus woollen hats marked 
‘*Superior Manufactured London,” sent from Germany 
to a firm in Lyons. Tulle hat -trimmings marked 
‘**Hatter Best London,” “‘ Extra Quality London Novelty,” 
**Bennett’s London Trade Mark,” sent from Italy to 
Houses in France. Cravats of silk and cotton tissue 
marked ‘‘High-Class Manufacture” and “ Four - in- 
Hand,” sent by a rman manufacturer to St. Etienne, 
Loire. Cravats of silk and cotton tissue marked 
‘London Style,” sent by a German manufacturer to 
Nice. Cravats of silk and cotton tissue marked ‘‘ High- 
Class Novelty,” and on the boxes “‘ High-Class Manufac- 
ture,” sent by a German manufacturer to Lille, Nord. 
Cravats of silk and cotton tissue marked ‘‘ High-Class 
Manufacture,” sent by a German manufacturer to Havre. 
Boots manufactured in France marked ‘‘ Made in 
England.” French hosiery bearing descriptions in 
English, which are close imitations of well - known 
Nottingham hosiery marks. Varnish labelled ‘‘ Horley 
Brothers, Hereford ” (no firm of this name can be traced 
in England, and there is reason to believe that the mark 
is fictitious). The following case is also typical :—A 
French manufacturer having imported a quantity of 
Swedish bar steel under the ‘“‘tempcrary admission 
régime” tendered later, in discharge of the temporar 
admission bond, a shipment of files marked ‘‘ Sheffield.” 
The officials of the exporting custom house naturally 
inquired how a bond for temporary admission of steel 
could be discharged by files manufactured in Sheffield. 
The reply of the manufacturer was that the files were 
actually made from the imported steel in his workshops, 
and that he had marked them ‘Sheffield ” in accordance 
with the specific instructions of his customer abroad. 
Boot polishes manufactured in France, marked “Calf 
and Kid Boot Polish—London—New York,” Universal 
Boot Polish, Superior on ag **Brightcn Cream for 
Polishing Brown and Yellow Leather.” The British 


ber of Commerce has called the attention of our 
—— and of the French Minister of Commerce to 
the matter. 








MISCELLANEA. 

TronsTonk having been traced near Lanfains (Cétes-du- 
Nord), between Brest and St. Malo, work is 
being carried out, the first results of which tend to show 
that there exist in that part of. France important veins 
of ore of first-class quality. 


According to the Jron and Steel Times the Dreadnoughts 
now being laid down by the United States Government 
are to be equipped with armour and deck-plates made 
from vanadium steel. This isadeparture from the Krupp 
plates heretofore generally in use ; developments will ~ 
awaited with great interest. 

The Giornale det Lavori Pubblici says that a grou 
German shipowners has the intention of forming a 
ping company, tg | between Spain and Central 
American and South American ports. The capital is 

iven as 3,200,000 marks (160,000/.) ; the ships would be of 
German construction, but the company’s principal office 
ng be in Madrid, and the ships are to fly the Spanish 


of 
p- 


In the hand-drill of Messrs. C. and E. Fein, of Stutt- 
gart, the drill is mounted between the two pole-pieces of 
an electromagnet which press the machine nst the 
work. When the hole is to be made in a horizontal 
ersey the machine is placed directly on the plate; when 

oles are to be made in a ship’s hull, for instance, the 
machine is suspended by a stirrup. The pole-pieces are 
made exchangeable, so as to fit any surface. The motor 
drives the drill through a toothed-wheel gearing, and the 
drill is longitudinally adjustable ; in ——s the point of 
the drill should project about 4 in. beyond the pole faces. 


A trackless electric railway is being built by the Gesell- 
schaft fiir Gleislose Bahnen, Max Schiermann and Co., of 
Wurzen, in Saxony, for the line Pirano-Portorose-St. Lucia, 
in Istria, Austria. The line has a length of 5 kilometres, 
more than 3 miles, and winds along the shore of the 
Adriatic Sea. The overhead line will partly consist of 
four wires and partly of twowires. Three motor-cars and 
three trailers are, for the present, to be put in service to 
deal with the passenger and is traffic, including mail 
parcels. The road on which the cars will travel is 
macadamised ; in the hamlets through which the cars pass 
the road is covered with stone sets; asphalt pavement 
is to be adopted throughout. The electricity will be 
furnished by the power station of the Vereinigte Gas- 
werke Augsburg, which supply the district. 


The new rail-mills at Gary, Ind., U.S.A., are electric- 
ally driven, and the equipment for the main rolls of the 
rail-mill and rail blooming-mill consists of six 6000-vélt 
induction-motors of an aggregate of 24,000 horse-power. 
Of these motors, two are of 2000 ome running at 
214 revolutions per minute; one of horse-power, 
running at 68 revolutions per minute ; and three of 6000 
orse-power, running at 5) between 75 and 88 revolu- 
tions per minute. e rail-mill hasa capacity of 4000 per 
24 hours. The first nine are in the blooming-mill. 
The first two through ewo high rolls driven through reduc- 
tion gearing by’one of the 2000-horse-power motors at 214 
revolutions per minute. The next two are through rolls 
driven in the same manner. The following five are through 
three-high rolls direct-driven by a 6000-horse-power motor 
running at 75 revolutions per minute. In these nine 

the bloom is redu from 20 in. by 24 in. at the 
Patt, and 18 in. by in. at the top, to 7} in. by 8 in. 
This to a three-high roughing-mill direct-driven by a 
6000-horse-power inotor at about 63 revolutions per minute. 
Three passes in this mill reduce the area from 58.91 square 
inchesto 21.80squareinches. Following thisisa passthrough 
a former driven by one of the 2000-horse-power motors at 
68 revolutions per minute. In the third-train five 
are made to bring the rail down to finished size for an 
80-lb. section. In the blooming-mill the reductions range 
between 16.74 and 25 per cent., six of the nine passes 
iving a reduction of over 20 per cent. The greatest re- 
uction per cent. are at passes 11 and 12, where reductions 
of 29.10 and 29.90 per cent. are made. . The reduction 
made in the last pass of all is 6.09 per cent. The horse- 
power on rolls for the first four passes with reductions all 
over 21 per cent. range from 1000 to 1600 horse-power. 
The fifth pass, with a reduction of 19.4 per cent., takes 
8350 horse-power, the power required then dropping with 
each to 4500 horse-power for the last pass in the 
blooming-mill. In the roughing-mill the passes take from 
5100 to 6200 horse-power, the latter figure | that for a 
reduction of 29.9 per cent. In the finishing-mill the horse- 
power ranges from 5650 for the first pass to 720 for the last. 








Tue Eastern or France Rartway Company.—This 
company, says La Lwmiére Electrique, works 5000 kilo- 
metres (3120 miles) of track. In 1908 it expended 49 mil- 
lion frances (1,960,000/.) for the purchase of 132 locomo- 
tives, 112 tenders, 57 carriages, and 6135 luggage vans and 
goods wagons. It owns at the present time 1620 locomo- 
tives, 1367 tenders, 3846 ys and 45,938 goods 
wagons. It will take delivery in 1909 and 1910 of 87 loco- 
motives, 166 carriages, and 3174 goods wagons. 


AcciDENTs ON Raitways.—According to the Frankfiirter 
Zeitung the German railways occupy the premier position 
among the railways of the world in regard to safe travel- 
ling. The following figures are quoted; they apply to 


the year 1907, and are per million passengers :— 
Deaths, Injuries. 
Germany - - - 0.08 0.39 
Austria-Hungary 0.12 0.96 
a ie oe 0.13 —_ 
ngiand 0.14 L 
Switzerland 0.20 1.04 
Belgium 0.22 3.02 
Russia .. ‘ 0.99 3.93 
United States .. 0.45 6.58 
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CRUDE-OIL ENGINES FOR MARINE PURPOSES. 
CONSTRUCTED BY MESSRS. BLACKSTONE AND CO., LIMITED, ENGINEERS, STAMFORD. 
(For Description, see Page 756.) 
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“MAN UFACTURERS AND SHIPPING 
RINGS. 


WHEN one reflects on the millions of pounds of 
manufactured material exported from this country, 
and also upon the strong position which we hold as 
a shipping nation, it will be recognised that great 
importance attaches to the report of the Royal 
Commission on Shipping Rings, which. has just 
been issued. After 24 years of deliberation, the 
Commission have arrived, one might almost say 
with fair unanimity, at the definite conclusion 
that shippi Be - are injurious to our manu- 
facturing though the extent of the injury 
is variously po ba ae The reason for appoint- 
ing the Commission was the increasing volume 
of complaint made regarding the combining of the 
large steamship lines—in other words, forming 
rings or conferences—in order to restrict competi- 
tion on the important trade routes. This competition 
was minimised largely by an attempt te prevent 
shippers or the manufacturers of export goods from 

pa their material by any ships other than those 
inolanied in the ring ; and this was accomplished 
by a practice which penalised any one who more or 
less ‘‘lapsed from virtue.” Otherwise expressed, the 
encouragement to confine competition to the vessels 
in the ring took the form of a rebate, the payment 


ts, }of which was deferred for a very considerable 


period; and an important 
refundment was not to be eif the shipper failed 
in loyalty to the Conference. The practice had a 
considerable effect, and in some trades resulted in a 
monopoly in favour of the Conference shi 
Pegs: of the arguments in favour of the system 
lausible. It was contended that the service 
on _ e trade routes was materially improved by 
reason of the regularity of sailing, of the stabilit 
of rates, and of the provision of steamers of hig 
class and speed. As to the latter, there is 
no need to enter into any detail. We fear, how- 


roviso was that the 


741 | ever, that a monopoly is a much greater deterrent to 


ge than reasonable competition. As to regu- 
rity of service, the necessary economic condition 
is, of course, the maintenance of a steady volume 
of trade, and the shipowners contend, quite reason- 
ably, that the frequent placing of a tramp-steamer 
on the route affects this continuity in volume. 
The function of the tramp-steamer is to move from 
one route to another, according to the shipping 
requirements of the various es ; it goes where 
its voyage will yield the greatest profit, and under- 
takes no obligation beyond that involved in each 
particular venture. As is pointed out, however, in 
the Minority Report, the tramp-steamer is a very 
important feature in the maintenance of our over- 
sea trade, if not also in our engineering industries. 
We may take, for instance, the case of the transport 
of a large structure, such as a bridge, a steel ware- 
house, or even a ship in pieces, for erection in 
one of the Colonies. e whole structure is, as a 





rule, ready for shipment within a few days, and in 
some cases would constitute a complete cargo for a 
moderate-sized ship. In such a case the tramp- 
steamer would enbeubtediy provide the cheapest 
method of transport. Unless ents could 
be made with the ring controlling that t particular 
route, a serious increase in the cost of transport 
would be involyed. Another claim is that there is 
economy in the cost of the service. There is 
reasonable doubt also as to this, and the report of 


‘ the Minority, which is an influential one, arrived 
:| definitely at the conclusion that the system of rings 


tends to waste in. various directions (some of which 
are specified); owing to the manner in which the 
rings are constituted, and that there was no satis- 
factory-evidence produced before the Commission to 
establish the view that any saving in cost exceeded 
the waste due to the system. As to the contention 


and | that there is more economic distribution of the cost 


of service there was no evidence. The main- 
tenance of ‘‘ equal rates from the United Kingdom 
and the Continent” might, if attained, be a point 
which would influence judgment. We have, how- 
ever, known cases where serious hardship was 
incurred to British firms because of superior 
advantages in connection with transport from the 
Continent. There is, as shall presently be ex- 
pos conclusive proof that grave ey has 

nm done owing to inequality of rates from the 
United Kingdom and from the United States of 
America to our Colonies. The further conten- 
tion that there are uniform rates of freight to 
all shippers, large and small, may be equitable, 
but this has no concern with the main point at 
issue, as to whether the uniform rates are not 
unnecessarily high. The Commissioners seem, 
therefore, unanimous in their opinion that ‘‘ the 
monopoly obtained by conferences using the system 
of deferred rebates has, in certain cases, enabled 
conferences to place rates on'a higher level than 
they would, but for the system, have been enabled 
to do; or, at least, to arrest a ible fall in rates.” 

All ‘of the members of the Commission, number- 
ing nineteen, and representing practically every 
interest involved in the home country as well 
as the principal Colonies, as the result of their 
forty-six meetings and the examination of sixty- 
seven witnesses, in addition to consideration by a 
sub-Commission in South Africa of the situation 
there, have come to the definite conclusion that 
there is at least modification necessary. Five 
members of the Commission regard the situation 
as much more serious, and have issued a Minority 
Report, which, because of its convincing arguments, 
cannot be neglected. The Commission first con- 
sidered the question of the abolition by legis. 
lation of the ring and rebate system. The con- 
clusion was that such abolition even of deferred 
rebates would not restore a free freight mar- 
ket, nor render a monopoly and its su uent, 
abuses impossible. Moreover, it is the general 
experience of those connected with industry 
that legislation which tends to restrict trade is 
difficult to moderate, and that all such matters 
are better achieved by some more elastic procedure, 
The Commission had to contend with the fact that 
in the United States there is enacted legislation 
which makes such shipping ri illegal. This is 

icularly the case a the Sherman Act, which 
is directed against all combinations, and has been 
the cause of the abandonment of the deferred-re- 
bate system in the export trade of the United 
States, although it has not been effective in pre- 
venting combination. It is pointed out by the 
Commissioners that any legislation in this country 
would not be operative on the Continent, and it is 

ible that ieee there might affect our trade. 

t the United States scheme is successful is ad- 
mitted on all hands, and thus it comes that the 
United States manufacturers have a great advan- 
tage in the export trade, notably with our South 
African Colony. Because of this Sir David M. 
Barbour enters a reservation advocating legislation 
on the lines of the Sherman Anti-Trust Law in the 
United States, but applicable for the present only 
to shipping. The  — members prefer a system 
of conciliation and mutual arrangement. 

The Commissioners, however, think that for the 
present there should be instituted a more or less 
strict Government control of such shipping rings. 
They urge the constitution of counter-combinations 
on the part of shippers, in order to give them the 
power of collective ae It is thought that 
the discussion and settlement of negotiations be- 
tween such merchant associations and shipping 
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rings would result in a more equitable application 
of the systems of fixing rates and of classifying 
freight, determining the dates, number, and ports 
of sailing, and settling such rebate conditions as it 
is. found desirable to arrange, as well as the ensur- 
ing of uniform rates of freight. The Commissioners 
recommend that such associations should be orga- 
nised by, or with the assistance of, the Board of 
Trade, and that they should be registered by them if 
of an adequately representative character. gistra- 
tion would carry with it recognition by the Board of 
Trade of the association as a body entitled to confer, 
on behalf of the whole trade, with the Conference 
shipping lines in regard to shipping matters. It 
was proposed further that the Colonial Govern- 
ments should be represented on such commis- 
sions. As the monopoly system has been most 
operative in the South African trade, it is pro- 
posed that there should be a re-organisation of the 
South African Merchants’ Committee, or an in- 
stitution of a new association, including repre- 
sentatives of the Government, and more representa- 
tive of opinion at home and in the Colony, with a 
Oommittee in South Africa to co-operate with the 
organisation in this country. 

So far the aim would seem to be to arrange for 
mutual organisation between the shippers’ associa- 
tions and the shipping conferences. But the 
further recommendation is made that where as- 
sociations fail to reach an agreement with the ship- 
ping conference on any point in dispute, the Board 
of Trade should be empowered to intervene, on the 
application of one of the two parties, in order to 
arrive at a settlement, or to appoint an arbitrator 
to decide the point at issue on the application of 
both parties. It is further suggested that where 
it appears to the Board of Trade that there are 
ps grounds for believing that important national 
or imperial interests are affected, and where it has 
not been found possible to settle the dispute by 
consultation, the Government Department should 
have power, on their own initiative, to make 
inquiry into the matter, and to report, and, 
finally, that the Board of Trade should have the 
right to submit such report to Parliament. This 
publicity might be a deterrent to excessive de- 
mands. Indeed, it is contended that the existence 
of a Royal Commission on Shipping Rings has al- 
ready been beneficial in this direction. The Board 
of Trade are also to be placed in possession of all 
agreements regarding rates and rebates, and of every 
information regarding understandings with Confer- 
ence lines, or with lines at home or abroad not in the 
Conference. This information, it is urged, should 
be accessible to all Government departments, 
which, because of postal or cargo contracts, or 
for any other reason, may be interested. To this 
proposal Lord Inverclyde takes exception, con- 
sidering that the recommendations are not war- 
ranted and are unnecessary. The minority do not 
consider that strict enough supervision by the 
Board of Trade is suggested by the majority, and 
they contend that it should be left entirely to the 
Board of Trade to recognise any association it 
thinks fit, and to institute an inquiry into any 
matter of important public interest without the 
limitations suggested. 

Although the evidence has not yet been published, 
those who have carefully followed the inquiry are 
inclined to view the Majority Report as too conser- 
vative, and, perhaps, in some respects, contradic- 
tory. The evils of combination are admitted. The 
coercive character of rebates is practically conceded, 
although the question of degree must always be 
debatable, especially as something can be said 
in favour of the system of uniform rates for all 
traders. But serious disadvantages have accrued, 
and we have lost ground as a manufacturing nation, 
so that from the national point of view some such 
supervision by the Board of Trade as proposed is 
undoubtedly called for. The strictness of this 
supervision should be in direct proportion to the 
degree of restraint of trade involved in the proce- 
dure of shipping conferences. Therefore consider- 
able latitude should be given to the Board of Trade. 








REVOCATION OF PATENTS. 

We have dealt on several occasions within the 
last few weeks with decisions of the Comptroller on 
applications to revoke patents on the ground that 
the patented article or process is manufactured 
or carried on exclusively or mainly outside the 


United Kingdom. Of the applications for revoca- | 
tion that have been made, and which have alleged | yet very serious, and 





that the patentees have not complied with the re- 
quirements laid down by the Act, two of the most 
important related to the Bremer patent, owned by 
the British Westinghouse Electric and Manufac- 
turing Company, Limited, and the Hégner patent, 
controlled by the Koérting and Mathiesen Actien- 
Gesellschaft. On these applications orders were 
made by the Comptroller that the patents should 
be revoked forthwith. Appeals were lodged against 
these decisions, and Mr. Justice Parker has recently 
delivered his. reserved judgment. The appeals were 
taken together, and the hearing was commenced 
some long time ago, but was adjourned in order to 
enable the owners of the patents to call further 
evidence in support of their cases. The permission 
to call further evidence was specially given, and 
was only accorded in view of the fact that these 
cases were two of the earlier applications under the 
Act, and that his Lordship did not think the owners 
fully realised the onus-placed upon them. Owners 
of patents which are the subjects of applications for 
revocation must not think that, because additional 
evidence was allowed in these cases, a like privilege 
will be granted to them. 

The Comptroller’s decisions that the patents 
should be revoked forthwith have been reversed, 
but these reversals are due solely to the additional 
evidence which has been produced and which was not 
available to the Comptroller. The owners of the 
patents abandoned part of the defence on which 
they relied before the Comptroller, and admitted 
that the patented articles were manufactured mainly 
outside the United Kingdom. This being so, they 
had to prove that the patented articles were manu- 
factured to a satisfactory extent within the United 
Kingdom, or to give satisfactory reasons why they 
were not so manufactured. 

In our issues of February 19 and March 26 we 
dealt fully with the evidence laid before the Comp- 
troller and the lines of defence and arguments 
adopted in these cases. It will, therefore, only 
be necessary at this moment to deal with the 
material facts elucidated by the additional evidence. 
In November, 1901, the Westinghouse Company 
acquired from Bremer a number of patents relating 
to arc-lamps, together with the benefit of any 
further improvements he might make. Patent 
No. 18,186, of 1902, the subject of this appeal, was, 
in pursuance of the agreement, assigned to the 
Westinghouse Company. The company, prior to 
the date of their agreement, did not manufacture 
are-lamps, but immediately after the acquisition of 
the patents they commenced manufacturing opera- 
tions. The lamps first manufactured by the com- 
pany proved defective, and they acquired a bad 
reputation among the public in this kind of 
goods. Shortly after Bremer’s application for his 
1902 patent, Hégner applied for, and subsequently 
obtained, the grant of patent No. 23,606, of 1902, 
which he assigned to Korting and Mathiesen. This 

tent was for practically the same invention as the 

remer patent. In 1903 Koérting and Mathiesen 
commenced to import lamps made under the Hégner 
patent. It did not appear when the Westinghouse 
Company were first made aware of the importation 
of these infringing lamps, but at the beginning of 
1906 ye had, they thought, obviated all the diffi- 
culties they had encountered in manufacture, and 
were then, at any rate, fully aware of the importa- 
tion of the infringing lamps. Kérting and Mathie- 
sen had not had the difticulties encountered by the 
Westinghouse Company, as they were manufacturers 
of arc-lamps, and had not to buy their experience. 
The Westinghouse Company, when they had over- 
come their difficulties in manufacture, were faced 
with another trouble. Questions had been raised as 
to the validity of the Bremer patent, one objection 
suggested being based on disconformity. The West- 
inghouse Company had then two courses open to 
them. They could either commence proceedings 
with the risk of having the Bremer patent declared 
invalid, or they could endeavour to come to terms 
with Kérting and Mathiesen. They chose the 
latter course, and entered into negotiations with 
Kérting and Mathiesen, which resulted in an 
agreement. By this agreement they granted 
to Kérting and Mathiesen a license under the 
Bremer patents, ahd they obtained a free license 
under the Hégner patent. Having come to 
this agreement, the Westinghouse Company pro- 
ceeded to put their goods on the market in com- 
— with the lamps of Kérting and Mathiesen. 

t appeared from figures given in evidence that the 
competition of the Westinghouse Company was not 
they accounted for their poor 





results by the statements that they had only just 
entered the field, and that their first efforts in this 
direction had been such as to give them a bad name. 

Mr. Justice Parker‘is of opinion that the Wes:- 
inghouse Company have been, and are still, making 
a bond fide attempt to establish in this country an 
industry in arc-lamps, and he is satisfied that it is 
to their interest to manufacture to as large an 
extent as ible, for, leaving out of account thie 
money paid for the patents and the cost of experi- 
ments, their profit on each lamp now made and 
sold by them is larger than the royalty they receive 
on each lamp imported and sold by Korting and 
Mathiesen. If they succeed in the actions for 
infringement which they have brought, and which 
are now nearly ready for hearing, and if they can 
obtain a reputation for their goods, they can, under 
the terms of the agreement, determine the same, and 
so make the British market a close ground until the 
expiry of the Bremer patent. 

ith respect to Hogner’s patent, Kérting and 
Mathiesen had not so strong a case for resisting 
revocation. Their position has been one of difficulty. 
The Bremer patent is of prior date to the Higner 
patent, and the latter can, so far as can be seen, only 
be valid if the Bremer patent be invalid, and then 
only if such invalidity be due to the objection of 
disconformity. K®6érting and Mathiesen have, there- 
fore, some excuse for hesitating to lay down plant 
with a view to working Hégner’s patent in this 
country. If it be decided that the Bremer patent 
is invalid, and Koérting and Mathiesen do not then 
take steps to ensure that the Hégner patent is 
adequately worked in this country, they will then 
be open to an application for revocation, and will 
have difficulty in resisting it. Mr. Justice Parker 
has come to the conclusion that, under present cir- 
cumstances, he may regard all the lamps made by 
the Westinghouse Company as coming within the 
Hogner patent, and that such being the-case, he can 
accept as satisfactory the reasons why the invention 
is not worked to a greater extent. 

With regard to all cases in which reliance is placed 
on the existence of adequate working or satisfactory 
reasons, no general principle can be laid down, 
except that stated by Mr. Justice Parker in re 
Halschek—viz. : ‘‘In considering the conduct of a 
ayo various questions may arise as to whether 

e has or has not exercised his rights fairly and 
properly, having regard to the interests of the 
trade of the United Kingdom, and for the most 
part these questions must be decided with reference 
to all the circumstances of the particular case, in- 
cluding the nature of the patented invention.” 
The circumstances of each case are particular to 
itself, are often widely different from all others, and 
it will be difficult to make any case serve as a 
precedent for another, either as regards the deti- 
nitions of adequate working, or as illustrating what 
may be held to be satisfactory reasons. 

We would draw the attention of patentees to the 
fact that they must carefully construe their claims, 
and see that all mechanism or parts specifically de- 
scribed and claimed are manufactured here. Theydo 
not appear to be required by the Act to manufacture 
mechanism or machinery not specifically described 
or claimed. If this general principle is correct— 
and we do not see that it can be otherwise—it would 
seem to follow that if a patentee has claimed a 
wholly new mechanism or machine, he must manu- . 
facture that in this country; but if he has only 
claimed an improvement in a known machine, he 
must manufacture the improvement—not neces- 
sarily the whole machine. A patentee may have 
claimed the improvement in combination with a 
machine consisting of well-known parts, and it 
would therefore seem that he must manufacture 
the improvement, and must also assemble the whole 
machine in this country, or at any rate the combi- 
nation he claims. Difficult questions will no doubt 
arise from time to time, and each case will have 
to be decided on its merits, and will have to be 
determined on a proper construction of the paten- 
tee’s specification, what the patentee’s invention 
really is, and what are its essential features. 
Patentees must therefore carefully consider their 
specifications and their actions, and not take the 
decisions in prior cases as necessary precedents. 








THE ARMAMENT OF MODERN 
BATTLESHIPS. 
Tue discussion on the question as to whether the 
primary armament of battleships should include only 
one calibre of guns, as in the case of Dreadnoughts, 
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or a combination of, say, 12-in. and 9.2-in., or some 
other lighter breech-loader, continues, although with 
less persistency. But it is becoming of less moment 
since all Powers have followed our Admiralty in 
adopting the principle. The views, nevertheless, 
of foreign writers is of interest. French naval 
authorities have gone very far in their criticisms on 
the subject, and Le Siécle—the journal of M. de 
Lanessan, a former Minister of Marine—gives pre- 
ference to ships having the armament of the Patrice 
and République class of battleships, which corres- 
pond generally to our Formidable class, the pre- 
decessor of the King Edward class, which itself 
preceded the Lord Nelson and the Dreadnought. 
In Austria, experts have written with greater 
length than show of conviction on the “ heresy of 
the Dreadnought.” There is also an abundance of 
criticism of German origin. 

The reasoning which serves mainly as a basis for 
those writers who are adverse to the Dreadnought, 
especially in the matter of her armament, is that 
this battleship, given the date of its plans, does 
not embody the lessons taught by the late war in 
the Far East, and takes no account especially of 
the teachings afforded by the Tsushima engagement. 
This war, they say, showed very clearly the value 
of medium-calibre ordnance ; this class of ordnance 
should not have been set aside ; it should be rein- 
stated. But the special conditions applicable in 
this engagement are too often lost sight of. Notwith- 
standing, however, such adverse theories, all navies 
are now building Dreadnoughts. There are to be 
found, it is true, differences in regard to the com- 
position and organisation of their armament ; never- 
theless, all the ships are based on the main prin- 
ciples which we followed in the construction of their 
prototype. 

Seeing that the primary object for which a battle- 
ship is built is the fighting of an enemy’s warship, it 
is quite clear that it should be designed with this end 
in view. Modern battleships are protected, both as 
regards their vital parts and their armament, by har- 
dened armour, the average thickness of which is not 
below 9 in. The attack on such an armour with a 
gun of a calibre equal to the armour thickness 
resolves itself simply into a loss of ammunition, and 
such a gun forms nothing but an encumbrance on 
board a modern battleship. But here the casé 
of Tsushima is again put forward to show that in 
order to place a battleship hors de combat it is not 
at all necessary to attack its protective armour. 
The illustration is correct so far as it goes, but the 
class of Russian battleships in question, and the 
state in which they reached Tsushima, encumbered 
with coal, on an uneven keel, and so low in the 
water that their side armour was frequently below 
the water-line, should not be lost sight of. These 
conditions do not apply in the least degree to 
modern battleships in their normal state, and 
nobody believes that any nation is going to arm ex- 
clusively with the view to defeat a fleet of the com- 
position of that which Admiral Rojdestvensky so 
ably led to Far Eastern waters. 

It has also been stated that success will be better 
assured by demoralising the enemy through the de- 
pressing effect of a shower of explosive shell, 
rather than by actual losses in men and damage to 
their ships. This perhaps may be true when deal- 
ing with an enemy whose morale is weak or 
weakened, but itis a mere theory at best, and there 
are no facts available tending to afford confirmation 
for it. Besides, one can never be certain that such 
an enemy is the one that will have to be fought. 
But even then this theory does not speak against 
the usefulness of large-calibre ordnance ; on the 
contrary, for it is now matter of common knowledge 
that the Russian crews were constantly in deadly 
fear of the Japanese heavy high-explosive shells. 
Those from the smaller calibre guns, even when 
falling ‘in showers,” were far from causing the 
terror which the heavy 12-in. shells inspired. It 
has been well said that a number of smaller shells 
cannot compensate for one large-sized projectile. 

_ Our Navy has always acted on the principle that 
the very best argument to use when dealing with an 
enemy is to sink him, and it is when the Japanese 
or any other navy has acted on this same principle 
that the success of an engagement has been the 
nore final. There is, therefore, no alternative but 
to place battleships in a position to use this 
argument with all its effectiveness. Moreover, 
the calibre of guns has been established immutably 
by the protection afforded to battleships ; this pro- 
tection makes it necessary to have resort to guns 
exceeding 9 in. in calibre, and there are no facts 





which ean be derived from. the late’ war likely to 
modify this, but there is much to the contrary. 

The second point which demands consideration is 
as to whether one calibre only should be adopted, 
instead of mixed batteries. It is not difficult to 
arrive at a decision on this point if the manifold 
advantages be considered which the unification of 
calibre introduce in the manufacture of armament, 
the training of the crews, the regulating and con- 
trolling of firing, the provision of ammunition and 
supplies. One single calibre simplifies everything 
in regard to armament, and those means alone 
which are simple ensure success in warfare. What 
importance, may well be asked, can the firing of a 
few rounds more per minute have, if they are fired 
with powders of a different nature, mahufactured at 
different periods, and if the projectiles they carry 
do not behave uniformly on their trajectory? The 
question does not resolve itself into the firing of’a 
greater or a lesser number of rounds during an 
engagement, but in the number of rounds which 
tell. This result is very greatly facilitated by uni- 
formity in powder charges and projectiles. 

There remains the question of calibre. That of 
12 in. was a necessity at the time the Dreadnought 
was built, for various reasons. Ifa smaller calibre 
had been decided upon, it meant the risk of having 
an armament insufticiently powerful to cope with a 
very probable increase made in the thickness of the 
armour that would have been opposed to it. There 
was, on the other hand, no evidence available at the 
time that a larger calibre than 12 in. was necessary. 
There may be in the future; but when the time 
does come for an increase in calibre over 12 in., 
the contingency will be duly met. 

Therefore it is clearly evident that the armament 
of the Dreadnought, consisting of ten 12-in. guns, 
forms a most logical conception. The ship so 
armed came in its right place in the methodical 
evolution of shipbuilding, as determined by the 
lessons taught by experience, battle practice, and 
fire-control experiments,* which always have ruled 
in the British shipbuilding industry. It is all very 
well now to devise very cunning means to place 
twelve such guns on board—some navies find even 
eight to be a sufficient number; or to decide, in 
theory, in favour of 13-in., or even 14-in. guns 
instead of 12-in.; or, again, to elect to mount three 
guns in one turret. The fact, nevertheless, remains 
that we led the way ; the course was opened by the 
Dreadnought. 

The same organic, ballistic, and tactical reasons 
which speak in favour of a uniform calibre for the 
main armament have as much, if not more, weight 
when considering the secondary armament. It is 
hardly credible that a navy, having simplified the 
main armament, should be desirous to agree to com- 
plications in regard to the secondary one. In the 
case of the latter, however, the calibre to be selected 
cannot be decided upon so readily as is the case 
with the main armament, for more varied and 
numerous factors come into play. The secondary 
armament has several duties to perform. It has, in 
the first place, to serve as a defence against torpedo 
attack ; this, in fact, is so far its principal object. 
It may also come into line against auxiliary ships ; 
these may not always be worth a round from a 
12-in. gun, although when there are ten of the 
latter available it is not necessary to be so sparing 
of their fire as was the case in the past. It canalso 
eventually be of use in a fight between battleships.* 

From the point of view of deferice against torpedo 
attack, the 3-in. calibre gun at the time the Dread- 
nought was designed had a series of very great ad- 
vantages : its lightness made it possible to carry a 
large number ; its ammunition, having a very low 
weight, could easily be stored on board in large 
quantities; its rapidity of firing also formed a 
valuable feature. It was well known that the effect 
of 3-in. gun-fire had occasionally proved somewhat 
inadequate to stop destroyers during the late war, 
but the class of projectiles then used was sufficient 
to account for this, and it was thought that a high 
explosive shell of better make would improve 
matters from: the point of view of the gun. The 
arguments, therefore, which spoke in favour of a 
battery of over twenty 3-in. guns were of a very 
conclusive order, and they very naturally prevailed. 

But matters have progressed under this head 
also, and destroyers are now built displacing 600, 
1000, and even 1800 tons. The3-in. calibre gun now 
becomes insufficient, and we have adopted the 4 in. ; 
in America they have taken the 5 in., and the 





* See ENGINEERING, vol. lxxxiii., page 59. 





6 in. is mentioned. It is easy to see that guns of 
these large calibres, and the two latter especially, 
can have a greater actual firing efficiency than the 
3-in. guns in a fight against battleships, while being 
also more powerful to repel torpedo attacks. But 
there is nothing in this which runs counter to the 

rinciples which guided us in the building of the 

readnought. It does not in any way mean a 
return to medium-calibre ordnance in the sense in 
which that appellation is usually understood, and 
for the pur which that class of ordnance 
formerly had. The medium-calibre ordnance is 
far from having produced at Tsushima the effects 
which are attributed to it. The only respite which 
the Russian heads of columns had in the course of 
that engagement was when the Japanese momen- 
tarily ceased firing their large-calibre guns, and that 
can only have occurred when the Japanese armoured 
cruisers, whose armament consisted only of 6-in. 
and 8-in. guns, with the exception of the 10-in. of 
the Kasuga, tacked ship in order to alter their 
course. All the accounts of the fight are most 
convincing on this point, and tend to show that it is 
idle to demand from medium-calibre guns what they 
cannot give, even sometimes at moderate ranges. 

A point which also deserves consideration is this : 
Formerly medium-calibre guns started from 6 in. 
upwards. But there appears to be at the present 
time a tendency to intols in this class, or, we should 
say, among the ordnance which is described as 
of ‘‘medium calibre,” both guns which are above 
6 in. in calibre and guns which are below that 
limit. The principal, if not the sole, range of use- 
fulness of this class of ordnance is to repel torpedo 
craft and destroyers. Rapidity of firing is there- 
fore of utmost importance. In the case of' a gun 
served by hand, the rapidity of firing depends upon 
the weight of the projectile and the bulk of the 
charge ; and although a 100-lb. shell may be con- 
sidered as a load which can be handled by experi- 
enced gunners, the charge of pure nitro-cellulose 
powder required to give to it the necessary muzzle 
velocity is no doubt more bulky than might be 
desirable. This probably formed one of the prin- 
cipal considerations when the United States decided 
to adopt the 5-in. calibre. The 6-in. gun would 
complicate matters further still in this respect, 
although it might meet the case using cordite. 
But in this, as in all matters, there are advantages 
together with disadvantages, and a selection is 
difficult. 

To sum up, the programme which we got out in 
regard to the armament of the Dreadnought, and 
which we followed, has lost to-day none of its 
value. It is being generally followed by the other 
navies. Stated in abstract, this programme estab- 
lished the following :—-One single calibre for the 
main ordnance—that is to say, the minimum which 
affords a margin of safety as against any possible 
improvement in armour protection ; and one single 
calibre for the secondary ordnance, the maximum 
consistent with the carrying out of rapid firing 
against high-speed torpedo craft. 








THE THERMAL AND COMBUSTION 
EFFICIENCY OF A PETROL-MOTOR. 
On Wednesday, the 12th ult., there was read 

before the Incorporated Institution of Automobile 

Engineers a paper by Professor Watson on ‘‘ The 

Thermal and Combustion Efficiency of a Four- 

Cylinder Petrol-Motor,” which contains what is 

probably by far the most complete record of a series 

of trials with a motor under varying conditions which 
has yet been published. The engine experimented 
with was a Clement Talbot motor which was lent to 
the author, having four cylinders 85 millimetres in 
diameter by 120 millimetres stroke (3.34 in. by 

4.73in.). It was, therefore, an excellent example of a 

modern petrol-motor by a firm of the highest repute, 

and was very little altered for the purposes of trial. 

The alterations made were ~The carburettor, 
which is a single-jet one of the ordinary float-feed 
type, had the extra air inlet closed quite air-tight, 
while a needle was fitted to the jet, so that the size 
of this could be altered. This materially reduced 
the total air passage when working at full power, 
and probably considerably increased the wire-draw- 
ing at high speeds. The inlet manifold was altered 
and made a straight pipe with openings into the 
cylinders, and its size was increased till the indi- 
cator diagrams showed that each cylinder was getting 
an equal charge. 

‘ In order to try the engine at compression pres- 
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sures higher than it was designed for, rounded alu- 
minium caps were fitted to the tops of the pistons, so 
arranged that no narrow crevices were left in which 
any part of the compressed gharge would remain 
unburnt. These caps were all of the same volume 
and weight—viz., volume, 42.5 cubic centimetres 
(2.6 cubic inches); weight, 155 grammes (5.4 oz.). 
Variations in the compression were made by put- 
ting packing-pieces under the cylinders. The 
addition of the packing - piece on the a. of the 
piston would probably be a distinct disadvantage 

Fig: 1. Tests A. Series 1. Rev ‘at fall power 1290. 
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Fig.7. Tests C, Series 1. Rev! at fall power 7255. 
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to the engine, as it adds very perceptibly to the 
weight of the piston, and also to the thickness of 
the piston head, which may therefore get consider- 


ably hotter than it would if of the normal thickness 
of cast iron. 


The inlet and exhaust-valves were on opposite | 


sides of the cylinder, and two ignition - plugs 
were used in series one over each valve, as it was 
found that at high speeds the power was mate- 
rially increased by the use of two plugs, owing to 
the more rapid combustion of the charge. Ignition 
was by high-tension magneto. Indicator diagrams 


were taken by an optical indicator of very special 
construction, which apparently gave extremely 
prea | 4 results, aml the brake horse-power was 
measured by coupling the engine to a shaft carrying 
three sets of fan-blades, the number and size of 
which were varied to vary the load. This makes a 
very convenient arrangement for testing, as the 
load varies as the cube of the speed, and therefore 
the revolutions remain very constant during any 
one test. But the load cannot be varied while the 
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engine is running, and hence the revolutions with 
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each series of tests with different strengths of 
mixture vary slightly. The amount of this varia- 
tion is, however, not enough to make any very 
material difference to the results at such strengths 
of mixture as are likely to be used in practice. 

Water was circulated round the cylinders by a 
centrifugal pump driven by the engine, being 
drawn from a 20-gallon tank, and returned to it 
again. The temperature of the water in the tank 
was kept between 55 deg. and 65 deg. Cent. If the 
temperature of the incoming water rose materially 
above 65 deg. Cent., it boiled, and the engine showed 
signs of pre-ignition. 

The engine was tried with three different ratios 
of compression, the tests being lettered A, B, and 
C respectively. Owing to the wire-drawing of the 


Fig.6. Tests B. Series 3. 


different speeds ; but particulars of the proportions 
of compression space and pressures are given in 
Table I., on the next page. 

The compression space of the engine without the 
packing-piece on the piston—i.e., as originally <c- 
signed by the makers—is 0.33 of the volume swept 
out by the piston, or nearly the same as the lowest 
compression tried. 

ree series of tests were made at. each different 
rate of compression, the revolutions at full power 
being approximately 1270, 1090, and 720 respec- 
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tively. The results of these tests are given in 
Tables II., III., and IV. In these tables the infor- 
mation is given in a slightly different form to that 
adopted in the paper so as to express it in the lan- 
guage most familiar to engineers. Thus the con- 
sumption is expressed in pounds per indicated horse- 
wer per hour, instead of indicated horse-power 
ours per pound. The consumption per brake horse- 
power and the mechanical efficiency are also added. 
In order that the results of the trials may be mor: 
easily compared, the curves, Figs. 1 to 9, above, 
have been pre On examining these curves 
several things me apparent. ; 
The first of these is that there is no such thing 
asa perfect mixture suitable for all purposes, and 
this is a point which should have a considerable 
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doubt this is what many people have anticipated 
from experiments on gas-engines, but these tests 
are the first which have actually demonstrated it 
as regards petrol engines. Whatever the ratio of 
compression and the revolutions, the proportion 
of petrol and air which gives the greatest power 
is not the same as that which gives the greatest 
economy, and the difference is very considerable. 
Thus the best power in the whole trials is got with 
a proportion of petrol to air of 11.6 to 1, while the 
highest economy is got with a ——— of 16.9 
to 1. The best proportion varies, however, some- 
what with the compression. Generally speaking, 
as the mixture is made weaker the power falls, but 
the petrol burnt per brake horse-power also falls 
down to a certain point. Beyond this the power 
falls more rapidly than the consumption, apparently 
due to the fact that the mixture gets too weak to 
burn well in the time available. It is stated that 


Tasie II.—Trsts A. 




















» 2 Consumption. g ir % 
2 3 | 2 | a & 
a | 3 b ates z = 
:. Bo lsek |skk | & ie | = 
Se ; Sine leant.) 2 les! = 
22% gO lSEcseicd € | 22 |. 
ca) a = 2 Semelse=s| & $2 |35 
gaz & 2 ge tote Sour E s2|*2 
Series 1. 
1280 | 28.1 | 188 | 86.1) 0.735 | O91 | 0.185 / 0.814) 10.1 
1290 | 24.2 | 19.8 | 39.2 | 0.617 | 0.754 | 0.222/ 0.818! 116 
1284 | 24.2 | 19.9 | 90 0.614 | 0.750 | 0.222 | 0.823) 11.6 
1282 | 23.4 | 19.1 | 87.1 | 0.626 | 0.767 | 0.218| 0.817| 11.8 
1287 | 93.4 | 19.1 | 866] 0.574 | 0.704 | 0.287| 0.817) 12.8 
1265 |223 | 181 | 84.1| 0.592 | 0.737 | 0.230|0.811| 13 
1272 | 22.1 | 17.8 | 826] 0.55 0.683 | 0.248! 0.806 14.1 
1260 | 21.5 | 17.4| 815 | 0.53 | 0.654 | 0.257/0.81 | 15.1 
1230 | 20.6 | 16.6 | 80 0.507 | 0.630 | 0.268 | 0.806 | 16.1 
1219 | 20.1*| 162| 786] 0.495 | 0.614 | 0.275} 0.806 | 16.9 
1203 | 19.47 | 15.6] 76.9 | 0.495 | 0.615 | 0.275/ 0.805 17.4 
1038 13.2*| 10 | 60.5 | 0.61 | 0.806 | 0.223 -0.758| 189 
1023 |12.7*! 9.6 | 50.1! 0.621 | 0.822 | 0.2191 0.756) 19.3 
Series 2. 
1111 | 20.7 | 17.2 | 886 | 0.672 | 0.809 | 6203 | 0.882) 11.5 
1108 | 20.5 | 17 88.1 | 0.680 | 0.820 | 0.200/ 0.830) 11.5 
1105 | 20.5 | 17 | 882) 0.622 | 0.750 0.219/ 0.830) 12.6 
1108 | 20.5 | 17 | 88 | 0.622 | 0.760 | 0.219| 0.830) 12.6 
1095 | 19.8 | 16.4 | 86.2 | 0.582 | 0.702 | 0.234 | 0.829/ 13.8 
1102 | 20.1 | 16.7 | 87.1 | 0.562 | 0.677 | 0.242/0.880| 14 
1090 | 19.8 | 16.4 | 96.5 | 0.541 | 0.658 0.252|0.829| 14.9 
1082 | 19.2 | 15.9 84.7 | 0.527 | 0.685 0.259 | 0.828 | 15.5 
ost 19.8 | 16 | 85 | 0.524 | 0.633 0.260 | 0.828 | 15.5 
1062 | 18 14.7 | 80.7 | 0.524 | 0.642 | 0.260/ 0.817) 16.5 
1021 | 16.4*| 13.3 | 76.4 | 0.521 | 0.642 0.261/0.811| 17.8 
982 | 14.8°| 11.8) 71.7 | 0.588 | 0.675 0.253/0.798| 186 
873 10.9*| 83 59.4] 0.618 | 0.815 0.220|0.761| 20.3 
Series 3 
715 | 12.9 | 10.8 | 85.9| 0.676 | 0.808 | 0.206 | 0.838) 13.2 
721 | a4 | 11.2 | 883] 0.588 | 0.704 | 0.231/0.836| 14.8 
723 13.2 | 111 | 87.2 | 0.595 | 0.708 | 0.229 0.841 | 14.9 
704 | 12.7 | 10.6 | 85.6 | 0.552 | 0.662 | 0.246 | 0.835 | 16.3 
685 |11.6 | 9.5 | 808| 0.552 | 0.675 | 0.246| 0.818! 17.4 
674 | 11.2" | 9.2 | 79.2 | 0.550 0.670 | 0.248 | 0.822 18 














while with weaker ones the incoming charge will 
not ignite till compressed. 

It will be secn that the economy of very weak 
mixtures varies very much with different speeds 
and ratios of compression. Thusin the Series A the 
economy is still good with mixtures having a greater 















































Taste I. 
P Compression Pressure 
Ratio. | Gauge at 
a mo 1080 | 1270 
Letter. r lo ; | 
TT Option’ be mession | Revolu-| Revolu-. Revolu- 
——|-—————-|_ tions |- tions _ tions 
aa =m a | Volume Swept r per per 
pace =| out by Piston. Minute. Minute. Minute. 
} ————— 
Oa ts in 4.71 0.27 88 | 85 83 
B we 4.35 0.298 | 80 77 75 
© | 3.92 | 0.342 72 68 66 
| 
Tas_e IlI.—Tests B. 
= ig Consumption. D hebe <4 <a 
z | z (8 | 
2 & eee le ee é = 
3. ms |°28 "22 | a Pe 4 
Bela la g getulest.| 2 196] “. 
se| * : | S$ S828 2803) — | Se | alk 
as | x x BPs 255 Soanr| 2 | Sel<is 
eel] gg lem eR Cee A lee 1 SE 
— ' ' 
Series 1. 
1270 | 22.6 | 184) 84.6, 0.700 | 0.860 | 0.195) 0.814; 10.8 
1268 | 22.5 | 183 | 84.4 0.704 0.866 | 0.194) 0.814) 10.8 
1259 | 22.2 18.1, &% | @ | 0.851 | 0.196} 0.816) 11.1 
1265 | 22.9 18.8 86.4 0.629 | 06.766 | 0.218 | 0.822! 118 
1265 | 22.3 18.1 83.9 0.626 | 0.770 | 0.219) 0.812; 12.2 
1271 | 22.6 18.4 84.7 | 0.592 0.728 0.232 | 0.814} 12.9 
1274 | 22.7 18.5 | 85.1 0.546 0.671 | 0.251 | 0.815 13.7 
1252 | 21.7 | 17.6 | 82.6 0.550 0.680 | 0.249 | 0.810) 14.3 
1242 | 21.2 | 17.2 | 81.4 0.513 0.632 | 0.267 / 0,811 | 15.6 
1193 19 15.2 | 75.4 0.513 | 0.642 | 0.267 | 0.800 17.1 
1195 | 19.1 | 15.3 | 7 0.500 0.624 | 0.274 | 0.801 | 17.4 
1173 | 18.1* | 14.4 | 73.7 0.511 0.642 | 0.268 | 0.796, 18 
1147 17.1* | 13.6 | 71.1 0.524 0.662 | 0.262 | 0.791 | 18.2 
1158 | 17.5* | 13.9°| 72.1 0.513 0.645 | 0.267 | 0.796 | 18.2 
1082 | 14.7* | 11.3 | 64.7 | 0.559 | 0.728 0.245 | 0.768] 19 
1053 | 13.7" | 10.4 | 61.8 0.588 0.774 | 0.233 | 0.760 | 19.2 
71 }1L1*| 8&2 64.6 0.671 0.909 | 0.204 | 0.739 19.6 
Series 2. 
1103 | 20.2 | 16.8 | 87.2 0.629 | 0.757 | 0.218 0.832, 12.6 
1108 20.2 | 16.8 87.2 0.610 | 0.734 | 0.225 0.8382 | 12.8 
1103 | 19.8 16.4 | 85.7 0.618 | 0.744 | 0.222 0.829) 13 
1095 | 19.8 | 16.4 | 86.1 0.566 | 0.682 | 0.242 0.829 14.2 
1077 18.9" | 15.6 | 83.6 0.556 | 0.674 | 0.247 0.826) 14.8 
1077 | 18.9* | 15.6 | 83.6 | 0.537 | 0.651 | 0.255 0.826) 15.4 
1040 | 17.2 14 78.9 | 0.523 | 0.642 | 0.262 0.816 | 17 
1040 | 17 13.8 | 77.9 0.518 0.639 | 0.264 |o.siz | 17.5 
1014 | 16.1*| 13 |. 75.7 | 0.618 0.641 | 2.264 | 0.809} 18 
974 | 14.5* | 11.5 | 70.7 | 0.587 | 0.678 | 0.255 | 0.793) 18.9 
950 | 18.5* | 10.7 | 67.9 0.562 0.710 0,244 0.792! 18.9 
Series 3. 
719 | 13.4 1L. 88.5 0.800 0.957 | 0.171; 0.836; 10.9 
720 | 13.1 ll 86.8 | 0.607 | 0.722 | 0,226 | 0.840| 14.6 
686 | 11.9 9.8 | 82.5 0.565 | 0.686 | 0.242 | 0.823 | 16.7 
655 | 10.4* 84 | 75.8 0.550 0.682 | 0.249 0.807) 18.9 
| 





the consumption per brake horse-power, with a 
mixture of 19.5 to 1, being enormous compared 
with that at the higher compressions. As the revo- 
lutions are reduced, however, the economy with 
weak mixtures improves. This is what might have 
been expected, as with the higher. compressions 
the weak mixtures will burn rapidly enough to 
develop their full pressure, while with the slower 
revolutions the time for combustion is extended. 
In ordinary practice engines in motor-cars are 
tuned up much more for the maximum power than 
the maximum economy, and therefore it is probable 
that the richer mixtures of about 10 or 12 to 1 are 
most often employed. To get the desired power 
combined with the greatest economy would only 
mean, however, that the cylinders should be slightly 
larger. ‘The increase in size required at different 
speeds and compressionscan be seen from the figures, 
as the power at a given number of revolutions per 


Tasie IV.—Tests C. 


























h 2 Consumption. 2 : 2 
q | ; | 2 § | 2 
n | . 
t © ss Iss s 
36 ag ° £2 PRR : \Z | 2 
Boia | a g Sets ZBce| gb! ‘is 
cola | = | SF Esmgissts| § 28 2/5 
am Fe: a Sh See soled P= =e |* 2 
Series 1, 
1252 | 21.7 | 17.6) 82.5) 0.718 , 0.886 0.190) 0,812, 10.9 
1243 | 21.3 | 17.2 | 81.5) 0.735 | 0.910 | 0.186) 0.808| 10.9 
1239 | 21.1 | 17 81 | 0.718 | 0.891 | 0.190] 0.806) 112 
1255 | 21.8 | 17.7] 828) 0.610 | 0.750 | 0.225/0.813| 128 
1219 | 20.1 | 16.2 | 78:7 | 0.535 | 0.667 | 0.255 | 0.806 | 15.5 
1227 | 20.7 | 16.7 | 80.3 | 0.524 | 0.650 | 0.262 0.807 | 15.6 
1213 | 20.5 | 16.6 | 80.6 0.511 | 0.681 | 0.268/0.809| 16 
1198 | 19.2* | 15.4 | 76.4 0.527 | 0.656 | 0.260) 0.808) 16.5 
1114 | 15.9" | 12.4 | 67.8 | 0.565 | 0.724 | 0.242|0.780| 17.8 
1043 | 13.3* 10.2 | 61 | 0,622 | 0.809 | 0.220|0.768| 186 
881 | 8&7 | 6.1 47.2 | 0.807 | 1.150 | 0.182 | 0.702] 19.3 
sis | 8 5.5 | 44.8! 0.855 | 1.240 | 0.160! 0.688! 19.5 
Series 2. 
1074 | 189 | 15.6 | 83.9 / 0.699 | 0.847 | 0.196 | 0.826) 11.8 
1087 | 19.5 | 16.2 | 85.7) 0.658 | 0.792 | 0.208 | 0.831! 12.3 
1060 | 18.7 | 15.5 | 84.2) 0.550 | 0.664 | 0.249 | 0.829) 15.1 
1045 | 18 14.8 | 81.8 | 0.550 | 0.668 | 0.249/| 0.823) 15.6 
1062 | 18 14.8 | 80.9) 0.550 | 0.668 | 0.249 | 0.823 15.6 
1082 | 17.3 [14.1 | 79.6 | 0.547 | 0.670 | 0.250/ 0.815) 16.2 
1018 | 16.3 | 13.2 76.2 | 0.556 | 0.686 | 0.247 | 0.811 | 17.1 
995 | 15.4" | 12.4 73.8 | 0.652 | 0.685 | 0.248 | 0.806 | 17.5 
924 |12.7*| 9.9 | 65.4 | 0.596 | 0.764 | 0.230 | 0.780! 18.7 
831 | 9.7*| 7.2 | 55.4 | 0.699 | 0.941 | 0.196 | 0.744 | 19.4 
794 8.6"! 63 | 61.8) 0.753 | 1.050 | 0,182) 0.7331 19.4 
Series 3. 
096 | 122 10.1 ) 836) 0.794 0.960 {0.178 | 0.820) 11.7 
715 | 18.1 | 11) | 87.1 | 0.676 | 0.804 0.208 | 0.840 13.1 
700 | 12.4 | 10.38 | 84.2 0.658 | 0.792 | 0.208! 0.832/ 13.9 
687 |11.8 | 9.7 | 81.9| 0.602 | 0.733 | 0.227| 0.822! 15.7 
690 | 12.1 | 10 | 835 | 0.684 | 0.707 | 0.284| 0.827) 15.8 
671 | 111 | 9 78.7 | 0.596 | 0.733 | 0.230 | 0.811 | 16.6 
655 | 10.4 | 75.9 | 0.578 | 0.716 17.8 








| 0.287 | eed 
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was plotted, the values at low 
cases with only two or three cyli i 
light to the brake horse-power as deduced from this curve. 


Fig. 0. 
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* In the case of the very weak mixtures the indicated horse-power was deduced from the brake horse-power. For this purpose the horse-power required to rotate the vanes at different speeds 

being obtained from the indicated horse-power.of the engine, obtained with fairly strong mixtures and the throttle partly closed, and in some 
ers firing. The-indicated horse-power for the experiments with the weak mixtures was then obtained by adding the horse-power required to run the engine 
In the tables the values of the indicated horse-power deduced in this way from the brake horse-power are marked with an asterisk. 
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with mixtures with ratios of from 17.5 to 19 to 1| proportion than 18 to 1, the economy with these 


firing back into the carburettor was liable to occur. 
This is due to combustion not being complete at 
the time that the inlet-valve opens, and the in- 
coming charge being therefore ignited by the rem- 
hants of the previous charge ; and the reason given 
for this not oceurring with either stronger or weaker 
mi\tures is that with stronger mixtures the com- 
bustion is complete when the inlet-valve opens, 





mixtures being best where the revolutions are 
slowest. With Series B the falling off after a 
ratio of 18 to 1 is very rapid at the high rate of 
revolutions, while at 700 revolutions there is actu- 
ally a gain in economy up to nearly 19 to 1. With 
Series OC, with the lowest compression, the best 
economy at high s is got with a mixture of 
16 to 1, and the falling off after this is very rapid, 





minute will be, for all practical purposes, propor- 
tionate to the mean pressure. An examination of 
the figures and curves will show that with the 
lowest compression, which is nearly what the 
engine is designed to run at, the loss of power 
from adjusting the carburettor for the greatest 
economy is very small, the average at three dif- 
ferent speeds being under 5 per cent. At the 
higher compressions there is much more difference, 
the loss of power from adjusting the engine for the 
greatest economy being about 12 per cent. An 
increase of from } in. to } in. in the cylinder dia- 
meter would, however, allow of the same power 
being got and the economical mixture used, and 
this would seem sound provided that equally quiet 
running, &c., could be obtained. 

One of the most interesting points brought out 
by the trials is the effect of ‘the compression and 
revolutions on the power and economy. In order 
to show this the curves in Figs. 10 and 11 have been 
plotted, showing the brake horse-power obtained 
and the petrol consumed. Fig. 10 shows the 
results. with the mixture which in each series of 
tests gave the greatest power, and Fig. 11 those 
with the mixture which gave the greatest economy. 
The most striking point in these curves is the fact 
that there was very little gain in either economy or 

wer by increasing the compression, and therefore 
it appears that the designers were wise in not 
making the compression s less than 0.33 of 
the volume swept out by rage iston. The power 
taken in these curves is the brake horse-power, 
not indicated horse-power, as it is clearly no 
advantage for the engine to develop an increase 
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in indicated horse-power if it is spent in wear- 
ing the brasses away. In examining these curves 
it must be remembered that they are only com- 
parative as far as the number of trials made 
permits. In some cases there is a_consider- 
able difference between the mixture used on adja- 
cent trials, and therefore it is possible that better 
results could have been got with something inter- 
mediate. Bearing this in mind, however, the 
lessons to be learnt are very clear. Thus in examin- 
ing Fig. 10, we see that at the lower speed of about 
720 revolutions the maximum brake horse-power 
which was obtained varied very little indeed with 
the different compressions. As the speed increases, 
the gain from the higher compression increases also, 
probably because the more the mixture is com- 
pressed the quicker it will burn. The highest speed 
at which the engine was actually run was under 
1300 revolutions per minute, but engines can be 
run much faster than this where extreme lightness 
is of importance, and it seems that in this case the 
advantage of high compression would be much 
greater. Allowing for accidental variations, the 
curves show that there is little variation in the 
petrol consumption at full power at from 1100 
to 1300 revolutions, the best actual result being 
shown with the medium compression, but at the 
lower revolutions the higher compression appears 
to have much greater effect. The very high petrol 
consumption of the medium compression at low revo- 
lutions is probably due to the fact that very few 
experiments: were made at these revolutions, and 
consequently there was no trial between a mixture 
of 10.9'to 1 and 14.6 to 1. The latter gave a brake 
horse-power only 2 per cent. less than the former 
with a petrol consumption of only 0.722 lb. per 
brake horse-power per hour, so that there is pro- 
bably some avniliae mixture which would give 
greater power than either, and a petrol consumption 
of about 0.750. 

Turning to Fig. 11, it will be seen that when the 
tests which show the lowest petrol consumption are 
taken as a basis there is a distinct, though very 
slight, economy from increasing the compression at 
all speeds, On the other-hand, the power with the 
highest compression is distinctly less than with the 
lowest. 

It will be seen from a comparison of the. curves 
(Figs. 1 to 9) that the range of mixture which can 
be satisfactorily burnt is greater the higher the 
compression, and this accounts partly for the fact 
that either greater economy or. greater power can 
be obtained with the higher compression. ‘In ordi- 
nary work a motor would probably be adjusted to 
work with a mixture somewhere between that which 
gives the greatest economy and greatest power, and 
in this case the gain due to the higher compression 
would probably be very small. 

It will be seen that in both Figs. 10 and 11 there 
is a distinct increase in petrol consumption at low 
speeds, in spite of the Pet that the compression 
a was actually higher, owing to there being 

ess wire-drawing, due, no doubt, to the greater loss 
through the cylinder walls. 

Taking the actual performance of the engine, 
there is no doubt that it was excellent. A consump- 
tion of 0.614 lb. per brake horse-power per hour for 
such a small engine is very good indeed, and it was 
also no mean feat to develop practically 20 brake 
horse-power at under 1300 revolutions with such 
small cylinders. It will be seen from Fig. 10 that 
up to 1200 revolutioas per minute the power curve 
is nearly a straight line—i.e., the torque nearly 
constant—so there is no deubt that considerably 
more power could have been developed at. higher 
speeds. Some interesting figures are given in the 
paper as to the wire-drawing at high speeds, and 
there is no doubt that the power of the engine 
would have been considerably improved by the use 
of larger valves and lifts and larger pipes. . If, how- 
ever, these are made larg? enough for the maximum 
possible power to be got at high speeds, it is gene- 
rally difficult to get the engine to run so quietly, 
sapere at low speeds, as with moderate-sized 
valves. 

The mechanical efficiency appeared to be less 
affected by the compression than might have been 
expected, but falls off perceptibly as the speed is 
increased. 

While the above results give an enormous 
amount of information as to the running of the 
petrol- engine, there are several points as to 
which it would be of great interest to have still 
further information. In the. present series of 
trials it would, for example,-have been valuable to 





have the actual indicator diagrams takenin the 
different trials, and also to know what amount of 
advance to the ignition was necessary under 
different circumstances. It is mentioned that two 
sparks were used in each cylinder. This is not the 
usual method of running in practice, and it is 
possible that the results, especially with poor 
mixtures, would be very different with only one 
spark, It would also be interesting to have the 
results obtained by running the engine exactly as 
designed by the makers. 

Another point on which further information 
would be of value is the results of running with 
compression pressures lower than those tried. In 
modern cars there is generally little difficulty in 
putting in large enough cylinders to get the 
required speed without trouble, and the most 
essential points to attend to are quiet and smooth 
running, and for these the lower compressions have 
great advantages. The ordinary car-engine also 
runs a very great part of its time considerably 
throttled. In this case the compression is reduced, 
and the proportion of burnt gases in the charge 
increased, and it would be very interesting to have 
information as to the effect of this on the mixture 
required. Professor Watson has given us so much 
information in the present series of trials that it is 
to be hoped he will continue them and elucidate 
these points. 

It is noted by Professor Watson that the form of 
combustion-chamber produced by having the valves 
on opposite sides is a very bad one, especially with 
high compression, and he expresses some surprise 
at the economy being so high. The arrangement 
of valves and consequent shape of the combustion- 
chamber is generally governed by mechanical con- 
siderations, but the shape of the combustion- 
chamber appears to -have less influence on the 
performance of an engine than might have been 
expected. This would be a very interesting point 
on which to have further experiments. 





THE FUNCTION OF THE EARTH IN 
RADIOTELEGRAPHY. 
By J. A. Fiemine, D.Sc., F.R.S. 


WE are in the habit of speaking of electric or 
Hertzian - wave telegraphy as ‘‘ wireless” tele- 
graphy, regardless of the fact that some of the 
functions of the wire in ordinary conductive tele- 
graphy are taken by the earth in case of radio- 
telegraphy. 

In the older method the wire serves as a guide to 
the energy, but at the same time, so to speak, 
charges a commission for this service in the shape 
of the energy dissipated in it as heat. In the latter 
case the earth’s surface acts to some extent as the 
guide, and it also takes toll for that office by dissi- 
pating some of the wave energy. Electromagnetic 
waves of long wave-length, generated at the trans- 
— station, thus lose energy as they travel 
over the earth’s surface by penetration into and 
absorption by the terrestrial surface. It has long 
been seven that radiotelegraphy is conducted with 
greater ease over sea than over land, but a precise 
explanation of this difference was wanting until 
lately. An important contribution was, however, 
furnished not long ago by a theoretical investi- 
gation made by Dr. J. Zenneck, Professor of Physics 
in the Technical School at Brunswick, Germany, in 
a very able paper entitled ‘‘ The Propagation of 
Plane Electromagnetic Waves Over a Plane Con- 
ducting Surface with Reference to Wireless Tele- 
graphy.” , Sat 

As this paper forms an interesting contribution 
to the theory of radiotelegraphy, a free paraphrase 
of it is here given, accompanied by such explana- 
tions as may suffice to clear away difficulties. 

Dr. Zenneck considers the case of a plane electric 
wave travelling without divergence over a surface 
bounding two media of different conductivity and 
dielectric constant. It is obviously desirable to 
simplify the problem by leaving out of account the 
diminution of wave amplitude by mere distance, 
and also that due to curvature of the bounding sur- 
face. Let the direction of propagation be taken as 
that of the x axis, whilst the direction of the z axis 
is downwards into the denser medium or soil, and 
the direction of the y axis is away from the reader 
(see Fig. 1); This convention as to axes may be 
called the German system, as opposed to the English, 
in which the direction of the z axis would be up- 
wards. The German system has the advantage 
that it correctly represents the relation between 





the electric and magnetic forces in the wave and 
the direction of propagation. For in this case jf 
x is the direction of wave propagation, then 1 js 
the direction of the magnetic force, and <-that of 
the electric force of the wave, these vectors bei 
in the plane of the wave. 7 

The following symbols will then be used :—T.et 
K denote the dielectric constant of the medium in 
the C.G.S. system reckoned in electrostatic units, 
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Uf 
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and let » denote the magnetic permeability in elec- 
tromagnetic units. Hence for air K=1, »=1. Then 
let s be the specific conductivity in electrostatic 
units, so that if p is the resistivity in ohms per 
centimetre cube, then s=9x10"/p. Also let the 
frequency be denoted by n and 2rnbyp. Let 
V=3 x 10" be the wave-velocity, A the wave- 
length, and 2m .}=4q. We shall employ the letter 
j to denote ,/— 1. Hence the expression for any 
vector is in the form a + jb. 

Let the axial components of the electric force E 
be denoted by X, Y, and Z, and those of the mag- 
netic force H by a, B, and y. 

Consider, then, a small rectangular element of 
volume taken in the medium close to the bounding 
surface, and with one corner at the origin (see Fig. 2). 
Let the side parallel to the a axis have a length 8 «, 
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that parallel to the «axis have a length 4, and 
that parallel to the y axis a length unity. Then 
through the surfaces of this volume the electric and 
magnetic forces create displacement D and mag- 
netic flux F per unit of area. If K is the dielectric 
constant of the material, then D = K E/47, or, 
writing k for K/4 7, we have D =k E; also F = 
» H, where » is magnetic permeability. These 
fluxes and forces are connected in accordance with 
the two circuital laws of electromagnetism as 
follows :— 

(i.) The line integral of magnetic force round 
the boundary of a curve taken in the dielectric is 
numerically equal to 4 7 times the total electric 
currents through that area. 

(ii.) The line integral of electric force round any 
area is numerically equal to the time rate of de- 
crease of magnetic flux through that area. 

Let us apply the above theorems to the sides of 
the small element of volume. [If s is the conduc- 
tivity in electrostatic units of the material and 
k = K/4m, then for the side 1 x 8 normal to the 
z axis, the electric force Z produces through it a 
conduction current sZ4x and also an electric dis- 
placement kZ8x, and therefore a displacement 
current pk Z8x, which is in quadrature as regards 
phase with the conduction current. Hence the 
total current is (s + jpk)Z dx. 

To reduce this current to electro-magnetic units 
we must divide by V=3 x 10", and, therefore, 


da (s+jpk) Zéz 


1 of the 


is equal by the first law to the line integra 
is latter 


magnetic force round the area 1 x 8 x. 
is equal to 
dB 
a- (8 +a5° z) 

Since the magnetic force is wholly in the plane of 
the wave, and therefore 8 is the only component 
concerned. Accordingly we have 
dp 
dz 

Now the electric and magnetic forces in an electric 
wave are pulsating vectors which we shall assuie 
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are simple harmonic functions of the space and 
time. Therefore, mathematically we can take 
the components of the electric and magnetic forces 
as proportional to the real part of ¢/(»*+¢2), 
because this function is equal to cos (pt + qx) + 
j sin (pt + q2) and cos (pt +qx) represents a 
‘wave motion, since it is a function which is 
periodic, both with regard to x and ¢t, or space 
and time. Accordingly, if 8B = A¢«/(*+¢, then 


dB _ j@B, and we have 


dx 


4f (*+ spk) Z= -jaB (i.) 


V 
In the same way, if we take the total current 
through the area 1 x dz and parallel to the z axis, 
we obtain the equation 


4m : -_ ap 3 
gEyA =F ‘ R 
(#50 )x re _ (ii) 


In the next place apply the second law to the 
area Ox 82. : 
The line integral of electric force round this area 


1s 
Zs:- (z 44% bx \be-Xbz +(x+@%a:)o0= 
dz dz 


(= ~jqZ)\bxd:. 


The time rate of change of the magnetic flux 
through this area is p86 x62. 
Hence we have 


V (4s -i9%)=i pas: 
or dividing both sides by 4m and putting p! for 
p/4 7 we have 
a -~jqZ= (iii.) 
If we write v for V/4m our equations take the 
form 
(iv.) 


(v.) 
(vi.) 


4nr. 1 
yiPeB . 


(s+ jpk)Z=-vjqB 
(s + jpk)X =v OP 
OF a ae ae 
2 - Z= 
dz hed v 
Eliminating X and Z from the above equations, 
we have 


jpe sp 


PB _ 
d 2 

The solution of (vii.) is 8 = e7**, where 
, {a +I pw (s +325) 


{2+ 5? e+ ieh\, . (vii) 
a 


v2 
or 


Be +g? = a je” (s + j pk) 


: . (viii) 
7) 
Hence, since 8 varies as & ‘?‘+¢*), we have for 
the complete expression ’ 
B = A e-JBz es (pt +az) 
where A is some constant. 
From (iv.), (v.) and (vi.) we then easily find that 
ory; } Seek. x 
s+jpk (x) 


. (ix.) 


e—J Bz ejipt+aqx, 


Z=-jqA >. e— JBtes(pt+az)  (xi.) 
s+ yjpk 
Suppose then that we apply these equations and 
solutions to two small solid nner as, of side- 
lengths x, 1 and 8z taken in the direction of the 
axes, but one taken in the dielectric below the bound- 


ing surface and one in the air above (see Fig. 3). 


Fig 3. 
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In the air the equations take the form— 
(s+j pk)Z= - vjqB) 
(s+jpk)X= -0oF | 


x _ jez = Sirus | 


- (xii.) 
dz 
In the dielectric as above— 
(s + jpk)Z’ =- vjqe 
(s+ jpk)X’=r oF 


ax’ (xiii.) 
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dz 








where the accents denote quantities in the dielec- | 1000 ft. or 300 metres as our radiotelegraphic wave, 





tric. The solutions are and consider the wave to be travelling-in air and 
B= AcIB: eiliptten) _ over the surface of sea water for which K = 80 
X= -jBA —"¢-JB: eilptt+e land r = 100. Then n = 10°, and we have — 
s+ jpk (xiv.) | ; m 
Z == jeA © __ ¢-5B2 gi (pt+¢2) 225, or 2 7) = 90 deg. and p = 45 deg. Also 
s+jpk ;m = 1/18,000. 
pi = Ale BY jet + @2) | Hence / re 
m 1 

=j v ~jBz. j(pt+ 42) | ses = 

wie oes , (xv.) |. View © 
Se Hy v ¢~ JBz  i(pt + 4%) This shows, therefore, that when waves 1000 ft. 
| es jpkR | in length travel over sea water the horizontal com- 


pi ponent X of the electric force in the air is negli- 


Then, as above shown, the values of B and . : 
gible, since 


are given by the equations 


* TT 
B+ g? = - jpwttivt Eu bs 
‘ (xvi.) | Z 
; 1 1 ‘ , 
BY + @=-jpw* +P ~ Therefore the electric force at the sea surfacé is 


1 dicular to that surface, and is a near! 
At the bounding surface the horizontal compo- | moraany ec cerrmony solleg ‘ y 


nents of the magnetic foree—viz., 8 and 6'—are| magnetic vector. 
identical. We have, then, when we put 2, z, and | Suppose in the next place that electric waves of 
t= 0 in the above equations (xv.) and (xvi.),| the same length are being propagated over very dry 


The same applies to the 


A=A', Again, since X = X' when «, z, and¢=0,| land. In this case we should have K = 2 and 
we have BI B r = 10° nearly. Hence, if n = 10° we have 
ere ry ees ry tan2g= J Toa = 0.9 


For brevity let us write T for s + jpk and T' for 


a or 2 = 42° or @ = 21° nearly. 
s' + j pk’, and also P for ae , 
a 


1.8. Hence ee 
v/1 + mi 


In this case, therefore, the horizontal component 
X of the electric force in the air is €2} per cent. of 


Also | = 


m 


= 0.625 nearly. 
Then the above relations may be written . 
Bi + q@=-jpT 
2 
Bo +q@=-jpT! | 












B, B i» (xvii.) | the vertical component in magnitude, and they 
a differ in phase by 21 deg. 
Hence ‘When two vectors differ in phase and size they 
B24 jpT=B" 4 jpT™ compound into a pulsating vector represented by 
ai si ent tell the rotating radius vector of an ellipse. 
* The electric vector in the wave travelling over 
B= -j me dry land is therefore not by any means perpen- 
: “tg. 4. 
. qT) ie 
B= -j TT ° (xviii. ) 
@=-jp 17 Air 
T+T 
Also we have from equation (xiv.) 
x B ae re : WS WK WY ; Dury \N WOH 
"a" ks =A/ ste. (xix.) NN A RK RU . 
reg heed Bs PO ex the conduc.| SS AN 
n the case of air we may consider the conduc- 
tivity zero. 1-1 Ohmm/Metre Cube. r-100000 See 
Accordingly, — k-80 (a) (c) j 
” a/ int . In juss) =~ Resistivity. k-Dielectric Constant. 
“4 s+ jpk 14 jPar dicular to the surface, but is inclined to it, and 
a there is a considerable rotating component. The 
Let m stand for pk/s! and m! for pk'/s!. Then resultant electric force in the air above the ground 


may be represented by the rotating radius vector 
of an ellipse, the major axis of which is inclined 
forward in the direction in which the wave is 
travelling (see Fig. 4). 

(To be continued.) 
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is an angle whose tangent is 1/m', 
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- S a well-known theorem 


then we have 








ei 2¢— cos 2¢ + j sin 2¢, 





or 
jee “a ; 1 j+a NOTES. 
€ iW mavens: 12 i goer ng J a PortTLAND CEMENT. 
Vi+m 14m! 1+m In a paper recently read before the Concrete 
or | Institute, Mr. H. K.G. Bamber, F.C.S., said that up 
te: * es j (1 — jm) | to the present scientific theories as to the constitu- 
c= N1+m (1 -jmi)(1 + jm) | tion of cement, and as to the reactions involved in 
ee sas the process of setting and hardening, had proved of 
~ T+jmi V1 +m very little use to the cement-manufacturer. It was, 
Therefore however, now known that in the best cement the 
x ——- ey aoe percentage of lime should be not less than 63.5 per 
Zo i. = / _™ — | 9%. (xx) | cent., and not more than 66 per cent., whilst the 
‘ L+jm Vien silica (SiO,) should amount to between 21 and 22.5 


per cent., and the alumina (Al,O,) between 5 and 6 
per cent. Any considerable departure from these 
ratios resulted in a material not possessing the 

roperties of a good Portland cement. In the old 

ys, before the introduction of the rotary kiln, the 
percentage of lime was frequently required to be 
not more than 61.5 per cent., but analyses of pure 
clinker from the old type of kiln gave the higher 
percentage of lime stated above. Such specimens 
of pure clinker, if ground separately, had, more- 
over, the same quick-setting properties character- 
istic of the produet of the rotary kiln.. This setting, 
in the old cements, was, however, delayed by the 
foreign substances always nt in the product of 
the intermittent kiln. ntil this fact was dis- 
covered, the quick-setting properties of cement 


Accordingly, X and Z are two vectors which 
differ in phase by an angle ¢ such than tan 2¢ 
= s'/pk', 

We are now prepared to apply these formule to 
numerical calculations. It must be remembered 
that k stands for K/4 7, where K is the dielectric 
constant as usually measured. Also s stands for 
the conductivity in electrostatic units, and is there- 

9 x 10” 
fore equal to — i’ where r is the specific re- 


sistance in ohms per centimetre cube. Accord- 


ingly 1 4 9 x 10” 18 x 1908 
tan2¢ = — = xox = a x fans, 
$ m! 2anKr x 1° nKr 


Suppose then that we select a wave-length of 
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produced in the rotary kiln were attributed to 
various causes, amongst others to the greater 
rapidity of manufacture ; and very elaborate and 
costly experiments had been made to ascertain 
whether it was not possible to obtain a slower set- 
ting cement by cooling the clinker very gradually. 
No useful result was, acu obtained. In other 
attempts to attain the same end the percentage of 
alumina had been reduced, but here again no prac- 
tical success was attained, as even’very small pro- 
portions of calcium aluminate were found sufficient 
to cause a rapid ‘initial set of the whole mass. 
More success had been obtained by effecting the 
final grinding of the cement in a tube mill charged 
with steam. In this way about 1 per cent. of 
moisture was permanently incorporated with the 
cement, which then set more slowly, and the period 
of setting could, moreover, be still further pro- 
longed by the addition of small quantities of. gypsum 
to this hydrated cement. Gypsum acted as a 
retarder, even when the cement was not hydrated, 
but then a much larger proportion was required. 


SHirrPING AND SHIPBUILDING 

CENTRE. 

According to statistics compiled at the instance 
of the Hamburg-America Steamship Company, Ham- 
burg has at present twelve shipyards, where, during 
1908, were built 137 vessels, including five steamers 
of more than 7000 gross registered tons each. The 
shipping, sailings and arrivals, showed an aggregate 
of 21,959 steamers, with a total of 21,710,000 net 
registered tons, and 10,633 sailing vessels, with a 
total of 1,940,000 net registered tons, making up 
an aggregate of 32,592 vessels, with a total of 
23,650,000 net registered tons, averaging 89 vessels 
and 65,000 net registered tons per day. The fol- 
lowing table shows the growth of Hamburg’s ship- 
ping during the last fifty years, the figures being 
the aggregate of sailings and arrivals :— 

Vessels, Net Registered 


10,376 
13,819 
31,564 
32,980 

1908... 32,592 
During last year 78,878 ngers were despatched 
to ports over the sea, of whom 58,023 went to the 
United States. The number of emigrants in 1907 
was more than double that of 1908—viz., 189,810. 
The Hamburg shipping concernsowned on January 1, 
1909, a total of 679 steamers, of an aggregate of 
2,069,205 gross registered tons, and 496 sailing 
vessels, of 269,964 net registered tons, exclusive of 
fishing vessels. At the end of last year, 10 steamers, 
with an aggregate of 65,800 gross registered tons, 
were in course of construction. e following 
table shows the growth of the Hamburg shipping 
concerns, the figures in this case including fishing 
vessels :— 


HAMBURG AS A 


Year. 


1856 
1886 
1906 
1907 


Net 
Year. Vessels. Ragotened Steamers. 
ons. 


D 
61,540 of which 9 
Sei 856,619 ,, ,, 439 é 
... 1308 1,522,913 ,, ,, 7Ol 1,249, 226 
... 1320 1,559,323 ,, ,, 709 1,285,957 
The Hamburg-America Line has 205 steamers, of 
844,577 gross registered tons, and two in course of 
construction, of 34,000 registered tons gross ; the 
Hamburg-South American Company has 39 steamers 
(187,990 gross registered tons); the ‘* Kosmos” 
Company, 37 steamers (179,230 gross registered 
tons) ; the German-Australian Steamship Company, 
31 steamers (136,465 gross registered tons), &c. 


IONISATION OF SOLIDS. 


The view that in conduction the electric current 
is either carried by electrons, which we assume to 
be movable in metallic conductors, or by ions, which 
we suppose to migrate through electrolytes, seems 
to force the opinion upon us that some solids must 
already be dissociated or ionised to a certain extent. 
A few years ago Haber and Tolloczko observed 
during their studies of gas cells that glass could 
serve as an electrolyte at high temperatures, and 
that barium chloride began to conduct and to show 
ponintion at temperatures lying 400 deg. Cent. 

low the melting point of this salt. Nearly twenty 
years ago Warburg and Tegetmeyer had noticed 
that rock crystal contains enclosures of sodium 
silicate, which render the crystal conductive and 
which can electrolytically be removed, at least in 

. A good deal has in the last few years been 
published on the electrolytic or metallic conduc- 
tivity of natural and artificial silicates, sulphides, 


1850 ... 286 
726 





DIAGRAMS OF THREE MONTHS’ FLUCTUATIONS IN PRICES OF METALS. 
(Specially compiled from Official Reports of London Metal and Scotch Pig-Iren Warrant Markets. ) 
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MAY. 


nying diagrams each vertical line represents a market day, and each horizontal line 


represents 1s. in the case of tin plates, hematite, Scotch and Cleveland iron, and 11. in all other cases. 
The price of quicksilver is per bottle, the contents of which vary in weight from 70 lb. to 80 lb. The metal 


prices are perton. Heavy steel rails are to Middlesbrough quotations. Tin plates are per box of I.C. cokes. 





and other compounds. The different observers, 
Hasslinger, Weigel and Horton, Kénigsberger and 
others, did not always agree. Professor C. Doelter, 
of Vienna, has recently pointed out that pure 
natural crystals are very rare—as the rock crystal 
instance proves—and that vitreous substances 
behave differently from crystals. When glasses 
are heated or cooled, the conductivity curves do 
not show any breaks or points of inflection. The 
transition from the liquid to the solid state is 
quite gradual, the conductivity changes are slow 
and regular, and it is only at 700 deg. or 800 deg. 
Cent. that the electric resistance becomes high. 
This is not a little remarkable, since the hardness 
and viscosity of the glass at 300 deg. below its 
melting point do not much differ from the proper- 
ties of the cold glass, and the internal friction must 
be high. In pure crystals, on the other hand, the 
conductivity rises rapidly with higher temperature, 
and a drop or a decided diminution will be noticed 
at the melting point. We find thus two curve 
branches ; when the melting point is not well 
marked, as in many silicates, the two curves become 
more like one another. Polarisation and electro- 
lysis often go together ; but polarisation is difficult 
to observe when the resistance approaches 100,000 
ohms. The difference in the hdavions of glasses 
and crystals suggests to Doelter that the conduc- 
tivity does not only depend upon the internal fric- 
tion; but that the mobility of the ions is directly 
concerned. The degree of ionisation would not 
necessarily change from this standpoint when a 
solution or fusion crystallises ; but the mobility of 





the ions would be altered. Adopting Sohncke’s 
views of the spacing of the atoms in crystals in a 
kind of grid ‘fashion—a basis on which Barlow and 
Pope have so successfully built—Doelter would sub- 
stitute the ions for Sohncke’s atoms. We should 
have positive and negative ions or groups in alternate 
spaces, and the vibrations of the ions would, in the 
solid state, be very limited ; only at higher tempera- 
ture an electric force would become strong enough 
to cause an arrangement in a definite direction. 
When the melting point was approached reactions 
between the electrodes and the ions would become 
possible. That assumption would be in accord 
with the observation that crystals become isotropic 
at higher temperatures—that is to say, that the 
optical differences as regards the different axes dis- 
appear at higher temperature. It would also be a 
consequence of Nernst’s thesis concerning the equl- 
librium between the different phases of a substance. 








New Zeatanp Ratways.—A large bridge is to be 
erected by the New Zealand Government at Waiau, on 
the South Island Main Trunk Railway. It will be built 
of hard wood, with iron back piles and steel lower cho: ds. 
The ordinary width of the bridge will be 13 ft. 4 in, but 
owing to its extreme length (nearly half a mile) there 
will f. two places 19 ft. wide, to allow vehicles to pass 
each other, and 13 places where pedestrians will be able 
to step aside to allow vehicles to pass. There will be 46 
spans of 42 ft. 8 in., six of 41 ft. 10 in., two of 41 ft., re 
two (the end s ) of 14 ft. The height from the bei o 
the river will be 15 ft., which is considered sufficient ‘or 
a river as wide as the’ Waiau. The decking will consist 
of 4-in. planking. The bridge is to be completed in 18 
months. 
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INDUSTRIAL NOTES. 


TuE report on trade unions by the Labour Depart- 
ment of the Board of Trade for the years 1905-7, with 
comparative statistics for the ten years 1898-1907, 
explains why it is that the figures are somewhat be- 
lated, the. reason Fa being that the Registrar of 
Friendly Societies does not insist upon the returns until 
the middle of each year, so that* their publication is 
delayed till the year following. But if we complain of 
the lateness of the returns, we can also express satisfac- 
tion at their completeness. Prior to 1886, sociologists 
who studied the statistics of labour had to go to America 
for labour reports, and good ones they were, some pub- 
lished by independent States, others by the Government 
at Washington. Now we have compilations of our own, 
far-reaching in character, elaborate, and exact. The 
present is the sixteenth report of the series, and it 
covers three years. The growth of trade unions is such 
that the total membership was at date 2,406,746, or half 
a million more than at the end of 1904, a rate of increase 

reater than in any period since the statistics were 
first compiled. The female members of trade unions 
numbered at date 201,000, mostly in the textile trades, 
but in recent years they have formed other unions ofa 
general or specific character, suitable to the industries 
in which women workers are employed. In some 
unions there are members of both sexes, but as a rule 
each sex prefers to keep separate, and, perhaps, it is 
better that it should be so. 

The 100 principal trade unions selected for compari- 
son had a total membership of 1,460,000, or consider- 
ably more than one-half the aggregate membership of 
all unions. The total income for the year 1907 was 
2,493,000/., or 378,000/. more than in 1904. The expen- 
diture was 2,054,000/., which was about the same as 
in 1904. Of the total, 466,000/. was expended on un- 
employed benefit alone. This generally increases year 
by year, with fluctuations. In 1899 the total so spent 
was 185,000/.; it rose yearly to 1904, when it amounted 
to 655,000/., then fell to 523,000/. in 1905, to 424,000/. 
in 1906, then to 466,000/. in 1907. The total cost 
of this benefit alone in ten years—1898 to 1907—was 
over 4,000,000. Dispute benefit cost 500,000/. in the 
three years 1905-1907, or about the same as in each of 
the two preceding triennial periods. The aggregate 
cost of sick, funeral, accident, superannuation, and all 
other benefits, except unemployed and dispute, showed 
an annual increase from 849,000/. in 1904 to 975,000/. 
in 1907. The proportions spent in all these benefits 
were :—Unemployed, and all other provident benefits, 
69.3 per cent.; disputes, 8.2 per cent.; and 22.5 per 
cent. on working and other miscellaneous expenses. 
The latter have increased in the last ten years very 
considerably by the creation of the General Federation 
of Trade Unions, the Labour Party, and other organi- 
sations to which yearly sums are contributed. The 
aggregate funds of the 100 selected unions amounted 
to 5,638,000. at the end of 1907. Atthe close of 1904 
the total was 4,666,000/. The value per member was 
3/. 17s. 6d., as compared with 2/. 88, 8d. in 1898. 
Such in brief are the main facts in this report. But it 
is full of detailed information on all matters pertain- 
ing to those labour organisations of this country. 


The forty-ninth annual report of the Amalgamated 
Society of Carpenters and Joiners is a record of a 
fight against a combination of adverse circumstances 
in the year 1908. The report says :—‘‘The year 1908 
will rank as the most memorable one in the history of 
our union, as during its brief space a combination of 
events occurred which tested its stability to a degree 
never before experienced. It.had to support a larger 
number of members on unemployed benedt than in any 
previous year, averaging upwards of 5425 continuously 
throughout the entire twelve months; and when the 
sick and superannuated are added to the list, it repre- 
sents a monument of self-help, having but few parallels 
in the trade-union movement.” Reference is made to 
the strike and lock-out on the North-East Coast, which 
led to thousands of members Of the trade unions in- 
volved being burdened with expenditure through no 
fault of their own; it was caused by a section, 
which involved the rest. In the past year the mem- 
bership fell from 68,735 on January i to 61,220 on 
December 31—a loss of 7515 in the year. The 
chiei cause was the prolonged depression in trade 
and the inability of members to continue a contribution 
of from 2s. to 2s. 6d. per week. The loss of member- 
ship was 2448 in America, 1541 in Canada, 252 in 
Australia, 138 in New Zealand, and 60 in South Africa. 
The other losses were in the United Kingdom. In 
these losses are included all from all causes, after 
alli ‘wing for the admission of new members. 

the total net income of the society in 1908 was 
263,290/. 14s. 6d., after deduction of loan and return 
of deposit from the American Brotherhood. This 
shows an increase over 1907 of 64,899. 0s. 3d. The 





increase by levies enabled the ‘society to tide over its 
financial difficulties pretty fairly. The gate ex- 
penc:ture was 298,311/. 8s. 4d. The chief items were 


as iollow :—Unemployed benefit, 112,253/. 13s. 10d. ; 
Sending members to situations, 334/. 2s. ; disputes, 











42,842/. 7s. 10d. ; sick benefit, 45,292/. 6s. 9d.; onper- 
annuation, 46,7791. 5s. 3d. ; surgeons, 602/. 19s. ; 
accident benefit, 5010/.; tool benefit, 3396/. 16s. 2d. ; 
funerals, 7316/. 8s. All other items are given in detail, 
down to ‘‘ base coin,” 1/. 8s,6d. The contributions to 
the Trades Co: the General Federation of Trades, 
and to the Labour Party have increased the manage- 
ment expenses to a considerable extent as com 
with, say, fifty years . The total worth of the 
society was declared to 84,622. 8s. 6d., or at the 
rate of 1/. 7s. 8d. per member. This is by rule declared 
to be too low. 8 le has been to increase that 
roportion, but the time does not appear to be yet ripe. 
e aggregate benefits paid in the last 49 years are 
iven in a table, thus :—Unemployment, 1,192,143/. ; 
isputes, 368,241/. ; sick, 865.8030, 3 superannuation, 
421,261/.; funerals, 153,028/.; accidents, 84,955/. ; loss 
of tools, 80,300/ ; benevolent grants, 59,038/.: grants 
to other trades, 36,595/. The gate was 3,261,364/., 
or at the rate of 114/. 16s. ‘Oper member for the 
49 expired years. 





The annual report of the Society of Amalgamated 
Toolmakers, Engineers, and Machinists shows the 
strain of depression in trade in the year that is past— 
the worst year since the formation of the Society, in 
1882. Itis one of the younger offshoots of the engineer- 
ing trades. Its headquarters are at Birmingham, and 
it has 52 branches in all parts of England and Scot- 
land. Its membership is not , only 3710 all told, 
but the society appears to be held i firmly. 
The income for 1908 was 10,003/. 15s. ld. The bene- 
fits paid md to those of the Amalgamated 
Society of Engineers. The amounts paid last year 
were: out-of-work donation, 6481/. 15s. 3d. ; disputes, 
1401. 5s. ; assistance to situations, 28/. lls. 6d. ;° sick 
benefit, 740/. 4s. 3d.; superannuation, 151/. 11s. ; 
funeral benefit, 224/. ; benevolent grants, 355/. 19s, 6d. 
Besides these there were paid in sick section dividends 
590/. 15s. 8d. As compared with the two previous 

ears, 1906 and 1907, the cost of me par was 
argely increased, and so also were most of the other 
benefits, as the totals will show, as follows :—in 1906, 
26097. 15s. 4d.; in 1907, 5577/. 19s. ; in 1908, 87130. 
2s: 2d. The report contains general matter, political 
and social, as well as the branch and general office 
accounts. The trend of the references is towards 
Socialism as a rule, showing in what direction the 
opinions of trade unionists is tending. 





The utter collapse of the threatened general strike 
in France was not unexpected by those who watch 
carefully the trend of industrial events at home and 
abroad. The precipitate action of the electricians and 
of the postal employés showed that other influences 
than iaheur grievances were at work, and one of the 
leaders let this out in a h in which he was trying 
to rally the discontented labour forces to in the 
revolutionary movement. It was the wick ublic 
which he denounced, the Government of the day being 
the parties to attack. The impulsive French people 
are slow to distinguish causes and effects, but when 
it appeared to them that it was a political rather than 
an industrial revolt, they wavered, they hesitated, and 
then refused to answer to the call of their self-elected 
leaders and dictators. Trade by trade refused to 
comply with the leaders’ demand to cease work, and 
at last the leaders had to advise a general surrender. 
The navvies and a few others stood more or less firm, 
and there was some rioting, but the arm of the law 
prevailed. The strangest thing is that the ‘‘reservists” 
were the most stubborn to acquiesce, but this might be 
explained by the fact that they were being led b 
pr than labour leaders. Perhaps the best result 
of all the strife is that the ‘‘ revolutionaries ” and the 
‘‘ reformists ” have broken, and are now in opposition. 
What result could ibly accrue if the general strike 
had taken place ? Only rioting, bloodshed, and possibly 
a revolution, in which the three factionsconcerned would 
have had a chance, a poor one, of possible temporary 
success. 





The visit of a large proportion of the members of the 
Labour Party to y during the Whitsuntide 
recess is ps the most profitable way in which 
they can spend their Whitsun holiday. ese inter- 
national exchan of civilities cannot possibly do 
any harm, and they may do a large amount of 
in cementing friendship with the le among which 
the visiting parties sojourn. The Labour representa- 
tives will visit many of the most famous cities and 
towns of Germany, and they will see much that will 
interest and impress them. 





The position of the coal industry is not only in a 
strai condition just now, but it is more 
uncertain by recent awards. In the South Wales and 


Monmouthshire coal-fields an award was recently given 
for a 74 per cent. reduction, in spite of the protests of 
the men, and of the National Federation, to which 
they belong. In Durham recently the mine-owners 
demanded 74 per cent. reduction, and the men’s << 
sentatives agreed to accept 5 per cent. As the Concilia- 





tion Board could not agree, it was referred to arbitra- 
tion, and the arbitrator decided against any reduction. 
This complicates matters considerably. ost of the 
trouble has arisen over the Mines EKight-Hours Act, 
which comes into force on July 1. In cashire and 
Cheshire the employers and miners’ representatives 
appear to have settled matters amicably, in other dis- 
tricts it is not so. In South Wales the mine-owners 
have issued notices to terminate all contracts at the end 
of this month ; what the final result may be no one 
can at t foresee. There is time enough yet 
to negotiate, but much depends upon the temper of 
the parties in the meantime. The mine-owners have 
issued a long manifesto in which they explain their 
ition. ge eel wrongly, they insist that the 
ines Act has changed the conditions, and that 
newer arrangements must follow in its wake. That 
strained relations may result in a strike and lock-out 
is believed by many, and the Admiralty, the railways, 
and shipping companies are preparing for the possibility 
of a stoppage. Still disaster ma Xe averted if the 
parties negotiate. One is poo f to ask whether the 
Act is worth all the anticipated trouble. 


On the eve of the Whitsun holidays there was no 
indication of revived activity in the iron and steel 
trades. The markets were ill-attended, and the busi- 
ness done almost nil. The works in many cases were 
closed for the week, and those that were not only re- 
opened on Thursday (yesterday). The latest returns 
to the Labour Department of the Board of T'rade indi- 
cate little change for the better—indeed, rather the 
reverse. There was a decrease of seven furnaces in 
blast.as compared with the month vious, and of 
thirteen compared with a year ago. There was also a 
decrease in the number employed. In the tin-plate 
industry there was very little change—a decrease of 
one in works open, and of seven in the number of mills 
in operation ; but generally the industry. was good. 
There was little change in iron and steel works—only 
a decrease of 551 in the number employed, and of 2612 
uegeres with a year The shifts worked were 
nearly about the same, with a slight decrease. In the 
engineering trades the proportion unemployed was 
12.4 per cent., as compared with 12.6 per cent. in the 
month previous, and 8.7 per cent. a year ago. In no 
part of the United Kingdom was employment good in 
any of the engineering sections. In the shipbuildin 
trades employment was even worse—23.3 per cent. o 
ee a | as a oy with 22.2 per cent. in the 
month previous. ere are indications of a return to 
prosperity, but the turn of the tide is not yet. In 
the iron, steel, and other metal-using industries 
trade continued bad in almost all cases. There is 
general stagnation all round. In a few cases there are 
indications of improvement, but they are prospective, 
After the Whitsun holidays there are hopes of a general 
revival in the iron and steel-using industries, but the 
realisation may not be as early as some people expect. 
Still, orders, it is reported, are being placed by the 
Government and by companies, but some of these take 
a ~_ in preparation before real activity can be 
assured. 








The dispute between the Grimsby and North Sea 
Steam Trawling Company and the Grimsby Steam- 
Vessel I ingineers’ Union, which has been going on for 
five months, was last week referred to the Cotcatent 
Labour Party’s Commission for inquiry and report. 
The owners do not recognise the Commission, so that, 
perhaps, little good will come of it. Still it is better 
that some inquiry be made, as negotiations may follow. 


A coalition has been formed to oust the Labour 
Party’s Government in Australia; the firstadverse vote 
last week was on the question of adjournment. It is 
thought that the Labour Premier will advise a dissolu- 
tion and appeal'to the country. Whatthe programme 
will be is not yet: diselosed, “ 





-—- 

A co-operative society was fined last week 40s. for 
an infringement of the Truck Act, the manager, or 
the committee, having im as a condition of em- 
ployment that a man should spend a proportion of his 
wages at the stores. Co-operators must not break the 
law in this particular any more than a private employer. 


The Ordnance Factory workers have been negotiat- 
ing with the Secretary of State for War for a pension 
scheme. It is stated that the men are hopeful of 
success. 








Rai.way Construction In Peru.—On the authority of 
i ion at Lima, the Bulletin Commercial 
( ), of May 8, announces that the Peruvian Govern 
ment have entered into a contract for surveying opera- 
tions relative to the construction of a railway from Paita 
to the River Marafion (Port Melendez). The line will be 
nearly 400 miles long. It also contains information from 
the same source to the effect that next July a contract 
will be submitted for the approval of the Legislature in 
connection with a concession for the construction of a 
railway from between E] Cerro de Pasco and Goillaris- 
quiza to Pucalpa. 
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WORKMEN’S COMPENSATION :. APPEALS 


TO HOUSE OF LORDS. 


Claim of IUegitimate Child.—The first appeal to the 
House of Lords to settle employers’ liability under the 
Workmen’s Compensation Act in respect of a claim of a 
‘‘dependant” raised the interesting point whether an 
illegitimate child is a ‘‘dependant” within the meaning 
of the Act. 

The case was the Orrell Colliery Company v. Schofield, 
in which the claim on behalf of the illegitimate child of a 
collier killed in an accident was acknowledged by all the 
Courts, including the Court of Appeal and the House of 
Lords, which decided on May 14 that the child was a 
‘‘dependant” within the 13th Section of the Act of 1906. 
The father, before he met his death, had acknowledged the 
paternity of the child, not then born, and had promised 
marriage to the mother. The Arbitrator believed that had 
the man lived he would have married the mother, and would 
have made provision for his child. The father and mother 
were to have been married in December, 1907 ; the banns 
were published at the church ; the father was killed at his 
work on December 10, 1907, and the child was born in 
May, 1908. 

Upon these facts the County Court Judge, as Arbi- 
trator, held there was a reasonable anticipation that the 
child would have been maintained by the father, and it 
was, therefore, as much a dependant as if it had been born 
in wedlock. This view was supported by the Court of 
Appeal, and, soap by the House of Lords. It is curious 
that such a claim should have been fought through to the 
House of Lords, for the 13th Section of the Act of 1906 
distinctly says that not only are such members of a work- 
man’s family as are wholly or in part dependent on his 
earnings to be regarded as ‘‘ dependants,” but also an 
illegitimate child left dependent on the earnings of its 
parent or grandparent is to be included among the 
**dependants” having a claim for compensation. Such 
a decision settles the nl but presumes that the paternity 
of the illegitimate child has not been disputed by the 
deceased workman. 

Computing Average Weekly Earnings.—A ppeals in work- 
men’s compensation cases under the Workmen’s Compen- 
sation Act of 1906 are beginning to find their way to the 
House of Lords. A valuable decision on May 17 settles 
a disputed point as to the legal method of computing ‘‘ the 
average weekly earnings” as the basis of an injured work- 
man’s compensation. The claimant in the case of 
Anslow v. Cannock Chase Colliery Company had suffered 
injury in an accident in the course of his employment. 
The tiability of the employers was not disputed, but only 
the measure of compensation. 

In Schedules 1 and 2 of the Workmen’s Compensation 
Act the rule is laid down that the average weekly earn- 
ings shall be computed in such a manner as is best calcu- 
lated to fix the rate per week at which the workman was 
being paid. . . . Where by the terms of the employment, 
&c., it is impracticable at the date of the accident to 
compute the rate of remuneration, regard may be had to 
the average weekly amount which, during the twelve 
months previous to the accident, was being earned by a 
person in the same grade employed at the same work by 
the same employer. 

The applicant at the time of the accident had been 
earning as much as 42s. a week (including coal allowance) 
for 12 months previously. He was therefore dissatisfied 
with the arbitrator’s award, which was made on the basis 
of the total of the ‘‘average weekly earnings” for the 
previous 12 months having been 68/. 4s., or 28s. 4d. a week. 

The colliery had employed the applicant exactly 192 
days, which worked out at an average of 5} 7s per 
week, or just 33 weeks of the 52. There had been 
14 weeks of stoppage, when the workman could not 
be employed, iy =e weeks of Bank holidays and 
‘*wakes” when he did not work, and two weeks’ illness, 
and one week when he took a holiday—in all, 19 weeks, 
thus reducing the working time of the applicant to thirty- 
three weeks in the twelve months. ‘‘Average weekly earn- 
ings” apply to normal weeks. Had the applicant been 
sto in normal working days, as by fire or other 
accident, his claim might, of course, have been allowed 
for more than thirty-three weeks. In this case, however, 
regard was necessarily had to the object of the Act, which 
is to compensate the workman for his incapacity to earn, 
which is measured by what he can earn under the con- 
ditions which peovedied before and up to the time of the 
accident. If a workman takes a holiday and forfeits 
wages, that does not take from his capacity to earn in his 
employment. When short time and holidays are the 
incidence of his employment it is different. He could not 
have capacity to earn for the full twelve months in the 
Cannock Chase Colliery when in the Cannock Chase 
district the normal week was only 5}? days. When it was 

rt of the incidence of his employment at the Cannock 

‘hase Colliery to stop for so many weeks, the worker’s 
capacity for work in that employment was necessarily 
lessened, the stoppage was normal, and therefore the 
normal working weeks which the applicant had worked in 
the previous year amounted to only thirty-three, and on 
that basis his average weekly earnings for the twelve 
months were only 28s. 4d., and the arbitrator’s award of 
14s. 2d. a week with 1s. a week for coal was the full measure 
of compensation due to him under the Workmen’s Com- 
pensation Act. The question for the arbitrator in com- 
puting the average weekly earni is, What are the 
earnings in a normal week? If the normal days of a 
week are only four, and the workman gets regular em- 

loyment at, say, 5s. a day, his wages are not 30s. a week, 
nut only 20s. a week. A twelve months’ work at Cannock 
Chase really meant that the workman had work for thirty- 
three weeks, and it was incapacity to do such work at the 
rate of 5} days a week, or thirty-three weeks out of the 
fifty-two, for which the Act compensates him. 





A HEAT TREATMENT STUDY OF 
BESSEMER STEELS.* 


By Anprew McWri.iiam, A.R.S.M., M.Mert., and 
Ernest J. BARNES, respectivel 
of Metallurgy and Associate of 


University. 


etallurgy of Sheffield 


| Tue heat treatment of iron and steel is a subject of the 


most widespread interest, judging from the la ropor- 
tion of inquiries concerning this matter. Brinell’s classical 
paper, ‘* Cha: of Texture in Steel while Heating and 
Cooling,” published in 1885, is known to all the world. 
The two papers by Brinell and Wahlberg in the Journal 
of the Iron and Steel Institute, 1901, Nos. I. and IL, 
contain an enormous mass of information worthy of the 
most careful study. Part I. has reference mainly to the 
utility of Brinell’s ball test for hardness applied to steels 
of different compositions differently treated, and Part II. 
deals with the influence of annealing, water quenching 
with subsequent tempering, oil quenching, and quenching 
from various temperatures in a bath of molten lead kept 
at 550 deg. Cent. 

On page 248, Wahlberg remarks :—‘‘ This temperature 
(850 deg. Cent.) appears to be the most suitable for all the 
various materials of the series here under consideration, 
except the two sulphurous ones,” and he appears to favour 
reheating to 350 deg. Cent. From some points of view 
the 850 deg. Cent. water and 650 deg. Cent. air treatment 
gives preferable results, and a table of these is shown on 
page 4 as appearing to us the best representative series. 

hese are also the most suitable for comparison with 
the majority of those recorded in this paper, and members 
sufficiently interested can find all the tables in detail in 
the Journal of the Institute. Brinell’s tensile tests are 
on bars 18 millimetres in diameter, and according to 
Barba’s ‘‘ Law of Similitude,” to compare the elongations 
with those given later on test-pieces 0.564 diameter by 
2 in. parallel the elongations for 18 millimetres dia- 
meter must be taken on a length of 64 millimetres, as 
64 +- 18 = 2 + 0.564 practically. Fortunately Wahlberg 
gives the elongation per cent. on 180 millimetres and on 
100 millimetres on the same test-piece, and therefore the 
elongation per cent. on any other length may be easily 
— as under :— 

t 


= 
lw= 


the general elongation on unit length, and 
the special elongation due to the formation of 
the waist on the test-piece. 

11.3 per cent. on 100 millimetres = 11.3 millimetres = 
001, + Lw. 

8.3 per cent. on 180 millimetres = 14.94 millimetres = 
80 4 +lw. 

.. 801, = 364 4 =0.0455 lw=11.3-4.55 = 6.75. 

.". Elongation for 64 millimetres = 64 x 0.0455 + 

6.75 = 9.662, or 15.1 per cent. 


These elongations per cent. on 64 millimetres have been 
similarly calculated for the whole of the series and in- 
serted in Table I. 


TABLE I.—Brinell and Wahlbery’s 850 Deg. Cent. Water 
and 650 Deg. Cent. Air Results. 
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E. Stead, 


 Sorbitic Steel Rails,” by J. 
F.R.S., and A. W. Richards, dealt with a method of 


The paper on 
producing quenching and tempering practically in one 
operation, as well as with the result of quenching rail 
steels and afterwards heating them to 450 deg. to 650 deg. 
Cent. Sankeyt and Mr. Kent Smith published the 
results of a very exhaustive series of experiments on 
chrome-vanadium steel in 1904. Several. other papers, 
such as that by Campion, treat of the effect of heating 
steels of various sizes and cooling in a manner not in- 
cluding quenching. 

The authors decided to do a systematic series of heat 
treatment tests on ordinary commercial English acid 
Bessemer steels of carbon content varying from 0.10 to 
0.86 per cent. The steels were received and treated in 
the form of forged or rolled bars 1 in. round, and, either as 
received or after the treatment detailed, were all tested in 
tensile, and as far as possible also under Dr. Arnold's 
alternating stress test, and were examined under the 
microscope. 

Methods of Experiment.—All steels were in the form of 





* Paper read before the Iron and Steel Institute, 
May 20, 1909. : 

_t “Heat Treatment Experiments with Chrome-Vana- 
dium Steel,” by Captain H. R. Sankey and J. Kent 
Smith (Transactions of the Institution of Mechanical 
Engineers, December, 1904, pages 235-317). 


Assistant Professor A 





l-in. round bars, and were sawn into lengths of about 
ll in. Some of the harder steels showed a peculiar struc. 
ture after being sawn off, the sawn surface exhibiting a 
curious pattern of intersecting elliptical elevations about 
in. broad. These gave no indications of their presence 
in the polished and etched micro-sections. 

Normalising.—The pieces were placed in a Fletcher 

;-muffle at about 750 deg. Cent., slowly raised in aljout 

lf-an-hour to 950 deg. Cent., and maintained there for 
twenty minutes. They were then taken out, reared on 
end on fire-bricks, and allowed to cool in the air. 

Annealing.—Annealing was carried out in a coal-fired 
reverberatory furnace, according to the details described 
in the general table of treatments. 

Quenching.—The bars were heated in a Brayshaw s:lt- 
bath furnace, the temperature of which was simultaneously 
determined by a platinum resistance pyrometer with 
Whipple recorder and by a Paul Pt. - Pt. - 10 per cent. 
Ir. thermo-couple, the latter calibrated by means of 
sulphur (444 deg. Cent.) and silver (962 deg. Cent.). When 
the temperature was kept steady these two pyrometers 
were in remarkably close agreement, but, as was to be 
expected, on a falling temperature the readings of the 
former were somewhat higher, and on arising temperature 
a similar amount lower than those of the latter. The 
pieces were put in the bath when it had attained a tem- 
perature of about 50 deg. Cent. lower than the quenching 
temperature desired; the heat was gradually raised to 
the temperature and maintained for fifteen minutes, when 
they were rapidly withdrawn and instantly quenched in 
pure Sheffield water at 15 deg. to 20 deg. Cent. The 
molten salts entirely prevented scaling, and thus the 
quenching was as efficient as the temperature used, com- 
pared with the size of the bars, would admit. 

As much that is misleading has been published on 
hardening, the authors desire to consider the subject 
shortly here, asit is involved in their reasons for choosing 
a hardening temperature of 850 deg. Cent. for the majority 
of their quenchings. In ordinary hardening it is essen- 
tial that the piece of steel should be heated to a tem- 
perature such that when quenched it will throw off its 
scale, or “‘ shale,” as the hardener calls it. If any of this 
scale remains firmly adhering, whether from the nature 
of the steel or the temperature used, then it acts as a 
blanket over the part of the steel it covers, prevents 
efficient quenching, and the part underneath this scale 
will be soft. A hardening temperature which results in 
the steel pets sage Aer mney 18 also'in general a temperature 
that will give efficient quenching; but when steels are 
heated, as in a salt-bath, so that no scaling takes place, 
an efficient na ee | temperature seems to be a function 
of the dimensions of the cross-section of the steel, for 
steels of the same composition and previous treatment. 
Even when bars were put into the salt-bath with the 
original rolling-mill scale on them, the molten salt seemed 
to remove it during the heating process. 

Experience with hardening steels of various sections led 
the authors to consider 800 deg. to 850 deg. Cent. a 
suitable range, and as some of their steels were very mild, 
they decided on the higher limit, 850 deg. Cent., for their 
preliminary series of tests. This was fixed only in con- 
sultation on hardening work done, and not from the 
study of the previous work of others which had been read 
as it came out. The previous work was re-read only im- 
mediately before writing this paper, so the coincidence 
of the choice of 850 deg. Cent. with the opinions of such 
a vigorous and reliable worker as Wahlberg after review- 
ing his own elaborate series, done from an entirely dif- 
ferent standpoint, is of great interest. 

Tempering.—With one exception the tempering was 
done by putting the bars ina lead bath at the required 
temperature, and maintaining the bath at a constant 
temperature for 15 minutes, when the bars were removed 
and cooled in the air. In carrying out this treatment it 
is necessary to remember that samples of steel float.in 
molten lead like wood in water, and that some efficient 
means must be adopted for pressing them down into the 
liquid lead. The tray of the Brayshaw furnace weighted 
with a billet on the top part of the frame outside the bath 
was used with success. The exception mentioned above 
arose as follows :— 

It was desired to save the trouble of holding the pieces 
down in ‘the bath whenever possible, and*hence as the 
Brayshaw mixture of one molecular weight of. potassium 
chloride (74.5) to one molecular weight of sodium chloride 
(58.5), or in the proportion of about 2} 1b. to 2 lb., melts 
at about 650 deg. Cent., it was thought that the temper- 
ing at 700 deg. could be easily done in this bath, He who 
taketh short cuts seeketh trouble. The bath was steadied 
at the exact temperature, and the pieces (10 BH, 20 B H, 
and 30, 50, and 90 B, K, and H) put in and kept fifteen 
minutes at 700 deg. Cent., but on endeavouring to get 
them out it was found that, with the whole furnace cool- 
ing, the top had become pasty, and ultimately set before 
they could be removed ; so that it was necessary to put on 
a little-more gas, and, after re-melting the bath, keep 
agitating the whole right up to the top, and thus get the 
bars removed. The total operation took forty - five 
minutes, during which the pieces had been down to about 
600 deg. Cent., and then up again to 700 deg. Cent. 
Unless the recently described potassium bichromate and 
potassium chloride mixture, which melts at 360 deg. Cent. 
proves to he non-oxidising to steel immersed in it, the 
authors are likely to use a metallic bath only for future 
temperings. ; 

e tensile test-pieces were all turned to 0.564 dia- 
meter and 2 in. el, and the tensile piece was turned 
as near as possible to one end, so that after fracture the 
other end was long enough to turn to the standard alter- 
nating stress test-piece—namely, # in. in diameter by 6 in. 
long. The micro-sections were cut off the unstrained 
part of the short end of the tensile test-piece. Thus the 
alternating stress tests and micro-sections were not off 
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duplicate bars put through the same series of operations, 

but by the methods adopted: represent tests actually off | 
the same piece. The tests, so far as possible, were done | 
in duplicate, and the figures given represent the means | 
of closely agreeing pairs. Brown Bayley’s acid Bessemer | 
steels were those sel for experiment, probably be- 

cause of personal acquaintance with Mr. King. The steels 

10 B, 20B, 35 B, 45 B, 65 B; and 80B were purchased in | 
the open market several — ago, having been selected | 
for us in the form of billets by Mr. Horace E. Wood. | 
Numbers 30 B, 50 B, and 90 B were ordered direct from | 
the firm, who, when they heard the purpose for which | 





they were to be used, in the interests of education, 
very kindly presented us with what we required. | 
TaBLE Il.—Treatments with Distinguishing Letters. 
Treatment. Letter. 
As received ad ae es es ag -. None | 
Normalised. 950 deg. C. for 20 minutes and cooled 
inair .. ee 08 ee «es a iad N 
Annealed. Slowly heated up to 950 deg. C. ; kept 
at 950 deg. OC. for about 35 hours; very slowly 
cooled down in furnace ee ee ee es A 
Quenched from 850 deg. C. in water and tempered 
at 400 deg. C. .. a af F - ws ¥ 
Quenched from 850 deg. C. in water and tempered 
at 500 deg. C. .. os ee Se - os x 
Quenched from 850 deg. C. in water and tempered 
at 600 deg. C. .. ve “a oe be os Z 
Quenched from 850 deg. C. in water and tempered 
at 700 deg. C. .. in +a re “ ie WwW 
Quenched from 900 deg. C. in water and tempered 
at 600 deg. C. .. - - ee on ve 
Quenched from 900 deg. C. in water and tempered 
at 700 deg. C. .. os o ee ee ee K 
Quenched from 950 deg. C. in water and tempered 
at 700 deg. C. .. oe oe oe ee és H 
TABLE III.—Compositions of the Stce’s. 
Mark, Combined Carbon. Manganese. 
Per Cent. Per Cent. 
10B 0.10 
20B 0.27 0.68 
30B 0.29 0.92 
35 B 0.32 0.67 
45B 0.44 0.90 
50B 0.50 0.92 
65 B 0.70 0.90 
80B 0.75 0.92 
9B 0.86 1.03 


The compositions of the steels with regard to carbon 
and manganese are given in Table III., above, the carbon 
being determined by combustion and checked. The silicon 
varied only between 0.04 and 0.08 per cent., and the 
sulphur and phosphorus may be taken as practically con- 
stant at 0.06 per cent. 

These make an interesting progressive series of carbons, 
and the percentages of manganese do not interfere with 
the progression, unless in the case of 30 B, which inter- 
polates a high manganese characteristic of all between 
44 B and 90 B amongst the lower manganese contents 
otherwise characteristic of the 10 B to 35 B; but Wahl- 
berg’s calculation of a given difference of manganese 
being about equal in effect. to one-fifth of that amount of 
carbon*—the difference in manganese between 0.30 B and 
0.35 B being 0.25—then 0.05 per cent. may be added to 
the 0.29 per cent. combined carbon of 30 B, bringing 
it equal to 0.34 per cent. carbon, or two ints 
above 35 B. It is interesting to remember these figures 
in studying the various a The alternating stress 
tests were done under Dr. Arnold’s present standard 
conditions, which are: test-bar to be # in. in diameter, 
striking-point 3 in. above surface of die, stroke % in. 
movement on each side of central position. 

Table IV. shows the tensile tests on the bars as re- 
ceived, with the results of Professor Arnold’s alternating 
stress tests on the newer steels 30 B, 50 B, and 90 B. e 
others had been used up for tensile test-pieces before it 
was found possible to include the alternating tests, and 
only a few of the broken test-pieces were long enough to 
make into standard alternating pieces. The Arnold stan- 
dard for steel to be put into rapid alternating stress in 
practice is 300, so it will be seen that 30 B and 50 B have 
passed easily, and it is not surprising that 90 B failed. 
One point to be noted is, that as the carbon per cent. is 
Increased, each decrease in elongation is accompanied by 
an increase in maximum stress up to and including 80 B 
(0.75 per cent. carbon), but that 90 B shows a falling-off 
in maximum stress, elongation, and reduction in area, 
with an increase in yield-point only, which last is not of 
much value if accompanied by serious loss-in elongation, 
and reduction of area. The fractured surfaces of the 90 B 
test-pieces showed evidence of segregation. 

Table V. contains the results for the normalised bars, and 
Table VI. for the annealed. The latter will be more easily 
dealt with under each separate steel. Table VII. shows 
the results from the older bars quenched from 850 deg. 
Cent. in water tempered at 400 deg. Cent. and cooled in 


air. 65 BY and 80 BY give rather remarkable tests for 
ordinary Bessemer steel, the former 76 tons yield-point 
and {5 maximum stress, with 15 per cent. reduction in 
area, and the latter 87 tons yield-point, 103.4 maximum 


Stress, with 19 per cent. reduction in area. 

lable VILL. shows the results of quenching the older 
Series at the same temperature, but carrying the tempering 
100 deg. Cent. higher; and here, as in Table VII., 
as the carbon is increased, although there is a gradual fall 
in the elongation and reduction in area, there 1s a steady 
merease in the maximum stress, 90 B not being repre- 
sented. Tables IX. and X., showing the results regi 
tered on bars quenched at 850 deg. Cent. and tempered at 
600 ceg. and 700 deg, Cent. respectively, are, perhaps, the 
most interesting of the series. It will be npticed that, 
whe ii quenched and tempered, only the 10 B series and 
20 1 X pass the Arnold standard, which is, however, a 
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TasL_e IV.—Treatment. As Received. 
4 : 
Analysis. g | 2 s 
| Babee rs | < 
P | @ | rs -) z ; 2s 
Mark, | $ Yied-| ¢ |S. gs/| 5| | 38 
: 3 3 e | . ob 
--~ S Point. Ss | ie $38 | xia £ 
— : 
a ¢ |ef gs <8 xf 
& & S jac g8\,:) | g@ 
per per tons per tons per| 
cent. cent. sq. in. | sq. in. | 
10B | 0.10 0.56 19.1 25.9 | 87.1/) 684) 737) — 
20B | 0.27 | 068 26.7 35.8 | 327) 589/746 — 
30B | 0.29/| 0.92 26 40.9 | 25 | 46.8 | 65 322 
35 B 0.32 | 0.67 27.1 39.9 26.6 | 47.8 68 - 
45B | 0.44/ 0.90 307 | 466 | 25.7 | 482 | 65.9) — 
50B | 0.50] 0.92 306 | 522 | 19.8] 423] 586/| 318 
65B-| 0.70] 0.90, 347 | 59 | 17.9] 81.6) 588, — 
80B | 0.75 | 0.92 36.6 64.2 | 15.3 | 30.6 | 57 — 
9B | 0.86! 1.03, 406 52.6 18| 83) 77.2| 173 
TaBLe V.—Treatment. Normalised. 
10 BN; 0.10; 0.56 | 185; 24.8 | 87.4) 59.8) 74.6 
20 BN/ 0.27 | 0.68 25 34.3 | 30.5 | 512 73 
30 BN| 0.29 0.92 25.7 49.8 | 26.3 53.5 | 63 329 
35 BN| 0.32 | 0.67 25.5 305 | 24 | 444) 65 | 
45 BN| 0.44 0.90) 284 481 21 | 418 59 | 
50 BN| 0.50 | 0.92 | 30.6 523 | 188] 382 5 | 320 
65 BN| 0.70 | 0.90 | 35.7 59.4 15.9) 29 | 60.1 | 
80 BN| 0.75 | 0.92 | 35.9 65.4 = 10.8 | 17.1 | 54.9 | 
90 BN! 0.86 | 1.03 | 39 54.5 18 29| 716! 181 
TaBLe VI.—TZreatment. Annealed. 
10 BA, 0.10 | 0.56 9.6 21 | 438) 72 | 45.7 | 352 
20 BA! 0.27 0.68 =. 20.7 29.5 35.3 | 64.5 | 70.2 
30BA| 0.29 | 0.92 | 21.5 | 87.1 | 265| 486] 58 296 
35 BA, 0.32 | 0.67! 22.1 31.9 32.5 | 55.2} 69.2 
45 BA| 0.44 | 0.90) 234 | 362 | 30.4] 54.9] 64.6 
50 BA) 0.50 | 0.92 25.5 46.5 | 185 | 81.5] 54.8 | 279 
65 BA| 0.70 | 0.90 | 20.8 43.3. 20.7] 35.4] 48 
80 BA! 0.75 | 0.92 | 22.9 45.1 | 21.5 | 37.4 | 50.7 | 
90 BA 0.86] 1.03! B8L3 | 549 7.5 | 10.4 | 57 123 
TABLE VII.—Treatment. 850 Deg. Cent. Water and 
400 Deg. Cent. Air. 
10 BY| 0.10 | 0.56, 17.9 | 27.4 | 39 | 72.9| 65.8 
20 BY| 0.27 | 0.68 33.8 47.4 20 | 57.6 | 71.3 
65 BY| 0.70 0.90 | 76.5 9.2 | 6 | 14.7] 804) 

80 BY 0.75 0.92 87 103.4 7 18.9 | 84.1 
TasLe VIII.—Treatment. 850 Deg. Cent. Water and 
500 Deg. Cent. Air. 

10 BX| 0.10 0.56 17.6 | 2 38 74.7 | 67.7 | 336 
20 BX} 0.27 0.68; 32 | 44.8 | 25 | 62 | 714] 301 
35 BX | 0.32 | 0.67} 37 | 48.7 | 24.5) 52 76 238 
45 BX! 0.44 0.90| 52.8 63.1 | 17.5 | 46.5 | 83.7 | 209 
65 BX} 0.70 0.90| 61.5 | 78.4 12 | 269] 785 | 126 
80 BX| 0.75 | 0.92 | 70.9 | 832 11.5 | 20.1 | 85.2, 91 


TaBLe [X.—TZrcatment. 850 Dey. Cent. Water and 
600 Deg. Cent. Atr. 





10 BZ) 0.10) 0.56; 194 | 26 | 385 | 71.6) 74.6) 326 
20 BZ | 0.27 0.68! 31.9 45.5 | 25 | 624 | 70.1 | 242 
35 BZ| 0.32 0.67 | 35.8 | 45.9 | 26.2| 67.4 | 78 | 219 
45 BZ) 0.44 0.90) 45.1 56.3 | 20.5 | 527 | 80.1] 207 
65 BZ! 0.70 0.90 485 | 682 | 15 36.4 71.1] 148 
80 BZ| 0.75 | 0.92 | 626 | 73.7 | 15 | 87.2 | 84.9] 126 
90 BZ | 0.86 | 1.03 | 693 | 77.7 9 | 20 | 2; 44 
TaBLe X.—Treatment. 850 Deg. Cent. Water and 
700 Deg. Cent. Atr. 
10 BW) 0.10, 056 16.7 26.1 , 40 | 74.5) 64 331 
20 BW) 0.27 | 0.68 | 24.5 39.5 | 28 | 647] 62 264 
30 BW| 0.29 092) 37 45.7 | 25.3 | 57.8] 81 202 
35 BW| 0.32 | 0.67 | 29.1 43.5 | 28 | 58.5] 66.9 242 
45 BW] 0.44 | 0.90 | 41.8 53.4 | 22 | 56 | 783 | 230 
50 BW! 0.50 0.92 | 49 58.7 | 19.5) 584] 835 | 187 
65 BW} 0.70 | 090 | 47.1 67.4 | 17 | 37.4] 70 129 
80 BW] 0.75 | 092 | 45.5 71.3 /17 | 40.5 | 63.8 99 
90 BW! 0.86 | 1.08, 61.5 | 70.4 86 | 17.1 | 87.4 87 
TaBLe XI.—Treatment. 900 Deg. Cent. Water 
and 600 Deg. Cent. Atr. 

30 BJ 0.29 | 0.92 | 50.9 57.5 | 17.8) 486 | 885 | 178 
60BJ | 0.50 0.90) 59 67 15.3 406 | 88 127 
TasLe XII.—TZreatment. 900 Deg. Cent. Water 
and 700 Dey. Cent. Air. 
30BK | 0.29; 0.92 46.2 54.3 19.5 | 50.8 | 85.1 | 184 
50BK | 0.50 0.90. 57 63.5 168 | 47 89.8 | 127 
TasLe XIII.—Treatment. 950 Deg. Cent. Water 
and 700 Deg. Cent. Atr. 
10BH} 0.10 | 0.53 | 21.1 28.4 | 85 | 67.6 | 74.3] 239 
20 BH | 0.27 | 0.68 31 43.1 | 28.8) 55.5 ad 222 

| | 








very severe one. Again 30 B, with Wahlberg’s allowance 
for manganese differences, fairly well takes its place in 
the list, and 90 B, though wonderfully altered and im- 
proved by treatment, shows a drop in maximum stress as 
well as in elongation over 80 B. As the famous “‘ Double 
Trempe” of the French metallurgists consisted in quench- 
ing steels for marine shafts and similar Era from 
900 deg. Cent. in water at 50 deg. to 70 deg. Cent., re- 
heating to 600 deg. and again quenching in water at 
50 deg. to 70 deg. Cent., 30 B and 50 B were quenched 
from 900 deg. Cent. in water, one set reheated to 600 deg., 
the other reheated to 700 deg., and all cooled in air. e 
results are shown in Tables XT. and XII. 

The two mildest of the series, 10 B and 20 B, were 
quenched in water from 950 deg. Cent., tempered at 
700 deg. Cent., and cooled in air to see the effect of this 
high quenching temperature on these very mild steels. 
See Table XII. 

So far each table represents only one heat treatment, 
with the results of all the steels subjected to that treat- 
ment, and this method of classification has been found 
useful for practical purposes ; but another type of ques- 
tion often requires an answer—namely, the effect of 
various heat treatments on any one type of steel, hence 
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in the annexed Tables XIV. to XXII. each table contains 
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i sg. ize | 21 (38 
3 oa 28 a | § 4 3 
a Ce FA = 13 x | —2 
Mark. = | §£ H a) See <3 
= BE ex | SEs] alm | “28 
2 | g8 | ghe | 3-8) SP | xee 
Be = Ps ~ & 
tons per | tons per 
sq. in. | sq. in. | 
10B 19.1 25.9 37.1 | 63.4 73.7 _ 
10 BN 18.5 24.8 37.4 | 598 74.6 - 
10 BA 9.6 21 43.8 72 45.7 352 
10 BY 17.9 27.4 39 72.9 65.3 — 
10 BX 17.6 26 38 74.7 67.7 336 
10 BZ 19.4 26 38.5 7L6 74.6 326 
10 BW 16.7 26.1 40 74.5 64 331 
10 BH 21.1 28.4 35 67.5 74.3 239 
TABLE XV. 
20B 26.7 35.8 82.8 58.9 74.6 
20 BN 25 34.3 30.5 61.2 | 78 
20 BA 20.7 20.5 35.3 64.5 | 70.2 
20 BY 83.8 47.4 20 57 71.3 | 
20 BX 32 44.8 25 62 71.4 301 
20 BZ 31.9 45.5 2 |. 624 | 701 242 
20 BW 24.5 | 39.5 28 64.7 62 264 
20 BH 31 43 23.8 65.5 | 71.9 222 
Taste XVI. 
30 B 26.6 40.9 | 2 ) 46.8 6 | 322 
30 BN 25.7 40.8 26.3 53.5 63 | 329 
30 BA 21.5 37.1 26.5 48.6 8 | @ 
30 BW 87 « 45.7 | 25.3 57.8 81 202 
30 BJ 50.9 57.5 17.3 | 486 88.5 173 
30 BK 46.2 54.3 19.5 | 508 85.1 184 
TasLe XVII. 
35 B 27.1 39.9 26.6 47.8 68 
35 BN 25.5 39.3 24 44.4 | 65 
35 BA 22.1 31.9 $2.5 55.2 | 69,2 
35 BX 37 48.7 24.5 52 76 238 
35 BZ 35.8 45.9 26.2 | 57.5 | 78 219 
35 BW) 29.1 43.5 23 | «(68.5 66.9 242 
Taste XVIII. 
45B 30.7 46.6 25.7 48.2 65.9 
45BN | 284 48.1 21 41.8 | 59 
45 BA 23.4 36.2 30 54.9 | 64.6 
45BX | 528 63.1 17.5 | 46.5 83.7 | 200 
45 BZ 45.1 56.3 20.5 52.7 | 80.1 207 
45 BW 41.8 53.4 22 5 OL SC783 230 
TasLe XIX. 
50 B 30.6 52.2 19.8 42.3 58.6 318 
50 BN 30.6 52.3 18.8 38.2 | 68.5 | 820 
50 BA 25.5 46.5 18.5 31.5 648 | 279 
50 BW | 49 58.7 19.5 53.4 83.5 187 
50 BJ | 59 67 15.3 40.6 | 88 127 
50 BK 57 63.5 16.8 47— | «(80.8 127 
TaBLe XX. 
65B | 34.7 59 17.9 | 34.6 58.8 
65 BN, 35.7 59.4 15.9 29 60.1 
65 BA 20.8 43.3 20.7 35.4 48 
65 BY 76.5 95.2 6 14.7 80.4 
65 BX 61.5 78.4 12 26.9 78.5 126 
65 BZ 48.5 68.2 15 36.1 71.1 148 
65 BW 47.1 67.4 17 37.4 70 129 
Taste XXI. 
SOB |) 36.6 64.2 15.3 30.6 57 
80 BN 35.9 65.4 10.8 17.1 54.9 
80 BA 22.9 45.1 21.5 | 37.4 | 60.7 
80 BY 87 103.4 7 18.9 84.1 
80 BX 70.9 82.2 11.5 20,1 85.2 91 
80BZ | 62.6 73.7 15 | $7.2 84.9 126 
sOBW| 45.5 71.3 17 40.5 63.8 99 
Taste XXII. 
90B 40.6 52.6 18 3.3 77.2 173 
90 BN 39 54.5 1.8 2.9 | 71.6 181 
90 BA 31.3 54.9 7.5 10.4 57 123 
90 BZ 69.3 77.7 9 20 89.2 44 
9 BW 615 70.4 8.6 17.1 87.4 87 


the results obtained from one steel under the various treat- 
ments (see Table II.) to which it has been subjected. 

In Table XIV. the tests for 10 B under the different 
treatments may conveniently be compared. The uc- 
tions of area in this table are only approximate, as nearly 
all the test-pieces broke with a fracture almost perfectly 
a square with rounded corners. The low yield. point of 
10 BA should be noted. . 

Table XV. gives similarly the results for 20B. The 
drastically annealed sample again shows a low yield-point 
and maximum stress. After quenching at 850 deg. Cent., 
as a rule increasing the temperature of tempering gra- 
dually decreases the yield-point and maximum stress, 
while increasing the elongation and reduction in area, 
with the notable exceptions of the X and Z treatment 
(500 deg. and 600 deg. Cent.) of 10 B and 20 B, which give 
similar results for the two treatments. 

Table XVI., containing the 30 B results, shows the 
very marked influence of the higher quenching tempera- 
tures—namely, 900 deg. for 30 BJ and 30 BK, even after 
these have been tempered at 600 deg. and 700 deg. re- 
spectively ; for example, the high reduction in area, 
51 per cent., for a 54-ton steel with yield-point 85 per cent. 
of the maximum stress. It is interesting to compare the 
results for 30 BW with those for combined carbon 0.34, and 


| 30 BK with those for combined carbon 0.64, in Table L,, 


being two pairs having nearly the same maximum stress. 

Tables XVIT. to XXII. may be studied in the same 
manner. 

It has already been stated that most of the tensile 
tests were done in duplicate on different bars. In several 
cases after one test-piece was pulled in the ordinary way 
on a 50-ton Buckton testing-machine, the duplicate was 
tested with a Metzger extensometer attached. The read- 
ings were all taken by students of the University, as it 
was originally only intended to show to them the changes 
produced in the stress-strain curve by the various treat- 
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ments. When the results were plotted, they seemed 
sufficiently important to be published, especially as they 
are associated with bars that have been put through a 
carefully measured series of heat treatments. As it was 
esired to get out the resvlts on as open a scale as 
possible, the co-ordinates chosen oad in tons on 
the section and extension (unit = 0.0001 in.), the limits of 
the plotting paper were fixed at 12 tons load and 350 units 
of extension. In the majority of the cases these limits 
include most of the features of special interest, and adher- 
ing to a uniform scale makes the results more easily com- 
parable. Fig. 1 records the results for 10 B A, 10 BH, 
and 20 BH. As some doubt has been expressed with 
rd to the reliability of the instrument to give reason- 
pt concordant results, the extensometer was used for 
both tests of 20 BH, and the records are in very fair 
agreement. 

Fig. 2 contains the several curves of the 30 B series, and 
30 BA is of more than ordinary interest. Professor 
Arnold, in a paper, ‘‘ Factors of Safety in Marine Engi- 
neering,”* stated :—‘‘ An elastic limit so astoundingly low 
as about 4 tons per square inch justifies the author in 

utting forward as a tentative hypothesis, that mild steel 

y over-annealing cg! actually (like pure copper) have 
practically no elastic limit—that is to say, at any point 
above the zero of a stress-strain diagram the metal ma: 
assume plastic as distinct from elastic deformation ;” 
and again, on page 6, ‘‘ With reference to the type of 
curve exemplified in Fig. 2, in view of the enormously 
disproportionate dimensions of the measured co-ordinates 
of a stress-strain diagram—namely, stress in tons per 
square inch and strain in, say, 10,000 in.—it is hardly an 
unreasonable question to ask, Is range A really a propor- 
tional line? Ma it not be a curve from zero, or contin- 
gently to vary the question, if this be so, where is the 
elastic limit, if any, of the material?” The line 30 BA 
is very obviously a distinct curve from 2 tons (8 tons per 


ordinary way. Fig. 3 contains the curves for several 
members of the 50 B series. 50 BA shows a bold sweep- 
ing curve similar to that of 30 BA down to 2.5 tons, but 
might easily be represented by a straight line from that 
point to zero. The parts of the curves of 30 and 
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hoped to be able to remedy this by having further samples 
similarly treated turned toa diameter and a number 
of measurements taken from between zero and 8 tons per 
square inch. 

30 BN, 30 B, and 20 BW do not call for any special 
comment, but 30 B K is age At first it was thought 
advisable to draw the line straight from the value at 
6 tons to zero, leaving, as in all other cases, the dots to 
represent the actual readings taken, thus suggesting that 
the deviations from the line were due to errors of measure- 
ment, a method of treatmeat that is perfectly admissible, 
so long as the actual readings obtained are included, that 
others may draw their own conclusions. No such errors 
of measurement had, however, been proved or suggested 
by any other experiment, so it was decided to draw the 
line fairly through the points as shown. This gives prac- 
tically a straight line from 0 to 5 tons, then a slight yield, 
and next another straight line in a new direction up to 
about 9.5 tons, which would almost point to a new elastic 
state which subsists from about 6 tons to 9.5 tons. A 
glance at the curve for 90 BA (Fig. 4) shows a similar 
SePreecen. only of a much more pronounced character. 

e instrument slipped at the last point marked for 
30 BJ, and the yield-point was taken with dividers in the 


* Transactions of the Institution of Naval Architects, 
April, 1908, page 5. 
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50 B K that come outside the limits of the paper are shown 
by means of an inset in Fig. 3, as is the part belonging to 
90 BA in Fig. 4. 

Micro-Structures.—All micro-sections were taken from 
the shoulders of the tensile test-bar or from the central 
portion of the alternating stress test-bar. 

In every case, both treated and untreated, the longi- 
tudinal sections showed the sulphide of manganese in the 
form of elongated globules, parallel to the direction of 
rolling or forging. 

_ As Received.—Steels in this condition may be divided 
into two groups : (a) those in which ferrite predominates, 
and (6) those in which pearlite predominates. The steels 
in which ferrite pan contain under 0.40 per cent. 
carbon, whilst those in which Ley is the vaank wok sae 
ing constituent contain upwards of 0.40 per cent. carbon. 
mgitudinal sections of the ferrite group all show 
longitudinal striz of ferrite and pearlite (see photomicro- 
graph, Fig. 5, 773). The ferrite in all cases is finely 
crystalline, and in no case are the crystals elongated. 

@ pearlite group are of a different nature, and consist 
of cells of pearlite with more or less regular cell walls of 
ferrite. In 45.B the cell walls are thick, whilst in 80 B 
the cell walls are very thin and look like cementite when 
under low power. e poi 

igns of striz due to ro , 45 paeng 
w shows any appreciable quantity. 


5 


rue show very few 





earlite in 


the vite orien 94 ones as received is of o mined texture 
granu. pearlite, some apparently amorphous 
and occasional crystals of very finely laminated second 
being found in the same section. Hil 

Normalised. is series may be divided into two 
groups, as in the case of the steels as received. In al] 
cases this treatment has made the structure much coarser 
(see photomicrograph, Fig. 6). The ferrite group sti]! 
retain the strie of ferrite due to rolling, but not so marked 
as in the case of the steels as received. The ferrite 
crystals are larger and more angular, and -the shape of 
some of the crystals of pearlite is somewhat reminiscent 
of that found in a steel casting. The pearlite group con- 
sist of cells of pearlite and perfect cell walls of ferrite, 
the cell walls ere ig Mag nal as the carbon increases 
(see photomicrograph, Fig. 10). In this group all signs of 
strie are removed. The pearlite in the whole of the 
normalised series is of the same mixed texture as that in 
the series as‘ received. 

Annealed.—This series-forms a perfect sequence, and 
striated ferrite is found in all, being more marked in the 
mild ones (under 0.4 per cent. carbon). 10B A consists of 
small crystals of ferrite, at the junctions of which sinall 
globules of cementite have sngregnted, leaving no trace 
whatever of the original pearlite. This mild Bessemer 
steel gives a tensile test that could hardly be distinguished 
from a test of Swedish wrought iron. As the carbon rises 
these globules of cementite increase in number and 
collect into groups, forming very coarse granular crystals 
of py (see photomicrograph, Fig. 7). In the case of 
65 B and 80B there are perfectly laminated crystals of 
pearlite, but this is by no means general. 

Quenched and Tempered Series.—No difference whatever 
could be found between those tempered at 500 deg. Cent. 
and those at 700 deg. Cent. 

The pe structure of the specimens of this series is 
that of properly hardened steel, but in place of the 
hardenite we have a transition product which is variously 





the only one |i 


| called emulsified pearlite, sorbite, or sorbitic pearlite. 
| The first name, having precedence in order of time, is the 





! 
Fig. 4. 


Fae 














2 








Tons 





¢ 


oad, in 


¢ 








Aqual 











oer 
































50 100 150 200 250 300 86350 


Extension (Unit- 0001 Inch) 


oO 
("72") 


correct name by the rules of nomenclature. The area of 
this transition product is little greater than that of the 
— pearlite. From the photomicrographs, Figs. 8 
and 9, one would judge that this transition product 
occupied a much ter area than the original pearlite. 
This is owing to the interpenetration of the carbide into 
the ferrite, leaving an indistinct boundary line between 
the two constituents. Good evidence in favour of this 
view is obtained from an examination of 80 BW, in which 
small portions of the ferrite cell walls are distinctly 
visible, both with light and comparatively deep etching. 
With 10 BW, prolonged etching with picric acid failed to 
develop any crystal junctions in the ferrite. __ 
The transition uct when examined at a high magni- 
fication (1200 diameters) shows a black structureless 
matrix, scattered throughout with very minute bright 
specks, which are without doubt cementite. This 1s 
ved by the fact that, on boiling the re-polished section 
or one r in a strongly alkaline solution of sodium 
picrate, a very faint structure is developed, which on 
magnification at a high power proved to a multitude 
of small dots forming the same shape of structure as when 
etched with picric acid. ; : - 
The authors decided that it would be interesting to ‘ind 
the exact point of saturation * . Bese er steel contain- 
1 cent. manganese, and for this purpose mac’e. 
Gah co-aiention of the no ised samples, as 10 
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Fic. 5. 35 B. Lonerruptnat Section. 
MaGniFiep 160 DIAMETERS. 





Fic. 8. 35 BW. TRANSVERSE SECTION. 
Maaniriep 160 DIAMETERS. 


these the constituents seem to be most clearly differen- 
tiated. With this object in view they obtained a bar 
(90 B) containing 0.86 per cent. carbon (an ave 
sample) and 1 per cent. manganese. 80 B proved to be 
under saturation, showing cell walls of ferrite, as seen in 
photomicrograph, Fig. 10. On microscopically examinin; 
90 B it was’ found to be non-homogeneous, a fact that had 
been anticipated from the appearance of the fractured 
surfaces of the tensile test-pieces. The centre of the bar 
was supersaturated (see photomicrograph, Fig. 11), and 
drillings taken from a central area contained 0.98 per 
cent. carbon. The outside portion consisted entirely of 
pearlite, and turnings taken from this contain 0.80 per 
cent. carbon. Thus it seems fairly certain that a saturated 
Bessemer steel with 1 per cent. manganese contains about 
0.80 per cent. carbon, 

It was at one time intended to deal generally with all 
the series here, and to compare the results obtained with 
some tables of special aude, such as nickel, chrome, and 
vanadium steels ; but the former might be wasting the 
time of the members, as the results are displayed as con- 
veniently and as clearly as possible, whilst the latter 
task proved too great to be completed intime. Whether 
any adequate demand exists for such additions can be 
estimated by the trend of the discussion. 

This is the first time that Arnold alternating stress 
tests on a series of steels of steadily varying carbons have 
been published. Their lessons seem to be that only the 
very mildest will pass that test after any system of 
quenching and tempering tried; that the steels as re- 
ceived and normalised are in their best condition with 
regard to that test, the normalised samples in each case 
yielding slightly better results. The drastic annealing 
(A) in every case lowers the alternating stress results for 
any one steel, and as in some cases it seems almost 
entirely to rob the steel of its elasticity, it-is evidently a 
treatment to be avoided for forged steels. That it is not 
always avoided when dealing with large masses is seen 
fron, Professor Arnold’s results, recorded in the paper 
already quoted, and obtained in actual practice, generally 
im *‘ post-mortem ” examinations. 

Carrying out a long series of experiments on any 
material inspires a kind of affectionate regard for it; but 
making full allowance for’ all this, the authors are left 
with a very strong feeling that English acid Bessemer 
stec! skilfully made is a really first-class material. 

1 he best thanks of the authors are tendered to Mr. W. 
J. Armitage, of Messrs. Brown Ba ley’s Steel-Works, 
Limited, for selecting 30 B, 50 B, and 99 B, and_particu- 
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Fie. 7. 35 BA. Transverse SEcTION. 
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MaGniFiep 400 DIAMETERS. 





Fic. 11. Centre or THE Bar 90 BN. Trans- 
VERSE Section. Maonirrep 400 DIAMETERS. 


larly the last, as it is not a usual commercial temper ; and 
to the firm for presenting all of these that was required 
(0.30, 0.50, and 0.85 per cent. carbon were asked for, 
and by closely agreeing combustions 0.29, 0.50, and 
0.86 were received); also to Mr. F.° K. Knowles, 
B.Met., for valuable help in the tensile testing of 30 B, 
50 B, and 90 B;-and to Mr. Joseph Harrison for his skill 
in making and care in marking the various test-pieces, 
and for his assistance in modifying the Brayshaw furnace 
to their special needs, and in altering details to produce 
more economical working. The authors wish also to 


Fie. 10. 80 BN. Lonerruprat Section. 
Maenirrep 400 DIAMETERS. 


In the Board of Trade Journal :—The work of closing up 
the south side of the outer harbour by means of a break- 
water has been completed. The tidal wharf is also com- 
pleted, but the approach to it has not been entirely cleared 
of the old south jetty. The authorities hope formally to 
open this wharf in July next. The tidal lock will not be 
ready to be opened to navigation at the same time. 
The work will Be undertaken by local industry. Dredg- 
ing operations are taking place in the outer channel 
in order to obtain a depth of water of 6 metres 
(19 ft. 6 in.) below datum. The communicating lock 
between the Bellot Dock and the Tancarville Canal 
may be delayed, owing to an accident. The project for 
the further enlargement of the port, which was drawn up 
in 1907, and submitted for the , of the Ministry 
of Public Works at the end of that year, has now been 
definitely accepted by the Senate ; these works will entail 
an expenditure of 3,400,000/., made up as follows :— 


£ 

Construction of breakwaters ée a od 421,880 
[ ing operations + ee > - 800,000 
Construction of dock-gates be os * 240,000 
Building of quay-walls és ~ ‘ ‘ 700,400 
Wages, &. ¥é oe i” ad - it 28,000 
Paving .. ? - 2 mn - ? 44,400 
Demolishing old works .. ba Se he 80,000 
First refitting dock .. 3 os - i 640,000 
Sundries $6 ee * ie nd “a 445,320 

Total .. - .. 8,400,000 


The importance of these new works does not consist so 
much in the increased space available for discharging as 
in the immense advantages to derived from havin 

docks which will permit vessels of all sizes to enter at all 
states of the tide, The breakwaters, in all 4340 metres 
long, will, with the exception of 1200 metres, be built of 
solid masonry and be protected inst the force of the 
sea by blocks of rock and stone p along the foot of 
each breakwater. The outer port or dock will be dredged 
to a depth of 6 metres below datum, and will be 150 
metres across at the entrance. A gate 77 metres wide 
will divide the outer dock from the Bassin de Marée. 


commend the wisdom of the Sheffield Society of Engineers N ’ 
2 : early half the total cost of these works will be pro- 
and Metallurgists in presenting the Brayshaw apparatus vided by » State subsidy, and the remainder by Phe 


to the Applied Science Department of the University of 
Sheffield. 








New Port Works at Havee.—His Majesty’s Consul- 
General at Havre has furnished the following particulars 
on the works at the port of Havre, which are reproduced 





Havre and Rouen Chambers of Commerce ; it is prob- 

able that the present port dues paid to the Chamber of 

Commerce will be increased by 50 per cent. In addition 

to the 3,400,000/. to be expended, a further 64,000/. has 

—_ guaranteed from the receipts of the Havre towp 
ues, 
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Comemzp sy W. LLOYD WISE. 
SELECTED ABSTRACTS OF RECENT PUBLISHED 
CATIONS UNDER THE AOT OF 1907. 
The number of views given in the Drawings is stated 
oY Trorlncme te mattonce, the ipothetiion 0 net 


in each case ; 
illustrated. 
Where inventions are communicated from abroad, the Names, &c., 
of the Communicators are in brste 
obtained at the Patent Sale 
Buildings, Chancery-lane, W.C., at 
the ad ie eovemtonse a Complete 
Speetfeation is, in tach ease, goon after AS, unless the 
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ELECTRICAL APPARATUS. 


14,817, G. Fuller and L. Fuller, London. Electric 
Water-Heaters. (12 Figs.) July 13, 1908.—This invention 
relates to electrical heating apparatus for liquids, in which metallic 
plates located parallel with each other in either a vertical or hori- 
zontal position, and not in electrical contact, are placed within a 
vessel containing the liquid to be heated. The present invention 
refers to a in the construction of suc’ —— The 
plates 1 and 3 are composed of platinum foil, and the sheets 1 are 
connected to one pole of an electric circuit, while the sheets 3 are 
connected to the other pole of the circuit. The sheets 1, 3 are of 
disc form, arranged parallel .to. each other in horizontal planes, 
and aré separated and held by distance-rings of non-conducting 
material 5. The discs and rings are built up into a pile, there 
being a sufficient number of discs to suit the current to be em- 
ployed, and to allow the water to be thoroughly heated during its 

through the tus. 6 is a base-plate within a recess 
n which the insulating rings and discs making up a pile are made 
to stand, and 7 is a cylinder of insulating material for enclosing 
the insulating rings and making a water-tight joint between its 





rr. 


us) 


6 


1948/7) 


gees ends and the base 6 and head 8 of the apparatus, which is 
also provided with a circular recess for receiving the cylinder 7 and 
the non-conducting rings and discs, } The head 8 and » 6 are 
held together by bolts, the nuts on which form feet-on which the 
apparatus stands, The head 8 carries a connecting socket for 
receiving the plug of an electric circuit. The head 8 contains a 
passage which communicates with a spout, and the base portion 6 
contains a passage which communicates with an inlet pipe. The 
discs 1, 3 are formed with perforations to enable the water to pass 
through the apparatus from the inlet pipe to the spout, and these 
apertures are preferably arranged in the discs out of direct line, 
so as to cause the water to take as circuitous a course as possible, 
By this construction water can be readily heated. The tempera- 
ture to which the water is raised can be —— by altering its 
speed of flow through the apparatus. In order to prevent deposits 
taking place upon the conducting-plates 1 and 3, or some of them, 
and so causing the efficiency of the apparatus to deteriorate, the 
direction of the current of electricity is changed on each occasion 
when the apparatus is employed. To accomplish this a reversing 
pole-switch is used, (Sealed May 13, 1909.) 


MOTOR ROAD VEHICLES. 

6622. Argyll Motors, ppuseed ons A. Coats, Alex- 
andria, b lasgow. Change-Speed Gear. (3 Figs.) 
March 25, 1908.—-This invention relates to change-speed gear of the 
kind in which the lever for effecting the changes operates in a 
quadrant of the ‘‘ gate ” type, and through a sliding-rod actuates 
the striking-forks which bring the gear-wheels into mesh, The 
quadrant A, in which the lever B works, is formed with an in- 
clined gate C, in which the lever B remains while in the neutral 


Fig. 2. 
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position, and through which it is guided in passing from one slot ¢ 
to that c! adjoining in changing the gears, The sliding-shaft D, to 
which the lever B is fixed, is guided in bearings and carries at its 
end, within the gear-box E, a striking lever F, whose extremity is 
formed with a boss having tapered cr conical faces. This boss is 
adapted to engage with notches G formed in the parallel sliding 
sleeves of the striking-forks G2, which engage the sliding gear- 
wheels H and bring them into mesh for the various speeds. In 


lies between the sliding 
itches G in both. These 
to the tapered or conical 

to bring the’gears into 


the neutral position (see Fig. 2) the boss 
sleeves in partial engag t with the 
otches have inclined faces correspondi: 
faces of the boss. On moving the lever 
mesh, or to effect a ghange of speed, the movement of the sliding- 
shaft D is com a horizontal sliding motion and an axial 
motion which causes the boss f to slip freely at an angle along the 
inclined face of the notch G, into which it drops, to engage one 
striking-fork sleeve while releasing the adjoining sleeve. As the 
striking forks G2 are actuated backwards and forwards in changing 
d, the inclined faces of the boss and of the notches G tend to 
slide the shaft D and press the lever B bodily through the gate C, 
the inclination of which also helps the sidewise pull on the shaft 
D. (Sealed May 6, 1909.) 
7. A. Tomlins and H. Lemarchand, London. 
Devices. [5 Figs.] November 6, 1908.—The 
object of this invention is to’ prevent vehicles from ‘skidding. 
According to this invention, a saucer-shaped wheel.F is carried by 
a cranked axle D, and the upper of the axle is caused to slide 
in a groove C parallel with the Ban of rotation of the wheel F. 
The piece B containing the groove is secured to any suitable part 























of the vehicle. The saucer-shaped wheel normally rests on the 
road, and acts like a revolving wedge against the tyre of the vehicle 
when in motion, thus preventing skidding, but not acting as a 
brake. The cranked axle may be withdrawn from the tyre of the 
vehicle when desired by a lever, or equivalent, which raises it 
— along the ve, Two or more saucer-shaped revolving 
wheels may be used in place of one. (Sealed May 6, 1909.) 


RAILWAYS AND TRAMWAYS. 


W. R. Pres Deptford, and H. 8S. Wain- 
wright, Ashford. Spark-Arresters. (3 Migs.) February 4, 
1908.—This invention relates to apparatus for preventing the 
emission of sparks or small partithes of glowing fuel from the 
hi ys of tives. A spark-arrester of the double trun- 
cated cone type is usually constructed of a single or two separate 
frames a b, with rods or chains wound round same. The 
frame bers a, b are ted to end rings d, e, the ring e of 
the member a fitting on to the top of the blower-ring f of the 
blast-pipe. The arrester may be pivoted or swivelled on a vertical 
pivot on an extension of the blower-ring, the pivot being between 
the blast-pipe and the smoke-box door, and the arrester bein: 
locked in position by a locking-pin. This arrester has moun 
on, or adjustably or permanently attached thereto, a framing 
which is more or less concentric with the spark-arrester, and pro- 
vided with wires, rods, or chains. For instance, this framing 
may comprise the bars / attached at their lower ends to the ring e 











prensa with the bars a, and similarly at the upper end with 
the ring d, the bars / being angled or bent at top and bottom to 
cause them to stand off from the frame a. - The bars / are recessed 
on their outer edges to receive wires, rods, or chains m for givin 
it the nature of a guard, and its spaces or apertures are so arrang 
that they do not come fair or coincide with the adjacent spaces 
or apertures in the spark-arrester a, with the result that when 
sparks or cinders strike the guard /, m they are to some extent 
broken up and thrown down before striking the arrester a. The 
guard may, if desired, be somewhat extended in some directions, 
as found necessary or advisable, beyond the contour or outline 
of the spark-arrester, and particularly it may be so extended above, 
as indicated by dotted lines at n, Fig. 1, or below, as indicated by 
dotted lines at o, Fig. 1, or in both directions ; and instead of 
following the contour of the spark-arrester, its extreme ends or 
parts thereof may be curved or bent outwards, as shown by dotted 
ines at p, Fig. 2, or even somewhat backwards, so as to prevent, 
or break, the passage of sparks. (Sealed April 22,1909.) 

and W. 


28,164. Mountain and Gibson, Limited, 
B ed Wheels. [5 Figs.) 


Jun., Bury. 
December 21, 1907.—This invention relates to the flanged wheels 
of tramcars, and particularly to that type of wheel in which the 
flange is detachable and renewable. With the wheels of electric 
WY; J fh 
Y 6 
(as 


YW 


tramears there is a considerable amount of wear on the flanges, 
and in order to maintain the proper width and depth of flange, the 
tread of the wheel has to be periodically turned or ground down. 
Thus, unless a renewable flange is employed, the lifetime of the 


the flange, and the wheel proper is not used to the best advantac 
According to this invention, the flange a, which is made se 
from the wheel proper and detachably attached thereto, is forme 
to fit an annular rebate formed in the side of the rim b, thy 

on its periphery being equal in width to the tread of the wheel, 
The flange a, being made in the form of a ring, is applied to o 
side of the rim b, and by means of the bolts and nuts ¢, the for; 
passing through the flange and rim at different points, is }:.) 
the wheel and constitutes a renewable flange. Instead of \ sing 
bolts and nuts for securing the flange a to the rim b, set-screws 
may be used, and, if desired, after the flange has been applic«, the 
screws may be locked by means of pins driven through suitably 
formed openings in the periphery of the wheelvim b. In Vig, 2 
suitably formed recesses are made in the flange @ and whee! /), so 
that when the flange and rim are brought together the blocks or 
keys f may be driven into the recesses to firmly secure them to 
each other, while, when requiring to release keys f, openings g 
formed jn the flange a allow of a suitable tool being driven in to 
loosen the keys or blocks. (Sealed April 15, 1909.) 


4021. Mountain and ibson, Limited, and F. 
Tolkein, Bury. Track-Brakes. (2 Figs.) February 22, 
1908.—This invention relates. to track-brakes of the kind in which 
each brake-block is ‘carried on one arm of a bell-crank lever 
pivoted to the vehicle frame, and adapted to be operated by a nut 
which traverses a rotary Strew-threaded shaft, and engages the 
other arm of the bell-crank léver. “According to this invention, 
use is made of two large and coarse-threaded screws a, a, which are 
rotatably mounted in brackets b, b bolted to the car-truck ¢. The 
screws a, @ are arranged in line, and ata slight distance apart. 
Upon a shaft d is a bevel wheel ¢, and upon each of the adjacent 
ends of the screws a, a is a bevel pinion f, which meshes with the 
bevel wheel e. The shaft d is connected with, and operated by, 
the usual track-brake operating handles. Upon each of the screws 
a, a is a nut which, on the screw being rotated, is capable of travel- 
ling from end to end thereof. Pivotally mounted upon studs i, i 


,a 
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carried by, or formed in one with, the brackets b, b are two bell- 
crank levers j,j, with long and short arms. - The free extremity of 
the long arm of each lever j engages the nut on one of the screws a. 
The brake-block / is adjustably connected to the shorter arm of 
each lever j by turn-buckles k&. The action is as follows :—Assum- 
ing the brake-block 1 is in its raised position, the nuts are at the 
outer ends of the screws a, a, the block being sustained in its 
elevated position practically by the resistance to movement 
afforded by the screws a, a, and also by the bevel gears. Upon 
desiring to apply the brake, the shaft d of the bevel wheel e 
is rotated, A. , the motion is transmitted by bevel wheel ¢ and 
pinions f, f to the screws a, a, which, rotating in opposite direc- 
tions, cause the nuts to travel along the screws a, a towards each 
other. In thus operating the nuts, the bell-crank levers j, j are 
rocked on their studs 7, 7, and caused to lower and force down the 
brake-block / upon the track-rail, the screws exerting a powerful 
force on the levers j, j, and the levers, in turn, augmenting such 
force. (Sealed May 6, 1909.) 


MISCELLANEOUS. 


077. W. Wright and O. Wright, Dayton, U.S.A. 
-Machines. (2 Fiys.) November 10, 1908.—This in- 

vention relates to flying-machines of the aeroplane type. The 
aeroplanes 1 and 2 are connected by means of rods 3; each aero- 
lane is formed by a rectangular frame of which the greater 
length is perpendicular to the line of flight of the machine. The 
rear transverse side )! of each frame is formed of a central part 
and of two side portions jointed at 6. The deformations of the 
aeroplanes are obtained by means of a cable 4 fixed at its ends to 
the rear movable corners of the wings of the upper aeroplane. 
The cable can -be moved either towards the right or towards the 
left. A second cable 13 is fixed at its ends to the lower wings. By 
means of these cables a helicoidal torsion is communicated to the 
right and left-hand ends of the two aeroplanes, presenting them 
to the atmosphere at different angles of incidence, which permits, 
by the regulation of the angles of incidence, of keeping and re- 
establishing the lateral balance of the machine, the side present- 
ing the greater angle of incidence to the atmosphere tending to 
rise, while the other side tends to descend. This regulation of 
the balance would be perfect if a secondary phenomenon did not 
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arise to interfere with the new working of the apparatus ; the side 
of the aeroplane of which the angle of incidence has been aug- 
mented presents a more resisting surface to the movement of 
advance, and its speed diminishes ; the opposite wing of the aero- 
plane, presented at the smaller angle of incidence, offering a lesser 
resistance to this movement, moves more rapidly. For the pur- 
pose of opposing the 'y movements which tend to become 
produced, there are arranged at the right and left hands of the 
centre of the machine resistances to the movement of advance 
wings which can be regulated individually, for the purpose of 
creating on the side of the apparatus presented at the smaller 
angle of incid , a suppl tary resistance equal to the ciffer- 
ence existing between the resistances to the advance of the right- 
hand wings and of the left-hand wings, and to thus compe! the 
two sides of the aeroplane to move at the same speed. These 
regulatable resistances are preferably constituted by vertical vanes 
15, each connected to the end of a cable 18. The cable 18 is pro- 
vided with devices for working it. When the cable 18 is moved 
in one direction or the other, a pull is exerted upon one of the 
vanes 15, which is thus moved in the desired direction, and pre- 
sents itself obliquely to the line of flight. The other vane | 1s 
permitted to return toits normal position, which is parallel to the 














whee] is determined, not by the running face of the wheel, but by 


trajectory of the machine. (Sealed May 6, 1909.) 
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QUEEN-POST ROOF TRUSSES. 
By Watrer Hey and Tos. R. Sturcezon. 


A SoLUTION OF THE STRESSES IN THE QUEEN- 
Post Roor Truss. 


ix the following article is set forth a method, 
which the writers believe to be new, of obtaining a 
rational stress diagram for the queen-post roof 
truss. An example of this type of frame is shown 
in its simplest form in Fig. 1, and will be recog- 
nised as one which is extensively used in this 
country. It is, perhaps, unnecessary to remark 
that a truss of this kind, having an unbraced bay 
or panel, as shown, is to be avoided where pos- 
sible. But cases are frequently arising when an 
arrangement of this type has to be adopted with a 
view of utilising the rectangular space between the 
queen-posts, for some purpose which will not admit 
of any diagonal or other form of bracing. With 
this bay braced the truss presents no peculiar 
features, but in the form shown in Fig. 1 a special 
treatment is necessary for the correct solution of 
the stresses. 

When symmetrically loaded, the truss is statically 
complete, and has no tendency to distort ; but if 
unevenly loaded, it is obvious that without the 
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SHEARING FORCE DIAGRAM Y 
FOR TIE BEAM. 

centre}bracing™ (shown dotted) the truss is thrown 
out of equilibrium and tends to collapse. As a 
means of preventing this it is customary to rely on 
the transverse’ stiffness of the horizontal tie, which 
is*made continuous~ throughout the span, and acts 
asa beam. Any assistance of like nature offered 
by the rafters can generally be neglected, their rela- 
tive value being small as compared with that of the 
tie-beam. 

From the nature of the distorted shape, shown 
exaggerated in Fig. 2, it is seen that the foot of the 
right-hand queen-post exerts a push on the tie- 
beam, and the other a pull, when the loading on 
the right hand overbalances that on the left. Each 
of these forces is resisted by the beam, bending 
stresses being thereby set up. Of these latter it is 
desirable to form an accurate estimate, not only for 
the design of the beam, but also in order that the 
correct values of the stresses in the adjacent 
members may be arrived at. This problem, 
although treated very briefly in some text-books, 
and avoided altogether in others, is capable of quite 
4 simple solution, which is sufficiently accurate for 
all practical purposes. It might here be observed 
that the continuity of the tie-beam renders a portion 
of this member redundant, so that any alteration in 
its length or in the length of the adjoining members 
would induce bending moments in the beam. Of 
these bending moments no account has been here 
taken, for an absolutely strict investigation of the 
problem based on the theorem of least work would 
vo.ve exceedingly laborious calculations, while the 
practical value of the results obtained therefrom 
would not justify the expenditure of so much 
labovw, since such results would show a very slight 
divergence from those arrived at by the following 
method of treatment, 


(798A) 


In the*simpletruss (Fig. 2) the triangular por- 
tions, shown shaded, cannot change their shape, 
however much the truss as a whole be distorted. 
They may, therefore, be assumed to act as rigid 
frames pivoted together at the points d and e. 
When loaded, as shown, with a single load W, 
the truss tends to collapse, as before stated, but 
is prevented from so doing by the resistance of 
the tie-beam, which is made sufficiently stiff to 
withstand the downward thrust and upward pull 
at the points p and q eee: ow if the 
truss is symmetrical and the tie-beam of uniform 
cross-section throughout its length, both of which. 
conditions are usually fulfilled in practice, it follows 
that equal resistances are offered at the points p 
and q to the push and pull mentioned above ; for 
any downward deflection at the point p must have, 
la corresponding upward deflection at the ar q 
and vice versa, whatever be the system of loading. 
We have then a beam of length equal to the span’ 
of truss, supported at both ends, and subject to, 
two equal and opposite forces, symmetrically placed 
about the centre of the span. The resulting bend- 
| ing-moment and shearing-force diagrams are shown 
| below the beam. It will be noticed that there is a 
|point of inflection midway between the queen- 
posts, consequently we may regardthe beam as 
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pivoted at that point, the pivot taking’the shear and 
producing equal maximum bending moments of 
opposite sign under the two posts, also equal down- 
ward and upward reactions at the points A and B 
eee: 

ow the shear at the imaginary central pivot C 
consists of two equal and opposite forces — one 
acting upwards and preventing the right-hand tri- 
angle p A d, hinged at the point A, from turning 
in a downward direction, and the other acting down- 
wards, and preventing the left-hand triangle q B e 
from turning upwards about the point B. ere- 
fore the shearing force 8 at the centre of the beam 
multiplied by half the span can be equated to half 
the sum of the moments of the unbalanced loads 
about the point A, and can be expressed thus :— 
We 


9 
- 





SCALE OF LOADS. 
| a 3 ft 





SxisxZ 





where « = the length of arm of moment for each 
unbalanced load W. Whence 


Sue wWe...@ 
21 


The upward resistance of the beam at the point 


p is equal to S J and, since the truss is symmetrical, 
r 


this will equal the downward resistance at the 
point g. The beam reactions at A upward and B 


downward are similarly equal to 


S(l -r) 
r 


. « (2) 











The maximum bending moment in the beam will 
be equal to 
S(/-r). ‘ . (3) 


Now it is evident that the shear S at the centre 
of the beam, consisting of two equal and opposite 
forces applied at the same point, cannot affect the 
stress d m, because their algebraic sum = 0. 
We have left, therefore, a number of triangular 
frames -connected together in equilibrium, all the 
external forces being definitely known. The truss 
can now be drawn to scale, and all the external 
loads, including the beam reactions at A and B, can 
be marked on. The forces at the points p and q 
need- not necessarily be calculated, as they are 
obtained automatically.on drawing the stress dia- 
gram. It is, in fact, possible to draw the complete 
diagram without making any calculations, by em- 
ploying a simple graphic method, although it is 
doubtful if any time would be saved thereby ; 
moreover, the calculations are quickly carried out, 
and will serve as a check to the accuracy of the 
drawing. 

An example of the actual application of the 
method will now be given. In Fig. 3 is showna 
truss 30-ft- span, the dead-loads Tie taken at 
1000 lb. at each purlin point, and wind-loads of 
similar amount acting at right angles to the rafters. 
Either a separate diagram can be drawn for each 
loading, dead and wind, or both loadings may be 
combined in one diagram. As the latter method 
is the more usual one, it has been adopted in the 
example given. The method of procedure is as 
follows :—First find the resultant of those wind- 
loads which tend to produce distortion of the truss- 
in this case 2000 lb. acting at the centre of the rafter. 
It must be noticed that the wind-loads E F and L M 
are not distorting forces, so must be omitted. 

From equation 1 we get 


1 


s= 
30 


x 2000 x 8.66 = 577 Ib. 


From equation 2 we get 


577 x b 


OP=RS8S= io 


= 288.5 Ib. 

The loads are now set down in the usual way, 
commencing at the left-hand support, A B, B C, 
Cc DK L, L M NT, and TA. The 
line N T represents the total vertical component of 
the two reactions at the supports, and M N and 
TA each equal one-half of the total horizontal 
component, the latter being taken as equally 
divided between the two supports. At the same 
time it will not affect the method of treatment 
in the least if one end of the truss is assumed to 
act freely in a horizontal direction, since the 
vertical components at the two supports can be in 
no way altered so long as the supports are at the 
same horizontal level. The actual values of the two 
vertical reactions are now found by the funicular 
polygon, or any other convenient process, and the 
point O obtained. It is obvious that this is also 
the position of the point S. The calculated values 
of the beam reactions O P and RS must now be 
marked off on the main reaction line NT. Then, 
commencing at the apex, the force polygon 
DEF U D is drawn, giving the point U. ow 
U V and V Qare on the same horizontal line, and Q 
is somewhere on the vertical reaction line. Hence 
by drawing a horizontal line through the point U 
to meet the vertical line N T we obtain the position 
of the point Q. The diagram can now be completed 
without further trouble. 

Examples might be continued indefinitely, but 
the treatment would be similar in all cases The 
sum of the moments of the unbalanced, or 
‘* distorting,” loads must first be found, and the 
shear at the centre of the beam computed accord- 
ingly. 

Any additional external loads, such as the weight 
of a floor on the beam, machinery, &c., can easily 
be combined in the same diagram, or elsé taken 
me pe as may be required. 

t is interesting to note that verticals which in a 
completely braced structure would be subject to 
tension may, in queen-post roofs, be put in com- 
pression by upward reaction of the pie. This 
shows the importance of a correct solution of the 
problem, particularly where economic design is 
aimed at. 

The foregoing rules have the advantage of being 
extremely simple of application, and will always 
hold good for symmetrical trusses, no matter how 
complicated the loading. 








THE FUNCTION OF THE EARTH IN 
RADIOTELEGRAPHY. 
By J. A. Fremine, D.Sc., F.R.S. 
(Concluded from page 767. 

WE have to consider, in the next place, the loss 
in amplitude or intensity of the wave as it travels 
along due to the absorption of energy by the 
surface over which the waves are travelling. 

The amplitude of either wave vector is expressed 
by a function of the form M ¢ '?* +2”), 

If we call the amplitude at the origin My, then 
M, =M&#»**. At a certain distance x! along the 
x axis the amplitude will have fallen to 1/e of that 
at the origin; we then have 


Me~ 1 ,Jpt ital M ef (pt +42). 


Now q isa complex quantity; let it be written in 
the form 


Then 


q=at+jb.- 


qzi=jaz' - bal, 
Therefore we have 
. NI na bal j(pt+azl) 
Hence 
bai=1 
or 
a! = 1/b. 

Accordingly, if we can express the value of q in 
the form g = a + jb, then we see that 1/h is the 
distance in which the amplitude decays to 1/e of 
that at the origin by reason of the absorption of 
energy by the surface over which the waves travel. 
We have, therefore, to express the value of q in 
the form a+jb. Dr. Zenneck has shown how 
this may be done as follows :— 

Referring to equation (xviii.) we see that 


g=- J TT P 
, T+T" 
where 
p = PH 
72 
T=8s+jpk, and T!= 8! + jpk. 
If the waves travel in air, then we may put 
s = 0, and we have 
o_ Pek 
qg=? 5 k 


_ oO +jph 

si +7 p(k + hk) 
The following theorem will then be found useful. 
If a + j b is any vector, and if tang = b/a, then 

it is clear that 


(xxi) 


Jat +B dF=at jb. 

This follows at once from the known exponential 
values of sin @ and cos ¢, and the geometrical 
signification of a + j b. 

Accordingly, we may write the 
s + j pk in the form 


expressions 


a/e? + py ke J? 
where 
tan @ = p k/s. 


Therefore from (xxi.) we have 


v2 


where 


<y «fbi —de 
Vat" + pat i 2 Deca) 


Var? + p(k + 


tan ¢, = 2. 


and 
tan ¢ = 2 Ms » 
8 


y 


Let Vv 3! + pk’ be represented by the letter 


R, and Js 4 p(k + k' by R'; then, remember- 
ing that » = (3 x 10")/4 w, and k = K/4 m, and 
p! = p/4 mr, where K=1 and p=1 for air, we have 


a+jb=q= Fy 


p ‘Ri ¢ o—@e', +: - 
<TH Ri 1 - +jsin® oe} 


AJ & sin fit 


Hence 
or p ane 
b= 3 x 100 (xxiii. ) 
where 
tan ¢, = Pp and tan oy = o8.+ >). 
st 3 
Accordingly the value of 1/b or the horizontal 
distance at which the wave amplitude falls to 1/e 
of that at the origin can be numerically calculated 
when the values of p,, k', and s' are given. In the 
case of air k = 1/4. Thus for very dry soil we 
might have values as follows: s = 9 x 10” x 10-* 
k' = 2/4, and we may take p to be 2m x 10°, 
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It can then be shown from equation (xxiii.) that 
1/b = 4 kilometres. 

In the above manner Dr. Zenneck has calculated 
the distances for diminution of amplitude to 1/e for 
terrestrial surface materials of various conduc- 
tivities and dielectric constants, and for an assumed 
wave-length of 300 metres, corresponding to a fre- 
quency of 10°, and set out the results in curves 
reproduced in Fig. 5. 

, CURVES SHOWING DISTANCE IN WHICH 
Fig.5 . ELECTRIC WAVES 1000 FEET METRES) 


(300 R. 
IN LENGTH HAVE AMPLITUDE OUCED TO ie 
BY TRAVELLING OVER VARIOUS SURFACES(O*ZENNECA) 


; 
(203.6) Resistance in Ohms per Metre Cube. 


It is then at once seen that there is a certain soil 
conductivity which produces the maximum loss of 
amplitude fora given distance. It is clear that this 
should be the case, for if the terrestrial surface were 
a perfect conductor the waves would not penetrate 
into it at all, whilst if it were a perfect non-con- 
ductor there would be penetration, but no dissipa- 
tion of energy as heat. 

From our equations other important deductions 
can easily be made as to the depth at which the 
amplitude of the waves penetrating into the earth 
is reduced to an assigned fraction, say 1/e of that at 
the surface. For if we refer to equations (xv.), it 
is seen that the magnetic force 8! is a function of 
z the depth below the surface. Hence, if we put 
z = 0 we have 

By = Al ei (bt +92) 


where £,} is the force at the surface. 
Now the exponent B is a complex quantity of the 
form 
—(e+jd), 
and if 2! is a certain depth at which the ampli- 
tude is 1/e of that at the surface, we have 


ife ; 1 jez a 2 
Bl = Bed + jdjz os Bye? ez dizi 


we have 


If, then, 2! 


je/d_-1 
t= Bole . 


or 3 is the depth at which the wave amplitude is 
( 
reduced to 1/e of that at the surface. 
Referring to equations (xviii.), it is seen that 
12 
B2 = - jp- " 
Pre 
and also that 
TT 
T+T 


are 

B= r/ pt 

But we have shown in equation (xxii.) that q can 
be expressed in the form 


J ve" tp : jh —% 
v/a? + pe (k + bP 


It follows, then, that since T! 
T =s+jpk, that we have 


- 352 


¢ = 


Hence 


Dp 
a= 2 


s' + j pk and 


i(-@-2); 


(xxiv.) 


pap, Vsttpen? 
© > ~~ — —— = ——— € 
a/ 82+ p? k? 9/80" +p? (k + bi)? 
where 
» (k + &) 


tan ¢, = 7 


PR tan dy =! 
si 


and 


tan g = P*, 
8 


Now we know that 
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and if B = c + jd, then equating real OE enced 
parts, and remembering that s = 0 for air, we {id 
for the value of d the expression 


a/p- Ja? +p ee 


Peet... 
3x 10 if J 


== sin (#1 ia ba ? ) 
Vv 3s pk+ ep » s* 


and ; gives us the depth at which the wave 


amplitude is reduced to 1/e of that at the surface. 
he expressions (xxiii.) and (xxv.) are of great 
practical utility. 

For example, let us suppose electric waves haying 
a wave-length of 300 metres, or 1000 ft., are trave! 
ling over sea-water. The question is, how far dovs 
this wave penetrate into the water before its am)li- 
tude is reduced to 1/e of that at the surface ? 

The air has a dielectric constant K = 1 and a 
conductivity zero. The sea-water has a resistivity 
of 100 ohms per centimetre cube. Hence for air 

k = 1/4r and s=0; 

for sea water 
9 x 1020 
k' = 80/4m and 3! = =e 
101! 
Also 

p= 2m x 106, V=8.x 101, 
Therefore 


tang = PK x g = 9m 
“ 


and 
=p _ 4 


. b; = 0° 
7 ~ 900." * 


tan 


and 


Accordingly 
Pe J/2m x 108 /(81 x 105 + 1600 x 102)125 1 
~ 8 x 1910 J/81 x 1098 + 1640 x 102 /2 


which is very nearly to 1/50. Hence, 1/d = 50cms., 
or the amplitude of the wave would be reduced to 
0.367 of the amplitude at the surface at a depth of 
4 metre. Hence, below a depth of 4 or 5 metres 
there could be no amplitude at all. In other words, 
when such waves travel over sea-water their effect 
is wholly confined to a surface layer a few feet in 
thickness. 

If, however, we consider the propagation to take 
place over very dry soil, for which the conduc- 
tivity in electrostatic units might be as small as 
9 x 10/10", we should find that the value of the 
distance 1/d might then amount even to 100 
metres or more, showing that the penetration of 
the wave into soil of small conductivity and small 
dielectric constant is very considerable. Dr. 
Zenneck set out the results of calculations for 
various cases in a series of curves as given in 


Fig. 6. 
Fia.6 DEPTH OF PENETRATION 
9-9: OF WAVES 1000 FEET IN LENGTH.(D*ZENNECK). 
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(1208.4) Ohms per Metre Cube . 


The conclusions to which the above investigation 
leads are that in the case of radiotelegraphy the 
nature of the earth’s surface material between the 
sending and receiving stations must exercise a very 
important influence on the wave energy captured 
by a given receiving antenna at a given distance ; 
and that the transmission is effected with the least 
loss over sea. This is entirely in accordance with 
experience. Again, the results show that the effect 
of dry soil in reducing the wave amplitude is as 
much due to its small dielectric constant as to its 
small conductivity. 

Dr. Hack has shown in another paper that under- 
ground water or moisture, not on the surface layer, 
is of assistance in reducing the loss of wave-ampli- 
tude. 

A matter of great practical importance is the 
consideration of the effect of wave-length on the 
dissipation of wave energy by soil absorption. If, 
for instance, we propagate over sea and land electric 
waves 1000 ft., and also of 10,000 ft. in wave- 
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MANUFACTURE OF CALCIUM CARBIDE AND NITROLIM. 


cae tay 
ae 
ee 


bane 


Fic. 106. Furnaces ror NITRIFICATION 


length, what, difference in the loss of wave ampli- 
tude, by soil absorption will be age ge This 
question can be answered by the help of equation 
(xxiii.). We will consider the case of transmission 
(1) over sea ; (2) over moist land ; (3) over very 
dry land. 

1. Transmission over Sea.—The resistivity of sea- 
water may be roughly taken as 100 ohms per centi- 
metre cube. Hence, s' = 9 x 10° electrostatic 
units. The dielectric constant of sea-water 
K = 80; therefore k! = 80/4 x. The dielectric 
constant of air = 1; therefore k = 1/4 x. 

We shall take the case of waves 300 metres and 
3000 metres long. 

(a) \ = 300 metres, n = 108, p = 2m x 108, pk'= 40 x 
10°, p (k + ) = 40.5 x 108, tan ¢, = p '/s' = 0.00444, 
tan @ = p(k + k')’s! = 0.00445. 

Therefore 


sin 21 — $2 — 410-5, 
2 3 


Now s + p? k! is nearly equal to s+ p(k + 
kh’. Hence from (xxiii.) 
= 39x 10 = 

3 x 1010 105 
or 1/b = 10,000 kilometres. 

(1) Suppose A = 3000 metres, n = 105, p = 2 # x 10, 
pki=4 x 10% p(k + B) = 4.05 x 105, tan ¢, = eB 
0.000444, tan do = p! (k + k)/s! = 0.000445. ; 
Therefore 


1 1 


10° 


b uN nearly, 


sin % — #1 — 4 10-6, 
2m x 1%, 2 = 
3 x 10% “105 1001 
or 1/b = 1,000,000 kilometres. 

We see, therefore, that although a wave 300 
metres long travels over sea-water with small ab- 
sorption, the lengthening of the wave has yet a 
very beneficial influence in reducing the loss of 
amplitude. 

2. Transmission over Ordinary Land Surface.— 
Since the degree of moisture, and therefore con- 
ductivity, of land surface soils differ very much, it 
is difficult to give a single number which can be 
taken as the value either of the conductivity or of 
the dielectric constant of dry land. We may, 
however, for the sake of an example, consider a 
case in which the specific resistance of the sort is 
10,000 ohms per centimetre cube and the dielectric 
constant 5, 

rhen in this case we should have 

s' = 9x10' Mt = 5/47 andk + b! = 6/47. 

{we take A = 300 metres, then we have 

p= 28x 10 pk = $10 p(k+h) = 3x10 


b= 


nearly ; 











Hence 
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pk*/s! = 5/180 = 0.028 = tan 1° 36! 
and 
p(k + k)/s! = 6/180 = 0.033 = tan 1° 54), 
Therefore 


sin fi* = 0.0026 
26 52 
10,000 108° 


Since s!” + pk!" is so nearly equal to s!~ + p{k+k'), 
and, therefore, 1/b = 20 kilometres. 

If, then, we take A\=3000 metres, we find in the 
same manner 1/b=2000 kilometres. This shows 
clearly that lengthening the waves from 300 to 3000 
kilometres greatly reduces the wave absorption 
over land. 

3. However we take the case of an exceedingly 
dry surface soil having a resistivity of 10 megohms 
per centimetre cube, we should find that lengthen- 
ing the waves from 300 to 3000 metres produced 
hardly any appreciable improvement in the loss of 
wave amplitude. 

Accordingly we can draw the following conclu- 
sions as to the effect of wave-length upon radio- 
telegraphic transmission. 

1. In the case of transmission over sea, the 
absorption for waves of 300 metres long is not very 
large; but, nevertheless, increasing the wave- 
length to 3000 metres is an advantage. 

2. In transmission over land the absorption of 
waves 300 metres long is very sensible, and in- 
creasing the wave-length to 3000 metres produces a 
very beneficial effect. 

3. In the case of extremely dry soil the terres- 
trial absorption is very large, and increasing the 
wave-length from 300 to 3000 metres produces no 
very marked improvement. 

The final conclusion is that the superior trans- 
mission over sea is due to the relatively high con- 
ductivity and high dielectric constant of sea water, 
and that in the case of transmission over land it is 
necessary to employ very long electric waves to 
obtain efficient transmission. 


= 2m x 106 - 
3 x 101 








THE MANUFACTURE OF CALOIUM 
CARBIDE. 
(Concluded from page 723.) 
Tue Evecrric Furnaces For NITRIFICATION OF 
Catcrum CARBIDE. 

In the furnace-house there are 196 electric fur- 
naces capable of producing about 1 ton of nitrolim 
per week, each furnace taking three charges per 
week. These furnaces are arranged in rows of seven, 
as is shown in the perspective view on this page 
(Fig. 106), and the retorts they contain are trans- 
ported between their position on the furnace 


electric traveller. On being returned to their fur- 
nace, the necessary connections are made for the 
supply of nitrogen and for the electric current, 
which is passed through central carbon resistances, 
in order that a temperature of from 800 deg. Cent. 
to 1000 deg. Cent. may be secured to induce nitrifi- 
cation. The nitrogen to be combined with the car- 
bide (delivered at the rate of about 13,000 cubic feet - 
per hour) is supplied to these retorts through mains 
from the Linde house already described, a large 
meter being interposed in order to control the 
pressure and supply. There are also at each furnace 
suitable regulating valves and small control-meters. 
The absorption of the nitrogen, as we have said, 
occupies some 30 to 40 hours, and care has to be 
exercised to ensure a uniform temperature, so as to 
finally fix the required percentage of nitrogen in the 
nitrolim. The calcium carbide powder has, in the 
process, been converted into an exceptionally hard 
substance, not unlike coke in appearance, and has at 
the same time contracted considerably in volume, 
so that its removal from the retort is not difficult. 
It has, however, first to be cooled, and the retort, for 
this purpose, is allowed to stand from 8 to 12 hours 
on a grid, under which a current of cold air is 
passed. The contents are afterwards fed into the 
hopper in the cyanamide-grinding house. Exception 
has been taken to the process because of the small 
contents of the retorts, and the assumption that 
this involved a large amount of manual labour. Ex- 
perience, however, made the use of a small furnace 
practically imperative, as thereby alone thorough 
reliability in the finished product can be attained. 
It became a comparatively simple matter to devise 
means to economise the amount of labour involved. 
The motive power, as has already been shown, is 
cheap, and ingenuity has enabled the general 
arrangements of the plant to be such as to involve 
a minimum of handling. Forty-five men suffice 
for the furnace-house, and these men work in three 
shifts, so that the labour cost for over 200 tons of 
nitrolim is little more than 12s. or 13s. a ton, 


THe GRINDING OF THE NITROLIM. 

The subsequent grinding of the nitrolim is carried 
out in a special Se the material being 
delivered there by conveyors, which feed a gate- 
mill, whence elevators and worms take it to hoppers 
discharging into ball-mills of a construction corre- 
sponding to that already described. It is led by 
worm-conveyors into elevators, which ultimately 
deliver it into the silos. The general arrangement 
of the nitrolim-grinding plant is illustrated on 
page 778 (Figs. 107 to 109) and in the perspective 
view on page 782 (Fig. 110). 


THe Si1os. 


This building is the most prominent amongst 
those forming the combined carbide and cyanamide 
factories, and is constructed of reinforced concrete. 
It is notable, not alone for its size, but for the neat 
combination of pilasters and panels forming the 
sides. The other buildings in the cyanamide works 
are, for the most part, of brick, corresponding to 
those in the carbide factory. The steel-work used 
for the framing and the brickwork form simple 
light panelling, so that in the event of any of the 
buildings requiring to be extended—and the idea is 
to increase them fourfold—the uniformity of design 
will not be affected. 

The silo is illustrated by the drawings reproduced 
on page 779 (Figs. 111 to 116). It is 50 metres 
(164 ft.) long by 14 metres (45 ft. 11 in.) wide, and 
19.25 metres (63 ft. 2 in.) high to the eaves. There 
are no division-walls in the silos, and the material 
is discharged through worm-conveyors running along 
the top floor, as shown in Figs. 111 to 113 and 116, 
and connecting with transverse worm-conveyors at 
each end, The worms make 80 revolutions per 
minute, and the direction of flow can be changed 
frequently at the point of discharge from the ele- 
vators, the material from the ball-mills flowing 
either to the right or to the left at will. In the 
channels in which the worm-conveyors rotate there 
are frequent apertures giving access to the silos. 
These are fitted with valves, the working of which 
determines the point of discharge for the product 
into the silo. The top of the conveyor channel is 
covered with cotton cloth in order to admit filtered 
air and to assist in the elimination of any remaining 
carbide in the nitrolim. This conveyor is also con- 
nected with elevators which supply the packing- 
house, so that material can be taken direct from 
the nitrolim crushing-house to the packing-house or 





benches and the charging-hopper by the overhead 


to the silos. In the bottom of the silos there are 
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until it becomes very coarse at the point of delivery 
into the main conveyor. The object, of course, is to 
reduce the quantity taken by the conveyor imme- 
diately under the hopper opening, and to increase 
the rate of delivery, so that the screw may not be 
subjected to too great a load or too high a pressure. 
The speed of this conveyor is 50 revolutions, as in 
the case of the main conveyor. 


Tue Packrine-Hovuse, 

The latter delivers into an elevator at the packing- 
house end of the silo building shown in Fig. 111 and 
in the perspective view on page 782 (Fig. 117). The 
material is there raised to a hopper, at the bottom of 
which is a worm-conveyor, similar to that under the 
bottom doors of the silo hoppers, from which the 
nitrolim is delivered into the automatic weighing and 
sack-filling machine. The bags when filled are stored 
under the silos ready for export. In may be added 
that the machinery in both the crushing-house and 
the packing-house, as well as the silos, was manu- 
factured by the Amme Giesecke and Konegin A.-G.., 
of Braunschweig, who have made a speciality of 
air - tight milling and conveying machinery for 
cement and other works. 


DistripuTion OF ELEctRicC CURRENT IN CARBIDE 
AND Nirrotm Factories. 

Having described the various mechanical appli- 
ances, we may now turn to a consideration of the 
system of electric distribution. The three-phase 
current is transmitted from the Tysse station at 
11,100 volts, the total volt-amperes being equal to 
20,000 electrical horse-power. The larger of 
this current, as will be readily inferred, is for the 
electric carbide furnaces. ere is a primary 
switchboard having fourteen switches, twelve of 


hopper-doors (Fig. 111) with a worm-conveyor of | 

somewhat unusual construction, fitted at right angles 

to the main conveyor (Fig. 112). The pitch of the 

thread is very fine under the Stare increasing 
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Fies. 107 to 109. Cyanamipe-CrusHine PLant. 


which are respectively for the twelve furnaces. |switches and instruments. The main board has 
Another is for controlling the current to the cyana- | lightning-dischargers with water resistances, ani 
mide works, and one more for passing the current | there are large Oerlikon relays. The current from 
to the low-tension station, to be referred to later. | the main switch is passed through conductors which 


This main switchboard, like all the others, is|are accommodated in the tunnel communicating 


built of ferro-concrete, with marble slabs for the | with a passage under the furnaces. A single-phase 
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static transformer is located directly under each car- 
bide fiunace, and these transform the voltage from 
11,1) to 50, giving 28,000 amperes. Each furnace 
transformer is placed between two phases, and 
these are interchangeable, so that there is no possi- 
bility of a complete stoppage owing to failure of 
the electric current. The transformers are cooled by 
induciion fans, which draw their current through 
the tunnel, so that the temperature of the air is 
consilerably below that of the atmosphere. On the 
main switchboard there is a self-registering volt- 
meter for high tension, and a self-registering watt- 
meter for the current to the cyanamide 
facto: In connection with the current ing to 
the! \-tension station there are three self-register- 
ing \. ittmeters, and as a check for the sum of these 
three there isa three-phase meter. The low-tension 
trans!ormer is also of the static air-cooled type, and 
reduccs the potentiality to 400 volts. The current 
is subsequently controlled at a switchboard. A 
large part of the three-phase current of 400-volts is 
used for driving the workshops and large motors. 
The remainder is converted into direct current of 
22U volts pressure, which again has a separate switch- 
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board, and the current is used for lighting and for 
driving the small power motors, the electric railway 
locomotive, and the small wagons on the telpher 
railway. As a rule there is on this direct-current 
switchboard a switch for each shop with an ampere- 
meter. The 400-volt current is distributed by 
overhead wires. Of motors, there are in the works 
a 100-horse-power three-phase motor for the aerial 
ropeway, and nine others ranging down to 10 horse- 
power, with thirteen smaller ones for ventilation. 
There are over sixty direct-current motors ; two of 
them are of 20 to 25 horse-power for the electric 
railway, while the others range from 2 to 0.75 horse- 
power. For lighting the works there are a number 
of arc lamps of about 8 amperes, while in the build- 
ings there are small incandescent lamps. 


Workmen’s Hovustnc anp THE Cost oF LIVING. 

Desiring to improve the condition of the workers, 
the Alby United Carbide Factories, Limited, and 
the North-Western Cyanamide Company, Limited, 
decided to erect workmen’s dwelling-houses, and 
twenty have already been completed, each for four 
families, and the work will be continued. The 





dwellings are built about 200 yards from the factory, 
and between adjoining houses there is a suitable dis- 
tance, so that, as shown on the plan on page 477 
ante, a piece of ground of about 1000 metres 
(10,000 square yards) belongs to each house, a 
quarter of this being placed at the disposal of each 
family. Fences are erected in such a way that two 
houses together form a separate part of the whole, 
with a common garden gate, and also a common range 
of outhouses, with cellars for fuel and other accom- 
modation for each. Each house has its own door- 
way, so that privacy is ensured. The piece of 

ound belonging to each family is also fenced in. 
The larger houses are 9 metres (29 ft. 6.34 in.) by 
13 metres (42 ft.), and contain two rooms, kitchen, 
hall, &c., for each family. The rent is 16 kr. (18s.) 

r month. The smaller houses are 8.5 metres 
(27 ft. 10.6 in.) by 9.5 metres (31 ft. 2 in.), and con- 
tain one room, kitchen, and entrance for. each 
family, the rent being 12 kr. (14s.) per month. 

The earnings of the workmen vary from 80 kr. 
(41. 8s.) up to 150 kr. (81. 5s.) per month, with an 
average of about 100 kr. (51. 10s.) per month. 
During the construction of the works the prices of 
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all necessaries of life rose, as Odda was not pre- 
pared to meet the quickly growing demand. The 
prices are, however, now again returning to their 
normal level, and are almost the same as through- 
out Western Norway. The companies try for the 
most part to employ married men, as they are 
quieter and more conscientious in their work. The 
works are associated with the State insurance estab- 
lishment for workmen, so that they are insured in 
case of accidents, and a sick club is likely to be 
established shortly. 

It will thus be recognised that while the respective 
managements are primarily concerned with economy 
in the production of carbide and nitrolim of a high 
standard of uniformity, and have exercised great 
ingenuity and displayed great enterprise to attain 
this result, they ~ not been unmindful of the 
importance of ensuring satisfactory conditions for 
their workmen, alike in the factories and in the 
economics of home life. They have, moreover, 
succeeded in their endeavour not to spoil the 
amenities of this beauty spot in the Soldal Fjord. 
The works have added greatly to the prosperity 
and well-being of the population, and the evidences 
of commercialism are neither obtrusive nor un- 
pleasant, certainly not more unpleasant than the 
suggestion of poverty and hardship which exist in 
so many of the Norwegian hamlets, and which may, 
as at Odda, give place in the future to active and 
prosperous industry. 

In concluding our articles we wish to thank the 
Aktieselskabet Tyssefaldene, who are the owners 
of the electric power-station, and whose enterprise 
in this matter is therefore largely responsible for 
the establishment of the carbide works at Odda. 
Especially do we wish to thank Mr. 8S. EKyde and 
Mr. A. Scott-Hansen, civil engineers of the under- 
taking, who granted us facilities for inspecting the 
works. For similar services in connection with the 
carbide works we have to thank the chairman of 
the company, Mr. A. E. Barton; the manager of 
the works, Dr. Albert Petersson, and his assistant, 
Mr. F. W. Bruce, as well as Mr. C. W. Quirk, the 
general manager at the London office ; while the 
representatives of the North-Western Cyanamide 
Works, to whom we are indebted, are Mr. C. H. 
Halldin, the manager of the works at Odda, and 
Mr. H. E. P. Cottrell, the manager of the company 
in London. 





THE INTERNATIONAL CONGRESS OF 
APPLIED CHEMISTRY. 
(Continued from page 751.) 

In continuing our report on the proceedings of 
the Congress, we will in the main follow the 

sectional divisions, and group the papers. 


Fve.-Testine. 


The only communication brought before the 
Analytical Section I. (President, Dr. T. E. Thorpe, 
F.R.S.; Hon. Secretary, Mr. A. C. Chapman, both 
of London) which we can notice is the joint dis- 
cussion with Section IT. on ‘‘ Analytical Methods 
of Fuel-Testing.” The discussion was opened by 
Professor Constam, of Zurich, who has fitted his 
laboratory especially for fuel-testing, and was con- 
tinued by Professor Bosshard (Professor Lunge’s 
successor at Zurich in the chair of inorganic chemis- 
try), Messrs. Dunn (Newcastle), G. W. Huntley, R. 
Lessing, G. Patterson (all of London), Terneden 
(Amsterdam), E. Gudeman (Chicago), Knecht 
(Manchester), and Fresenius (Wiesbaden). The 
special resolution adopted recommends the deter- 
mination of the yield of volatile matter in fuels by 
the method of the American Committee on Coal 
Analysis. The question is of considerable technical 
importance ; there are not only discrepancies in 
the results obtained by different methods, but 
certain apparent losses of carbon remain obscure. 
Mr. Gudeman pointed out in a paper on ‘‘ Tech- 
nical Coal Analysis” that many unsuitable deter- 
minations were made, and that too much value was 
attached to valuations based upon a determination 
of British thermal units. 


CEMENTS. 

Section IL., Inorganic Chemistry (President, Dr. 
L. Mond ; Hon. Secretaries, Dr. E. Frankland, of 
Reading, and Mr. E. Wheeler, of London), received 
a number of papers on cements and their decom- 
position. Mr. H. Le Chatelier, of Paris, stated, on 
the strength of new experiments, that we did not at 
present possess any hydraulic products which would 
resist the prolonged action of sea-water ; the addi- 





tion of puzzolanas and gauging with as little water 
as possible were to be recommended. Mr. F. Bied 
recommended the mixtures of the dehydrated clay 
and silicious cements of the Société J. and A. 
Pavin de Lafarge ; Mr. R. Ferret discussed the 
“Testing of Puzzolanas ;” Mr. Ginno Gallo the 
‘* Microscopic Study of Mortars ;” and Mr. R. K. 
Meade gave arésuméon‘‘ Advances in the Technology 
of Portland Cement in the United States,” andalsoa 
paper on ‘‘The Ultimate Composition of Portland 
Cement.” Professor R. Fabinyi’s paper on ‘‘ The 
Trass from Transylvania ” should also be mentioned. 


CERAMICS. 


‘*The Contribution to the History of the Inven- 
tion of Porcelain by J. Friedrich Bottger,’’ by Dr. 
Heintze, Director of the Meissen (Royal Saxon) Por- 
celain Works, had essentially an historical interest. 
The first manufactory of porcclain—then designated 
Dutch ware—was opened in Dresden in 1708, the 
famous works at Meissen were started in 1710, and 
we see from Dr. Heintze’s memoir that poor Bottger 
was kept a prisoner, or “‘ living under the protec- 
tion” of Elector Frederick Augustus II. of Saxony, 
King of Poland, in order to solve many other 
problems. His successes were the result of syste- 
matic study ; he died in 1719, and as the first white 
translucent and glazed china was offered for sale in 
1709, European porcelain is just two hundred years 
old. Mr. G. Vogt, director of the Sevres porcelain 
manufactory, explained the part played by fluorine 
in porcelain glazings. Mr. L. Baraduc-Muller, of 
Paris, dealt with ‘‘ Refractory Products” and their 
calcination in electric furnaces, and Mr. P. Wolog- 
dine with their thermal conductivity and porosity. 


Fusep Sinica AND CERAMIC CASTINGS. 


The fine exhibits of fused silica ware of 
the Thermac Syndicate, described by Mr. J. F. 
Bottomley, and the ceramic castings exhibited by 
Mr. G. Keppeler, attracted considerable attention. 
The latter are an invention of Dr. Weber, of 
Schwepnitz, in Saxony, and have been improved by 
Mr. Keppeler and Mr. A. Spangenberg. By adding 
alkali salts to certain clays, a kind of emulsion is 
obtained which can be poured into moulds. The 
process is applied for making not only sanitary ware 
and terra-cotta goods, but also dishes, crucibles, 
and laggings of fireclay, and other refractory pro- 
ducts ; for instance, the pots in which glass is 
melted. The diagrams of the machinery which 
were shown were very simple. The materials were 
delivered by an elevator into a mixing-machine and 
then into stirrers, from which the pasty substance 
was run into moulds. 

In a paper on ‘ Linings for Rotary Furnaces,” 
Mr. E. Candlot, of Paris, insisted upon the import- 
ance of proper baking. 


Tue Art or Roap-BuILpING. 


Mr. Allerton Cushman, assistant director of the 
United States Office of Public Roads, presented 
three papers, by himself and two of his assistants, 
Mr. Prevost Hubbard and Mr. E. C. E. Lord, on 
‘*The Contribution of Chemistry to the Art of 
Road-Building,” ‘‘ Bituminous Road-Binders,” and 
‘*Slag for Road-Building.” The essence of these 
any is that some very encouraging results have 

een obtained with the utilisation of waste pro- 
ducts from various chemical and metallurgical works 
for making good roads. Macadam construction, 
Mr. Cushman pointed out, could not resist the dis- 
ruptive action of motor vehicles. Bituminous 
materials, natural oils and tars answered, but were 
expensive and too variable in their composition, and 
any heavy demand for them would only lead to 
the formation of a trust. It was therefore very 
satisfactory to find that furnace slags, molasses 
from sugar-mills, and sulphite liquors from the 
paper-pulp works could be utilised, and they were 
trying other waste products; in the Mississippi 
Delta, in particular, they had thus solved serious 
local road problems. 

We may mention here reports by Professor F. 
Wigglesworth Clarke on ‘‘The Chemical Work of 
the United States Geological Survey,” by Dr. L. 
Oeconomides on the ‘‘Chemical Industries of | 
Greece ;” and, further, by Mr. Yu Tung Kwai on | 
the ‘‘ Present Attitude and the Future of Chemical | 
Industry in China,” though it was presented to} 
Section XI. “Chinese alchemystic records, the | 
author stated, dated back to 2700 B.c. In the) 
seventh century A.D.‘ Chinese chemists had pre- 
pared oxygen from saltpetre, and understood the | 
combustion of sulphur and of charcoal. The Board 
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of Agriculture now took charge of land surveying, 
mines, and irrigation. A chemical society had 
been founded, universities were rising, and each 
province was to have its technical college ; mat)ie- 
matics and chemistry were compulsory subjects in 
the new schools. Some chemical and metallurgical 
works were in operation—very remarkable progress 
certainly. Mr. J. Perten, of Aussig, Austria, read 
a paper on ‘‘ Wood Impregnation,” with particular 
reference to the process of Captain B. Malenkovic, 
who uses fluorine salts, which are cheap and 
efficient and can be combined with organic dinitro 
compounds to kill sponge growth. 


SutpHuric Acrp. 


A report on ‘*‘ American Progress in the Manu- 
facture of Sulphuric, Nitric, and Hydrochloric 
Acids since 1906” was presented by Mr. Edward 
Hart; Major J. Bruce-Kingsmill, of Manchester, 
reported on ‘‘ Recent Improvements in the Method 
of Intensive Working,” concerning the Hartmann- 
Benker iridium-platinum water-spray system for 
lead chambers; and Dr. F. Raschig, of Ludwig- 
shafen, proved that some sulphuric acid, a sixth of 
the whole yield, was really formed in the Glover 
Tower—a much-disputed fact. Dr. G. Charpy, 
director of the Chatillon Usines de Centre, read a 
paper on the ‘‘ Pickling of Iron and the Iron Sul- 
phate Recovery.” 


ARTIFICIAL ZEOLITES. 

The paper by Dr. Riedler, of Berlin, on ‘‘ Artifi- 
cial Zeolites,” is of interest to engineers, because 
it concerns a new method of purifying and softening 
water. Zeolites are complex silicates, often beau- 
tifully crystallised, decomposition products of feld- 
spar, which play an important part in the formation 
of a fertile soil. When a calcium zeolite, Dr. Riedler 
explained, was treated with a solution of sodium 
chloride, a double sodium-calcium silicate was 
formed ; on adding more sodium salt, sodium zeolite 
resulted, which would, in the presence of calcium 
salt, pass into calcium zeolite again. In investi- 
gating these decompositions Dr. Gans, of the Berlin 
Geological Institute, had found that artiticially-pre- 
pared sodium zeolite, commercially called ‘‘sodium 
permutite,” was particularly active. Sand filters 
containing manganese permutite were now used 
by the town of Glogau to free the supply water 
from manganese, and iron was similarly re- 
moved in several Berlin works ; it is well known 
that iron and manganese cause serious trouble 
in water-works. The manganese mud remained 
on the filter, and the permutite was regene- 
rated. The softening of feed-water by filtering 
through sodium permutite was very simple, and 
the Berlin Steam-Boiler Association had not found 
any signs of corrosion caused by such water after 
six months’ use; this was stated in reply to the 
questions asked by Professor Bosshard and others. 
Given a water of fairly constant composition, the 
process, which is also recommended for the pre- 
cipitation of gold and the purification of molasses, 
may be worth a trial. 

A paper by Dr. A. Spiegel, of Darmstadt, on the 
‘*Manufacture of Ammonia from Carbonaceous 
Substances,” was also discussed at length. 


Fire-ExtTINcTION AND DISINFECTION ON SHIPS. 


The paper by Mr. George Harker, of London, on 
‘‘ Fire-Extinction and Disinfection on Ships and 
Enclosed Spaces,” did not come before a directly- 
interested audience. The author referred to the 
large number of fires on ships and to the recent 
attempts at stifling them by forcing sulphur smoke 
into the burning hold. As sulphur dioxide was 
corrosive, Dr. Harker had followed up exper'- 
ments of Clowes and Feilmann of 1894, accord- 
ing to which no wick-fed flame would continue 
to burn when the oxygen percentage decreased 
and no ‘coal-flame in the 
presence of less than 11.4 per cent. of oxygen, 
although a large proportion of hydrogen might be 
resent. Touether with Captain Grainger, Dr. 
arker had, in Sydney, New South Wales, tried to 
stifle fires with the aid of the flue gases from boiler 
furnaces, cooled and cleaned, which did not spoil 
cargoes. He now described the Harker tire-ex- 
tinguisher and fumigator (see page 665 aviv), 4 
machine consisting of blower, engine, cooler, dis- 
tributor, and disinfectant tank, as installed on the 
steamship Fiona, of 10,400 tons, and the tests made 
on that ship on the journey from Middlesbrough to 
Glasgow. The ship: was loaded with 4000 tons of 
small coal, and blazing cotton-waste, soaked m 
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Yew South Wales Parliament, in December last, 
decided that the Sydney Harbour salvage-steamer 
should be fitted with such a plant. 


pert, was repeatedly thrust into the space. The 


HE.ivum. 


Two papers by Professor Piutti, of Naples, on 
‘‘The Presence of Helium in Minerals of Vesuvius 
and in the Air of Naples,” and on ‘‘ The Presence of 
Helium in Minerals Free of Radioactive Ele- 
ments,” deserve notice ; the presence of helium in 
the air, and the absence of radioactive elements, 
are notable. 

METALLURGY AND MINING. 

Section IIIa., Metallurgy and Mining (Presi- 
dent, Sir Hugh Bell, Bart.; Hon. Secretary, Pro- 
fessor D. A. Louis, London), had a most suc- 
cessful meeting, and the thanks which Sir Hugh 
Bell addressed, on behalf of the Committee, at the 
close of the proceedings, to their excellent Secretary 
were fully endorsed by the Section. Forty-four 
papers were discussed, and Professor Bauermann 
was requested to prepare a report on the procecd- 
ings. 

THERMAL TREATMENT OF Non-FeRRovus Metals. 

After Sir Hugh Bell had delivered his short 
address, which we noticed in last week’s issue, two 

pers on ‘* The Thermal Treatment of Non-Ferrous 
Metals” were read (in French) by Mr. L. Guillet; 
the authors were Mr. A. Portevin and Mr. Guillet 
himself, both of Paris. Mr. Portevin dealt with 
alloys of copper, bronzes of copper-tin and of 
copper-aluminium, and the influence of temper- 
ing and annealing, considering also the influence 
of the thickness of the specimens. In brasses the 
annealing process could, he said, be followed with the 
aid of metallographic analysis and of Brinell hard- 
ness tests. For copper alloys, Mr. Portevin con- 
cluded, the conditions of melting, the temperature 
and time of heating and cooling, the rate of cooling, 
and the disposition of the constituents in the moul 
had greater influence upon the properties of the 
alloys than had been attributed to them, and the 
regulation of these factors enabled us to secure 
effects which had otherwise been obtained only by 
the addition of foreign metals. Mr. Guillet, in the 
communication already mentioned, as well as in a 
further paper on ‘‘The Thermal Treatment of 
Steels,’ comprising special steels, likewise accen- 
tuated the importance of the time-factor. The same 
blue tint was, he said, obtained by heating for ten 
minutes (always in the air) up to 350 deg. Cent., or 
for thirty minutes to 300 deg., or for four hours to 
250 deg. Cent. The Société d’Encouragement pour 
l'Industrie Nationale had made a grant to Mr. 
Portevin for the continuation of these researches. 
Dr. Desch, Mr. W. Rosenhain, and Professor H. 
Louis discussed the communications. 


NickeL Bronzes as AntI-Friction Metals. 

Dr. R. Adan, of Gand, Belgium, presented a 
paper on ‘*The Utilisation of Nickel-Bronze as 
Anti-Friction Metals.” The abstract did not give 
any analyses, unfortunately, but the author stated 
that bronzes prepared from fresh metals proved far 
inferior to S26 sam made from scrap, probably 
because in the latter case the metals were in 4 finer 
state of subdivision. The spécimens were fused 
three times and then submitted to tension tests, 
impact tests on Guillery-Frémont machines and 
Brinell tests. The bronzes took a high polish, 
resisted the action of alkalies and diluted acids, 
ond were recommended for stufting-boxes, valves, 
collars, &e. 


EvtTectics AND METALLOGRAPHY. 


Excellent papers on eutectic alloys and the laws 
of their composition were contributed by Dr. Cecil 
Desch, of Glasgow University, Professor A. Gorloff, 
of St. Petersburg, and Mr. Portevin, and com- 
municated in abstract by Dr. Desch. Mr. Gorloff’s 
meioir in particular was highly eulogised. 

\ paper on ‘*The Industrial Application of 
Metallography,” by L. Révillon, of Paris, was 
read by Mr. Guillet, and discussed by Dr. Petersen, 
of Diisseldorf, Mr. Stead, and Dr. Rosenheim. 
In the case of bronzes, the author stated, blow- 
hole s, and even the amount of lead present, could 
be judged by metallographic examination, for which 
he used ferric-chloride, soda, and oxygenated water 
as etching agents. Brasses he etched with ferric- 
chloride and with ammoniacal copper solutions ; 
and it was possible, for brasses containing more 
than 67 per cent. of copper, to say whether the alloy 








had simply been cast, or drawn, or annealed. Pro- 


fessor Pannain, of Rome, presented a paper on 
‘* Variation of the Structure and Physical Properties 
of Alloys under Mechanical and Thermal Stress,” 
on which Professor Bauermann commented. 


Tron AND STEEL AND FERRO-ALLOYsS. 


In a popes on ‘*Ferro-Metals,” read by Mr. 
Guillet, Mr. F. Chaplet expressed the opinion that 
alloys like ferro-chrome, ferro-vanadium, and ferro- 
manganese often contained carbon in the state of a 
double carbide in grains, which gave rise to 
pitting, and that it was preferable to introduce the 
desired metal or deoxidising agent free from iron, 
when it would, moreover, act more energetically. 
Ternary alloys of manganese, aluminium, and 
silicon were to be recommended, because they 
yielded very fluid slags. Opinions about vanadium- 
titanium alloys differed considerably, and their 
different behaviours might be due to the facility 
with which they combined with oxygen, nitrogen, 
and carbon. Some of these views were criticised 
by Messrs. Le Chatelier, H. Louis, and Bauermann. 


ALLoys or Iron, CARBON, AND PHOSPHORUS. 


In his paper on ‘Alloys of L[ron, Carbon, and 
Phosphorus,” Mr. J. E. Stead, F.R.S., reviewed 
the work of Wiist and others, and brought evi- 
dence to show that the eutectics of grey and of 
white phosphoretic pig iron were practically iden- 
tical at the time of initial solidification, but that 
during solidification the carbon diffused out of the 
ternary alloy; this had been established by ex- 
pressing (by hydraulic pressure) the still liquid 
eutectic from the nearlysolidified metal. The carbon 
became concentrated in the crystals of formerly 
nearly pure iron; the white bands, or ghost-lines, of 
steel represented elongated envelopes of ferrite (sur- 
rounding crystals of ferrite free from carbon), and 
were the more pronounced the higher the phos- 

horus contents. A paper by W. Gutowsky, of 

omsk, Siberia, on ‘‘Iron-Carbon Alloys,” was 
read by Dr. P. Goerens. Mr. A. C. J. Charlier, of 
London, explained ‘‘The Action of Hydrogen, 
Nitrogen, and other Gases on Iron and Steel.” 


SpectaL InpusTRIAL STEELS. 


In a paper on ‘‘ Special Industrial Steels,” Mr. 
Guillet pointed out that the litic structure 
might occur in many steels, and indicated merely 
that the proportion of constituents (apart from iron 
and carbon) was not high ; in some steels, as in cobalt 
steels, however, specially prepared for study, pear- 
lite and ferrite occurred together with high per- 
centages of other metals; magnet steels, with 
0.5 per cent. of carbon and 5 per cent. of tungsten, 
were also pearlitic. The martensitic structure could 
be produced in steels containing nickel, man- 
ganese, or chrome ; those steels were difficult to 
machine, and not utilised. The polyhedric y struc- 
ture was only imparted by nickel and manganese, 
which had to be present in pretty high percentages, 
unless the carbon contents were high. Vanadium 
had, when used in small proportions (up to 0.3 per 
cent.), a very good influence on the tempered metal. 
Industrially, the pearlitic steels were the most im- 
portant, and the chief object of the paper was to 
demonstrate that quite a number of special steels 
could be tempered simply in air at about 850 deg. 
Cent. Details of mechanical tests were given in 
support of this yiew,6n a simplified thermal treat- 
ment. The carbon percentage should in general 
be kept below 0.4, except for special parts like 
springs. 

MaAuveaBLeE Cast Iron. 


A most instructive paper by Professor Namias, 
of Milan—‘‘ Malleable Cast Iron,” read in Italian 
—called forth an interesting discussion by Dr. 
Gherardi, Mr. L. Guillet, Professor H. Louis, and 
Sir Hugh Bell; notes on the same subject were 
subsequently communicated by Mr. U. Savoia. 


Exectric [kon-SMELTING IN FRANCE. 

The electric iron-smelting furnaces in France, 
Mr. Clausel de Coussergues, of Paris, remarked, ina 
paper of this title, were, with the exception of the 
induction furnaces of Schneider-Saladin at Creusot, 
and the furnaces at the St. Jacques’ Works at 
Montlucon, arc furnaces ; and the new installations 
comprised a 5-ton Héroult furnace at Saut du 
Tarn ; a new complete electro-metallurgical plant at 
Ugines, with Girod furnaces, rolling-mills, forge, 
and foundry ; Tmphy furnates for Pourvel’s investi- 
gations of new steels; and a new ctyle of Keller 





furnace at Uniux, one cylindrical receptacle pro- 
vided with a spherical cover, through which two 


pairs of electrodes passed. Water-power was 
utilised at Allevard (Chaplet furnaces), La Praz and 
Tarn (Héroult), and Ugines (Girod). One of the 


notable features of electric-furnace steels was their 
low content in hydrogen (which, re-acting with the 
formed calcium carbide, away as acetylene) 
and nitrogen. The views of Mr. de Coussergues on 
the operation and chemistry of these furnaces were 
discussed by Messrs. H. Le Chatelier, Guillet, 
Saniter, Petersen, Goldschmidt, and H. Louis. 


Ferro-MAGNETISM. 


A memoir by Professor P. Weiss, of Zurich, on 
‘*Ferro-Magnetism and the Study of Metals and 
Alloys,” was especially set down for a joint dis- 
cussion with other sections, but finally passed 
almost unheeded, as he was absent. Working 
out ideas suggested by Langevin, Maurer, Tam- 
mann, and others, Professor Weiss builds up a 
kinetic theory of magnetism. The exterior mag- 
netic field, he pointed out, merely co-ordinated and 
rendered teed! the molecular magnetic elements 
of the interior field, which was a million times 
stronger than the exterior field. The parallelism 
was complete at absolute zero; heat disturbed the 
disposition of the magnetic elements. 


Ferro-SILicon. 

A paper on “ Ferro-Silicon,” by Dr. Werner 
Cronquist, of Stockholm, was read by Professor 
Ragnar Sohlman. Having stated that altogether 
twenty works were manufacturing ferro-silicon, the 
author proceeded to a review of the dangers and 
fatal accidents which gases liberated from ferro- 
silicon had caused—a subject to which we have 
repeatedly referred in our columns. 


Fvet, Powrr-Gas, anp Coke-OvEns. 


In a paper entitled ‘‘ Thermal Calculations on the 
Use of Gaseous Fuel in Blast-Furnace Practice,” 
read by the Secretary, Mr. Layos Katona, of Buda- 
pest, pointed out that the iron oxide was really 
reduced by carbon monoxide, hydrogen and 
methane, at comparatively low temperatures, 400 
or 500 deg. Cent. He therefore proposed a blast- 
furnace of small diameter, without coke space and 
with small limestone space, divided into a lower 
and an upper part, and provided with tuyeres for 
a between the two parts. The proposal, 

rofessor Bauermann remarked, amounted to a 
transference of the reduction from the blast-furnace 
to a gas-producer, and that would involve con- 
siderable extra cost. 

Mr. J. B. C. Kershaw, of Liverpool, advocated, 
in a paper on ‘‘Fuel Purchase upon a Scientific 
Basis and the Control of Fuel Combustion,” coal 
analysis and price regulation in accordance with 
calorific values, 4 was largely done in America and 
Germany. Sir Hugh Bell pointed out that the 
practice would have become more general if the 
calorific determination did not involve some doubt- 
ful assumptions ; yet the railways might save many 
thousands by adopting the suggestion. Professor 
H. Louis objected that there was no novelty in the 
proposal, to which Mr. Kershaw replied that he 
would not have urged it if the practice were 
generally adopted. 

Mr. B, G. McLellan, F.I.C., of York, raised 
another question, as to which, he said, we were 
behind in this country: ‘‘The Problems Involved 
in the Production of Power-Gas from Low-Grade 
Coal.” The producers at present in the market, 
he pointed out, left much to be desired, because 
they were not suited for any fuel, and the pur- 
chaser might have to order a special coal, not 
being able to burn the coal of his district. We 
had not yet succeeded in devising a producer 
which would satisfactorily gasify a coking bitu- 
minous coal at a high rate to give a rich in 
carbon monoxide, such as the engineer demanded ; 
the engineer wanted a gas richer in CO than in 
hydrogen. The formation of clinker was another 
source of trouble in even the best regulated plants. 
The conditions favouring the clinker formation were 
a fusible coal-ash, a coal containing a large pro- 
portion of ashes, a thick fuel bed, and a low steam- 
air temperature. The producers of Marconnet, of 
Paris, who used powdered coal and a sufficiently 
high temperature to melt the ashes (which left the 
producer as slag) and entirely to destroy the tar, 
seemed to be a ng! in the right direction. The 
third difficulty was the elaborate gas-cleaniny plant ; 
proda¢et’s should be designed fo furn cut a gas that 
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required much less purification, and that could only 
be accomplished by chemically trained engineers, 
who received too little attention in England. During 
the discussion, Dr. O. Petersen mentioned that in 
Fuerstenwalde coal from the dumps, containing 75 
per cent, of ashes, was burnt in producers. 

Mr. V.-Sépulchre presented ‘‘ Notes sur le Gazo- 
gene S.F.H. a Déc e par Fusion des Cendres ” 
—we reproduce the title in French as we do not 
know the meaning of 8.F.H.—which Mr. Le 
Chatelier briefly abstracted. Mr. Sépulchre, as 
Professor Bauermann afterwards explained, prac- 
tically advocated a gas-producer which was a small 
blast-furnace ; the ashes were melted and tapped 
off, iron sulphide flowing like water; hot air was 
forced in under a pressure of 20 in. to 40 in., and 
the yield depended upon the supply of hot air. At 
the glass-works in Gironcourt (Vosges) a fuel work- 
mg up to 40 per cent. of fixed carbon, 40 per cent. 
of volatile matter (including 15 per cent. of water), 
and 25 per cent. of ashes (including 7 per cent. of 
pyrites), produced a gas of composition : CO, and 
SO, together 2 or 3 per cent., CO 30 per cent., 
H and CH, 10 per cent. Lignite containing 37 per 
cent. of volatile matter, 10 per cent. of moisture, 
13 ~ cent. of ashes, and 40 per cent. of fused 
carbon gave a gas :CO, 1.4 per cent., CO 28 per 
cent., CH, and fi 15.2 per cent. Professor Bauer- 
mann remarked that such furnaces had to be made 
high to ensure reduction of the CO,, and he had 
been informed that furnaces of this kind put up at 
Kladno had recently been taken out again; for 
special fuels they might, however,. be useful. 

Somewhat similar proposals were made by Mr. 
A. B. Searle, of London, in his paper on ‘* Gas- 
Producers in Connection with the Smelting of 
Various Metals and the Utilisation of Poor Fuel.” 
He referred particularly to gas for reverberatory 
iron-ore furnaces, and to the combustible matter 
piled up on the dumps. The proportion and com- 
position of the combustible matter in these dumps 
varied so much—from 25 to 80 per cent.—that very 
large producers alone seemed possible to ensure a 
uniform gas. Thin layers of fuel he had found 
hopeless ; with layers of 8 ft. and 14 ft. the air 
supply could better be reguiated ; steam would not 
answer. The producers should be set very low 
down in a pit and air-blast applied, and the pro- 
ducer should not be a cylinder of iron, but a brick- 
work furnace, supplied with a number of hoppers. 
As regards burners for iron furnaces, and the proper 
levels for introducing gas and air, little research 
work had been done in this country. Mr. H. Le 
Chatelier and Dr. Markel, of Warrington, criti- 
cised the paper. The latter thought the suggested 
improvements were in the wrong direction ; when 
they obtained a bad gas they decreased the fuel layer, 
but increased the grate area, and the gases should 
be prevented from travelling along the furnace 
walls. . 

A paper by Mr. Victor Kochs, of Sheffield, on 
‘*The Koppers Coke-Oven and By-Product Plant,”’ 
was read + the Secretary, Professor D. A. Louis, 
who passed some justifiably caustic remarks on the 
claims made in some of the papers submitted to the 
Section. In order to heat the walls uniformly, 
the author stated, Koppers provided for a separate 
distribution of gas and air in each wall all along the 
oven; the flues were all vertical, 30 in each wall, 

iving 60 heating points; each flue was accessible 
for regulation by means of a plug (metal or fire- 
brick) at the top of the oven, each separately re- 
movable without any difficulty. There was, further, 
a sliding-brick at the point where the combustion- 

as passed out of the vertical flue into the horizontal 
flue leading to the downtake. These improvements 
were very important. Koppers further provided a 
separate regenerating chamber for each oven, and 
had recently improved the Brunk system of re- 
covery. Brunk passed the gas directly into sul- 
phuric acid, but the tar then gave trouble; Koppers 
cooled the gases down t» the ordinary temperature, 
condensing the ammoniacal liquor and tar, and 
passed them through a superheater, then into the 
acid bath. The process had only been put on the 
market a year ago, but there were five large plants 
in operation and six under construction, dealing 
altogether with the gases from 900 ovens. 

Mr. E. Lloyd, of Manchester, followed with a 

on the ‘‘ Carbonisation of Coal in By-Product 
Boke-Ovens.” After having drawn attention to 
Hilgenstock’s studies on the progressive carbonisa- 
tion in layers, Mr. Lloyd passed to the Simon-Carvés 
coke-oven of the vertical-flue type, referring to the 
researches which Merivale had conducted at the 





MANUFACTURE OF CALCIUM CARBIDE AND NITROLIM. 
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Middleton Colliery, Leeds. The Simon-Carvés oven 
worked on the. regenerative or the non-regenerative 
system, in both cases with excellent results; among 
other advantages over all other systems, he claimed 
easy regulation of yas and air-feed. 
Mr. D. Bagley, of London, also contributed a 
per on ‘ By-Product Coke-Ovens in Great 
ritain.” The discussion on these three papers by 
Mr. M. G. Christie, of the Otto Coke-Oven Com- 
many, Tingly, Mr. W. Galloway, of Cardiff, and 
r. R. Seligman, of London, induced Sir Hugh 
Bell reluctantly to remark, while thanking the 
speakers, that the object of the meeting was not to 
bring out the merits of rival processes. Mr, Christie 
referred to a new Otto process which avoided all 
deposit of liquor ; the gas freed of ammonia went to 
the cellars and burners, and there was no effluent. 


Economic Firing anp a CO, ConrROLLER. 


Mr. Olaf Rohde, of Stockholm, in a paper on 
‘*The Principles of Economic Firing, and an Appa- 
































View 1N CarsipE-Crusuine House. 


Pacxinc DerarTMENT, wiTH Hopper From SILos. 


ratus for this Purpose,” described a CO, recorder, 
which he exhibited in Section I. The apparatus 
was contained in a case of brass and glass, about 
2} ft. in height, and was furnished with an alr- 
pump, operated by hand. The absorption of carbon 
dioxide was effected by caustic potash in the usual 
way, but the apparatus itself comprised no movable 

rts. By means of air pressing upon the mercury 
filling part of the tube system the gas was forced 
through the caustic, and up to a hundred analyses 
could be made per hour, forty being quite sufficient 
as a rule, the results of which were recorded on & 
drum in the upper portion of the apparatus. The 
apparatus had et used for some time already, 
the speaker said, and the diagrams exhibited illus- 
trated the economy realised by its aid in furnaces 
burning coal and producer-gas. 


New Fire-Damp MeErTeERs. 
Dr. E. Hauser, of Madrid, exhibited a portable 
glass apparatus for conducting analyses on the =pob 
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of the gases in coal-mines. He explained that a 
graduated glass tube, 2 ft. in height, was provided 
with three stop-cocks, the combustion chamber being 
between the second and the valve at the top ; in use 
the whole tube was placed vertically in a glass cy- 
linder filled with water, and the arrangements were 
such that the result could be read off at once without 
temperature corrections. , The apparatus is certainly 
very simple. But-Professor H. Louis questioned 
the utility of portable apparatus; such analyses 
could only be performed in the laboratory, not by 
the unskilled hands for whom the apparatus were 
intended; the taking of samples was difficult enough 
already. Sir Hugh Bell-concurred ; we recognised 
more and more, he said, that most explosions were 
due to very small ame «nts of gas and large quantities 
of dust. Professor D. A. Louis assented, and directed 
attention to papers which were subsequently read 
in Section II]s. by Mr. Galloway and Mr. 
Forstmann. 

‘The ‘*Miner’s Lamp” of Dr. S. Icard, of Mar- 
ies, was the subject of a paper read by Mr. 
D. A. Louis, who pointed out that it was not 
y novel. It was explained that a kind of 
cob, studded with short platinum teeth, extended 
sideways into the flame; when there was much 
methane in the air many of the teeth would glow, 
ai’ the temperature would rise. The lamp was 
urther provided with a bonnet held over the 
fame by a fusible ring; the bonnet would drop, 
when the temperature became too high. Pro- 
essor H. Louis remarked that similar instruments, 
using @ platinum ladder, had recently come up 
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again in America; he himself had found that 
amounts of methane of less than 1 per cent. could 
be estimated by watching the bluish flame through 
a lens of blue glass. 


Ore ConcenTRATION, Biast-Roastine, Zinc, Goin, 
TELLURIUM, AND CRYOLITR: ' 


We can only deal very briefly with the remain- 
ing rs brought before Section IIIa. Mr. 
R. H. Richards had sent a paper on ‘‘The Study 
of Some Laws of Ore Concentration,” dealing with 
American practice. The paper by Mr. H. O. 
Hofman, of Boston, Mass., on ‘* Some Develop- 
ments in Blast-Roasting,” gave very interesting 
details concerning the furnaces in use in the 
United States and Canada, notably the Hunting- 
don-Heberlein, Savelsberg, Kelley, and Dwight- 
Lloyd processes, the last-mentioned comprising 
three types of sintering machines, known as the 
drum, the straight line, and the horizontal table 
machine. Mr. C. 0. Bannister, of London, advo- 
cated ‘‘ Condensation of Zinc Vapours During the 
Ore Extraction,” by the application of carbonaceous 
filters. 

Dr. K. H. Rose, of the Royal Mint, London, 
described the process devised by Dr. Wohlwill, of 
Hamburg, for the electrolytic refining of gold, 
which is applied in many mints ; the essence of the 
process is that plenty of hydrochloric acid is sup- 
plied to the anodes to form certain ions without 
evolution of chlorine. Dr. Rose mentioned that 


letters between Charles Watt, of Sydney, and 
Thos, Graham, then Master of the London Mint, 


Fig. 5. 
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Fie. 5. Inprcator Diacram or Dupiex 
CoMPRESSOR. 


r. Alfred James, of London, followed with a 
paper on ‘‘ The Cyanide Process,” dealing chiefly 
with improvements effected in South Africa. 
Chemically, he said, the process remained almost 
as it was twenty years ago, but the engineers 
had achieved much. The tube mill and the finer 
crushing rendered the extraction more perfect, 
and the profits had increased by 2s. per ton, 
which meant 2,000,0001. for South Africa alone. 
With finer crushing the cyanide solution could be 
circulated through the tube mills best by means of 
an ingenious modification of the Pohle air-lift ; 
thus leaching-tanks were no longer required, and 
more than 1000 tons of slimes could daily be treated 
by vacuum filtration at a cost of 3d. or 4d. per ton ; 
5,000,000 tons of slimes had thus been extracted 
during the last year. Mr. J. Strap, of Paris, in a 

per on ‘‘The Gold-Mines of France,” gave an 

istorical review of his subject, and stated that the 
little - heeded researches of Ernest Mallard and 
Adolphe Carnot on old gold-workings had recently 
led to the discovery in various parts of France of 
crystalline gold-bearing rocks containing mispickel, 
and that three mines were now worked. 

Mr. J. B. Williams, of London, dealt with the 
‘**Chemistry of Alluvial Gold-Mining” in Brazil, 
and Professor Pannain, of Rome, spoke of a pecu- 
liar case of losses of silver, ca by the unsus- 
pected solubility of the metal in certain sulphuric 
acids. 

Professor Robert Schelle, of Selmecz banya, Hun- 
gary, described the ‘‘ Preparation of Pure Tellu- 
rium” by electrolytic deposition from sodium sul- 
phide solution with the aid of sodium sulphite. 

Mr. C. F. Jarl, of Copenhagen, explained the 
mining and utilisation of ‘‘ cryolite,” the double 
fluoride Na, Al F,. It was, he said, the only im- 


Mie that Watt suggested the process in 1863. 
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portant mineral occurring in the Danish Dominions, 
and was found at Ivigtut, in South-West Green- 
land ; it served for the production df opalescent 
glass, and as a constituent of leadless glazes, in 
addition to its well-known application as a solvent 
for alumina. Originally it had only been used for 
the manufacture of soda ; but this had been aban- 
doned. 
(To be continued.) 





PORTABLE AIR-COMPRESSORS. 

ComPRESSED air being now used for a great variety 
of parpores, and having become in many industries 
really a necessity, a marked improvement in air-com- 
pressing appliances has naturally followed. Air-com- 
pressing machines of various types have long been 
manufactured by Messrs. Lacy-Hulbert and Co., 
Limited, 91, Victoria-street, Westminster, 8.W., and 
are well known to engineers for their handiness and 
efficiency. This firm continue to bring out new adapta- 
tions of their compressors to meet the continued grow- 
ing demand for compressed air in new directions, and 
have recently introduced the portable compressors 
which we illustrate on page 783. 

The first of these to which we may call attention 
is shown in Fig. 1, which is a reproduction from a 
gray ee It is a portable compressor which has 

zen supplied to the Imperial Japanese Navy for use 
in dockyards for ship-repairing purposes. It consists 
of yee air-compressors fitted with balanced cranks 
and carried on a trolley frame. It is driven by a 
30-horse-power paraffin motor which is supplied with 
magneto ignition. The motor is started on petrol, 
but afterwards runs on paraffin. The particular 
machine shown is made to use a special oil similar to 
that used in this country for lighthouse purposes, 
which has a flash-point of 150 deg. Fahr. The water 
circulation for the machine is worked by special pumps, 
the pump for the engine circulation being at the front 
end, and the pump for the air-compressor at the rear. 
The water which has passed through the engine is 
cooled by a special radiator and fan ; that for cooling 
the compressors, however, is simply cooled by being 
passed through a cooling-tank, as it has been found that 
this isall that is required. The water for the engine is 
carried in a tank below the frame of the trolley, which 
may be seen at the left-hand side of our illustration, 
Fig. 1. The water for the compressor is carried in a 
circular tank, which is really a continuation of the top 
part of the air-receiver, and may be seen at the left of 
the air-cylinders in the illustration. The admission 
of air to the compressor is governed by an automatic 
unloading valve, which is controlled by air from the 
receiver below the water-tank. 

The capacity of the plant is 150 cubic feet of free air 
per minute, and the working pressure is 100 lb. per 
square inch. The vertical pipe seen rising from the motor 
at the front end of the machine is for carrying away 
any paraflin fumes that may be present in the crank- 
chamber, so that they pass over the attendant’s head. 
The total weight of the plant complete is about 24 tons. 

In Fig. 2 we show a portable desiccating machine for 
drying-out telephone cables, The compressor in this 
case is driven by a small petrol-engine. After com- 
pression the air passes out through an oil-separator and 
air-receiver, in which a certain amount of oil and mois- 
ture are deposited. Thence it passes to the desiccating 
cylinders, which contain calcium chloride. These cylin- 
ders are shown in a vertical position at the front.end of 
the carriage. The total weight of the plant in complete 
working order is under 5 cwt. This special machine 
has been supplied to the National ovis am Company, 
Limited, but similar plants of larger size are also con- 
structed which are driven by petrol or electric motors. 
Portable desiccators, driven by hand, are also made by 
this firm when required. The air pressure usually 
adopted is about 20 lb. per square inch. In addition 
to’ being used for desiccating purposes, they are also 
employed for making air tests on new cables, the elec- 
trical test on the completion of main cables being 
a by an air test, in which internal pressure ‘is 
applied. 

‘he adoption of Messrs. Lacy-Hulbert’s ‘‘ Boreas ” 
air-compressor for hand work may be seen in Fig. 3. 
This is a very handy machine for use in collieries, 
for cleaning electrical machinery underground. The 
machine was originally suggested by Mr. Patchell, and 
a number of them have now been made. It is a note- 
worthy feature of this compressor that, whether it is 
driver at a high speed by power, or at a slow speed by 
hand, ‘its action is equally reliable, the efficiency of the 
plant being high, and the workmanship very good. 

The last of these machines which we now have 
under notice is shown in Fig. 4. It represents a new 
typé which has been designed principally for use in 
starting large gas-engines, one of them being installed 
for starting the gas-engines in the Daily Mail Pavilion 
at,the ‘* White Gity .” A feature of the compressor is 
that it has no connecting-rod, the circular motion of 
the shaft being converted into reciprocation by means 
of acam on the shaft. This cam revolves against a 





roller carried in bearings on the piston, and in this 
way gives a reciprocating motion to the latter. The 
roller is kept hard against the surface of the cam by 
the air pressure, the compressor being single-acting. 
The principal advantage of this arrangement is that 
the head-room ui for a certain size of com- 
pressor can be much decreased. 

The compressor shown is of the two-stage type, and 
for the intermittent work on which it is employed it 
can be run without water-cooling. Similar machines 
are running at pressures up to 400 lb. per square inch. 
This type of compressor is made with one, two, three, 
or four cylinders. One of the applications of this 
arrangement is for mining, where the machine can be 
run without water-cooling up to pressures of 60 lb. 
or 80lb. It is very compact and’simple, and is closed 
in, as can be seen from the illustration. It can easily 
be driven by an electric motor. Some of the machines 
have been supplied to the Postmaster -General for 
working pneumatic tubes, for which they seem ad- 
mirably fitted. 


sixty steel passenger coaches. In lesser lines steel 
ad ions bars fs toms advanced 1 dol. a ton, and 
orders are satisfactory. Small advances are now 
probable in all lines, and this probabilit ensures an 
increase in business. The Baltimore and Ohio [aj]. 
road will soon be in the market for seventy steel pas. 
senger cars. Should railroads generally enter upon a 
general improvement policy, the steel industry will 
pros ras in past years. In machinery lines a 
urther improvement has set in. Machinery said to 
be worth 500,000 dols. has been ordered at Pittsburg 
for delivery at Sault Ste. Marie. A good dea! of 
business has developed in steam-pumps of large 


capacity. 








BOILER EXPLOSION AT ETCHINGH(M, 

A FORMAL investigation under the Boiler Explosions 
Acts, 1882-1890, has been conducted by the Board of 
Trade at Robertsbridge, with rd to the cause and 
circumstances of an explosion which occurred on October 1 
last at Kitchenham Farm, Etchingham, owned by Mr. 


The diagram ‘shown in Fig. 5 is taken from one of | 7 J. N 


the firm’s patent horizontal duplex air-compressors, and 
shows clearly the high efficiency obtained and the 
prompt and accurate action of the valves. 








NOTES FROM THE UNITED STATES. 
PHILADELPHIA, May 27. 
Tue steel-works of the country have been gradually 
increasing capacity for some time, until at present the 
output is from 80 to 85 = cent. of maximum. During 
the past week orders have been flowing in, and in- 
quiries for summer and autumn delivery are more 
numerous than they have been for a year or more. 
Low prices prevail generally, which accounts for the 
heavy ordering in the past. For some lines, as in 
semi-finished material, there has been a fractional ad- 
vance, but in a general way large consumers can obtain 
supplies at the rates prevailing a month ago. The steel- 
manufacturers have been encouraged by the heavy 
ordering in plates and structural material. Orders for 
the month for shapes figure up close to 200,000 tons. 
The railroad companies are at last beginning to 
provide for summer and autumn construction re- 
quirements, which in some cases include extensive 
terminal facilities. The Reading Company of this 
city, has just contracted for some 16,)00 tons of 
material for elevation of the road. The Pittsburg and 
Lake Erie has inquired for 1000 tons of bridge material. 
The orders for structural material are large, and in 
many cases urgent preliminary deliveries are specified 
in order that construction work can proceed with the 
least ible delay. There are evidences at hand 
that the railway managers will soon inaugurate exten- 
sive, but long-delayed, improvements. The volume of 
traflic is increasing steadily and as fast as is financially 
convenient. The old wenden cars are being supplanted 
by steel cars. All the steel-car builders are now 
at work full time for most part, and it is probable 
from all present indications that there will be no dis- 
continuance of activity for the rest of the year, or until 
the railway systems are equipped with steel cars. 
The favourite capacity seems to be 40 to 50 tons. The 
delay in the tariff legislation is causing some unrest 
among the business interests. A sharp conflict is 
inevitable between the Senate and the House when 
they meet in conference. The Senate represents the 
special interests, the protected monopolies; the House 
represents in greater degree the popular sentiment 
which is demanding a general lowering of duties. The 
present contest on ore duties is due to the anxiety of 
the great steel interests on the west of the Alleghany 
mountains to protect themselves against Atlantic Coast 
competition. The House will probably stand for free 
ore, as there is nothing but a purely selfish motive to 
conibat it. 
June 1. 
During the past week orders were placed for about 
250 locomotives, 105 in one order for the Harriman 
lines, 76 for the Gould lines, 40 for the Western 
Pacific, and smaller orders from varioussections. The 
locomotive builders hope to be kept busy for the rest 
of the year. Several systems are figuring on addi- 
tional motive-power requirements. The railway com- 
panies are also placing orders for freight-cars, mostly 
steel. All of the car-builders are busier than for 
twenty months. During the month of May large 
orders were given for structural material, the largest 
during any one month for years. Much of this material 
will go into terminals, and elevated railroads in cities. 
The steel-plate mills have booked large orders for 
late for shipbuilding and other purposes. The United 
Rates Steel Corporation is securing most of the busi- 
ness going. In nearly all cases specifications call for 
deliveries to begin in July. The Reading Railroad 
Fae, gun! of this city is calling for 4000 tons of struc- 
tural material; the Pennsylvania Terminal Com 
at New York calls for 2300 tons, early delivery. 
Among recent rail orders is one for 26,000 tons for 
the Atchison, Topeka, and Santa Fé, and one of 
10,500 tons for the Chicago and North-Western. 


The St. Louis and Santa Fé system is about ordering | fore went to Messrs. Baldwin, engineers, of Wadhurst, 








. J. Noakes. The Commissioners were Mr. A. P. Long- 
staff, barrister-at-law ( iding), and Mr. J. Melrose, 
engineer. Mr. G. C. Vaux conducted the case for the 
Board of Trade, and Mr. C. E. Smith-Marriott, solicitor, 
Hawkhurst, ap for Mr. Noakes. 

In opening the pi ings, Mr. Vaux said the boiler 
was made by Messrs. Woodruffe and Co., of Rugby, in 
1891. The firm were not now in existence, and so infor- 
mation could not be obtained on certain points relating 
to construction. The boiler was of the ordinary vertical 
type, made of iron, with one cross-tube and a central up- 
take. It was about 5 ft. 9 in. high and 2 ft. 6 in. in 
diameter, and was purchased in November, 1891, by Mr. 
William C. Till, ironmonger, Battle, new from the makers, 
for Mr. Luck, a farmer, of Hurst Green. It appeared to 
have been in taken possession of by Mr. Till about 
1893, and an to the present owner, Mr. Noakes. It 
was coupled to a small engine, and was used for driv- 
ing a chaff-cutter, a corn-mill, a. dcake-crusher, and a 
circular saw, as well as for steaming food for cattle. 
Mr. Vaux referred to certain repairs which had been 
made to the boiler from time to time, and said that 
on October 1, about half-past one o'clock, a_stock- 
man named Marshall, in the employ of Mr. Noakes, 
lit the fire in the boiler, and some time later he had his 
attention drawn by Turner, the foreman, to a leak in the 
fire-box, and to the water dripping down into the fire. 
Marshall appeared to have suggested to Turner that he 
should draw the fire, but Turner apparently thought that 
the lea! might take up, sothe boiler was continued in 
work, and about three o’clock in the afternoon the explo- 
sion occurred. The top of the fire-box was ruptured and 
forced downwards, forming an opening measuring about 
6 in. in area, through which the contents of the boiler 
escaped into the furnace, scattering the live coal in all 
directions. The boiler was not moved from its seat, but 
a stack of hay or straw was set on fire and some little 
damage done to property in the vicinity. The foreman 
Turner was very severely scalded and burnt, and was re- 
moved to the hospital, where he died soon after. 

Mr. Vaux then called witnesses, the first of these being 
Mr. H. J. Noakes, who stated in evidence that he pur- 
chased the boiler in February, 1893, from Mr. Till, and it 
was then practically new. He understood that it had 
been out a little over a year and had been _ origi- 
nally to Mr. Luck, a neighbouring farmer. itness had 
seen it at work at Mr. Luck’s for chaff-cutting, &. He 
bought the boiler, the engine, and all the tackle used by Mr. 
i He had had no experience of boilers, and Messrs. 
Woodruffe’s men, through Mr. Till, put the boiler in posi- 
tion and set it towork. Witnesedid not determine the work- 
ing pressure, but took it from Messrs. Woodruffe’s man ; 
it was 60]lb., and the man adjusted the safety valve 
accordingly, and it blew off at that point. Witness at 
first took charge of the boiler himself, and Messrs. Wood- 
ruffe’s man was there several days preparing it for work. 
The boiler was fed from a pond at hand, and was fixed in 
a covered shed. It was used for chaff-cutting, steaming 
food, driving a cake-mill, a corn-mill, and a small circular 
saw. In 1896, he believed, he insured it in a boiler 
insurance company, and their inspectors made periodical 
inspections and gave reports. The insurance policy 
allowed a pressure of 65 1b., and up to February, 1902, 
witness received the insurance company’s reports. 

Mr. Vaux here observed that the insurance company 
pointed out some defects in the boiler, and read a report 
in which it was su ted that the boiler was so generally 
deteriorated that it would be better to huy a new one. 

Witness, in reply to Mr. Vaux, could not say definitely 
whether he had received that report, but could not say he 
did not get it. In March, 1902, there was leakage at the 
crown of the boiler, and witness called in Mr. Oakley, an 
engineer, who put on a patch, and the boiler was then 
tested by hydraulic pressure. Subsequently it leaked 


in. 
“I r. Vaux read a further report from the insurance com- 
pany, in which they said that they thought, as the boiler 
was deteriorating, Mr. Noakes would be wise in sub- 
stituting a new one for it, and they understood that such 
was his intention. é 
Witness, continuing his evidence, said that he did not, 
at that time, know what to do with the boiler, and he 
allowed the insurance to lapse, as he did not use it from 
then up to December, 1906. He gave up dairy farming. 


Y | and that made a difference in the work required from the 


engine. In November, 1906, he wanted to use the boiler 
again, and understood that it was possible to have it re 
paired. The idea in his mind was that it was a question 
of the cost of the repairs, not of feasibility. He there- 
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and asked Mr. John Baldwin to inspect the boiler and 
do what was necessary, and give him some idea of the 
cost. Witness understood that Messrs. Baldwin were 
going to put the boiler into a safe working condition, and 
it was therefore taken to their works and was returned to 
the farm in December, 1906. Messrs. Baldwin considered 
the boiler was fit for the working pressure of 45 Ib., at 
which the valve was then set. e boiler, before being 
returned to witness, was tested by hydraulic pressure to 
120lb. He could not give Mr. Baldwin’s exact words, but he 
understood that after that test the boiler would be safe at 

a pressure of 45 Ib., which was plenty for ‘the work they 
were doing. The safety-valve occasionally blew off at 
that pressure. When the boiler was set to work again 
witness put his foreman, Ephraim Turner, in charge of it, 
and Messrs. Baldwin gave him certain instructions. In 
winter the boiler was used about once a week, but in 
summer it was very seldom used, and when not in use the 
water was left in. He did not remember any report from 
Turner as to anything being wrong. When the boiler 
was used he was generally present, and he remem- 
bered the occasion when the crown of the fire-box 
leaked. He called in Mr. Walter Baldwin and asked 
him to do what was necessary, and a patch was put on, 
but no test was applied. Steam was got up and the 
boiler was tight. e did not remember that Mr. Bald- 
win made any remark as to the plates being overheated. 
Mr. Baldwin made no report, only that ‘it would be 
all right now.” That was the last repair made to the 
boiler before the explosion. The boiler was not used in 
the summer of 1908, and Turner made no complaint after 
the repair in 1907. Witness was not aware that the 
boiler was at work when the explosion occurred, as he 
was not then on the farm, and the first he heard of it 
was when a fire-engine was sent for because a stack 
was on fire. After the explosion, although much in- 
jured, Turner walked home and was taken to the hospital, 
where he died the day after from shock. It did not 
occur to witness to insure the boiler again when he began 
to use it. In December, 1907, he had a letter from the 
insurance company advising him to ‘‘ complete the insur- 
ance,” but he forgot it. urner was a very good worker 
and a very attentive man, the best on the farm, and he 
considered him thoroughly competent to look after the 
boiler and engine. Witness had never heard of the boiler 
leaking from the fire-box into the fire before the day of 
the explosion. 

By Mr. Smith-Marriott: Messrs. Baldwin had done 
work for witness and his father for a long time, and 
their work was quite satisfactory. One of the firm—Mr. 
John Baldwin, he thought it was, said there was no 
reason why the boiler should not last as long as it had 
done. Witness had intended that Messrs. Baldwin should 
see the boiler in the autumn before the winter work, and 
had no reason to think that Turner would be using it. 
No one had Jed witness to suppose that the boiler was 
incapable of repair. 

By the Commissioner : Witness did not remember that 
Mr. — a any explanation as to why he failed to 
repair the boiler, If witness had looked into the boiler 
during the time it was not used, he would not have known 
that it was rusting or deteriorating. 

_ Mr. J. G. Still, manager for Mr. W. C. Till, wholesale 
ironmonger, Battle, said he had been with Mr. Till a 
little over forty years, and he remembered Mr. Till pur- 
chasing the boiler in 1891 from Messrs. Woodruffe and 
Co., after which it was sold to Mr. Luck. Subsequently 
it came again into Mr. Till’s ion, and was sold to 
Mr. Noakes, together with a 3-horse-power engine. 

_Mr. Albert Oakley, engineer and ironfounder, of Hurst 
Green, where he had been in business for twenty-two 
years, said he had been in the trade all his life, and had a 
fair share of experience in boilers. He was an agricultural 
engineer, and —— machinery and boilers. The 
vulnerable point of a vertical boiler was the crown of the 
fire-box. e was called in by Mr. Noakes to look at a 
small leakage, which he found to be close to the uptake, 
and was, he thought, the result of the wasting of the plate. 
An inspector of the insurance company asked witness to 
drill a hole through the plate, and put in a bolt and patch. 
He did so on March.6, 1902, and stopped the leak. A test 
by hydraulic pressure was suggested by the inspector, and 
this was done by hand-pumping, but the boiler gave out 
at two other places in the same seam. The ssure was 
only about 51b. or 101b., and witness told Mr. Noakes 
that the boiler would not stand the test, and therefore he 
should advise him to have a new one. Witness could not 
make a sound job of the repair, and he thought a new 
crown-plate to the fire-box would be required. That 
could be done, but he would not undertake it. He heard 
nothing more of the matter until after the explosion. 

2 By Mr. Smith-Marriott : A new boiler would have cost 
©. or 38l., and out of that witness would have got 10 per 
cent. if he had supplied it. 

Mr. Smith-Marriott: It would have paid you better to 
{ 2 new * 

Witness: It would have paid me better and it would 
h ve paid Mr. Noakes on ay 
. ‘ir. John Baldwin, of the firm of Messrs. J. and W. 
‘ldwin, agricultural engineers, Wadhurst, said that he 
and his brothers succeeded to the business of their father 
1 1905, He had had training under his father dating back 
to 1882, and including boiler work. He had repaired, he 
‘night say, speaking roughly, about thirty vertical boilers, 
‘S master or man, and was able to advise as to whether 
boilers were safe or not. Mr. Noakes asked him to look 
at the boiler and see if it could be repaired, and he there- 
‘re examined the crown-plate. Witness had been told 
‘hat the boiler had been repaired by Mr. Oakley and was 
— satisfactory, while, further, he understood in 1906 

‘at it had not been used for years. He took off the 
}atch put on by Mr. Oakley and found the crown-plate 
Was rusty, but did not see any other defects in it. When 








he saw Mr. Noakes he told him that the crown-plate 
could be repaired, and Mr, Noakes asked him for a quota- 
tion for the necessary repairs and to refix the boiler. 
Witness gave the quotation and the work was executed at 
his firm’s works in mber, 1906. A test of 100 Ib. to 
120 lb. was applied, and witness considered the boiler fit 
for a steam pressure of 45 lb. after the repairs. It was 
then tight in every way. Mr. Noakes put the work 
entirely in their hands. Witness remembered a leakage 
taking place later on, to which his brother attended, and 
he assumed that it arose from a pit-hole. After the ex- 
plosion it ap that the crown of the fire-box was torn 
away from the uptake, and that considerable wasting had 
taken place in the crown-plate. 

By Mr. Smith-Marriott: Witness remembered telling 
Mr. Noakes that he — the boiler would be good for 
several years. He was told by Mr. Noakes that 40 lb. to 
45 lb. would be ample for his work. In his opinion, as an 
expert, there was nothing to render the use of the boiler 
risky. He would not say it was negligence, but he 
thought it was an error of judgment on the part of Turner 
not to draw the fire when he saw the leak in the fire-box. 

By the Commissioner: When the boiler went to their 
works they made an examination of it. Witness dealt 
with the repairs to the crown-plate of the shell, but did 
not know ——— whether there was anything to be 
done to the crown-plate of the fire-box. However careful 
they might have m, it would have been quite im- 

ible to have ascertained the precise condition of the 

re-box crown-plate at the back of the uptake. 

Mr. Smith-Marriott and Mr. Vaux at this 
tribute to the straightforward way in which t 
had given his evidence. 

Mr. Walter Baldwin, brother of the last witness, said 
he had had experience with about a dozen vertical boilers. 
He had not been called upon to examine them and report, 
but had assisted the inspectors of insurance companies, and 
considered himself capable of examining and reporting 
on a boiler, and to determine its safe working pressure. 
He sounded the boiler in question with a hammer, and 
drilled the fire-box crown, carefully sounding it after- 
wards. He then stop up the three holes which he 
had drilled, and test he boiler by hydraulic pressure. 
He cleaned the fire-box crown, and found no pitting or 
frooving, and was satisfied as to its general condition. 

hey tested the boiler up to 95 Ib., and the test was quite 
satisfactory, but his brother subsequently tested it to 
120 1b. Witness believed he set the safety-valve weight 
to blow off at 45 lb. Witness instructed Turner, the 
attendant, as to looking after the boiler. Turner was an 
‘average intelligent farm labourer.” 

The Commissioner: I don’t quite know what that means. 

Witness: Well, some men are dummies and some are 
above the average. 

But this, the Commissioner observed, could be said 
about other People besides farm labourers. 

y Mr. Vaux: Turner evidently knew that if the 
boiler leaked there would be cause for alarm, because on 
one occasion he had called attention to a leakage. 

Witness, continuing his evidence, referred to a small 
plate ‘which he put on to stop a leakage about three 
months after his examination. This leakage was, he 
thought, from a pit-hole, but he did not think much of it. 
He thought the explosion was due to the wasting and 
general weakness of the fire-box. There must have been 
considerable wasting since the examination in 1906. Rain- 
water was bad for boilers, but this was such an extra- 
ordinary experience that he would not like to attribute 
the be eg Jas that, though he could not explain it. 

~ he mgstaffe : He did advise Mr. Noakes to work 
the boiler up to 45 Ib., and honestly thought it fit for that 
pressure. 

John Marshall, stockman, said he lit the fire on the 
day of the explosion. Some time after Turner came and 
told him that water was dropping into the fire, and witness 
advised Turner to take the fire out because he thought 
the boiler was not safe to use that morning. Turner, 
however, said he thought it would ‘‘coal over” and stop. 
The explosion occu an hour after. 

Mr. Matthew White, engineer-surveyor to the Board 
of Trade at Dover, presented a report with sketches, &c., 
on his examination of the exploded boiler. The explo- 
sion was due to thinning of the crown of the fire-box. It 
was quite impossible for anyone to get inside the fire-box 
of this boiler owing to its small size. The detection of 
grooving would be very difficult even to an expert. A 
groove might be filled up with scale under ordinary work- 
ing conditions, so that the plate would appear level. He 
discovered the grooving in this case by scraping the scale 
away. It would not be apparent to anyone unless 
searched for. 

Mr. Smith-Marriott—the evidence being closed—then 
addressed the Court on behalf of Mr. Noakes. He pointed 
out that the insurance company all along had stated 
that repairs were possible, though they suggested the ex- 

iency (but not the urgency) of substituting a new 
iler. Had they not thought the boiler was capable of 
repair they would, he submitted, never have written 
offering to complete the insurance after the repairs had 
been effected. 

Mr. Longstaffe (Commissioner): They offered to pro- 
ceed to complete the insurance: “proceeding to com- 

lete,” I think, might involve another examination of the 
Boiler. I have here a letter in which they suggest to Mr. 
Noakes that he should get a new boiler, or, considering 
the deteriorated state of the old one, that they should be 
given an opportunity of inspecting it before it was worked 


= paid 
e witness 


in. 
“"ocendion Mr. Smith-Marriott said there could not 
be said to be any negligence on Mr. Noakes’ part in em- 
ploying Turner, who was a man of an So 
gence. There was nothing particular about the boiler to 
differentiate it from other ordinary boilers, and an ordi- 








narily intelligent man could soon learn to look after it 
properly. y knew that Turner had warning that 
th were not right just before the explosion, and if he 


had done what he (Mr. Smith-Marriott) submitted it was 
his duty to do, and drawn the fire, the ounenen would 
robably never have occurred, because the leakage would 
ve been reported to Turner’s master, and by him to 
Messrs. Baldwin. Instead of that he committed what 
was an act of recklessness, the result being what it was 
well known might occur. 

Mr. John Baldwin, addressing the Court on behalf of 
himself and brother, referred to the statement by the 
Board of Trade’s engineer-surveyor, Mr. White, that it 
was practically impossible to make a thorough examina- 
tion of the boiler. 

Mr. Vaux, on behalf of the Board of Trade, paid 
tribute to the fairness and straightforwardness of the 
witnesses. Messrs. Baldwin had given Mr. White every 
assistance in his investigation, and in the witness-box 
not attempted to “‘ hedge” in ony wed They were not 
expert boiler-makers, and they said that they had 
had little experience of that class of boiler. aving 

rd to their limited experience, the question arose, 
Ought they to have held themselves out as able to decide 
the safe working pressure of the boiler? 

The Commissioners then proceeded to the scene of 
the explosion to examine the boiler. On the Court 
resuming, the presiding Commissioner, Mr. Longstaffe, 
gave Solieent. At considerable length he reviewed the 
history of the boiler and the circumstances of the ex- 

losion, &c., and remarked that they thought that Mr. 

oakes’ recollection of conversations he with 
Mr. Oakley with regard to the repair, &c., of the boiler 
was the more likely to be the most accurate. The Com- 
missioners were unable to say that the boiler was in 
condition after the repairs in 1902, or that it was safe for 
the working pressure, because the repairs were incom- 
plete, as admitted by Mr. Oakley himself. Coming to 
the part tg tse | essrs. Baldwin, the Commissioners 
said they desi to take the opportunity of express- 
ing their — concurrence in the observations 
which were made by Mr. Vaux with regard to those 
gentlemen. The Commissioners thought that nothing 
could have been more candid, more cou us, or 
more straightforward than the evidence they had 
given. Although tners to the inquiry, and to some 
extent on their trial, neither of these gentlemen made 
the slightest attempt to colour mf statement that 
he made. Whether they were justified in holding them- 
selves out to advise the owner of a boiler as to the repairs 
it might require, as a matter of fact, was open to consider- 
abledoubt. The experience they said they had had made 
it very difficult for the Court to say they were skilled, as 
they honestly considered they were. It was a case rather 
of “‘greatness being thrust” upon people, because un- 
doubtedly, owing to the excellence of the work they had 
done, Messrs. Baldwin had acquired a considerable repu- 
tation in the district. The Commissioners thought that 
Mr. Noakes did honestly believe that Messrs. Baldwin 
were competent to advise him with regard to the boiler. 
As to the hydraulic test after the repairs effected by 
Messrs. Baldwin in December, 1906, the Court thought 
that the test was a little too severe, and that the 
application of a pressure of 120 lb. might well be 
described as an error of judgment. They thought that 
the boiler was examined properly by the Baldwins as far 
as possible without the fire-box being withdrawn. It 
certainly would have been much more satisfactory for 
everybody if the fire-box had been withdrawn. Again, 
when the patch was put on in March, 1907, it would have 
been much better iP the fire-box had been withdrawn 
and the furnace taken out, because then the extent to 
which corrosion and the wear of the boiler had proceeded 
would have been discovered. Owing to the make of that 
type of boiler—the vertical—it was really physically im- 
possible for anybody to satisfy himself as to the thinness 
to which the plates had worn. The boiler was very 
extensively corroded, but neither Mr. Noakes nor Messrs. 
Baldwin knew, of that. The matter really seemed to have 
been a chapter of accidents. Mr. Noakes honestly believed 
that Messrs. Baldwin were competent to inspect the 
boiler and advise him, and Messrs. Baldwin, in their turn, 
honestly believed that they had sufficient skill and ex- 
perience to decide whether it was safe, and whether the 
measures they had taken did ensure that the boiler would 
be worked under safe conditions. Under all the circum- 
stances, the Commissioners could not find that either 
Mr. Noakes, or Mr. John Baldwin, or Mr. Walter 
Baldwin, were guilty of conduct which would justify 
them in coming to the conclusion that any blame should 


be placed on anyone. That being so, and the worst that 
could be said being that they committed an error of 
judgment with regard to this boiler, the Commissioners 


could not find that any of them should bear the costs of 
that investigation, and they therefore made no order as 
to costs. 
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MORTON’S SUCTION 





Fie. 1. 


Tue suction-producer as ordinarily constructed 
marked a very distinct advance in the easy and econo- 
mical generation of motive power. Its usefulness has, 
however, been limited by the fact that it can only be 
operated satisfactorily with special fuels, the best 
results being obtainable solely with anthracite, though 
gas-coke can also be used, provided a little more 
attention be given to the working of the plant. 
Neither of these fuels is, however, particularly cheap, 
and the gas authorities in many towns have been able 
to meet with considerable success the competition of 
the suction-producer by furnishing gas for power pur- 

es at special prices—ls. 6d. per 1000 cubic feet 

ing a not unusual figure. The great advantages of a 
producer capable of using the ordinary bituminous 
coals everywhere readily and cheaply attainable have 
therefore long been obvious ; and so far as regards 
really large gas ee plants, the question has been 
pretty satisfactorily solved by plant of the Mond type 
and. its manifold imitations. This type of plant is, 
however, expensive, and requires skilled attention, so 
that it does not constitute a commercial solution of the 
problem of producing gas from bituminous fuel where 
the demand for gas is but moderate. 

Many attempts have accordingly been made to devise 
a suction-producer capable of using bituminous coal, 
and as easily and cleanly operated as the ordinary 
type of plant running on nearly tar-free fuel. After 
a heavy expenditure of time and money, many experi- 
menters have ended by abandoning the idea as im- 
practicable, but, so far as can be judged from the short 
experience in the working of the oy so far available, 
a practical solution’of the problem ‘appears to have 
been reached by Mr. George L. Morton, of the Links 
Cottage, Streetly, Sutton Coldfield.“ Thro the 
courtesy of the Dudbridge Iron Company, Mr. Morten 
will show his plant ia operation at their works, Stroud, 
during the Royal Agricultural Show at Gloucester, so 
that visitors to the latter, interested in the matter, will 
have an opportunity of seeing the producer at work. 

In its general principles the Morton producer does 
not differ materially from certain previous attempts, 
but, as every engineer knows, a world of trouble, 
expense, and experiment commonly lies between the 
birth of a good idea and its translation into its material 
embodiment as a commercially successful piece of 
apparatus. In this process details are all important, 
and it is in the attempt to work these out success- 
fully that so many promising inventions come to grief. 

A general view of the Morton plant is given in Fig. 1, 
whilst Fig. 2 shows a section through the producer. 
The com ~ a plant consists of a producer, a boiler, 
a gas-cooler, a coke-scrubber, and a suction-box, so 
that it isno more elaborate than the ordinary variety. 
The producer is of the down-draught type ; the fuel is 
coked at the upper part where it is fed in, and the 
volatile matter distilled off in this process is disasso- 
ciated or split up and reduced to carbon and hydrogen 
by passing through the lower layers of fuel already 
coked, which are kept hot by auxiliary air-openings in 
the sides and front of the producer. In this e 
throagh the lower layers of fuel, all tar is destroyed, 





there being no trace of it round any of the lower doors 
opening into the producer, though signs of tar are 
distinctly visible at the upper door, showing clearly 
that the fuel really contains the tar. In fact, coal 
yielding 12 gallons of tar per ton has been gasified 
in this producer with perfect success. 

The function of the different parts of the producer 
will perhaps be best understood describing the pro- 
cess of putting the generator into operation. In 
— up the plant from the cold, the producer is 
charged from the top with broken coke up to the level 
of the main air-inlet at CC, Fig. 2. A fire is kindled 
on top of this with wood, and a down-draught 
established by means of a fan. When the coke- 
filled producer is well under way producing gas, 
the engine can be started, and steam is then turned 
into the various air-inlets, of which a number are 

rovided at different levels. As the level of the 
uel falls, bituminous coal is fed into the container. 
This coal rests on the bed of incandescent coke 
below, which distils off the volatile matter. This is 
drawn down through the hot coke, and it will be 
noticed that the “a of the producer slopes outward 
at I below the level of the fresh fuel. 
about the same as the natural angle of repose of the 
fuel, and consequently along this hanging wall the 
fuel packs less closely than elsewhere, so that the bulk 
of the volatile constituents take this path on their way 
to the bottom of the producer. An air-inlet C' is pro- 
vided on each side at the level shown and also at the 
bottom of this sloping roof, as indicated by C*, and by 
the combustion thus maintained the temperature is 
kept sufficiently high to ensure the complete destruc- 
tion of all the tar and other matter distilied off in the 
upper part of the furnace. The air introduced at level 

elps also to gasify the carbon resulting from the 
splitting of the volatile matter. Steam is fed in at 
all the air-openings, so as to moderate the temperature 
and prevent the production of hard clinker. In actual 
operation at Dudbridge, where the plant has been for 
some time on trial, but little ash is removed from the 
bottom of the furnace. The gas outlet is at E, whilst 
clearing-doors for raking out ashes and cinders are 
provided at the ends of the passage DD. The pro- 
ducer can be run with the cover H open, so that the 
fuel can be poked at any time from above. 

The on leaving the producer passes first throngh 
a small multitubular boiler, in which it is possible to 

nerate enough steam to supply the needs of the pro- 

ucer. From this boiler it passes through a cooler 
closely resembling in its construction a small surface 
condenser, with the exception that the gas 
through the tubes, and the cooling water is outside 
them. From the top of this cooler the gas passes to a 
coke scrubber of the usual type, and thence to the 
suction-box on the engine inlet-pipe. The wash-water 
from the scrubber shows no trace of tar. 

The plant at Dudbridge is rated at 40 to 50 brake 
horse-power, and supplies gas to a Dudbridge gas- 
engine having a cylinder 13} in. in diameter by 21 in. 
stroke, and running at 180 revolutions per minute. 
It is rated by its makers to develop a maximum of 55 
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brake horse-power on town gas, and 42 brake horse- 
power on ordinary producer-gas. With the Morton 
gas-plant it has developed 48 brake horse-power. The 
coal used was from the Birch Coppice Collieries, and is 
fairly representative of the average kind of coal obtain- 
able in all localities. The fuel consumption was about 
1 lb. per brake horse-power per hour. During nearly a 
week’s test the engine was run from Tuesday to Friday 
inclusive for ten hours per day under a brake load of 
38 brake horse-power. On the Saturday the behaviour 
of the producer under changing loads was investigated. 
From 9.25 a.m. up to 10 a.m. the engine was run 
under a load of 48 brake horse-power. This was then 
reduced to 12 brake horse-power, and an hour’s run 
made under this. The brake was next entirely re- 
lieved, and the engine run for ten minutes thus, at 
the end of which the full load of 48 brake _horse- 
power was thrown on as quickly as possible, and main- 
tained for twenty minutes. The load was then again 
reduced to 12 brake horse-power, under which a run of 
twenty minutes was made, followed by a run of ten 
minutes at 36 brake horse-power before shutting down 
for the day. The generator worked throughout most 
satisfactorily, and the run at quarter-load could 
apparently have been continued indefinitely. The 
sudden application of the full load of 48 brake horse- 
wer was made without slowing the engine, and with 
this load the missed ignitions were four per minute. 
The operation of starting from the cold requires about 
40 minutes’ time, but if the fire is banked over night a 
start in the morning can be made in seven minutes, 
and in rather less time after the dinner interval. 








FERRO-CONCRETE SUBMARINE DEPOT 
AT HASLAR. 

OnE of the most important applications of ferro- 
concrete by the Admiralty is represented by the new 
dépét for submarine vessels at Haslar, where the main 
portions of the construction have. been executed in 
accordance with the Mouchel-Hennebique . system, 
which was justly considered to offer marked advantayes 
over timber, owing to the superior strength, durability, 
and fire-resisting properties of ferro-concrete, and over 
steel-work in consequence of its superior rigidity and 
freedom from deterioration by corrosive influences. 

In order that our readers may be the better able to 
follow the details given in this article, we reproduce 
in Fig. 1, page 788, a block plan of the works, from 
which it will be seen that the dépédt occupies part 
of the inlet at the entrance to Portsmouth Harbour 
between Gosport and the Haslar Royal Naval Hospital. 

The main items of the ferro-concrete construction are 
Jetty No. 1, shown in Figs. 2 to 22 on our two-page 
engraving, which has a total length of 855 ft., com- 
mencing at the previously existing jetty to the north 
of the Fort Blockhouse, and Jetty No. 2, with a length 
of 448 ft., commencing at Haslar jetty, and proceeding 
in a north-easterly direction to a point within 160 It. 
from Jetty No. 1. At the end of the last-mentioned 
jetty a floating dock has been installed, this structure 

ing kept in position by four ferro-concrete dolphins, 
serving the purpose of guides. Near the commen 
ment of the same jetty there is a very interesting piece 
of work in the form of an elevated framework of fe:i4- 
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SECTION ON LINE C.D.(Fig.24) 
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concrete, providing guides for a vertical lift bridge with . gs 12 wer 2) H 
the clear span of 27 ft. 94 in., the full width of the 7 EE et 
jetty, and completed by an overhead platform for the aa | oe ue & 
operating gear of the bridge. Elin Fender wis =e | ‘ 
In addition to its connection with the old jetty, the si es Bt 
new work is placed in communication with the land sale 
by an approach viaduct, extending from a central es | 
point towards Fort Blockhouse, as shown in Fig. 1. FS 
he jetty is founded entirely on 15-in. by 11-in. @ | 
Hennebique ferro-concrete piles, whose length varies 3s H 
in different parts of the work, but may be taken at { 
the average of 40 ft. below Ordnance datum. The § a 
dredging line is situated at about 15 ft. below low Line of. 3 


water of spring tides, and the piles are driven to 
isal. at the average depth of some 16 ft. below the 
iging line. 

‘he first operation on the part of the contractors was 
to mould and season the piles, which, ‘as usual, were 
reinforeed by longitudinal and transverse link-ties 
lor resistance to direct stress and flexure, and finished 

vith a steel driving-point. Having been driven to 
refusal, the piles were trimmed off level at the top, 
‘eaving portions of the reinforcement to project as 
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e208 it 
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\ 
anchorage into the columns afterwards built in con- 
tinuation of the piles up to quay-level. 

Figs. 2, 3, and 4, on our two-page plate, are ele- 
vation, plan, and transverse section respectively, 
showing the positions of the piles and deck-beams in 
the north-east portion of the jetty. Figs. 5 to 8 show 
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i | : 
cross section B.B .(Looxiue N.&.) 
different portions of the same to a larger scale, and 
the bracing in the same portion of the work. The total 
length of the north-east portion is 364 ft. to the centre 
line of the approach-jetty. At the height of 4 ft. 
above low water of spring tides the piles are connected 
longitudinally and transversely by walings 10 in. by 
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12 in. and 9in. by 12 in, respectively. The columns 
moulded with these walings and the pile-heads are 
connected at the top by 9-in. by 14-in. transverse 
deck-beams, and by three longitudinal deck-beams, 
the two outer members being 7 in. by 12 in., and 
the inner one 6 in. by 12in. Fig. 4 is a cross-section 
on the line A A showing the general arrangement and 
the nature of the connections between the diagonal 
bracing and the other parts of the construction. The 
framework is completed and further stiffened by the 
continuous deck-stab acting as a compression flange 
common to the entire system of ms. 

So far, we have spoken of the columns, walings, 
bracing, beams, and deck slab as if they were in- 
dependent members. That was necessary for the 
purposes of description, but we ought now to point 
out the interesting feature that the superstructure 
of the jetty from end to end is really a continuous 
braced ve divided into 14-ft. spans by the my 
ing piles. To account in an adequate manner for the 
strength and rigidity exhibited by Hennebique ferro- 
concrete jetties, it is indispensable to consider the 
construction as a single monolithic member, moulded 
without joints of any kind, and reinforced only—or 
mainly—against tension and shear, while the concrete 
Seraichen resistance against compression. 

A structure of the type here briefly described may 
seem to bea very simple affair, and no doubt is actually 




















so to the expert in ferro-concrete ; but it will be recog- 
nised from what we have said that its design involves 
sound knowledge of the principles governing the con- 
struction of braced ee generally, and special ex- 
perience of their application to ferro-concrete. 

29, page 790, we have a view from a photo- 
graph showing part of the completed jetty near the 
ift-bridge, the framework of which is represented by 
the details in Figs. 5, 6, and 7. The standards, 
measuring 12 in. by 15 in. in cross-section, are built 
up from 15 in. by 18 in. piles and columns, and rise 
to the height of 15 ft, above quay-level. They are 
connected at the top by longitudinal elliptical beams, 
12 in. wide by 15 in. deep at the ends, and 33 in. dee 

at the middle of the span, and transversely by paralle 
beams 12 in. wide by 15 in. deep. Between these 
members there are three intermediate 5-in. by 7-in. 


In Fig. 


transverse beams, and the entire series is connected | 7 


by a continuous nage wr slab constituting the cem- 
pression flange. Fig. 30 shows the bridge framework 
with the steel lift-span and mechanical equipment in 
position, this photograph having been taken at low tide. 

The south-west portion of Jetty No. 1 is similar in 
construction to the part already described, and is illus- 
trated in plan and elevation in Figs. 9 and 10, on the 
two-page plate. The length from the centre line of the 
approach viaduct to the end of the floating dock is 
401 ft., the width at quay-level being 15 ft. As in the 
north-east portion, the foundations consist of Henne- 
bique piles driven to depths ranging from 16 ft. to 
22 ft. below the dredgi he. Fig. 11 isa cross-section 
on the line CC, by which it will be seen that the 
general design is similar to that of the north-east por- 
tion of the jetty. The height above dredging line at this 
section is 31 ft. 9in., but in the vicinity of the floating- 
dock it is nearly 44 ft. above the same level. 

The most interesting features of the construction in 
this part of the jetty are the guide-dolphins, which 
are shown in Figs. 12 to 20. o of the dolphins 





were built monolithic with the main jetty, and the 


other two are independent structures. Figs. 21 and 
22 include two sections of dolphin A at the end of the 
floating-dock. These illustrations are reproduced from 
working drawings, and need no comment beyond the 
remark that all details of the reinforcement have 
obviously been very carefully worked out, so as to 
provide in the most adequate manner for resistance to 
all stresses and to ensure the perfect anchorage of 
the various bars in the surrounding concrete. At the 
south-west side of dolphin B a hinged gangway gives 
access from the jetty to the floating-dock. his 
angway may be seen in Fig. 31, which is reproduced 
rom a photograph taken at high tide. 

wy f No. 2 is almost identical in point of design 
with the jetty already described, although the main 
dimensions and the dimensions of the various parts are 
necessarily different. The jetty proper, 322 ft. long 
by 13 ft. 6 in. wide at quay-level, is connected with 
the shore by an approach viaduct 128 ft. long by 9 ft. 
wide (see Figs. 25 and 26, page 787). The structure is 
founded on Hennebique ferro-concrete piles, and con- 
sists of columns, walings, diagonal bracing, deck-beams, 
and a continuous deck-slab, the whole of monolithic 
construction, as may be realised by inspection of the 
sections in Figs. 23 and 24, 27 and 28. Figs. 23 and 
24 are transverse and longitudinal sections reproduced 
from the working drawings. These illustrations are 
self-explanatory, and, like the corresponding drawings 
referring to Jetty No. 1, show clearly the details of 
the design. 

As an indication of the elastic strength possessed by 
ferro-concrete construction of this type, we mention 
below some figures taken from a report of the official 
test conducted on a portion of Jetty No. 1. 

The portion tested was a deck-bay 9 ft. wide, 
supported by three beams, with the clear span of 
15 ft. The feed imposed amounted to 30 tons 7 ewt. 
over the area of 135 square feet, or, in other words, was 
equal to 44 ewt. per square foot. Notwithstanding 
this heavy load, the maximum deflection of the beams 
was only 0.0236 in., or about one-fortieth of an inch. 
The operation of loading occupied three days, and 
the full load remained in position for two hours, so it 
is evident that ample time was allowed for its influence 
to be fully developed. 

Another satisfactory feature connected with the test 
was that almost immediately after removal of the 
loading the beams returned to their original es 
thus demonstrating conclusively the perfect elasticity 
of the construction. 

The contractors for the works here described were 
Messrs. Playfair and Toole, of Southampton, and the 
details of the ferro-concrete design were prepared for 
the Admiralty by Messrs. L. G. Mouchel and Partners, 
of Westminster, to whom we are indebted for the 
drawings, photographs, and particulars embodied in 
the foregoing article. 








British FouNDRYMEN’s ASSOCIATION. —The annual 
meeting of this Association is arranged to be held this 
yet at the University, Birmingham, on August 3, 4, and 

. The chairman will be Mr. F. J. Cook, Birmingham, 
President, and the following papers have so far been 

:—** Twenty-Five Years of Cast Iron,” by Pro- 
fessor T. Turner, M.S.C., A.S.S., R.S.M., Birmingham ; 
** Influence of Chemical Compounds on the Properties of 
Cast Iron,” by Mr. A. H. Hiorns, Principal of the Metal- 
lurgical Section, Birmingham Technical School; ‘The 
Production of Patterns for Light Castings,” by Mr. W. H. 
Sherburn, Warrington; ‘‘The Application of Rule of 
Thumb and Science in the Foundry,” by Mr. Sidney G. 
Smith, Chesterfield; and ‘“‘The Cupola,” by Mr. H. 
Emberton, Derby. 


Personat.—Messrs. Mattw. T. Shaw and Co., Limited, 
have built a large extension to their offices at the London 
Constructive Bridge Works, Millwall, E., where all com- 
munications should now be addressed to them.—Messrs. 
Douglas Grant, Dunnikier Foundry, Kirkaldy, have 
taken Mr. Charles Edward Douglas and Mr. wis 
Campbell Grant into nership as from May 1. Mr. C. 
. Douglas isa son of the late Mr. Robert Douglas, the 
founder of the firm, and Mr. L. C. Grant is the senior’s 
eldest son.—After June 24 the Royal Sanitary Institute 
and Parkes Museum will be removed to 90, Buckingham 
Palace-road, 8.W.—The St. Helens Cable and Rubber 
Company, Limited, Warrington, state that Mr. J. H. C. 
B ing, A.M.1.E.E., M. Inst. M.E., has been appointed 

eral of the company.—Messrs. Buck and 
ickman, Limited, inform us that they have opened new 
offices, warehouses, and show-rooms at 55, Station-street, 
Birmingham, where they will keep a stock of machinery, 
small tools, and general supplies. This new branch is in 
a—- of Mr. Frank Cooper.—Messrs. Princeps and Co., 
Sheffield, have opened a London office at 235, High Hol- 
born, and have appointed Mr. R. ©. Jennings their sole 
London representative.—Mr. H. C. Jenkins, South York- 
shire representative of the British Westinghouse Com- 
pany, has accepted the position of managing director of 
the Mini ineering Company, Limited, Fosters- 
buildings, Sheffield, and takes up his duties there at once. 
—The Contraflo mdenser mpany, Limited, have 
taken new offices at St. Stephen’s House, Victoria 
Embankment, Westminister, London, 8S.W.—We under- 
stand that Mr. Alfred M. Wright has been appointed to 
a seat on the Board of the Butterley Company, Limited. 





NOTES FROM THE NORTH. 
Griascow, Wednesday. 

Glasgow Pig-Iron Market.—Last Thursday morning t!e 
wea market was easier in tone, and 2500 tons of 

eveland warrants were put through at 48s. 9d., 48s. Sid. 
and 48s. 9d. cash, and 48s. 1ld. one month. At the close 
there were sellers at 48s. 94d. cash, 49s. 0}d. one month, 
and 49s. 6d. three months. In the afternoon a stron:er 
tone —— but the market was quiet, and only one 
lot of Cleveland warrants changed ds at 49s. &d, 
three months. Closing sellers quoted 49s. cash, 49s. 24d, 
one month, and 49s. 74d. three months. On Friday 
morning there was rather more doing, and prices were 
firmer. The dealings consisted of 5500 tons of Cleve. 
land warrants at 49s. and 49s. O}d. cash, 49s. 2id, 
twenty-six and twenty-four days, 49s. 3d. one month, 
49s. 5d. July 26, 493. 4d. July 16, and 49s. 84d. three 
months. Sellers’ prices at the close were 49s. 1d. 
cash, 49s, 34d. one month, and 49s. 9d. three months. In 
the afternoon the market was steady, and 2500 tons of 
Cleveland warrants were done at 49s. O4d. cash and 
49s. 3d. one month. Closing quotations were 49s. 1d, 
cash, 49s, 34d. one month, and 49s. 84d. three months 
sellers. The market was easier in tone on Monday morn- 
ing, and Cleveland warrants were dealt in from 48s. 11d. 
to 48s. 9d. cash, at 49s. Od. one month, and 49s. 74d, 
three months. The turnover amounted to 3000 tons, and 
closing sellers quoted 48s. 10d. cash, 49s. 1d. one month, 
and 49s, 7d. three months. In the afternoon the tone was 
rather unsteady, and 2000 tons of Cleveland warrants 
ce hands at 48s. 10d. cash, 49s. 1d. one month, and 
49s. . three months. The closing quotations were 
48s. 104d. cash, 49s. 14d. one month, and 49s. 6d. three 
months sellers. On Tuesday morning the market wassteady, 
but the business was limited to 2500 tons of Cleveland War- 
rants at 48s. 9d. cash, 49s. one month, and 49s. 44d. three 
months. At the close the tone was firm, and sellers’ 
quotations were 48s. 11d. cash, 49s. 14d. one month, and 
49s. 64d. three months. In the afternoon business was 
very quiet, and 1000 tons of Cleveland warrants at 48s. 11d. 
one month and 49s. 44d. three months covered all the 
dealings. Weakness was apparent, and the closing 
quotations were 48s, 9d. cash, 48s. 114d. one month, and 
49s. 44d. three months sellers. When the market opened 
to-day (Wednesday) the tone wus very dull, and UCleve- 
land warrants were weak. The turnover consisted of 
only 2000 tons at 48s. 10d. and 48s. Ad. one month, 
and closing sellers quoted 48s. 74d. cash, 48s. 10d. one 
month, and 49s. 34d. three months. In the afternoon there 
was a slight improvement, and some 6500 tons of Cleve- 
land warrants were dealt in at 48s. 9d. cash, and from 
48s. 10d. to 48s. 114d. one month. The close was firm 
with sellers quoting 48s. oi. cash, 49s. one month, and 
49s, 54d. three months. The following are the market 
quotations for makers’ (No. 1) iron :—Clyde and Calder, 
60s. .$ errie and Summerlee, 61s. ; 
68s.; and Coltness, 88s. (all shi at Glasgow) ; Glen- 
garnock (at Ardrossan), 62s. 6d.; Shotts (at Leith), 60s. 6d.; 
and Carron (at Grangemouth), 63s. 


— of Ammonia.—A very dull tone has lately pre- 
vailed in the sulphate of ammonia market, and business 
has been somewhat quiet. The price to-day is no more 
than 11/. 5s. per ton for prompt delivery, Glasgow or 
Leith. The total shipments from Leith Harbour last 
week amounted to 156 tons. 


Scotch Steel Trade.—The recent reductions in the prices 
have had the effect of improving the tone of the Scotch 
steel trade, but, so far, new business has not quite come 
up to expectations. Several of the makers, however, 
report an increase in specifications, and it is only natural 
to expect a general improvement in the industry at an 
early date. The export inquiry is rather better, and for 
ship-plates the price has been fixed at 5/. 16s. 3d. per 
ton, less 24 per cent., as against 5/. 17s. 6d. per ton, less 
5 per cent. for home requirements, which now gives the 
home consumer any benefit which is going. The export 
price of angles is very r, and it is reported that_busi- 
ness has been done at about 4/. 10s. per ton net. Struc- 
tural sections are the subject of a better inquiry. 


Malleable-Iron Trade.—The malleable-iron trade of the 


West of Scotland has not shown much sign of improve- 
ment during the past week. Orders still continue to be 


of a very limited nature, and the old difficulty of keeping 
the mills going is still general. The outlook is more 
hopeful. 


Scotch Pig-Iron Trade.—The demand for the ordinary 
brands of Scotch pig iron is very good, both for the home 
market and for export. Makers’ prices are firm, and 
they see no occasion to do otherwise than keep them so. 
The inquiry for hematite is fairly satisfactory, and the 
current quotation is round 57s. per ton. 








Tue INCORPORATED INSTITUTION OF AUTOMOBILE ENGI- 
NEERS : GRADUATES’ Prize.—After consideration of the 
papers read by graduates of the Institution during the 
session ended 1908-9, the Council have awarded the prize 
of 5/. 5s., offered for the best paper read within that 
period, to Mr. Frederick Thomas, for his paper on 
Wee ate mi Gears, ” read before the London branch 
of the uates’ Section on February 23, 1909. 


Nortu-East Coast Institution OF ENGINEERS AND 
SHIPBUILDERS. —It is proposed to hold at Glasgow, on 
August 4, 5, and 6, a joint meeting of this Institution \ ith 
the Institution of Engineers and Shipbuilders in Scotland. 
An advance programme is being issued. Papersare to be 
read and discussed during the morning, there being visits to 
works in the afternoon. Picapoctive visitors are requested 
to send in their applications on or before the 19th inst., 
addressed to the mer of the North-East Coast Insti- 
tution, Newcastle, 
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NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 

Leeds and Bradford Trams.—Considerable interest has 
been evinced in the inauguration of a system of through 
tramcars between Leeds and Bradford. Hitherto a great 
difficulty in linking up the services of these two cities 
has been the difference in the gauges of the two tramway 
systems. It had been necessary for through passengers 
to change cars at Stanningley, which was a t incon- 
venience to the Yorkshire folks. When the tramway 
communication between Leeds and ord was first 
established three years the engineers of the Bradford 
Corporation turned their attention to overcoming this 
difficulty of changing, and they invented a device, which 
after repeated trial has proved wonderfully efficient. The 
wheels of the car are made to adapt themselves upon an 
adjustable axle to the change of gauge. The two corpora- 
tions decided to utilise the patent, and the two systems 
have been joined up at Stann:ngley with a short length of 
rails, in which the difference of fange, some 8} in., has 
been absorbed. Each city has fit ten cars with the 
device, and now a permanent service of a quarter of an 
hour interval in the morning and ten minutes in the after- 
noon is in operation. 

The Coal Crisis.—There are encouraging reports to 
hand to offset the gloomy Up etn = as to South 
Yorkshire being drawn into the coal crisis, and the ex- 
planation is very simple. The coming into operation of 
the Eight Hours Act does not mean such radical altera- 
tions in Yorkshire as it does in other parts of the country. 
There have been differences between masters and men, 
but differences which it is probable will be amicably 
settled. The South Yorkshire Coal-Owners’ Association 


has met twice recently in Sheffield, and although it | he 


cannot be said there is yet a definite agreement of a 
general character, there appears to be a disposition on the 
part of individual colliery-owners to come to terms with 
their own men. Both surfacemen and miners have re- 
solved not to agree to any reduction of wages, especially 
after the recent unpalatable award of Lord James of 
Hereford of a 5 per cent. reduction, and it is not likely 
that the masters will press for a decrease. In many cases 
a compo is being effected by the alteration of shifts, 
two shifts being worked at most places instead of one, 
the surfacemen included. Already Aldwarke Main and 


Rotherham Main Collieries are at work on the new 61. 


system, and Barrow and Houghton Main are following 
the example, so that with the colliery-owners making 
terms with their own men, there is a strong probability 
that there will be no stoppage of South Yeuukive pits. 
Iron and Steel.—The fact that most of the firms in 
Sheffield closed their works for the whole of Whit-week 
is eee 5 as to the state of general trade. Such a pro- 
longed Whitsun holiday is exceptional, but as many firms 
have been working only two or three daysa week for some 
time past, it was to be expected that they would take 
advantage of the holiday and save establishment cha 
It is wee that there has been a pre. mo 
able shrinkage in the volume of trade since the beginni: 
of the year, when, it will be remembered, the soled 
seemed prosperous. It is reported that there are some 
signs of a revival, if any improvement on the recent 
abnormal depression can be termed a revival ; but leading 
manufacturers confess that it is nothing like so substan- 
tial as was expected. In the heavy trades there is some 
increase of orders for armament, especially from Russia 
and Spain ; and as general shipbuilding is undoubtedly 
brisker, there are more inquiries for marine forgings, 
shaftings, and heavy work. As America is recovering 
somewhat from the financial crisis, the iron trade is im- 
proving, and an improvement in American trade is gene- 
rally reflected in busier shops in Sheffield. There seems 
to be little hope of recovery in the railway steel depart- 
ments, and manufacturers are still chafing over the im- 
porting of foreign axles and t A fair number of 
orders for high-speed steel continue to be received from 
the United States and the Continent, but up to the pre- 


sent there has been no sign, from either the Government | ¢), 


or the big shipyards, of orders for armament and castings. 
The lighter trades are still very quiet, and suffer from 
the general depression. There have been few transactions 
in the iron market, but more inquiries are to hand. The 
high premium insisted upon by Lincolnshire firms appears 
to be reacting in favour of Derbyshire material. _ 
rally the market for forge iron is weaker; basic iron is 
very firm, but there is a poor demand for pipes and hoops. 
The finished iron trade is altogether unhealthy. 


South Yorkshire Coal.—As the pits were stopped for the 
greater part of the week, there was a holiday atmosphere 
in the coal market, very little buying or selling being done. 
But, notwithstanding the season of the year, there is a 
general tendency to stronger prices—a tendency which, of 
course, would become more marked were the situation in 
other coal-fields to develop into open rupture. Best 
domestic fuel shows no sign of weakness, despite the 

summer time,” and rates are very satisfactory from the 
se.lers’ standpoint, quotations ruling at very little under 
12s. per ton for select varieties of Barnsley. Second-grade 
material is not so firm. There is still a big bulk of steam- 
coal going to both coasts, and the home railway companies, 
_— the holiday traffic, are using maximum quantities. 
_— general export trade, however, is hardly so active. 
(ras-coal is drooping somewhat, but there isa steady trade 
in seconds steam and good grade slacks. 





, Bairise Mortor-Boat Cius.—The British Motor- Boat 
a ) Regatta at Erith will take place on the 19th inst., 
aa the entries for these races close on Monday, the 
Ltth inst. The Motor Club Challenge Trophy for boats 
- ceding 10 knots, and the Erith Town Cup for all 
‘asses under M.M.A. rating, are the two chief events. 





NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 
MIDDLESBROUGH, Wednesday. 
The Cleveland Iron Trade.—Once more the pig-iron 
market is quiet, and traders are dealing very cautiously. 
Though a general opinion is expressed that improvement 
will be experien in the autumn, buyers are not dis- 
to do much business ahead, and most of the transac- 
tions that are being recorded just now are for only mode- 
rate parcels for early delivery. It cannot be said that 
the statistical situation is very satisfactory, for whilst 
it is generally understood that additions of Cleveland iron 
are no longer accumulating at makers’ yards, makers’ 
stocks of hematite pig are believed to be increasing, 
and Cleveland iron continues to be sent into the war- 
rant stores, the additions thereto this month being at the 
rate. of over 500 tons per working day. The stock of 
Cleveland pig in the warrant stores now exceeds 225,000 
tons. Shipments of pig to date this month average 
4580 tons per working , compared with 4290 tons to 
the same date last month, and just over 5000 tons for the 
corresponding part of June last year. No. 3 g.m.b. Cleve- 
land pig iron is 48s. 9d. f.o.b., and less inclination to do 
forward business is noticeable, notwithstanding a prevail- 
ing opinion that improvement will be = in the 
autumn. No. 1 is 5ls. 3d.; No. 4 foundry, 48s. ; No. 4 
forge, 47s. 6d.; and mottled and white each 47s, Nos. 1, 
2, and 3 East Coast hematite ig are obtainable from 
second hands at as low as 5bs. for early delivery, but 
most makers adhere to 55s. 6d. Spanish ore maintains its 
value, Rubio of 60 per cent. quality standing at 16s. 6d. 
ex-ship Tees. Coke keeps firm, from 15s. 9d. to 16s. 
being named for average blast-furnace kinds delivered 
re. 


rs pe one Iron and Steel.—Very little new can be 
reported of the various branches of the manufactured iron 
and steel industries. The recently reduced quotations for 
shipbuilding material do not appear to have brought 
buyers into the market. In some branches, however, 
rather more inquiry is reported. ucers of railway 
material and sheet manufacturers continue busy, and 
have contracts made which will keep them well employed 


for some time. Common iron are 6l. 15s. ; best bars, 
7l. 2s. 6d. ; best best bars, 7/. 10s.; ey we 5. 5s.; 
les, 61. 15s.; steel bars, 


iron ship-plates, 6/.; iron ~— 
5s.; steel ship-plates, 5/. 15s.; steel ship-angl 

5l. 7s. 6d.; steel strip, 6/. 7s. 6d.; steel hoops, 6/. 10s.; an 
steel joists, 5/. 15s.—all less the customary 24 per cent. 
discount; whilst cast-iron railway chairs 32. 10s. ; 
cast-iron columns, 61. 10s.; light iron rails, 62. 10s. ; ae 
steel rails, 5/. 5s. ; and steel railway sleepers, 6/. 103.—all 
net cash at works, and iron or steel galvanised corrugated 
sheets, 24 gauge, in bundles, 12/. 10s. f.o.b.—less the 
usual 4 per cent. 


Ironworkers’ Wages.—According to the accountants to 
the Board of Conciliation and Arbitration for the Manu- 
factured lron and Steel Trades, the average net selling 
price of iron rails, plates, bars, and angles for the two 
months ending April 30 last was 6/. 7s. 9.42d., as com- 
pared with 6/. 11s. 7.32d. for the previous two months, 
and, in accordance with sliding-scale arrangements, w 
for June and July will be the same as prevailed during 
the preceding two months. 


The Eight-Hours Act.—A further meeting of the Cleve- 
land ironstone-mine owners and the miners’ represen- 
tatives was held at Middlesbrough this week, Sir Hugh 
Bell, . Yes when the Eight-Hours Act was 
— considered. rtain terms were suggested for 

option on the Ist of next month, and the h was ex- 
pressed that after the numerous meetings that taken 
place on the subject, further interviews in relation thereto 
would be obviated. The mine-owners intimated that they 
felt themselves in a very difficult position. They were 
not sure what the effects of the Act might be, but it a 

to be clearly in the power of the men to lessen the 
ifficulties. The mine-owners would have to safeguard 
emselves against increased cost of working the iron- 
stone, but they would give a fair trial on terms su ted. 
They, however, could not promise that there would not 
have to be a reconsideration of the question shortly. 








OrriciaL Dust-Layinc Trst.—The Roads Improve- 
ment Association (Incorporated) has arranged that the 

roposed further test of the dust-laying qualities of 

essrs. Brunner, Mond, and Co.’s calcium chloride shall 
take place on Saturday and Monday, June 12 and 14. 
Messrs. Brunner, Mond, and Co.’s procedure is to give 
the road two initial treatments—twenty-four hours be- 
tween each. The treatments will commence about 11.30 
o’clock on both days, and will probably continue until 3 
or 4 o’clock in the afternoon. The test is being con- 
ducted upon a mile of road between Ashford Station and 
Stanwell Village, Middlesex. The nearest station is 
Ashford, Middlesex. The judges appointed by the Roads 
Improvement Association to conduct the test are Messrs. 
A. Dryland, A.M. Inst. C.E. (County Surveyor, vara) 
H. P. Maybury (County Surveyor, Kent), : 
Manning (Surveyor, Staines Rural District Counci ), and 


W. J. A. Butterfield), M.A., F.I.C., F.C.S. (consulting | R. 


and analytical chemist). The test was to have been 
carried out on May 24 and 26. The road was duly 
treated on May 24, but on the 25th and subsequent days 
there was a heavy rainfall, and it was decided to e 
to Messrs. Brunner, Mond, and Co.’s request to pone 
any further treatment. The association’s official ob- 
servers have taken records of the condition and effect of 
the single treatment after the rain. Further particulars 
can be obtained upon application to the hon. secretary of 
the Roads Improvement Association, 1, Albemarle-street, 
Piccadilly, London, W, 





NOTES FROM THE SOUTH-WEST. 


Cardiff.—The steam-coal trade has shown a somewhat 
firmer tone ; the best large for immediate shipment has 


made 17s. to 17s. 3d. per ton, while secondary qualities have 
from 15s. 3d. to 16s. 6d. per ton. House coal 
has been steady and firm ; the best ordinary qualities have 


made 14s. 6d. to 16s. 6d. per ton, while No. 3 Rhondda 
large has brought 17s. 9d. to 18s. 3d. per ton. Foundry 
coke has been quoted at 18s. to 20s. 6d. per ton, and 
furnace ditto at 16s, 6d. to 17s. per ton. As regards iron 
ore, Rubio has realised 15s. 9d. to 16s. per ton, upon a 

is of 50 per cent. of iron, and charges, including 
freight, insurance, &c., to Cardiff or Newport. 


The Ebbw Vale Company.—The dividends upon the ordi- 
nary shares of the Ebbw Vale Steel, Iron, and Coal Com- 
pany. Limited, for the ten years ending with 1909 inclusive 

ve shown extracurdinary fluctuations. In 1900 and 1901 
the distribution was at the rate of 12 per cent. per annum, 
but in 1902 nothing was paid; in 1 10 per cent. was 
distributed ; in 1904, 1905, and 1906 the shares received 
5 per cent. per annum; for 1907 and 1908, 10 per cent. 
was paid ; but in 1909 the dividend came down to 24 per 
cent. The profits of the company for the ten years were : 
—1900, 231,694/.; 1901, 199,857/. ; 1902, 32,262/.; 1903, 
162,4437.; 1904, 117,073/.; 1905, 78,406/.; 1906, 82,4862. ; 
1907, 161,717/.; 1908, 161,0677.; and_1909, 77,282/. The 
iron and steel departments worked -last year with great 
eee and with a large reduction in output. The 
profits arising from these departments were accordingly 
inadequate, owing to the depressed state of trade and to 
selling prices being almost entirely governed by foreign 
competition. 

Portsmouth.—Portsmouth has been so crowded of late 
that three or four home fleet ships have had to go to 
Spithead. Increased accommodation is, noneelingy: 
becoming n ; it might probably be provided by 
more vigorous dredging. 





THE NATIONAL ELECTRICAL MANUFACTURERS’ ASSOCIA- 
TION.—This Association, whose secretary is Mr. F. B. O. 
Hawes, with offices at Balfour House, Finsbury Pave- 
ment, E.C., has issued a pamphlet setting forth its objects 
and the advantages which membership confers. The 
real ratson d’étre of the Association, says the pamphlet, 
‘*is in the opportunity-it affords for the ready settling of 
trade disputes, abuses, &c., in the convening of urgent 
meetings, either for the manufacturing trade as a whole 
or any. section of it, and in the promotion of schemes that 
will be beneficial to electrical manufacturers.” 





Trapr.—Messrs. Vickers Sons and Maxim, Limited, 
inform us that in view of the growth of their electrical 
business, and for the convenience of their customers in 
London, they have = a representative at 28, Vic- 
toria-street, S.W. is branch of the business will be 
under the management of Mr. C. 8. Thomson, M.Sc. 
M.I.E.E., who will deal with the large range of electrical 
machinery made at the Sheffield works, and also the 
smaller motors and generators manufactured by the Elec- 
tric and Ordnance Accessories Company, at Birmingham, 
under the control of the Vickers Company. Mr. C. 8. 
Thomson was formerly superintending engineer to the 
Brush Company, and for the last six years connected 
with the export business of the British Westinghouse 
Company in London. 





Wurre Star Dominion Line.—The Megantic, the 
second of two steamers built by Messrs. Harland and 
Wolff, Belfast, for the new Canadian service of the White 
Star Line, left the builders’ works for Liverpool on the 
4th inst., and will leave on her first op on the 17th 
inst. She resembles the Laurentic in all respects except 
the machinery, the last-named steamer, as described on 
page 598 ante, having an exhaust-steam turbine of the 

‘arsons type on a centre shaft, in addition to triple-ex- 
pansion engines on each of the wing shafts, with three 
screws, while the Megantic has twin-screw ruple-ex- 
pansion engines. Both installations were described and 
compared in our a article. The Megantic and 
Laurentic are the largest vessels in the Canadian trade, 
being 565 ft. long and about 15,000 tons. They are de- 
signed to carry a la quantity of cargo, and about 260 
first-class, 430 second-class, and over 1000 third-class pas- 
sengers, for whom accommodation has been carefully 
arranged, in every way up to the White Star standard. 





DecoRATION FOR OFFICERS OF THE Royat Nava. Re- 
SERVE.—A new decoration for officers of the Royal Naval 
Reserve has been instituted, and may be conferred on 
commissioned, executive, and engineer officers of the 
force, borne on the active list, who have total commis- 
sioned service (including acting time) of at least fifteen 
years. Time served in honorary rank will not count. In 
the case of executive officers, they must have gone through 
naval training in the Fleet for a poced of twelve months, 
and have attained the rank of lieutenant, and engineer 
officers must have undergone an instructional course at 
home dockyards, and have attained the rank of engineer, 

-N.R. cers otherwise qualified who have not under- 
gone such training, but who have ormed specially 
good service, may, at the discretion of the Lords Commis- 
sioners of the Admiralty, be specially granted the decora- 
tion. The decoration will not be aw to any officers 
whose names were removed from the active list prior to 
January 1, 1908. A decoration has also nm a ed 
for officers of the Royal Naval Volunteer Reserve having 
twenty yeare’ service (which need not be continuous) ; 
while a long-service and good-conduct medal will be 

ted to seamen, stokers, and other reserve men in the 
yal Naval Reserve and Royal Naval Volunteer Reserve. 





790 ENGINEERING. [JUNE 11, 1909. 


HENNEBIQUE FERRO-CONCRETE DEPOT FOR SUBMARINE BOATS AT HASLAR. 


MESSRS. PLAYFAIR AND TOOLE, CONTRACTORS, SOUTHAMPTON. 
(For Descripticn, see Page 786.) 
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NOTICES OF MEETINGS. 

THe Mrixine INstirvuTe oF ScorLanp.—Saturday, June 12, at 
a = in the Oddfellows’ Hall, Kilmarnock (instead of Dun- 
e' ne 

Tae Nortu or ENGLAND INSTITUTE OF MINING AND MECHANICAL 
Enernrers.—Saturday, June 12, at 2 p.m., in the Wood Memorial 
Hall, Newcastle-upon-Tyne. The following papers wili be open for 
discussion :—‘‘ Hydraulic Stowing of Gob at Shamrock I. and II. 
Colliery, Herne, Westphalia, Germany,” by Mr. Hugh Clarkson 
Annett (Trans. Inst. M.E., vol. xxxvii. 257). “* Notesona 
Small Contrivance to more , Detect Damp,” by Mr. W. C. 
Blackett (Trans. Inst. M.E., vol. xxxvii., page 276). follow- 
ing paper will be read or taken as read :—‘* A Short Description of 
the jous Types of Cargo Steamers, and of Doxford’s New Patent 
Self-Discharging Steamer,” by Mr. John Kirsopp, Jun. 

Tae InstiruTIoN oF Gas ENGINEERS.—Tu y to Thursday, 
June 15 to 17, at the Institution of Mechanical Engineers, Storey’s 


Gate, St. James’ Park. June 15:—Report of the Institution's 
Gas-Heating Research Committee, with an Exp! Note by the 
Chemist of the Committee, Mr. E. W. Smith, M.Sc. ‘‘ Carbonisa- 
tion in Chamber Settings,” by Dr. Rudolf Lessing. June 16 :— 


“ Carbonising,” by Mr. J. bry =v Bell, Derby. ‘‘ Some Advan- 
tages and Disadvantages of a Hot-Coke Conveyor,” by Mr. Robert 
Watson, Doncaster. ‘‘ A Comparison between the Illuminating 
used in Con- 
junction with the Incandescent Mantle, A. Forshaw, 

.Se. June 17 :—“ A Study in Working Costs,” by Mr. Herbert 
Lees, Hexham. ‘“ The Relative Capital Accounts of Gas Under- 
takings owned by Companies and by Local Authorities,” by Mr. 
Arthur Valon. 

Tue Farapay Socrety.—Tuesday, June 15, at 8 p.m., in the 
Library of the Institution of Electrical Engineers, Victoria- 
street, S.W. Mr. E. R. Taylor, chairman of the Conservation 


+| Committee of the American Electro-Chemical Society, will deliver 


an address, illustrated with lantern slides, on “‘ The National and 
International Conservation of Water for Power.” The following 


eee will be read :—‘*The Formation of Sili Sulphide in the 
sulphurisation of Iron,” by Mr, W. Fielding, BSc. ‘ A Contri 
bution to the Study of Electric Furnaces as Applied to the Manu 
facture of Iron and Steel,” by Mr. Ch. A, Keller.. ‘‘ Automatically 


Circulating Furnaces of the Gin Type for the Electrical Production 
of Steel,” by Mr. Gustav Gin. 

Tue Royal MergoroloeicaL Socrery.—Wednesday, June 16, at 
4.30 p.m., in the Rooms of the Society, 70, Victoria-street, West- 
minster, 8.W. Papers to be read:—1l. “The Interdiurnal Varia- 


P ay iy Temperature in Antarctic and Sub-Antarctic Regions,” by 
Mr. 


C. Mossman, F.R.S.E. 2. “ Testing of Registering Balloon 
a at Low Temperatures,” by Dr. W. Schmidt and Mr. E. 
Gold, M.A. 3. “ A Plea for the Use of Freely-Exposed Thermo- 
oo in "a to Sheltered Ones,” by Mr. L. C. W. Bonacina, 

et. . 

Tue Concrete Instirute.—Thursday, June 17, at the Royal 
United Service Institution, Whitehall, at 8 p.m. A general meet- 
ing for the adjourned discussion of the paper which was presented 


by Mr. H. K.§G. Bamber, F.C.S., on “‘The Setting of Portland 
Cement and Methods of Regulating the Same.” r. F. E. Went- 
worth-Sheilds, M. Inst. C.E., in the chair. 

Tas Roya Inetrrvtion oF Great Brrrarn.— , June 18, at 
9 p.m., an extra discourse will be delivered by Mr. A. Henry 
Savage Landor, M.R.I. The subject is: ‘‘ A Recent Visit to the 
Panama Canal.” 








Rerapine - Cases.—Reading -cases which will 
numbers of ‘‘ Enenzerine,” may be had of the Pub! 
newsagent. Price 6s. each. 


ENGINEERING. 


FRIDAY, JUNE 11, 1909. 


twenty - six 
or of any 











Harry is the parent who early and quickly 
realises the coming of manhood in his offspring ; 
thrice happy he who has the wisdom and tact to 
nurture the impulses of independence while veiling 
the influence of guidance, which is always the pre- 
rogative of age. In the relationship of Britain 
and her Colonies we have an exact parallel ; 
we have certainly reached the stage when these 
great self-governing colonies have become nations 
and have developed a local patriotism equal to 
their respect and devotion for the homeland. 
We have time and again commented on their 
justifiable ambition to develop their natural re- 
sources, and to advance their manufacturing 
industries. In this they must be encouraged by 
Britain, even to the extent of our sacrificing 
cherished notions. We must, too, sink our predi- 
lections, even some time-honoured political ideas, to 

romote mutual interests. In the defence of the 

mpire—perhaps the most serious of all the issues 
which affect. Britain and her Colonies—we must be 
prepared to give weight to the views of the over- 
sea dominions, and, with care and discretion, to 
cultivate mutual co-operation and mutual con- 
fidence. There is little likelihood of the repetition 
of the grave blunder which separated us from our 
American Colony, because we have wn wiser 
with years. Weshall be more ready to allow the 
Colonies a freer hand, but danger lurks in possible 
reactions to impulsive steps suggested by a suddenly- 
awakened patriotism, and thus it is of more impor- 


800 | tance that there should be a perfectly co-ordinated 


scheme, not only of Imperial defence, but of Imperial 
support to ensure that defence. 
or this reason much good must accrue from 


sos | the Conference of the representative editors of 


the Colonies, and from the straight talk between 
those interpreters of public opinion and the leaders 
of political thought in this country. It is true that 





the editors have no administrative power, but, as 
has been said, the Press is a sounding-board, 
whence the voice of public opinion vibrates to all 
corners of the vast ah mee de of each colony. They 
are, as Sir Edward Grey said, the most potent agents 
in upholding all the qualities of national character 
which have made the Empire what it is. If the 
Editors return to their work with a fuller know- 
ledge, a more sympathetic conception, and a deeper 
interest in Imperial problems as viewed in the 
centre of government, there will be great advan- 

. Equally important is the Conference of 
Representatives of Colonial Governments, to be 
held next month, regarding Imperial defence. It 
may be hoped that this complete interchange of 
views will result in some permanent scheme for 
the co-ordination of effort—financial and adminis- 
trative—whereby we may maintain our naval 
supremacy, without which it would be impossible 
to keep open our lines of communication along the 
seas, which alone connect us to our Colonies. 

This problem of Imperial defence has developed 
in recent years, and difficulties of solution are 
therefore increased. The time was when Europe 
was practically the ouly possible venue of war, even 
although the casus bel.i was associated with some 
distant part of the globe. But new naval powers 
have grown up in close proximity to our dominions 


“| across the sea, and by the advance of science the 


mobility of fleets has become so much greater that 
an attack on our Colonies has become more prob- 
able than in the past. The colonist therefore is 
inclined to consider the situation from a local rather 
than a general standpoint, and to develop conclu- 
sions, from local tactical rather than broad strate- 
gical, considerations. It is here that one must veil 
the influences of guidance while respecting the 
national impulses of manhood in our offspring. We 
in this country, who have had the lessons of naval 
strategy brought home to us in practical form during 
successive generations, realise that the first principle 
of strategy is not concerned with the defence of our 
coast-line, but with the seeking out of the enemy. 
The Colonies, however, can never feel comfortable, 
in the event of a war, as long as there is a possi- 
bility of a fleet or a cruiser ‘‘in being” without 
having been accounted. for by our ships; and it 
will be the duty of the Admiralty to allay the fears 
of the representatives of the Colonial Governments 
regarding the adequacy of the British Fleet to 
account for every ship of an opposing force, so 
that there may be no possibility + ro marauding 
expedition to our Colonies. 

e change in the naval situation is reflected by 
the desire of the Colonies to have fleets of their 
own ; and the First Lord of the Admiralty, at the 
Imperial Press Conference on Tuesday, did well in 
refraining from discouraging this idea. It may be 
regarded as the dawn of a new day for the Empire, 
since it is a recognition of the fact that every 
colony is concerned in Imperial defence. Aus- 
tralia is came two torpedo-boat destroyers in 
this country, and hopes to construct others in the 
Commonwealth. Canada distinctly inclines towards 
the construction of cruisers and torpedo craft for 
local defence. New Zealand, on the other hand, 
like South Africa, desires to make a monetary con- 
tribution, the former to the extent of paying for a 
Dreadnought. Only this week, too, we have the 
announcement that the new coalition Government 
of Australia has reversed the decision of the recent 
Labour Government, and has offered to for a 
Dreadnought. We have therefore a sharp Siderence 
of opinion regarding the method of Colonial support, 
and it is incumbent upon the Home and Colonial 
Governments to seriously consider the whole ques- 
tion, in order that a co-ordinated system, which 
will have some permanence, may be devised. It 
is the more important, as impulsive action like 
that of New Zealand and Australia, while 
honourable and gratifying as an evidence of abso- 
lute goodwill, may have its reaction, and because 
of this can scarcely be regarded fundamentally as 
the most satisfactory basis for the future solution 
of the problem of Imperial defence. 

Next month’s Conference will, therefore, be of 
the greatest importance. The Admiralty take a 
sound common-sense view. As Mr. McKenna 
stated on Wednesday, they have arrived at the 
conclusion that in the development of what may be 
called the naval idea in every dominion it is essen- 
tial that the mainspring should come from the 
dominion itself. ‘‘If any dominion came to the 
Admiralty at home here, and asked what our view 
was as to the best assistance for the purpose of com- 
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mon defence which could be rendered, we should be 
ready with an answer; but we could not necessarily 
expect you to accept our answer. It is only by 
your working out your problems for yourselves 
that you can ever gain the experience which we 
have had to gain, and lessons, if they were told to 
you of the experience of others, would never come 
home to you with the same force as lessons you 
have learned for yourselves, even though you have 
learned them through your own mistakes.” The 
advice which the Admiralty may give will be based 
upon their strategical ideas, and, as Lord Tweed- 
mouth at the last Colonial Conference pointed out, 
‘* the only reservation that the Admiralty desire to 
make is that they claim to have charge of the strate- 
gical questions which are necessarily involved in 
naval defence, to hold the command of the naval 
forces of the country, and to arrange the distribution 
of ships in the best possible manner to resist attacks 
and to defend the Empire at large, whether it be 
our own islands or the dominions beyond the seas.” 

Consistent with this attitude there is much that 
may be done by the Colonies. They may continue 
to make a monetary contribution larger in amount 
than that now paid; but such an arrangement may 
in itself become a source of discontent in the event 
of extreme financial depression. We have had in 
the past our disastrous tea-tax, and although, as we 
have already said, we are wiser to-day than 130 years 
ago, we must avoid any scheme which would tend 
even to irksomeness. If the Colonies pay for the 
building of one or more warships, they of *p dre 
expect that those ships will be closely identified wit 
the Colonies. It may even be desirable to have them 
manned, or partly manned, by Colonial sailors ; but 
they must, to be effective, form an integral part of 
the Admiralty scheme of strategy. The construc- 
tion of fleets or indigenous navies for each dominion 
by each colony has many advocates, and there is 
something to be said for them, on the distinct 
understanding that they shall be in complete con- 
sonance, alikein their design and in their disposition, 
with the Imperial strategic requirements. As Mr. 
McKenna pointed out on Wednesday, ‘‘ we cannot 
admit in our recognition of the problem that we have 
any less responsibility in one t of the Empire 
than we have in another ; we ase to provide for 
the whole. . . The naval problem of defence is one 
and the same the whole world over, and the mainten- 
ance of supremacy at sea means the maintenance of 
supremacy in all seas alike.” A difficulty must arise 
in connection with the utilisation of such ships. 
As one speaker said at the Conference on Tuesday, 
if Canadian ships be required at the Cape, who is 
to order them thither? We are along way from 
an Imperial Admiralty, but it may be found pos- 
sible to have colonial representatives on the Com- 
mittee of Defence, to be called into conference 
in the consideration of all Colonial questions. 
The Colonies may also assist by undertaking 
the construction and maintenance of adequately 
equipped docks, coaling stations, and naval bases 
within their respective territories, according to the 
requirements of Imperial strategy. But whatever 
ultimate scheme may be devised, and whatever part 
the Colonies may take in that scheme, there is ho 
in the full recognition of the principle that the 
Colonies, as well as the Homeland, are responsible 
for the maintenance of a navy to keep open the 
high road of the seas across which our borders 
touch. As Lord Rosebery said in his eloquent 
‘* welcome home ” to our Colonial guests on Satur- 
day last, ‘‘we can, and we will, build Dreadnoughts 
—or whatever the newest type of ship may be—as 
long as we have a shilling to spend on them, or a 
man to put into them.” 








INSPECTION. 


Some years since, when the Government of the 
day required at the shortest notice some shallow- 
draught river steamers, they were informed that 
delivery within the time requested was impossible 
unless they waived their claim that all material 
should pass their inspectors before it was built into 
the structure of the ship or engines. This was 
readily agreed to, with the well-deserved compli- 
ment to the builders that the Admiralty were 
perfectly confident that the quality of neither ma- 
terials nor workmanship would suffer in the least 
L the omission of the customary inspection. 

vere it possible to confine Government contracts 
to firms of the same standing as that concerned 
in the above transaction, inspection might prob- 
ably be dispensed with, at a considerable saving 








of time and expense to the contractor, and 
with no detriment to the quality of the goods 
supplied. The favoured firms, on the other hand, 
however, would have little inducement to modernise 
their plant or to reduce in other ways the cost of 
production. Usury, Bacon said, was a conces- 
sion to man’s hardness of heart, and the inspector 
is similarly to a large degree a concession to the 
system of competitive tenders. Even so, no 
reasonably stringent inspection will ensure with 
certainty good work from a bad firm, a fact of 
which the Admiralty list constitutes the outward 
and visible recognition. Complaint is not in- 
frequent that new firms find it very difficult to 
establish a footing as Government contractors, and 
occasionally the disappointment leads to vague 
charges of official corruption. For these charges 
there is no basis in fact, and the preference 
shown to. certain long-tried firms is based solely 
on the departments’ experience that in thus act- 
ing they run no risk of their inspectors being 
deceived by a management less ingenuous than 
ingenious. In fact, the contractors’ own inspectors 
ought to render the work of the official representa- 
ive almost superfluous. In the case of the Quebec 
Bridge, for example, the Commission reported 
that the builders’ inspectors had shown themselves 
more alert in discovering and reporting accidental 
defects than those representing the customers. 
Indeed, no outside inspector, however capable, 
can possibly know as much about the quality of 
materials and workmanship as the contracting firm, 
which receives its information from the men actually 
engaged on the work. Ghost marks, for instance, 
are not readily discoverable in finished steel, but 
are very evident to the turner employed in ma- 
chining the metal. If he neglects to call attention 
to such defects, unsound material may well pass the 
most careful inspection without blame being fairly 
attachable either to the contractors or to the cus- 
tomer’s representatives. 

External inspectors can, however, not be dis- 
pensed with, and are particularly useful where a 
tirm is undertaking a new class of work, with which 
they are not thoroughly conversant. A firm ex- 
perienced solely in the home trade, for instance, 
where omissions and defects found on erecting the 
machinery are easily made good, with little loss 
of either money or time, on commencing an export 
trade, often owes much to the customer’s inspector, 
who bears ever in mind that a missing or defective 
part may require six months to replace if its ab- 
sence be not discovered till the work of erection is 
begun. Again, inspectors not infrequently save 
much trouble and disappointment to young and 
inexperienced firms in pointing out to them that 
their bid has been based on an imperfect apprecia- 
tion of the customer’s requirements, and thus 
afford the contractor a chance to withdraw from 
a bad bargain. For example, we have known a 
chain-maker bid for an Admiralty contract in the 
belief that the requirements of the particular 
specification in question could be satisfied with a 
certain reasonably good and low-priced iron, and to 
be greatly relieved on being permitted to cancel his 
offer when the true state of the case was explained 
to him. 

In such directions as the foregoing the external 
inspector is often of great use to the contractor, and, 
indeed, at times also to the consulting engineer. 
Sir Benjamin Baker, for instance, admitted his in- 
debtedness to the Board of Trade inspectors for 
the pointing out of occasional oversights. On the 
other hand, the inspector who thinks he must justify 
his existence by condemning a certain proportion 
of all material passing through his hands is an 
unmitigated nuisance, only one degree better than 
the actually corrupt inspector who lets it be known 
in various devious ways that his goodwill is well 
worth so many pounds a month to the contractor, 
and that he means to have them. Such men are 
particularly difficult to deal with, as their constant 
condemnation or delay of work may readily be inter- 
preted by their employers as merely arising from 
an excess of zeal. They are, however, less liable 
to lead to malpraxis on the part of the contractor 
than the ‘‘percentage” inspector previously referred 
to. Unable to get rid of them, good firms in times 
past have had to submit to the blackmailer, when 
age work was then allowed to pass without delay. 
n view of the Secret Commissions Act, this re- 
source, disreputable at the best, will no longer be 
available ; and if the blackmailer is too wily to be 
trapped, the contractor will have a very uncomfort- 
able time, work being held up for trivial defects, 








at a loss of both money and time... Of course, an 
experienced engineer whose inspector is constantly 
oe stop of work on frivolous pretexts 
will soon have his suspicions aroused as to the man’s 
honesty, and take action accordingly. The other 
objectionable type of inspector, who, honest enouch 
pecuniarily, considers it necessary to condemn 
some more or less fixed proportion of all the 
material submitted to him, is sometimes the remote 
originator of duplicate stamps and faked castings. 
If work is rejected for no defect, the temptation is 
strong to get it through by hook or by crook, and 
once underhand practices of this kind commence, 
there is no certainty that they will stop at mea- 
sures designed merely to secure by illegitimate 
means the passing of sound, but rejected, work. 

Another source of trouble is to be found in the 
fact that the regulations governing the inspection 
of material are necessarily drawn up to meet the 
case of really disreputable firms, should the con- 
tract by any chance fall into such hands. In actual 
practice many of the provisions become accordingly 
a dead letter, and are daily disregarded with the 
full, though tacit, consent of the customer and his 
inspectors. They theoretically, however, remain 
in force, and should a too zealous inspector or a new 
departmental broom insist suddenly on their full 
enforcement, difficulties, and, if politics intervene, 
scandals, may arise. This appears to have been the 
case with regard to the charges recently brought 
against Messrs. Schneider, of Creuzot, which have 
caused no small schadenfreude in Teutonic circles, 
where the victories of the French firm in recent 
international gun trials, in spite of the usual strin- 
gent diplomatic pressure by the German embassies, 
have given rise to no little dissatisfaction. The 
actual charge made is that a roller-path constructed 
for the turret of a French battleship by Messrs. 
Schneider has been faked by autogenous welding. 
It appears that surface defects in this path have 
indeed been made good in the manner stated, as is, 
in fact, usual and authorised by the specifications to 
which the path was built. These specifications, 
however, require that each and every such operation 
must receive the direct consent of the naval in- 
spector. In the course of years, however, the 
practice has grown up of only appealing to this 
gentleman when something more than a mere sur- 
face flaw was to be repaired, and this departure 
from the strict letter of the specification had been 
tacitly accepted, leading as it did to much saving of 
time, and there being no question as to Messrs. 
Schneider’s competency or honesty. The repairs, 
though not directly authorised, were, moreover, in 
all cases carried out in full day, in a shop to which 
the inspector and his staff had constant access. 
Indeed, the making good of these surface defects 
took four days in the case of the roller-path in 
question, which was 16 ft. in diameter and weighed 
10 tons, and during the whole of this time the 
casting was constantly being seen by the naval 
inspector's staff. It is, however, undoubtedly true 
that the specifications had been departed from, in 
that the work was done without specific authorisa- 
tion, and on attention being called to this, certain 
parties conceived that the situation contained 

litical possibilities, and have, therefore, worked 
it for all it was worth. The actual facts are, how- 
ever, as stated above. 








THE RAILWAY CONFERENCE. 

Some fifteen months ago the Board of Trade 
made arrangements for a railway conference to 
review and report upon.a number of important 
uestions which have for some time past been in 
debate between the railways and the traders. 
Both parties were well represented, and as a 
result they have now submitted a nearly unani- 
mous report embodying many useful suggestions. 
The first of these has relation to the improve- 
ment of the existing machinery for settling dis- 
putes. The Railway and Canal Commission 1s 
recognised: as, on the whole, a fair and com- 
petent tribunal, but the cost of procedure 1s 
so great as to make an appeal to this body out of 
the question save where very considerable financial 
interests are at stake. On the other hand, the 
traditional injustice with which railways have been 
treated by popularly-elected bodies, from the 
House of Commons downwards, renders such 4 
body totally unfitted to exercise any judicial func- 
tion in railway cases. Hence the Conference re- 
commends that questions at issue between a trader 
and a railway company should, in the first instance, 
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be tried before a registrar, assisted, if need be,|chase price fixed by the proposed tribunal, as 
by assessors, whose decision both parties may | distinguished from compensation, should, it is 


agree a priori shall be final. In the absence of 


advised, be the fair market value of the land in a 


such agreement, appeal may be made to the Rail- willing sale to an ordinary purchaser, exclusive of 
way and Canal Commission. To keep down costs any enhanced value expected from the construction 


cach party in the proceedings before the Registrar 
will be allowed only one counsel. 

The railway companies have for long con- 
tended that the ilway Rates Act of 1894 
has almost entirely prohibited them from expe- 
rimenting in the matter of rates. In some 
cases it has ap possible that a reduction in 
an established rate might justify itself by leading 
to a large increase of traffic. As matters stand, 
however, a rate once lowered cannot be raised 
again without specific authorisation from the Rail- 
way Commissioners. Hence, in all cases in which 
there has been any doubt as to the success of a 
reduced rate, the railway companies have been 
compelled to give themselves the benefit of the 
doubt and preserve the status quo. It is now sug- 
gested that in the future any rate thus reduced 
ar “tera shall be capable of being restored 
without appeal to the Commissioners, if this is done 
within a period of two years from the date of the 
reduction. To this recommendation all the members 
of the Conference agree, with the exception of 
Mr. Alfred Mond. 

A frequent cause of complaint has been the 
extension during recent years of owners’ risk 
rates, an extension to a large extent forced on the 
companies, through unreasonable claims, by not 
too honest or scrupulous traders. Where goods 
are sent under these rates the company is liable 
only for damage or delay arising through the wilful 
misconduct of their servants, but not for the results 
of even gross negligence. The companies have now 
agreed that owners’ risk rates shall not relieve the 
company of liability for non-delivery, pilferage, or 
mis-delivery, unless the failure to duly hand over 
the goods to the consignee can be shown to be due 
neither to negligence nor misconduct on the part of 
their servants, or to fire or accident to the trains. 
Compensation for pilferage will, however, only be 
made in the case of properly-packed goods, and 
attention must be drawn to the circumstance on 
or before delivery. Mis-delivery is defined as 
failure to tender the goods to the consignee 
within twenty-eight days after dispatch, save 
in the case of perishable merchandise, where 
ether conditions apply. The conference also 
arrived at agreements as to standard conditions for 
the laying of sidings and the working of private 
owners’ wagons, but failed to reach an agreement 
on the question of demurrage. 

Another very important matter dealt with was the 
present system under which land is expropriated 
for railway purposes. The proposals on this head 
are far-reaching, but eminently just. The paid-up 
capital of British railways is equivalent to 56,000I. 
per mile—a figure largely due to the exorbitant 
and unreasonable prices which have had to be paid 
for land. The late Sir Edward Watkin once gave a 
very striking instance of this. Certain land was 
required by his company, and the life tenant was 
interviewed, with the result that, subject to the 
opinion of his trustees, 3001. was to be the price. 
The trustees, on being consulted, raised the price 
to 15001., subject to the advice of their solicitor, 
and that gentleman increased the figure to 30001. 
As an average, agricultural land has cost the rail- 
way companies’ about four times what its price 
would have been to private buyers. As matters 
stand, the great railway companies can only 
obtain land compulsorily by appeal to Parlia- 
ment, and it is now pln Flor that this pro- 
cedure should be imposed only in cases where the 
Board of Trade considers that the magnitude or 
lnportance of the transaction make this expensive 
step advisable. In all other cases the power to 
authorise compulsory purchase now exercised by 
the Board in the case of light railways should be 
extended to the main lines. The amount payable, 
it is suggested, should be fixed either by a single 
arbitrator or by a specially-constituted permanent 
tribunal, which should be empowered to call in its 
own experts, the expert evidence called by parties to 
the suit being strictly limited. In assessing com- 
pensation the principle of betterment should, it is 
proposed, be recognised. Hitherto landowners 
have scored in double fashion, first by the extra- 
vagant price which they have extracted from the 
company, and secondly by the enhancement of 
the value of the remainder of their property 
by the construction of the railway. the pur- 
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of the line. Further, the obligation to purchase 
the whole of a building or factory shall, it is 
suggested, be enforced only when the property in 
question cannot be severed without material detri- 
ment. In addition to the foregoing definite recom- 
mendations, the Conference pu lish, as appendices, 
a discussion by different railway men my traders 
of the advantages and disadvantages of railway 
amalgamation and agreements. 

It is, of course, a commonplace that on the whole 
amalgamations in the past have been greatly to the 
advantage of the public. The present Great 
Western Railway system is an amalgamation of 
over 100 separate undertakings, and the North- 
Eastern Railway constitutes another great combina- 
tion. In fact, three-fourths of the total mileage 
of the country is now worked by other than the 
original builders. In this way, financially weak 
and badly-equipped local lines have been welded 
into great through systems, to the eminent advan- 
— both goods and passenger traftic. 

e amalgamations or combinations now pro- 
posed are, however, of a different character, being 
unions of lines ‘‘in parallel” rather than ‘‘in 
series,” to use an clectrical analoguo, and similar 
considerations no longer apply. Lines in series are 
in no sense competitive with each other, whilst 
between parallel lines the competition is keen, and 
probably on the whole very advantageous to the 
public. Cases of combinations of competing lines 
are no doubt on record, and two of the three lines 
constituting the nucleus of the North-Eastern 
Railway were keenly competitive ; but any loss to 
the public through the abolition of competition 
was more than made good by the absorption of 
other non-competitive undertakings simplifying 
transport and rates over the whole of a large and 
very important manufacturing district. 

Of course, as to fares and rates competition has 
long ceased ; but competition in the matter of facili- 
ties is still intense, and is undoubtedly greatly to 
the benefit of the trader in many important respects. 
In fact, certain contributions to this report of the 
Conference by advocates of these amalgamations 
really constitute the strongest argument against 
them which we have yet encountered. 

It is claimed, for instance, that railways now run 
more trains and deliver goods in shorter times than 
they would do if non-competitive, that the warehous- 
ing accommodation could be cut down, and demur- 
rage charges more stringently enforced, whilst it is 
further alleged that companies now often pay unrea- 
sonable claims rather than lose a customer, Cartage 
costs are increased, since vans are sent out with light 
loads in order to secure the earliest possible de- 
livery, whilst by waiting for full loads one van 
might be able to do the work which now requires 
two or three. As to passenger traffic, the advocates 
of amalgamation object that an unnecessary number 
of trains are run, that the rolling-stock is too 
luxurious, and that the times between terminals is 
too little, the acceleration of the trains having been 
secured by the elimination of stops, the use of very 
powerful engines, and by very expensive improve- 
ments in the permanent way. 

Presumably the amalgamators know their own 
business best, but the steps by which they claim 
that economies could be effected by combinations 
seem hardly of a character to be popular either with 
the trading community or the public at large. It 
is sometimes claimed that g service cannot be 
expected from a line unable to earn dividends, and 
if this condition is permanent it may be more or 
less true, though even the Chatham Railway Com- 
wr d at its worst served the public very much 

tter than it did its shareholders. A temporary set- 
back in the matter of profits is, however, not always 
an unmixed evil, and great financial straits may at 
times be the very occasion of immense improve- 
ments in the character of the services offered the 
public, as has been evidenced in recent years by 
the District Railway. Prosperity is sometimes 
smug and unenterprising, and even shareholders 
may ultimately benefit more by economies effected 
under the stress of competition than by a policy of 
rest and be thankful, which not infrequently results 
from the _—— of an unchallenged monopoly. 

No doubt competition does mean waste in certain 
directions. Thus goods for the Midlands from 
Southampton, in place of proceeding direct to their 





destinations, frequently come first to London, so as 
to have the largest possible run over the line con- 
trolling the port.. Again, cross-country connections 
in the case of passenger trains are now often timed 
so as to confine the traffic so faras may be to one or 
two ——— routes, and much loss of time is thus 
occasioned. In these directions amalgamation of 
competing systems would undoubtedly be to the 
unalloyed benefit of the public, but it is highly im- 
probable that this gain would suffice to outweigh 
the benefits due to the existing competition. 
As Mr. Alfred Mond, M.P., points out in the 
report, every trader knows the advantage of having 
two railway systems at his disposal, which then 
treat him with the consideration which is neces- 
sarily extended in ordinary business affairs to a 
possible customer with the choice of more than one 
source of supply. This remark is, indeed, well 
worth the attention of those traders who are advo- 
cating the acquirement and working of the rail- 
ways by the State. 








AERONAUTS AND THE LAW OF 
TRESPASS. 

Wuat is <r to be the first case in which ‘an 
aeronaut was held liable for tres; was decided in 
the City of London Court on June 8. While the 
defendant was passing over Priory-lane, Roehamp- 
ton, his balloon descended rapidly, and the grap- 

ling-iron broke several telephone wires. The 

ostmaster-General, who sued for the cost of 
repairing the wires, was held entitled to judgment 
for 16s.—the amount of the damage. 

The case is unimportant if oné considers only the 
amount at stake ; but having regard to the interest 
which has recently been awakened, both in balloons 
and aeroplanes, it suggests certain questions of 
great importance. So long as the balloon or the 
aeroplane passes over land at a great height the 
rights of property-owners are not likely to be 
seriously considered. But the mere fact that rights 
have never been enforced does not prove that they 
do not exist. 

Is the passage of a balloon or an aeroplane over 
a piece of land a trespass in the eye of the law ? 

According to Blackstone: ‘‘ Land hath also, in 
its legal signification, an indefinite extent, upwards 
as well as downwards. Cuujus est solum, ejus est 
usque ad coelum, is the maxim of the law, up- 
wards. . .. so that the word ‘land’ includes not 
only the face of the earth, but everything under it 
or over it.” For instance, suppose a man owned 
a circular patch of ground, it is as if his property 
consisted of a cone of which the apex is the centre 
of the earth and the base acircle at infinity. Ap- 
plying this definition of land, it is easy to see that 
the balloon or aeroplane may pass through the 

roperty of many owners during a single flight. 
t may be that the flight does no _ actual 
damage ; but that is immaterial. A man may 
walk across the property of another and do no 
damage, yet he is a trespasser, against whom a 
remedy may be pursued in the Courts. Again, it 
is a trespass to suspend anything over a man’s 
land, even if its presence does him an infinitesimal 
amount of harm. In National Telephone Company 
v. Baker (62 L. J., ch. 699) the company suspended 
wires over a man’s house without his consent ; the 
wires did not touch his house. He brought an 
action for an injunction, which was granted by the 
Court, although it was shown that some of the 
wires had heen in the position complained of for 
thirteen years. 

There appears to be only one case on the books 
in which a trespass by balloon was considered at 
all: and even in that instance the remarks of the 
judge were mere obiter dicta, Nevertheless they 
are not without significance, particularly because 
they were commented on and disapproved in a 
later case. In the case in question (Pickering +. 
Rudd, 1815, 4 Camp. 219) an action for tres- 

was brought because the defendant had 
nailed a board to his house on the wall over- 
hanging the plaintiff's land, and had thus occu- 
ied some of the defendant's air space. Lord 
llenborough said :—‘‘Ido not think it is a tres- 
to interfere with the column of air super- 
incumbent on the close. I once had occasion to 
rule upon the circuit that a man who, from the out- 
side of a field, discharged a gun into it, so as the 
shot must have struck the soil, was guilty of break- 
ing and entering it. A very learned judge 
who went the circuit with me at first doubted the 
decision, but I believe he afterwards approved 
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of it. But I am by no means prepared to say that 
firing across a field im vacuo, no part of the contents 
touching it, amounts to a trespass. Nay, if this 
board overhanging the plaintiff's garden be a tres- 
pass, it would follow that an aeronaut is liable to 
an action of trespass at suit of the occupier of every 
field over which the balloon passes in the course of 
his voyage. Whether the action may be main- 
tained cannot depend upon the length of time for 
which the superincumbent air is invaded. If any 
damage arises from the object which overhangs the 
close, the remedy is by an action on the case.” It is 
clear from this case that, even according to Lord 
Ellenborough, if the owner of property could show 
that the passage of an aeroplane across his land 
caused him damage, he could recover. 

But further research discloses the interesting fact 
that both Lord Ellenborough’s dicta—namely, that 
as to the bullet in vacuo, and that as to the balloon 

—have been expressly or impliedly disapproved by 
other judges in more recent times. 

Thus in Kenyon v. Hart, 1865, 34 L.J. M.C. 87, 
the defendant, standing in his own land, fired at a 

»yheasant which was flying over his neighbour’s close. 
He hit the bird, which fell dead. He then went 
and picked up the pheasant, and was summoned 
for trespassing in pursuit of game. It was held 
that his act did not warrant a conviction. The 
only importance of the case is that it reports 
the following observation of Lord Blackburn :— 
‘*That raises the old query of Lord Ellenborough 
as to a man passing over the land of am- 
other in a balloon; he doubted whether an 
action for trespass would lie for it. I understand 
the good sense of that doubt, though not the legal 
reason of it.” As to a bullet passing over land in 
vacuo, Lord Ellenborough’s dictum has also been 
impliedly disapproved ; for, in a much later case, 
the question whether it is permissible to fire 
bullets across a man’s land was distinctly raised, 
and decided by Sir Henry Hawkins in Clifton v. 
Burn, 1887, 3T.L.R.8. There an action was brought 
for an injunction to restrain the 12th Middlesex 
Volunteer Corps from shooting over a range on Wim- 
bledon Common to the detriment of the plaintiff's 
land, and to recover damages for the injury caused 
by such shooting. The plaintiff's farm adjoined 
the common, and three fields included in it were 
alleged to have been injuriously affected by the 
firing. It was admit by the defendant that 
bullets fired from the 600 and 1000-yards ranges at 
one of the targets passed over one of the fields in 
question, and that when the 600-yards range was 
used splashes of bullets and flattened bullets fell on 
the plaintiff's land. In these circumstances it is 
not surprising to find that his Lordship granted an 
injunction in respect of the 600-yards range. But 
his observations with regard to the use of the 1000- 
yards range are more material to the present pur- 
pose. In the course of his judgment (after alluding 
to Lord Ellenborough’s dictum with regard to the 
balloon), he remarked :— ‘‘It is said that no 
damage was proved to have arisen to the plaintiff. 
In one sense that is true, for no actual damage has 
been occasioned to him personally or to his land, 
and no bullet was proved to have fallen 
upon it during the use of that range. Probably 
the fall of a bullet on the land would be a 
very rare occurrence. Still, though the land dips in 
the part of the farm traversed, and though the 
height of the trajectory above the surface would 
ordinarily be 75 ft., according to the evidence, the 
traversing of the land by the bullets in the use of 
the 1000-yards range is not unattended with risk, 
and certainly it will cause a not unreasonable alarm, 
which renders the occupation of that part of the 
farm less enjoyable than the plaintiff is entitled to 
have it. I am satisfied, therefore, that the plaintiff 
had a legal grievance sufficient to enable him to 
maintain the action. No substantial damage bei 
claimed, however, it is rot necessary to dwell 
further upon the extent of the inconvenience 
suffered. In the event he granted an injunction 
to prevent the future use of the 1000-yards range in 
such a manner as to cause bullets fired along it to 
traverse the land of the plaintiff. 

From the above cases one may properly draw the 
inference that, whether he does damage or not, the 
aeroplanist might be restrained by injunction from 
passing eo eee property. The law has been 
recently stated by Sir Frederick Pollock in language 
which the writer cannot hope to improve upon :— 
‘*Tt does not seem possible, on the principles of 
the common law, to assign any reason why any 
entry above the surface should not also be a tres- 


pass, unless indeed it can be said that the scope of 
possible trespass is limited by that of effective 
| possession, which might be the most reasonable 
rule. Clearly it would be a trespass to sail over 
|another man’s land in a balloon (much more in 
‘a controllable airship) at a level within the height 
| of ordinary buildings, and it might be a nuisance 
|to keep a balloon hovering over the land at 
|even a greater height. As regards shooting, it 
would be strange if we could object to shots 
being fired point blank across our land only in 
the event of actual injury being caused, the pas- 
sage of the foreign body in the air above our soil 
being thus a mere incident in a distinct trespass to 
person or property. But the projectiles of modern 
artillery, when fired for extreme range, have attained 
in the course of their trajectory, as is computed, an 
altitude exceeding that of Mont Blane of even 
Elbruz. It may remain in doubt whether the pas- 
sage of a projectile at such a height could in itself 
be a trespass.” 

To the complaint that a man has trespassed by 
flying over land in an aeroplane, the maxim de 
minimis non curat lex might appear to apply with 
considerable force. But it has no application to 
the law of trespass. Further, if it is conceded that 
the flight of one aeroplane ought not to be chal- 
lenged, why should they not come until the whole 
sky is darkened? Take the case of a man who 
lives near a place where experiments are being 
tried with these machines. Must he submit to 
their flying over his land de die in diem without 
being able to raise his voice in protest. There is 
a further point to be considered. 

Howsoever carefully an aeroplane may be made 
or driven, there will always be a risk of its coming 
suddenly to earth. Must the landowner consent 
to go in constant peril of flying-machines or por- 
tions of them falling on his head? These are a few 
of the nice legal questions the judges of the future 
may have to determine. The difficulty of answer- 
ing them lies in this: that howsoever carefully one 
searches the law reports, cases involving analogous 
points are inguadilivte find. The law of railways 
is of no assistance. A railway pays for and owns the 
property on which its lines are laid. Anyone who 
trespasses on the permanent way does so at his wee 
But where is the permanent way of the aeroplane ? 
Again, the well-known rules of law which are applied 
by our Courtof Admiralty have no application toaerial 
navigation. A ship upon the high seas invades no 
private or even national rights, whereas the sailor 
who navigates the atmospheric ocean is a trespasser 
against someone, according to the law of England, 
if he has British soil under his ‘‘keel.” Con- 
sideration of the probable rights of a landowner 
against the aviator naturally directs attention to 
the rights of one aviator against another. Who 
shall define what is negligence in the management 
of an aeroplane? What is the rule of the road 
when there is no road? Must a machine going 
north pass over or under a machine going south ? 
Must a horn be carried of sufficient power to fill 
the airy deep for miles around? All these ques- 
tions occur to the mind : to none of them can any 
lawyer give a satisfactory reply. 














AMERICAN PATENT PRACTICE. 

Tue British Patent Law was the earliest in the 
world, and it reflected faithfully British methods 
of procedure. The inventor filed an account of his 
— or machine, paid his fees, which were 
eavy, and received in exchange the right to fight 
his case in the Law Courts, if he could raise 
the funds. His invention might be new, or it 
might be obviously and notoriously old; the 
ofticials did not concern themselves in the matter, 
but collected the fees and issued the Letters 
Patent with a happy indiscrimination. This 
went on for about three hundred years, until at 
length the volume of complaint grew so loud that 
it could not be ignored, and some change became 
imperative. We then adopted, from the United 
States and from Germany, the system of examina- 
tion and the uirement of the local use of the 
invention, and the public forthwith decided that 
the path of the inventor would be as prosperous 
and easy here as it was thought to be across the 
Atlantic, while the English manufacturer would be 
delivered from unfair Continental competition, 
carried on under the protection of our Patent 
Laws. Unfortunately, the lot of the inventor is 
not a happy one anywhere. No one considers 
he has any moral right to his monopoly; it is 








regarded as a piece of good luck, of which every 
one may filch as much as he can with safety. 
Nowhere is this truer than in America, where smar‘ 
dealing as often leads to admiration as to reproba- 
tion. It is an entire mistake to suppose that the 
United States are the paradise of inventors. There 
the discontent with the patent laws is deeper and 
broader than ever it was here. The system seems to 
be devised in the interest of lawyers alone, and from 
their point of view it leaves little to be desired. Ar, 
American patentee may have his patent infringed 
in one or more of the American legal circuits, and 
in each circuit he is compelled to sue to defend his 
property. The several actions he may bring drag 
their weary length, and finally judgment is de- 
livered. In one circuit the patentee wins, in anothe 
he loses—that is to say, in one area his patent is 
held to be good and valid, and in an adjacent area 
the same patent is pronounced bad. 

The feelings of Americans have lately been voiced 
in The Forum by Mr. Isaac L. Rice, who, in a 
vigorous article, has exposed the defects and 
anomalies of the present system. Naturally, in a 
country in which legal procedure is so cumbrous 
the temptation to infringement is great ; there is 
always the chance that the inventor’s resources will 
be exhausted before he gains his case in a particular 
court. Hence it is seldom that a successful in- 
ventor escapes the necessity of fighting for his 
rights just at the time when he has established his 
invention commercially, and is looking forward to 
recoup his great outlay in time and money. There 
are twenty-seven possible defences that can be set 
up in the States against an action for infringment, 
and as many of these are usually pleaded as the in- 
genuity of lawyers can sustain. The matter, however, 
does not come to trial straightway. The record 
has to be complete before the case is heard. Plead- 
ings are put in on each side, and are replied to by 
further pleadings, each set calling for a rejoinder 
and for more evidence, which may take months to 
obtain. It is the policy of the infringer to delay 
the proceedings. All the time he can be manu- 
facturing the article in question, and as he has no 
initial expenses to hamper him, he can undersell 
the inventor, and in that way sap his financial 

ition. 

Finally, the matter comes to trial before a judge 
who knows nothing of science or mechanics. 
Possibly the patentee wins, but it by no means 
follows that he can then stop his antagonist’s 
career, and collect his royalties and costs. The 
loser gives notice of appeal to the Circuit Court of 
Appeals, and it is quite usual, Mr. Rice tells us, 
for that Court to suspend the injunction and 
accounting during the time required for such an 
appeal, on condition of a bond being given, usually 
of a comparatively small amount, so as not to 
embarrass the infringer in the further exploitation 
of the invention, pending the decision of the 
Appellate Court. Supposing the appeal to be re- 
jected, the accounting follows, every step of which 
is liable to be contested, during which proceeding 
the validity of the patent itself is again and again 
put in jeopardy, owing to the chance of newly- 
discovered evidence convincing the Court that there 
is ground for reopening the entire matter. It is 
quite possible that the entire procedure may have 
to be repeated in several Circuit Courts. 

Evidently this state of affairs cries aloud for a 
remedy. Mr. Rice’s suggestion is for the establish- 
ment of a Federal Court Raving all the powers of a 
Court of Chancery, invested with exclusive original 
and appellate jurisdiction throughout the United 
States in patent and kindred suits, and whose pro- 
cesses shall run throughout the. United States. 
The suggestion appears to us to be excellent, and 
one that should meet with the support that it 
deserves. It would go far to remove the grievances 
of patentees, and it is to be hoped that the jealousy 
of the States against the Federal Government will 
not be allowed to prevent its inception. 

In another of his suggested amendments Mr. Rice 
is not so happy. He would make all grants of 
patents provisional for a period of six months, and 
subject during such period to proceedings for annul- 
ment on the part of the public. At the end of this 
six months, or if application for annulment had 
been made and rejected, when such rejectment was 
made final the complete patent would be issued, and 
when so issued would i valid against the world, 
and subject only to cancellation on the ground of 
subsequently discovered fraud. The suggestion 
appears to be an impossible one. It takes away 
from an alleged infringer all defence except that 
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of non-infringement. Many considerations affect 
the validity of a patent, and Mr. Rice would 
.pparently throw all these aside, except during the 
first six months of the life of the patent. <A 
patentee, therefore, if his provisional patent were 
not attacked during the six months’ period, might 
obtain a patent for an invention that was old as 
the hills, and the public would have no remedy. 
But the reply may be made that the official search 
would bring to light matter that would anticipate 
the invention, and the examiner would be com- 
pelled to reject the application. A search, whether 
made officially or otherwise, is not conclusive, and 
anticipatory matter may well be hidden in little sus- 
pected books and in other places. 

Whether a patentee should be compelled to pay 
a yearly tax to the State for the continuance in 
force of his patent, or whether the patent should 
be granted without such burden, is a very vexed 
question. There are two sides to this as to every 
matter. A patentee may, when there are no 
renewal fees and no provisions as to working, hold 
his patent and do nothing with it. Trade may 
be injured by such a dog-in-the-manger policy. If 
a patentee has to pay a yearly sum for the con- 
tinuance of his monopoly, he will not be inclined to 
pay when he is not working his patent, and he will 
allow the patent to lapse. Mr. Rice does not sug- 
gest a yearly tax, but that the patent should be 
issued first for a period of seven years, which period 
can be prolonged for two further periods of five 
years each. If such a course were adopted, the 
number of patents that were prolonged would be 
small compared with the Saale issued, and the 
inventions protected by the patents so cancelled 
would become open and free. The suggestion is 
worthy of adoption, and if adopted, the United 
States would be falling into line with the practice 
of other civilised States. 

It is also proposed that a person may apply for a 
compulsory license under a patent. This provision 
is novel to American law, and assuming the prac- 
tice under such a provision be made simple and 
cheap, there is everything to be said in its favour. 
It is true that the English law has contained a 
similar provision for many years, and that the 
effect has not been as expected. The procedure 
laid down for the carrying out of the provision was 
expensive, and is said to have been the cause of the 
absence of petitions. Though an alteration of pro- 
cedure has recently been made, it is doubtful 
whether the expenses of such an application will be 
lessened ; but the presence of such a provision is 
one that will offer a salutary check, and prevent 
conditions arising which would cause hardship and 
damage industries. 








MeTALLIC PeRMANENT-Way.—The exports of chairs 
and metallic sleepers from the United Kingdom in the 
five months ending May 31 were 25,537 tons, as compared 
with 32,026 tons in the first five months of 1908, and 
29,939 tons in the first five months of 1907. The deliveries 
to British India were 15,315 tons, as compared with 12,129 
tons and 12,552 tons respectively. Suctagune East 
Africa took 4167 tons to May 31, this year. 





_ SurpE- RuLes ror Furt Canou.ations. — Messrs. 
Sanders, Rehders and Co., Limited, of 108, Fenchurch- 
street, E.C., have sent us a calculator in the shape of a 
circular slide-rule intended for use with their well-known 
and highly-efficient ‘‘Sarco” apparatus for determining 
the progesttan of CO, in flue gases. The calculator is 
arranged so as to give; by a setting‘of the slide, the per- 
centage of fuel wasted, with stated flue temperatures and 
proportions of CO, in the gases. Another rule issued by 
the same firm is farkon fy to facilitate calculations of 
boiler efficiency, given the evaporation per pound of coal 
anc the feed-water temperature. The rule also shows the 
total heat transmitted through the plates to the water 
octesponding to different boiler efficiencies. 





"HE LATE Mr. Tuomas Smira.—We regret to have 
to record the death of Mr. Thomas Smith, of the Steam 
and Electric Crane Works, Rodley, which occurred at 
© Grove, Bramley. Mr. Thomas Smith was born in 
‘odley on December 2, 1837, and was educated at a 
vate school. Having served his apprenticeship in a 

| crane-making business at ey, in which his 
‘(ler Was a partner, he inherited, at the age of twenty- 


RESEARCHES IN RADIOTELEGRAPHY.* 
By Professor J. A. Fiemine, M.A., D.Sc., F.R.S. 


RADIOTELEGRAPHY, popularly called wireless telegraphy, 
has outlived the tentative adilevdinnate of its precocious 
infancy, and obtained for itself a settled but important 
position amongst our means of communication. 

This s' , however, has only been reached after a. long 
struggle with experimental difficulties and much labour 
in analysing the processes involved. As many of these 
matters are of general scientific interest, it is proposed, 
during the present hour, briefly to summarise the results 
of some recent research. 

‘You are doubtless all aware that every radiotelegraphic 
station comprises three elements. There is first the 
external organ called the air-wire or antenna, by which 
the electromagnetic waves are radiated and absorbed. 
This antenna consists of one or more wires extending up 
into the air, either vertically or sloping, or partly vertical 
and partly horizontal (see Fig. 1). ese wires are insu- 


Fig. 1 . UMBRELLA ANTENNA AT NAUEN NEAR BERLIN, 


in external s called respectively electric and - 
netic force. S the case of plas ‘nalied cievohin ie 
magnetic force is distributed along concentric circular 
lines embracing the wire, whilst the electric force is dis- 
tributed along certain looped lines in the plane of the 


wire (see Fig. 3). If, however, we employ a close-wound 


Fig.3. LINES OF ELECTRIC FORCE ROUND A 
HERTZIAN OSCILLATOR 
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lated at the upper ends, and may be arranged fan-fashion, 
or may form one or more nearly closed loops, placed in a 
vertical position. The antenna is, so to speak, the mouth 
or ear of the station, by which it speaks through the ether, 
or by which it hears the etherial whispers coming to it 
from other stations. The ether waves are produced by 
very rapid electric currents moving to and fro in the 
antenna wires, and these, like the vibrations of a violin 
string, or the aerial oscillations in an organ-pipe, set up a 

riodic disturbance in the surrounding medium, which 
in the electrical case consists of alternating electric and 
magnetic forces taking place at each point in space around 
the antenna. 

There are, then, appliances in the station collectively 
called the transmitter, which have for their function to 
create these powerful electric oscillations in the antenna, 
and to control them so as to send out short or long trains 
of ether waves in accordance with the dot or dash signals 
of the Morse alphabet. Lastly, there is the receiving 
apparatus which, when connected to the antenna, serves 
to detect the presence in it of the very feeble oscillations 
which are bemg generated in the antenna by the powerful 
oscillations in the antenna of some far-distant sending 
station. It is usual to employ the same antenna at an 
one station both for sending and receiving, and to switc 
it over from the transmitter to the receiver according as 
we wish to send or receive messages, although methods 
have been described and are being developed for using the 
antenna ap pa ey | for both pu 

By way of preface let me illustrate by a few experi- 
ments the manner in which these electric oscillations are 
set up in the air-wire, and the nature of the effects a 
+ the by them in the surrounding space. We have here 
a very long wire which, for the purpose of keeping it 
within a small compass, is coiled upon an ebonite tube. 
Two such spirals are placed side by side and connected at 
the bottom through two other small coils of wire (see 
Fig. 2). In contiguity to these last two coils of wire are 


Fig. 2. 
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two others, which are in series with a condenser or battery 
of Leyden jars and a spark-gap. If we charge the con- 
denser by an induction-coil and let it discharge across the 
gap, we produce rapidly succeeding trains of electric 
oscillations in the condenser circuit, and these induce 
other currents in the open or helix circuit of similar kind. 
The result is that electricity rushes up and down the 
spiral wires, which we may consider to represent two very 
long air-wiresor antennz. We have therefore alternately 
free charges of electricity at the top ends of the wires and 
electric currents passing to and fro across the middle 
int. We may compare this movement of electricity in 
the helix to the oscillations of a liquid in a U-tube when 
it is disturbed. In the electrical case we have at each 
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a share in the business, and in 1860 took the whole 
‘; from that date, and owing to his e and abilities, 
grew very rapidly. Mr. Smith was a worker in the true | 
nse of the word, well esteemed by his employés, and all | 
camein contact with him, for his sterling character, | 
‘-grity, and. long and honourable business career. r. 
‘ith was a member of the Institution of Mechanical 
‘ogineers, of the North-East Coast Engineers and Ship- 
; ders’ Institution, and a honorary member of the 8 
-ugineers and Draughtsmen’s Association. In the year 
1403 he took his three sons into partnership. | 
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spark-discharge 20 or 30 electrical swings or oscillations, 
separated by relatively long intervals of silence, the | 
intervals between two swings in the train being about 


1 th of a second, whilst the interval between the | 


400,000 
groups or trains of swings is about gsth of a second. 


Such electrical oscillations in the wire produce two effects 
* Lecture delivered at the Royal Institution on Friday, 
June 4, 1909. 
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_— antenna, as in our experiment, the positions of the 
electric and magnetic forces are interchanged as compared 
with those of the single vertical wire. 

As the currents in the air-wire reverse their direction, 
the magnetic and electric effects in the external space also 
reverse, but not everywhere at the same moment. The 
magnetic and electric forces are affections or states of the 
ether, and in virtue of the inertia and elasticity of the 
medium they are propagated from point to point with a 
finite velocity, which is the same as that of light. We 
can explore the field near the antenna and obtain an 
approximate idea of its nature and intensity by the use 
of a neon vacuum-tube. At certain intervals of distance 
in the space, the magnetic and electric forces reverse 
direction in the same way at the same instant, and 
this distance is called a wave-length. 

In the case of a straight air-wire, the magnitude of 
the forces at considerable distances varies inversely 
as the distance from the antenna, and the antenna 
radiates equally in all directions, If, however, we 
employ a U-shaped antenna, as in the present experi- 
ment, the currents being in opposite directions in the two 
branches, then along a median line transverse to their 
common plane, their actions will neutralise each other, and 
the radiation will be symmetrical only with respect to the 
plane of the antenna. In constructing an antenna in- 
tended to radiate in al) directions, it is’ necessary to 
connect the lower end to a large plate of metal or net- 
work of wires either sunk in the earth or placed just above 
the surface. In the former case, this plate is called an 
earth-plate, and in the latter a balancing capacity. It is 
necessary that this balancing Capacity, if insu ated, should 
be of sufficient size to take up all the electricity which 
rushes out of the antenna at each oscillation without 
sensible rise in potential, If we are only employing an 
antenna of moderate capacity for short-distance signalling, 
then an insulated balancing capacity would not be of un- 
wieldy dimensions, and may be constructed of a number 
of wires stretched out or laid on the ground or insulated a 
little way above it. When, however, we have to employ 
a very large antenna of great capacity for long-distance 
work, then the provision of a suitable balancing capacity 
would involve constructive difficulties which are best 
obviated by making the earth itself the balancing capacity 
—in other words, by connecting the base of the antenna 
to an extensive network of wires or large metal plates 
buried in the ground. It has been asserted that the 
direct earth connection damps out the free oscillations in 
the. antenna more quickly than would be the case if an 
insulated balancing capacity is employed. Although this 
may be true to a certain extent, we have to set against it 
the fact that the use of an insulated balancing capacity is 
out of the question in many cases—as on board ship, where 
a connection to the hull of the vessel is alwaysmade. Also 
for any but small antenne the insulated balancing capa- 
city is inconveniently extensive, and it is in every way 
better to put it below ground ; in other words, to employ 
an earth-plate artd compensate for any slight earth damp- 
ing by an antenna of rather larger capacity. 

his matter is, however, oi t of a much larger 
question—viz., the function of the earth in radiotele- 
graphy. It is well known that the nature of the earth’s 
soil or surface between the sending and receiving stations 
has a great effect upon electric waves pening over. 5. 
Various imperfect explanations were given of this action 
in early days, but the basis for a better knowledge has 
been laid by the experimental researches of Admiral Sir 
Henry Jackson and the theoretical discussions of 
Brylinski and Dr. Zenneck. To follow their explanations 
it must be borne in mind that high frequency electric 
currents as used in radiotelegraphy are confined chiefly 
to the surface of conductors by means of which they are 
conducted. Such a current does not distribute itself uni- 
formly over the whole cross-section of a wire carrying. it, 
but is confined to a thin skin or surface layer. is can 
be proved by the following experiment :—We take a 
copper wire. spiral or loop and make it part of a 
circuit in which a high frequency current exists. If 
we measure in any way the current in that circuit 
we find it has a certain value. If we substitute for 
the copper wire an iron wire of the same size, we find 
that the current in the circuit is then much less. This 
can be discovered by placing near the circuit in question 
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another testing circuit comprising an inductance and a 
capacity and some means for testing the amplitude of the 
oscillations set up in this secondary circuit. This de- 
crease is not due to the mere fact that the iron has a 
greater resistance than copper, but to the fact that the 
iron is magnetisable, and such 1 etisation absorbs 
energy owing to so-called hysteresis. If, however, we dip 
the iron for a moment into molten zinc and deposit on it 
a thin surface layer of zinc, or galvanise it, we find it 
then becomes almost as good as a solid copper wire for 
conveying high frequency currents, On the other hand, 
if we burn off the zine from a piece of galvanised iron 
wire, we render it a worse conductor for high frequency 
oscillations. This experiment proves that such oscilla- 
tions are conveyed by a thin surface layer of the conduc- 
tor. In the case of a copper wire for oscillations having a 
frequency of 1,000,000, the current penetrates about 4 ofa 
millimetre, and in the case of an iron wire, about 75 milli- 
metre into the iron. 

For non-magnetic substances the depth to which a cur- 
rent of a given frequency penetrates into a conductor is 
greater in proportion as the conductivity of the material 
1s less. Hence high frequency currents penetrate further 
into carbon than into metal. Accordingly a much thicker 
layer of carbon than of zinc would be needed to shield the 
iron spiral in our last experiment. The same thing 
happens in the case of an electric wave propagated over a 
terrestrial surface. If the surface is a very good con- 
ductor, the wave hardly penetrates into it, but glides over 
the surface. If it is a poor conductor, the wave penetrates 


into it toa ter extent, and the worse the conductivity 
the deeper the penetration. 
The materials of which the earth’s crust is composed, 


with some exceptions, owe their electric conductivity 
chiefly to the presence of water in them. They are called 
electrolytic conductors. Substances like marble and slate, 
when free from iron oxide, are fairly insulators. Dry 
sand or hard dry rocks are poor conductors, but wet sand 
and moist earth are fairly good conductors. Sea water, 
owing to the salt in it, isa much better conductor than 
fresh water, The following table gives some figures, 
which, however, are only approximate, for the specific 
resistance of various terrestrial materials in ohms per 
metre cube. It will be seen that dry sand or soils are of 
very high specific resistance, and damp or wet sand or 
clay fairly low. 
TaBLe I.—Approximate Conductivity and Dicectric 
Constant of Various Terrestrial Materials. 











Specific Resistance in , Dielectric Constant. 

Material. Ohms per Metre Cube. Air = 
Sea water... ae 1 80 
Fresh water .. 100 to 1000 | su 
Moist earth .. 10 to 1000 5 to 15 
Dry earth 10,000 and upwards 2 to6 
Wet sand lto 10 9 
Dry river sand very large 2to3 
Wet clay 10 to 100 
Dry clay 10,000 and upwards 2to5 
Slate .. 10,000 to 100,000 
Marble 5,000,000 6 
Mercury oe . 0.000001 infinity 


If our earth’s surface had a conductivity equal, say, to 
that of copper, then the electric radiation from an 
antenna would glide over the surface without penetra- 
tion. In the case of the actual earth there is, however, 
considerable penetration of the wave into the surface, and 
therefore absorption of energy by it. 

Brylinski and also Zenneck have calculated the depth 
to which electric waves of such frequency as are ona in 
radiotelegraphy penetrate into the sea or terrestrial strata 
of various conductivities. For mathematical reasons it is 
customary to define it by stating the depth in metres or 
centimetres at which the wave amplitude is reduced to 
1/e=0.367 of its amplitude at the surface. I have repre- 
sented in a diagram some of Zenneck’s results calculated 
for waves of 1000 ft. in length, and for terrestrial surface 
materials of various kinds, conductivities, and dielectric 
constants (see Fig. 5, page 776). You will see that in the 
case of sea water an electric wave travelling over it 
penetrates only to the depth of a metre or two, whereas 
in the case of very dry soil it would penetrate much 
deeper. Owing to the conductivity of the soil, this move- 
ment of lines of magnetic force through it sets up currents 
of electricity which expend their energy in heat. This 
energy must come from the original store imparted to the 
sending antenna, and therefore the wave is robbed of its 
energy as it travels over the surface. 

It should be clearly understood that when a wireless- 
telegraph antenna is in operation it sends out into the 
surrounding space a nearly hemispherical electric wave 
which spreads out in all directions. There are five causes 
which weaken the wave as it travels outwards :— 

1. The distribution of the energy continually over a 
larger and larger area. The wave amplitude diminishes 
inversely as the distance, and the wave energy inversely 
as the square of the distance. This is proved theoretically 
from first principles by Hertz’s equations, and has been 
contirmed experimentally by the experiments of Messrs. 
Duddell and Taylor, and of Professor Tissot. 

2. There is a certain absorption of energy due to the 
ionisation of the atmosphere by daylight and to other 


causes, but this is only detectable over long distances, | this a 
| districts. 


and for the present moment we shall neglect it. We 
include, however, under this head obstructions due to 
special atmospheric conditions, electrical or material. 

3. There is a diminution due to earth curvature which 
is operative only over long distances. 

4. There is some reduction of intensity which results 
from obstacles—such as hills, trees—especially from cliffs 
of ironstone or conductive rocks, due to distortion of the 
electric field. 





5. Lastly, there is the weakening due to the dissipation 
of ene vy the penetration of the waves into the surface 
over which they travel. 

e ll consider the last-named cause alone at the 
present moment. Dr. Zenneck has discussed mathe- 
matically, in a very interesting paper, the effect of the 
conductivity and dielectric constant of the terrestrial 
surface, soil or sea, on the propagation of a plain electric 
wave over it, assuming the radiation to be from an 
ordinary vertical antenna, and the electric force there- 
fore normal to the earth, and magnetic qaek pe to 
it. The result is to show that there are, bi y speak- 
ing, three cases to consider. First, supposing the surface 
material to be a good conductor, then the wave moves 
over the surface and penetrates a very little way into it. 
The electric force in the air over the surface is a purely 
alternati 
magnetic force is an alternating force parallel to it, and 
there is very little subterranean electric or magnetic force 
(see Fig. 4a, annexed). This is realised approximately, 
or most nearly, in the case of culicteleameel over sea- 
water. Secondly, let the earth be assumed to have a very 
poor conductivity and not a very large dielectric constant, 
then analysis shows that the electric force in the air has 
two components, one perpendicular to the earth’s surface 
and one parallel to it, and the resultant is an alternating 
and a rotating force, the direction of its maximum value 
being inclined to the surface and leaning forward (see 
Fig. 4b, annexed). The wave-front therefore slopes for- 
ward. Also there is a subterranean electric force, show- 
ing that the wave is penetrating into the soil, and there is 
therefore dissipation of energy owing to the conductivity 
of the soil as the wave travels over the surface. This case 
is realised when the wave travels over land com of 
dry soil having a small dielectric constant. Thirdly, let 
the earth be a very poor conductor, having a small 
dielectric constant from 2 to 3, and a specific resist- 
ance of about 10,000 ohms per metre cube. For example, 
very dry earth or sand. Then the investigation shows that 
the electric force in the air has two components, one 
parallel to the earth’s surface and one perpendicular to 
it differing in phase, and the resultant is represented by 
the rotating radius of an ellipse, the maximum value or 
major axis of which is inclined forward in the direction 
of the wave motion (see Fig. 4c, annexed). At the 
same time there is some penetration of the wave into the 
earth and consequent dissipation of energy. 

Dr. Zenneck has considered the case of electric waves 
1000 ft. in wave length, and -has represented the final 
result by some interesting curves. He defines the effect 
of the nnietien of energy by the soil by stating the dis- 
tance in kilometres at which the wave amplitude would 
be reduced by the effect of this absorption to 0.367 = 1/e 
of its amplitude at the sending station, altogether apart 
from the weakening due to the spreading of the waves out 
in a hemisphere, which we may call the spherical or space 
decrease. These curves are plotted to abscisse represent- 
ing the specific resistance of the soil (see Fig. 6, page 776). 
You value from this diagram that when a plane electric 
wave having the above wave-length is propagated over sea 
water, it would have to travel 10,000 kilometres before its 
amplitude would be reduced in the assigned ratio ; and 
over fairly dry soil, about 100 to 1000 kilometres ; but over 
very dry soil, having a small dielectric constant, only 
about 1 to 10 kilometres. Also you will notice that the 
curves rise up again for still higher resistivities. This, of 
course, is as it should be. All the practical cases lie 
between two ideal extremes: the case of an infinitely 
perfect conducting earth, in which case the waves would 
not penetrate into it at all; and the other case, an in- 
finitely perfect non-conducting earth, in which the wave 
would penetrate into it, but would suffer no dissipation of 
energy. This theory is quite in accordance with practical 
experience in radiotelegraphy. Every receiving apparatus 
associated with an antenna of a certain height and kind 
must be subjected to waves of a certain minimum ampli- 
tude to give any appreciable signal. For all lower ampli- 
tudes that particular receiving arrangement is perfectly 
deaf. Now it is a matter of common experience that wit 
a given radiotelegraphic apparatus and antenna it is 
possible to receive signals for greater distances over sea 
water than over dry land, and that if the soil is very dr 
the distance may be cut down very considerably indeed. 
This is not due merely to the difficulty of making what 
the telegraphists call a good earth at the sending station ; 
it is due to the absorption of the wave by the earth for 
the whole distance which extends between the two 
stations. Hence, also, it is a common experience that 
when particularly dry weather is succeeded by wet 
weather, the iotelegraphic communication between 
two stations on land is considerably improved. 

In another paper Dr. Hack has shown that even under- 
ground water is an advantage in facilitating radiotele- 

phic communication. Since ashore station must always 
9e established on shore for communication with ships, it 
is in consequence generally the custom to select a site for 
that station as near as ible to the coast, and to take 
pains to get a very good conducting connection between 
the foot of the antenna and the soil, and also if necessary 
between the antenna earth-plate and the sea. Fessenden 
has su ted for this purpose the use of what he calls a 
wave-chute, which is merely a metallic network extending 


| some distance outwards from the antenna in cases where 


this antenna is established in the centre of towns or dry 


Dr. Zenneck has also given a series of curves which 
show in a remarkable manner the reduction in wave 
amplitude due to both distance and surface absorption, 
calculated for waves of 1000 ft. in length, and for various 
coefficients of absorption (see Fig. 4). Thus, for example, 
if we are pro ting plane waves 1000 ft. long over a 
surface which by itaelf would reduce the wave amplitude 
to 0.367 of its initial amplitude in 1000 kilometres then, 





force vertical to the earth’s surface, and the | 





when we consider the decrease by distance as well, we 
have to take account of the fact that this last cause reduces 
the wave amplitude at 1000 kilometres to 0.001 of that 
which it is at 1 kilometre distance. I have represente:{ 
in the diagram some of Dr. Zenneck’s curves. e dotted 
line shows the decrease of amplitude by distance alone, 
and the firm lines that due to distance and terrestria| 
absorption in various cases. We are able to see froin 
them the large effect due to travel over large distances of 
very dry soil. Thus, for instance, if the absorption is 
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such as to cut down the amplitude in the ratio of 
1 : 0.367 at 1000 kilometres, then at a distance of 3000 kilo- 
metres the rep cramp of a wave of 1000 ft. in length 
would be cut down in the ratio of 3000 to 1 by distance 
alone, but in the’ ratio of 60,000 to 1 by distance and 
terrestrial absorption combined. 

An important matter is the question of the influence of 
wave length on this absorption. It can be shown from 
theory that an increase of wave length reduces the energy 
dissipation by the earth. Thus in certain cases increasing 
the wave length from 1000 ft. to 10,000 ft. increases the 
range ‘of. effective communication 100 times. The ab- 
sorption is also determined by the decrement of the wave 
train being greater the larger the decrement. . 

One practical deduction to be made from this investiga- 
tion is that the‘ reduction in wave amplitude which takes 
_— when the wave moves over very dry soil is as much 

ue to small dielectric constant of the material as to high 
resistivity. We see also that the wave front is very far 
from being vertical when the waves travel overland, and 
hence it is an advantage in that case for the receiving 
antenna to slope away from the direction in which the 
waves are travelling or from the radiant point. Lastly, 
it points to the advan of a long wave for overland 
working. Generally ing, then, we-find that electric 
wave telegraphy is conducted with much greater ease 
over sea than over dry. land, the reason-being that the 
dielectric constant is large and the conductivity of sea 
water is sufficient to prevent much penetration of the 
electric wave in the sea, and therefore there is not much 
dissipation of its energy by.absorption due to the surface 
over which it travels, We have here an instance of 
economy in Nature. Over sandy deserts, where we can, 
if need be, put up telegraph ts and wires, radiotele- 
phy has had some nar 8 difficulties placed in its way; 
ut on sea, where connection between moving stations 1s 
the important matter, and telegraph posts are impossible, 
— facilities seem to have been afforded us for con- 
ucting it. 

The next point in connection with the antenna to be 
noticed is the means adopted of setting up the oscillations 
in it. The universal custom at present is to excite oscil- 
lations in a reservoir circuit consisting of a condenser and 
an inductance by means of the spark or arc (see Fig. 7). 
the spark method is used, then the condenser is one of rela- 
tively large capacity, and the inductance is kept small. 

f the capacity is measured in electrostatic units, and the 
inductance in electromagnetic units, the ratio of capacity 
to inductance may be something of the order of 5:1, or 
even 20:1. In this case the condenser is charged by means 
of an induction-coil or transformer, and disch: acrcess 
a spark-gap, and this discharge consists of intermittent 
trains of electric oscillations with a periodic time equal 
to the free natural period of the oscillatory circuit. These 
discharges are made to succeed each other from 50 to 600 
times a second by using an induction-coil with an apprv- 

riate interrupter, or else an alternator and a transformer. 
ft the arc method of exciting the oscillations is employe’, 
then the ratio of capacity to inductance must be much 
smaller, and the oscillations are excited in this circuit y 
a continuous-current arc worked with a voltage from 2 
to 400 volts or more, the are being traversed by a strong 
magnetic field, and generally being placed in a chamber 
kept free from oxygen. The oscillations set up im te 
condenser circuit are then persistent or unbroken. !!\ 
oscillations are excited in the antenna by coupling 1t 
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inductively or diréctly with the condenser circuit (see 
Fig. 1). If the former method is employed, then an 
oscillation transformer is consisting of two coils of 
wire, one coil being inserted in the condenser circuit and 
one in the antenna circuit, and according as these coils 
ure near or far apart, they are said to be closely or loosely 
coupled. These two ‘circuits have then each their own 
natural period of electric vibration, like tuning-forks, and 
they have to be adjus to syntony. It is well known 
that under these conditions oscillations set up in one cir- 
cuit immediately create oscillations of two frequencies in 
both circuits. This action can be easily illustrated by 
two pendulums which are of the same length and are 
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Fic. 9. OscrttoGram or Damprep ELECTRICAL 
OSCILLATION TAKEN WITH GEHRCKE VACUUM- 
TusBE OscILLoGRAPH; ANTENNA NOT CoN- 
NECTED. 





Fic. 10. OscrtnocRaM oF CoMmPLEX OSCILLA- 
TION PRopUCED IN THE ANTENNA CIRCUIT OF 
AN InpuctTIveELy CouPLED ANTENNA. 


ng side by side on a loose string. If one pendulum is 
{ swinging, it imparts little jerks to the other and sets 
the latter in motion, but to do this the first must part with 
sown energy, and hence is gradually brought to rest. 


» rates of vibration. 
se of two closely-coupled syntonic electric currents. 


waves can be detected either by measurements made with 
the cymometer or by an oscill ph vacuum tube. In the 
first case all that is necessary 1s to place a cymometer in 
oper pe to the antenna and vary its oscillation constant. 

t will be found that there are two settings of the handle for 
which the neon tube glows brightly, and the scale of the 
instrument will indicate the wave-lengths of the two 
waves respectively. Some instructive measurements of 
this kind have been made by Professor W. G. Pierce in 
a recent research, and he has shown that the wave-length 
given by the formule which can be deduced from the 
theory of the operations are in agreement with actual 





‘hen the operation is repeated in the reverse direction. | rapidly extend and _ contract. 
‘nce, each pendulum jis alternately swinging faster and | examined in a revolving mirror, making from 50 to 100 
wer than its ordinary rate, and may be said to possess 
The same thing happens in the 


measurements (see Fig. 8). Another striking confirma- 
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| tion can be obtained by the oscillograph vacuum tube, 
|invented by Dr. Gehrcke, of the Reichsanstalt, Berlin. 
This consists of a glass tube having two strip electrodes 
|in it nearly touching, which are made of nickel or 
aluminium. The tube is filled with pure nitrogen and 
| exhausted to a pressure of about 10 to 20 millimetres. 
| If such a tube has a high voltage applied to its terminals, 
| a ad light extends along the electrodes, the length of 
| which varies with the electromotive force. Hence, if the 
tube is connected to a circuit in which an oscillatory dis- 
charge is taking place, the glow light along the tube will 
f the electrodes are 



































sponding to each oscillation will be separated out ; and 


| turns a second, the images of the glowing electrodes corre- 
| if the oscillations are persistent or undamped, we see a 


1e circuit has free oscillations set up in it, the action and | series of short bright lines alternately above and below a 


reaction of the circuits generates oscillations of two fre- 


central line. If, however, the oscillations are damped, 


quencies, Accordingly, when an antenna circuit is coupled | then we see in the mirror a train of images each decreas- 


) a condenser circuit, we have oscillations of two fre- 
quencies set up in it, and waves of two wave-lengths 
The presence of these two 


radiated from the antenna. 





|ing in length (see Fig. 9). On applying such an oscillo- 
graph vacuum tube to the-circuit of an inductively 
coupled antenna, and examining in a revolving mirror 











the image of the electrodes, they will be seen to present 
an appearance as in Fig. 10, taken from photographs 
kindly given me by Herr Hans of Berlin. These 
oscill 8 indicate that there are two oscillations pre- 
sent of different frequency, producing an effect similar 
to beats in music. Owing to the difference in frequency, 
the oscillations alternately reinforce and extinguish each 
other throughout the period, and as this type of oscillo- 
gram is only obtained with an inductively coupled 
antenna, it is a proof that in such a case there are two 
oscillations present of different frequencies. A similar 
result has been obtained by Professor E. Taylor Jones 
with low-frequency oscillations in coupled inductive 


METHOD OF UTILISING WAVES OF BOTH 


Fig.l, FREQUENCIES EMITTED BY INDUCTIVELEY 
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circuits by means of an electrostatic oscillogram of his 
own invention. Looking at these photographs, it will be 
seen that each represents a single train of dumped oscil- 
lations gradually dying away, but that in each train of 
oscillations there is an alternate waxing and waning of the 
amplitude, which indicates that there are two superim 
posed oscillations of different frequency (see upper pair of 
diagrams in Fig. 12). 

Accordingly, in the case of wireless telegraph antennie 
inductively coupled, we have in general two waves 
radiated of different lengths, and either of these can be 

e to affect suitably tuned receiving circuits. These 
waves have different damping and different maximum 
amplitudes. 

ne of the disadvantages of close inductive coupling is, 
therefore, that we must divide the energy given to the 
antenna between two waves of different leneth. As the 
receiving antenna is generally only tuned to one of these 
wave-lengths, we then capture and absorb only the energy 
conveyed by the waves of that wave-length. To meet 
this difficulty it has been the custom to employ a feeble 








coupling between the circuits of the oscillation trans- 
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former, so as to generate wavesof only one wave-length. 
The objection then arises that the energy conveyed to the 
antenna is much reduced. It is, however, possible, as I 
have shown, to duplicate the receiving circuits so as to 
capture the energy of both the waves even with close 
coupling of the transmitter transformer (see Fig. 11). 

A method of creating feebly dam oscillations has, 
on the other. hand, recently eveloped, generally 
known.in Germany as. Wien’s method, or the method of 
quenched sparks,. which is based on the fact that if we 
can quench or stop the spark in the condenser circuit 
after the first few oscillations, the oscillations of the 
antenna then take place freely and with a_ single fre- 
quency. ‘ 

The principle which underlies this method is the well- 
known fact, to which particular attention was called by 
Professor M. Wien, of Danzig, in 1906, that the damping 
effect of very short sparks is extremely large. Hence if 
we form a spark-gap consisting of a large number of very 
small spark-gaps in series—say, ten gaps each of 0.3 milli- 
metres—and we keep the spark surfaces cool, then not 
only can no are form between these surfaces, but the con- 
denser spark is immediately quenched. Moreover, if we 
supply this spark-gap, either from a high-frequency alter- 
nator, or from a low-resistance tratisformer, we can pro- 
duce as many as 2000 sparks per second. A form of dis- 
charger for this purpose has been devised by the Wireless 
Tel i Company of Germany (Telefunken Company), 
which consists of a series of copper discs or copper boxes 
cooled with water, the flat surfaces of which are placed 
in contiguity, but separated by very thin rings of mica. 
The interspaces between the boxes is not more than 
r}sth part of an inch, and ten or twelve of these boxes 
are placed in series. The row of boxes takes the place 
of the ordinary spark balls, and is connected to the 
secondary terminals of a transformer, fed by a_high- 
frequency alternator, and also connected to an oscillatory 
cireuit. When the transformer is in action it produces a 
very large number, 1000 or more, oscillatory discharges 
of the condenser per second, each of which has a ree 
initial amplitude, but aaa dies out. The inductively 
or directly coupled antenna hence receives a very large 
number of impulses per second, each of which seta up in 
it free electrical oscillations of one definite period (see 
lower pair of diagrams in Fig. 12). Such a multiple 
gap disc discharger, used in the manner described, 
appears to operate on quite different principles from the 
single pair of discs with interposed paper ring which Von 
Lepel has employed. From the Soatiption and mode 
of connection of the Von Lepel discharger, this last 
appears to operate in virtue of the production of an 
arc discharge in the manner of the Duddell or Poulsen 
arc. 

During a recent visit to Germany, I was permitted to 
see a discharger of the multiple disc type, with which 
remarkable radiotelegraphic results have been obtained 
in economy and efficiency of work. 

In connection with spark telegraphy it has been clear] 
seen, lately, that much can be done by attention to detai 
of construction to increase the number of oscillations in 
each wave train in the case of spark apparatus—in other 
words, to lessen the damping by obviating energy losses 
in all parts of the apparatus. It is not a matter of in- 
difference what kind of glass we use in Leyden jars or 
what form of stranded wire we employ in oscillation 
transformers, or type of spark discharger. By appro- 
priate selection of apparatus, we can considerably increase 
the number of oscillations in damy trains of small 
amplitude, and therefore increase the possibilities of 
utilising the principle of resonance. 

Before leaving the subject of the antenna we may notice 
some recent improvements in directive antenne—that is, 
in devices for more or less confining the radiation to one 
direction, and for locating the position of the sending 
station. 

In a previous discourse explanations were given of the 
property of a closed or partly closed antenna of radiating 








more in some directions than in others, and the action of 
Marconi’s bent antenna was described. Two other in- 
ventors, Messrs. Bellini and Tosi, have taken advantage 
of this fact to construct antenne of a very interesting 
character. They erect an antenna consisting of two wires, 
each bent into a triangular form, the top ends nearly 
meeting, the planes of these triangles being at + angles 
to one another, and both of them vertical. e pend 
closed antenna circuits are then inductively coupled wi 

a condenser circuit, which is capable of being swivelled 
round in various directions (see Fig. 13). If the said con- 
denser circuit is placed in such a position as to be coupled 


| cylinder, 
| antenna as described, to greatly limit the diffusion of the 
| radiation. Since radiating and absorbing power go hand in 
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with one of the triangular antenne, it will cause the 
maximum radiation to take place in the plane of that 
antenna, but none at all at right les to it. If it is 
coupled with the other antenna, it will cause radiation to 
take | pom to a maximum degree in the plane of that 
second antenna. If, however, the oscillatory circuit is 
placed in an intermediate position, so as to act induc- 
tively upon both the nearly closed triangular. antenne, 
then it can be shown, both mathematically and experi- 
mentally, that the radiation of the combined system is a 
maximum in the direction of the plane of the oscillator 
circuit which is coupled with the antenna. Hence, with 
such a combined antenna, we have it in our power to create 
radiation most strongly in one direction, although not 
entirely suppressed in all other directions. By combining 
together, however, a,single vertical antenna with two 
nearly closed circuit antenne at right angles to one 
another, Messrs. Bellini: and Tosi have constructed a 
complex antenna which has the property of producing 
radiation almost entirely limited to one-half of the circum- 
jacent space (see Fig. 14). It therefore corresponds to a 
certain extent in effect to the optical apparatus of a light- 
house, with catoptic.or dioptic apparatus, which projects 
the light from the lamp largely in one direction. It is 
not yet possible to make with electric radiation of long 
wave-length that which corresponds precisely with a 
beam of — wholly concentrated along a certain cone or 
ut it is possible, by the use of a complex 


hand, it is obvious that such a directive antenna also 
enables the position of a sending station to be located. 
Messrs. Bellini and Tusi have accordingly applied their 
methods in the construction of a iogoniometer and 
receiving antenna, by means of which they can locate the 
direction of the sending station without moving the 
antenna, but monely bi turning round a secondary circuit 
into a poate in which the maximum sound is h in 
a telephone connected with the receiver (see right-hand 
figure in Fig. 13). By the kindness of Captain Tosi, I 
am able to exhibit to 5 ag their ingenious apparatus. 

The space occupied by such closed antenne has hitherto 
prevented their employment on ships. here is still 
therefore an opening for the invention of ap tus cap- 
able of being used on board ship, which will enable one 
ship to locate, within narrow limits, the direction of 











another ship sending signals to it, and therefore of ascer- 
taining immediately the direction from which some call 
for help is proceeding. 

(To be continued.) 





FRENCH DESTROYER ELECTRIC Sers.—We read in La 
Métallurgie that the French Navy is negotiating for the 
pure from French works of several paraffin-engine- 
driven electric sets for the 1908 destroyers... The only 
engines to ‘be considered are those-using pgraffin or another 
class.of liquid fuel of a‘density.exceeding 0.800, and which 
does not.give outany inflammable vapour at temperatures 
below 40 deg. Cent, (104 deg. Fahr.). The use of mazout, 
or crude oil, as fuel would be found jally advan- 
tageous, seeing that the boats for whjeh the sets are 
destined carry a large supply of this crude oil. The use 
of petrol, even only for starting, will be rigorously pro- 
scribed-;. but nx burated methylated spirits will be 
allowed for:starting the engines. 





Tue Copper Market,~In their report dated June 1, 
Messrs. James Lewis,and Son state_that,an enormous 
business has taken place in Standare —e during the 
past month, about 45,000 tons changing hands, resulting 
in an advance of 2/. 10s. aoe ton,* The purchases have 
been almost entirely speculative, the chief portion being 
for American account, and in association with purchases 
of copper mining consumers holding aloof. The 
sales were mainly. against purchases of electrolytic copper 
in the United States, and of copper in Chili and Japan. 
American producers freely met the demand and must 
have disposed of quantities for home consumption 
and export, the result being the transfer of part of the 
large available stock held in the United States to this 
side of the Atlantic, where the stocks—published and 
unpublished — have already materially increased, and 
promise to increase still further. From 57/. 16s. 3d. ou 
the 3rd ult. cash standard advanced to 59s, 15s. on the 
7th, and after some fluctuations between 58/. 18s. 9d. and 
592. 16s. 3d., improved to 61. 5s. on the 26th, three 
months prompt realising up to 61/. 17s. 6d. Values 
have since fallen away, and in consequence of an excr}? 
tionally large increase in the public stocks, the closing 
values were 60/. 5s. cash and 61s. 2s. 6d. three months, 
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Fie. 
Ar their installation in 1904-1905 the four turbo- | 
generators erected by the British Westinghouse Com- 


pany at the power-station of the Metropolitan Rail- | 
way Company, Neasden, were the largest up till then | 
constructed. Since that date they have taken, with an 
entire absence of trouble, the whole of the railway 
company’s heavy traction and lighting load, generat- 
‘¢ current very economically. 
Owing to the increasing demands for power the 
railway company have recently decided to enlarge all 
16 units so as to increase their rated output from 
30 to 5000 kilowatts each, and instead of increasing 
ie capacity of the present Alberger condensers corre- 
udingly, the new Le Blanc condensers and rotary 
y-air pumps are to be substituted. This is the 
largest lanc condensing plant in course of con- 
iction, the work being entrusted to the original 
builders. Our illustrations (see Figs. 1, 2, and 3, above) 
show the condition of the interior of the turbine when 
recently opened up prior to dismantling. The blading 
was found to be in almost perfect condition, save for 
a slight amount of soft deposit on the low-pressure 
blades. The total amount o: deposit is small, consider- 








ing that the turbine has been in continuous work for } 





2. 


34 years. Possibly the usual freedom of the high-pres- 
sure blading from the deposit is attributable to the 
greater range of temperature to which these blades are 
subjected, the consequent expansion and contraction 
making adherence impossible. No evidence of corro- 


| sion or erosion of the blading was found, though there 


was slight superficial pitting of the drum at the low- 
pressure end, starting apparently at the point at which 
the steam first loses its superheat. 

This turbine commenced work in October, 1905, and 
was in daily use until last April, when it was taken 
down for enlargement, as stated. During the period | 
cited its total output amounted to 52,890,000 kilo- 
watt-hours. The blading is that originally put in, 





and the total expenditure for repairs, material and | 
labour included, has been under . for the whole of 

the 34 years during which the machine was at work. 

The valve-gear and the — surfaces of the governor | 
mechanism are practically the only parts which have | 
needed attention. 

The shaft-journals were oil-stoned before the rotor | 
was put in place, and still show the marks, the wear | 
here being absolutely nil, though the brasses, when | 
tested by a gauge fitted to them 34 years ago, show | 


STEAM-TURBINE AT THE NEASDEN . POWER-STATION. 
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that the one on the thrust-bearing side has sunk 
0.002 in., and on the generator side 0,005 in. The 
bearings are ll in. in diameter by 3 ft. 3 in. long, 
the weight of the turbine rotor being about 18 tons. 
The following general particulars of the unit may be 
of interest :— 

Type of turbine : Hybrid double-flow Westinghouse- 


Parsons. Total weight of revolving element (turbine 
rotor and revolving feld), 84,000. Ib. 

Alternator: Three-phase, 11,000 volts, four-pole 
revolving field. 

Periodicity : 33.3 per second. 


A fellow unit, No. 1 turbine and generator, was set 
to work in November, 1904, and is still running with 
the original blading. 

Much of the credit for the extremely successful 
running of these turbines is due to the intelligence 
shown in the design and running of the station, a 
quality which has not always been apparent in those 
responsible for such work. The generating costs have 
averaged less than 0.3d. per unit, a figure which, taken 
in connection with the insignificant repair bill, affords 
eloquent testimony to the executive ability of Mr. C. 
Jones, M. Inst. C.E., the chief electrical and mecha- 
nical engineer, and to Mr. W. H. Heaton, M.I.M.E., 
who has represented the builders in the original lay- 
out of the station, and in the extensions now in pro- 
gress. 

In raising the output of the unit to 5000 kilowatts, 
a new rotor-drum will be fitted, permitting of the use 
of longer blades, whilst the armature of the alternator 
will be rewound. 








INDUSTRIAL NOTES. 

Tue fifty-eighth annual report of the Amalgamated 
Society of Engineers contains the records of a rather 
disastrous year—1908. The new general secretary ex- 
plains that he personally had very little to do with the 
events recorded, as his election took place at a later 
date. The trouble on the North-East East was costly, 
and it led to the resignation of Mr. George N. Barnes, 
M.P., as general secretary. The society has had 
troublous years before, notably in 1852, the second year 
of its existence, more particularly over the question 
of overtime ; again over the nine hours question at 
Newcastle, and again over the same question. Its 
losses in funds and membership were great in each case. 
Last year it lost 1964 members of its total at the close 
of 1 ; but then in 1906 the membership increased by 
6205, and in 1907 by 5213. The total income in 1908 
was 490,658/., as compared with 424,400/. in 1907. A 
total of 24,195/. was from dividends and interest. The 
increase in contributions, levies, and fines was 31,625/. ; 
but there was a decrease of 2848/. in entrance fees. 
The total expenditure was such that there was a net 
loss of 136,429/. 7s. 10d. on the year’s financial trans- 
actions. The chief item of expenditure was unem- 


loyed-donation benefit, 244,746/., as compared with 
4,897/. in 1907. Then, —_ contingent benefit, or 
strike pay, amounted to 53,052/., as com with 


4501/. in 1907. Sick benefit cost 61,752/.—previous 
year, 59,660/. ; superannuation, 129,904/.—increase 
over 1907 of 5990/1. Aggregate expenditure, 627,087/. 
13s. 8d. 

In addition to the three chief benefits enumerated, 
there was paid, in 1908, 2500/. accident benefit, 15,749/. 
funeral benefit, 8768/. benevolent grants, assistance to 
other trades 191/., besides all the management expenses 
for the general and district offices and the branches, 
inclusive of rents, salaries, printing, stationery, 
postages, delegations, &c., and the contributions to 
the General Federation of Trade Unions, the Labour 
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Party, and for other purposes. The general reserve | 
fund at the end of the year was 324,472/. 3s. 10d., | 
and the superannuation fund 348,728/. 14s.; total 
worth, 673,200/. 17s. 10d. The tables give informa- | 
tion of each year’s working—1851-1908 inclusive—_| 
under all ol of income and expenditure, and the 
aggregate paid in benefits under all the heads. The 
report contains much matter relating to the anguesting 
trades from the commercial and trading points o | 
view ; it tells the story of the duration of life of the| 
members and their wives, and the causes of death and | 


the ages of deceased members. It is, in fact, adistinct also for persons under age. 
contribution to the story of workpeople’s lives, in this | does its own banking, 


one great industry, from facts well ascertained and | 
authenticated, 





The Durham Miners’ Association’s monthly circular 
deals first with the Budget, and the general secretary, 
Mr. John Wilson, M.P., commends it to the members 
as ‘‘a Democratic Budget” He next deals with the 
decision of the recent National Miners’ Conference, | 
at which all the districts in the Miners’ Federation of | 
Great Britain were represented. The Conference was 
called to consider the action to be taken over the Mines 
Eight Hours Act, the decision at which was to resist 
any reduction in wages. Mr. Wilson reminds his mem- | 
bers that, as Durham had now joined the Federation, | 
they were bound by its decision. The number of dele- | 
gates present was 156, besides the officials, represent- | 
ing 600,000 members. If, therefore, the mineowners | 
insist upon reductions, there is likely to be a great | 
stoppage at the mines. But it is not yet too late to 
hope for a peaceful solution. It is reported that the 
joint compensation committee had settled 116 claims 
arising out of the West Stanley pit disaster. Some 
few stood over, as the committee could not agree, the 

uestion of difference being ‘‘ partial dependants.” 

he employers thought the demands were more than 
the law allowed, and the cases, or a test case, is to be 
taken to the County Court. The difference is one of 
degree only. Itis well that an amicable settlement 
was effected in nearly all the other cases. 


| 
| 





The Amalgamated Engineers’ Journal deals with the 
reports of the Poor Law Commission and with the 
conferences of the representatives of Poor Law guar- | 
dians in its ‘‘ Editorial Notes.” On the whole it| 

raises the reports of the Commission, especially the | 
Minority Report, but condemns the attitude and | 
speeches of the guardians’ representatives. The trend | 
of trade in engineering, as shown by the unemployed | 
diagram, indicates very little change in the two pre- 
vious months; the lines were, however, about level 
with those of a year ago. The aggregate membership 
was 107,791, showing a decrease of 165 in the month. 
Unemployed benefit was paid to 10,320 members—pre- 
vious month, 10,515; sick, 2775—previous month, 3150; 
superannuation, 5741—month previous, 5714, Alto- 
gether 18,698 members were in receipt of benefits, at a 
cost of 7807/., or at the rate of 1s. 10}d. per paying 
member per week. The decrease in the pl te 
during the first quarter of this year was 42,996/., but 
the superannuation reserve fund increased by 8298/., 
so that the net decrease was 34,698/. only. A general 
summary is also given of the annual report. The usual 
articlese—technical and otherwise—are continued. 








The Co-Operative Congress held in Newcastle last 
week shows the strides made by the co-operative move- 
ment since its first congress there in 1873. At that date 
120 delegates were present; at the one last week there 
were 1760. The numbers made up a huge gathering, 
more like a demonstration than a conference for work. 
It reminds one of the labour conventions in the United 
States, which, although held only in certain months, 
average about one per week in the whole year. The 
Congress represents the collective effort and capital of 
the masses, just as the concerns established under the 
Companies’ Acts represent the growth of capitalism. 
There is ample room for both in this great and wealthy 
country, without any fear on either side of being over- 
whelmed. The average income per head of those in 
the co-operative movement would not nearly reach the 
income-tax exemption standard of 160/. per annum, 
and yet if the whole were taxed, the aggregate would 
have to pay. It is better for the State to encourage 


thrift than to tax it. 

The report to Con by the Co-Operative Union 
shows that the total number of societies on the re- 
gister was 1560—decrease in the year, 22. Of the total, 
returns were made by 1 ecrease, 18. The 

ate membership was 2,516,194 — increase 82, 09. 
Share capital 33,244, 980/.—increase, 1,832,955/. Total 
trade turnover 107,550,654/. — increase, 1,832,955V.; 
profits, 11,728,647/.—decrease, 274,694/. The latter 
shows that these societies suffered from depression in 
trade, but not to the proportionate extent of private 
traders. The productive societies increase, but not in 
the same proportion as the distributive. Altogether 
1251 societies carried on production to the extent of 
16,989, 7647. in the year, some only in a small way, 





others on an extensive scale. he total number 


. 


wholly employed in production was 44,188 ; of these, 


25,809 were adult males,’ 12,212 females, and 6167 
young persons under 16 years of age. The aggregate 
wages amounted to 2,324,674/. per annum. It is in 
the productive section that co-operation is weakest. In 
some trades it is prosperous, in others it has a struggle. 
The movement has its own shipping, agricultural land, 
huge factories, houses, and is now once again about to 
try its hand at coal-mining ; but its slate quarries are 
not a success, .The Congress declared in favour of a 
minimum wage for male and female employés, and 
The Wholesale. Society 
goer and has some iron, 
steel, and tin-plate works, and some local bodies have 
similar branches. It is the aim of co-operative societies 
to make and to supply, as far as possible, their own 
goods to all the distributive societies. In some cases 
they are fairly successful, in others private traders do 
the supplying. 


Most of the great orders of friendly societies held 
their annual conferences last week in various cities and 
towns. One of the principal topics discussed was that 
of State insurance as outlined by the President of the 
Board of Trade. There would appear to be strong 
differences of opinion in the ranks of the officials as to 
the value of such a system, but the trend seems to be 
in favour of it, especially in the rank and file. The 
fear in some quarters is that friendly societies will be 
hurt by the State system. Of course, it would not be 
wise to do anything that would injure the voluntary 
system that has been fostered by the State for some 
112 or 113 years, and carefully protected—indeed, too 
carefully protected, for the State circumscribed the 

wers of the societies as regards investments, even 
te the limits it imposed upon trustees. It might be 
even yet possible to give a State bonus to properly con- 
stituted societies in aid of thrift. All the societies are 
registered ; they have to give to the Registrar annu- 
ally properly audited and authenticated accounts, and 
there is no reason why a Departmental Committee 
should not be constituted to examine and report, as is 
now done in the case of trustee savings banks. It 
appears that the Chancellor of the Exchequer will confer 
with the leading representatives of the friendly societies 
at an early date in order to see what can be done to con- 
serve and preserve these societies, and to link them into 
the State scheme. It is not wise to destroy voluntary 
agencies, which have done, and are still doing, splendid 
work. If for pes reasons State aid is to be given, 
both may work side by side for the common good of the 
community. 





At date of writing, things look somewhat ominous 
in the coal industry, both in Scotland and South 
Wales and Monmouthshire. In Scotland it is reported 
that the mine-owners have broken away from the 
Conciliation Board, being fully determined to enforce 
the reduction in wages which they demanded. It is 
reported that the Scottish mine-owners seek an 
alliance with the English and Welsh Federation. The 
men have done the same. It is also stated that the 
German coal-owners are prepared to supply coal to 
help the British owners to conquer the men. In South 
Wales the men and the pacer ware appear to be pre- 
paring for a struggle, and the great users of coal seem 
to be preparing for the contest by an ample supply for 
stocking purposes in the event of a stoppage. Just 
at a time when industrial activity has the appearance 
of revival it would be a sotinnal disaster iF the coal 
supply should fail by reason of a labour dispute. It 
is difficult to predict what will happen at present, but 
the chances are in favour of a peaceful solution, even 
though the time is near when the Mines Eight Hours 
Act comes into force. The fears on the one hand, and 
the hopes on the other, may be exaggerated. The 
losses may not equal the expectations. There is more 
to lose by a stoppage of the pits than the Act can 
effect, and the men will pay dearly if the stoppage 
takes place. It is in the interests of all concerned, 
and of the general community, that a strike and lock- 
out be averted. 





Negotiations are taking place between the Govern- 
ment and the State employés with t to pensions 
to workers in Government factories, especially those at 
Woolwich, Enfield, and Waltham Abbey. Up to 1861 
employés in ordnance factories had pensions, but in 
that year the foremen storeholders and workmen 
mage were deprived of superannuation by a War 

ice circular, but the salaried workers were not. 


. | Since then the men have been petitioning for a return 


to the provisions of the Act of 1859. Representatives 
of the men are to meet the Financial Secretary of the 
Treasury in conference to discuss and try to arrange 
matters. 





The Labour Premier of South Australia died in 
Adelaide last week at the early age of 56. He was 
a native of Wales, and a stonemason by trade. He 
helped to build the Parliament house in which he 
sat as Prime Minister. He wus ever averse to the 
arbitrament of labour troubles by strikes and lock-outs. 





He favoured conciliation and arbitration. He was 
respected by all parties and sections for his upright- 
ness in life and conduct. 


The Labour Ministry in the Australian Common. 
wealth has resigned, and a coalition Ministry reigns in 
itsstead. After the adverse vote the Premier requested 

rmission to appeal to the people, but the Governor. 
General mR to dissolve Parliament; hence the 
change. The fusion of parties to overthrow the Labour 
Ministry has long been threatened, but difficulties 
presented themselves, owing to opposite views on 
important points of policy; in one only could they 
nee ey: to oust the Labour Party. This accom- 
plished, what will the policy be ? 





At the end of Whitsun week there were no signs of 
any real improvement in the iron and steel trades at 
the markets or on "Change. Still it is said that there 
was a more hopeful feeling, and prices have not further 
receded. There is one feature, however, which raises 
hopes. It is the fact that in some of the engineering 
shops in Lincolnshire some 400 more men have been 
engaged or re-engaged, double shifts are being worked, 
and there 1s much overtime. This is most encourag- 
ing, aj others elsewhere must of necessity share in the 
revival. 


On Saturday last the final award of Lord Collins was 
officially received at the meeting of the Durham coal- 
owners, by which the miners’ wages are reduced for the 
current three months. The amount of the reduction is 
not stated, but as the coalowners wanted 7} per cent., 
and the men’s representatives consented to 6 per cent., 
perhaps it is the latter. 





The strike of dockers and reservists at Marseilles has 
been causing serious dislocation to shipping, and last 
week an appeal was made to the French Government 
to send help from the warships so as to dispatch pas- 
sengers and luggage to their destination. It does not 
appear that State employment is very popular in 

rance, or else the workers there are more than usually 
discontented. 








WORKMEN’S COMPENSATION CASES. 
County Court Casgs. 

Kidd v. Spiers and Pond and Cronshaw.—This claim 
was heard at Manchester on May 4. It appeared that 
Messrs. Spiers and Pond, for the pu of carrying on 
the business of the Victoria Hotel, Manchester, had a 
boiler-house | i two large Lancashire boilers. 
These were insured. e insurance company required a 
periodical inspection, and in order that this might be 
a | done brickwork had to be stripped from the 
boilers. To do this Messrs. Spiers and Pond enga; 
Mrs. Cronshaw, whose husband and two men did the 
work. One of these, Albert Kidd, while at work, slipped 
into an adjacent tank of boiling water. His injuries were 
so severe that he died on February 14. 

Kidd’s representatives now brought this claim for com- 
pensation against Messrs. Spiers and Pond. It was con- 
tended on behalf of the latter that it would have to be 
made out that the work was done in the course of and 
for the pu of their trade or business, also that they 
contracted for the execution of this work, and had them- 
selves undertaken to do it. They contended that Mrs. 
Cronshaw alone had undertaken to do the work. 

On the part of the applicant it was said that one of 
the articles of association of Messrs. Spiers and Pond 
showed that the company was formed, among other 
things, ‘‘to erect, construct, lay down, enlarge, alter, 
and maintain any buildings, works, and machinery.” The 
boilers were required for the purposes of their trade, and 
it was in the interests of public safety that they should be 
stripped and —— ; 

The Judge said the matter depended upon the construc- 
tion of the words in the Act, ‘undertaken by the prin- 
cipal.” Ifa person undertook, in the sense of Section 4, 
to do certain work for the purposes of his trade or busi- 
ness, and then cuntracted with another person to do it for 
him, he was liable if the other person’s servant was injured 
while the work was being done. As to the meaning of 
“undertaken by the principal,” any two Pas le might 
take a different view and yet be within the English mean- 
ing of the words. In his own opinion the Act was in- 
tended to include and insure as many people as ible, 
and, generally speaking, it had been interpre by the 
High Court in that hght. He thought, therefore, the 
wider meaning of the word ‘‘ undertaken” ought to be 
accepted. These boilers were undoubtedly a necessary 
and essential part of the business of Messrs. Spiers and 
Pond. Messrs. Spiers and Pond not only made an 
undertaking as principal with the insurance company, 
but also made an implied undertaking with the public 
that they would keep the boilers in a safe condition. 

An award for 150/. and costs was made against both 
respondents, but a stay of execution was granted pending 


an appeal. 
Leap Porsonine. 


The case of Riley v. Doulton and Co., which was heard 
by Judge Ruegg at Burslem, on May 4, serves to show 
that county court judges are more and more inclined to 
rely upon the assistance of medical referees in cases where 
industrial disease forms the subject of discussion. Appli- 
cation for compensation was made by the widow of a man 
named Riley, who had been employed at a china and 
earthenware works. His death was alleged to be due to 
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lead poisoning. The respondents, on the other hand, con- 
tended that the man’s death was not due to the nature of 
his employment. His Honour said he had considered it 
advisable to have the opinion of a medical referee in the 
matter. The notes of the evidence that had been taken 
had been sent to Dr. Kauffman, who had reported that he 
was of opinion Riley died of acute inflammation of the 
kidneys, and that this acute nephritis was produced by 
lead in the system. That concurred very much with his 
(the judge’s) own opinion, and, in consequence, he found 
that death was caused by lead poisoning, and that the 
dependants were entitled to compensation, the amount of 
which was agreed upon. His Honour ordered that the 
compensation should be allotted as follows :—20/. down, 
and 10s. per week to the widow and family. 


Rervusat To SusMiT TO TREATMENT. 

Wheeler v. Netll and Sons.—This case affords an illus- 
tration of the principle laid down by the judges to the 
effect that if a workman demands compensation for an 
injury, he must show that he his taken reasonable steps 
to effect his own recovery. The applicant stated that on 
July 17 he received an injury to his thumb while working. 
He was only able to do light work, and he was unable to 
start work when asked to do so by his employer. He had 
an interview with the m: r on one occasion, and he 
then told him that he would have to be finished with the 
job. Applicant asked if his compensation would con- 
tinue, and he was told that it would not. He was still 
unable to do his ordinary work. 

Dr. Crosby spoke to examining the man and said that 
he was quite unable to follow his ordinary employment 
owing to the condition of his thumb. 

Dr. Ord and Dr. Macdonald said that the condition of 
the man’s hand was due to his own neglect in not having 
exercised the muscles in accordance with the advice of 
his doctor. In their opinion he was able to work. 

Evidence was given to the effect that the man had 
been given light employment, but had refused to work 
because the men were laughing at him. Respondents 
were still prepared to provide suitable work for him. 
Hartly denied having told the man that his job was 
finished and that his compensation must stop. 

Judge O’Connor thought the respondents had treated 
the man in a very generous manner, and it would be an 
outrage if they were to pay him further compensation. 
He could not understand why the claim been 
brought, and he therefore gave his award for the re- 
spondents. 








THE DECARBURISATION OF ITRON-CARBON 
ALLOYS. 
The Chemical Physics Involved in the Decurburisation of 
Iron-Carbon Alloys.* 

By W. H. Hatriztp, B.Met. (Sheffield). 
uestion as to what is the actual nature of the 

al physics involved in the pnp: + = an of white 

roblem. 


THE 
chemic i 
iron has long been a most interesti’ 

In Metallurgie, 1908, vol. v., Dr. Wiist presents a most 
interesting treatise on this subject. The paper contains 
much valuable experimental work, but the author regrets 
that he cannot accept the theoretical deductions therein 
suggested. Dr. Wiist brings forward a theory that it is 
essential that the carbon be out of solution (or combina- 
tion) as temper carbon before the action of the oxidising 
influences which are to eliminate it can take place. , 

Herr Goerens, in the English translation of his 
Einfiihrung in die Metallographie, would seem to sup- 
port this idea, for he makes the following statement :— 
“The previously glass-hard material may now be easily 
filed in accordance with its composition (temper carbon, 
ferrite, and pearlite). If the temper carbon produced in 
this way is removed by some means—e.g., by oxidation— 
an iron remains consisting of ferrite and pearlite only, 
and is in consequence malleable.” ’ 

Apparently the twoauthorities referred to lose sight of 
the fact that to produce an annealed cast iron which shall 
be as malleable and ductile as desired, it is not necessary 
that the free carbon should be removed. In the whole of 
the author’s experience he has not yet come across even a 
good specimen of so-called decarburised malleable cast 
iron without finding some free temper carbon ; asa matter 
of fact, in what may be called the Réaumur malleable 
cast iron there generally remains at least 1 per cent. of 
temper carbon. The idea put forward by Dr. Wiist in 
his poe is that the temper carbon is attacked while still 
in that condition in situ in the casting. The main objec- 
tion to such a suggestion is that annealing carbon at the 
temperatures given by Dr. Wiist recombines with the 
iron, So that at least the matrix of the material consists 
of iron ‘‘ saturated ” with combined carbon. 

This is confirmed by the experiments of Sir Robert 

Hadfield, who, in a discussion of a paper before the Iron 
and Steel Institute in 1894, stated that on quenching a 
specimen of American black-heart malleable cnslng, 
which, as is well known, consists of ferrite and anneal- 
ing carbon, he obtained a material of glass-scratching 
hardness. 
Again, Professors Arnold and McWilliam, in_ their 
Thermal Transformations of Carbon Steel,”+ make the 
following comment :—‘‘In discussing this matter it is 
highly necessary to remember that in heating this steel 
to rn redness for a short time, it has been demon- 
strated both practically and scientifically that nearly the 
whole of the amorphous graphite combines with the iron, 
forming Fe,C, and that on quenching such steel it is 
found to be fully hardened, but of inferior quality.” 

“ Paper read before the Iron and Steel Institute, 
May if 1909, 

+ Journal of the Iron and Steel Institute, 1905, No. IT., 
pages 27 to 83. 


‘ 








The present author, in his paper, ‘‘ The Influence of the 
Condition of Several Varieties of Carbon,” read before 
the Institute in 1906, gives the result of an experiment in 
which a sample containing nothing but free carbon, when 
heated for five hours to 950 deg. to 1000 deg. Cent., and 
quenched, contained 1.6 per cent. of combined carbon. 

Again, if reference be made to the old cementation pro- 
cess of introducing carbon into iron, and to the work of 
Messrs. Saniter, yston, Arnold, and McWilliam on 
diffusion, it will be found most difficult to believe that 
the whole of the temper carbon which Dr. Wiist elimi- 
nates would, when maintained for a considerable time at 
960 deg. Cent., have remained as such. 

The following experiments will be interesting as con- 
firmatory of the valuable work recently published by Mr. 
Charpy* and Dr. C. Benedickst :— 


Original Analysis. 





bg 48 ade 
——_'64 38 O83 
q - fe. & te. 55 | aoe 
eB |S Boe & sf 35 33" Microstructure. 
‘S| sls20 Es Ces Prog Se 
BSsiess £5 Sbs\echescs 
a ie 25° Bo Seo s-F 5 @& 
A | 320 0.08 | 0.70 | 780| 1 0.65 | Saturation. 
B | 3.20!| 0.08 0.70! 90 0 1.05 | Supersaturation. 
C | 3.20 . 0.08 | 0.70 } 970 «1 1.25 Ditto. 


It will be seen that obviously temper carbon is dis- 
solved into the iron at the temperatures mentioned, and 
therefore at the outset it would appear questionable 
whether the theory put forward in Metallurgie can hold 


The author's theory with regard to the chemical physics 
involved in this process is somewhat as follows, and is 
based on much experimental work :— 

1. It is not necessary that the carbon be precipitated 
as temper carbon before its removal. 

2. Should temper carbon be produced, it is most 
likely, in his opinion, that only that temper carbon 
which has recombined with the iron. by diffusion can be 
removed. 

With regard to the first statement, it may be said that 
several samples of iron have been studied which, whilst 

ing a decarburised exterior, have still retained the 
carbon in the interior in the combined or cementite con- 
dition. When the precipitation of free carbon takes 
place in white cast iron, it usually does so uniformly 
through the mass, and hence if it be precipitated in the 
external part of the casting, it is presumable that the 
same action will have taken place in the interior ; there- 
fore if the interior be in the original combined condition, 
it may be inferred that the other portion contained the 
carbon in combination. Obviously the carbon is most 
likely to have been eliminated from the carbide according 
to the following equations :—- 
re + 200, = ot te 
200 +0, ~ =2C00, ‘ 
2 COy4 2 FeyO= 3 Fey 400 } continuous, 
and not according to Dr. Wiist’s explanation, which is 
ex — 
af Fe; C = Fe; + C 
C+ CO=2C0 
2CO + 20 = 200, 
© + CQg= 200 

It was decided to determine experimentally the accu- 
racy of the views here given, and it was considered that 
proof might best be obtained by the elimination of the 
carbon from material which might be put through the 
necessary heat treatment without a possible precipitation 
of the carbon as temper carbon. 

The material used for the pu was cemented 
Swedish bar iron, such as is used for the production of the 
finest Sheffield steels. It possessed the following compo- 
sition :— 


} continuous. 


Per Cent. 
Total carbon +o 1.64 
Combined carbon 1.64 
Silicon 0.08 
Manganese trace 
Sulphur + ; 0.01 
Phosphorus .. re 0.01 


Under the microscope the carbon was seen to be ob- 
viously in combination as a cementite; the pearlite was 
very coarsely laminated, the cementite having been 
mostly segregated and balled up during the slow cooling 
of the cement bar. The structure is shown in photomi- 
c ph (Fig. 1, page 802). : 

Obviously the heat treatment already received should, 
it it were possible, have already thrown out the carbon as 
‘‘annealing” carbon. In confirmation of the invariable 
experience of the author’s friends e' in the uc- 
tion of this material, it was found that the drastic heat 





treatment had left the carbon completely in combination. 
Hence here was the very material most suited to this | 
experiment. j ; 
hree bars, each 3 in. by 4 in. rectangular section, were | 
cut in juxtaposition from the same cemented bar, and | 
formed the test-bars used in this research. 
One bar (A) was ked in wood charcoal. This was 
to form the standard. It was considered that oxidation 
would thus be prevented and further absorption of carbon | 
might also take place, thus enhancing the possibility of 
the precipitation of free temper carbon. : | 
One bar (B) was packed in finely-pulverised quartz 
sand, so that a simple heat treatment might be observed. | 
The third bar (C) was packed in iron ore, two parts old | 
previously-used hematite with one part new red hema. | 
tite Fe,O;. This would furnish the usual oxidising | 








* Revue de la Métallurgie, vol. v., pages 41 and 45. 
+ Ibid, vol. v., pages 77 and 78. : | 


atmosphere of the oxidation process used for the elimina- 
tion of carbon from white irons. 

_ The pots were placed in close proximity in the anneal- 
ing oven and taken carefully through the heat treatment 
shown in the curve, Fig. 2, ated’ by means of a thermo- 
couple pyrometer. 

After three days’ firing, the bars had gradually attained 
a temperature of 890 ~: Cent., at which heat they were 
maintained for twenty-four hours. The firing was then 
continued, and the heat was maintained at 960 deg. Cent. 
for a period of forty-eight hours. 

It would be well to consider what is really po J place 
in the steel under treatment, As the bars slowly pass 
upwards in temperature through the range of 650 deg. to 
700 deg., any carbon, which was present as FesC in the 
bars as rlite, must have been recombined with the iron 
with absorption of heat into that substance-which is 
known as hardenite (Professor Arnold’s subcarbide 
Fe,,C). On further heating practically no change takes 
place until 850 deg. Cent. is passed.- Above this: point 
the cementite gradually becomes absorbed inthe matrix, 
until it is practically certain that during the forty-eight 
hours at 960 deg. the whole of the carbon is uniformly dis- 
tributed through the mass. The result is that we have 
a molecularly homogeneous material subjected to varying 
influences at such temperature that the diffusion of the 
carbon of supersaturation could take “espe 

At the end of the forty-eight hours the material was very 

ually lowered in temperature over a period of several 

ays until past the whole of the critical points. The bars, 

indeed, were not taken out until they were cool enough to 
handle. They were now broken upon the anvil. 

A, which had been treated in charcoal, broke and 
its structure was highly crystallino, much like that of the 
—— cemented bars, although not so coarsely grained. 

, treated in sand, was fairly tough, but broke without 
bending, showing the crystalline steely fracture. 

C, which had been treated in ore, actually bent con- 
siderably, was fairly ductile, and showed large ferrite 
crys' This was an interesting result after the beha- 
viour of the original untreated cement bars. 

In each case the whole of the fracture was fairly 
uniform throughout in its crystalline appearance, little 
evidence of a different structure near the skin being 
noticeable. The long cooling would appear to have cor- 
rected, by diffusion, any inequalities present at the 
highest temperatures. 

Geeneies thoroughly gy | the interior of each 
bar were now analysed with the following results :— 














| 
Com- . 
Tot Sili- | Man- | 8ul-  Phos- 
Sample. Carbon. a con. | ganese, phur. phorus. 
per cent per cent p. ct. per cent p. ct. per cent 
Aincarbon ..| 163 | 163 | 0.08 | traces 0.01 | 0.01 
B in sand 0.75 0.74 | 0.03 traces 0.01 | 0.01 
C in ore 0.15 0.18 | 0.08 traces 0,01 | 0.01 


It will be seen that, in ~~ of the fact that sample A had 
been packed in wood charcoal, no further absorption of 
carbon had taken place, pointing to the likelihood that 
at the temperature concerned 1.64 per cent. was the 
saturation point of diffusion of carbon in iron. The 
carbon also remained entirely in the combined state after 
the very drastic annealing. In the presence of such a 
low silicon percentage this was to have been expected, 
as under the circumstances, and in the light of much pub- 
lished work, the precipitation of temper carbon must 
have been considered unlikely. 

Sample B, treated under the “‘ neutral” environment of 
pulverised quartz sand, has obviously lost much of its 
carbon, and this is no doubt explained by the oxygen in 
the interstices of the sand, and the oxidising gases of the 
furnaces permeating the sand, and thus becoming con- 
veyors of oxygen. 

Sample C, treated in ore, has lost much of its carbon, 
and become ductile. Out of the 1.64 per cent. present at 
the commencement, only 0.15 per cent. remains. 

On the microscopical examination of sections cut across 
the bars, the analytical tests were completely confirmed. 
To determine the possible presence of “temper” or 
‘“‘graphitic” carbon, the bars, after a perfect polishing, 
were examined unetched. The polishing in each case 
revealed a structure which was confirmed by the sub- 
sequent examination after etching, but in neither case 
could any evidence of free carbon be obtained. 

Microscopical examination of the samples after etching 
at a magnification of 50 diameters gave the following 
results :— 

A (charcoal) displayed the characteristic structure of 
highly supersaturated steel, strong membranes of cement- 
ite in a well-laminated pearlite matrix (Fig. 3). e 
pearlite locally etched dark. 

B (sand) on the outer edges showed ferrite areas. It 
was intermediately the structure of unsaturated steel, 
whilst the central mass consisted entirely of laminated 
pearlite (Fig. 4), and did not contain any cementitic 
membranes of supersaturation. ' 

C (ore) showed a completely ferrite structure right 
through the mass. Little carbide could be observed. 
Fig. 5 shows the structure of this sample. 

At a magnification of 350 diameters nothing additional 
was noticed in A and B, but C showed, in the ferrite, 
curitus little markings, and a dark constituent, ey 
due to the excess of oxygen, was noticed in the crystal- 
line joints of the ferrite near to the edge of the bar. 
Obviously the elimination of the carbon has taken place 
without the carbon being first thrown out of solution. 
The carbon during the reaction must, as proved by the 
other two tan, hove been present as carbide of iron 
molecularly dissolved in the iron. 

The results of these experiments conclusively prove 
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the possibility of the carbon being eliminated without 
previous precipitation of temper carbon. It may now be 
interesting to trace the changes which actually take place 
during the decarburisation of white cast iron in the old 
Réaumur malleable cast-iron process. The iron which in 
this experiment was taken through the process was of a 
similar composition to that frequently used, and con- 
tained— 


Per Cent. 
Combined carbon 3.5 
Graphite nil 
Manganese traces 
Silicon 0.50 
Sulphor . 0.35 
Phosphorus .. 0.05 





Cemented bar before treatment. Fie. 


Etched HNO3. 


Fie. 1. 
Magnified 130 diameters. 


meters. 


0 





(071.0) 





pearlite increasing until the still existing hard interior 
was reached. 

Sample taken at the Point C.—The skin is now much 
increased in thickness, and still consists of ferrite, with 
pearlite increasing towards the still intact cementitic 
centre. 

Sample taken at the Point D.—The skin is _ thicker 
still. The decarburisation has at least pane #s in., 
but the microstructure varies little from the last, the 
white cementite: centre being still practically unchanged. 
In Fig. 7 is given a photomicrograph clearly illustrating 
the nature of the skin to which saliounes is here made. 


This micrograph also throws some light upon the nature 





3.—Cemented bar after heat treat- 
ment in charcoal. Magnified 130 dia- 
Etched HNOs,. 





of the action by which the carbon is removed. 


ment in sand. 
Etched HNO3, 


Cementite - pearlite struc- 
ture of white iron ; com- 
bined carbon per cent., 
3.00. 


Carbon equal to ay 
super-saturated stee 


Saturation 0.80 to 0.90 per 
cent. 


Pearlite with ferrite increas- 
ing. 


Skin of ferrite. 


Fic. 7.—Illustrating the decarburisation of white iron 


Samples having this composition were given the heat 
treatment illustrated in Curve 8, Fig. 6. 

The samples were taken to the annealing temperature, 
and maintained there for three days, after which they 
were allowed gradually to cool. The packing used was 
hematite iron ore, such as is always used for such pur- 
poses. The samples were taken out during the heat 
treatment at the places marked on the curve, and cooled 
rapidly in air. Sections were then prepared and examined 
under the microscope. The results were as follow :— 

Sample taken at the Point A.—Already the oxidation 
had commenced, resulting in a very thin skin of ferrite 
and pearlite being formed. The other portion of the 
casting retained the typical cementite-pearlite structure 
of white iron. 

— taken at the Point B.—The skin had now in- 
c in thickness, and consisted of ferrite, with the 


Magnified 130 diameters. Etched HNO . 


No free temper carbon is noticeable. The upper por- 
tion, which is in continuity with the centre of the casting, 
|is obviously the unch cementitic structure of white 
iron. If the meena eer is traced downwards, this 
cementitic structure abrupt M terminates, giving place to 
;® structure similar to that of slightly supersaturated steel, 
which in turn is replaced by a purely pearlite range, and 
| then ferrite crystals begin to a pear which are ultimately 
| traceable to the ferritic outer skin. 

Sample at the Point E.—The centre, which consisted of 
white iron, is now broken down, and the junction between 
the skin and centre, which imperceptibly merge into 
each other, ceases to be defined. The centre, however, 
consists of a structure equivalent to that of high-carbon 


| steel, but containing the precipitated temper carbon. 


Samples at the Points F to I.—There is very little differ- 
ence in these samples. The centre is equivalent to slightly 





Fig. 4.—Cemented bar after heat treat- 
Magnified 130 diameters. 


supersaturated steel, the intermediate portion is equal i, 
pearlite, and the outer layers to unsaturated steel mergi: 
into a skin of ferrite. e annealing carbon contained i, 
the material appears, however, to decrease as the he: 
treatment continues, 

Sample at the Point J.—The centre consists of we) 
Jamiuated pearlite and temper carbon merging into a sk 
of well-developed ferrite. The resultant casting was « 


really specimen of English Réaumur malleable c 

iron. e analysis on completion was :— Per Ce: 
Combined carbon be es 0.65 
Sulphur .. od 0.35 
Phosphorus 0.05 
Temper carbon 1.1 





heat treat- 
130 dia- 


Fie. 5.—Cemented bar after 
ment in iron ore. Magnified 
meters. Etched HNO; 


It will be obvious that there were here two processes at 
work : (1) elimination by oxidation ; (2) softening by pre- 
cipitation of temper carbon. It will, however, be quite 
clear that in this instance the oxidation took place before, 
and was therefore independent of, the precipitation of the 
temper carbon. Furthermore, in spite of the long anneal- 
ing, the whole of the temper carbon was not removed, as 
much as 1.1 per cent. remaining in the finished casting. 

The results of the experiments described give consider- 
able food for thought, and the author’s own view of the 
chemical physics involved may be summed up as follows :— 

The carbon is eliminated whilst still in combination 
with the iron. At the comparatively low temperature of 
750 deg. Cent., this reaction begins to take place between 
the carbide of iron and the oxidising medium. The 
activity of the elimination gradually becomes greater with 
the increase in temperature until a temperature is reached 
at which, according to the composition of the iron, the 
ae sg of annealing carbon takes place until equili- 

rium for that temperature is established. Previous to 
this precipitation the iron consists of a decarburised ex- 
terior, with the interior still retaining the original quan- 
tity of combined carbon. 

After precipitation we still have a decarburised exterior, 
but in the centre a composition equal to saturated or 
slightly supersaturated steel, in which the precipitated 
temper carbon is contained. The carbon now in solution 
would appear to diffuse outwardly to the skin to replace 
the al y elimina . As in this manner further 
combined carbon is removed. from the iron, so is the 
equilibrium maintained by the absorption and solution of 
more temper carbon to fill its place. The effect of a diffu- 
sion or absorption of temper carbon in this manner was 
proved earlier in this work, and the fact that on the com- 
pletion of the softening of this material considerable quan- 
tities of annealing carbon remained, would seem to give 
complete confirmation to this explanation. 

To sum up, therefore, it may be concluded that the de- 
duction of Br. Wiist, that it is essential that the temper 
carbon be precipitated before elimination, has not been 
established, and that the theory given by Ledebur, which 
Dr. Wiist refutes, more accurately represents the chemical 
physics of decarburisation. 








Coa. IN Mexico.—The Mexican Government has re- 
newed a concession granted four years ago to Mr. G. H. 
Harriman and associates with a view to the development 
of some important Mexican coal-fields. Mr. Harriman 1s 
well known as a prominent American railroad capitalist. 





Raitway Construction in Brazit.—The Diario Oficur 
of April 25 contains a decree authorising the Minister of 
Industry and Public Works to contract with Mr. Emilio 
Schnoor for the construction of a railway from Alberto 
Isaacson to Bello Horizonte. The concessionnaire !s 
allowed twelve months within which to commence oper 
tions. The Diario, containing further particulars, may 
be seen by British firms interested at the Commercial 
Intelligence Branch of the Board of Trade, 73, Basingha!i- 





street, London, E.C, 
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INERTIA AND MASS. 


By V. DwetsHAUVERS-Dery, Professor Emeritus, Liége 
University, Correspondent of the Institute of France. 


« Has modern physits demonstrated that what rational 
mechanics calls ‘miass’ varies with the speed, the latter 
science having thus been’ upset’-down to, its very 
foundations ?” hg 

This query forms the commencement and the subject of 
an article which appeared in the issue of November 15, 
1908, of the Revue Générale des Sciences pures et appliquées. 


I reply to it in the negative, and the justification for my | tha: 


negation is demonstrated by explaining what mechanics 
understands by the word ‘‘ mass,” and by showing that it 
js not of that interpretation modern physics has in view 
when it puts forward that mass increases with speed, 
and even Leones infinite (!) for a s equal tothat at 
which light* travels—about 300,000 kilometres per second. 
Two different matters have been mixed up together, and 
the resulting confusedness should be set aside ; this pro- 
ceeds from the vagueness in the idea which is formed 
as to inertia of matter when it is considered as a force, a 


kind of intimate resistance which matter would be sup- | of 


to offer to all external action tending to modify its 
state of motion. 

This strange manner of understanding the fundamental 
axiom of mechanics has found expression in so many words 
end has resulted in obscuring it. The inertia of matter— 
in other words, its absolute incapacity to accomplish any- 
thing without the aid of forces—is evidently treated as a 
force in the usual expressions such as to overcome the 
inertia or to measure the inertia of a body ; the origin 
of inertia ; a corpuscle may have two inertias, one bein, 
the inertia proper to it, and the other being due to self 
induction. 


i, 


When one force only is applied to a material point, 
this point obeys it without any resistance, seeing that it is 
inert, and takes in the direction of the force a speed ac- 
celeration proportional to the extent of the force. If we 
suppose a vertical force F tending to raise a body weigh- 
ing P. Is it inertia that F has to overcome to produce 
movement ? In no way, itis the weight P. If the vertical 
force F applied be inferior to the weight P, the body will 
not move. If F be equal to P, the body is on the point 
of moving, but doesnot move yet ; weight P is balanced, 
conquered as it were, but not overcome. If F be greater 
than P by f = F — P, there results a force f, called 
* resultant,” which can only be empleyed in giving motion 
to the body, and which for that reason is called ‘‘ motive 


wer.” However small or large be that motive power, 
the body will cede to it, seeing that it is inert. It will 
rise with a speed acceleration proportional to f, use 


inert matter cannot take from, add to, or change any- 
thing in the cause of the motion. 

Would this complete incapacity on the part of matter 
called inertia have been different if, in the example under 
consideration, the resistance had been another force than 
gravity, and if the power had been of a well-defined 
nature? Can an origin be assigned to that incapacity? 
And, in the affirmative, would t 
nection with the forces at play ? 

It is straage that those who use these expressions accept 
without seeing therein any contradiction to represent 


mass the formula P in which P is-the motive force 


which gives to the material point of weight P, per 
second, the acceleration of poral 9 

We therefore state the problem as follows, with the 
certainty that we shall not receive a rational.reply to it. 
If inertia, instead of representing a complete incapacity, 
forms a measurable force, give a precise definition of it 
together with the means of measuring it. 


II. 


In order clearly to understand what rational mechanics 
calls an outside force it is necessary to have a correct 
opinion as to the fundamental hypothesis on the composi- 
tion of material bodies. They are supposed to be formed 
of geometrical points possessing the quality of matter 
susceptible of movements of translation through s 
without rotating on themselves, and able to submit to 
the action of outside forces which determine their motion. 
In a body these points are not independent one of the 
other : they are maintained in determined upings by 
mutual forces, on which depend the caimndtent internal 
shape of the body. These forces internal to a body bei 
exerted solely between the points of that body, whic 
contribute together to the formation of the groupings, are, 
for each point, external forces, the fiction of the point, 
placed at the base of geometry and mechanics, allowing of 
no interior. 

In order to simplify the argument, we ascribe all that 
follows to the material point considered separately, 
whetlier it belong or not toa determined body or system. 
If it Lelong to a body, it will be considered as submitted 
to external forces, among which will be reckoned those 
force which result from its relations with the other points 


of the ead This material point will also be called 
corp e. 

1 s material point, or corpuscle, is inert—t.e., in- 
capalic of motion of itself, without the aid of the forces. 
Such is the fundamental axiom of the inertia of matter, 


on which mechanics establishes the whole of its laws with- 
out any — to the physical nature or the origin of the 
forces at play, taking only into consideration their extent 
and their direction. 

Fs m this axiom the consequences enunciated in the 
following paragraph (abstract of an article in the issue 





* There is here no projectile of any mass whatever. 


t origin have any con- | f, 





of November 15, 1908, of Revue Générale des Sciences pures 
et appliquées) are logically deduced. 
III. 

1, Ifa material point or corpuscle, isolated in a non- 
resisting space, be } ang if it be under no action from any 
external force, it cannot of itself change anything either 
to the direction or to the speed of its motion; it moves 
in a straight line, the movement being uniform, of 
speed v. 

2. If a material point having a speed v in a determined 
direction be submitted to a longitudinal motive force F’— 
t is to say, acting in that same direction—this force 
will have no power to produce a deviation ; the trajectory 
will therefore remain rectilinear; the force F’ will be 
totally utilised in changing the extent of the speed, for 
giving ® certain acceleration, *y’. ; . 

3. tter being inert, the acceleration +’ is, of neces- 
oy. peepee to the motive force F’, which has pro- 
du it. If this force be constant, acceleration—the 
effect of the foree—will also be constant. ig 

4. Among all the extents taken by the longitudinal 
motive force there is one single one only which, per unit 
time, gives to the point considered an acceleration equal 
to the unit. Let m be this special extent for a given 
corpuscle. It can be stated that the force F’, which com- 
municates to this corpuscle an acceleration equal to 7/ 
units, is 7’ times ter than m, which gives to it the 
acceleration 1. erefore 


F=my. 


The same longitudinal motive force F’ acting on another | }, 


mobile point gives to it an acceleration of j umits, different 

from 7. From this it can be deduced that the force m 

which would give the acceleration 1 per unit of time is 
equal to 

F’ 

d 

This value is therefore suitable to characterise the 
various material points in to the external motive 
forces. What mechanics calls the mass of a point is pro- 
portional to the force m capable of giving to it the unit 
of acceleration in the unit of time. The units of force 
and mass can be selected in such a way that both have 
the same extent, and this is what has been done in 
practice. 

We shall not seek here to define the notion of mass, no 
more than that of force, matter, s , time, s , work, 
&c. A savage and a child, who have handled loads and 
thrown projectiles, obtain a aoe idea of mass 
by the extent of their efforts to shift ies or to impart 
to them more or less speed. Starting from this, mechanics 
has only to supply both the means to measure the mass 
and a suitable unit. 

It is, however, necessary for us to remark that mass so 
measured can in no way depend u the extent of the 
speed v of the mover, for during the action of a constant 
longitudinal force speed varies. Therefore, to say that the 
mass of a material point varies with its speed 1s to deny 
the principle of inertia ; it is to affirm, at all events, that 
matter can create or destroy motion without the aid of 


=m. 


‘orces. 
5. If a motive force F” acts perpendicularly. to the 
direction of the speed v, it will have no power to chan 
the extent of that s , Which will remain v; but it will 
be totally employed in changing its direction, producing 
a deviation, and curving the — It is, in such a 
case, styled ‘‘ transversal.” nder this action the 
occurrences are as though the force F” gave the mover 
an instantaneous acceleration in a direction normal to the 
trajectory, in a direction towards the osculatory. centre. 
It.1s demonstrated that the acceleration of y” is equal to 


2 
= , r being the radius of the osculatory circle. 
In reality the material point M (in diagram below) follows 


Cc 
i a 


(1095) A 





first the direction M A at a constant 5) v. Arriving at 
A, it is under the action of a force F”, which alters, over 
an exceedingly small angle a, the direction of .its om 
without altering its extent, and the point then follows 
the direction AC. In virtue of the very principle of 
inertia, this change can only be due to a force acting in 
the direction of the acceleration 7” with an intensity 
my”. If, therefore, A B be made = v, and AC = », it is 
seen that BC represents in extent and direction the 
acceleration y” given by the force F” in the unit of time. 
Therefore 


y= BC =2vsin<, 
and hence 


F” =m.2vsin%., 
2 


To eliminate the infinitely small quantity a let us in- 
troduce the relation 


var, 
and we have 
sin * 
2 oy 2 
F’ =m* _ 2 =m" 
r a r 
2 


a being an infinitely small quantity. ; 

It is seen, therefore, that there are two different mani- 
festations of inertia, one concerning the extent of the 
speed, the other its direction. 





The 7 accelerazion ‘yy’ produced by a longitudinal 
motive force F’ has the same direction as the x, 
and is independent of the extent of that speed. It shows 
mass by the equation 
—= = mm, 

v7 

But the acceleration yy” given by a transversal force F” 
does not change in mm | way the extent of the speed v ; it 
has a direction perpendicular to that speed and an extent 
which is proportional directly to the square of that speed, 
and, inversely, to the radius of curvature. In virtue of 
the axiom of the inertia of matter, acceleration also indi- 
cates mass by the equation 

F’” 
7" 

It is not the mass which varies with the speed in this 
case, but the acceleration. On the same inert material 
point the same force always gives the same _ acceleration 
and in the same direction as the force, whether the point 

or not in motion.* If the longitudinal force P is 
equal to the transversal force F”, the longitudinal accele- 
ration 7 will be equal to the transversal acceleration y” 
y2 
and, consequently, to —. 
r 

If the force F acts obliquely, it consists of the two 

perpendicular forces F’ and F” according to the law 


F= /F?+F"%, 


and, seeing that F = m y, the mass being unchanged, we 
ave 


=m. 


v= Sf + 7" 

If for the same point there were two masses, one trans- 
versal and the other longitudinal, there would be for the 
same reason an infinity of oblique masses, and this de- 
nomination would lose all meaning. 

6. The notion that inertia is a measurable force gives 
rise to deplorable confusions. 

For example, what may signify the expression “‘ to over- 
come the inertia of a body,” let us say, of a material point? 
If the external forces applied to the point balance each 
other, they will in no way affect its state of motion. [If, 
on the other hand, they have a resultant F—that is to 
ay a motive force F—this will yield the whole of its 
effect by virtue of the inertia axiom, and the effect in 


in the 


direction of the resultant. It is not inertia that is over- 
come, but the components, and what remains—the result- 
ant—only motive force necessarily modifies the motion. 

The expression ‘‘to measure the inertia of a body” is 
not more comprehensible. To say that mass is the 
measure of inertia authorises the question, What is that 
quamity which is called inertia? The mass of a material 
point measures the effect necessary to give to the point, 
per unit of time, a unit of acceleration. What are called 
reactions of inertia in the enunciation of the D’ Alembert 
principle are fictive forces equal and opposed to the 
resultants of the external forces acting on each point of 
the system considered. They therefore are not only 
fictions, but arbitrary quantities unsuitable to charac- 
terise the material points, seeing that the external forces 
are arbitrarily given. 

Expressions which are received such as the one to the 
effect that ‘‘the inertia of a body opposes to all varia- 
tions in its speed” involve the danger of leading one 
to believe that inertia is an intimate force which 
opposes the action of all external motive force. It would 
be more in agreement with the fundamental axiom to say 
that this incapacity, styled inertia, signifies that all change 
in motion is due to an external motive force, and that the 
effect of this force is exactly equal to its cause. 


IV. 


Such as mechanics conceives it, the mass of a material 
point is therefore equal to the effort necessary to give in 
any direction whatsoever to that point, per unit Jum, 
a unit of acceleration. This is what isadmitted by every, 
one who admits the formula 


apy 4 


question will be an acceleration of speed y = a: 


nuaz=>- = =— 
g Y 

There is no more ibility of two masses for one and 
the same corpuscle don there is the possibility of drawing 
from the same point two perpendiculars to the same line. 
The corpuscle considered may have a velocity of 1 yard 
or 300 million metres per second, but the force to which 
the mass is equal will remain exactly the same if the 
matter is inert. This cannot be contradicted. To deny it 
is both to deny inertia and thus to undertake the obligation 
of defining clearly what matter is capable of without the 
aid of external forces. And it is such an undertaking 
which anyone takes u himself who claims that the 
mechanical mass of ies is variable with velocity, 
becoming infinite (!) for a velocity of 300 million metres 
per second. 

If the method followed to prove the variability of mass 
be considered with attention, one arrives, of a necessity, 
at the conclusion that the quantity demonstrated as 
variable is of quite a different nature from the real mass 


above determined, the material mass F or ¥ the mass re- 


cognised by everyone. This springs in evidence from the 
very luminous exposition—due to the learned Henri Poin- 
caré—of the process followed to carry out the demonstra- 
tion. We shall show this after having called attention to 
the expressions made by him, and given in the issue of 
May 30, 1908, of the Revue Générule des Sci pures et 


* It is on this that is based the demonstration of the 
theorem of the parallelogram of forces. 
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vin an article entitled ‘‘ The 





appliquées of L. Olivier, 
ynamics of the Electron. 
7, 


M. Poincaré puts forward as follows Abraham's theo- 
retical work :— s 

** When a current increases, a self-induction electromo- 
tive force is developed, which tends to op) the cur- 
rent; on the contrary, when the current decreases, the 
self-induction electromotive force tends to maintain the 
current. Self-induction, therefore, opposes all varia- 
tion in the current strength, in the same way as in 
mechanics the inertia of a body opposes all variations 
in the velocity. Self-induction is a veritable inertia.” 
The occurrences are, as a whole, as though the current 
could not be established without putting in motion the 
surrounding ether, and as though the inertia of that 
ether tended, as a co! uence, to maintain constant 
the current strength. The inertia would have to be 
overcome for the current to be established; it would 
have to be overcome also for it to cease. A cathodic ray, 
which is a rain of projectiles charged with negative 
electricity, can be assimilated to a current. If the velocity 
of a cathodic corpuscle varies, the strength of the cor- 
responding current will also vary, and effects of self- 
induction will be developed which will tend to oppose the 
variation. These corpuscles have therefore to a 
double inertia—their own proper inertia first and the 
apparent inertia due to self-induction, which produces the 
same effects. They will therefore have a total apparent 
mass consisting of their real mass and of a fictive mass of 
electromagnetic origin. Calculation shows that this 
fictive mass varies with velocity, and that the force of 
inertia of self-induction is not the same when the speed 
of the projectile becomes accelerated or lessened, or when 
it is deviated ; the same therefore applies to the total 
apparent force of inertia. The tota’ sage mass is 
cadion not the same when the actual force applied to 
the corpuscle is parallel to its speed, and tends to cause 
the extent of this to vary, and when the force is perpen- 
dicular to the speed and tends to cause its direction to 
vary. It is therefore necessary to distinguish between 
the total longitudinal mass and the total transversal mass. 
These two total masses depend besides upon velocity. 
Such is the outcome of the theoretical work carried out by 
Abraham. His calculations show us the law according to 
which the fictive mass varies in function of the speed ; 
Kaufmann’s experiment shows the variation law of the 
total mass. A comparison of these two laws makes it 
possible to determine the ratio of the real to the total 
mass. Such is the method used by Kaufmann to deter- 
mine this ratio (that of the real mass to the total one). 
The result is a surprising one; the real massisnull. This 
has led to quite unexpected conceptions, and what had 
been demonstrated only in the case of cathodic cor- 
puscles has been extended to all bodies. What we call 
mass would only be an appearance, all energy would have 
an electromagnetic origin. But then mass could not be 
constant, and would increase with the velocity ; . 
ceptibly constant for speeds rising probably up to 1000 
ame Mg per second, it would then increase and would 
become infinite at a speed equal to that of light. Trans- 
versal mass would cease to be equal to longitudinal mass ; 
they would be approximately equal were velocity not 
to be too great. Foteset B of mechanics would be no 
longer true.” 

e principle B in question, which would cease to be 
true, is antiiows i 

‘*B. The acceleration of a movable point has the same 
direction as the resultant of all the forces to which the 
point is subject; it is equal to the quotient of the 
resultant by a coefficient called ‘mass of the movable 

int.’ ” 

From this the calculations of Abraham would have 
established that matter is not inert; that it cedes neither 
instantaneously nor proportionately to the external motive 
force exerted upon it; that, on the contrary, it possesses 
@ resistance capacity increasing with its velocity and 
becoming infinite for a velocity equal to that of light. 
Such co! uences require a strict investigation to be 
made into the hypotheses placed at the base of the calcu- 
lations. But there p from the foregoing quotation 
that those hypotheses, which we shall now pass in review, 
are mistaken for what had to be demonstrated. 

Vi. 

1. The inertia of a body is opposed to all variation in 
its velocity. Inertia is here considered as a resistance, 
asa force capable of preventing all variation in speed. 
It would be more correct to say the absolute incapacity 
on the part of matter to change of itself its velocity-—that 
is to say, its inertia—has for necessary consequence that 
an external motive force is required to carry out a varia- 
tion of the velocity ; this motive force, having a direc- 
in, anny ey its os in that direction _ any 
capability on the part of matter to oppose the change in 
Gestion ; this force, having a determined extent, will 
produce in that direction an acceleration proportional to 
that extent; and all this whether the corpuscle have a 
velocity or not, or a small or a large velocity. This is a 
precise conception, known and implicitly accepted by all 
who are familiar with mechanics, even when they make 
use of expressions which appear contrary to it, seeing 


that they take the parallelogram of forces, the value P of 
g 


mass, &c., as being demonstrated. _ 

2. Self-induction is a veritable inertia—that is to say, 
it opposes all variation in the velocity of cathodic cor- 
puscles ; it forms an intimate resistance, which the cor- 
puscle is endowed with. If this is true the cathodic 
corpuscle is no nore simple inert matter ; wh endowed 
with a capacity for resisting a variation in velocity, quite 
us much as with a very high speed, 





3. In order to establish his calculations, Abraham, ac- 
cording to the foregoing quotation, takes the hypothesis 
that inertia isa resistance, and that self-induction is another 
resistance ; but the word “inertia” is substituted for “‘ re- 
sistance,” and it is stated that the corpuscle must possess 
a double inertia—first, the inertia proper to it, and also 
the apparent inertia due to self-induction. Based on 
this hypothesis, calculation, being logical, led of a neces- 
sity to this consequence: that, considered as a force, as 
a rezistance, inertia proper is null, and that the one due 
to self-induction increased with the speed, precisely 
because ‘‘everything occurs as though current could not 
be established without putting in movement the surround- 
ing ether”—i.e., as though the projectile moved in a 
resisting medium. Calculations would thus have demon- 
strated that mechanical, or proper, inertia is not a force, 
while apparent inertia is a resistance similar to that of 
the medium; or, again, that the cathodic corpuscle 
is a simple electric charge deprived of matter, according 
to M. Lucien Poincaré’s expression. 

4. From the hypothesis of a double inertia one passes, 
without transition or explanation, to that of two masses :— 
“The corpuscles must possess a double inertia; they 
have therefore (two masses) a total apparent mass con- 
sisting of their mass and of a fictive mass of an 
electro etic origin.” ‘If the ‘‘ therefore” be taken as 
justified, it would signify that the corpuscle subject to 
two resistances would have two different masses—that 
is to say, that the uired effort to give it per unit of 
time the unit of acceleration would have two different 
values! What would be said of a geometry with (3 + n) 
dimensions of space which would start from the hypo- 
thesis that from one given point more than one perpen- 
dicular, or more than one parallel, to a given line can be 
drawn? 

5. Longitudinal Mass and Transversal Mass.—We have 
already shown that mass remained the same whether 
the motive force produced a simple alteration of the 
— without deviation or a simple deviation without 
alteration to the speed, or both together. It remains 
always equal to the quotient of the motive force by the 
acceleration produced, and either perceptible in the first 
case and independent of the speed, or, in the second case, 
latent—if I may use the term—and dependent upon the 
speed. To —- that there are two masses, one longi- 
tudinal, the other transversal, in order to prove that mass 
increases with the speed, is to place at the basis of the 
calculations an hypothesis which is contrary to the funda- 
mental principles of mechanics. That which increases 
with the one is a resistance which is absolutely foreign 
to what mechanics calls mass. 

6. M. H. Poincaré refers to another serious defect of 
this theory: ‘“‘ What had n demonstrated simply in 
regard to cathodic corpuscles,” he says, ‘‘has been ex- 
tended to all bodies.” The logical consequence of this 
is that the material mass of bodies would be null ; that is 
to say, that without the exerting of any effort one could 
give to any body whatever an acceleration of a unit per 
second! The difficulty is avoided by saying that mecha- 
nical mass is an appearance only; that all energy is of 
electromagnetic origin. It is still the same hypothesis 
according to which inertia is a force, a resistance which 
has an origin, an hypothesis which is irreconcilable with 
the generally accepted fact that matter yields without 
resistance, and completely, to a motive force, a resultant 
however small it may be. It introduces an inextricable 
confusion intothe explanation of phenomena. One can, 
of course, deny the existence of the forces, and their 
existence has been denied; but one should consider the 
effect this denial has had on the success and progress of 
science. va 


Conclusion.—The works of Abraham and of Kaufmann 
have in no way demonstrated that the material mass of 
bodies is variable. They have demonstrated that the 
resistance of an electromagnetic origin of the cathodic 
corpuscles varies with their velocity, and that these cor- 
puscles are not subject to another resistance wrongly 
called ‘‘ inertia,” which would form the measure of 2 
a | wrongly call ‘‘ mass.” 

e say ‘‘wrongly,” because mechanics has set apart 
the word “inertia of matter” to indicate its absolute 
incapacity of resisting in any way whatever the action of 
the resultant of the forces which act on a point, called 
**motive force.” 

These works have given the name of ‘‘ mass” to some- 
thing which applies to the resistance of electromagnetic 
origin, but which has nothing in common with real mass, 
the measure of which is universally acknowledged as 


equal to --, or equal to the force necessary to give to 


the material point per unit of time a unit of acceleration. 
They are b on an hypothesis which is inconsistent 
with mechanics, to the effect that inertia is a force, a 
variable resistance, no clear and definite statement being 
made, however, as to what it really is and how it is 
measured. For mechanics inertia represents an absolute 
incapacity to resist a motive force. This giving of the 
same name to things so different leads to deplorable con- 
fusions, which can only be cl up by saying this :— 
What the new theory calls ‘‘mass” is variable with velocity; 
but material mass, such as mechanics understands it, is 
constant by the very virtue of the principle of inertia. 
On supposing it to be finally demonstrated by experi- 
ence that this resistance of electromagnetic origin, 
wrongly styled ‘‘inertia or mass,” follows in the case of 
cathodic corpuscles the laws indicated by the new theory, 
it would not signify that these laws could be extended to 
free material, non-charged, points. The supposition that 
the real inertia of matter has an origin, even an electro- 
magnetic origin, is only an evasion without scientific 
value, which conceals the simple change of signification 


CATALOGUES, 


Sxction F, 1909 pamphlet, issued by Messrs. Applelys 
Limited, 58, Victoria-street, Westminster, S. W., deals with 
their Tomporioy electric, trolley-hoists, and illustrates 
large number of applications of the system for various 
purposes, both in this country and on the Continent, 
General data accompany the illustrations ; the pamplilet 
is very carefully got up. 

We have received from Messrs. Mason Brothers 
Brandon-street, Leicester, a leaflet which illustrates and 
describes their new patent stone-breaker, the ‘‘ Safety.” 
Twelve different sizes of this machine are built, the 
quantity of stone broken per hour to road-metal sizes 
varying from 5 tons to 11 tons 10 cwt., varying with the 
type of machine and the nature of the stone. 


Mr. W. H. Casmey, A.M.I.M.E., Standard Buildings, 
City Square, Leeds, issued a circular on his “ York. 
shire” boiler, in which the furnace flues are expanded 
towards the rear, thus offering an increasing heating sur- 
face and a lg gegen! decreasing weight of water per 
foot run of flue, the result being, it is claimed, uniform 
ebullition and increase in efficiency. 


A catalogue of the Peck oil-engines is to hand from 
Messrs. William Beardmore and Co., Limited, Dalmuir, 
N.B. The engines, which are of the vertical two-cycle 
typ , are suitable for marine or stationary work, and when 
above 100 horse-power are reversible. The fuel used is 
ordinary petroleum, and particulars are given of engines 
of from 25 to 150 brake horse-power. 


We have received from the Hannoversche Masct.nen- 
bau Actien-Gesellschaft, formerly Georg Egestorff, Han- 
nover-Linden, Chemnitz, a catalogue illustrating and de- 
scribing various four-cylinder compound locomotives 
constructed by them for Continental railways. Par. 
ticulars of the engines are given in English, French, 
German, and Spanish. 


The Bryan Donkin Company, Limited, Chesterfield, 
have sent us a copy of the 1909 edition of their gas. 
exhausting plant catalogue. Gas-exhausters of various 
capacities and driven by either steam or -engines, 
or electric motors, are illustrated and ee my as well 
as pressure-regulators and other apparatus required in 
gas-works, 


Messrs. Siemens Brothers and Co., Limited, Woolwich, 
have sent us a copy of their catalogue, No. 37, dealing 
with their dry cellsand dry-cell batteries. They manufac- 
ture these in a large variety of types, for all purposes, a 
yap feature of the catalogue being the Siemens-Obach 

ry cells for ignition purposes, Dimensions, in inches and 
millimetres, weights, in pounds and kilogrammes, voltage, 
and prices are given for each type. 


We have received from Messrs. Wm. Geipel and Co., 
Vulcan Works, St. Thomas’-street, S.E., pamphlets 
describing the Geipel ‘‘Rapidity” steam-trap. Prices 
and dimensions are given, as well as a full description of 
the trap, reprinted from ENGINEERING. A leaflet describ- 
ing the ‘‘ Vulcan” portable ohmmeters is also to hand ; the 
instrument is made in two sizes: No. 1 witha range of 
from 0.1 ohm to 20 megohms, and No. 2 reading from 
1 ohm to 200 megohms, 


We have received from Mr. W. H. Harling, 47, Finsbury 
Pavement, E.C., a circular illustrating and describing 
Philpot’s patent beam compasses. The beam is wedge- 
shaped in cross-section, the needle point being clamped 
by means of a screw, and the pen firmly fixed by the 
pressure of a spring, through a roller, on to the wide part 
of the beam. On releasing this spring the position of the 
pen can be easily and accurately adjusted to the required 
radius. 

‘*Notes on Lubro” is the title of a booklet received 
from Messrs. Richard Johnson, Clapham, and Morris, 
Limited, 24 and 26, Lever-street, Manchester. The 
booklet describes the qualities of this anti-friction bearing 
metal, which is made in three grades for different classes 
of work. From thesame firm a circular has come to hand 
describing their fire-resisting lathing for ceilings, par- 
titions, &c., and another giving particulars of tests made 
on brick walls reinforced on the H.B. system. This 
system was on view at the recent Building Trades’ Exhi- 
bition, and was described on page 563 ante. 


Several catalogue sections and leaflets relating to their 
manufactures have been received from the Electric and 
Ordnance Accessories Company, Limited, Aston, Bir- 
mingham. ' Prices, illustrations, and full particulars are 
given of the firm’s controllers and starters for electric 
motors, ironclad, quick-break switches and fuses, ‘‘ ord- 
nance” fans, both belt and electrically-driven, incandes- 
cent electric lamps with carbon or metallic filaments, and 
electric-lighting accessories. In a section devoted to 
porcelain insulators, fuse-handles, and similar 
articles in great variety are illustrated, while another 
section is devoted to telephones operated on either the 
central battery exchange or intercommunication system. 
The catalogues are bound in a cloth case, to which new 
sections can be added as received. 








_ Coat IN France.—The production of coal in France is 
rene oe but not very vigorously. The output year by 
year for the past d ie was as follows :— 


Year. Tons. Year. Tons. 

1899 32,863,000 1904 34,168,000 
1900 33,404,300 1905 35,928, (4 0 
1901 32,324,700 1906 34,196,000 
1902 29,997,000 1907 36,754,000 
1903 34,906,000 1908 .. 37,623,000 


Comparing the output of 1908 with that of 1899, we 





given to the word “‘ mass.” 


arrive at an advance of 4,760,000 tons. 
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‘*ENGINEERING” ILLUSTRATED PATENT 
RECORD. 
Comemep By W. LLOYD WISE. 
SELECTED ABSTRACTS OF RECENT PUBLISHED SPEOIFI 
CATIONS UNDER THE AOT OF 1907. 
Tis sah aa herd none suntioned the prs Oe 
where inventions are communicated from abroad, the Names, £c., 


y ap ke ey 
obtained at the Patent O; 





of the Communicators are 
Copies of Specifications may , Sale 
Branch, 25, Southampton Buildings, Chancery-lane, W.C., at 
dan af ah onetigaant of Gs euatenes of @ Cinghite 
The a a 
abstract, unless the 


Specification is, in each case, given after the 
Patent has been sealed, when the date of sealing és given. 


Any person may, at any time within two months the date of 
the abeertiennres af Sis - wees ete Bree 
ive notice t ‘atent of opposition grant a 
patent on any of the grownds mentioned in the Act. v 
ELECTRICAL APPARATUS. 
4962. C. W. Atkinson, Great Missenden, and 
E. Garside, London. Electrical Switches. (2 Figs.) 


March 4, 1908.—This invention relates to electrical switches, and 
has for its object the construction and arrangement of such devices 
whereby a positive action of the switch, knife, or blade is effected 
in both the opening and closing movements, and is locked in either 
extreme position. Upon an insulating base a an ordinary knife 
switch } is pivoted. Connected to the knife b is a link e, pivoted 
at its opposite end to the lever f, which is mounted on the shaft 
g, the link e and lever f forming a pair of toggle levers. The link 
e is insulated from the shaft g. Upon the shaft g are carried, 
integral with the lever f, forked elements consisting of arms j, j!. 
Upon a suitable part of the frame or base is rotatably mounted a 
shaft k, on which is mounted an element consisting of a dise m, 
carrying on one side a roller adapted to co-act with the arm i, and 




















(4962) 


on the other side a projection adapted to eo-act with the arm j!, 
it being understood that. the arms ), j! lie and move in planes sepa- 
rated some distance from one another along the axis of the shaft g. 
The roller is moving in the direction of the arrow marked 1, and 
has just closed the switch, while the dotted position of the parts 
of the mechanism is that which they assume when the projection 
coacts with the arm j! while moving in the direction of the arrow 
marked 2. In order to produce the locking action in either the 
open or closed position the disc m on the side occupied by the 
roller is provided with a cylindrical segment or shrouding arrange- 
ment p, which co-acts with the arm j, while on the opposite side of 
the disc m a cylindrical segment or shrouding arrangement q is 
provided in the path of the projection, so as to co-act with the 
arm j', and lock the said arm in the open position of the switch, 
as shown in the dotted lines. (Accepted March 10, 1909.) 


24,058. A. P, Landbers, G. C. Lundberg, and P. A. 
Lundberg, London. ectrical Switches. [9 Figs.) 
November 10, 1908.—This invention has reference to electrical 
switches. A switch embodying the present improvements has a 
pair of actuating or knob-levers, a pair of contact-carrying arms, 
and fixed contacts arranged in the manner described in the Speci- 
fication of Letters Patent No. 18,020, of 1907. According to the 
present improvements, one of the actuating or knob-levers, the 
rapes 2) bv actuated thereby, and the spring are arranged 
in manner well known, but the other of the actuating or knob- 
levers, the contact-carrying arm actuated thereby, and the spring 
are arranged and operate as will now be described. 3 is the 
bridge-piece ; 15, 16are the actuating or knob-levers mounted in 
the bridge-piece; 13, 14 are the contact-carrying arms. 
contact-carrying arm 13 is actuated by the actuating or knob- 
lever 15, and the contact-carrying arm 14 by the actuating or 
knob-lever 16. The contact-carrying arms 13, 14 are mounted 
side by side on the same pin, but independent the one of the 
other, and the actuating or knob-levers 15, 16 are similarly 


ne 
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‘ 24058) 








mounted on one pin. The bridge-piece 3 has secured to it a 
bracket 2, the outer end of which is bent round at right angles. 
The contact-carrying arm 14, as is also the contact-carrying arm 
13 is of a type that is well known ; but in the case of the contact- 
carrying arm 13 the rear wall or part is cut away at 4. In 
a--cinbling, when the contact-carrying arm 13 has been mounted 
on its pin, and the actuating or knob-lever 15 on its pin, these two 
parts are connected by a pin 6. One end of a spring 7 is con- 
nected tothe pin 6, the other end of the spring being connected 
to the outer end of the bracket or arm 2. The contact-carrying 
arm 13 is cut away at 4 for the purpose of permitting connection 
©! (he spring 7 with the pin 6, e arrangement is such that the 
Spring 7 will pull the contact-carrying arm 13 into and hold it in 
the “off” position. From the f ing description it will be appa- 
rent that the actuating or knob-levers 15 and 16 when pushed over 
into the “ton” position will actuate the tact-carrying arms 
13, 14, and the contacts carried thereby will close the circuits to be 
rontrolled, and that the actuating or knob-lever 15 and contact- 
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levers is relieved by the removal therefrom of the hand of the 
person operating the switch, will be automatically pulled by the 
spring 7 into the “ wed peg and the circuit controlled thereby 
will be opened. (Sealed May 2%, 1909.) 

9790. W.T. Henley’s Peceegh Werks Company, 
Limi London, and J. H. W. . Plumstead. 
Electric Cables. {1 Fig.) Mey 5, 1908.—This invention re- 
lates to the armouring of electric cables by means of wire-braiding. 


The present improvements are illustrated in the drawing, which 


shows part of acable covered with a protective braiding formed 
according to the invention. Each el t of the braided jacket or 
jackets comprises two or more wire-ropes or cords extending side by 
side, parallel to one another, throughout the entire braiding, each of 
the ropes or cords being constituted by two or more sti is or 
groups twisted together, and each strand or group being, in turn, 

posed of a ber of relatively fine individual wires twisted 
together in any usual manner. In the preferred method of manu- 
facture, the ropes or cords comprised in each element of the braiding 
would be previously formed in any usual way, and wound side by 
side, parallel to one another, upona single bobbin, which would 











then constitute one of the bobbins used in the final braiding opera- 
tion, means being provided, if necessary, to ensure the mainten- 
ance of parallelism between the said ropes or cords by preventing 
them from becoming twisted together whilst being applied about 
the cable. By the method described a braiding of relatively great 
flexibility and strength is produced, kinking or buckling and 
infers to individual wires from racking strains set up when the 
cable is sharply bent is prevented, and a very efficient armouring 
may be obtained with a minimum thickness of protective layer or 
increase in the diameter of the cable. The effect of bending a 
cable thus armoured is to produce a slight displacenient in the 
relative positions of the individual wires composing each group of 
the tocties, without causing material displacement of the groups 
in relation to each other or to the cable as a whole, and without 
exposing the material to such strains as would be liable to cause 
it to fracture. (Sealed May 20, 1909.) 


GAS ENGINES, PRODUCERS, HOLDERS, &c. 


9570. S. Cutler, Millwall. Gas-Holders. [3 Figs.) 
May 2, 1908.—In a telescopic gas-holder, the several lifts of which 
the gas-holder is posed are ted together by means of 
water-sealed joints, and it is very desirable that these should be 
reasonably ible for examination and clearing, also the guide- 

rriages are arranged at this part of the structure, and ready 
access to these for adjustment and oiling is desirable. Now in 
gas-holders having external Cees such framing forms a 
suitable basis for the attachment of ladders, platforms, or other 
devices, by means of which the water-joints or “cups and grips" 
and the guide-carriages may be reached. But in spiral-guided 
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-holders there’is no external guide-frame, and to obtain access 
the yas soe and guide-carriages when the gas-holder is 
inflated is difficult and often dangerous. In the improved con- 
struction, the entire circumference of each water-joint is encircled 
with a platform and guard-rail. In Fig. 1 A is the grip-channel 
utilised as a platform, and B the guard-rails supported by the 
standards ©. Where the grips are constructed of bent plate 
instead of channel-bar a separate platform is provided, as shown 
in Fig. 2. D is the platform carried on brackets E and guarded 
by hand-rails B supported by the standards C. (Sealed May 27, 
1909.) 
13,472. D. Ro tham. Internal-Combus- 
tion {5 Figs.) June 24, 1908.—This invention 


relates to gas-engines. According to this invention, the com- 











carrying arm 13, when the pressure on the actuating or knob- 





pate chamber is made separate from the cylinder end, and | piston are enclosed in a casing having an arrangement of 
cylinder end g the busti hamber is protected | connection with the main cylinder and with ports controlling the 
from the direct heat of the explosion, thereby reducing the | motion of the valve piston, the entry of sceam and the emission of 


stresses due to alternate expansion and contraction, and increas- 
ing the durability of the parts. ais the cylinder and b is the 
piston ; ¢ is the cylinder end, the said end 

internally, and being formed with the dished end e. /f is 
the air inlet, and A the exhaust. 7. , tare hollow blocks which form 
the combustion-chamber. blocks in the arrangement 
shown are two in number, and abut against one another, the 
abutting ends being formed at an angle as indicated. The blocks 
are provided with internal ribs j! for strengthening pu and 
are shaped so that they fit against the inner walls of the cylinder 
end e, (Sealed May 20, 1909.) 


MOTOR ROAD VEHICLES. 
24,975. The Wolseley Tool and Motor-Car Com- 
ted, and A. A. 


Radiant 

tors. (3 Figs.| November 20, 1908.—This invention 
relates to means for use in cooling the circulating water of motor 
vehicles, and has, as an important object, to avoid ing the air, 
which is used in cooling the water, through the chamber ‘within 
which the engine is contained, and which is usually closed in by 
the bonnet. Two groups of vertical pipes A are arran, in posi- 
tion immediately at the front of the board B, with a space © 
between them, which is somewhat less in width than the main 
width of the bonnet. The rear of the bonnet is closed in by a 
sheet-metal end, which is set back for the width thereof which 
coincides with the space ©, forming an inset, which, with the 
space C, makes up the sectional area of a downw wer 9 ered 
for the air. This passage-way runs down to the fly-wheel E, the 
arms of which are formed as helical vanes, and a portion of the 
passage-way runs down in frent of such wheel, and is closed in at 


Fig.A 






Fig.2. 





(24975) 
its lower end by a rim which partially surrounds the forward side 
of the wheel. The air paases be between the cooling-pipes at the 
portions of the faces of the groups thereof which are exposed at 
opposite sides of the bonnet, and some air may enter also at the 
outer sides of these groups, and the air passes from between the 
pipes into the downward passage, from whence it is drawn by the 
arms of the fly-wheel, which constitute a fan, and delivered back- 
wards into the outer atmosphere, all as indicated by the arrows 
marked upon the drawings. The top tanks A! of the groups of 
cooling-pipes A are conveniently carried across into one another 
over the space C, forming a single tank. The bottom tanks A* 
of the CA a of cooling-pipes are conveniently joined ther by 
a pipe which passes along within the inset, whereby no substantial 
obstruction is caused to the downward flow of the air to the fan. 
The jacketing of the engine F is conveniently connected with 
the middle of the upper tank and with the lower tanks A*. 
(Sealed May 13, 1909.) 


STEAM ENGINES, BOILERS, EVAPORATORS, &c. 
de’ 


22,301. A. Dawson, C bank. Steam-Engines. 
(5 Figs.) October 21, 1908.—This invention relates to direct-acting 
engines of the class wherein a main slide-valve and slide-valve 
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exhaust through all the ports ae controlled by the motion of 
the slide-valve. According to this invention, the ports on the 
valve face are arranged at such an angle to the direction of move- 
ment of the slide-valve that the main ports are gradually and 
positively closed to steam and exhaust by the movement of the 
piston-rod of the main cylinder, and the movement of the main 
piston is reversed through the 0; — of steam and exhaust 
rts, caused by the movement of the valve piston and slide-valve, 
he gradual closing of the main steam port, when the piston nears 
the end of its stroke, allowing the motor to work both expan- 
sively and without either shock or jar due to sudden change of 
load. The object of the slide-valve piston with its auxiliary ports 
is to avoid all dead centres and give a horizontal movement to the 
main slide-valve. The slide-valve 1 and valve piston 2 are enclosed 
in the casing 3. The valve piston is provi with packing-rings 
at ends 4 and 5, so as to prevent the passage of steam from the 
between the pistons 4 and 5 to the outside. The steam 
enters the valve-casing at the branch 8 and exhausts at the 
branch 9. The slide-valve 1 is carried by the valve-spindle 10, 
The main ports 26, 27, and 28 are all angled to the vertical on the 
valve face. The supply and exhaust to the valve piston 2 is con- 
trolled by the slide-valve 1 thro the auxiliary ports 29, 30. 
The working of the ment is as follows :—Motive fluid is enter- 
ing port 27, and impelling the piston 24 upwards, while port 26 is 
open to exhaust branch 9. The movement of the piston 24 causes 
a downward. movement of the slide-valve 1 and valve spindle 10. 
In moving the slide-valve 1 down it jally closes the ports 27 
and 26, this closing being very gradual, as the ports are inclined 
only about 30 deg. to 40 deg. to the vertical, and the angle is made 
so that the vertical movement necessary to close or open the ports 
is greater than the horizontal movement for the same purpose. 
» The effect of the gradual closing of the steam port 27 is to allow of 
the expansive working of the motive fluid being taken advan 
of” ther with the reduced supply of steam passing into the 
cylinder through the curtailed opening. The effect of partially 
closing the exhaust port 26 is to increase the back pressure of the 
exhaust steam between the back of the piston 24 and cylinder- 
cover. This exhaust steam forms a cushion, and tends to bring 
the piston gradually to rest without shock or jar. In addition to 
the above noted effect on the ports 26, 27, the slide-valve 1 also 
acts on the auxiliary ports 29, 30. It first closes the port 30 to 
steam, and opens port 29 slightly to steam, the relative position of 
these ports being such that the port 29is slightly opened to steam 
before the port 30 is opened to exhaust. This allows a condition of 
equilibrium to be set up for the valve piston, and prevents a violent 
movement of the same, When the slide-valve uncovers the 
auxiliary port 30 to exhaust and the port 29 to steam, the action 
of the steam is to force over the valve piston which carries the 
main slide-valve with it, thus closing the port 27 to steam, and 
opening it to exhaust, and closing the port 26 to exhaust and 
ones it to steam. This reverses the cycle, and causes the 
reversal of the piston 24. (Sealed May 6, 1909.) 


4460. E. A. McPhail, Ba . Feed-Water Heaters. 
|5 Figs.) February 27, 1908.—This invention relates to feed-water 
heaters, comprising a top and bottom header connected by straight 
tubes or pipes, through which the feed-water passes from the 
bottom header to the top header, and then into the generator. 
According to this invention, a feed-water heater of the kind in 
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which the tubes © are expanded into top and bottom headers A 
and B of tubular or similar shape in cross-section, formed with 
holes opposite the various tubes, some of which serve as hand- 
holes, the tubes being closed by means of plugs, is placed in the 
downtake in the back end of a Lonel, Covel , or similar 


boiler. (Sealed May 20, 1909.) 
14,946. J. Dewrance and J. H. Rosenthal, London. 
Liquid-Fuel Burners, (2 Figs.) July 14, 1908.—This inven- 


tion relates to apparatus ‘or spraying liquid fuel for burning in 
steam-generator and other furnaces, The apparatus comprises a 
spindle a formed with a screwed portion a! and with a cylindrical 
extension a2 of smaller diameter than the spindle. The screwed 
portion a! works in a thi portion of the casing b, while the 
extension a2 is housed within a cap b) formed with a central 
orifice. The extremity of the extension a? is formed with spiral 
passages, preferably after the fashion of a square-threaded screw, 
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and poe d fits that portion of the cap b2 within which it is housed. 
The spi are int ted by a ber of longitudinal 
channels. The fiquid fuel arriving, under considerable comer, 
by way of the inlet c, passes by way of the annular’ b8 and 
a diagonal passage or passages a5 to the annular b4, and 
thus reaches the spiral passages and longitudinal channels, A 
portion of the liquid is thus caused to flow spirally, whilst the re- 
mainder flows in a longitudinal direction. As these streams 





intersect one another at numerous points, the liquid becomes 
broken up to such an extent as to preserve its disintegrated or 


atomised condition, although subsequently caused to converge 








towards the central orifice, whence it issues in the form of a finely- 
divided spray, the angular dispersion of the jet being compara- 
tively small. For the purpose of ing the discharge of the 
sprayed liquid from the orifice, the rear end of the spindle a is 

rovided with a head d, whereby the former may be rotated and 
he space between the front extremity of the spindle and the 
inner face of the b2 increased or diminished as desired, or the 
outlet closed. (Se March 13, 1909.) 


17,754. W. Schmidt, Cassel, Germany. Super- 
heaters. [1 Fi7.) August 24, 1908.—This invention relates to 
superheaters of the type in which the syperheater tubes are sepa- 
rated from the direct action of the furnace one or more 
rows of water-tubes. In carrying this invention into effect the 
one elements a and a! are arranged symmetrically on each 
side of the steam-generator. Each superheater consists of headers 
b and b!, connected together by banks of tubes. The steam-gene- 
rator consists of a steam-drum d, connected by banks of tubes to 
water-drums ¢ and e!, the banks of tubes being arranged as shown, 
in order to provide spaces or chambers f and /1, into which the 
gases from the combustion-chamber g are led on their way to the 


superheaters a and a!, The fire-grate is so arranged t the 
gases of combustion therefrom from the combustion-chamber 
g through the chambers / and /!, thence through the superheaters 








a and a! to the uptakes A and}, A damper i regulates the flow 
of gases through the superheaters. ‘The tubes of the generator 
are splayed laterally at k andl, while the superheater tubes are 
arranged in a similar manner at mm and n, in order that the path 
taken by the combustion gases may be as indicated by the arrows. 
When the damper i is in an open position, the path of the gases 
will be that indicated by the arrows. When, however, the damper 
iis in the closed position, any circulation of hot gases among the 
superheater tubes will be almost wholly prevented, owing to the 
downward pet, which it would be necessary for them to travel 
in the chambers fandf!. No substantial circulation of the 8 
could take place from the chamber g into the chambers / and /1, as 
the specific gravity of the gases in the latter chambers would be 
greater, owing to their reduced temperature, -than those in the 
ctr aa Frege Be g. (Sealed May 6, 1909.) 


3807. W. Weir, Cathcart. Feed-Water Heaters. 
(2 Figs.) February 20, 1908.—This invention relates to feed-water 
heaters of the direct-contact type for marine use, and ially 
to the well-known Weir type of feed-heater, which is ordinarily 
fitted to utilise steam from the low-pressure receivers of triple- 
expansion marine engines. In this type of feed-heater, the feed- 
water is heated by direct contact with the steam, and the heated 
water is drawn from the feed-heater and discharged to the boilers 
by feed-pumps, usually controlled by regulating gear contained 
in the feed-heater. At present various forms of non-return valves 
are used for the purpose of closing the low-pressure receiver 











M, N.to.a piston-valve L in a passage B leading from the steam. 
inlet stop-valve, from which Ley an opening E leads into the 
heater. In normal working, the float isin such a position that 
this valve L is quite and offers no resistance to the {rece 
supply of steam. Sho however, the water in the heater rise 
from any i cause above the normal water-level, this 
float C will also rise and close the valve L, thereby preventing 
any passage of the water into the receiver inlet- ipe B and there. 
from to the e' The example shown in Fig. 2 differs from 
that just described only in substituting for the piston-valve of 
that example a double-beat valve L, and modifying the end of the 
steam inlet-pipe to suit. (Sealed April 29, 1909.) 


21,942 H. W. Miller and C. M. Bennett, London. 
Chain-Grates. [6 Figs.) October 16, ee invention 
relates to revolving chain-grates, constructed of a number of short 
fire-bars or links seed ide by side and end to end, and threaded 
on to me rods so as to form a continuous chain or link-belt, 
The invention is designed to provide an interchangeable link 
which can be inserted in the place of a broken link in any position 
of the chain, thus enabling a link to be rep! without in any 
way interfering with the normal condition of the grate-chain. 
The interchangeable link is provided with a slot 1 at one end at 
right angles to its length. e other end of the link has a slot 2 


Fig.1. 








areas 


cut at an angle to its depth, so that the link is used to repair a 
p in the grate, its end with the inclined slot 2 is first pressed 
own upon the rod upon which the links are threaded, and then 
by pressure or a blow the other end of the link, which has the 
slot 1 at right angles to the length, is forced on to the adjacent 
In Fig. 2 an alternative form of link is shown. In this link, 
right-angle slots 4 are provided at each end of the link, and a 
cap 5 is adapted to be screwed on to one side of the link in order 
to close the open ends of the slots 4, when the link has been 
placed in ition over the rods on which the links forming the 
grate are threaded. (Accepted February 24, 1909.) 


20,431. J. G. A. Kitchen, Lancaster. Steam-Gene- 
rators. (4 Fige.| September 29, 1908.—This invention relates 
to the furnace casings and the flue arrangement of steam-gene- 
rators in which the chi y is disp d with, and particularly 
of generators heated with liquid fuel. The generator is enclosed 
in a casing except’for a central opening 27. Round the lower 
part of the casing a number of holes 32 are provided for supplying 
air for combustion. In order to diffuse the currents of air drawn 
in through these holes, and to prevent them from deflecting the 
flames of the burner 22, and also to obscure the light of the flame 
from the outside, a curtain 33 is provided which acts as a baffle, 
the curtain facing the holes 32 some little distance away. The 
curtain may be fixed inside the casing, space being left between 
the bottom of the casing and the lower edge of the curtain for the 
free passage of air for combustion. In order to diffuse the in- 
going air, a fender 35 is fixed to.the casing at the base, so as to 
surround the air inlet holes 32, the fender being conical and open 
round the upper edge. By this arrangement the air for combus- 
tion is made to enter vertically downwards; it is then directed 
horizontally through the holes 32, and is baffled by the curtain, so 


























VL ddd 
































that it-has to descend and pass under the latter before reaching 
the burner 22. By this means draughts and sudden blasts are 
quite prevented from reaching the burner as such, the diffusion 
being complete. At the back of the generator the down flues 40 
are focated, the lower end of which may slightly project below 
the bottom of the casing. e upper ends are open, and are 
approximately level with the top of the casing. On the top of the 
casing a h 42 is provided. This is made with an opening 





steam-pipe so as to prevent the of water from the feed- | 
heater into the main-engine cylinders, which may happen when 

the feed-heater is ca to overflow by the sudden stoppage of 
the feed-pumps. The present invention has for its object to pro- 
vide an improved form of such non-return valve, which will not | 
only effectively prevent the flow of any water from the feed- 
heater, but will also be noiseless, as it will not move in response 
to the pulsation of the steam in the receiver-pipe, an objection to 
which a number of the existing types of at valves is open. In 
the example shown in Fig. 1 there is arranged, in the \y of the 
heater A at a higher water-level than the normal water-level, a 
float C of the displacement type. This float is connected by levers 








therein to correspond with the opening 27 in the ~~ of the casing. 
8 is achamber which acts as a junction flue, and is formed by 


| enclosing walls 9, 10, and 11, an entrance 12 being provided at the 
| margin of the yy | 27. 
allow a 


The walls 11 are preferably curved as 


shown in order to wider opening and an easier entranc« 


for the of combustion to the flues 40. At the front part of 
the hood two diverging passages 13 are formed. A current of air 
entering the opening leading to the 13 when the vehicl« 


is standing, or one produced in the opening when the vehicle is 
moving, is split , X. discharged at the openings 19 at the 
sides of the hood. e passages 13 are slightly constricted towards 
the outlet openings 19,. and .are also curved at the outlets. 
(Accepted ry 17, 1909.) 
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THE MECHANICS OF ILGNER- 
OPERATED WINDING-ENGINES. 
R. H. Coittrunenam, A.M. Inst. C.E. 

Tue applications of electricity to various in- 
dustries which have hitherto used steam-engines as 
the source of their motive power has been steadily 
vrowing during the present century; and, latterly, 
more than a passing interest has been evinced in 
the subject owing to the starting up in the north 
of England of one of the first electrically-driven 
rolling-mills in this country. 

As is now well known, the principle of the Igner 
system which is used in operating such plants is 
the employment of a motor-generator set, coupled 





the given variation in velocity. By this means the 
load on the supply mains is kept at a very much 
more even value than in the case where no fly- 
wheel is used, since, when the mill motor is doing 
no work, the induction motor of the motor-generator 
set can be accelerating the fly-wheel and storing up 
the energy for the next heavy load which comes on 
to the mill. 

In this way, although the mill motor may be 
supplying momentarily two to three times its mean 
load, the load on the supply mains will remain 
practically constant. Another point in favour of 
the electrical operation of rolling-mill plants and 
winding-engines is that the kinetic energy stored in 





the moving parts can be pumped back into the fly- 
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mechanically to a heavy fly-wheel and electrically to 
the motor driving the mill. The motor of the motor- 
generator set is driven off the power mains, and the 
function of the fly-wheel is to minimise the variation 
in the load drawn frem the source of supply, all 
the heavy loads which come on to the mill being 
taken care of by the giving up an amount of the 

nergy stored in the fly-wheel sufficient to overcome 
‘hese heavy loads. In order to obtain this result, 
an automatic slip-regulating device is provided in 
the rotor circuit of the induction motor, driving the 
‘notor-generator set, which regulates the amount of 
slip on the induction motor according to the amperes 
‘aken by the stator, the slip-regulating device only 
coming into operation when the stator current has 
reached a certain fixed value. When the current in 
the stator reaches this fixed value, then the regu- 
‘ating device comes into play and increases the slip 
of the induction motor, thereby causing the speed 
of the set to drop, and causing the fly-wheel to give 





up an amount of stored energy corresponding to 


wheel of the motor-generator set and be used again 
for the purpose of accelerating the parts ; whereas, 
when such plants are steam-operated, the whole of 
this energy is lost. 

Now, up to the present, very little has been 
published as to the mechanics of this scheme of 
operation, and little or no information has been given 
as to the methods of arriving at the powers, output, 
and dimensions of the various units composing such 
ascheme. It is the purpose of this article to indi- 
cate the main lines along which it is necessary to 
proceed to fix up quickly the weight of fly-wheel 
necessary, the size of the driving motor of the 
rolling-mill or winding-engine, as the case may be, 
and also the powers of the motor and generator of 
the motor-generator set suitable for such a scheme. 
That which follows refers to the problem to be 
confronted in the case of a winding-engine, and is 
complete enough to permit of a fair estimate as to 
the size of plant necessary to fulfil given conditions, 
The influence of core-loss, friction and windage, 


&c., in the final result has not been discussed 
in this article, which is written more from the point 
of view of the estimator rather than from that of the 
designer. The influence of the above losses is 
negligible in the first case, and can be elaborated 
when the main dimensions of the plant have been 
settled. 

The problem as confronted by the estimator 
generally takes the form of the following :— 

It is required to find the power of the driving 
motor for a winding-engine to raise 4480 lb. of 
coal from a depth of 1350 feet in 35 seconds, also 
the power of the motor driving the Ilgner motor- 
generator set, the output of the generator of this set, 
and the necessary weight of the fly-wheel to reduce 
the fluctuation of the load on the supply mains to a 
minimum. The weight of each cage may be taken 
as 3360 lb., the weight of the trams in each cage 
will be 1120 lb., and the weight of the rope will be 
3360 Ib. ; no balance-rope is to be employed. 

The diameter of the winding-drum would be 
about 10 ft. 6 ins., and its width where the rope 
runs about 9 ft. 6 ins. First, it will be necessary 
to find a resultant curve showing the torque at the 
drum radius at any moment of winding. 

The torque in pounds-feet due to the lifted weight 
of the cage, trams, and coal is 

8960 x 5.25 = 47,000 lbs. -feet. 

Likewise for the lowered cage and trams the 

torque is 
4480 x 5.25 = 23,500 lbs. -feet. 

The total weight of the lifted rope at the start is 

3360 lb., and its torque 
3360 x 5.25 = 17,650 lbs. -feet. 

It is proposed to limit the period of acceleration 
and retardation in both cases to 5 seconds, leaving 
25 seconds for the period of constant winding 
velocity, and 5 seconds is to be allowed between 
successive winding periods for the changing of the 
trams. The space that will be wound over during 
the period of acceleration and retardation may be 
found thus— 


Let 
t; = tg = time spent in acceleration and 
retardation in seconds. 
Let 
A, = A, = acceleration and retardation in 
feet per second per second. 
Let 
V, = constant winding velocity in 
feet per second. 
Then 
q =e = 2. “1 


In this case V, = 45 feet per second, and hence 
A, = Ag = 9 feet per second per second, 


The space described during the periods of accelera- 
tion and retardation is given by the formula 


S, = S. = space described in feet 


Vie 
9A, 
Hence 
8, =8,= 2025 
18 
= 112 feet about. 


Hence the space left to be traversed during the 
period of constant velocity is 
1350 — 224 = 1126 feet. 

The torque at the end of the 5-second period of 
acceleration due to the weight of the lifted rope is 
therefore 

3081 x 5.25 = 16150 Ibs. -feet. 

And at the end of 30 seconds, when the period of 

retardation commences, torque is 
279 x 5.25 = 1460 lbs. -feet. 

In the same way, the torque due to the dropping 
rope may be found. The weight of the winding- 
drum (including the rope coiled on it) will be about 
38,600 lb., and the radius of gyration about 4.7 feet. 
The acceleration at the radius of gyration will be 
47 
5.25 
and, hence, the force to accelerate the drum will 
be 


9 x = 8.05 feet per second per second, 


S60 x 8.08 


3 


= 9,700 lb. at the radius of gyration. 


Hence the torque at the periphery of the drum 
will be 





9700 x A x 5,25 = 45,600 Ibs. -feet, 


. 
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The torque to accelerate the lifted cage, trams, and 
load will be 
> x ; x 5.25 = 13,200 Ibs, feet. 
Likewise the torque to retard the lowered cage 
and trams will be 6620 lbs.-feet. 
The torque to accelerate the lifted rope at the 
commencement of the winding will be 


3360 9 5.25 = 4,960 Iba.-feet. 


32 1 
After four seconds this will have dropped to about 
4500 Ibs. -feet. 

In a similar manner the figures with regard to 
the lowered rope may be figured out. 

Curves calculated in this way have been plotted 
out in Fig. 1, and by correctly summing up the 
various curves with due regard to their sign, the 
resultant torque curve shown has been found. 

As will be seen from the figure, this resultant curve 
reaches a maximum value of about 111,530 Ibs. -feet 
in the positive direction, and about 66,000 Ibs.-feet 
in the negative direction—that is to say, during the 
period of retardation. 

The next step, after having obtained the curve of 
resultant torque, is to draw a curve of force against 
space, which will therefore represent the total work 
done during the period of one winding. We have 
the following :— 








Space Traversed Mean Force at 

Seconds, | in Feet from Drum Periphery 
in Pounss. 
0 to 5 | 112 + 19,600 
s. | 202 + 7,050 
oe 202 + 6,670 
9, 1 382 + 6,100 
BM » 472 + 5,720 
oe 562 + 5,150 
w 5, i 652 + 4,670 
17 ,, 19 742 + 4,380 
19 ,, 21 832 + 3,810 
21 ,, 2 922 + 3,430 
23 ,, 25 1012 + 3,050 
25 ,, 27 1102 + 2,670 
27 ,, 2 1192 + 1,910 
30 ,, 35 1350 ~ 12,550 











These values have been plotted in Fig. 2, page 807. 
The area ABCKG represents the work done in 
lifting the load, and the area KLMN represents 
the work which is dissipated in the ordinary case of 
a steam-driven winding-engine in heat energy on 
the brakes. 

It is necessary in the next place to obtain a curve 
representing the rate of doing work by the drum- 
driving motor at any position of the lifted load. 
To do this the revolutions per minute at any posi- 
tion of the lifted load must G obtained. 

The revolutions per minute multiplied by 2 7 
and by the torque at any position of the load will 
give the horse-power at any position when this 
value is divided by 33,000. Thus the values may 
be tabulated as below :— 








Position of Revolutions | Mean Torque in} 
Lifted Load. per Minute. Pounds-Heet. Horse-Power. 

ft. about } 
4.6 16.35 103,000 | 320 
18 35.80 108,000 | 700 
40.5 49.20 103,000 | 960 
72 65.50 103,000 1275 
112.5 81.80 43,000 690 
157.5 81.80 37,000 575 
202.5 81.80 000 560 
247.5 81.80 35,000 545 
202.5 81.80 33,000 513 
837.5 81,80 32,000 497 
382.5 81.80 31,000 482 
427.5 81.80 30,000 | 7 

| 








The intermediate values during the period of 
constant velocity of winding have been omitted, as 
they are easily worked out from the information 
given above, but the values of the power available 
from the kinetic energy of the moving parts when 
slowing up are given below. 











Position of Revolutions Torque in 

Lifted Load. | per Minute. Pounds-Feet, | Horse-Power. 
ft. 
1238 81.8 
1260 72 49,400 673 
1278 65.5 62,000 774.6 
1810 49.20 63,000 599.5 
1332 35.80 64,000 436.5 
1345.5 16.35 66,009 206 
1350 








These values have been plotted in Fig. 2, and 
the curve indicating horse-power at any position of 
the cage is so obtained. 

It is now possible to proceed to estimate the 





power of the induction motor required to operate 
the Ilgner set, so that the power drawn from the 
supply mains may remain practically constant. To 
do this it is convenient to use a “‘ trial and error” 
method, 

It is necessary to choose such a mean line of force 
at the drum periphery in Fig. 2 that the area swept 
out by this line travelling over the distance through 
which the load is lifted expressed in foot-pounds, 
plus the amount of work in foot-pounds which 
would be done by the driving motor of the Ilgner 
set continuing to work at the same rate during the 
period of 5 seconds when the trams are being 
changed, shall be equal to the work done on the 
lifted load, and the work necessary to be restored 
to the fly-wheel to make up for that which has been 
taken from it, whilst the work done on the lifted 
load was greater than the power of the Ilgner 
driving motor, less the amount of work pumped 
back into the fly-wheel by the moving parts of the 
winding-engine, loads, &c., during the period of 
retardation. Putting this more plainly, we have 

Area G DHL + an area equivalent to the constant 

rate of working for 5 seconds + area NM 
= area ABCD + areaGDCK. 

The area K LN M represents the work pumped 
back into the Ilgner set by the slowing-up of the 
winding-engine and its loads. 

The area A BCD is the work supplied by the 
fly-wheel of the Ilgner set during the period of 
overload above the mean line E.P. 
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Assuming a mean force at the drum periphery of 
4000, constantly applied, will give the requisite 
result, the following is obtained :— 


Z ae | 








Foot-pounds. 

The work supplied by the fly-wheel 

= ABCD ... ios ee ... = 2,660,000 
The area GDCK = 4,462,000 
The areaaG DHL ... ai ... = 5,400,000 
The area equivalent to a constant 

rate of working for 5 seconds = 771,400 
The area K LN a ies = 1,000,000 


If these areas be summed up in terms of work 
done, according to the equation given above, they 
will be found to satisfy the same—that is to say, 
the power of the motor required to drive the Ilgner 
set will be about 280 horse-power. In Fig. 2, when 
the line A BCKNM lies above the line E.P. 
of mean force, the fly-wheel of the Ilgner set is sup- 

lying the excess work. When the line ABCKN 
ies below the mean line E.P., the Ilgner induc- 
tion motor is pumping energy into the fly-wheel, 
and from K to L additional energy is being stored 
in the fly-wheel from the moving parts of the 
winding-engine and motor driving the same. 

From the points L onwards until the curve re- 
peats itself five seconds later, when the next period 
of winding takes place, the induction motor of the 
Iigner set is storing up energy in the fly-wheel. 

e slip regulator in the rotor circuit of the in- 
duction motor is in operation from the start of the 
winding to the 700 ft. level from the start. 

In order to find the requisite weight of fly-wheel 
to store the energy needed to overcome 


nece: 
the overloads, proceed as follows :— 
Assuming that the induction motor of the 


Ilgner set runs at a synchronous speed of 500 re- 
volutions per minute, and that the speed at full 
load with a 3 per cent. slip is 485 revolutions per 
minute, and allowing a5 per cent. slip by means of 
the regulator, the speed of the set when it has 





reached its lowest limit with the regulator in action 
will be 460 revolutions per minute. 
Let 
E = Energy to be stored in ah ~emiaale 
W = Weight of fly-wheel in pounds ; 
R, = Radius of gyration in feet ; 
V, = Full Vow velocity of set in feet per second 
(regulator not in operation) ; 
Vz = Overload velocity of set in feet per second (regu 
lator in operation) ; ; 
V, and V2 — calculated at radius of gyration of 
fly-wheel. 
Then 


_ 
E= ™ (V,? -V.). 
a!) *) 


This simplifies down to 
E = 3.95 W R,. 

Assuming a radius of gyration of 3.83 ft., which 
will ensure a wheel of safe dimensions for the speed, 
then 

2,660,000 = 3.95 W x 14.65; 
W = 45,900 lb. 

The fly-wheel suitable for the fulfilment of the 
above conditions is shown in Fig. 4, and would be 
made of cast steel of high tensile strength, the 
castings being well annealed, to do away with all 
initial stresses due to uneven cooling. 

From the curve of horse-power in Fig. 2 a curve 
of amperes flowing through the generator of the 
Iigner set and the driving motor of the winding- 
engine has been obtained. 

This is shown in Fig. 3, and was plotted from 
the following table :— 





Space Described in | 








Feet from Commencement ow ts, Volts. | Amperes, 
of Winding. | 

4.5 209 +100 +2000 

18 525 } +200 | +2625 

40.5 746 +300 | +2486 

72 | 945 +400 | +2362 

112 | 525 +500 | +1050 

130 263 +500 + 526 

1200 97.5 +500 + 195 
1240 0 — | @ 

1260 510 | — 438 — 1165 

1278 |} 580 | -400 ~ 1450 

1310 | 450 — 300 — 1500 

1332 325 — 220 - 1470 

1345 154.5 - 100 - 1545 
1350 0 0 0 








The (+) sign indicates that current is being supplied to the driv- 
ing motor of the winding-engine ; the (—) sign indicates that the 
motor is ‘‘ pumping back” into the generator. 

Taking the mean of the amperes on the direct 
current side throughout the period of winding, this 
is found to have a value of 530amperes. The driving- 
motor of the winding-engine would be capable of 
carrying this mean current continuously, and with 
a supply voltage of 500 volts would be capable of 
giving 320 brake horse-power continuously. 

Assuming 20 per cent. losses, the generator of 
the Ilgner set would have to be built capable of 
supplying a load of 318 kilowatts continuously. 

Assuming the power factor of the induction 
motor driving the [lgner set to have a value of, say, 
89 per cent. at full load, and also that the motor is 
running a supply voltage of 3000, the load on the 
alternating-current side would remain practically 
constant at 46 amperes. As was stated at the 
beginning of this article, the effect of core-loss, 
friction, and windage, &c., have not been taken 
into account in the above. 

To do so, it would be necessary to have fairly 
complete data to hand of the type of machine that 
would be employed for each of the three units, and as 
the effect of these losses is not great, it is not pro- 

to deal with them here. The figures obtained 
above would enable the designer to fix-up the prin- 
cipal dimensions of his machines, and, after that 
was done and a good idea obtained as to the magni- 
tude of the above losses, their modifying effect on 
the final result and the allowances to be made for 
the same could be precisely figured out. 
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Die Schiffsschraube wnd ihre Wirkung auf das Wasser. 
Photo - Stereoskopische Aufnahmen unter gleichzeitigen 
Energie- wnd Geschwindigkeits-Registrierwngen der 1 
Wasser frei arbeitenden Schraube. Schlussfolgerun- 
gen aus den angesteliten Versuchen. By OSWALD FLaMM, 
Geh. ierungrat, Professor an der Kgl. Techn. och- 
schule Charlottenburg. With thirty-one plates. Munich 
and Berlin: R. Oldenbourg. [Price 10 marks. ] 

In this very remarkable volume Professor Flamm 

gives a preliminary account of tank experiments 

made with models of marine propellers, and repro- 
duces the splendid series of stereoscopic photographs 
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which he has been able to secure. His propellers 
drive their carriages by their own rotation (up to 
3600 revolutions per minute), and if he differs in 
some of his conclusions from more or less accepted 
views, he can certainly claim to base those conclu- 
sions on experimental conditions which are more 
in accordance with the actual conditions of marine 
propulsion than has been the case in some re- 
searches. The experiments, which were conducted 
with the aid of special grants, and in which he had 
the assistance of Messrs. A. Dietzius, O. Alt, Wagner, 
and of the Siemens-Schuckert-Werke, are not yet 
completed. Want of means prevented the author 
from carrying out the full programme, especially as 
regards energy measurements and the study of the 
simultaneous action of twin or triple propellers on 
water. Professor Flamm hopes to resume these 
investigations in the near future, when a naval 
laboratory will have been added to the Technical 
High School at Charlottenburg ; he makes a strong 
plea for the establishment of such a laboratory, in 
view of all that is done for electrotechnics, chem- 
istry, and other applied sciences. Meanwhile he 
publishes his results with the object of interesting 
others to collaborate with him. 

The full title of the volume is: ‘‘The Marine 
Propeller and its Action upon Water. Photo-Stereo- 
scopic Views and Simultaneous Records of the 
Energies and Velocities of Screws Working in 
Water. Conclusions drawn from the Experiments.” 
The subject-matter under this long title covers about 
20 pages, and the bulk of the large octavo volume 
is taken up by the 31 plates of photographs. In de- 
ducing his important conclusions, Professor Flamm 
does not refer to any particular investigator or 
research ; in fact, the Gaak doce not contain a single 
reference or name. He discusses his experiments 
without raising any priority questions, and we will 
simply follow him, because the phenomena must be 
presented in due sequence. 

In spite of all the ingenuity, time, and money 
spent upon systematically - conducted propeller 
studies, Professor Flamm points out, we had not 
succeeded in improving the propeller efficiency 
much, and we remained ignorant as to the theory 
of the action of the propeller, because we did not 
really understand the phenomena of motion in 
water. Propellers, their diameter, pitch, and area, 
had still occasionally to be altered and replaced after 
the trial runs, because the expected velocities were 
not realised. Professor Flamm arranged his experi- 
ments in such a way that the propeller drove the 
carriage, which ran on the walls of his basin, about 
30 ft. in length, 2 ft. 8 in. wide, and 2 ft. deep. The 
ship model was a cigar-shaped body rigidly connected 
by bars with the carriage above ; connection between 
the electric motor and the shaft was made by bevel 
gearing. The fourteen propellers used had dia- 
meters of from 3 in. to 5 in., and pitches ranging 
from 3 in. to 9 in., and represented propellers for 
torpedo-boats, Atlantic steamers, river-boats, and 
special Zeise, Zeise-Niki, Lorenz, and Flamm types. 
The carriage was loaded by weights suspended over 
pulleys, so that the propeller had to overcome 
variable resistances ; these weights were attached 
in front or aft, and the movement would be forward 
or astern, or the ship be arrested (by too heavy a 
weight) while the propeller was turning, as if the 
ship were manceuvring while at her moorings. 

With this arrangement the load corresponded to 
the ship’s resistance or the axial thrust, the carriage 
speed to the ship’s speed ; and these quantities, as 
well as the work done and the revolutions of the 
propeller, were automatically recorded ; the energy 
measurements and the determination of the maxi- 
mum axial thrust were not satisfactory, however. 
The walls and bottom of the tank consisted of 
mirror-glass, and a stereo-camera was mounted in 
front of the tank, which was illuminated from 
behind by two searchlights, each of 12,000 candles. 
Photographs were taken with exposures of gq 
sccond, and sometimes at rapid intervals to obtain 
kinematographic records. The photographs, some of 
which we reproduce in Figs. 1 to 7, on page 810, illus- 
trate the helix described by the screw, the vermi- 
lorm air-hose aft the propeller-boss, the depression 
of the water above the propeller, cavitation, and 
the formation of air vortices oe the surface to the 
propeller. The letters under the photographs indi- 
cate: v» the s of the model, in metres per 
second, or n the number of propeller revolutions 
per minute ; and g, the load in kilogrammes. 

The first striking feature of all the photographs 
(see Fig. 1 in particular) was the depression of 
the water-level above the screw, extending equally 





far both fore and aft, the deepest point of the de- 
pression being just above the screw. This depres- 
sion, Professor m es, was a consequence 
of the axial water-current produced. The maxi- 
mum of the water acceleration would probably be 
in the screw plane itself, and the suction and 


pressure effects be equal in intensity. Suction, | hig 


which had so little been heeded so far, played 
certainly a most important part in the phenomena, 
and the propeller might be regarded as an appa- 
ratus which sucked in water in front and discharged 
it at the back ; the screws should hence especially 
be designed for increased suction. A second charac- 
teristic feature was the fact that the sternward 
water-current had, over a certain length, an almost 
truly cylindrical shape (see Figs. 2 and 3); there was 
no indication of a centrifugal dis rsion of the water 
by the propeller such as had nm assumed and 
still seemed to beassumed. The helix lines marked 
by sucked-in air were perfect whether the genera- 
trix was inclined backward or at right angles to 
the propeller shaft. It had been suggested that 
the generatrix when inclined backward contracted 
the water better, prevented straying, and thus in- 
creased the axial thrust. The experiments dis- 
proved this suggestion, and with that the explana- 
tions which were on the assumption of a 
centrifugal ejection effect of the screw had to be 
abandoned. If any such centrifugal effect existed, 
it should appear in the direction of the smallest 
resistance, towards the surface. But, as mentioned, 
the water-level was always lowest just above the 
screw, instead of being raised ; even when the 
blades cut the surface, pronounced suction was 
alone visible, the air entering the water surface 
through sharply-defined holes. 

As regards the helix described by the propeller, 
the convolutions were far apart when the resist- 
ance to be overcome was small. When the resist- 
ance was increased (by putting on more weights), 
the convolutions became, with equal energy ex- 
penditure, more crowded, or the helix more com- 
pressed by the greater force. The measure of the 
compression indeed enabled the experimenter to 
draw conclusions as to the slip, and he recognised 
at once that it was inaccurate to define the sli 
as the difference between the velocity of trave 
of the ship and the product of pitch by number 
of screw revolutions. We had to reckon with 
three speeds: (1) the ideal propeller speed equal 
to the product: pitch x revolutions; (2) the 
velocity of travel of the ship, or of the carriage 
moving with it ; (3) the velocity of the water cur- 
rent due to the acceleration of the water by the 
propeller. Speed (1) would remain constant with 
a constant number of revolutions ; velocity (3) might 
be maintained constant without (2) being so, while 
(2) and (3) might fluctuate considerably in spite of 
a constant ship’s resistance. 

A peculiar, not yet sufficiently explained feature 
was the vermiform Sg eam or hose of air, more 
than 3 ft. in length frequently, noticeable in the 
wake just behind the boss of the propeller (see Figs. 
4and 5). This appendage might be due to the forma- 
tion of a vacuum just aft the boss, a s into 
which the water might not be able to rush with 
sufficient rapidity, because the main current was 
thrown sternwards, and in which any air present 
in the water would collect. Professor Flamm intro- 
duced a piece of rubber tubing into the —- 
but could not observe any suction effect, while the 
vermiform thread became much wider when air 
was blown into it from the upper end of the rubber 
tube above the water surface. 

This point leads us to cavitation. It has been 
generally taught, Professor Flamm remarks, that 
cavitation would set in at the tips of the blades 
(see Fig. 6), when the peripheral speed was raised 
beyond certain limits, and that simultaneously the 
axial thrust fell off rapidly, because a sufficient flow 
of water to the propeller could no longer be kept up. 

Professor Flamm questions this conclusion to a 
certain extent on the strength of the following 
een. With increasing propeller speed, not 
only the compression effect, but also the suction 
effect increased. The latter showed itself in the 
strong depression of the water-level ; funnel-sha 
vortices were formed—particularly when the ship 
was stationary—and air sucked in through layers of 
water that might be thicker than the propeller dia- 
meter (see Fig. 7). The propeller then worked in a 
mixture of air and water, and the suction in front, 
as well as the compression aft, decreased, and the 
axial thrust diminished. The case had very fre- 
quently been observed that the model would just be 





able to advance inst a strong resistance (weight 
behind), but would be pulled k in the moment 
when such an air-funnel reached the propeller, al- 
though more power was applied ; afterwards the air 
and water would be churned, and the propeller begin 
to race. That was analogous to ordinary racing in a 

igh sea. When the ag mae! showed a very stro 
level depression, the formation of a funnel an 

ronounced cavitation, produced by the high s 
F360 revolutions), commenced at the sanie time ; 
in the next moment the air and water would be 
tossed about with almost explosive energy and 
heavy churning set in. In such cases the screw 
was merely a froth-beater. 

That suction played the principal part in these 
ee. Srekenine Flamm demonstrated directly 

placing a board (thin wood) on the water surface 
above the propeller. The effect was immediate. The 
propeller, which had barely been able to move the 
ship against a heavy weight, and had occasionally 
yie ded to the backward pull, because air was sucked 
in, would push the model ata fair speed, not consum- 
ing more energy than before, and was even able to 
overcome a greater resistance, as long as air access 
from above was cut off. In such cases the speed 
and the axial thrust could even be raised at tho 
same time. But the final result was generally that 
an air-hose formed below the board, creeping from 
the front edge along the lower board surface, and 
then down to the propeller, when the axial thrust 
would at once drop off again. 

The conclusion to be drawn from these experi- 
ments was that high speeds, which were advan- 
eye for turbine engines, might be applied, pro- 
vided we could prevent the sucking-in of air from 
above. It would be wrong, however, to place the 
screw under a semi-cylindrical hood, as had been 
done ; for the water should have access from all 
sides. Yet a kindof fin, in the shape of a projec- 
tion from the stern, as close as possible to the water 
surface, might answer. 

f we understand Professor Flamm correctly, 
cavitation would, in his opinion, be a symptom that 
air-suction is approaching, but not in itself a detri- 


mental factor. A frothy wake, he points out, was 
a sign that the screw worked ly, because air 
had been sucked in. As long as no air was sucked 


in, the maximum speed of 3600 revolutions gave 
the maximum axial thrust, and the propeller effi- 
ciency was high, in spite of pronounced cavitation. 
This argument was supported by a familiar fact, also 
observed by Professor Flamm. When the pro- 
peller was started, the water could not at once take 
up the full acceleration, and a vortex was formed 
above the screw. After a while the water would 
become quict, and the boat would pick up speed. 
Analogous conditions arose when a ship was sud- 
denly reversed, and this explained the r stop- 

ing of high-speed propellers, particularly of small 
iometen, under strong stress; covering-in the 
surface would supply a remedy. 

Professor Flamm also made other observations. 
The water in his small basin had not always time 
to come to rest before a second experiment com- 
menced, and he experimented then in a rough sea. 
He frequently observed racing, therefore, due to 
the sucking in of air, to prevent which the wed 
should be placed as low down as possible, not, 
however, as others would say, only for the purpose 
of raising the speed of the water-flow towards the 

ropeller by the increased head of water above the 

tter, and thus diminishing cavitation, to which 
he attaches secondary importance, as we stated 
already. 

The tank was too short to watch cavitations at 
high boat speeds, and Professor Flamm’s cavitation 
experiments were pmenyorntaer (as in Fig. 6) at 
slow boat speeds, but high propeller speeds and high 
resistances. The determinations were made in this 
way. The weight which the moving boat and carriage 

to lift was chosen so heavy that the propeller 
could not really raise it. The weight was placed 
on a balance provided with a pointer moving over 
a large scale. When the screw speed was increased, 
the heavy load was more and more taken up by the 
boat, and the pointer marked the relief and the 
corresponding axial thrust. This thrust increased 
up to the speed at which cavitation became pro- 
nounced ; it was not possible to raise the axial 
thrust appreciably beyond this point. During this 
experiment the propeller remained deeply immersed 
in water ; if a wave lowered the water-level, an air- 
vortex would form, and the thrust was at once lost. 
When the water surface was covered in, however, 


the propeller could be allowed to lie close to the 
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increase at the same high ratio with higher speed, 
and that the friction would further be reduced at 
the spots where cavities had formed. 

In concluding his memoir, the author refers to 
two points. In twin-screw steamers blows against 
the hull are sometimes noticed near the stern, 
and ascribed to blows by the water ; each blade is 
supposed to hurl a mass of water against the ship’s 
side as it passes the dead wood. Professor Flamm 
substitutes suction for pressure as the primary 
cause. The hull would obstruct the flow of water 
to the propeller-blade, and leave a partial vacuum 
between the blade and the stern, into which 
water would rush from the other sides, until the 
following blade would produce another vacuum. 
Suction would also account for the corrosion of 
propeller-blades at the tips in front—parts which 
appeared especially liable to corrosion. The air 

would be drawn towards these parts, and would 
lodge in the irregularities of the surface and in 
the small holes due to incipient corrosion. 

These are Professor Flamm’s chief arguments. 
He is quite aware that his conclusions stand in 
need of confirmation by further experiments. We 
are inclined to think that he will meet with less 
opposition than he seems to expect, though we do 
not forget that some naval architects attach little 
importance to experiments made with models and 
propellers a few inches in diameter. His method 
looks both simple and practical, and we hope 
that he will soon be enabled to resume his most 
promising investigations. 








IMPERIAL RAILWAYS OF NORTH 
CHINA ENGINEERING AND MINING 
COLLEGE, TANG SHAN. 

Persons in touch with the Far East cannot. fail to 

recognise the fact that the Chinese Empire is now 

passing through a phase of unprecedentedly rapid 
de velopment. One of the most noticeable symp- 

‘ous of this change is the expansion of the railway 

systems, and in connection therewith the spread of 

\evhnical education, The object of this article is 
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to describe an institution which may be regarded 
as one of the most important centres for the dis- 
semination of Western science in China. 

Tang Shan is situated about 100 miles south-east 
of Peking, about midway between Tientsin and 
Shan-hai-kwan, and was the locality in which the 
Chinese Engineering and Mining Company first 
commenced working the Kai-ping coalfield in 1878. 
The necessity for communication with Peh-tang-ho 
eventually led to the construction of a railway line, 
under the care of Mr. C. W. Kinder, C.M.G., 
M. Inst. C.E., as far as Hsu-ko-chuang. The sub- 
sequent development of this into what is now the 
Imperial Railways of North China is well described 
in Mr. P. H. Kent’s recent book on ‘‘ Railway 
Enterprise in China” (Arnold, 1907). It was in 
connection with this line that, in the year 1906, 
there was founded an Engineering and Mining 
College for the technical education of Chinese 
students. Like the railway, this institution is under 
Imperial administration (Board of Posts and Com- 
munications), and in accordance with the educa- 
tional requirements of the Board of Education. 

The staff consists of a president (Mr. 8.8. Young, 
M.A.), four English professors im the mechanical 
engineering, civil engineering, -mining and physical 
faculties respectively, two'Ohinese literati for the 
collateral native work, and 4 clerical staff: 

A four years’ course was prescribed, and’ about 


120 students from various parts ofthe eoumtry were’ 


admitted in the first place. The’ dtténdanice has 
remained practically steady, the total registered 
number being now over 200. The equipment of the 
college consists of residential accommodation for 
160 students, houses for the foreign and native 
staff, dining-hall, and three educational buildings. 
It is in the immediate neighbourhood of the railway 
shops, which were transferred in 1888 from Hsu- 
ko-chuang to the present locality, and are now 
sufficiently equipped to be able to manufacture all 
types of rolling-stock. The railway station is with- 
in easy distance, and there is good hospital accom- 
modation near at hand. 

All technical lectures are delivered in English. 








ENGINEERING AND Puysics BuLLDING. 


The hours of study are about 36 per week, and 
during the first year the following subjects are 
dealt with :— 
Hours. 
Mathematics (up to and weagaeaps tte co-ordi- 
nate geometry) be oe 8 
Physics (lec tures and laboratory ) 
Chemistry, inorganic (lectures and labora- 


tory) 2 
Engineering drawinz 7 
Geology . 1 
Freehand drawing 2 
Englist a , 3 
Chinese 5 
Drill 2 

Total 35 


In the second year the practical work commences, 
but there is no specialisation :— 
Mathematics (up to and including the cal- 


culus) 
Pure science (physics, che mistry, and ge 40- 
logy) Mi 4 10 
Applied mechanics 1 
Surveying 6 
Building construction 1 
Engineering drawing 6 
General education (English, Chinese, and 
drawing) : a bi 7 
Drill 2 
Total 36 


In the third year specialisation « commences, the 
students being divided into civil engineering and 
mining sections. 

The engineering course is as follows :— 


Applied mechanics ss machines and 
structures and laboratory). 

Surveying 

Enginee ring dra awing and de sign 

Power engineering ‘ 

Civil engineering construc tion (railw: ays and 
roads) ... : : ce hae 

Building c onstruction 

Astronomy ‘ 

Political economy y and business law 


English and Chinese ... 
Total 


Kon 


Bl coromroe 
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The mining course is similar, but substitutes for 
certain parts of the applied mechanics and engi- 
neering drawing classes the following :— 

ec. oO oe ee ee. 4, 
Geol oe 
Chemistry 
Mineralogy ee sas 

The fourth-year course, which will come into 
operation in 1910, is projected to cover more 
advanced work in railroad and highway engineer- 
ing, hydraulic and sanitary engineering, power and 
electrical work, and on the mining side to deal with 
metallurgy and mining practice. 

An inspection of the courses will show that an 
opportunity is here afforded for the fullest possible 
development of practical engineering in China. 
That such chances are not being overlooked is 
evidenced by the keen attention of the students 
and the comparatively high examination results. 
A few students have also passed out to technical 
undertakings before completing their courses. 

The equipment of the Gnsenation Section is not 
yet by any means compiete, but there is the nucleus 
of an engineering laboratory for the individual 
study of the laws of mechanics of the usual tech- 
nical college type, — attention having, however, 

pi 


— 


been given to novel pieces of apparatus for the de- 
monstration of the simpler principles. This depart- 
ment is under the supervision of Professor J. A. 
Cormack, B.Sc., and Professor Herbert Chatley, 
B.Sc. Several interesting models find a place 
here. Among these special mention should be made 
of a model illustrating the arrangement of the air- 
compressing, access and sinking-plant for a large 
bridge caisson. This was specially made for the St. 
Louis Exhibition, to represent the work done on 
the Imperial Railways. Models of a patent inter- 
locking signalling device and a pile-driver should 
also be mentioned. 

The system adopted in the drawing-oftice is prin- 
cipally on the lines of direct measurement from the 
actual construction, and for this purpose there are 
numerous specimens of machine parts, such as axle- 
boxes, slide-valves, eccentrics, &c. Every student 
is obliged to complete each sheet of drawings in ink 
and wn acy trace it, and take ferro-gallic or ferro- 
prussiate prints, and it has been found that in each 

ear about six or seven such sheets can be prepared 
xy a student. Especial attention is given to finish- 
ing drawings, on account of the unfamiliarity of the 
Chinese with things mechanical, and the con- 
ventional way of representing them. The further 
tracing and printing serves to impress upon them 
the methods essential in modern office practice. 
The students generally show a marked aptitude for 
this class of work, but are naturally somewhat 
unpractical in their ideas. 

Although it has not been found practicable to 
give systematic workshop practice, a certain number 
of tools and workshop appliances have been, and 
are being, obtained, so that it is hoped that before 
the four years’ course has been completed sufticient 
instruction will have been given in this direction 
to ensure an intelligent appreciation of workshop 
methods, and a knowledge of the simpler pro- 
cesses. 

The theoretical work is well developed, the 
students receiving the necessary preliminary train- 
ing in physics and mathematics under Professor 
©. J. Adderley, B.A.I. The mathematical stan- 
dard is about equivalent to the final (pass) degree 
at London, but in view of the piediler circum- 
stances obtaining, it is endeavoured to devote prin- 
cipal attention to the more practical part of mathe- 
matics, the calculus and spherical trigonometry being 
introduced comparatively early, so as to give the 
students a means of successfully tackling the more 
advanced problems in engineering dynamics and 
geodesy. In view of the predominance of civil 
engineering and mining in China, the subject of 
surveying plays a very important part in the work, 
and the college is well-equipped with instruments. 
Field work is carried on t» a considerable extent, 
the surrounding country being very suitable for it. 

The mining department, under Professor D. 
Thomas, B.E., is also in a flourishing condition. 
Well fitted, but as yet incomplete, chemical and 

eological laboratories have been installed, and it is 

0 that shortly a new building will be erected 
specially for this branch of the work. A collection 
of several hundred petrological specimens forms 
the nucleus of a geological museum, and a set of 
crystallographic models should also be noted in this 
connection. The proximity of the mines renders 
practical do:xonstration simple, and the whole of 





the vountry adjacent is of considerable geological 
interest, various strata, chiefly of the carboniferous 
series, cropping out through the loess plain. The 
local industries of brick, cement, and tile-makin 
also afford excellent practical studies in chemica 
technology. There is a library, accessible to staff 
and students, consisting of several hundred tech- 
nical works and a copy of the ‘‘ Encyclopedia 
Britannica.” 

The students’ rooms are fitted so as to be con- 
venient for private study, and some of the men have 
proved to be very assiduous in this respect. The 
athletic side of college life has not been neglected, 
accommodation for football, cricket, and tennis 
being provided within the college compound. Some 
temporary gymnastic appliances have been erected, 
pending the construction of a building exclusively 
for this purpose. 

The plan, Fig. 1, on e 811, shows the general 
arrangement of the buildings, all of which are in- 
cluded within an approximately square enclosure. 
The various residences occupied by the staff are on 
the north side. Immediately south of these are the 


dining-hall and four dormitory buildings, and in| 


the centre of the enclosure are two buildings de- 
voted to chemistry and mining, lecture-theatres, 
and laboratories (Figs. 2 and 3). East of this is the 
engineering and physics building (Fig. 4), which in- 
cludes three lecture-theatres, two drawing-offices, 
physical laboratory and preparation-room, offices of 
three of the professors, and a geological laboratory. 

Further east is another building, at present a 
swimming bath. Attached to the dormitories is a 
boiler-house for general heating and experimental 
purposes. Buildings to accommodate the engineer- 
ing laboratory and workshop are projected. The 
playing-fields lie south of all the buildings, and the 
verandahs of some of the latter serve as stands for 
spectators. The sanitaryaccommodationis at present 
on the dry system, and the water supply is obtained 
from two wells within the enclosure. 

The whole system, although, of course, not com- 
paring favourably with old-established European 
colleges as regards equipment and scope, is a 
striking object-lesson in the advance of China; and 
while it would as yet be premature to make any 
elaborate forecast of its effect on the civilisation of 
the country, it is indisputable that the existence of 
such an institution is a factor which cannot be dis- 
regarded when considering the future position of 
the empire. 








THE INTERNATIONAL CONGRESS OF 
APPLIED CHEMISTRY. 
(Concluded from page 784.) 
EXPLOSIVES. 

Section IIIz., Explosives (President, Sir Andrew 
Noble, Bart., F.R.S.; Hon. Secretary, Professor J. 
E. Petavel, F.R.S., of Manchester), somewhat less 
overburdened with papers than Section IITA. and 
other sections, also had a very instructive meeting. 


STANDARDISATION AND STABILITY OF EXPLOSIVES. 


Captain A. Desborough, H.M. Inspector of Ex- 
plosives, presented a brief report on ‘*The Adminis- 
tration of the Explosives Act,” and Captain M. B. 
Lloyd, R.A., a report on ‘‘ Standardisation of 
Explosives as regards Diameter, Weight, and 
Strength of Blasting Cartridges,” which, after a 
discussion by Messrs. Lundholm, A. Cooper Key, 
C. L. Reese, O. Guttmann, and E. Hauser, led to 
the adoption of a resolution that this ‘‘ standardisa- 
tion was desirable, and that the questions be 
referred to a sub-committee composed of members 
having both knowledge of mining and explosives.” 

Mr. V. Watteyne, Inspector-General of Belgian 
Mines, read a report on ‘‘The Work of the Inter- 
national Committee on the Unification of Methods 
for Testing the Stability of Explosives.” The Com- 
mittee was appointed at the Rome Congress of 1903, 
and now desired re-appointment. The report was 
approved by the Section, and the resolution adopted 
by the concluding plenary meeting. Mr. Watteyne 
recommended this resolution with particular refer- 
ence to the recent work of German experts. The 
subject was discussed in connection with a series of 
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fessors Mente and Will, of Berlin, in a joint 
per read by Professor Mente, pointed to the sad 
act that more than 2300 men had been killed in 
colliery explosions since the Berlin Congress of 
1903. The United States had, in 1908, constructed 
an experimental station and a chemical laboratory 
at Pittsburg, the former being a circular gallery of 





‘on, 30.5 metres iu length and 1.93 metres in dia- 
meter, in which shots were discharged with or with- 
out tamping. France had continued to accentuate 
the importance of the calculated temperature of the 
explosion—a point undoubtedly of essential import- 
ance, Professor Mente remarked—but had after 
the Courriéres disaster started the large experi- 
mental station at Liévin (which its chief, Mr. Taf- 
fanel, described in another communication—there 
had been a smaller station there previously); the 
station had a length of 65 metres, but could be 
extended to a length of 500 metres, and this 

ery had branches which could be ventilated in 
imitation of actual colliery conditions. The Belgian 
station of Watteyne and Stassart, at Frameries, 
had a length of 30 metres and a diameter of 2 metres, 
somewhat like the Gelsenkirchen station; shots 
were discharged, as in the other cases, into fire- 
damp (of 8 per cent.) and coal-dust ; the ‘‘ maximum 
charge ”’ was established by blasting with tamping, 
the ‘‘limit charge ” by blasting without tamping. 
England had recently added to the Government 
station at Woolwich, 9 metres in length, 0.7 metre 
n diameter, the station at Althofts 2.3 metres in 
diameter, 213.5 metres in length, and especially de- 
signed for ——s coal-dust explosions and their 
propagation. he station was charged with a 
mixture of 15 per cent. of coal-gas and 85 per cent. 
of air ; the tests were generally conducted by ascer- 
taining, not the limit charge, but the charge which 
— in ballistic pendulum experiments, equiva- 
ent toa charge of 56 grammes of dynamite (con- 
taining 75 per cent. of nitroglycerin). Ten shots 
were always fired with 12 in. of clay tamping and 
ten shots with a smaller charge ; none of these 
twenty shots must cause an explosion, nor leave 
any unexploded explosives in the hole if the explo- 
sive were to pass the test. Austria-Hungary had two 
stations, Germany five, the best known being that 
at Gelsenkirchen, oval in section, and 35 metres in 
length. 

General difficulties, Professor Mente continued, 
had recently arisen. There were many problems 
to be studied in connection with explosives, different 
tests were not always in accordance, and the recent 
tendency seemed to be more in favour of one sum- 
mary testing under conditions imitating actual 
colliery conditions, than of conducting varied tests 
under different conditions. But not all the stations 
were in a position to charge their galleries with 
methane ; accidental features of the mines played 
too important a part, and as blasting agents were 
manufactured for the markets of the whole globe, 
they had come to the conclusion that the question 
was not ripe for the unification of methods. 

In discussing this communication, Professor F. 
Heise, of Bochum, mentioned that we knew nothing 
about the temperature of ignition at spots where 
after-damp and explosive mixtures met. 

Professor W. Will, of Berlin, followed with an 
account of some recent experiments of his. The 
difficulties connected with the charging of large ex- 
perimental galleries had induced him to try experi- 
ments in the. Centralstelle fiir Wissenschaftliche 
Untersuchungen at Neu-Babelsberg (not a Govern- 
ment institution), in a gallery 3 metres in length, oval 
in section (0.6 metre * 0.45 metre), with charges 
up to 100 grammes shot from a mortar. He had 
found that the order of explodibility of different 
agents was, on the whole, the same for mixtures 
of air and. coal-gas, oil-gas, or methane, so that 
we might substitute coal-gas for methane. Taking 
photographs he had arranged his camera in such a 
way that he secured a picture of the flame, and at 
the same time an arc indicating the duration of the 
explosion, the latter with the aid of a rotating 
aluminium screen provided with sectors. Safety 
explosives generally gave smaller, more rapidly 
extinguished flames than dangerous explosives. 
Sometimes (picric acid, e.g.) two, or even more, 
explosions followed one another ; there were two 
arcs separated by a dark space, and the secondary 
explosion could be suppressed by adding sodium 
carbonate to the flame, or by lining the mortar with 
cement, while the addition of powdered aluminium 
made it worse. The interesting photographs were 
shown. Mr. W. Galloway said, during the dis- 
cussion, that with the usual practice of putting the 
steel block or gun near the wall, the shot created a 
vacuum in front, and the return wave extinguished 
the flame, so that the blasting agent passed the 
test ; that would not be so in an explosion in 4 
mine, and he had demonstrated at Woolwich that 
a detonator which was thought harmless caused an 
explosion when suitably placed. The gun should 
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be removed from the wall, and be made conical, or 
provided with lateral air-ports. Dr. Beyling, chief 
of the Gelsenkirchen station, spoke in favour of ex- 
periments ona large scale, and pointed out that the 
dust richest in gases was not the worst ; they had 
had terrible explosions in fat coal. He read him- 
self a paper on ‘‘Testing the Safety of Explosives.” 

Professor Will later reported on ‘‘ Testing of 
Explosives for Conveyance ;” and Mr. C. E. Bichel, 
of Hamburg, discoursed on ‘‘ Novelties in the Design 
of Explosive Works,” which was discussed by Messrs. 
Mente, Watteyne, and Stassart. Papers by Mr. 
Clarence Hall, on ‘‘The Equipment of the United 
States Explosive Station ;” by Mr. Louis Barthélemy, 
on ‘*Detonators for Blasting in Mines ;” a long 
report by Professor A. R. Gaspar, on ‘‘ A Comparative 
Study of Stability Tests;” and one by Mr. G. W. 
Patterson, of Maryland, on ‘‘ Stability Tests of 
Smokeless Powders ” (he also gave a paper on ‘‘ The 
Detection of Mercury in Explosives”’) continued the 
subject. The three following communications dealt 
in particular with the coal-dust problem. 


Coat-Dust EXxPpLosions. 


Professor P. Bedson, of Newcastle-on-Tyne, gave 
a demonstration of the ‘‘Inflammability of Mix- 
tures of Air and Coal-Dust,” a subject which he first 
brought before the Leicester meeting of the British 
Association, to which we should refer our readers.* 
He stated that he had, in conjunction with Mr. 
Widdas, modified the method of Holzwart and Ernst 
von Meyer. The dust-charges of 1 gramme, as a 
rule, dried and passed through a sieve, was blown 
against an electrically-heated coil of platinum wire. 
In the new apparatus he exhibited the inlet was 
a glass tube, drawn out and bent at an obtuse 
angle, and the stream of gas ejected from the ex- 
plosion-chamber (a wide tube of glass) struck against 
the cup-shaped bob of a pendulum, so that ballistic 
energy estimates could be taken. The temperatures 
at which coal-dusts ignited ranged from 800 to 
1400 deg. Cent. Lignite dust was most inflam- 
mable, bituminous coal-dust (rich in volatile matter) 
came next; dant, or mineral charcoal, generally con- 
sidered very dangerous, would not ignite in his 
test, even when the platinum melted; moisture 
and silica dust decreased the inflammability. 

Professer W. Galloway, of Cardiff, in his paper 
on ‘*Coal-Dust,” dealt with the history of the 
problem. The gas-outburst theory had failed ; 
explosions would cease if dust deposition could be 
prevented, and the dust should be damped for some 
distance in front of shots to be fired. Dust-tight 
coal-wagons, not charged too full, should be moved 
at moderate speeds, pieces of coal picked up, and 
frequent general sprinkling applied ; it might also be 
tried to line lengths of, say, 100 yards of each road- 
way with brick or concrete and to keep them wet. 

Mr. Forstmann, of Essen, in reading (in German) 
his paper on ‘‘ Methods of Dealing with Coal-Dust 
Dangers in Westphalia,” also referred to the history 
of the problem, and presented statistics on the 
numbers of explosions and of accidents and the 
death-rates per 1000 employés from 1885 to 1907. In 
1899 watering had been introduced, and the reduc- 
tion in explosions and accidents since then was cer- 
tainly most satisfactory. But as other improvements 
had been effected simultaneously, it was not easy 
to fix the share due to damping. The two terrible 
explosions at Reden and at bod had shaken con- 
fidence in damping. In the Reden case the water- 
ing had not been properly applied, and the atmo- 
spheric conditions Mad been peculiar ; the cause of 
the Radbod explosion of November 15, 1908 (in 
anthracite dust), which was followed by a second 
explosion ten days later, during the flooding of the 
mine, remained obscure, but appearances pointed 
to an outburst of gas. Most eusien explosions 
certainly had started from the working face. It 
was true that fine coal-dust did not readily absorb 
water sprinkled on it, but humidification of the air 
was useless as regards the coal-dust, and made 
working below unbearable ; they had ascertained 
by enpeetanats that the dust kept its moisture 
long, but was certainly not hygroscopic. Closing 
the trucks and sprinkling the trucks were remedies 
of doubtful utility ; as to the interposition of zones 
always kept wet, the experiments on the Saar and 
elsewhere did not yet allow them to draw any conclu- 
sions. 

Fatt-Hammer Tests FoR EXPLOSIVES. 


Dr. H. Kast, of the Military Experimental Office, 
Berlin, presented a communication on ‘Tests of 





* See Encrvggnine, vol. lxxxiv., page 322. 





Explosives by Means of the Fall-Hammer Method,” 
in which he also dealt with explosives for ordnance. 
A paper on the sensitiveness of explosives to shock 
had been brought, he said, by Professor Lenze before 
the Rome Congress of 1906; the method had now 
been in use for more than four years, and he gave de- 
tailed instructions as to its application. The little ma- 
chine shown consisted of three pieces of steel, a ring 
into which one piston, a T -piece, fitted from above, 
and the other inverted T from below. The powder 
was placed between the two pistons, 8 millimetres in 
diameter, when in the ring, and the apparatus was 
mounted in a fall-machine. The height of fall de- 
creased from 60 to 20 centimetres, with tup weights 
increasing from 2 to 20 kilogrammes. Three appa- 
ratus were always used in a series of tests; the 
charges being very small, 0.04 gramme, the appa- 
ratus could serve a long time. During the discus- 
sion Professor Will mentioned that the Nernst 
compression apparatus rendered excellent service in 
the study of explosions, and small variations in the 
composition of the gases had great influence. If a 
gas mixture containing 9 per cent. of CO, fired at 
125 deg. Cent., it would only fire at 220 deg. when 
10 per cent. of CO, were present. 


Ve.octty oF DETONATIONS.—DECOMPOSITION OF 
NITROGLYCERIN.—NITRATION OF CELLULOSE. 


In a report on ‘‘ Studies of the Velocity of Deto- 
nation,” Mr. A. W. Comey, of a gave 
particulars of experiments conducted by the Bichel 
method on various dynamites of American manu- 
facture. The observed velocities ranged from 2000 
up to 8000 metres per second. 

Important communications on the ‘* Decomposi- 
tion of Nitroglycerin” were presented by Dr. Robert 
Robertson, of Woolwich, who exhibited his glass 
apparatus, and Dr. Poppenberg, of Charlottenburg, 
who dealt with ‘‘ Decomposition of Explosives and 
their Combustion and Explosion Temperatures.” 
Prince Saposhnikoff, of Kieff, read a long memoir, 
illustrated by many diagrams, on ‘‘ The Theory of 
the Nitration of Cellulose.” 

At the conclusion of the proceedings Professor 
Will conveyed the thanks of the Section to their 
President, Sir Andrew Noble, ‘‘ the revered master 
of all of us.” The Section paid a visit to the 
National Physical Laboratory. 


Orcoanic CHEMISTRY. 


It would almost be unfair to attempt to pick out 
any of the great number of noteworthy communica- 
tions discussed by the Sections on organic chemis- 
try, colouring matters, sugar, starch, fermentation, 
agriculture, pharmaceutical chemistry, and broma- 
tology (food-stuffs and drugs), in which for the 
majority of the members the work of the Congress 
really centred. We will very briefly refer to the 
Hygienic Section, VIIa (President, Sir James 
Crichton Browne, F.R.S.; Hon. Secretary, Dr. Kay 
Menzies, of University College, London). 


Hyaiene. —SEWAGE. 


The opening address of Sir James Crichton Browne 
concerned ‘‘ Sewage Disposal and Disinfection.” Sir 
James said we had to admit that the history of 
sewage dis 1 had, till a recent date, been a 
record of failures and waste of public money. The 
failures had been instructive, however ; for filtration 
through land, broad i, and some chemical 
processes were still useful under certain conditions. 
The bacteriological treatment would not be another 
failure at enormous expense ; for it was not an em- 
pirical or haphazard novelty, though: it appeared as 
a reversal of the old methods, inasmuch as it 
hastened, instead of arresting, decomposition. Pass- 
ing briefly over the history of bacteriological treat- 
ment, connected with the names of Pasteur, 
Schlésing and Muntz, Scott-Moncrieff, and with 
institutions like the Massachusetts Board of Health, 
and others, Sir James dwelt on biological features, 
and pointed out the importance of the time-factor, 
temperature, desiccation, and light, and urged, 
finally, the standardisation of commercial disinfec- 
tants for the better protection of the public. 

Mr. J. Bégault, of France, also spoke on ‘‘ The 
Biological Purification of Sewage” ; Mr. Rolants, 
of Lille, dealt with ‘‘ Colloidal Matters in Sewage ;” 
Mr. J. H. Johnston with ‘‘ Physical and Biolytic 
Factors in Sewage Purification ;” Mr. W. J. Dibdin 
discussed the ‘‘ Aerobic Method of Sewage Treat- 
ment ;” Mr. W. D. Scott-Moncrieff, ‘‘ High Nitrifi- 
cation in Effluents;” Mr. Wallis Stoddart, of 
Bristol, ‘‘ Nitrification and the Absorption Theory ;” 
and Messrs. J. E. Purvis, C. H. ister, and 





E. Minnett, of Cambridge University, ‘‘ The De- 
composition of Sew in the Presence of Sea 
Water, considered Chemically and Bacterially.” 
In a paper on “ The Dis of Sewage Sludge,” 
Dr. J. Grossmann, of Manchester, advocated non- 
destructive distillation, which he had first tried on 
a large scale five years ago, in Bradford, where the 
wool-washing im 40 per cent. of fatty matter 
(calculated on the dry sludge) to the sludge. 
These experiments had only been y success- 
ful. For the last twelve months he had been 
treating the Oldham sewage—ordinary domestic 
sewage. The —- from the settling-tanks 
to filter-presses: the cakes were dried, mixed with 
sulphuric acid, and treated with steam in cylindrical 
retorts, in which a hollow shaft bearing perforated 
paddles was revolving, thoroughly to agitate the 
mass. The conhmnesl distillate contained 60 per 
cent. of fatty and saponifiable matter; the residue, 
varying much in composition, was a brown odour- 
less substance as fine as flour, and contained some 
40 per cent. of the constituents that made a good 
humus. Specimens were exhibited. 

Papers by Messrs. Adeney, Croner, J. H. Kastle 
and Elvolve, Klert, Rideal, eterten, Winter-Blyth, 
Thevenaz and H. Cade, and others, concerning 
standardisation and tests of sewage and disinfectants, 
were more of an analytical character. 


Leap Potsonine. 


Drs. Goadby and Goodbody brought up the 
problem of ‘‘ Lead Poisoning and Lead Absorp- 
tion,” and, after a prolonged discussion, a resolu- 
tion was adopted that the Government be requested 
to nominate a Commission to make researches in con- 
junction with manufacturers with the object of en- 
couraging, in the ceramic arts, the use of substances 
not containing lead, and of restraining the use of lead 
materials. This resolution was passed bythe plenary 
meeting, but we are not sure that another resolution, 
on the a gc meg of noxious fumes and smoke, 
and a third one, proposed by Dr. A. Aulard, of 
Brussels, on the pollution of rivers by the refuse 
waters of sugar works, were really passed ; they 
were adopted en bloc, but objections were raised 
subsequently, we shall see. 


Oxycen BreaTHING APPARATUS. 


The ‘‘ Liquid Oxygen Apparatus for Miners” 
which Dr. Vidoux described on behalf of Mr. Georges 
Claude and Mr. Le Rouge, of Paris, was an appa- 
ratus weighing 4 kilogrammes per 1000 litres of 
gaseous oxygen per hour, and was, it was stated, 
free of all valves and mechanism. The face-mask 
pee automatically the inrush of air, and the 

000 litres of oxygen would last 2} hours. Mr. 
Claude’s 20-horse-power machine supplied 12 litres 
of liquid oxygen per hour. 


ELectro-CHEMISTRY AND PuysicaL CHEMISTRY. 


Section X., Electro-Chemistry and Physical 
Chemistry (President, Sir John Brunner, MP; 
Vice-President, Dr. G. T. Beilby, F.R.S., of 
Glasgow ; Hon. Secretary, Dr. Mollwo Perkin, of 
London), naturally received a very large number(125) 
of communications of the most varied character. 


PuysicaL NoTation AND ConsTANTS. 


We have already noticed three of the papers on 
the fixation of atmospheric nitrogen. urther 
theoretical communications on this subject were 
made by Drs. Bodenstein and Bredig. On tho 
motion of Dr. Bodenstein, of Hanover, it was 
resolved to appoint an International Committee for 
the investigations of thermo-chemical phenomena. 

On behalf of a Committee of the Faraday Society, 
acting in conjunction with the Bunsen Gesellschaft, 
Dr. j . C. Philips and Dr. G. Senter presented a 
draft of symbols to be used in Physical and Che- 
mical Notation ; this scheme, which su ts a few 
alterations in the notation used German 
scientists, was adopted. Professor Charles Marie, 
of the Sorbonne, Paris, presented the report of the 
Société de Chimie-Physique, on Physical Constants 
and Numerical Values; an International Com- 
mittee was appointed on the motion of Dr. Beilby. 
Of other theoretical papers we mention one by Dr. 
Niels Bjerrum, of Copenhagen, s ing a ‘‘ Modi- 
fication of the Electrolytic Dissociation Theory” 
with respect to colour phenomena ; two by Pro- 
fessors Ipatjefiand Werkowsky, of St. Petersburg, 
on ‘‘The Replacement of Metals in their Aqueous 
Salt Solutions by Hydrogen under Pressure” (for 
which there was in each case a critical minimum 
temperature below which pressures up to 600 
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atmospheres would not act), and on *‘ Catalytic 
Reactions at High Temperatures and Pressures.” 


ALKALI ELECTROLYSIS. 


We have already mentioned some electrolytic 
alkali processes. Dr. L. Baekeland, of Yonkers, New 
York, gave particulars of the ‘‘ Townsend Electro- 
lytic Cells at Niagara Falls,” where a 1000-kilowatt 

lant had been working for 34 years; this plant 
been enlarged to 4000 kilowatts. The cells, we 
may say, resemble those,of the Hargreaves kind, 
which we illustrated some yéars ago. Longitudinal 
vertical diaphragms of some asbestos fabric (due 
to Dr. Baekeland), resting against the cathodes of 
wire netting, divide the narrow deep cell into an 
inner anode compartment and twe outer ¢athode 
compartments. The latter, Dr. Baekeland ex- 
— were filled with kerosene oil, in:which the 
ormed caustic soda quickly sank to the bottom. 
The seventy-six cells were run at 2500 amperes— 
100 amperes per square foot—at 70 deg. Cent. In 
the new cells the current density was raised to 150 
amperes ; the anode deterioration was greater with 
this higher density, and the current efficiency lower, 
yet it was more profitable. The lye contained 
150 grammes of NaOH and 200 grammes of salt 
(NaCl) per litre, and was evaporated in triple- 
effect vacuum pans in which the salt crystallised, 
and finally, in finishing-pots, yielding a caustic 





Fig, 1. 


soda containing 2 per cent. of carbonate and 5.0 per 
cent. of undecomposed salt. 

Mr. A. Leriche, of Grenoble, read a paper on 
‘The Electrolysis of Salt Solution with Zinc 
Anodes for the Production of Zinc White,” and 
Messrs. A. Brochet and G. Boiteau described an 
electrolytic cell process for ‘‘The Conversion of 
Ammonium Nitrate Solution into Nitric Acid.” 


Evecrric Furnaces ; CALCIUM CARBIDE AND 
STEEL. 


A paper on ‘‘Large Electric Carbide Furnaces” 
was read by Dr. R. Taussig, and Mr. C. A. Hansen, 
of Schenectady, New York, and Mr. Samuel Tucker, 
of Columbia University, New York, read papers, the 
former on ‘‘Gas-Pressure Equilibrium in Calcium- 
Carbide Formation,” and the latter on ‘‘ The Efti- 
ciencies of Arc and Resistance Furnaces.” Mr. F. 
A. J. FitzGerald’s paper on ‘‘ The Lash Steel Pro- 
cess” described experiments made by him at Niagara 
Falls, and did not give much new information. The 
General Storage Company sent a paper on ‘The 
American Car-Lighting Storage Battery Systems.” 


NATIONAL AND INTERNATIONAL CONSERVATION 
or WaTER Power. 
Mr. Edward R. Taylor presented, on behalf of 
the American Electrochemical Society, a memoir on 
‘** National and International Conservation of Water 





Power, in which he dwelt not only on water power, 
but also on the waste of natural gas, afforestation, 
and other problems. The Section resolved that the 
next Congress should make arrangements for the 
discussion of this most important question, and the 
plenary meeting endorsed this resolution. 


LEGISLATION. COMPULSORY WORKING OF 
PATENTS. 

We have passed over SectionIX., Photo-Chemistry 
and Photography, though interesting enough, and 
will say a few words on Section XI., Law, Political 
Economy, and Legislation affecting Chemical In- 
dustry (President, Lord Alverstone ; Hon. Secre- 
taries, Viscount Tiverton and Dr. R. Moritz, of 
the Temple). 

The proceedings opened most propitiously with 
the presidential address of the Lord Chief Justice, 
who, in the interests of international- science, sug- 
gested that the different countries should approxi- 
mate to an international code concerning the pro- 
tection of inventions. Recent British legislation 
made it a condition that the process must be worked 
in the country in which the patent had been taken 
out. That seemed to be a step in the wrong direc- 
tion, and would discourage inventors and make 
people revert to secret processes—one of the worst 
forms for the development of inventions. After 
Lord Justice Fletcher Moulton had dealt with 
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‘*Some Fundamental Difficulties in the Appli- 
cation of Law to Chemical Questions,’’ the Section 
resolved that ‘‘ the manufacture in one country of 
the union protects the patentee against revocation 
of his patent in all the countries.” Many more 
legal problems of most varied descriptions were dis- 
cussed, partly in listless meetings, and many more 
resolutions were adopted ; but when those thirteen 
resolutions were to be reported to the plenary 
meeting, nobody appeared to explain and to — 
them, and on the motion of Professor F. W. Clarke, 
of Washington, they were referred on to the next 
Congress. Sir Hugh Bell then pointed out that 
some resolutions of Section VIIIa.—-calling for more 
factory inspectors, for example—did not appear to 
have been framed with due forethought; and Dr. 
H. von Bottinger drew attention to the far-reaching 
character of other resolutions. We do not know, as 
we stated already, whether or not these resolutions 
were really adopted by the Congress, and it does 
not matter under the circumstances. 


THe GENERAL DIscourRsEs. 


Four lectures were delivered to the Congress in 
the Great Hall of the University of London, 
Imperial Institute Building, two on the Friday, the 
third on Monday, and the fourth on Tuesday after- 
noon. In the first, on ‘‘The Synthesis of Camphor,” 
Professor Haller, of Paris, described, in French, the 
attempts made—notably since 1905—to prepare 
artificial camphor ; it is Professor Haller’s own 
field of investigation. In the second lecture, Pro- 
fessor Paternd, of Rome, speaking in Italian, 
dealt with the general features of ‘‘ Synthetical 
Chemistry.” The third lecture, on ‘‘ Evolution in 
Applied Chemistry,” delivered in faultless English 
by Professor Otto N. Witt, Principal of the Char- 
lottenburg Technical College, was a brilliant address 
on the application of biological conceptions to 
applied chemistry. The alien of the fourth 
lecture, delivered by Sir Boverton Redwood, was 
‘* Liquid Fuel.” The lecturer discussed the sources 
and uses of petroleum, dwelt on the use of liquid 
fuel in the Navy and on railways, emphasised the 
need of economy, and mentioned an awe-inspiring 
case of accidental waste : Petroliferous strata under 
enormous pressure were struck last July at a depth 
of 1820 ft. in Mexico ; the ground began to tremble, 
fissures formed, extending 250 ft. from the well, 
and the gas caught fire; a flame nearly 1500 ft. 
high and 500 ft. broad burned for 58 days, and 
something like 3 million barrels of oil were con- 
sumed, 


ConctupInc MEETING AND ConcLupING REMARKS. 


The concluding plenary meeting, held on Wed- 
nesday, the 2nd inst., at 10 a.m., received the 
reports of the Sections, and adopted some resolu- 
tions on which we have already commented. Mr. 
Whitelaw Reid, the United States Ambassador, then 
read a letter from the Secretary of State to the effect 
that the President approved of the joint resolution 
of the United States Senate and House of Represen- 
tatives authorising the President to invite the Con- 
gress to hold its eighth meeting, in 1912, in the 
United States. Dr. Arthur Wiley supported the 
invitation, and Sir William Ramsay, who presided, 
of course, announced that Professor E. W. Morley 
would be honorary President, and Dr. W. H. 
Nichols, of New York, acting President. The latter 
is a great chemical manufacturer; the former is 
better known to our readers, perhaps, from his 
attempts to settle the question whether the earth 
drags the ether with it, than from his researches 
on atomic weights. It is the first time in the his- 
tory of the Chemical Congresses that the chief of a 
nation has invited the chemists to his country. A 
long string of complimentary speeches in various 





languages concluded the proceedings. 

It was no doubt a great meeting, and the best | 
of spirits prevailed throughout. Great men had | 
assembled from all parts of the world. That not | 
all expected had come was fortunate, perhaps, in | 
view of the prodigious number of papers sent in. The | 
reports on the Proceedings of the past Congresses 
had grown into four and five heavy volumes ; this | 
ear it was resolved, without any grumbling, to | 
eave the decision as to the publication of papers | 
to an entirely British publishing committee. Con- | 
sidering that most of the papers were not offered | 
in English, the request for an international com- 
mittee would not have been unreasonable. At 
Berlin the daily journal issued every morning 
contained lists of all the papers read the previous 
day, together with concise reliable abstracts of the 


discussions. This year the journal gave little 
more than titles of papers read and to be read ; in 
some sections the honorary secretary had no assis- 
tant, and everybody will understand what that 
work means. Visits to works were not a prominent 
feature. In addition to some visits arranged by the 
Sectional secretaries, Liebig’s Extract of Meat 
Works, the power-station of the Underground 
Electrical Railways, and the National Physical 
Laboratory were thrown open to members. The 
social features—entertainments, garden parties, in- 
cluding a river party by Lady Bell—were thoroughly 
enjoyed. They are certainly very essential for 
international gatherings, which people attend chiefly 
to meet friends and to exchange views. But a 
Congress without papers—the suggestion was fre- 
quently to be heard—would degenerate into a 
vicnic. The International Congresses for Testing 
Materials limit the discussions and papers to set 
problems ; that example might be followed. 

The visit to Windsor, by the King’s invitation, 
brought the programme to a close. In the rain of 
Wednesday, June 2, the King sent a special message 
that he would be glad if members would come in 
any case. Four special trains conveyed some 3000 
members to Windsor on Wednesday afternoon. 








ELECTRIC TRAVELLING GANTRY 
CRANE. 

Tue electric travelling crane which we illustrate on 
es 814 and 815 has been manufactured vy Messrs. 

. and A. Musker, Limited, of Liverpool, and supplied 
to .the Mercantile Dry Dock Company, Jarrow-on- 
Tyne. It is capable, under working conditions, of 
raising a load of 15 tons at a radius of 53 ft. 2 in. 
from the centre of the crane, the test-load applied 
being 224 tons. All the motions of hoisting, lowering, 
derricking, travelling, and revolving are worked by 
separate motors. The crane is shown in perspective in 


Fig. 1, page 814, and in side elevation, plan, and end | po 


elevation in Figs. 2 to 4, page 815. 

As will be seen from the illustrations, the crane is 
mounted on a high carriage, which allows a head-room 
of 10 ft. clear from the rail-level, the gauge between 
the rails being 26 ft., and the wheel-base 20 ft. The 
height to which the crane is capable of lifting is 
55 ft., and the minimum radius 35 ft. Under a full 
load it is capable of hoisting at a speed of 20 ft. per 
minute, and under the same conditions it will travel 
at a speed of 100 ft. per minute. At the end of 
the jib the slewing speed under the full load is 
350 ft. per minute, and the derricking can be done 
from full to minimum radius, while the full load 
is suspended, in 2 minutes. When carrying out the 
above operations, the hoisting motor is capable of deve- 
loping 20 brake horse-power at a speed of 575 revolu- 
tions per minute; in fact, all the motors revolve at the 
same speed. The motor for slewing develops 8 brake 
horse-power, the travelling motor 30 brake horse- 
power, and the derricking motor 25 brake horse-power. 

The hoisting-gear is of the spur reduction type, 
and is fitted with two ropes off the barrel, which pass 
round a return block and have equalising sheaves at 
the jib-head, the rope being four falls. For derrick- 
ing, worm reduction gear is used with sixteen parts 
of rope and two ropes off the derricking barrel ; 
worm and spur-reduction gear are used for the slew- 
ing motion. The crane revolves on a live ring of 
rollers running on cast-steel roller-paths. The six 
travelling-wheels are driven through spur and bevel 
reduction gear. To control the lowering, a foot-brake 
is provided, and a magnetic brake is fitted on the 
motor shaft to sustain the load in case the motor 
should fail. There are also magnetic brakes on the 
derricking and travelling motions. 

The electrical equipment is suitable for a current 
of 440 volts, three-phase, the motors being semi- 
enclosed, of the slip-ring type. The controllers are of 
the tramway type; the lighting is on the crane, and 
the switch is fitted with triple-pole switch and 
fuses. The current is collected from wires in a trench 
laid along the crane-track box. 

The crane is of very massive construction, the 
moving weight being 105 tons, and, we are informed, 
easily fulfilled the tests applied. The whole of the 
machinery is housed in, as is shown by the illustration. 





WORKMEN'S COMPENSATION CASES. 
Court oF APPEAL. 

Liability of Beg and Sub-Contractor.—In the case 
of Marks v. Carne, decided in the Court of Appeal on 
May 26, the point was raised as to the liability of the 
contractor and principal under Sections 4 and 13 of the 
Workmen’s Compensation Act, 1906. 

The respondent Carne was a timber merchant, who had 
contracted with Marks to clear growing wood, and Marks 
had employed his son in the work of clearing. The work- 
man was injured in the course of this employment, and 
he sued the principal, Carne, and the County Court 
Judge, as arbitrator, held he had no claim. 





The law as to sub-contracting is contained in Section 4 
of the Act (1): where any person (referred to in this section 
as the ages ge in the course of his trade or business 
contracts with any other person (referred to as the con- 
tractor) for the execution, by or under the contractor, of 
the whole or any part of the work undertaken by the 
principal, the principal shall be liable to pay to any 
workman employed in the work any compensation which 
he would have been liable to pay if the workman had 
been immediately ey by him. 

By Sub-section 2: ere the principal is liable to pay 
compensation, he shall be entitled to be indemnified |y 
any person who would have been liable to pay compensa- 
tion independently of this Section. The principal being 
entitled to be indemnified by the contractor, his liabilit, 
to the workman is measured by the liability of the con- 
tractor. Now in this particular case the contractor was 
not liable at all to the workman, for Section 13 of the 
Act says “‘ ‘workman’ does not include any person who is 
a member of the employer's family dwelling in his house,” 
and the injured workman here was the son of the con- 
tractor who was the direct employer, and lived in his 
father’s house. Compensation, had it been payable, 
would have been calculated on the basis of the workman's 
earnings under his direct employer, but the Court of 
Appeal was not prepared to say the principal is liable to 
pay compensation toa man who has no claim against the 
contractor who is his direct employer. 

It would seem that had the workman not been the con- 
tractor’s son living in his father’s house, the principal 
might have had to pay him compensation, ‘‘ which he 
would have been liable to pay if that workman had been 
immediately employed by him”—the principal. Thus 
apparently by a legal quibble this injured workman is 
deprived of the protection which is meant to be given 
him by Section 4 of the Act. 

Industrial Disease.—In Curtis v, Black and Ce. the 
appellant was a boatswain at one time in the employ of 
the defendant steamshipcompany. Much of his time was 
occupied in painting the hull of the steamship, and on 
long voyages he was greatly ex to the danger of lead- 
ee. and + genong, d suffered from lead-poisoning. 

n January of this year he attended the certifying sur- 
geon at Liverpool, who stop him from work in con- 
sequence of lead-poisoning. ‘The County Court Judge, as 
arbitrator, was satisfied as to the facts, and although lead- 
isoning is one of the ‘‘industrial diseases” which are 
included in the schedule of the Workmen’s Compensation 
Act, this case was held by him not to come strictly within 
the purview of the Act. 

In cases of industrial disease the workman is entitled, 
according to the Act, to compensation for injury when the 
certifying surgeon of the district where the worker is 
employed has certified he is unfit. This section seems to 
contemplate the work of landsmen only. The provision 
for the certificate of the su m of the workman’s dis- 
trict is, of course, not applicable when the work has been 
done, and the injury by means of the lead-poisoning has 
been contracted, at sea. The absurdity of this is obvious, 
now that workmen’s compensation for injuries extends to 
seamen whose “ certifying surgeon’s district” should be 
not where the work is done, as in the case of workmen 
on land, but the port where the seaman is ordered to 
suspend his work and the surgeon certifies him as unfit. 

This is a case which, in the narrow and strict interpre- 
tation of the Act, had to go against the injured workman. 
The Court of Appeal upheld the decision of the arbitrator, 
and thus Section 8 of the Act is made inoperative where 
seamen are concerned, although the Act is supposed to 
protect seamen as well as landsmen. 

Disease following Accident.—Ystradown Colliery «. 
Griffiths in the Court of Appeal raised the interesting 
question whether compensation should be awarded for 
serious disease following a trivial accident. In December, 
1907, Griffiths was the victim of an accident at his work, 
when a stone fell-upon his knee, and the man was unable 
to walk home. As a result of his incapacity he was ex- 
posed to severe cold, as he limped for two hours on the 
road home, and after his knee was well he suffered from 
the effects of the exposure, and now has bronchitis and 
asthma, The arbitrator held that bronchitis and asthma 
were not the immediate effect of the accident and might 
have been due to the man’s inherent weakness, and refused 
compensation. In the Court of Appeal this decision was 
reversed, their lordships taking the view that although 
bronchitis is not an industrial disease as contemplated by 
the Act, yet it came upon the workman indirectly «s 
the immediate result of the accident. This decision agrees 
with many such cases where the injury takes the form of 
disease brought out by the accident. 

Who are Dependants ?—In the Court of Appeai, on the 
29th ult., a quite novel point arose in the case of McLean 
and Wife v. Moss Bay Iron and Steel Company. 

It was an appeal from the County Court Judge as 
arbitrator in a claim under the Workmen’s Compensa 
tion Act; the applicants, husband and wife, claimed as 
‘* dependants” on the death of a youth employed by the 
Moss Bay Company. 

The deceased was the illegitimate son of Mrs. McLean, 
but McLean was not the putative father. He lived with 
his mother and her husband, whom he regarded as “*step- 
father,” and paid his wages to his mother, who had the 
common fund for their housekeeping. In these circum- 
stances the arbitrator awarded the male applicant 5/. 
and the mother 25/., and against this the Moss Bay Com- 
pany appealed, The questions raised were: (1) Was the 
male applicant a dependant at all ? (2) Can the mother ! 
called a dependant in such a case, seeing she is supposed 
to be only partially dependent on her son’s earning-. 
The Court of Appeal, consisting of the Master of the Rolls. 
Lord Justice Buckley, and Lord Justice Kennedy, decided 
that neither of the applicants was a ‘‘dependant ” at al! 
within the meaning of Section 13 of the Workmens 
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Compensation Act, and allowed the appeal, thus dis- 
agreeing with the award of the County Court Judge. 
The claim of the male applicant was bad in law, as an 
illegitimate bachelor can have no ‘‘dependant” other 
than a mt or grand parent. That the male applicant 
should OS enact as “stepfather” was, of course, out of 
the question. A stepfather, not being a parent, cannot 
be a dependant. vAS 

In no case could he come within the class of ‘ de- 
pendants” as defined in Section 13. ) 

As to the mother’s claim, although she is, of course, 
nominally within the class of ‘‘ dependants,” it appea: 
from the evidence in this case she was not actually a 
‘*dependant,” because she was not wholly dependent on 
her son’s earnings. ; 

The wages to the common fund supplied to her by her 
husband paid for their living without the boy’s contribu- 
tion, and therefore she had not the claim of a ‘‘depen- 
dant” within the meaning of Section 13 of the Workmen’s 
Compensation Act. If the husband had been the victim 
of the accident, and the wife had claimed compensation 
as “dependant,” she would have been counted wholly 
dependent, whether the family fund was all his earnings 
or was partly received by her from the son as her husband’s 
agent or manager. The wife could not be wholly depen- 
dent on her husband and at the same time partially 
dependent on her illegitimate son. h 

he Master of the Rolls, in giving this judgment, 
expressed the doubt whether, in the case of husband and 
wife living together with other members of the family, 
the wife can ever claim as distinct from the husband to 
be dependent on the earnings of a member of the family 
whose wages have gone to increase the common family 
fund, and have not been appropriated to the benefit of 
the mother as distinct from her husband. Had_ the 
husband been killed with the boy the wife certainly could 
not have claimed separately for the death of the two. 

A dependant must always be a member of the deceased 
workman’s family who was —e on his earnings at 
the time of the workman’s death. 

An illegitimate bachelor in this case is not ye ! liable 
to maintain anybody, but this dependency under the 
Workmen’s Compensation Act is irrespective of any legal 
obligation to maintain. 

An infant is under no obligation to maintain his father, 
but his father may be a ‘‘ dependant” under Section 13 of 
the Workmen’s Compensation Act. Dependency, there- 
fore, is a question of fact, and not of law. As for ex- 
ample, where a child earning wages, and living with his 
father and mother and other members of the family, the 
mother may be, in fact, the dependant, and not the 
father. 

It may be mentioned that Lord Justice Buckley agreed 
with the other Lords Justices that the male applicant was 
not a dependant, and the County Court Judge had been 
wrong in holding that he was. But he disagreed with 
the Court as to the exclusion of the mother, and thought 
she should have had the whole of the arbitrator’s award. 

As the majority of the Court were of the contrary 
opinion, the appeal of the employers was allowed. 

Trade Union and Branch.—Trade unionists are in- 
terested in the appeal, decided on May 21, in the case of 
Cope v. Crossingham, in which the plaintiffs, as trustees 
of the Municipal Employés’ Association, sued the 
trustees of the Woolwich branch of their society on the 
ground that the resolution of the branch for secession 
from the union was ultra vires, and seeking that the 
defendants might be restrained from distributing the fund 
among the members of the branch, and that the trustees 
of the branch might be removed. 

The defendants’ case was that the fund of the branch 
was the property of the branch, and not of the central 
association. At the trial before Mr. Justice Eve, he held 
the action was maintainable, and made the declaration as 
asked, that the resolution of secession was ultra vires, but 
refused to order payment of the branch fund to the 
trustees of the union. The Court of Appeal affirmed 
the judgment of Mr. Justice Eve, the injunction was 
granted, restraining the Woolwich branch from dealing 
with the funds otherwise than in accordance with the 
tules of the union, but refusing payment to the head 
trustees of the union. The branch fund does not belong 
to the branch, neither has the union at head-quarters the 
control of it. 

The dispute appears to have arisen through the union 
having dismi a secretary contrary to the wishes of the 
branch. The union was right in its contention that the 
branch, with the fund acquired subject to the rules of the 
union, could not sever the connection, and with the same 
fund set up an independent society. 

Barrow v. Owners of Derwent.—In this case, which was 
heard in the Court of Appeal on May 26, the engineer 
of a steamer, who had to _ his own provisions, went 
ashore for this purpose. On returning to his ship he fell 
back into the boat when trying to get aboard, and was 
mjured. It was held that as the man had gone ashore 
in breach of his duty as engineer, and not on the ship’s 
business, the accident did not arise out of, and in the 
course of, his employment, so as to entitle him to compen- 
sation, 








AMERICAN Car Orpgers.—Orders for new cars for 
American railroads show a satisfactory increase. The 
Denver and Rio Grande Company has ordered 1500 50-ton 
gondola cars; the Sante Fé, 500 automobile and furniture 
cars ; the Chesapeake and Ohio, 1000 hopper cars ; the 
Neissown, Kansas, and Texas, 800 freight cars; the Great 
Northern, 500 refrigerator cars; the Minneapolis and 
St. Louis, 250 30-ton box cars; the Iowa Central, 250 
40-ton gondols cars ; and the Maine Central, 100 gondola 
cars. The Baltimore and Ohio is rebuilding 500 box 


cars, 





‘‘INERTIA AND MASS.” 
To THe EpiTor oF ENGINEERING. 

Srr,—The publication of Professor Dwelshauvers-Dery’s 
paper is most opportune. He tells us plainly that the 
inertia of matter is “its absolute incapacity to accom- 
plish anything without the aid of forces,” which is in 
accordance with Newton’s law ; whereas, in “‘ The Ether 
of Space,” just issued, a well-known English scientist 
says, on page 4, ‘‘That is what inertia is, power to over- 
shoot the mark, or, more accurately, power of moving for 


red | a time even against driving force—power to rush uphill ;” 


then, again, on page 6, ‘‘the power of persisting in motion 
against obstacles,”—though four or five lines further on 
it is alluded to as “‘impetus or momentum ;” and, on 
pages 113 and 114, ‘‘ Lastly, we have the fundamental 
property of matter called inertia.” 

T am informed that about thirty-seven years ago, when 
the only decent engineering laboratory in the world had 
been started b Linde in Munich, Professor Dwelshauvers- 
Dery might have had a chair at University College, 
London ; and Sir Alexander Kennedy has stated publicly 
that, in setting up his own laboratory, he was guided by 
what had been done by this Belgian professor, who has 
taught us so much about Hirn and his work. There can 
be no doubt as to the eminence and capabilities of the 
distinguished foreigner whose paper appears on 803 
and 804 of this week’s ENGINEERING ; and yet what he 
calls ‘‘absolute incapacity’ our own countryman styles 
“the fundamental property ” ! 


When professors di , engineers must deeide, and 
they will surely say ‘‘ Wake up, England.” 
Yours truly, 


June 14, 1909, STUDENT. 








THE FORTH- AND CLYDE CANAL. 
To THE EpiTor OF ENGINEERING. 

Srr,—I have read with great interest the article in your 
number of the 23rd ult. on the proposed ship canal con- 
necting the Clyde and Forth. e@ very important point 
seemed to have escaped the attention of the writer, which 
I should like to refer to—viz., that this route affords far 
greater security to trade, neutral and home, than the ordi- 
nary track of shipping in the event of war between this 
country and Germany. 

Vessels bound to the Tyne, Tees, Humber, Aberdeen, by 
using this route would avoid the shoal waters, so favour- 
able to mining operations, of the East Coast gats and 
Straits of Dover, and passing close inshore would be far 
safer than by using the other route, the distances in the 
actual war area being much shorter. 

A glance at the map will show that lines joining the 
Isle of Wight and Cherbourg, and Leith a the Skaw, 
embrace the principal theatre of warlike operations, and 
all vessels bound to the Baltic by using the canal would 
run much less risk from mines, torpedo craft, &c., than by 
the North Sea route. 

This view might be considerably enlarged on, but I will 
not trespass on your space. 


I am, yours truly, 
Zanzibar, May 28, 1909. R. 





THE FEES OF CONSULTING ENGINEERS. 
To THE Eprror OF ENGINEERING. 

Srr,—I am aware it isa very difficult subject, but can 
nothing be done, either by the various institutes in- 
terested, or by the profession at large, to put a stop to the 
ruinous competition that appears to be rampant during 
recent years among consulting engineers? 

From what I have heard my experience is only that of 
many others. I may say that on several occasions of late 
I have m asked to name an inclusive fee for certain 
specific work, which I have dune, but in some cases it has 
gone by me, and I have since been informed it was being 
done at very much less than my charges, although they 
were certainly not calculated on an extravagant basis. 
Fortunately for me, I am not compelled to accept some of 
the miserable fees offered, but surely there is “‘ something 
rotten in the state of Denmark” when a man, after an 
expensive education, has spent the best years of his life 
in perfecting himself in his profession, is sometimes offered 
fees more suited to the requirements of a “ glorified 
fitter.” 

This is, I suppose, a ‘‘cheap age,” but by combination 
surely something might be done to alter this very unsatis- 
factory state of affairs. 

Per some of your readers will give us the benefit of 


their opinions. 
Yours faithfull 
M. Powis Bax, M. Inst. C.E., 
Chiswick, June 16, 1909. 


M. I. Mech, E. 








THE LOSS OF THE 8.8. ‘‘ REPUBLIC” AND 
THE STRENGTH OF BULKHEADS. 
To THE Eprror oF ENGINEERING. 

Srr,—From a reliable source I have received the follow- 
Bray va me of the ultimate cause of the loss of the 
ite Star liner Republic, and as I think this informa- 
tion is of great importance, I venture to ask you to bring 
it to the notice of the public, together with a few remarks. 
After the collision the engine-room of the Republic was 
flooded, but the bulkheads seem to have fairly withstood 
the pressures of the water until the moment when the 
ship was taken in tow by the steamers Seneca and 
Gresham, when the swashing of the water caused the aft 
engine-room bulkhead to break down, followed by the 
breakdown of several other bulkheads in the aft end of 
the ship. Loud reports, as of explosions, one after the 
other, indicated the tearing asunder of the bulkheads, and 

the ship soon after went down by the stern. 


The important fact that the loss of the ship was directly 
due to weakness of the bulkheads is not, I believe, generall 
known, or has not, at least, received the attention which 
it deserves, although it has already been pointed out by 
the Scientific American some time ago. 

The fortuitous circumstance that the bulkheads did not 
fail till after the passengers had been taken off, and that 
so few lives were lost, have somewhat obscured the im- 
pros of this breakdown, and have made people over- 
ook that only a rare combination of favourable circum- 
stances prevented the occurrence of a great disaster. 

The skill and heroism of the captain and the crew, the 
splendid attitude of the passen the excellent work 

one by the wireless telegraphist and by the assisting 
steamers, have naturally attracted the attention of the 
public, and comparatively minor importance has been 
attached to the loss of the ship, and in particular to the 
cause uf the loss. It seems now evident that, had the sea 
been less uc'™, the bulkheads might have given way 
immediately after the collision, in which case many lives 
might have been lost. 
ow, this ship must have been built under the rules of 
Lloyd’s or Veritas ; her bulkheads were presumably as 
strong as those of many other ships of the same type, and it 
is therefore of the test interest to all people connected 
with shipping, and to the ocean-travelling public, that 
this matter should be fully investigated. Steps should be 
taken at once to remedy the defects which may be found 
in existing passenger steamers, and the rules of the classifi- 
cation societies concerning this matter should be revised 
if necessary. 

Since the time of the ‘‘ Bulkhead Committee ” (of 1891, 
I believe), no public investigation has, tomy knowledge, 
been made of this important question ; and if the above 
report of the loss of the Republic is correct, it is high 
time to take it up again. 

A careful study should be made of the bulkheads of all 
liners, comparing them with the bulkheads of the Republic, 
and bulkheads which do not show a margin of 
sirength over those of the Republic should be strength- 
ened. 

The small expenditure in weight, space, and money, 
which may be hereby imposed upon shipowners ought 
not to be considered when the safety of the ships and of 
human lives are at stake ; and a reform in this direction 
should have the support of all people connected with ship- 
ping and of the travelling public. 

Yours very truly, 
WILtiAM Hovcaarp, 
Professor of Naval Design, Massachusetts Institute 
of Technology, Boston, U.8,A 
115, Vestervoldgade, Copenhagen, Denmark, 
June 14, 1909. 








ELECTRIC WAVES. 
To THE EpiTor oF ENGINEERING. 

Sir,—Dr. Fleming has on several occasions given, as an 
illustrative example of the fact of the occurrence of two 
sets of waves in an electrically-coupled circuit, the case of 
two pendulums swinging from a common string. Is it, 
however, certain that these are analogous cases? From 
some recent experiments in the latter case it appears, out- 
side the limits of error, that there are no changes in the 
periodic times of the two pendulums. It is true that the 
pendulums alternatively come to rest, and that the driv- 
ing one is always about a } period in advance of the driven 
one ; but the relative phase of the driver to the driven 
appears to be changed at the time of rest by the sudden 
loss of a 4 period. 

In the actual experiment the second-beating pendulums 
were hung from a string about 10 metres long, at points 
3 metres from each -— § and the periods of oscillation 
noted by two observers and recorded simultaneously on 
the strip of a Morse instrument. Each pendulum made 
nineteen oscillations between each period of rest, and a 
series of five alternations was noted. 

Yours, &c, 
C. J. 
Bottville-road, Acocks-green, Birmingham, 


Watson, 








**GUEST’S LAW OF COMBINED STRESS.” 
To THE Eprror oF ENGINEERING. 

Sir,—I notice in your issue of April 23, page 555, a 
letter from Professor C. A. Smith calling attention to 
mistakes made by the writer and others in measuring the 
strain of specimens subjected to combined stresses. It 
seems to me that the letter is entirely unfair, in that 
statements are made without giving proof. 

In my tests every precaution was taken to prevent 
eccentric loading, and heads especially constructed for the 
purpose were used (these are shown in my first report, 
Philosophical Magazine, February, 1906). It is not possible 
when using such heads that there could be much eccen- 
tricity. Professor Smith seems to ignore this, and goes 








on to state that under ordinary conditions of loading the 
mistake due to eccentricity may be t, inferring that 
conditions used by the writer and others were ordinary. 
It is unfair to the investigations that have been made to 
say that the methods were those used in ordinary 
commercial tests. fone Pye eeogee of the methods or results 
already obtained should give careful consideration to the 
problem in hand, and no such criticism as that given in 
the letter in question should be presented unless it is 
accompanied by proofs of the statements made. I should 
be glad to see Professor Smith direct his energies and his 
‘“*sphingometer” toward furthering research along this 
important line. 
marreen 45 


L. Hancock, 
Lafayette, Indiana, May 29, 1909. 
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TEN-WHEEL TANK LOCOMOTIVE (3-FT. 6-IN. GAUGE); DUTCH INDIAN RAILWAY. 





CONSTRUCTED BY THE NEDERLANDSCHE FABRIEK VAN WERKTUIGEN AND SPOORWEG-MATERIEEL, AMSTERDAM. 
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Tue Dutch Indian Railway Company, of The Hague, 
Holland, have recently put in service on their line of 
3-ft. 6-in. gauge in Java some six-coupled ten-wheeled 
side-tank locomotives, built for them by the Neder- 
landsche Fabriek van Werktuigen and Spoorweg- 
Materieel, Amsterdam. Illustrations of these locomo- 
tives are given in Figs. 1 to 5, Plate XLIX., with this 
week’s issue, and in Figs. 6 to 17, on the present and 
opposite pages. They were designed by Mr. B. M. 
Gratama, consulting ‘engineer to the Dutch Indian 
Railway Company. 

Of our illustrations, it will be seen that Fig. 1, 
Plate XLIX., gives a sectional elevation of the t. of 
engine, and Fig. 2 half-plans; Fig. 3 is a part of the 
longitudinal elevation, while Fig. 4 gives, on the left 
hand, a cross-section taken through the leading axle, 
and on the right hand a cross-section through the 
cylinders and smoke-box ; Fig. 5 shows a cross-section 
through the fire-box taken at the trailing driving- 
axle, and a half-drawing of the interior of the cab ; 
Fig. 6, annexed, shows a genefal view of the loco- 
motive, reproduced from a photograph. The locomo- 
tives, of which ten were built, have to work on a 
line much of which is on very heavy grades. A pro- 
file of the section of the Djokjakarta-Willem I. line, 
for which these engines are mainly intended—viz., the 
section, 274 kilometres in length, between Setjang and 
Willem I.—is given in Fig. 7. These tank engines 
work from end to end of this section, but on the por- 
tions marked in the figure 7 lines on the profile 
they are assisted by a rack banking-engine. For the 
unassisted portions the curves have a minimum radius 
of 150 metres (6} chains). The steepest gradient on 
curves of this radius is 1.86 per cent. On curves of 

reater radius than this minimum there are grades of 
5 per cent, On the rack-rail sections grades of 6.5 per 











Yj 


cent. occur with curves of 150 metres (6} chains) 
radius. The maximum — on the adhesion sections 
is 40 kilometres (24.8 miles) per hour. On grades of 
2 per cent., with a weight of train of 100 tons behind 
the locomotive, a speed of 25 kilometres (154 miles) 
r hour is attained, while at slow speeds 125 tons can 
handled. On the rack-rail sections, at a speed of 
10 kilometres (6.2 miles) per hour, 20 tons only can be 
taken unassisted. 

The maximum permissible load on any one axle is 
10,000 kilogrammes, and the standard draw-gear of 
the type in use on the line will stand a maximum pull 
of kilogrammes. With this as the maximum draw- 
bar pull, six-coupled wheels sufficed, and this arrange- 
ment allows, of course, of a short rigid wheel-base being 
employed, without special provision of side-play. The 
weight of the boiler is very considerabie, on account of 
the large grate area and the addition of the Schmidt 
superheater, so an additional axle was provided at 
either end. These are arranged in pony-trucks, to give 
sufficient lateral play on the sharp curves. On account 
of having to over sections laid with central rack- 
rail, all gear has to be kept rather higher off the ground 
than usual, while the steep inclines necessitated sloping 
the crown-sheet of the fire-box to suit, and, in addition, 
an extra gauge-glass. The Riggenbach brake is also 
fitted, in order to secure greater control on these 
severe sections. On the six-coupled wheels brake- 
blocks are applied either by hand-screw or by a steam- 
brake, while an additional brake is also provided in 
case of emergency. The locomotive is fitted with 
Gresham’s steam sand-gear in front and behind the 
main drivers. 

The fuel used on these locomotives is split wood of 
Djattie or Java teak. Fuel is stored in the bunker, 
but the cab is large enough to permit of piling a 





, certain additional quantity inside it. 








Fig 7. 
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A spark-arrester 
is provided in the smoke-box. All these features are 
clearly seen in Figs. 1 to 5 on Plate XLIX. 
The principal particulars of the locomotive are as 
follow :— 
Cylinders, diameter... 400 mm. (15? in.) 
Re stroke... es 500 ,, (1944,, ) 
Wheels, diameter, coupled 1.050 m. (3 ft. 5% in.) 
at ing and trailing 760 mm. (2 ft. 5,5; in.) 
Wheel-base, 


— ... 820m. (10 ft. 6 in.) 
i to’ 7 vin 7 
Boiler, diameter of barrel ... 


7.20 ,, (23 ,, 73 ,, ) 
1.192 m. (3 ft. 10}% in.) 
Number of boiler tubes (41 
millimetres diameter out- 


side) ... re wd wa 126 
Number of large flues (121 

millimetres diameter out- 

side) ... 14 


Length between tube-plates 2.83 m. (9 ft. 3% in.) 


8: 
Heating surface : tu ... 40.3 sq. m. (434 sq. ft.) 
ie a large flues 14.1 ,, 
” ” fire-box a 7.4 ( 80 - ) 
oy os total iy (666 ,, ) 
Superheater surface... ~ * oe ae <4 ) 
Grate area... bi a * ae as . ) 
Height of centre of boiler 
above rail 2.20 m. (7 ft. 28 in.) 


”.. 12.65 kilog. (180 Ib. per 
sq. in.) 


Working pressure 


Weight on coupled wheels 

in working order ... We 27 tons 1 cwt. 
Weight of locomotive empty  — ee 
Weight of locomotive in 


working order... ts a 
Capacity of water tanks 880 gals. 
Wood or coal space ... 1 ton 10 cwt. 


In Figs. 8 to 17, on the present and opposite pages, we 
give various details of this locomotive. 

In Fig. 10, page 819, are given details of the stuffing 
box, piston, cover and tail-rod gland. The cylinders 
are inclined to 1 in 50. The extension-rods work in 
cast-iron glands entirely enclosed by the casing shown, 
over which is fitted a thin metal cover. At the back 
end the cross-head relieves the floating metallic pack- 
ing of all weight. This stuffing-box and packing ar 
on the Schmidt system, and allow for considerable 











819 





ENGINEERING: 






































w 


or 














\ 


YY 










































































JUNE 8, 1909:] 


VAVEL 











AVMIIVU NVIGNI HOLOG 








(‘abog apsoddo aas ‘uoudrwsagqy 10,7) 
‘WVGYaISNV “THHIMALVN-DAMAOOdS GNV NADINLMYAM NVA MAIMAVA AHOSGNVIYACAN AHL ADT GALOAYMLSNOO 


‘(HDOAVD ‘NI-9 “Lda-8) HALLONOOOIT MNVL IGHHM-NOL AO SIVLIEd 





820 


ENGINEERING. 


[June 18, 19009, 








difference of alignment of the cross-head. Fig. 11 
shows the piston and tail-rod. A small view inset 
in Fig. 10 shows the position of the joints of the piston- 
rings, while another shows the cuts in the rings, &c. 

The valve motion is of the Walschaert type, the 
valves being piston-valves, with Schmidt spring im, 0: 
Lubrication is provided for the valves and cylinders by 
an eight-supply Friedman pump for forced lubrication. 
This pump is driven off the left-hand valve-link. It is 
shown just ahead of the tank, on the running board in 

‘igs. 3 and 6. The cylinders are fitted with relief- 
valves, air-inlet valves, and drain-cocks. A large air- 
inlet valve is fitted to each steam-chest, and an 
equilibrium pipe, with shut-off cocks, is fitted to each 
cylinder, for running on a down grade with the regu- 
lator closed. 

The side and connecting-rods have plain eye-ends, 
fitted with bronze bushes pressed in. The crank-pin 
and side-rod crank-pin bushes are lined all over with 
white metal. Details of the connecting-rod are te 
in Figs. 8 and 9, which show the bushed big end, lined 
with white metal. The crank-pin washers in the case 
of the coupled wheels (Figs. 15, 16, and 17) are secured, 
as in American practice, by a bolt passing through to 
the back of the pin. A small block is inserted to 
keep the washer or cap from turning round on being 
tightened up. In the case of the driving-wheels 
(Figs. 12, 13, and 14) the cap or washer is screwed on 
to the end of the crank-pin, the small eccentric crank 
for the valve-gear fitting over it and locking the nut 
in position. 

he axle-boxes are of cast steel, fitted with two 
separate brasses. The boxes are arranged to allow of 
the movement in the horns required on account of the 
rolling of the engine. 

As already mentioned, the Schmidt superheater is 
fitted in the boiler and smoke-box. The cast-iron 
superheater headers in the smoke-box consist of two 
separate chambers. Details of the superheater are 
shown in Figs. 18 and 19. It will be seen that a 
damper-door is fitted to the superheater in the smoke- 
box. The regulation of this controls the superheating. 
If closed the steaming capacity of the boiler is largely 
reduced, and the temperature of the superheat is 
likewise controlled. An automatic device makes this 
damper dependent on the working of the regulator, 
as in all modern forms of this superheater. In the 
outflow header a pyrometer by Messrs. Steinle and 
Hartung, of Guedlinburg, is fitted, the dial of which is 
placed in the cab, so as to be under the eye of the 
driver. 

As regards materials, it may be said that cast steel 
is largel used in the construction of the locomotive, 
especially for frame cross-stays, brackets, &c. The 
crank-pins are of 5 per cent. Krupp nickel steel. The 
piston-rods are of 5 per cent. nickel steel manufac- 
tured by the Bochumer Verein. For the gudgeon-pins 
74 awe cent. nickel steel, by the Bochumer Verein, 
is used. 








Peruvian Raitway Exrension.—A contract has been 
entered into between the Peruvian Government and a 
German firm for preliminary surveys for a railway to run 
from the neighbourhood of the portof Paita, on thenorthern 
coast of Peru, to the Maranon, at Puerto Malendez. If 
carried out, the line will’ Le about 350 miles long, and it 
will probably cross the Cordilleras at Portculla at a height 
of 6700 ft. The line would connect the basin of the 
Amazon with the Pacific. 


Society or ENcingrrs.—On Monday, the 7th inst., 
Mr. W. E. Haldwell, B.A., M.S.E., read a paper on 
‘* The Sinlumkaba (Burma) Ferro-Concrete Bridge.” In 
this paper the author describes the methods adopted in 
constructing a reinforced-concrete arch bridge over a 
bridle-rcad in a mountainous tract of country in Upper 
Burma, and, apart from the particulars of construction 
contained in the paper, the author hopes that the descrip- 
tions will gain an added interest from the fact that this, 
the Sinlumkaba Mill Bridge, is the first reinforced-con- 
crete bri to be erected in Burma. The bridge was 
constructed by the Burma Public Works Department, 
and is in one span of 40 ft., with a rise of 12 ft. in the 
arch, the entire width of the bridge being 9 ft., and the 
width of roadway inside parapets 6 ft. The level of the 
crown of the arch is 8 ft. above the highest known fi 
level. The entire arching was made of cement concrete, 
with two layers of reinforcing bars, the bottom layer 
being paw 14 in. above the ntrados, and the top layer 
1} in. below the extrados of the arch. The longitudinal 





reinforcing bars were placed { in. apart, with cross-bars | 


at right angles to them, at intervals of 2 ft., both longi- 
tudinal and cross-bars (which were all 4 in. thick) being 
wired together at their intersections with yy-in. wire. 
The thickness of the arch at the crown was 10 in., and 
at the haunches 3 ft. 9 in. Thus the distance between 
the two layers of reinforcement was 7 in. at the crown, 
and 3 ft. 6 in. at the haunches. The backing of the bridge 
was formed by parallel spandrel walls, made of coursed 
rubble masonry in lime mortar, 4 ft. wide at the bottom, 
and 2 ft. in width at the crown level of the arch. At this 
level a masonry wall, 1 ft. 6 in. in thickness, was built 
along either side of the arch for a height of 1 ft., thus 
acting as a retaining wall for the filling m over the crown, 
and on this wall the masonry parapet pillars of the bridge 
were built, and connected by g-in. square iron bars, which 
formed the railing. 


NOTES FROM THE UNITED STATES. 
PHILADELPHIA, June 8. 

THe condition of the crude-iron market has generally 
improved. In the Pittsburg district all furnaces are in 
blast. Throughout Ohio furnaces are depleting their 
moderate accumulations. Basic pig has been called 
for this week in large quantities for summer delivery, 
and deliveries on orders placed a month ago are being 
called for. Steel scrap has advanced, which affects 
basic. Orders received by the United States Steel 
Corporation in May exceeded in volume that of any 
month in its history. The basis of the present 
improvement appears to be the large increase of 
gross and net earnings of railways. A hardening 
tendency in iron and steel prices is apparent in 
all lines excepting steel rails. Even copper is creep- 
ing up to the 14 cents level. The steel interests 
note the prospects of a re-organisation of the entire 
Missouri Pacitic system under Gould management. 
This will mean its rehabilitation. It has been per- 
mitted to run down more than any other American 
railway system. Wire and wire nails continue very 
active in the Western agricultural sections. Manu- 
facturers of hardware supplies are, of course, quite 
busy filling urgent orders received after the opening of 
the present active building season. The steel mills are 
filling up with business, and at fractionally higher 

rices for early deliveries. A car and locomotive 

uilding plant now being completed at St. Louis, 
Mo., will S in operation on July 1. The Inter-Ocean 
Steel Plant at Chicago is being compe’ with 500,000 
dols. worth of machinery. Nearly all the larger steel 
plants are being improved. The Jones and Laughlin 
new steel plant at Alliquipa, below Pittsburg, is being 
hurried to completion. is will be one of the largest 
steel plants in the country, and is of special interest 
from the standpoint of equipment. Structural mate- 
rial continues very active, and numerous construction 
enterprises are now being hurried to completion. 
Nearly all the Connellsville coke capacity is engaged, 
and 2000 ovens are now being erected on the Monon- 
gahala River, south-east of Pittsburg. Contidence is 
growing in the permanency of the present favourable 
conditions. 








THE ROYAL METEOROLOGICAL SOCIETY. 

Tue last meeting of this society for the present session 
was held on Wednesday afternoon, the 16th inst., at 70, 
Victoria-street, Westminster, Mr. H. Mellish, President, 
in the chair. 

A paper by Mr. R. C. Mossman, F.R.S.E., on ‘* The 
Interdiurnal Variability of Temperature in Antarctic and 
Sub-Antarctic Regions,” was by the secretary. The 
author discussed the day-to-day difference in the mean 
temperature of successive days at a few places in the 
Antarctic regions for which the necessary detailed daily 
observations are available. The greatest mean annual 
temperature variability —viz., 5.9 deg.—was recorded dur- 
ing the “‘ drift ” of the Belgica in the ice-pack, this high 
value being closely followed by a mean of 5.3 deg. at the 
In the Victoria land region, Ross 
Island and Cape Adare have a somewhat lower tem- 
perature variability of 4.5 deg., the value at the 
southern station being higher in summer and autumn, 
and lower in winter and spring, than at the northern 
station. South Georgia occupies an intermediate posi- 
tion between a continental and an oceanic climate in 
its curve of variability, the mean monthly values vary- 
ing according to the proximity of the pack-ice. At 
this station the seasonal values show a small variation, 
and this is also the case at Ushuaia in Tierra del Fuego. 
The variability at the Falkland Islands and New Year's 
Island is very small, pointing to the conserving influence 
exerted by the insular conditions which prevail at these 
places. The maximum variability occurs in winter, and 
the minimum in summer, at the three Antarctic stations, 
as well as at South Georgia and the South Orkneys. The 
smallest variability at any season for any station occurs at 
the South Orkneys in summer, na | only 1.4 deg. Itisat 
this season that cloud amount and fog Romtunr are at a 
maximum, while at the same time rapidly-moving cyclonic 
disturbances are of infrequent occurrence. 

Mr. Ernest Gold described some experiments which he 
and Dr. W. Schmidt had made with a view of ascertain- 
ing if appreciable errors could enter into the temperatures 


South Orkneys. 


ood- | recorded in balloon ascents "ee errors in the alcohol- 
t 


carbonic acid method of testing the apparatus. 

Mr. L. C. W. Bonacina ro | a brief paper advocating 
the use of freely-exposed thermometers in addition to 
sheltered ones, 








Forest Fyres.— According to a report by Mr. H. R. 
McMillan, Inspector of the Canadian Forest Reserves, 
forest fires in the Crow’s Nest Valley in Southern Alberta 
have devasted over 84 per cent. of the total area. It 
appears that, of a possible forest area of 212 square miles, 


| an area of 85 square miles that has frequently been burnt 





is now unfit for agriculture, and is of little value for 
ing, being a poor gravelly prairie. Irreparable 
amage does not sepeer to be caused by the first fire, but 
a second or third fire — kills all the young trees 
and destroys the nature of the upper layer of soil, a 
nm waste being the result. There are still 33 square 
miles of forest that have escaped, and a healthy young 
growth still covers 60 square miles. It is clear that some 
means should be adopted to protect this remaining tract 
from destruction. 





NOTES FROM THE NORTH. 
Giascow, Wednesday. 

Glasgow Pig-Iron Market.—Last Thursday morning the 
pig-iron market opened with a steady tone, but only a 
small business of 3000 tons of Cleveland warrants changed 
hands at 48s. 9d. cash, 48s. 11d. fifteen days, and 49s. one 
month. At the close there were sellers at 48s. 94d. cash, 
49s. one month, and 49s. 44d. three months. In the 
afternoon the market was very quiet, and the only deal- 
ing was one Cleveland warrant at 49%. 54d. three 
months. Closing prices were firm at 48s. 104d. cash, 
49s. 1d. one month, and 49s. 6d. three months sellers. 
On Friday morning the market was steady, but 
business was again limited to one lot of Cleveland 
warrants, which changed hands at 49s. 1d. one month. 
Sellers’ closing quotations were 48s. 10}d. cash, 49s. 1d. 
one month, and 49s. 6d. three months. At the 
afternoon session the tone was firm and 4500 tons of 
Cleveland warrants were dealt in at 48s. 104d. cash, 
48s. 11d. fourteen days, and 49s. 04d. and 49s. 1d. one 
month. Closing prices were a shade harder at 48s. 11d. 
cash, 49s. 14d. one month, and 49s. 64d. three months 
sellers. On Monday morning the market was a little 
more active, and the tone was steady. Cleveland warrants 
were done at 48s. 104d. cash, with sellers over, and from 
49s. Sg to 49s. 04d. one month, with closing sellers at 
49s. 1d. one month, and 49s. 6d. three months. The turn- 
over amoun to about 6000 tons. There were buyers 
of hematite at 57s. 3d. one month, but sellers’ price 
was 58s. In the afternoon the market was dead idle, 
no dealing of any kind being recorded. The closing 
quotations were practically unchanged at 48s. 10d. cash, 
49s. 1d. one month, and 49s. 6d. three months sellers. On 
Tuesday morning the market was easier in tone, and a 
small business, consisting of 2500 tons of Cleveland war- 
rants, was Ta through at 48s. 9d. cash, 48s. 114d. one 
month, and 49s. 5d. three months. The closing prices 
were 48s. 9d. cash, 49s. one month, and 49s. 5d. three months 
sellers. Buyers of hematite were again in the market 
offering 58s. one month, but there were no sellers. In 
the afternoon a steady tone prevailed, and some 3500 
tons of Cleveland warrants were done at 48s. 9d. cash, 
and from 49s. 5d. to 49s. 54d. to 49s. 5d. three months. 
The close was a shade up from the morning, with 
sellers at 48s. 94d. cash, 49s. 0}d. one month, and 
49s. 54d. three months. When the market opened to-day 
(Wednesday) the tone was steady, but no transactions of 
any kind took place at the morning session. At the close 
sellers of Cleveland warrants quoted firm at 48s. 10d. cash, 
49s. 04d. one month, and 49s. 6d. three months. In the 
afternoon weakness was prevalent, and the total turnover 
was only some 3000 tons of Cleveland warrants at 48s. 8d. 
cash, with sellers over. Forward warrants were also 2d. 
down, closing with sellers at 48s. 104d. one month and 
49s. 4d. three months. The following are the market 
quotations for makers’ (No. 1) iron :—Clyde and Calder, 
60s. 6d.; Gartsherrie and Summerlee, 61s. ; Langloan, 
68s.; and Coltness, 88s. (all ~— at Glasgow) ; Glen- 
garnock (at Ardrossan), 62s. 6d.; Shotts (at Leith), 60s. 6d.; 
and Carron (at Grangemouth), 63s. 


Sulphate of Ammonia.—The sulphate of ammonia 
market continues fairly quiet, with ae a limited inquiry. 
The present quotation is round 11/. 5s. per ton for prompt 
lots, Glasgow or Leith. The amount shipped from Leith 
Harbour last week was 2632 tons. 


Scotch Steel Tradc.—Quietness still prevails in the 
Scotch steel industry, and no change of any importance 
can be recorded this week. There seems to be a dearth 
of specifications for shipbuilding material, and the demand 
for lighter material is also very poor. <A good inquiry, 
however, is presently in the market for almost all kinds 
of sections for structural work, and some fair orders have 
lately been ked, even although a number of orders 
have gone to the Continent, where prices are easier. The 
general export inquiry is only moderate at present. 


Malleable-Iron Trade.—No improvement of any kind 
can be mentioned in connection with the malleable-iron 
trade of the West of Scotland. Some establishments are 
said to be worse off for work this week than for a long 
time back, while, on the other hand, there are one or two 
places fairly well employed. The recent reductions in 
prices have not had the effect of increasing business to any 
appreciable extent, and none of the makers are actually 
busy. The basis price for bars is 6/. 2s. 6d. per ton, less 
5 per cent. 

Scotch Piy-Iron.—Scotch pig-iron makers are being kept 
fairly busy with deliveries against existing contracts, but 
new business on local account is, perhaps, not quite so 
brisk. The inquiries from the South and for shipment 
lots are quite up to the average. Hematite is rather 
quiet at the moment. Prices are steady. 


Clude eg ms gin Greenock and Grangemouth 
Dockyard Company have secured an order to build a 
coasting steamer of 450 tons for Austrian owners. rhis 
vessel will be constructed at the company’s Grangemvuth 

ard.—A contract has just been placed with the Clyde 

hipbuilding and Engineering Company, Port Glasgow, 
for one set of triple-expansion engines for a cargo- 
steamer of 4000 tons dead-weight, which is being built 
at Trieste to the order of Mr. Libera, of Trieste. It 
may be recalled that the company built and engined three 
steamers for the above owner about a year ago. 





Tue Iratjan Navy.—The first Italian Dreadnought 
has been laid down at Castellamare. A large quantity 0! 
material has collected, and the Minister of Marine 
has ordered that the vessel shall be launched in October, 
1910, so that-she may enter into service in 1911. A su'» 
marine named the Tricheco, of the Glauco type, has bern 


| launched at Venice. 
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NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 
Hull Coal Returns.—‘‘ Increased business” is a very 
yare report in connection with any industry to-day ; but 
that is the record of the Hull coal traffic, the returns for 
May showing a substantial advance over those of the 
corresponding period last year. During the month the 
total quantity received at the port was 551,216 tons, an 
increase of over 51,000 tons. owever, the tonnage for 
the year, standing now at 2,197,904 tons, is nearly 300,000 
tons in arrear compared with the same period last year. 
There was an increase of over 5000 tons in the coal shi 
to home ports, the total being 70,260 tons, while 355,792 
tons were sent abroad, or an increase of 118,000 tons over 
the export in the preceding May. So far as South 
Yorkshire coal is concerned the foreign trade is increasing 
satisfactorily, as during the five months of this year 
1,024,477 tons have been sent away, or 106,066 tons more 
than in the same month last year, Germany and Holland 
together took over 120,000 tons, or a third of the bulk 
shipped, an increase over 1908 figures of over 60,000 tons. 
While North Russia is slightly behind in orders, Sweden 
is taking more. t is now making a considerable 
demand, and nearly 7000 tons more went to South America. 
It is a curious fact that France, probably the largest 
customer of the British coal trade, receiving some ‘ 
million tons, only takes about 50,000 tons a year of loca 
coal through the Hull port. . 


Iron and Stcel.—There are few tangible indications of 
a revival in general trade, although one or two firms 
started out briskly after the holidays. Stock-taking is 
on, and it is feared that the output of Sheffield works 
during the present quarter has actually been below that 
of the first three months of the year. e fact that such 
trade unions as that of the moulders report some decrease 
in the number of unemployed suggests either a little 
present improvement, or that firms are getting into ship- 
shape in anticipation of the long-wished-for armament 
work in connection with the Home Government’s Dread- 
nought programme. This would account somewhat for 
the “‘better tone” that is spoken of; but, on the other 
hand, it is doubted by some authorities whether any 
marked change for the better will arrive before autumn. 
It is wrens that contracts will shortly be placed for 
steel to be used in the extensive mining developments 


in South Africa. Steel is —— largely used for the 
lining of the deep main shafts and in general equipment, 
and it is hoped that Sheffield will benefit. ere is a 


continuous improvement also in the buying from the 
United States, and although Sheffield supplies little to 
that country besides high-grade tool and crucible steels, 
and some cutlery, America undoubtedly hasa dominating 
influence on international trade, and this apparent re- 
covery from the great financial crisis is taken as a great 
encouragement. At the same time makers of the superior 
kinds of tool-steel are watching closely the progress of 


the American Tariff Bill, as, if the present pro 
survive the widespread hostility, best Sheffield high-speed 
steel will be a very expensive article in the United States, 


if, indeed, it overcomes the prohibitive tariff charges. 
The French tariff proposals have been subjected to 
searching investigation by the Sheffield Chamber of 
Commerce, and although on the face of them they 
would appear extremely irritating, it would seem that 
they would have very little effect upon the steel 
pos There has been an increase of inquiries in 
the local iron market, but. very few transactions have 
taken place, consumers being indisposed to make con- 
tracts for the present, Choosing to wait for some reliable 
sign of improvement in general trade, and being confident 
that there is no reason to anticipate an early advance in 
the prices of raw material. On the other hand, smelters 
show no disposition to sell very much ahead. Lincoln- 
shire ironmasters have abolished the premium system for 
the time being, and have put the enhanced value on the 
basis quotations, leaving actual selling prices unchanged. 
Few, if any, of the finished iron works are running any- 
thing like full time. The demand for cast-iron pipes is 
still very slack. Derbyshire foundries are working badly, 
and make little demand upon local pig,iron. Advantage 
is being taken of the lull in trade to efféct furnace repairs. 
File-manufacturers are showing some concern about the 
increased employment by users of files of automatic 
machines for testing the cutting capacity of files, because 
there is a marked tendency to ask for guarantees that files 
delivered shall stand certain machine tests. For instance, 
a file is expected to cut away 8 in. of good crucible steel in 
10,000 strokes. The value of such tests is disputed, while. 
on the other hand, it is asserted that ‘the general adop- 
tion of the machine would be to the disadvantage of files 
inade from inferior material. 


South Yorkshire Coal.—The slight feeling of uneasiness 
as to what will eventually happen with rd to the 
Kight-Hours Act is having the effect of keeping rates at 
a slightly firmer level ‘than might have been the 
were they governed by ordinary trade conditions. It is 
obvious that in some cases the cost of uction will be 
increased, as all the ~ will not be able to adopt a full 
system of double shifts. Some collieries have already 
started the new arrangement, and the fact that firms are 
coming to terms with their own men has given rise to the 
impression that South Yorkshire is unlikely to participate 
in any stoppage. However, nothing definite is known. 
A feature of the market is the high price that house 
coal continues to realise. Best quality Barnsley softs are 
selling at very little less than winter prices, and the 
demand is surprisingly . Seconds are quieter, but 
the general condition of this branch of domestic fuel is 
healthy. There is great yes | in hard coal. Best hards 
are reported in several cases to have sold as high as 10:. a 
ton, and seconds are inclined tomake more money. Coke 
ts unsteady and weak. 





NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 
MIDDLESBROUGH, Wednesday. 

The Cleveland Iron Trade.—A very quiet feeling pre- 
vails in the pig-iron trade. Lower quotations fail to 
induce business, and the situation is far from satisfactory. 
Notwithstanding expressions of belief of an improvement 
in the autumn, little disposition to do forward business is 
shown, and what transactions are recorded are not only 
confined to orders for early delivery, but are for only 
small lots. Production continues in excess of require- 
ments, and Cleveland pig continues to be sent into the 
warrant stores. The output of hematite pig is about 
to be curtailed by the blowing-out of one of Messrs. 
Whitwell’s three furnaces at Thornaby. Shipments 
of pig iron for June promise to be fairly . The 
general market quotation for early f.o.b. delivery of No. 3 
g-m.b. Cleveland pig iron is 48s. 74d., but it is under- 
stood that some second hands would readily accept 
48s. 6d. Makers, however, quote 48s. 9d. and up 8. 
No. 1 is 51s.; No. 4 foundry, 47s. 6d.; and No. 4 forge, 
47s., the last-named being rather scarce. Producers, as 
a rule, adhere to 55s. 6d. for early delivery of Nos. 1, 2, 
and 3 East Coast hematite pig iron; but there are mer- 
chants who offer freely at 55s., and even that might be 
shaded. Hematite is thus comparatively cheap, for it 
should be quite 8s. to 10s. above No. 3 Cleveland. There 
is very little doing in foreign ore, but sellers are not over 
keen to make contracts. Whilst at least two cargoes 
have been sold on the basis of 16s. ex-ship Tees for 
Rubio of 50 per cent. quality, and buyers endeavour to 
fix that as the market rate, it is contended by sellers 
that exceptional circumstances attended the transaction. 
The price may be put at 16s. 3d., with some of the leadi 
firms asking 16s. 6d. Freights Bilbao-Middlesbroug 
are very firm at 4s. 3d., and, indeed, it is now difficult to 


fix boats at that figure. Coke continues in good ucst 
for local consumption, and ave blast-furnace Ke ities 
are “ the neighbourhood of 15s. 9d. delivered at Tees-side 
works, 


Manufactured Iron and Steel.—There is not much new 
to report concerning the various branches of the manu- 
factured iron and steel industries. The placing of a few 
orders for steamers with northern firms should soon 
have some little beneficial effect by finding work for 

roducers of  comcg and — quotations for which 

ve recently been lowered. ers of railway material 
and manufacturers of sheets continue to turn out a 
good deal of work, and report occasional orders still 
coming to hand. Common iron bars are 6/. 15s. ; 
best bars, 7/. 2s. 6d.; best best 7l. 10s.; ees 
iron, 5/. 5s.; iron ship-plates, 6/.; iron ship-angles, 51. 15s. ; 
iron ship-rivets, 7/. 9d. ; iron boiler-plates, 7/. 7s. 6d.; 
steel bars, 6/. 5s, ; steel ship-plates, 5/. 15s.; steel ship- 
angles, 5/. 7s. 6d. ; steel boiler-plates, 7/.; steel strip, 
6l. 7s. 6d.; steel hoops, 6/. 10s.; and steel joists, 5/. 15s.— 
all less the customary 24 per cent. discount ; whilst cast- 
iron chairs are 3/. 10s.; cast-iron columns, 6/. 10s.; light 
iron rails, 6/. 10s.; heavy steel rails, 5/. 5s.; and steel 
railway sleepers, 6/. 10s.—all net cash at works ; and iron 
or steel vanised corrugated sheets, 24 gauge, in 
bundles, 12/7. 10s. f.o.b.—less the usual 4 per cent. dis- 
count. 











Tue TRANS-ATLANTIC Matts.—The London and North- 
Western Railway Company has had under consideration 
plans for the acceleration of the delivery of trans-Atlantic 
mails. A deputation from Euston has visited Liverpool, 
and has closely examined the methods of dealing with 
American passengers and baggage. A visit was also paid 
to Queenstown with experienced officials from Live’ 1. 
Holyhead is again being talked about as a port of call for 
Atlantic mails instead of Queenstown. 





Tue “Moror-Boat” Sra-Mitz Contest.—The pro- 
rietors of the Motor-Boat have asked the British Motor- 
vat Club this year to undertake the arrangements for 
the sea-mile contest for the Motor-Boat challenge trophy, 
and it has been decided to hold thf. contest at Burnham 
in the afternoon of Friday, September 17. As the races 
on this day all take place in the morning, this contest 
will be an extra attraction to this regatta, at which it is 
hoped ‘to get even more entries than the 40 boats of last 
year. 
) — 





Euswick AND Brazit.—The Brazilian training-ship 
Benjamin Constant ‘will, in the ‘course of her summer 
instructional cruise in Eurc oma waters, put into the Tyne 
to land her armament of 6-in. and 4.7-in. guns, in order 
that they may be ye The Benjamin Constant 
will also undergo a thorough overhaul of her hull and 
machinery at La Seyne, Toulon. e Brazilian cruiser 

is also expected in September at Elswick, where 
her Lo) engines, and armament will undergo a thorough 
overhaul. 





Joint ConFERENCE.—LonDON Exectric Suppiy Act, 
1908.—The pty: have been appointed to represent 
the companies on the consultative committee :—Mr. R. 
Stewart Bain Gentes Electric Supply oe i powe 
Limited); Mr. H. R. Beeton (Brompton and — 
ton Electricity Supply Company, Limited, and the - 
sea Electricit Supply Company, Limited); Mr. J. B. 
Braithwaite (City of London Electric Lighting Company, 
Limited); Mr. rrison ae (Metropolitan Electric 
Supply Company, Limited); Mr. W. F te (Char- 
ing Cross, West End, and 

ny, Limited); and Mr. R. Percy Sellon ( 


~ sounty of 
ndon Electric Supply Company, Limited). 


City Electricity Seary Com- | 


NOTES FROM THE SOUTH-WEST. 


Cardiff.—The coal trade has shown a fairly good tone. 
The best steam has made 17s. 6d. to 18s. per ton, 
while secon qualities have brought 16s. 6d. to 17s. 

r ton. House coal has shown little change; the 

t ordinary qualities have brought 14s. 6d. to 15s. 6d. 
per ton ; No. 3 Rhondda — has been quoted at 17s. 9d. 
to 18s. 3d. per ton. Foundry coke has realised 18s. to 
20s. 6d. per ton, and furnace ditto, 16s. 6d. to 17s. per 
As regards iron ore, Rubio has made 15s. 9d. to 
16s. per es a basis of 50 per cent. of iron, and 
charges, including freight, insurance, &c., to iff or 
Newport. 

The ‘* Boadicea” and the ‘‘ Bellona.”—A revised esti- 
mate of the cost of the propelling and other machinery 
of the Boadicea comes out at 171,839/., while the esti- 
mated cost of the similar machinery of the Bellona is 
127,933/., showing a difference of 43,906/. The power 
developed, or proposed to be developed, is substantially 
the same in each case. The steam trials of the Bellona 
are to take piace in September. 


ental Ria, Coal. ie . os ~ of coal Soom . six 
rinci elsh ports— iff, Newport, Swansea, Port 
Talbot, Neath, and Llanelly—in the five months ending 
May 31 this year were as follows :—Cardiff, foreign, 
7,344,060 tons ; coastwise, 1,232,073 tons—total, 8,585,133 
tons. Newport, foreign, 1,793,890 tons; coastwise, 
314,928 tons—total, 2,108,818 tons. Swansea, foreign, 
1,140,360 tons ; coastwise, 97,428 tons—total, 1,237,788 
tons. Port Talbot, foreign, 530,442 tons; coastwise, 
60,666 tons—total, 1,191,108 tons. Neath, foreign, 64,230 
tons; coastwise, 97,325 tons—total, 161,555 tons. Llanelly, 
foreign, 75,092 tons ; coastwise, 17,078 tons—total, 92,170 
tons. © aggregate shipments for the five months were 
accordingly 12,376,570 tons. 

Swansea.—At the last sitting of the Swansea Harbour 
Trust the trade movement of the port for the five months 
ony! May 31, this year, was reported to have n 
2,236,240 tons, as compared with 2,440,288 tons in the 
co! mding period of 1908. A new dock, which has 
been for some time in progress, will be ready for opening 
in the autumn. 

Dock Matters at Cardiff.—At the fourteenth annual 
meeting of the Cardiff Channel Dry Docks and Pontoon 
Company, Limited, a dividend was declared at the rate 
of 7 per cent, per annum, leaving a balance of 59,244/. to 
be carried forward. The chairman stated that since the 
last meeting a fusion with the Bute and the Mercantile 
Companies become a fact, and the result had been a 
large measure of economy and convenience. With rd 
to works at Newport, the lease of the old dry dock, at 
present ren from Messrs. Mordey, Carney, and Co., 
would fall in December, and would not be renewed, as, 
finding that the dock had become somewhat obsolete, 
the directors had decided to make the necessary 
arrangements for building new yards and workshops. 
—The Bute Shipbuilding, Engineering, and Dry Dock 
Company, Limited, reports a credit balance of 13331, 
after the payment of debenture interest and the redemp- 
tion of twenty debentures. The 1333/. is to be carried 
forward. 

Dowlais.—The Big Mill has had a somewhat limited 
output, but the Goat Mill has been well employed upon 
steel rails and sleepers. 


ton. 








Tue Russian Navy.—Four Dreadnoughts which are 
to be laiddown at St. Petersburg for the Russian Navy 
are to be built under the auspices of English engineers. 





GernERAL TrapDE Nortices.—The contract for the con- 
struction and erection of a new fog-horn plant on the 
South Gare Breakwater has been placed in the hands of 
Messrs. Manlove, Alliott, and Co., of Nottingham. The 

lant will consist of two brass horns, 10 ft. in aa 

lown by air-compressors driven by oil-engines, the whole 
being contained within the lighthouse. 


Tue Catnesk Navy.—Admiral Sah has submitted 
proposals for the construction of three cruisers with a 
displacement of 3000 tons each, a transport with a dis- 
placement of 2000 tons, a torpedo-boat destroyer, and 
eight gun-boats of 500 tons ah. It is proposed to form 
a war port in the Bay of Dammoren, and the construc- 
tion of coal dépéts is to be at once commenced. Prince 
Son, President of the Chinese Naval Commission, has 
approved the proposals of Admiral Sah. 





Argronavtics.—The first of three lectures on aero- 
nautics was delivered at East London College on Monday 
last, the 14th inst., by Mr. A. P. Thurston, B.Sc., 
member of the Aeronautical Society of Great Britain, the 
subject being ‘‘ Flying-Machines (heavier-than-air type).” 
The second lecture, to be delivered on bgens 5 (fi the 
23rd inst., will deal with ‘‘ Balloons, Airships, and Kites ;” 
and the third, on Wednesday, the 30th inst., with ‘‘ The 
Mechanical Principles of Flight.” 





**Seti’s Worip’s Press.”—We have just received a 


copy of Sell’s Dictionary of the World’s Press for 1909, 
| which is published at Mr. ment Oe = offices, 167 and 
168, Fleet-street, at the price of 6d. It gives lists of 


the London and _ provincial Papers, ines, and mis- 
cellaneous publications, also lists of the chief Colonial 
and foreign publications. A supplement to the issue is 
fiven in the shape of the world’s map, divided into two 

emispheres—the land world and the water world—Lon- 
don being taken as the centre of the former. The book 
opens with 150 pages of interesting subject-matter, giving 
a world’s press survey, a history of journalism, and other 
| interesting information on the matter. 
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30-H.-P. SUCTION GAS-ENGINE AND PUMPS; DURSLEY RURAL DISTRICT COUNCIL. 
CONSTRUCTED BY MESSRS. FIELDING AND PLATT, LIMITED, ENGINEERS, GLOUCESTER. 
(For Description, see Page 830.) 






































Fig, 2. 
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SIX-COUPLED TEN-WHEEL SIDE-TANK NARROW Gaucf L 


CONSTRUCTED TO THE DESIGNS OF MR. B. M. GRATAMA, DUTCH INDIAN RAILWA\ COMPany | py TE 
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FERRO-CONCRETE AND STEEL 
BRIDGES. 
GREAT issues sometimes arise from apparently 
insignificant causes, and it would seem as if the 
question of the relative advantages of ferro-concrete 











and steel for a bridge at Waterford has raised an en- | f 


gineering issue of magnitude which has been fought 
out before the Privy Council of Ireland, and was on 
Tuesday definitely decided—for the present—in 
favour of the building of a ferro-concrete bridge. At 
Waterford the River Suir is spanned by a wooden 
bridge, which has done service since 1793, and as 
it is the only crossing of the river fer a distance of 
30 miles from its mouth, the structure has become 
quite inadequate. Moreover, the bridge was pri- 
vately owned, and the tollage had become an irk- 
some burden. The Corporation therefore purchased 
the bridge, paying 63,000/., and decided, with 
the co-operation of the representatives of the 
neighbouring councils, to build a new bridge more 
consonant with the requirements of the times. 
In view of the allocation ef the cost among the 
various authorities, and the intention to secure a 
Treasury grant, a Vice-Regal Commission was 
appointed, consisting of three county surveyors 
and an engineer of experience, with a lay chair- 
man. This Commission decided that a steel bridge 
should be constructed, and supplied plans for a 
bridge to cost 114,5001. This cost was considered 
excessive by the authorities who were to contribute 
towards the expense, and the result of an appeal to 
the Privy Council was the holding of an inquiry at 
Dublin Castle. 

At this point the issue assumed its broader and 
more interesting feature from the standpoint of 
engineering. A strong plea was put forward by the | a 
advocates of ferro-concrete in favour of the adop- 
tion of that material for the structure, and a public 
meeting was held at Waterford, at which a resolu- 
tion was carried in favour of ferro-concrete. It 
was contended that this system of construction 
would enable local labour to be more fully em- 
ployed, and this argument may possibly have 
carried considerable weight. In the meantime it 
was decided to consult Messrs. Baker and Hurtzi 
who had constructed a railway bridge of correspond. 


1 | ing type further up the Suir, as well as one over the 


River Barrow, which joins the Suir. Their definite 
knowledge of the conditions on the River Suir 
enabled them to produce a design of a bridge afford- 
ing the same accommodation as the Vice-Regal Com- 
missioners’ design, at a cost of 30,0001. less—a saving 
effected by reducing the length of the spans. The 
actual bridge, in the case of the Commissioners’ 


2s | design, was estimated to cost 97,000/., and Messrs. 


Baker and Hurtzig’s 67,0001. The parties interested 
in ferro-concrete about this time offered to supply 
to the Corporation of Waterford, free of cost, p 
for a design of a bridge in ferro-concrete to meet 
the requirements. The offer was accepted, and a 
design supplied for a bridge to cost about 47,0001. 
The matter then, early in April, came before the 
Privy Council in Dublin, when evidence was given 
in reference to the different schemes. The Corpo- 
ration of Waterford at this inquiry declared in 
favour of the ferro-concrete proposal because of its 
low cost. The Privy Council have, 3 as above stated, 
decided in favour of a ferro-concrete bridge. 

The Federated Trades and Labour Union of 
Waterford also considered the question in relation 





to the yp oF a gpes of labour, and although this is 
only of slight importance from the engineering 
point of view, it is worth noting, because it was 
made clear that in view of the high efficiency of 
concrete-mixers very little labour is used on such 
works. The trades union, therefore, passed a re- 
solution protesting against the erection of a ferro- 
concrete bi as ‘‘it would give but limited 
we rms ment to ‘the artisans and labourers, and its 
tability is not yet proved for such a purpose.” 
The further declared: that they believed that ‘‘a 
steel and stone bridge would be the only suitable 
structure, which would cast but little for its annual 
maintenance, and would give considerable employ- 
ment, and mean the expenditure of a vast sum of 
money locally.” This, however, is a point only of 
local interest. 

The main issue was stated to be as to the relia- 
bility of ferro-concrete for bridge structures, and 
the City Corporation, acting on the advice of their 
surveyor, immanent. on May 4, came almost 
unanimously to the conclusion that the bridge 
should be of steel and masonry. In this decision 
they were influenced in large measure by the results 
of definite inquiries made regarding experience in 
ferro-concrete bridges. It was considered that 
ferro-concrete had not beyond the experi- 
mental stage, and that the city authorities were not 
pageney in undertaking the financial responsibility 
or such an experiment. It was urged that local 

had influenced the Privy Council, and that in 
the event of failure, the whole responsibility would 
fall upon Waterford. Further, it is understood that 
the Local Government Board, acting upon the advice 
of their engineering staff, will not permit of a loan on 
reinforced-concrete structures under or over water 
for a longer period than fifteen years. The aim of 
the City of Wa terford has been to spread the loan 
on the bridge over a much longer period. The 
county surveyor to the South Riding of Tipperary, 
(Mr. E. A. Hackett, M. Inst. C.E.), who was a 
member of the Waterford Bridge Vice-Regal Com- 
mission, in a@ report to his council, strongly opposes 
the construction of the bridge in ferro-concrete, and 
states that the Vice-Regal Commission fully con- 
sidered the advisability of its use, and rejected it. 
He admits that several ferro-concrete bridges have 
been built, but these are mostly of the arched type, 
and not of the girder type, as is proposed for the 
Suir Bridge at Waterford, and in no existing instance 
are the difficulties of foundation so great as at 
Waterford. Here the conditions are fairly onerous. 
The river is deep, some 35 ft. at low- me to and is 
one of the swiftest in the Three Kingdoms. The 
bed consists of a depth of about 35 ft. of mud 
and sand above the rock. A central openi 
span of 80 ft. is desired, and on each side the fix 
structure requires to be 276 ft. in length. The 
width of the bridge, according to the requirements 
of the Vice-Regal Commission, is to be 46 ft., giving 
31-ft. roadway and two 7-ft. 6-in, footways, while 
the moving loads to be provided for are 112 lb. 
per square foot for footways, and 32 tons on four 
wheels for the roadway. The concrete piles carry- 
ing the structure would, in the ferro-concrete design, 
require to be driven toa considerable depth. In 
the steel design the piers carrying the structure are 
of steel cylinders taken down to the rock by com- 
* Hoes air, and then filled with concrete. Mr. 
ackett points out that the plans before the Privy 
Council call for the driving of ferro-concrete piles 
in groups of three cased in concrete cylinders 
5 ft. 6 in. in diameter, which rest on, or a little 
below, the bed of the river. The vacant es 
between the piles and the cylinder are to be filled 
up with concrete ; two of such cylinders would form 
apier. It is held that the scour of the river, act- 
ing on the soft silt at the bottom, would undermine 
the cylinders, render the piled support unstable, 
and probably expose the bridge to serious danger. 

Mr. Hackett’s information inclined him to the view 
that the concrete was apt to scale off the outside steel 
rods, leaving the steel exposed to corrosion and de- 
struction ; that cracks are, asin all concrete, apt to 
develop and admit water to the steel ; that when rein- 
forced concrete is used in water the alkaline material 
in the concrete, which acts as a preservative, gets 
washed out, after which the preservative qualities 
of the concrete are gone ; that the material stands 
the collisions of ships well ; but that if fractured 
in water, it is impossible to make a satisfactory 
repair. He seeks support for his argument in the 
fact that Lloyds will not pass a ‘ship for insurance 
without causing the cement in ’tween bottoms to 
be stripped off periodically for the examination of 
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his view is that reinforced concrete in water is an 
uncertain and unreliable material, although it 
may be used with confidence when not exposed to 
water. 

Mr. A. C. Hurtzig, in his evidence before the 
Privy Council Committee in Dublin, in April, did 
did not go so fully into the question ; he was only 
concerned in explaining his own proposal. He 

inted out that his late partner, Sir Benjamin 

aker, was not a believer in ferro-concrete toa very 
large extent, and that he was of the same opinion. 
He was not disposed to say much against it, but held 
to the view that there was not sufficient experience 
to justify the authorities at Waterford in under- 
taking the experiment of building the bridge under 
the conditions of river currents, river-bed, and 
foundations existing. Further, in a steel bridge 
every item is tested, as he pointed out, and there 
was therefore definite knowledge of the material, 
whereas with ferro-concrete bridges the concrete is 
mixed by men not all scrupulously careful, and 
there was no method of testing its composition. If 
the water got in to the extent of corroding the 
steel bars or causing expansion of the concrete, it 
would shell off, and would require to be plastered. 
There was no doubt a saving in upkeep, in that it was 
not necessary to paint the concrete, as was the case 
with steel ; but it would have to be whitewashed 
frequently for appearance sake in the case of a 
bridge like that at Waterford. 

The saving in cost of the ferro-concrete structure 
is not so great when compared with the design 
put lied by Messrs. Baker and Hurtzig, while 
an inspection of the plans shows that the efticiency 
and ultimate durability of the latter design is 
beyond question. The saving in cost is, however, 
very considerable when compared with the design 
by the Commissioners appointed by the Viceroy. 
It seems that in their design the Commissioners 
decided to have only three spans, the centre one 
being of the bascule type, whereas Messrs. Baker 
and Hurtzig propose three spans on each side of the 
0 ening bascule, these spans being about 88 ft. clear. 

1e Vice-Regal Commissioners’ design required 
girders 45 ft. in depth, being about one-sixth of 
the span, whereas in the other case the depth was 
made only from one-eighth to one-ninth of the 
span. his latter is admittedly not the most 
economical depth, but it was adopted for :esthetic 
reasons, in euler to avoid as much as possible any 
interference with the view up the river, of which 
the neighbourhood is proud. In the result there 
is shown a saving in cost of the girder work of 
10,0001. Then for the working of the Scherzer 
roller-lift span Messrs Baker and Hurtzig recom- 
mend electric gear, which in itself results in a saving 
of some 7000]. over the Commissioners’ proposal. 
At the same time, the load being less, the piers for the 
oe spans are smaller. For the hydraulic bascule 
the Commissioners require piers 26 ft. wide and 
91 ft. 5 in. long, whereas for the electric Scherzer 
rolling-lift the dimensions are only 20 ft. by 79 ft. 
Here there is a saving of 7700/. Other items bring 
the total difference to 30,0001. 

The Corporation of Waterford on May 4 passed a 
resolution that they are ‘‘ strongly of opinion that a 
ferro-concrete bridge would not be a suitable bridge 
for the Suir at Waterford,” and requesting the Privy 
Council to alter their decision in favour of a steel 
bridge of the design of Messrs. Baker and Hurtzig. 
Further consideration of the question by the Privy 
Council was taken up in Dublin, on Tuesday, the 
15th inst., and their previous decision in favour of 
ferro-concrete was confirmed. 

The Privy Council have accepted a heavy respon- 
sibility. The irresponsible opinion of a public meet- 
ing, obviously inteamneed by transitory local éondi- 
tions, should not have weighed with the Privy 
Council. It is true that mich apparently satisfac- 
tory work has undoubtedly been executed in ferro- 
concrete, but little has yet undergone the searching 
test of time. In any case, extraordinary care in 
construction is necessary to secure reliable work, 
failing which some very serious accidents have been 
proves Ff The erection of a ferro-concrete bridge of 
such length, and under such conditions respecting 
foundations, is therefore a large step accordi 
to our engineering practice at the moment, an 
more detinite reasons should have been given for 
the decision of the Privy Council to adopt ferro- 
concrete. Instead of that we have, in a letter from 
the Under-Secretary to the Lord-Lieutenant, the 
statement merely that the decision was come to 
with the consent, and on the application, of all the 





county councils represented, a statement which is 
not accepted by at least two of the interested 
parties. 








EXPERIENCE AND DESIGN IN ELEC- 
TRIC RAILWAY PRACTICE. 

THE preponderant part played by experience and 
judgment over theory in successful engineering 
work is illustrated in a paper read before the 
American Institute of Electrical Engineers, by Mr. 
W. S. Murray, on December 11 last, dealing with 
some of the faults which developed during the early 
months of operation of the single-phase electritied 
New York, New Haven, and Hartford Railroad. 
The single-phase portion of the line is some 21 miles 
long, anda trolley voltage of 11,000 at 25 periods is 
used, the power-station alternators generating at 
this tension, and transmitting direct to the line 
without conversion, while the current is stepped 
down to 600 volts at the motors by means of trans- 
formers on the locomotives. 

In the matter of the number of faults in design 
which came to light in the first few months of 
working, the line compares very unfavourably with 
the electrified Southport branch of the Lancashire 
and Yorkshire Railway, some particulars of the 
operation of which were given by Mr. Aspinall in 
his recent presidential address to the Institution 
of Mechanical Engineers. The superiority of the 
direct-current system in this particular is, however, 
not surprising, in view of the relatively large 
amount of data available in reference to direct- 
current traction work as compared with single- 
phase alternate current. In both cases trouble 
was experienced from unexpectedly heavy over- 
loads ; and while on the Southport line this diffi- 
culty was overcome by the installation of batteries, 
in the New Haven case the matter proved more 
difficult. As far as the generating plant is con- 
cerned, the trouble was aggravated by the fact 
that the single-phase line was fed from one phase 
of three-phase machines, with one pole earthed. 
Trouble due to this cause is, however, really ex- 
traneous to the question of single-phase railway 
operation altogether, and its consideration is out- 
side our present purpose. 

Apart from trouble with the generators, how- 
ever, the overloads and short-circuits which were 
experienced directly affected the operation of 
the feeder oil circuit-breakers, and there would 
appear to have been a lack of appreciation of the 
breaking capacity demanded from breakers which 
might be, and, indeed, were, called upon to break 
frequent short-circuits on an 11,000-kilovolt ampere 
turbine plant at 11,000 volts. These breakers were 
situated at both ends of all sections of the trolley- 
wire, and also at both ends of the bus connections 
from which the various trolley sections were fed, 
these bus connections being in turn fed by two 
feeders with sectionalising switches, running the 
length of the railway. This arrangement ensured 
that the conductivity of the copper in the overhead 
lines should be utilised to the maximum extent, 
and at the same time gave alternative paths for the 
current between the power-house and any part of 
the line. It was found that in the event of a 
short-circuit on any section, it was not only the 
two breakers immediately controlling that section 
which opened, as may be expected in normal 
cases, but the overloads were so great, amounting 
sometimes to 15,000 amperes for a normal cur- 
rent of 1000 amperes, that breakers in all parts 
of the network opened also, in many cases 
failing to interrupt the circuit, so that sometimes 
as many as six of them were burnt out in a day. 
There is no doubt that breakers capable of deal- 
ing with this load could be designed; but apart 
from the obvious objections to allowing such over- 
loads to come on to the generators, and the surgings 
which would take place when the breakers opened, 
their expense, and the difticulty of mounting them 
anywhere in the neighbourhood of the trolley-line, 
renders the idea of such larger breakers im- 
practicable. 

The method adopted and now in operation is of 
much interest. Choke-coils are placed in the 
trolley-line phase of each genérator, with the 
object of cutting down the maximum value of 
the short-circuit’ current ; while ohmic resistances 
are connected in series in each of the three leads 
going to the distributing system, these resist- 
ances are normally short-circuited by automatic 
circuit - breakers, controlled by a single master 


that it operates in terms of the whole of tho 
station output. The tripping coils of the overhead 
feeder and trolley-line is a are normally cut 
out—i.e., these breakers are normally non-auto- 
matic, the automatic operation being controlled 
from the power-house. In the event of an over- 
load exceeding a definite value, the master relay 
operates, causing the breaker shunting the resist- 
ance to open, throwing this latter into circuit, and 
reducing the current to a predetermined maximum ; 
this same action renders the line-breakers auto- 
matic, so that in the event of the perseverance of 
the overload, these breakers exercise their selective 
action and cut out the faulty section. The main 
feeders are, in addition, fitted with fixed time- 
limit relays, so that, in the event of the line- 
breakers being unable to clear a fault, they will 
open after the lapse of their time-limit.and shut 
down the line. 

A further electrical trouble was experienced with 
the overhead gear in the case of insulators which 
were exposed to the direct blast of steam locomo- 
tives which were running on the line after electriti- 
cation, as it was found that insufficient creeping 
surface had been allowed, and an actual doubling of 
the insulators had to be carried out before matters 
were satisfactory. In this case it is clear that ex- 
perience alone could determine the minimum safe 
creeping surface which could be adopted as a final 
standard for such conditions. 

The most serious purely mechanical difficulties 
encountered were in connection with the suspension 
of the trolley-wire. The double catenary arrange- 
ment was used, and it was found in the early 
months of working that many breakages were taking 
place, and the wire was becoming badly kinked at 
the hanger points, resulting in serious arcing and 
surging on the locomotive transformers ; so bad did 
affairs become that Mr. Murray states, ‘‘in the 
month of May, 1908, it became evident to us that 
within at least one month from that date, if some 
change were not effected in the contact wire, that 
the New Haven electric service would cease.” The 
greater part of the trouble would appear to have 
been due to the too rigid connection between 
the wire and the hangers from the catenaries, and 
also the fact that the clips used were relatively 
heavy. The difficulties were finally overcome by 
suspending a second, steel, wire immediately below 
the original running wire, connecting them by clips 
intermediate between the original points of suspen- 
sion. It was found that this gave a sufticiently 
flexible arrangement and eliminated all difficulties. 

The question of the suspension of trolley-wires 
for high-speed running is one of much interest and 
importance, and is concerned with what is probably 
the weakest feature in high-speed, high-voltage elec- 
tric railway-work at the present time. Mr. Murray 
defends the arrangement finally adopted on the 
New Haven Railroad by pointing out that the use 
of the second running wire allows the conductor 
system to remain at all times intact, the wear due 
to the slider being taken by the lower wire, which 
can be renewed when necessary. This contention 
certainly has some weight, but, on the face of it, 
it is not probable that the finally best arrangement 
of suspension has been obtained as the result of a 
pis aller applied to a system which was rapidly 
proving unworkable. It is certain that the ulti- 
mately best arrangement will only be obtained as the 
result of years of experience and trial. It will be 
generally known that a double-catenary arrangement 
similar to that first installed on the New Haven 
Railroad has been adopted for the Brighton line ; 
in this case, however, special care has, from the 
|first, been exercised to obtain a support which 
| Should be very flexible in the vertical direction, 
| while very light clips have been used. In view of 
| these considerations, and the fact that lower speeds 
will be run than on the New Haven line, it seems 
probable that no trouble will be experienced. As 
we said, this question of the suspension of trolley- 
wires for high-speed running is probably the 
weakest point in high-voltage systems at the pre- 
sent time, and both in initial and maintenance 
costs the wire is at a disadvantage compared with 
the third rail of direct-current systems. Mr. 
| Aspinall, in his address, stated that the third rail 
|was one of the features which gave absolutcly no 
| trouble on the Southport line. 2 
| The locomotives as originally built for the New 
| Haven system did not prove altogether satisfactory, 
and Mr. Murray gives a list of some one hundred 
| mechanical and electrical changes which had to be 








under -load and over-load relay, arranged so|made to them ; the most interesting of these being 
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the installation of pony trucks, as it was found 
that, as originally built, with two eight-wheeled 
bogies, they could not be run with safety at the 
high speeds desired. A point of much interest in 
these locomotives is the spring support of the 
motor armatures and fields. e field casting is 
suppoited by springs from brackets on the axle- 
boxes ; while the armatures, which drive direct on 
to the running wheels without the intervention 
of gearing, are connected to the wheels through 
pins, arranged in circles around the axles, and 
supported by spiral springs in circular pockets 
in the wheel-hubs. Apparently no trouble 
was experienced in practice with this drive, and 
it is of interest in view of some passages in Mr. 
Aspinall’s address relating to the excessive wear 
experienced on the running rails of the Southport 
branch, after electrification. Much of this wear 
was found to take place on the inner side of the 
rail-head, due mainly to the low position of the 
centre of gravity of the motor and its gear, which 
are not spring-borne. While aspring drive such as 
that used on the New Haven locomotives could, of 
course, do nothing to raise the centre of gravity of 
the gear, it is possible that, by furnishing a more 
flexible and easy-running bogie, it might result in a 
locomotive which would deal somewhat more easily 
with the road. No information is, for the moment, 
at hand as to the effect of these spring-borne 
motors on the New Haven track, and it is probable 
that some time must elapse before any information 
of value will be available. 








PROBLEMS CONNECTED WITH 
HELIUM AND RADIUM. 

In his Royal Institution discourse, delivered last 
Friday, on ‘*Some Problems connected with 
Helium and Radium,” Sir James Dewar, F.R.S., 
dealt chiefly with the results of low-temperature 
research. Briefly reviewing the wonderful pro- 
gress made in recent years, particularly by Professor 
Kamerlingh Onnes, of Leiden, Sir James said that 
success was all a question of method. Vacuum- 
jacketed vessels were most useful, and as long as 
we carefully guarded against any influx of gas, 
we had no outward sign of the low temperature of 
the liquid which the apparatus contained. Sir 
James showed a lead pipe, 100 ft. in length, about 
4 in. in diameter, coiled about a wooden frame. 
Liquid air was flowing through the tube from one 
vacuum vessel at the top into another vessel below ; 
but there was no condensation of moisture on the 
lead pipe at all, only on the short connections with 
the vessels. The secret was, Sir James explained, 
that a high vacuum was maintained about the liquid 
air; the lead pipe-was itself jacketed, and the 
a was connected with charcoal tubes at both 
enas. 

The vacuum vessels, with silvered or unsilvered 
walls of glass, Sir James proceeded, were almost 
perfect as containers, but they were breakable and 
subject to deterioration, and, for ordinary manipu- 
lation, metal vessels (those used were made of nickel) 
with vacuum jackets were‘more convenient. © In 
order to prevent the inrush of the warm atmo- 
spheric air into the mouth of the vessel, he closed 
the mouth by putting an ordinary vacuum-jacketed 
glass cylinder like a cap over the long metallic neck 
of the vessel, a fairly tight joint being secured by 
wrapping the neck with a few turns of cotton. Thus 
the cork, so to say, of this vessel, was itself a 
vacuum vessel. There was further some charcoal 
in the jacket of the nickel walls. Charcoal was an 
excellent material to produce a high vacuum and 
to maintain it, provided the charcoal was kept cool. 
hat was demonstrated in a novel way with the 
aid of three pairs of long vertical tubes, filled re- 
spectively with air, hydrogen, and helium. The 


tukes of the same pair stood in the same bottle | outlet. the 
charged with mereury ; each tube was bent over | : 
to a hook at the top, and the bent portion of 
the one tube of a pair contained in each case some | 


| 


inetric height. The hydrogen also contracted when | 


charcoal. When the bent portion of the air-tube was 
cooled with liquid air, the air in the tube did not 
contract noticeably ; when the charcoal was cooled, 
the mercury in the air-tube rushed up to the baro- 


its charcoal was cooled, but the upward rush of the 
mercury was not so rapid, and the rise less high. 
The helium tube was not visibly affected, even when 
its charcoal was cooled in liquid air. The liquid 
“ww was then replaced by liquid hydrogen as the cool- | 
ing medium, The air now contracted when: the | 
part not containing charcoal was cooled, and when | 








the charcoal was cooled the rush up of the mercury 
was most rapid. The hydrogen in the tube did 
not contract before the charcoal was cooled, but the 
effect then was as striking as with air. Even the 
helium contracted when cooled with the aid of the 
charcoal. In every case the gases expanded again, 
forcing the mercury back, after removing the cool- 
ing liquid, because the charcoal became slowly warm 
again. 

esir James then very briefly explained, with the 
aid of slides, the way in which he had conducted his 
low-temperature researches, and showed the cryo- 
genic laboratory of Professor Onnes—the finest of 
its kind in the world—and his ay Noes for lique- 
fying helium, which we have described.* 
boiling-point of liquid hydrogen was 20 deg. Cent. 
absolute, its critical temperature 32 deg. Cent. 
absolute, and the critical pressure 13 atmospheres ; 
while the corresponding figures for helium were :— 
Boiling-point, 45 deg. ; critical temperature, 5} deg. 
Cent. absolute ; critical pressure, 2} atmospheres. 
The reductioneffected in all these data was very great. 
By evaporating his helium under reduced pressure 
Onnes had actually reached as low a temperature 
as 3 deg. Cent. absolute. With the aid of some 
hythetical element, Professor Dewar thought, we 
ought, on the same scale of reduction, to come down 
to 1 deg. or } deg. Cent. absolute, but not to abso- 
lute zero. Yet the progress we had made during the 
last thirty years was marvellous—much greater 
than in the 300 years previous during which we had 
been studying matter and gases. All the same, 
progress only opened out our views, and showed 
the need of further research. 

Passing to another side of the problem, Sir James 
Dewar remarked that twenty-one years ago he had 
endeavoured, in a Friday evening discourse, deli- 
vered in the same place, to demonstrate the 

hosphorescence of ozone, which had previously 
ate observed elsewhere, and he had failed ; the 
reason was that the influence of the impurities of 
our atmosphere had not then been understood. 
The new apparatus which Sir James used for his 
demonstrations may be explained with the aid of 
the annexed diagram. On the top of a oer 
cylinder, more than 3 ft. in height and about 


| 


“y 


4 


6 in. in diameter, was mounted an electric dis- 
charge-tube, provided with two steel electrodes. 
Air or some other gas entered the tube at the top, 
passed out at the bottom and then down the cylin- 
der, from which it was withdrawn through a hole in 
the base. Thus the gas stream would form an axial 
core of the cylinder ; the discharge-tube was, how- 
ever, mounted on a swivel, so that the tube, and 
with it the issuing gas stream, could be inclined. 
A glass cup, movably mounted immediately under- 
neath the top plate of the cylinder, could be pushed 
under the tube orifice to stop the gas current, or be 
moved out of its path. A horizontal metal plate 
could also be moved up and down the cylinder, so 
as to shorten its height. Sir James turned on the 
air current, saying that air was rushing through 
the tube and down the cylinder at the rate of about 
1000 ft. a second. When the cup was under the 

hosphorescent glow was confined to the 
cup; the Eodunge tube itself was enclosed in a 
metal case so as to shut off the light. When the 








cup was removed, the audience saw a luminous 
beam down the cylinder, marking the phos- 


horescence of the air stream. The beam could 
inclined by inclining the discharge - tube ; 


when the metal plate mentioned was raised, the 
phosphorescence was confined to the upper por- 
tion of the cylinder. 
turbed, so as to issue in a whirl from the orifice of 
the disc 
wider and distinctly in agitation. 
current was replaced by a current of carbon di- 


When the air was dis- 


harge-tube, the luminous beam was much 
When the air 





* See ENGINEERING, vol. Ixxxvi., page 261. 


e | effect. 





oxide, the luminosity was much feebler than with 
air. In nitrogen the luminosity was more diffused, 
the beam being wider. With a current of oxygen 
the phosphorescence was decidedly brighter than in 
the other cases. In a current of hydrogen no phos- 
phorescence was observed at all, and when hydrogen 
was admitted into the cylinder while oxygen was 
passing through it, the phosphorescence stopped. 
A little ether vapour the same effect, but the 
luminosity reappeared in a minute or so. Sir James 
stated that all volatile organic bodies containing 
hydrogen stop or diminished the phosphor- 
escence. Volatile substances like carbon fisulphide 
(CS,), which did not contain any hydrogen, had no 
The phosphorescence was due to ozone ; 
but Sir James did not explain some of the peculiar 
features of the experiments. 

Even in those cases in which the phosphores- 
cence was not seen, and the tube remained dark, 
the gases issuing from the discharge-tube were 
ionised, Sir James continued. The two electrode 
wires marked on the diagram were connected with 
an electrometer, and different gases were sent 
through the tube and cylinder, as before. There 
was always ionisation, marked by the more or less 
rapiddischargeoftheelectrometer. Finally SirJames 
showed another experiment. A bent and slightly 
es glass tube was fixed in the top plate of the 
cylinder, and liquid air was poured through the tube 
by means of = teal attached to the outer end of 
the tube. The liquid air thus cooled the tube 
(before trickling down in the cylinder) while the 
discharge experiments just mentioned were proceed- 
ing in the cylinder, through which an air current 
was maintained. Some nitrous gases were produced 
under these circumstances by the electric discharge, 
and the products were condensed on the very cold 
tube. Sir James proved, by the well-known starch 
and iodine reaction, that nitrous acid had been 
formed. As it was impossible to prevent the for- 
mation of some nitrous gas in these experiments, 
conducted on a large scale, it was difficult to demon- 
strate that the phosphorescence was really due to 
ozone, and not to nitrogen compounds, 

‘*What has all this todo with radium?’ Sir James 
asked in conclusion, in the few minutes left at his 
disposal. It was now known that bodies like ozone 
and nitrous oxides were produced from dissociated 
molecules at -very high temperatures under con- 
siderable absorption of heat ; and that those bodies 
were unstable. That might give us a clue to the 
formation of radioactive substances. Rutherford 
had shown that the de-electrified a particle of 
radium turned into ordinary helium, and radium 
itself had been traced down to uranium, Our 
knowledge of the emanations of radioactive bodies 
was not far advanced yet; but they seemed to be 
substances a little more volatile than carbon 
dioxide, and we knew something about their con- 
stants. In the light of these most recent researches 
the Rayleigh-Ramsay series of the rare gases and 
their probable atomic weights were: helium 4, neon 
20, argon 40, ‘crypton 82, emanation X, 172 to 
176 (?), emanation X, 216 to 220(?); X, was the 
radium emanation, X, the emanation from thorium 
and actinium, which, if those figures were con- 
firmed, would belong to the same series. As regards 
the rate of formation of helium, Strutt demanded’100 
million years to account for the helium in the air, 
if all due to sea water in which radium was 
found. Radium occurred in the rocks from the 
ocean beds, as Joly’s examination of samples 
from the Challenger Expedition had established. 
All such measurements and gas determinations at 
low pressure in general depended very much on our 
exact knowledge of the actual degree of evacuation, 
and experiments with charcoal had taught him that 


|traces of the least condensable gases—helium in 





| 


particular—might falsify such observations. The 
gases adhered to the walls of the glass, but might 
be liberated again. Sir James referred in this 
connection to his researches on the rate of 
evolution of helium from radium ;* when he had 
allowed the charcoal tubes to be taken out of the 
liquid air during the interruption of the actual 
observation, the gas pressures had always increased 
again. His final value for the rate of evolution of 
helium from radium was 0.46 cubic millimetre of 
helium per gramme of radium per day, while Ruther- 
ford’s calculated figure was 0.45 cubic millimetre 
—a marvellous agreement. So far as we are aware, 
the figure given last year by Sir James was 0.37 
cubic millimetre, and this was also said to be in 


* See ENGINEERING, vol. lxxxvi., page 270. 
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perfect agreement with Rutherford ; Sir James did 
not refer to the alteration in the figures. After 
the lecture Sir James showed that little bits of 
cork would sink both in liquid air and in liquid 
hydrogen, but pitch balls would float in liquid 
hydrogen. That was not a real floating on ac- 
count of smaller specific density, for the density of 
liquid hydrogen was only 0.07 (water equal 1, 
density of liquid oxygen 1.12, of liquid nitrogen 
0.8), but the porous pith became charged with 
hydrogen like a balloon. The experiments were in 
charge of Mr. J. W. Heath. 








THE LUBRICATION OF PETROL 
MOTORS. 
Tue question of the lubrication of the petrol- 
motors used in cars is very important, not only 
to the users of the cars themselves, but also to 





the general public, who often suffer very much 





the problem is therefore that of affording the 
bearings the maximum possible amount of oil 
without throwing too much on the pistons. It 
will be seen on examining many of the lubricating 
systems in use that these conditions are often 
ignored. 

The most usual form of lubrication for the 
stationary gas-engine is to have a separate lubri- 
cator for each ring and piston. This was 
adopted for some of the early motor-car engines, 
but is now obsolete. The form it usually took 
was a reservoir on the dashboard, with a series of 
adjustable drip-feeds, one for each bearing and 
piston, small oil-pipes leading from the feeds to 
the various parts to be supplied ; the crank-case, 
having a drain-hole at the bottom of the engine, 
was cased in. There are many objections to this, 


the essential one being that as the oil only goes 
through the bearings once, and is then wasted, 
there must either be an unnecessary amount of 
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rom the smoke caused by over-lubrication of the 
pistons. It is perfectly possible to lubricate the 
working parts of the motor satisfactorily without pro- 
ducing any smoke at all if suitable arrangements are 
made, Inthe majority’of casés the failure of the 
lubrication to work satisfactorily is due to the 
fact that the essential conditions of the problem 
have not been realised. 

There are two sets of parts in the ordinary 
cra ge whose requirements with regard to 
ubrication are very different, these being (1) the 
pistons, and (2) the various bearings. The former 
require enough lubrication to prevent their seizing 
in the cylinder, but must not be over-lubricated, 
or the oil works up into the cylinder, and produces 
smoke at the exhaust. In the case of the ings, 
on the other hand, the more oil supplied the less 
the friction, and, therefore, the wear. In practice 
it is difficult to supply the bearings with enough oil 
without supplying the pistons with too much, and 
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they will from the drip-feeds, and there would be 
no perceptible difference in the working if the oi! 
were all introduced into the crank-chamber in one 
place. There is, perhaps, no very serious objection 
to introducing it in several places, but, on the other 
hand, it entails many more parts liable to choke up 
or go wrong, and greater expense in construction 
The separate feed of oil to the cylinder walls 
appears to be a distinct mistake, as the object is to 
get as much oil as ible through the bearings 
with as little as possible on the cylinder walls, and 
any oil supplied direct to the latter therefore means 
so much less supplied to the bearings, and conse- 
quently so much more wear. 

Probably the most largely used system is what; is 
known as ‘‘ splash,” in which oil is simply fed into 
the crank-case, and the cranks splash it over the 
various parts. This system works very well indeed 
if well carried out. It is considered by some an 
unscientific one, as it is thought that there is no 
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wear on the bearings or an excessive consumption 
of oil, A very great number of small pipes is re- 
quired, any one of which may get choked up or 
broken, and it is difficult to get all the drips to 
feed the right amount of oil. The multiplicity of 
connections makes them very expensive to fit. 
Although this system is really obsolete, there are 
some makers who profess to use it, and fit a series 
of drip-feeds to the main bearings and cylinder 
walls, as shown in Fig. 1, in which A is the oil re- 
servoir, and B are the oil-pipes leading to the various 
parts. In this case, however, the bottom of the 
crank-case is made oil-tight, and the oil which runs 
out of the bearings will accumulate till the cranks 
dip in it. In practice it seems that this system will, 
therefore, work entirely by splash lubrication, as in 
the system next described. It is, in fact, usual to 
drill oil-holes over the main bearings, as shown at 
C, and in this case they will be supplied with far 





more oil from the splash in the crank-case 
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certainty of the oil getting to the various bearings. 
If badly carried out, there is no doubt that this may 
be the case; but when well carried out the oil 
supply of every bearing is arranged for. 
e general arrangement of an engine with this 
lubrication is shown in Figs. 2 and 3, the oil supply 
to the crank-chamber not being shown. il is fed 
more or less continuously into the crank-chamber. 
so as to keep it at such a level that the cranks just 
dip into it, and it is then splashed by them over 
the various parts. The main bearings are pro- 
vided with large oil-holes, or, still better, oil-cups, 
as shown at D, at the top side, and these will be kept 
quite full of oil. The journals, therefore, run with 
oil-bath lubrication. The big ends often have 
only an oil-hole at the top, and seem to get a very 





than | good supply of oil through this, but their lubrica- 
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tion is much more certain if a scoop is provided on 
the bottom brass, as—shown at E, as the oil will 
then be forced into the bearing. The gudgeon-pin 
generally has only an oil-hole at the top at F, and 
this appears to be quite sufficient, as the wear on 
these pins is very small indeed, but there is no reason 
why these bearings should not be supplied with oil 
from the big end, as in the forced lubrication next 
described. The cam-shaft bearings should have oil- 
holes or cups like the main bearings, so as to catch 
enough oil to give them a constant oil-bath. The 
cams themselves generally get enough oil splashed 
over them, but it is possible to make a separate well 
for them to work in, as shown by the dotted lines 
G, Fig. 3, if the cam-shaft is far enough from the 
crank-shaft for the cranks to clear. An objection to 
splash lubrication is the liability of the oil to run to 
the after end of the crank-case when going up hill, 
so leaving the front cylinder dry. This can 
largely avoided by putting partitions across the 
bottom half of the crank-case, as at H, Fig. 2. In 
tus case the constant splashing of the oil over the 
partitions will keep it at practically uniform depth 
under each crank. 








The first consists’ of a reservoir of oil, with a 
hand-pump attached capable of forcing the oil into 
the crank-chamber, a pump full of oil being put in 
at intervals learnt by experience, the general rule 
being to feed as much oil as possible without pro- 
ducing smoke. Mechanically this works exceed- 
ingly well, as there is practically nothing which 
can possibly get out of order. The amount of oil 











of | 

hile splash lubrication undoubtedly works very | cappned can also be varied according to the work 
ell indeed if properly carried out, the practical | the engine is doing. The objection is that it re- 
d'fieulty is to keep the oil at the right level in the | quires attending to three or four times an hour, 
crank-chamber. There should be enough oil to) and many drivers object to this. ; re 
keep the cups over the bearings quite full ; but if | Drip-feeds are largely used, the oil dripping 
there is a large excess beyond this, so much will be | through an orifice controlled by a needle-valve. 
np eo of the cylinder that there will | In many — re oil is forced up to this by 
e smoke. e usual methods of introducing the | pressure produced from the exhaust, in which case 
il into the crank-chamber are (1) a hand-pump, | the lubricator automatically works only when the 
(2) a drip-feed, and (3) a mechanical feed. | engine is running. This is theoretically an im- 
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provement on the gravity drip, and has the prac- 
tical advantage that the oil-reservoir can be placed 
anywhere desirable while the “— ave still under 
the observation of the driver. It is, however, an 
additional complication and expense. 

The third plan has many advantages. In this a 
pump is driven mechanically, and feeds a definite 
amount of oil into the crank-chamber at each revo- 
lution, so that the amount of oil is simply propor- 
tionate to the revolutions of the engine. his 
amount having been adjusted once for all, the 
lubrication is quite automatic. The principal 
objection to this is that itis expensive. In some 
cases also the method of driving is open to ob- 
a, the lubricator being placed on the dash- 
noard and driven by a belt. 1is may at any time 
come off or break, with the result that the engine 
runs dry. It is much better to drive the lubricator 
in some positive manner, and it seems as if it 
would be better to bolt the lubricator direct on to 
the crank-case and make the drive direct. 

Drip-feeds are in all cases very variable, and 
should be visible to the driver and easily adjustable 
while running, as they need constant watching to 
feed anything like an even amount of oil. 

The system of lubrication which is theoretically 
the most perfect is what is known as “‘ forced.” In 
this oil is drawn from the base of the crank-chamber 
and forced by a pump through the various bearings, 
returning to the crank-chamber and being used 
over again. 

This is shown in Fig. 4, where I is a sum 
formed in the bottom of the crank-chamber, k 
‘a pump generally driven off the cam-shaft by a 
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vertical spindle L, M the piping through which the 
oil is taken under pressure to the various bearings. 
Holes N are drilled through the crank-shaft to take 
the oil under pressure to the big ends, and the 
gudgeon-pins are supplied through a hole R up the 
middle of the connecting-rod, as shown, or by a pipe 
fixed alongside it. 

In actually carrying out forced lubrication several 
precautions have to be taken if smoke is to be 
avoided. There should be some means of limiting 
the pressure of oil supplied by the pump, as, if more 
than a certain amount of oil is forced through the 
bearings, the amount thrown out by the big ends is so 
great that the lubrication of the pistons is excessive. 
In some cases motors have had plates fitted be- 
tween the crank-chamber and cylinder, as shown in 
dotted lines at O, Fig. 5, with a view of stopping 
this. These are of little, if any, use, as the rush of 
air through the slot on the up-stroke of the piston 
is so great that it takes a large amount of oil with 
it. If, however, splash-plates are fitted close to the 
cranks as shown at P in the same view, so as to 
allow a good passage for the air above them, smoke 
can be practically entirely prevented even when a 
high oil pressure is used. 

In order to make forced lubrication reliable the 
pipes and connections require to be carefully de- 
signed, and should beso arranged that it is possible 
to take off the bottom half of the crank-chamber 
without disturbing the pump or any of the connec- 
tions. The pipes should also be substantial, as, if 
one of them breaks, the oil supply to the whole of 
the bearings ceases. It is Ba to fit a pressure- 
gauge on the dashboard, so that the driver may 
always be able to tell that the oil-pump is working 
and the pipes, &c., allright. In practice this is not 
a very great safeguard, as, if the system works with- 
out failing for a considerable time, the driver gets 
into the habit of not watching the gauge ; 
mending a broken pipe on the road is also difficult 
or impossible. If forced lubrication is to be really 
satisfactory, however, it must be made so that it 
does not break down, and not on the principle of 
providing a tell-tale to show when it does. ence 
it seems as if it would be better to do away with 
the pressure-gauge, as it entails a long pipe to 
the dashboard, which is always rather liable to 
break from the vibration. The piping to the 
bearings should also be made as short and sub- 
stantial as possible. In some cases oil-passages to 
some of the bearings have been cast or drilled out 
of the crank-case, and there seems to be no reason 
why the whole should not be so arranged. 

Comparing the splash with the forced lubrication, 
there is no doubt that the former runs very well 
indeed if properly installed. It should ensure that 
the bearings run with oil-bath lubrication, and this, 
as is well-known, gives practically as little friction 
as forced feed. At the same time the forced feed 
best fulfils the theoretical condition of giving the 
bearings the greatest amount of oil consistent with 
no smoke, as no oil is thrown on the cylinder 
which has not previously passed through the bear- 
ings. The splash has the advantage of extreme 
simplicity, and consequently small hability to get 
out of order, but there seems little doubt that 
the forced system can be made for all practical 
purposes absolutely reliable, if care is spent on 
the design and execution. One very great prac- 
tical advantage of the forced system is that it is 
not necessary to have an oil reservoir on the car, 
and there need be no oil connections on the dash- 
board. The sump in the crank-chamber should 
be large enough to hold oil for several hundred 
miles, and there should be a float or some means 
of easily telling how much oil it contains. Then all 
that is necessary is to fill it up periodically in the 
garage, and attention is not needed on the road. 
There is no possibility of oil being — on any part 
of the body either in filling up or from leakage of 
the parts. 

Probably the main objection to forced lubrication 
is expense, but if well designed there is no reason 
why it should be materially more expensive than 
most splash systems, and it might be a good deal 
cheaper than some. With forced feed a circulating- 
pump and connections to the bearings have to be 
provided ; but, on the other hand, the separate oil 
reservoir, with the piping and connections necessary 
for splash, are saved. Where the splash system is 
fed by a hand-pump or simple drip it will prob- 
ably be the cheaper, but where a pressure-feed is 
used the extra valves, piping, and connections will 
probably make the cost about equal ; while if a 
mechanical feed for the splash is used, it will 





probably cost more. In fact, it seems obvious that 
if an oil-pump is provided at all, it is better to use 
it for forced feed. 

There are several ‘systems in use which may be 
considered as combinations of the systems men- 
tioned above, such as that of supplying drip-feeds 
with a mechanical pump, &c. In general these are 
very expensive, and have the faults of both the 
systems of the combination, without their virtues. 








AERONAUTS AND INTERNATIONAL 
LAW. | 

In our issue of last week we dealt with the posi- 
tion which those who make use of aeroplanes and 
balloons are likely to occupy according to English 
law. Having dealt with this aspect of the ques- 
tion, it is not unprofitable to consider whether the 
aviator is likely to require special treatment accord- 
ing to the law of nations. .In times of _— no 
serious questions of international law are likely to 
arise in relation to flying-machines. But when these 
machines are used during the conduct of warlike 
operations, it may become necessary to see how far 
their use is governed by recognised principles of 
international law. So far as can be gathered from 
Professor Westlake’s ‘‘ International Law,” the only 
reference made to aeroplanes was contained in a 
declaration made at the Hague Conference in 1889, 
by which it was agreed to prohibit the launching of 
projectiles and explosives from balloons, ‘‘ or by 
other new methods of a similar nature.” 

This declaration is now at an end by effluxion of 
time, but during its continuance it had the adhesion 
of all parties to the Hague Conference, except 
Great Britain and Turkey. Seeing that dirigible 
flying-machines have emerged from the regions of 
romance since the last Conference, it is more than 
likely that this subject will. be again discussed in 
the near future. - it is obvious that there are pur- 
poses to which the perfected aeroplane may, and 
probably will, be put in war time. It could be 
used for scouting. Much valuable information as 
to the whereabouts of an enemy could be gained in 
the course of a single flight. But how is the in- 
trepid aviator who acts as a scout to be regarded 
according to the fierce code of the ‘laws of war? 
Generally speaking, it is considered lawful to shoot 
aspy. But who is a spy? By Article XXIX. of 
the Hague Regulations an individual can only be 
considered a spy if, acting clandestinely, or on false 
pretences, he obtains, or seeks to obtain, informa- 
tion in the zone of operations of a belligerent with 
the intention of communicating it to the hostile 
parties. Thus soldiers not in disguise, who have 
penetrated into the zone of operations of a hostile 
army to obtain information, are not considered spies. 
Similarly, the following are not considered spies :— 
Soldiersor civilians carrying out their mission openly, 
charged with the delivery of dispatches either for 
their own army or for that of the enemy. To this 
class belong individuals sent in balloons to deliver 
dispatches, and generally to maintain communication 
between the various parts of an-army or a territory. 
Professor Westlake points out that this article 
leaves open the case of persons sent in balluvons in 
order to gain information ; but it is noteworthy 
that the Germans, during the war of 1870, claimed 
to treat as spies persons passing over the German 
lines in balloons. It was even declared by Count 
Bismarck, in writing of an English subject captured 
in a balloon, that ‘‘apart from the fact that he was 
suspected to be the bearer of illicit correspondence, 
his arrest and trial by court-martial would have 
been justified because he had spied out and crossed 
over outposts and positions in a manner which was 
beyond the control of the outposts, possibly with a 
view to make use of the information thus gained to 
our prejudice.” Another writer on international 
law (Mr. Halleck) points out that, although persons 
captured from balloons were in no case executed as 
spies, they were treated with great severity. A 

. Verrecke, for example, who dropped with some 
companions in Bavaria, was captured, and the whole 
party was sent to a military prison, and only libe- 
rated two months after the signing of peace. If 
these things have been done to a balloonist, it may 
be assumed that the driver of an aeroplane, who 
can go forth and return at pleasure, will receive 
short shrift at the hands of the enemy. 

But just as one is compelled to indulge in specu- 
lation as to the private law affecting aeroplanes, so 
the problems which are bound to arise in relation to 
international law must remain for the present 
unsolved. 


NOTES. 

Practical Tests oF British Locomotives. 

Four of the principal railway companies haye 
decided to make comparative tests in practical 
working of their best locomotives—a decision 
which is, no doubt, the result in part of the 
working agreements come to by some of the rail- 
way companies. The result must be more definite 
knowledge as to the comparative efficiency of 
certain general principles in locomotive design, 
and, perhaps, Poe of certain details in the me- 
chanism. e railway companies are the Cale- 
donian, the Great Northern, the Great Western, 
and the London and North - Western, the 
locomotives of which have been illustrated and 
fully described in ENGINEERING. At present it 
is arranged that the West Coast Scotch expresses 
will be hauled between Crewe and Glasgow alter- 
nately by the London and North-Western and 
the Caledonian engines, and in this way it will be 
possible to make a definite comparison of the per- 
formances. We hope that later it may be possible 
to place on the same duty the Great Tethecn and 
Great Western engines, but for the present it is 
oe that the Great Northern and London and 

orth- Western locomotives should be compared by 
hauling the Leeds express from Doncaster to King’s 
Cross, while the Great Western engines are to be 
compared with the London and North-Western loco- 
motives on the Euston and Manchester service. No 
doubt the scheme will be developed as the result 
of experience, but if conclusive results are to be 
got, it is important that the duty should be as near 
as possible the same, with the minimum of variants, 
notably in load. It is not enough that the per- 
formance of the engines on such heavy service as 
the Scotch expresses on the Shap and Beattock 
gradients should be ascertained, but that informa- 
tion should be available as to the relative propor- 
tions necessary on the level roads of the Great 
Western and Great Northern tracks. The idea is 
to work out the tractive effort, the coal consump- 
tion, the wear of the fire-box and other parts, and 
generally to arrive at the running costs. ‘lhe direct 
result must be beneficial to the railway companies, 
as well as suggestive to the locomotive engineering 
profession. 


THe Eart’s Court Exursirion. 


At the invitation of the chairman and directors 
of the London Exhibitions, Limited, we had an 
opportunity, on the afternoon of the 16th inst., of 
inspecting the industrial and commercial exhibits 
at the Golden West Exhibition, Earl’s Court. As 
will be expected, much of the material displayed is 
of no direct engineering interest, but among matters 
which come within our province we would mention 
the exhibit of the Automatic Electric Company, of 
Chicago, U.S.A., and Birkenhead, which consists 
of a working installation of their automatic tele- 
phone system. This system entirely dispenses with 
manual operation in the exchange, while the number 
of subscribers:on a system is not limited in any 
way. Ina completely automatic system the ringing 
up is carried out by the subscribers themselves, the 
necessary selective action being performed by the 
rotation of a small disc fixed on the instruments. 
The movements required are of a simple nature, 
and the code or system underlying them could 
be understood by the ordinary user with a few 
minutes’ explanation—if, indced, it is nut imme- 
diately evident from the appearance of the disc 
itself. The system is adapted for use in conjunc- 
tion with existing manual systems. We under- 
stand that it is employed on a large scale in the 
United States, although comparatively new to this 
country. Tools, gauges, &c., are represented in 
the Exhibition by the Consolidated Pneumatic 
Tool Company, who have a display of their 
hammers, drills, rammers, &c.; while Messrs. 
Charles Churchill and Co. show various drills, saws, 
and other tools manufactured by the American 
firms which they represent. Messrs. Dutilh-Smith, 
McMillan, and Co., of Great St. Helens, E.C., and 
Bembridge, Isle of Wight, display pressed-steel 
launches and boats manufactured by the W. H. 
Mullins Company ; while Messrs. G. R. Seton and 
Co., Sietieh dee beer-bottling machines and a 
model of an automatic elevator and conveyor. The 
Barrett Manufacturing Company, of South-place, 
E.C.; have an exhibit of their ‘‘ Congo ” roofing and 
“Congo ” damp-course material; while on the stand 
of the Aerograph Company, Limited, there is a John- 





son’s coin-counting machine, in which a quantity of 
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coins of one type are placed on a tray and swept for- 
ward to a rotary guide, which carries them, one at a 
time, to a paper-lined tube, down which they drop, 
registering themselves at the same time on a cyclo- 
meter dial ; when the tube is full a signal is given, 
and the paper lining may be removed with the coins 
veady packed in a definite quantity. In addition 
there are exhibits of ship models by: the Cunard 
Company, the Great Western Railway, the Ameri- 
can Line, and several others ; also maps and other 
information in relation to some of the great Ameri- 
can railroads. 


A Mopern Ratmtway PrRosiem. 


At the Royal Institution on the afternoons of the 
3rd and 10th inst., Professor W. E. Dalby gave 
lectures dealing with the relative merits of steam 
locomotives and electric motors for railway work. 
He pointed out that initially the problem was the 
same for both methods of working, depending upon 
the combustion of fuel on a boiler grate, and that 
even with the longer and more varied chain of 
energy transformation in the electric system, the 
percentage of the energy in the fuel delivered at 
the driving-wheels was of the same order in the 
twe cases; the extra losses in the electrical chain 
being counterbalanced by the advantages of concen- 
trated power-station working, as compared with a 
number of individual, self-contained locomotives. 
The tractive pull of a locomotive depended on the 
adhesion of its driving-wheels, and all that was 
possible had been done with steam locomotives, by 
building them six-coupled and eight-coupled, to 
increase their effective adhesion. The electric motor 
had an advantage in this direction, as there was 
no practical objection to making every wheel in a 
train a driving-wheel, and thus utilising the whole 
weight to increase the tractive pull. The steam 
locomotive, carrying its own fuel and generating 

lant, was limited in capacity by over-all dimensions, 
ut the electric motor could draw upon the total 
energy of the power-house to almost any extent. 
For a steady run with few stops—say between two 
towns 100 milesapart—electricdriving had no advan- 
tage over steam locomotives, unless very high speeds 
—say up to 100 miles per hour— were demanded ; 
this could only be done satisfactorily electrically, 
and the matter was a commercial one only; if pas- 
sengers would pay for such a service, it could be 
installed at the present time. When starting con- 
ditions were considered new factors came in; the 
best locomotive for hauling a heavy train at a high 
speed was not the best for starting it from rest and 
accelerating it to that speed. Curves of train resist- 
ance exhibited showed incidentally that the results 
of the Zossen high-speed experiments corresponded 
remarkably with Mr. Aspinall’s Lancashire and 
Yorkshire Railway tests. Diagrams shown, with 
curves of the tractive force of locomotives and 
motors at various speeds, and with curves of train 
resistance, from a comparison of which further 
curves plotted gave the time and distance required 
for acceleration to definite speeds, illustrated the 
superiority of the electric motor in getting up 
a high speed in a short time and over a short dis- 
tance, owing to its ability to draw on the power- 
house for large supplies of energy. A large 
amount of energy was expended in stopping trains, 
as in starting them, and, as in some of the Great 
Northern suburban services, much saving should 
result from running full morning trains from out- 
lying distri¢ts directly into the terminus, without 
stopping at intermediate stations. Finally, for local 
service, with many stops and many trains, electric 
driving was the best ; but for long runs and fewer 
stops electricity was not, as yet, superior to steam. 


Execrric Iron-Worxks at TROLLHATTAN, SWEDEN. 


A company has been formed for the purpose of 
starting electric iron-works at the Trollhattan falls, 
in Sweden, not far from Gothenburg. The instal- 
lation, at its start, is to comprise three electric 
furnaces, each of 2500 horse-power, with a capa- 
city of 7500 tons per furnace per year; but as 
the one furnace is meant to be held in reserve, 
the annual output, to begin with, will be 15,000 
tons of pig iron. The site has the advantage of 
ordinary gauge railway connection with the Bergs- 
lagernos Railway on both sides, and the canal, with 
harbour accommodation, is also close to the site, 
which consequently has a very favourable position 
The Waterfall Board has agreed to meet the new 
company in the matter of price for electric current, 
the charge being 27.60 kr. (11. 10s. 8d.) per horse- 


power per year for the first ten years, and 36.80 kr. | ceeded 





(21. Os. 11d.) for the next ten years. Suitable iron 
ore can be obtained from several places along 
the Bergslagernos Railway, or at some port on 
Lake Viuern, which has waterway connection with 
Trollhattan. The working, however, is solely based 
upon ore from Griingesberg, and the production, in 
the first instance, is only intended to provide pig 
iron for foundry pu —that is, with a percen- 
tage of phosphorus ranging between 0.4 and 1 per 
cent. boke can be used for reduction purposes 
equally as well as charcoal, but as the former is 
considerably cheaper at Trollhiittan than the latter, 
only coke will be used. Such can be had direct 
from Westphalia per boat, and costs at Trollhiittan 
some 21 kr. (ll. 3s. 4d.) per ton. The trans- 
orga plant will be made as practical and per- 
ect as possible, so as to uce the number 
of hands required for the handling of the ore 
and the products. According to the calculations 
ig iron can be produced at a cost of 51 kr. 
21. 16s. 8d.) per ton, and with poor markets a 
selling price of at least 58 kr. (31. 4s. 5d.) per ton 
may be expected, which with an output of 
15,000 tons per year yields an average profit of at 
least 100,000 kr. (65001.), or 15 per cent. of the 
share capital (600,000 kr.), or 33,0001., as the first 
and minimum capital. The price for ore may 
increase with better trade, but this will then 
and to a greater extent apply to that of pig iron. 
A considerable increase of power can be obtained, 
the site will allow of very material extensions, and 
of ore there is no lack, so the ibilities of exten- 
sion are everything that can desired. The cal- 
culated cost of the works is as under :— 


kr. 
Three furnaces of 2500 horse-power ... 150,000 
Trucks, tools, &c. ... a vas .... 15,000 
Crushing plant for 35,000 tons of ore 
and 7000 tons of coke perannum _... 9,000 


Electric transformers and motors for 

crushing plant and transport lines, as 

well as lighting ae we we st 6,000 
Transport arrangements for ore and 

coke from the harbour to the crushing 

plant, and from there to the furnaces. 15,000 
Transport arrangements for pis iron and 

ane and railway lines within the site 12,000 


Buildings for the blast-furnaces and for 
coke oe oe ai is ... 60,000 
House for crushing plant... ie he 4,000 
Levelling, raising, &c.... a .. 15,000 
Offices and laboratory... dati ... 20,000 
Total sn ~< - ... 306,000 

Superintendence and unforeseen ex- 
penses (11 per cent.) + ... 84,000 
Total ro = = ... 840,000 
Royalty Ps. ae “ oe ... 25,000 
Working capital... be wih ... 235,000 
Total . = - ... 600,000 








Tue German Navy.—A torpedo-boat, known at pre- 
sent as the S 166, has just been launched at Elbing. 
Torpedo-boat V 162 has also been launched at Stettin. 
Both vessels are fitted with turbines. 





Tuer InstituTION oF Gas Enoinerrs.—The annual 
meeting of this society has been held at the Institution 
of Mechanical Engineers on Tuesday, Wednesday, and 
Thursday of this week, when interesting papers have 
been read, not only on the engineering and manufacturing 
aspects of gas-making, but also on that side of the ques- 
tion dealing with working costs. The reception by the 
President and Mrs. Thomas Glover at the Royal Institu- 
tion of Painters in Water Colours on Tuesday evening, 
and the dance which followed, proved to be a most enjoy- 
able social event. The meeting of the Institution termi- 
nates to-day with a visit to Norwich to view the works of 
the British Gas-Light Company, the excursion finishing 
in the afternoon with a launch trip to Wroxham, at the 
invitation of the Norwich Corporation. 





Tur City anp Guitps or Lonpon Institute.—The 
report of the City and Guilds of London Institute for 
the advance of technical education announces a change in 
the title of their college in Exhibition-road, originally 
known as the Central Institution, and now as the Central 
Technical College. It is in future to be known as the 
City and Guilds Engineering College, owing to the fact 
that the Imperial College is about to erect extensive 
laboratories on the ground adjacent to the City Guilds 
establishment, which it is desired to run in concert with 
the latter. The existing college and the new extension 
will be governed by a joint board of the City Guilds and 
of the authorities of the Imperial College. The students 
in the City Guilds department of technology now number 
51,011, and last year examinations were held in 443 centres 
in the United Kingdom, as well as in Bombay, Australia, 
New Zealand, and the South African Colonies. In all, 
494 colonial students sat for the examinations, which now 
cover seventy-five different trades. The total expenditure 
of the City Guilds Institute on technical education ex- 
45,000/, in the past twelve months. 





CANADIAN ICE-BREAKING AND 
PASSENGER STEAMER. 


THE success of the Canadian ice-breaking and survey- 
ing steamer Lady Grey, completed three years ago at 
the Vickers Works, at Barrow-in-Furness, has en- 
couraged further development in the same direction. 
This earlier vessel, Lady Grey, has done efficient 
work in breaking up the ice in the St. Lawrence 
River, and when not thus engaged has performed 
various duties associated with the Marine Fisheries 
Board. The Canadian Government, in consequence, 
decided to order another and larger vessel from the 
Vickers Company, and this steamer, which is to be 
launched to-day, marks developments, especially in 
size and speed. The Government authorities decided, 
in the interests of economy, carefully to consider the 
uses to which such a vessel could be put when there 
was no ice, The problem was a difficult one, in respect 
that the great strength necessary for ice-breaking in- 
volved a special form of hull, but the experience of the 
Vickers rors has enabled them to guarantee 
17 knots, while forfeiting nothing of the essential quali- 
ties required for maintaining a free through the 
winter's ice. "With the promise:of this high speed, it 
was decided t6 fit the new vessel for passenger service, 
not only in winter, but throughout the summer season, 
across the Northumberland Straits, which separate 
Prince Edward Island from the mainland. At the same 
time the vessel has special quarters, so that she may 
be used as a yacht by the Governor-General, and is there- 
fore appropriately named Earl Grey. In view of this, 
the designers have achieved a remarkable success, so 
far as the gsr ome of the vessel is concerned. While 
the we of the hull is obvious at a glance, grace 
has been lent to the appearance not only by fine shear, 
but by the adoption of a cut-water stem and a short 
bowsprit, an elliptical stern, and two steel pole-masts, 
which have a considerable rake, and are schooner- 
rigged. A searchlight is carried on one of the masts 
to enable the least line of resistance to be observed 
when the ship is in an ice-floe at night. 

A closer examination, however, shows that a con- 
sideration of strength has dominated the design of the 
hull, in order that effective work may be done amongst 
the heavy ice-fields of the Northumberland Straits and 
the Gulf of St. Lawrence. The frames are very closely 
spaced, in order to take up the thrust of the pack-ice, 
which will, at times, be piled around the vessel. The 
shell-plating is thicker con usual, and the outer skin 
is doubled along the water-line right fore and aft and 
to the bottom of the keel in the forebody, where the 
friction of the ice tends, in the case of ice-breaking 
steamers, to wear away the material faster than in 
ordinary marine practice. As is well known, the pro- 
cedure is to drive the ship forward until the fore body 
glides on to the floe sufficiently far to cause the ship's 
weight to crush the ice. In order that the weight may 
be increased at will large tanks are built into the 
structure, and the pumps for filling and emptying 
these tanks deal with 250 tons of water per hour. The 
vessel is also equipped for breaking ice when goin 
astern, and the counter has been suitably strengthenec 
to resist the shocks. The rudder, as shown by the 
illustration on page 827, takes the form of the vessel, 
so that the movements of the ship are not in any way 
impeded by the ice-floes. 

The dimensions of the vessel are tabulated alongside 
those of the earlier steamer, the Lady Grey. 

‘Lady Grey.” ‘Earl Grey.” 
Length between per- 


pendiculars = 172 ft. 250 ft. 
Breadth, moulded ... 33 .. 47 ft. 6 in, 
Depth, moulded _.. 18 ,, oper 
Draught, normal _... i 17 4p 7» 
Displacement ; 1055 tons 3400 tons 
Speed ... ; 14 knots 17 knots 


The arrangement for the accommodation of passengers 
is on the promenade, upper, and main decks, while 
above this is the bridge-deck, which contains the 

uarters for the captain and navigating officers in the 
deck-house, the roof of which serves also for the navi- 
ating bridge. The apartments for the Governor- 
teneral, together with the smoking-room, are placed 
in the deck-house on the promenade deck, in which 
also there is arranged the entrance-hall and lounge for 
first-class passengers. A broad companion-way leads 
down to the upper deck, where there are arranged 
state-rooms for fitty first-class passengers, as well as the 
first-class dining-saloon, pantry, galley, &c., while the 
chief engineer has his quarters close to the engine- 
room ; on this deck also the petty officers of the shi 
are accommodated. _ The mail-rooms are aft on this 
deck, and the seamen are accommodated forward. 
The second-class accommodation, which affords room 
for twenty ngers, is on the main deck, where also 
the remainder of the engineers and others of the crew 
of the ship have their accommodation. On this level, 
too, there is a hold for light cargo. 

The vessel is sub-divided into numerous water-tight 
compartments, and the doors of the principal compart- 
ments are on the Stone-Lloyd system, so that they can 
be closed simultaneously from the navigating bridge. A 
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water-tight bunker-bulkhead extends on each side 
of the vessel throughout the length of the boiler-rooms, 
and a double bottom is fitted for almost the entire 
length of the vessel. 

The vessel is lighted throughout with a complete 
system of electric light, and is heated by steam. 
Arrangements are provided for rapidly handling the 
cargo and for coaling expeditiously. 

The machinery is of the triple-expansion three- 
crank type, and in the design the heavy stresses to 
which the vessel will be subjected in ice-breaking have 
had special consideration. Consequently, the shafting 
and the working parts are of considerably greater 
strength than usual. This also applies to the pro- 

llers, which are of the four-bladed built-up type. 

he blades, which, like the bosses, are of cast steel, 
are of exceptional strength for working through ice. 
The engine cylinders are 274 in., 43 in., and 70 in. in 
diameter respectively, with a stroke of 39 in. Steam 
is supplied at a workin pressure of 180 lb. from four 
boilers of the cylindrical type, 15 ft. in diameter. Two 
of these are double-ended, being 21 ft. long, and two 
single-ended, 11 ft. long. The boilers are fitted with 
furnaces of the Morison suspension type, and work 
with the Howden system of forced draught, the air 
being supplied by three fans driven by enclosed forced 
lubrication engines. The main condensers are cy- 
lindrical in form, and independent twin air-pumps are 
provided. There is also an auxiliary condenser capable 
of dealing with the whole of the steam from the auxi- 
liary engines, and having separate air-pumps. 

Special arrangements have been made in connection 
with the pumping plant, owing to the special duty of 
the ship in the ice-floes. In the event of the ordinary 
suction or discharge valves being choked with ice, the 
circulating water may be drawn from or discharged 
into a part of the double bottom, two frame-spaces 
being specially divided off for this purpose. In the 
way of these the outer skin of the ship is perforated in 
such a manner as to give a large area for the passage 
of the circulating water. Steam-jets are arranged on 
the branches of all sea inlet valves, to enable them to 
be cleared of ice as occasion erises. A ballast-pump of 
the centrifugal type, capable, as already stated, of 
dealing with 250 tons of water per hour, is fitted in 
the engine-room, with connections for transferring 
water Teewens the forward and aft tanks when 
trimming the vessel for making its way through the ice. 

In addition to the usual feed, bilge, an mage 
pumps, the machinery department is fitted wi 
evaporating plant, grease-extractor, feed-heater, and 
Stone’s ash-expellers, the equipment generally em- 
body ing the latest up-to-date practice for this class 
of vessel. 

A workshop for repairing purposes is installed on the 
vessel, the lathes and other machines being driven by 
electric motor. 

The machinery, like the ship, has been built to 








Fig. 3. 


the requirements of the Board of Trade, Lloyd’s ' 


Registry of Shipping, and the Canadian Steam- 


| boat Inspection Act. 








SUCTION GAS-ENGINES AT THE ROYAL 
AGRICULTURAL SHOW. 

A SUCTION-GAS pumping plant to be shown next week 
by Messrs. Fielding and > att, Limited, of Gloucester, 
at the Show of the Royal Agricultural Society, which 
aig at that city on the 22nd inst., is represented in 

igs. 1 and 2, page 822. It has been built for the new 
water-works at Wotton-under-Edge, of the Dursley 
Rural District Council, to the requirements of their 


meets a. Mr. H. J. Weaver, 28, Victoria- | 


street, S. The plant consists of a 30-brake-horse- 
power suction gas-producer and engine (see Fig. 1), the 
latter driving, through a Fielding flexible coupling, 
the set of three-throw horizontal pumps shown in 
Fig. 2. 

As long continuous runs may be required from the 
engine, it is fitted with ring lubrication to the main 
bearings. Low-tension magneto-ignition is provided. 
The pumps have rams 8 in. in diameter by 9-in. stroke, 
and are designed to deliver 10,000 aiven per hour 
against a head of 300ft. The three-throw crank-shaft 
is, it will be seen, supported by four bearings, ren- 
dering it very stiff. 

We also give on this page an illustration showing the 
ae features of a gas-engine rated at 70 brake 

orse-power, which will likewise be exhibited by 
Messrs. Fielding and Platt. The engine is intended 
to be coupled direct to a dynamo, and has, it will be 
seen, a single heavy fly-wheel, with an out-end bear- 
ing. The governor acts by throttling the charge, and 
not on the hit-and-miss principle. Throttling governors, 
as is well known, require less massive fly-wheels than 
are necessary with hit-and-miss governors to secure a 
given standard of regulation, and with engines run- 
ning on suction-gas have the further advantage of 
maintaining a continuous draught on the producer, 
even at light load, so that the fire remains bright. 

The ignition is on the low-tension magneto system, 
the drive to the internal make-and-break being ve 
direct and simple. An outside spark-tester is fitted, 
showing when the internal contacts need cleaning. 

The cylinder is not overhung, but, as shown, the 
bed extends well underneath it. An oil-tray cast 
round the foot of this bed collects all waste oil, thus 
keeping the engine-room clean and the foundations 
intact. Ring lubrication is fitted to the main bearings, 
and the connecting-rod bearing has centrifugal oiling- 


rings. 

The oil supply to the cylinder is positive, being 
effected by means of a small force-pump driven from 
the side shaft, as shown. Owing to the efficiency of 
the lubrication the engine can, without causing the 
least trouble, make long continuous runs. 








The combustion-chamber water-jacket is entirely 
distinct from that round the cylinder-barrel, thus get- 
ting rid of a water-joint, which, at times, is liable to 
cause trouble. The producer, which will be shown 
with the engine, is of the builder’s standard pattern, 
fitted with a rotating water-grate. In this producer 
the steam admission to the producer is automatically 
regulated in accordance with the load on the engine. 
At each suction stroke a few drops of water are auto- 
matically drawn into the ash-pit, owing to the deflec- 
tion past the waste-pipe of a trickle of water by the 
rush of the incoming air. 








PrrsonaL.—Mr. Louis W. Smith, A.M.I. Mech. E., has 
resigned the position of works director of Messrs. W. 
Sisson and Co., Gloucester, and has been appointed 
managing director of Messrs. Clarke’s Crank and Forge 
Company, Limited, engineers and forge-masters, Lincoln. 
—Owing to rye me lease having been acquired by 
H.M. ice of Works, Messrs. Kincaid, Waller, Man- 
ville, and Dawson’s address, on and after the 24th inst., 
will be St. Stephen’s House, Victoria Embankment, 
Westminster. 





THE Lonpon, BricHTon, AND Soutu-Coast Ratiway. 
—With June commences the tourist and excursion season 
of this railway, and in a p mme just published by 
the company will be found announced cheap week-end 
tickets, to be issued on Friday, Saturday, and Sunday to 
all places on the South Coast, from Hastings to Ports- 
mouth inclusive, and to all places in the Isle of Wight, 
also to Dieppe, on the Normandy coast, with its hand- 
some casino, new marine promenade, fine golf-links, and 
good roads for cycling. 





A New Sreamer ror Iron-Org Trapg.—On Satur- 
day, the 12th inst., the steamer Paulina, built by Sir 
Raylton Dixon and Co., Limited, of Cleveland Dock- 
yards, Middlesbrough, and constructed on their patent 
cantilever frame system with topside water-ballast tanks, 
to the order of Messrs. Modesto Pineiro and Co., of San- 
tander, Spain, to meet the very special requirements of 
her owners’ iron-ore-carrying trade from Santander te 
Glasgow, proceeded to sea to undergo her loaded trials. 
The vessel has been built to Lloyd’s highest class, with 
engines aft, her leading dimensions being 300 ft. by 
47 ft. 3 in. by 22 ft. 3in., moulded, and she will carry 
about 4300 tons on a 19-ft. draught with the remarkably 
low net register of 1386 tons. Specially designed scoops, 
travelling in the holds, fill themselves with the ore or 
coal to be handled, and are lifted and emptied into rail- 
way trucks on the quay. The arrangement is such that 
the derricks on the port side of the ship can deliver over 
the sterboard side into trucks standing 25 ft. away on the 
second iine of rails. Triple-expansion engines, having 
cylinders 214 in., 36 in., and 59 in. in diameter, with a 
39-in. stroke, supplied with steam by three large single- 
ended boilers waking at 180 Ib. pressure, have been fitted 
by the North-Eastern Marine Engineering Company, 
Limited, Sunderland, 
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STEEL-BED ITRONING-MACHINE. 


CONSTRUCTED BY MESSRS. ARMITAGE 
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Ir cannot be said that the use of machinery in laun- 
dries has been regarded by the general public as an 
unmixed blessing ; in fact, many people appear to be 
firmly convinced that no blessing whatever is attached 
to it, if we are to judge by certain strong remarks 
frequently heard on the subject. We believe, how- 
ever, that very much of the ill-feeling that exists 
should not be charged to the machinery, but to the 
careless use of it, and probably also very largely to 
the use of the strong chemicals which made their 
appearance about the same time as laundry machinery. 
There seems to be no real reason why machine-washing, 
if properly and carefully carried out, should be any 
more destructive to clothing, household linen, and 
fine fabrics than hand-washing. In fact, one would 
naturally expect that it would prove more satisfactory 
in any ways. Whatever may be the view regarding 
it, however, washing-machinery is not now kely to 
be ousted from its position, and the best thing to be 
done is to make it as perfect and as simple as possible. 
One of the most important of the processes now 
irried out in what are known as steam laundries, 
apart from actual washing, is that of ironing and 
drying, particularly where large and valuable articles, 
such as table-cloths, bed-sheets, &c., are concerned. 
(his has now been.done with more or less success for 
many years. We believe that M. Decoudun, a well- 
known French laundry engineer, was the first to make 
an ironing-machine in which a felt-covered roller 
revolved in a heated half-cylindrical polished bed. In 
some of the machines of this class the bed was heated 
underneath by horizontal lines of gas-jets, but when 

cam came into use it was found necessary to make 
the bed hollow and of sufficient strength to withstand 
‘he steam pressure. In all Decoudun’s machines cast 
‘ron was used for these beds, and nearly all makers of 
Uns type of machine still use this material. It has, 
however, long been recognised that mild steel would be 
4 great deal safer fof these beds, as the pressure inside 
them is frequently as much as 40 1b. or 50 lb. per 









— eS See 


square inch, and fractures of cast-iron beds are of 
frequent occurrence ; indeed, there have been some 
very serious accidents, and sometimes loss of life, 
owing to the use of this metal. The risk from these 
machines is, indeed, such that we do not think it 
would be unreasonable if the Board of Trade were to 
insist on some form of inspection being required. 
Various attempts have been made to produce satis- 
factory steel beds in place of cast-iron ones, and 
these efforts appear now to have met with success 
in a machine manufactured by Messrs. Armitage and 
Crosland, Limited, Westwood’s Works, Millwall, E. 
One of these machines we illustrate in perspective in 
Fig. 1, above; the view given being a reproduction 
from @ eye ong The bed, which is the chief point 
of interest about the machine, is shown in perspec- 
tive in Fig. 2. Figs. 3 and 4 are a vertical longi- 
tudinal section and a transverse section respectively. 
The difficulties met with in making these crescent- 
shaped beds will be at once apparent, for when steam 
pressure is introduced the tenc ency is for the bed to 
open like the tube does in a Bowdon pressure-gauge. 
ew in practice it is found that if the bed opens out 
much, thus becoming larger than the roller which is 
intended to fit it, a considerable percentage of the 
ironing effect is lost. In the machine we are 
describing the ironing-bed is made of two mild-steel 
plates shaped by hydraulic pressure to the required 
form. The top plate is practically half of a cylinder, 
but the bottom plate is pressed in such a manner that 
it leaves a distance between it and the top plate to 
which it is riveted, as shown in Figs. 3and4. The 
ends of the bottom plate are dished, and this dishing, 
and the riveting to the top plate, do away with the 
troublesome bolted covers of the cast-iron type of bed. 
In order to give the requisite rigidity ad gueven 
the bed opening out in the way previously referred to, 
there are a number of stays in this steel bed from the 
upper to the lower plate. Each stay passes through a 
distance-piece between the two plates, as is clearly 





WESTWOOD’S WORKS, MILLWALL, E. 
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shown in the illustrations. We are informed that in 
some ‘tests carried out at Westwood’s works it was 
found that under 60 lb. steam pressure the expansion 
between the horns of the crescent-shaped bed only 
amounted to ,; in.; and, what is equally important, 
the expansion was even over the whole length of the 
bed. The makers further guarantee the beds against 
deflection or winding. 

Another feature of interest in this machine is the 
arrangement of the lip, or feed-bar, which is shown in 
Fig. 4. As the machine is 9 ft. long, it will be readily 
understood that there might be a difficulty in feeding 
a large article, such as a sheet, evenly into the machine. 
To simplify this operation, there is fitted to the bed 
a hinged lip or flap A, Fig. 4, which is operated by a 
treadle on the feed side of the bed. When the treadle 
is depressed, the lip opens away from the roller, The 
operatives then place the edge of the material to be 
ironed evenly along the edge of this flap, and on letting 
go the treadle the lip comes up against the revolving 
roller, which then carries the fabric through. The 
usual method of hinging these lips is on a pin at each 
end of the bed, but in this particular machine the lip 
is hinged to the bed in four places, thereby holding 
it secure against any tendency to expand in a slightly 
different ratio from the bed. It is also claimed that 
the hinges prevent any tendency to vibrate which 
might cause the fabrics to pleat in passing through. 
Usually four girls are required to operate the machine, 
two to feed and two to take up and fold. The fabrics 
are taken damp from the hydro-extractors and fed 
direct into the machine, which both dries and irons 
them. 

In machines with cast-iron beds the latter have to 
be made from | in. to 14 in. thick in order to with- 
stand the steam pressure, whereas in the steel bed of 
the machine we are describing the shell is only about 
4 in. thick, being thus much more efficient as a heat- 
conductor. We ourselves recently saw one of these 
machines at work, where sheets and table-cloths were 
being passed through and finished at the rate of sixty 
per hour. Some of the articles were very large wet 
table-cloths measuring 6 yards by 3 yards, and in two 
passages through the machine these table-cloths were 
delivered thoroughly dry and with a smooth glossy 
surface. The aabene claim that they have never had 
what is known in the trade as a ‘‘sweating” roller, 
although the roller has no steam in it, and they attri- 
bute this to the thin steel bed as well as ,to the fact 
that they also use a thin steel roller ; consequently, 
there is not a large mass of thick metal to cause con- 
densation. In order to keep the steel roller rigid there 
is a steel diaphragm in the centre, to which the roller 
is riveted and.through which the axle passes. 

There is a simple safety device attached to the 
machine which prevents the possibility of the fingers 
of the operator being drawn between the roller and 
the bed. This device consists of a swinging flap, which 
is suspended on a trunnion at each end. Under the 
flap there is room for the work to pass, but not the 
fingers. When this flap is pushed it releases the spring 
trigger of a piece of mechanism which shoots the belt- 
fork over the loose pulley, and at once stops the 
machine. 

These steel-bed ironing-machines are made in two 
types, one with a single roller, and the other with two 
rollers. Generally speaking, the double-roller machine 
with high steam pressure is used where it is essential 
to get very quick drying; and we are informed that 
as many as 700 huckaback towels have been dried 
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and finished on one of them in one hour. The single- 
roller machine is usually preferred when it is desired 
to put a high finish on the articles which are ironed 
po dried, as in the case of table linen, serviettes, &c. 








INDUSTRIAL NOTES. 

Tue blue-book just issued by the Local Government 
Board is a valuable addition to industrial and economic 
history. It is a record and review of social progress 
during the last fifty-eight years, its starting-point for 
comparison being 1850. It deals with : (1) fe Neer 3 
(2) public health ; (3) occupations, wages, and employ- 
ment ; (4) poor law and pauperism ; (5) local government 
and local taxation ; and (6) miscellaneous. The pre- 
sent record may be relied upon as being as exact as it 
is possible to be with the mass of figures handled. 
The ulation of the United Kingdom has nearly 
douhied dea 1850, in spite of a large emigration to 
the United States, Canada, Australasia, South Africa, 
and elsewhere. Taking wages, the tables and dia- 
grams show that they have increased by about 40 per 
cent., while the general level of prices has gone down 
24 per cent.; but house rent has gone up. Nearly all 
the necessaries of life have been cheapened, and also 
generally clothing. It is useless for discontented men 
to declare that the workers are worse off ; all the facts 
go to prove the contrary. 

There has been a great change in the health of the 

vxeople since 1850. The death rate in England and 
Wa es in the ten years 1851-60 was 22.2 per 1000, 
and 15.8 in 1901-7; last year it was even lower. At 
the initial date given we were just emerging from the 
cholera scare—1848-9. Small-pox abounded. There 
was no sanitation, no Public Health Acts, and rio 
pretence of drainage. In London the Act for drainage 
did not pass until 1855, and then the Board of Works 
had to be created to carry it out. The average dura- 
tion of life was 37} years, now in last year it was 55 
years. In all the chief industries the same tale is told, 
not only of the men, but the women also, showing 
social improvement in the home conditions of the 
people. Pauperism then stood at 62 per 1000 of the 
population, now it is only 26. Education was almost 
nil among the working classes ; even in 1870 very little 
progress had been ale, now it is universal. There is 
plenty of room for further social progress and improve- 
ment, but it is encouraging to know from official records 
how much has been done in less than sixty years. There 
is great recuperative Lye in the nation ; it has its 
turn of depression and gloom, but it has its days of 
prosperity. We hope that these are again about to 
dawn. 





For the first time during many months the report of 
the Ironfounders contains a few words of congratula- 
tion as regards the state of trade. It says :—‘‘ It is 
somewhat gratifying this month to note a fairly good 
decrease in the number of members on the different 
benefits—the unemployed being the most notable— 
which would make it appear that the continued bad 
trade has taken a turn for the better. This is also 
shown by the trade table, where we find that 16 per 
cent. of the branches are returned under ‘“ good ” or 
‘* fair” conditions, as compared with 11 per cent. three 
months ago.” It is wise to be thankful even for small 
things, especially when they indicate better things. 
The total number on all the benefits was 5278— 
decrease, 215; on donation benefit there were 3192 
—<decrease, 178; on sick benefit, 462—decrease, 35 ; 
on superannuation benefit, 1288—decrease, 2 ; on dis- 
pute benefit, 158—increase, 4. There were 178 other 
out-of-works—decrease, 4. The cost of all benefits 
was 1870/. 3s. 2d., or at the rate of 2s. 6jd. per mem- 
ber per week. The total membership at date was 
18,642, showing a loss of 665 in twelve months. The 
total balance in hand was 40,891/. 14s, 2d., showing a 
decrease in the month of 2962/. 12s. 7d. The decrease 
since the same month last year was 41,246/. 1s. 6d. 
This shows the heavy drain on the funds during the 
last twelve months. The state-of-trade returns are 
far from bright, in spite of the above-quoted congratu- 
lation. In only forty places, with 3225 members, was 
trade from ‘ very good ” to ‘‘improving,” out of 128 
branches, with an aggregate of 18,642 members. All 
the other branches report trade as ‘‘ discharging,” 
‘short time,” ‘* bad,” and ‘t very bad.” Still, if the 
cloud lifts only a little, there is much to be thankful 
for after the long spell of trade depression. 





The Ironworkers’ Journal reports the last two meet- 
ings of the Midland Wages Board and the North of 
England Conciliation and Arbitration Board, at neither 
of which was there any serious contentious matter. 
At the Midlands Board a case was stated for fixing the 
rates of wages (1) for the operatives at or in a 16-in. 
bar-mill ; and (2) in a 10-in. guide-mill. The employers 
stated their case, and the reasons for asking the board 
to intervene, as there were changed conditions at the 
works. The operatives left the matter to the com- 
mittee, promising to accept their decision. A sub- 
committee was appointed to investigate and report ; 
the board will then adjudicate upon the matters in 





dispute. Here is seen the value of such a board. 
There is no stoppage of work, no losses by strikes or 
lock-outs ; the question is submitted to a board of 
experts—employers and workmen—and they decide. 
The Journal also reports the essence of a debate 
between two of its own members on ‘“ The Fiscal 
Question,” at Warrington. 





The report of the Operative Cotton-Spinners is fairly 
satisfactory as regards employment. The average 
proportion on the funds out of work was 7.33 per cent. 
of full members, as compared with 13.48 last month, 
and 11.8 per cent. in the same month a year ago. There 
were also. 1.90 per cent. out of situations, as compared 
with 2.23 per cent. last month, and 2.2 per cent. a 
year There were also 231 per week on the funds 
through temporary stoppages, and 41 through acci- 
dents, together with 185 on scale payment when em- 
ployed at piecing. The aggregate membership of the 
association was 19,225, showing a gain of 44 in the 
month, and of 1107 in the last twelve months. The 
officials had to deal with thirty dispute cases in the 
month. In one case an overlooker was summoned for 
striking a little piecer because the latter refused to do 
something in meal-times. The case was dismissed, 
but the society threaten further proceedings. In 
another case a minder was dismissed wrongly, the 
officials thought, but after consideration the firm re- 
instated him without further ado. The other cases 
were amicably settled by the parties affected. There 
were 23 accident cases repo , 28 last month, and 29 
the same month a year ago. There were sent in to em- 
ployers 63 compensation cases under the Act; last 
month, 72 ; same month a year ago, 42. In one case 
the insurance company contested a claim, and it was 
carried to the County Court ; the man was awarded a 
— sum than was paid to him previously, but the 
judge ~—- that the man could have performed 
certain work if he hadso minded. Since the Compen- 
sation Act came into force 3280 claims have been sent 
in to employers, very few of which have been contested. 
There was a financial gain to the association of 
175l. 6s. 9d. in the month, after paying the general 
levy of 6d. per week per member to the amalgamation. 





The report of the Associated Blacksmiths is not 
encouraging from the employment point of view. It 
states that the anticipated aoe te trade as the 
summer months come round is not realised. But it 
adds that the orders placed are quite equal to the 
launches in the shipping world. It takes a long time, 
however, to get over a severe depression in trade. 
The report states that a long time must still elapse 
before there can be any substantial reduction in the 
list of unemployed members. Reference is made to 
the Labour Exchange Bill, and the comments are ad- 
verse. It states that the trade unions have labour 
exchanges of their own ; they know where work is to 
be obtained, if any; and, further, that they will 
object to help to pay to get non-unionists work. There 
was an increase in membership in the month, but the 


income did not cover the expenditure. The loss to 
capital account was only 67/. lls. 7d. The total 
amount of the society’s balance is now reduced 


to 21,141/. 16s. 9d., but the average per member is 
higher than in many of the larger unions. The Greenock 
branch reports that the wages reduction at a firm 
named was restored to the men on restarting work. 
There was not a labour dispute in any district at the 
date of the report. 
when trade revives, as all questions of time and wages 
are in abeyance. The smiths will come under some 
of the settlements effected some time ago, both in the 
engineering and shipbuilding trades. 





The American Federationist for this month has an 
article upon the resignation of the President of the 
Manufacturers’ Association. He is the head of the 
firm that has fought for, and obtained, the injunctions 
against boycotting. Of course, the Federationist is not 
squeamish in its way of dealing with its great antagonist, 
and it brings against him charges of duplicity in con- 
nection with his attitude towards the trade union 
movement. They hit hard and straight in America, 
in politics and industry ; they give no quarter, and 
ask for none. The fight is not over yet as regards the 
final issue of the boycott prosecution. The latest 
move of the Federation has been to gather into one 
fold all the labour unions in the building trade, and 
to affiliate them in one concrete body to the American 
Federation of Labour. In this way the Federation 
manages to concentrate all the power, influence, and 
financial resources of the unions affected in the event of 
a dispute, while the other unions back them up. The 
organisation is much more powerful than the General 
Federation of Trade Unions in this country, and more 
stringent in its rules and action. The record of the 
doings of the organisers all over the States shows to 
some extent the vast organisations of labour in the 
several States, and their concentration in the central 
body—the American Federation of Labour. 





The visit of a number of British Labour Members 


The men, therefore, start fair | P 





of Parliament to Germany, on a mission of peace, 
appears to have been satisfactory from every point of 
view. They were most cordially and heartily wel- 
comed and feasted, if not always in official state, 
at least in many places the welcome was semi-ofticial, 
One very gratifying feature in all the proceedings was 
the way in which the speakers held themselves in, 
so tospeak. There was no wild talk about anarchy, 
socialism, or even industrialism, and its conflicts with 
capital. The speeches were by men of some culture, 
of wide experience and honest faith. The masses 
of the two countries are drawn decidedly closer by the 
Whitsuntide visit. The antagonism of nationality 
has lessened, and the real antagonism of race does not 
exist. We are of the same stock, almost as closely 
related as with the present race of Americans, if the 
term ‘‘race” can apply. But it cannot really, as the 
American nation is composite. 


The ey of a crisis in the coal industry, being 
averted in England and Wales, are regarded as brightes 
at date of writing. In South Wales and Monmouth- 
shire negotiations have been goin on between the 
Coal-Owners’ Association and the Miners’ Federation 
for a conference to discuss matters, and to see if some 
mutual arrangements can made in view of the 
Mines Eight Hours Act coming into force on July 1. 
The executive of the Miners’ Federation have fixed the 
17th inst. for their meeting, and Mr. W. Abraham, M.P., 
has uested that a joint meeting shall be held as 
pondlage as possible. In response, the secretary of 
the Mine-Owners’ Association sent out a notice to the 
a representatives to that effect. It is thought 
probable that a stoppage will be averted. In Lanca- 
shire and Cheshire no cessation of work is anticipated, 
as both sides have agreed to certain terms, fora period 
at least. In Yorkshire also it is thought that a settle- 
ment might be effected, but at some of the large 
collieries there is unrest, and the men have applied to 
the executive for permission to give in notices ; but 
no determination was arrived at, as negotiations were 
going on in favour of a mutual agreement. In Scotland 
it is feared that a crisis will arise, as the mine-owners 
appear to insist on the reduction of 6d. per day in 
wages ; but even there it may yet be possible to avert 


a stoppage. 





A very important deputation waited upon the Home 
Secretary last week to urge the abolition of fines in the 
cotton trades; especially are ve | objectionable in 
weaving-sheds. It was admit that they were 
irritating, and further that they operate unjustly. 
Mr. Gladstone was impressed by the speeches made, 
and by the evidence of Mr. Shackleton before the 
Truck Acts Committee, but he saw no chance of legis- 
lation this year. The deputation urged that the 
operatives were fined for faults over which they had 
no control, by the use of bad material, and by defects 
in the machinery. 








RESEARCHES IN RADIOTELEGRAPHY.* 
By Professor J. A. Ftemine, M.A., D.Sc., F.R.S. 
(Concluded from page 798.) 

CLOSELY connected with this part of the subject is the 
question so frequently discussed as to the isolation or 
secrecy of radiotelegraphic communication. Up to the 
resent moment the only really practical method of isolat- 
Ing any particular receiver, so as to make it sensitive only 
to signals coming from a vertain direction, is to avail our- 
selves to the utmost of the principle of resonance and to 
tune the sending and receiving circuits to exact corre- 
spondence. The question then arises, What is it which 
Tcrenteines the effectiveness of this tuning? If waves of 
one particular wave-length are impinging on a receiving 
antenna and creating signals, by how much can the wave- 
length be varied, or the tuning of the receiver upset or 
changed, without preventing these signals being received ? 
It is clear that the narrower this i the more per- 
fect the isolation of the receiver. It can be shown 
that it depends upon the form of the resonance curve 
of the sending and receiving circuits. If the sending 
station is emitting waves of a certain constant wave- 
length and damping or decrement, then in the re- 
ceiving circuit of all other stations within range there 
will be produced oscillations having a certain mean square 
value measurable by appropriate instruments. If any 
receiving circuit is ually brought by adjustment of 
its capacity and inductance into exact syntony or tune 
with the sending station, then this receiver current reaches 
its maximum value, and there is a definite lesser value of 
the receiver current for every particular degree of want 
of tuning or dissonance between the two. The curve 
which by its ordinates expresses this receiver current 
corresponding to each particular tuning, or natural fre- 
quency of the receiving circuit, is called a resonance curve 
(see Fig. 15). If this curve has a very sharp peak, then 
it clearly indicates that a slight want of tuning or syntony 
between the stations will greatly reduce the receiver 
current. The peakiness of the curve depends upon the 
sum of the decrements of the sending and receiving 1r- 
cuits. By the term “decrement of a circuit” is meant 

* Lecture delivered at the Roya? Institution on Friday, 
June 4, 1909. 
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the logarithm of the ratio of the amplitudes of two succes- 
sive oscillations in the train. 

To obtain very sharp toning we have therefore to 
employ either undam oscillations or very feebly 
damped oscillations in the transmitter, and also a receiv- 
ing circuit in which there is as little oe ga of energy 
by resistance and other causes as yet le. It is then 
possible to cause a change of even less than one-half of 
1 per cent., or 5 parts in 1000, in the wave-length of the 
received waves to cease to actuate the receiver. This 
means that we can distinguish between two waves 1000 ft. 
and 1005 ft. or 1010 ft. in length respectively, and that 
our receiver may be tuned to respond to one, and not to the 
other. The persistent or undamped oscillations created 
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by the are transmitters have therefore an advantage in 
this respect over spark transmitters, in that the damping 
or decrement of the transmitter is less; but it should be 
borne in mind that the damping of the receiver circuit has 
also a large influence on the form of the resonance curve, 
and that good isolation cannot be obtained unless the 
receiving circuit also has a small decrement. Under 
favourable conditions we can employ a sending key, which 
does not interrupt the production of the electric wavesat the 
sending station, but simply alters the wave-length slightly 
by about }per cent. If, then, the corresponding receiving 
station has a feebly-damped receiver, this change will be 
sufficient to cut up the continuous record or telephone 
sound at that station into Morse dots and dashes, and so 
transmit signals. But another station not so tuned will 
either receive nothing at all, or else a continuous unbroken 
line or sound not having any meaning. There are other 
methods by which signals not intended for a particular 
receiver can be rejected by it. Fessenden has described 
for this purpose an interference detector, in which the 
impulses it is not desi to receive are made to divide 
between two paths, the oscillations in which are then 
caused to neutralise each other’s effect on the oscillation- 
detector. On the other hand, the waves of the wave-length 
it is desired to receive do not so neutralise themselves, 
but produce a signal by their operation on the detector. 

_ We must pass on to notice, in the next place, some 
improvements in oscillation-detectors, and means of test- 
ing them. As already explained, the ether waves sent 
out by the transmitting antenna fall on the receiving 
antenna, and create in it, or some other circuit con- 
nected to it, very feeble oscillations. These oscillations 
being very feeble alternating currents of high frequency, 
cannot directly affect either an ordinary telegraphic 
instrument or a telephone, but we have to interpose a 
device of some kind, called an oscillation-detector, which 
is affected by oscillations in such a manner that it under- 
goes some change, which in turn enables it to create, 
increase, or diminish a local current produced by a local 
battery, and so affect a telephone or telegraphic relay. 
One kind of change the oscillations can produce in certain 
devices is a change in their electric resistance, which in 
turn is caused to increase or diminish a current through a 
telephone or telegraphic relay generated by a local 
luttery. To this type belong the well-known coherers of 
Branly, Lodge, ont Marconi, which require tapping or 


rotating to bring them back continually to a condition of 
sensitiveness. ‘oherers, however, have been devised 
which uire no tapping. Thus it has been found by 


Mr. L. H. Walter that if a short length of very fine 
tantalum wire is dipped into mercury, there is a very 
imperfect contact between the mercury and tantalum for 
low electromotive forces. This may, perhaps, arise from 
the fact that tantalum, like iron, is not wetted by mer- 
cury. If, however, feeble electric oscillations act between 
the mercury and tantalum, the contact isimproved whilst 
they last. If, then, the terminals of a circuit containing 
a telephone in series with a shunted voltaic cell are con- 
nected to the mercury and tantalum respectively, and if 
damped or intermittent trains of electric waves fall on 
an antenna and éxcite oscillations which are allowed to act 
on the mercury tantalum junction, then at each train the 
resistance of the contact falls, the local cell sends current 
through the cageene and produces a short sound, and, if 
the trains come frequently enough, this sound is repeated, 
and will be heard as a continuous noise in the telephone 
(see Fig. 16). This sound can be cut up into dot-and-dash 
signals by a key in the sending instrument. If the trans- 





mitter is sending persistent oscillations, then some form 
of interrupter has to be inserted in the receiving circuit to 
enable us to receive a continuous sound in the telephone 
which can be resolved into Morse dot-and-dash signals by 
the key in the transmitter. The operator usually wears 
on his head a double telephone, and listens to these lon 

and short sounds in the telephone, and writes down — 
letter or word as he hears it. The reception of signals in 
modern radiotelegraphy is most usually effected by ear, 
by means of some type of oscillation-detector, capable of 
actuating a telephone. It is important then to notice 
that, to obtain the highest sensitiveness when using the 
telephonic method of reception, the spark frequency or 


Fig.16. TANTALUM DETECTOR. 
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number of oscillation trains, or the number of interrup- 
tions of the persistent train per second, must take place 
at such a rate that it a: with the natural time period 
of the diaphragm of the telephone used. An ordinary 
telephone receiver is most sensitive, according to the 
researches of Lord Rayleigh and M. Wien, for some 
frequency lying between 500 and 1000. Thus Lord 
Rayleigh (see Philosophical Magazine, vol. xxxviii., 1894, 
page 285) measured the alternating current in micro- 
amperes required to produce the least audible sound in a 
telephone receiver of 70 ohms resistance at various 
frequencies, and found vaiues as follows :— 


TABLE IT. 
Frequency _... 128 | 192 | 256 | 307 320 | 384 | 512 | 640 | 768 
Least audible) | | 
current in}' 28 | 2.5 |0.83/ 0.49 0.32/0.15| 0.07 | 0.04) 0.1 


microamperes | 








_M. Wien found for a Siemens telephone somewhat 
different results—viz. :— 








Frequency ..| 64 | 128 | 256 612 720 | 1927 | 1500 
Least audible 
current in}, 12/1.5 | 0.13 | 0.027 | 0.008 | 0.013 | 0.024 
microamperes 


| | | 


Both, however, agree in showing a maximum sensitive- 
ness for currents of a frequency between 600 and 700. 
This is due to the fact that the frequency of the actuating 
current then agrees with the natural frequency of the 
ordinary telephone diaphragm. Hence, alternators for 
large-power radiotelegraphic stations are now designed to 
give currents with a frequency of about 300 or 600 alterna- 
tions per second, so that, when producing discharges of a 
condenser, the number of sparks per Second may be at 
least 600, and fulfil the pe lh for giving maximum 
sound in the telephone of the receiver per microampere. 
Another class of oscillation-detector recently discovered 
comprises the crysta] detectors which depend on the posses- 
sion by certain crystals of the curious property of acting as 
an electrical valve, or having ter conductivity in one 
direction than the other, and also on not obeying Ohm’s 
law as conductors. It was discovered by General Dun- 
woody, of the United States Army, in 1906, that a mass 
of carborundum, which is a crystalline carbide of silicon 
formed in electric furnaces, can act as a detector of elec- 
tric oscillations if inserted in the circuit of an antenna, 
the crystal mass being held strongly pressed between two 
spring clips, which are also connected by a shunted voltaic 
cell in series with a telephone. When feeble oscillations 
are set up in the antenna, a sound is heard in the tele- 
phone. This property of carborundum has been carefully 
investigated by Professor G. W. Pierce, of Harvard, and 
he showed that a single crystal of carborundum has 
remarkable unilateral conductivity for certain voltages 
when held with a certain contact pressure between metallic 
clips. Thus, for a crystal held with a pressure of 1 kilo- 
gramme, and subjected to an electromotive force of 
30 volts, the conductivity in one direction through the 
crystal was 4000 greater than in the opposite direction 
(see Fig. 17). The result of these experiments was also 
to show that the current voltage curve or characteristic 
curve of acarborundum crystal is not linear—that is tosay, 
the crystal as a conductor does not comply with Ohm’s 
law, for the resistance of the crystal decreases as the cur- 
rent is increased. Hence the conductivity of the crystal 
is a function of the voltage acting on it (see Fig. 18). 
Accordingly, if we pass a current from a loca] cell through 
a crystal under a voltage, say, of 2 volts, a telephone 
being inse in series with the cell, and if we apply an 
oscillatory voltage also to the crystal, which varies, say, 
between +0.5 and —0.5 volt, then the crystal is alter- 
nately subjected to a voltage of 2.5 and 1.5 volts, but the 
corresponding currents would be, say, 8.4 and 1.8 micro- 
ainperes, as shown by an experiment with one particular 











crystal employed by Professor Pierce. The mean current 
would then 5.1 microamperes, whereas the steady 
voltage of 2 volts would only pass a current of 4 micro- 
amperes. Hence, apart from the unilateral conduc- 
tivity, and merely in virtue of the fact that the charac- 
teristic curve is not a straight line, we find that such a 
crysta! or even a confused mass of crystals can act asa 
radiotelegraphic detector. There are, therefore, two 
ways in which a crystalline mass of carborundum can be 
used as a radiotelegraphic detector. In consists of a con- 
glomerstion of crystals arranged in a disorderly manner, 
or not so symmetrically as to neutralise one another's 
unilateral conductivity. Hence the mass of crystals, like 
the single crystal, possesses unilateral conductivity, and 
also a conductivity which is a function of the voltage 
applied to it. We may then use it without a local cell, and 
avail ourselves of its valve property to rectify the trains of 
oscillations in the antenna and convert them into short uni- 
directional trains which can affect a galvanometer or tele- 
phone ; or, secondly, we may place the crystal between the 
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ends of a circuit containing a felephone and a shunted 
voltaic cell, and then on passing oscillations through the 
crystal we hear sounds in the telephone due to the fact 
that the conductivity is a function of the voltage, and is 


therefore inc more by the addition than it is 
diminished by the subtraction of the electromotive force 
of the oscillations to or from the steady voltage of the 
local cell. The telephone, therefore, detects this change 
in the average value of the current by a sound emitted by 
it. Professor Pierce has discovered that several other 
crystals possess similar properties to carborundum—for 
example, hessite, which is a native crystalline telluride of 
silver or gold ; an anastase, which is an oxide of titanium ; 
and molybdenite, which is a sulphide of molybdenum. 
As regards the origin of this curious unilateral conduc- 
tivity, it seems clear that it is not thermoelectric, but at 
poses no entirely satisfactory theory of the action has 


een sugges : Wah 

A number of forms of oscillation-detector have recently 
been invented which depend on the curious fact that a 
slight contact between certain classes of conductors pos- 
sesses a unilateral conductivity, and can therefore rectify 
oscillations. One such detector now much used in 
Germany consists of a plumbago or graphite point, 

ressed lightly against a surface of galena. It has been 
— by Otto von Bronk that a galena-tellurium contact 
is even more effective. To the same class belongs the 
silicon-steel detector of Pickard. If such a contact is 
inserted across the terminals of a condenser placed in the 
receiving circuit, and if it is also in series with a tele- 
phone, the trains of oscillations are rectified or converted 
inte more or less prolonged gushes of electricity in one 
direction through the telephone. These coming at a fre- 
quency of several hundred per second, corresponding to 
the spark frequency, create a sound in the telephone 
which can be cut up by the sending key into Morse sig- 
nals. According to the researches of Poalaer Pierce 
and Mr. Austin, it seems clear in. many cases that this 
rectifying action is not thermoelectric, since the rectified 
current is in the opposite direction to the current obtained 
by heating the junction. 

I may, then, bring to your notice some recent work on 
another form of iotelegraphic detector, which I first 
described to the Royal Society about five years ago under 
the name of oscillation valve. It consists of an electric 
glow lamp, in the bulb of which is placed a cylinder of 
metal which surrounds the filament, but does not touch 
it. The cylinder is connected to a wire sealed through the 
glass. Instead of a cylinder, one or more metal plates are 
sometimes used. The filament may be carbon or a metallic 
filament, and I found some year or more ago that tungsten 
in various forms has special advantages. The bulb is ex- 
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hausted to a high vacuum, but of course this means it 
includes highly rarefied gas of some kind. When the 
filament is rendered incandescent it emits electrons, 
and these electrons or negative ions give to the residual 
gas a unilateral conductivity, as shown by me in a 
Friday evening lecture given here nineteen years ago. 
Moreover, the ionised gas not only possesses unilateral 
conductivity, but its conductivity, like that of the crystals 
just mentioned, is a function of the voltage applied to it. 
Hence, if we apply an electromotive force between the 
hot filament and the cool metal plate, we find that nega- 
tive electricity can pass from the filament to the plate 
through the ionised gas, and that the relation between 
the current and voltage is not linear, but is represented 
hy a characteristic curve bending upwards, which has 
changes of curvature in it (see Fig. 19). The sharp bend 
upwards at one place implies a large increase in the cur- 
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rent corresponding to acertain voltage, which means that, 
corresponding to a certain potential gradient, and there- 
fore velocity of the electrons, considerable ionisation of 
the abiedene is beginning to take place. The current, 
however, would not increase indefinitely with the voltage, 
but would before long become constant or saturated. It 
will be seen, therefore, that at points on the curve where 
there is a bend or change of curvature, the second differ- 
ential coefficient of the curve may have a large value. 
Hence, if weconsider the current and vol corresponding 
to this point, it will be seen that any small increase in the 
voltage increases the current more than an equally small 
decrease in voltage diminishesit. If then we superimpose 
on a steady voltage, corresponding to a point of mflection 
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of the curve, an alternating voltage, the average value of 
the current will be increased. This, then, points out two 
ways in which this oscillation valve or glow-lamp can be 
used as a radiotelegraphic detector. First, we may make 
use of the unilateral conductivity of the ionised gas in the 
bulb and employ the glow-lamp with cylinder around the 
incandescent filament, as a rectifier of trains of oscilla- 
tions to make them affect a galvanometer or telephone. 
This method was described by me in papers and specifica- 
tions in 1904 and 1905. In that case the valve is arranged 
in connection with a receiving antenna, as shown in 
Fig. 20, and used with a galvanometer or telephone. Mr. 
Marconi subsequently added an induction coil and con- 
denser, and employed, in 1907, the ar ments shown 
in Fig. 21. In this case the trains of oscillations set up 





in the antenna could not by themselves affect a galvano- 
meter or a telephone, but when rectified by the valve 
they become equivalent to an intermittent unidirectional 
current, and can then affect the telephone or a galvano- 
meter, or any instrument for detecting a direct current. 
On the other hand, we may take advantage, as I have 
more recently shown, of the non-linear form of the 
characteristic curve ; in other words, of the fact that the 
conductivity of the ionised gas is a function of the voltage 
applied to it, and in this second method the valve and 
receiving circuits are arranged as shown in Fig. 22. In 
this case we have to apply to the ionised a unidirec- 
tional electromotive force which corresponds to a point of 
inflection on the characteristic curve, and then to add to 
this voltage the alternating voltage of the oscillations set 
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up by the incident electric waves in the receiving circuit. 
© result is to cause a change in the average value of the 
current through the telephone, and therefore to produce a 
sound in it, en or short, according to the number of 
trains of waves falling on the antenna. This last method, 
then, requires the application in the telephone circuit of an 
accurate alnatal steady electromotive force—not any 
electromotive force, but just that value which corresponds 
to a point on the characteristic curve at which there is a 
sudden change of curvature. 

At this point we may notice a broad generalisation which 
has ciesly been made by H. Brandes—viz., that any 
materials such as the crystals mentioned, or ionised gases, 
which do not obey Ohm’s law as regards the independence 
of conductivity on impressed voltage, can be used as 
radiotelegraphic receivers. It is necessary to be able to 
test the relative sensibility of detectors to know whether 
any new form is an improvement. It is not always 
possible for an inventor to get these tests made at real 
wireless telegraph stations. Moreover, it is no use to test 
over short distances, because then all detectors appear 
to be equally good. I have found, however, that we can 
ae den comparative tests very easily within quite 
moderate distances by employing closed sending and re- 
ceiving circuits, which are poor radiators. All the devices 
called wave-detectors are really only oscillation-detectors, 
and we can therefore test their value simply by ascertain- 
ing how feeble an alternating current or alternating 
voltage they will detect. If we then set up in one place 
a square circuit of wire a few feet inside, and complete the 
circuit by a condenser and a spark-gap, we can set up 
oscillations in it by means of an induction-coil. I find that 
it is necessary to enclose the spark-gap in a cast-iron box, 
and to blow upon the spark with a jet of air to secure 
silence, absence of emission of electromagnetic waves direct 
from the spark balls, and constancy in the oscillatory cir- 
cuit. I then set up, a few score or few hundred feet away, a 
similar-tuned closed oscillatory circuit, and I connect the 
oscillation-detector to be tested either in this circuit or 
as a shunt across the condenser. The closed receivin 
circuit is so constructed that it may be rotated roun 
either of three axes. It is then generally possible to find 
some position of the receiving circuit oh that no sounds 
are heard in a telephone connected to a highly sensitive 
detector associated with the circuit. This position is 
called the zero position. If the receiving circuit is 
rotated round some axis, it ins at a certain displace- 
ment to receive signals, and the angle through which it 
has to be turned is a measure of the insensibility of the 
particular oscillation detector being used. I find, for 
instance, that it is quite easy to take one of my oscillation 
valves, a magnetic detector, an electrolytic detector, a 
crystal detector, or any other type, and arrange these in 
order of their sensibility by means of the device described. 
Sensibility is not, however, the only virtue which a wave 
detector should possess. It is important that it should 
be simple, easily adjusted, and not injured by the chance 
passage Hee 4 it of any unusually large oscillatory 
currents. Another quality which is desirable is that it 
should be quantitative in its action, and that any change 
in the amplitude of the wave received should be accom- 

nied by an equal change in the current which the 

etector allows to pass through the telephone. A quanti- 
tative oscillation-detector then enables not merely signals, 
but audible speech to be transmitted. In other words, it 
can effect wireless telephony. The difficulties, however, 
in connection with the achievement of wireless telephony 
are not so much in the receiver as in the transmitter. 
We have to obtain, first, the uniform production of per- 
sistent electromagnetic waves radiated from an antenna ; 
and, next, we have to vary the amplitude of these electric 


waves proportionately to, and by means of, the aerial 
vibrations created by the voice speaking to some form of 
microphone. We cannot employ an intermittent spark 

merator, because each spark would give rise to a sound 
in the telephone, and these sounds, if occurring at regular 
intervals, would produce a musical note in the telephone. 
If, however, we make thesparks run together into what is 
practically a high-voltage arc taking a small current, then, 
in an oscillatory circuit shunted across this arc, we hay: 
set up persistent high-frequency oscillations, as first 
achieved by Mr. Duddell. e can greatly increase th: 
energy of the oscillations by immersing the arc in a strony 
transverse magnetic field and also in a hydrocarbon gas, 
as shown by Poulsen, or we may employ a number of arcs 
in series. E. Ruhmer has lately also employed a high- 
tension arc between aluminium electrodes (see Fig. 23), 
shunted by a condenser and inductance as a means of 
generating persistent oscillations. As an alternative, it 
is possible to create them by a mechanical method—vir., 
by a high-frequency alternator, subject, however, to 
certain limitations as to frequency. Both these types 
of generator have their advan and practical objec- 
tions. There is good evidence that radiotelephony has 
been accomplished over distances of 100 miles or more by 
each of these methods in the hands of experts, but what 
is now required is the reduction of the apparatus to such 
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sim om] ape ble, a paetion form that it can be 
applied in ar work. © wave-generating apparatus 
must be rte of producing uniform monary aie 
tions of high vol and frequency, not less than 30,000 
or 40,000 per second, or at least above the limits of audi- 
tion, and the amplitude of these oscillations must be cap- 
able of being varied by some form of speaking microphone 
placed in the oscillation circuit or in the radiating 
antenna, or in a secondary circuit coupled to it. No 
ordinary simple carbon microphone will safely pass sufti- 
cient current for this purpose. A type of multiple 
microphone has been used successfully, and also a duplex 
microphone, the invention of Ernst Ruhmer. 

It is not, however, possible to speak of radiotelephony 
at the present time as having reached the same level of 
eso perfection as radiotelegraphy. But the possi- 

ilities of it are of such a nature that it will continue to 
attract the serious attention of inventors. This is not 
the place to enter into a full discussion of the causes 
which limit submarine telephony through cables, but 
there are well-known reasons in the nature of submarine 
cables as at present made which impose very definite 
limits upon it, owing to what is called distortion of the 
wave form. Electric-wave telephony is free at least from 
this disadvantage, and if (as has been asserted) arc 
eo can be made self-regulating and capable of 

ing worked for hours automatically, or even for 10 
minutes without being touched, then the remaining difti- 
culties with the microphone are not insuperable. 

Time does not permit of the discwssion of the many 
other points in connection with radiotelegraphy and tele- 
phony which have been the subject of recent work. Much 
attention has been paid lately to methods of cutting out 
atmospheric signals due to natural electrical discharges in 
the atmosphere, which are troublesome disturbers of the 
ethereal calm necessary for radiotelegraphy. Considerable 
thought and expenditure have been necessary to discover 
means for overcoming the difficulties of long-distance 
transmission by daylight, and also those arising from the 
cross-talk of other stations. Much also has been done in 
training skilled wireless operators both in the Navy and 
for the mercantile marine work. Radiotelegraphy, like 
aviation, is an art as well as a science, hence personal skill 
is a factor of importance in turning the flank of the diffi- 
culties of the moment. Nevertheless, the art and the 
science of radiotelegraphy are both progressing, and the 
splendid services already rendered by it in saving life at 
sea are at once a proof of present perfection and an evi- 
dence that the arduous labours of invest‘gators and in- 
ventors have borne fruit in yet larger power to command 
the forces of Nature for the use and benefit of mankind, 
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NOTES ON TESTS FOR HARDNESS.* 


By Professor Toomas Turner, M.Sc. (University of 
; Birmingham). 

Few properties of iron and steel are of more importance 
than that of hardness. In some cases, as with 4 cutting- 
tool or a pressure die, the metal is practically valueless 
unless it can retain a sharp edge ; while in other instances, 
where the material has to be machined or cut and trued 
to shape, even a relatively slight increase of hardness is 
the cause of much inconvenience and expense. In a third 
class of material a good wearing surface is of prime im- 

yortance ; while, lastly, hardness may often serve as an 
indication of a de of brittleness and untrustworthiness 
which might, perhaps, be otherwise unsuspected. 

Hardness may be defined as the property of resisting 
penetration, and, conversely, a hard body is one which. 
under suitable conditions, readily penetrates a softer 
material. There are, however, in metals various kinds or 
manifestations of hardness according to the form of stress 
to which the metal may be subjected. These include 
tensile hardness, cutting hardness, abrasion hardness, and 
elastic hardness; doubtless other varieties could also be 
recognised when the experimental conditions are modified 
so as to bring into operation properties of the material in 
addition to that of simple, or what may be conveniently 
called mineralogical, hardness. This has been defined by 
Dana as ‘‘the resistance offered by a smooth surface to 
abrasion.” The usual quantitative tests for hardness are 
static in character, but the conditions are _ emg ~ | 
modified when the penetrating body is moving wit 
greater or less velocity. The resistance to the action of 
running water, to the effect of a sand-blast, or to the 
result of the pounding of a heavy locomotive on a steel- 
rail, afford examples of what might, perhaps, for purposes 
of distinction be called dynamic hardness, which is a 
branch of the subject which has received little quantita- 
tive examination. 

Just as the pressure of a gas, at a given temperature, is 
proportional to the number of molecules in a unit space, 
so in the case of a homogeneous solid substance, such as a 
pure metal, it may be assumed that the resistance to the 
entry of another body will increase as the number of atoms 
in a unit volume increases. Hence, as originally pointed 
out by Bottone in 1873,+ hardness varies inversely as the 
atomic volume. In other words, soft metals have a high, 
and hard metals a low, atomic volume. Thiscan, perhaps, 
be best seen when the common metals are arran in 
four groups, which may be called hard, medium hard, soft, 
and very soft, respectively, thus :— 

Group I.—Hard. 


Atomic Volume. 


Nickel 6.7 
Cobalt 6.9 
Manganese 6.9 
Iron 7.2 
Copper .. 7.2 
Chromium we be va - 7.7 
Group II.—Medium. 
Zine Se 9.1 
Platinum 9.1 
Gold = ny a és a -- 102 
Silver... ao - oe nis “ -- 102 
Aluminium Sai -" - se 10.6 
Group ITI.—Soft. 

Cadmium os es ae - - - 129 
Magnesium ite - be “ _ .. 138 
Tin.. ins “ = i bis rs .. 161 
Lead ate - a “a to - > moe 

3ismuth . . oe si a i oi oe ek 

yROUP IV.—Very Soft. 

Sodium .. os ° oe os es -- 237 

Potassium a 45.4 


This rule does not rigidly hold good in all cases, but it 
would probably be more nearly universal if the metals 
were tested at a temperature suitably removed from their 
melting-point. Calcium, for exam 4 has an atomic vol- 
ume of 25.4, and might therefore expected to have a 
low melting-point, and to be soft. On the contrary, it 
melts in the neighbourhood of 900 deg. Cent., — its 
hardness is about 9 on the scleroscope scale. It is in fact 
hard enough to require a metal saw or a cold-chisel. 
Doubtless it would be much softer if it were tested at, say, 
150 deg. or 200 deg. below its melting-point, when it 
would more nearly resemble tin or lead at ordinary tem- 
peratures, 

[t is well known that many alloys are harder, and 
consequently wear better, than either of their constituent 
metals. Familiar examples of this characteristic are met 
with in gold and silver coinage alloys, and in the bronzes. 
I'he zine-copper series also yields alloys harder than either 
ziuc or copper. One alloy in this series, prepared in 
uy laboratory, in a very interesting series of tests 

ently conducted by Mr. M. T. Murray, was found to 
have a hardness just twice as t as that of mild steel. 
"he general principles in relation to the hardness of alloys 
lave hitherto been but little studied, and are only now 
beginning to be understood. Dr. C. Benedicks has sug- 
xested the general rule that the hardness of solid solutions 

‘loys) becomes greater as the osmotic pressure increases, 
and has supplied some examples in support of this conten- 
tion. The results of experiments conducted by two 

uSsIaN Investigators, and lately published,§ appear to 





Paper taken as read before the Iron and Steel Insti- 

tute, May 14, 1909. 

+ Chemical News, vol. xxvii. page 215. 
ee fur phystkalische Chemie, vol. xxxvi, 1901, 
pag 5 

_§ Kurnakow and Shemtschushny, Jour. Russ. Phys. 
Chem. Ges., 1908, vol. x1., 1067 ; Journal of the 
Society of Chemical Industry, ‘Abstract, 1909, page 93. 


show that when two metals unite to forma solid solu- 
tion there is an increase of hardness. When the two 
metals form a continuous series of mixed crystals, the 
curve of hardness isa continuous one ig via) through 
a maximum, and this point of maximum hardness generally 
corresponds with that of minimum electric conductivity. 
When the metals form alloys which solidify as a mecha- 
nical mixture of two components, the hardness curve is 
approximately a straight line. When the metals form 
only a limited series of mixed crystals, the curve of hardness 
is a combination of the two forms previously mentioned ; 
while, lastly, if the two metals form a definite chemical 
compound, this may be either harder or softer than the 
constituents. In many of the iron and steel alloys a con- 
tinuous series of mixed crystals is obtained, and as a result 
there may be expected a continuous hardness curve, with 
a maximum at a given proportion. As heat treatment 
leads to the formation or decomposition of solid solutions, 
the resulting hardness will naturally vary according to 
the nature of the change which takes place. 

In a standard text-book of physics by Daniell, published 
a quarter of a century ago, it was stated that ‘‘ Hardness 
is a property that cannot be measured.” Originally the 
file or the tool was the only kind of instrument used for 
such tests, and metal was classed as “soft,” “hard,” 
‘*very hard,” and so forth. 

Réaumur,* in 1722, described two methods of testing the 
relative hardness of steel. In the first a bar of steel was 
divided into equal lengths by parallel straight lines, and 
one end of the bar was hardened. The steel to be tested 
was made into the form of a graving tool, and the parti- 
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cular division on the bar which it was able to mark was 
noted. In the other method the two pieces of steel which 
were to be compared were shaped into small test-bars, the 
section of which was a right-angled triangle. These bars 
were so placed that the edges could be pressed together, 
and the depth of the indentation was taken as a measure 
of the relative hardness. These are the earliest recorded 
attempts at a quantitative measure of hardness with 
which I am acquainted. 

To the mineralogist we owe the first definite numerical 
scale (Mohs), and the use of the sclerometer. To the 
officers of the United States Ordnance Department in 
1856 we owe the method of indentation with a weighted 
punch, and the measurement of the volume of the indenta- 
tion so obtained. Engineers have introduced drilling, 
grinding, and rubbing tests, but to German physicists we 
chiefly owe the modern conception of an absolute scale of 
hardness expressed in terms of the stress per unit area 
which is required in order to produce penetration. Those 
interested in the bibli phy of the subject will find 
numerous references in the author’s paper on ‘‘The Hard- 
ness of Metals,” published in the Chemical News in 1886 ; 
in the paper on a microsclerometer, by Jaggar, in the 
American Journal of Science, 1897, vol. iv., 399, and 
particularly in the reports prepared by Mr. 
1893, for the Commission des Méthodes d’ Essai. . 

For the ay ney of this brief paper comparison will be 
made of only four typical methods of measuring hardness. 
Those selected include the sclerometer, introduced by 
the author in 1886; the scleroscope, recently invented b 
Shore ; the form of indentation test adopted by Brinell 
about ten years ago; and the drill test introduced by 
Keep a few years earlier. Each of these methods has 
been used in actual works practice, and by various persons 


other than the inventor, and may thus be regarded as 


being typical of the particular class of test to which it 
belongs. Among the many other forms of test the micro- 
sclerometer and wearing tests call for special mention, 
though to these only incidental reference can be made. 
The principles underlying the four methods selected 











for comparison may be briefly described as follows :— 
1. Turner’s Sclerometer.t—In this form of test a 
* Lart de Convertir, 296 and 299. 
+ Birmingham Phil. ., December, 1886, 








pelted diamond point is drawn, once forward and once 
backward, over the smooth surface of the material to be 
tested. The hardness number is the weight in grammes 
required to produce a standard scratch. The scratch 
selected is one which is just visible to the naked eye as a 
dark line on a bright reflecting surface. It is the 
scratch which can just be felt with the edge of a quill 
when the latter is drawn over the smooth surface at right 
angles to a series of such scratches produced by regularly 
increasing weights. 

2. Shore’s Scleroscope.*—In this instrument a small 
cylinder of steel with a hardened point is allowed to fall 
upon the smooth surface of the metal to be tested, and 
the height of the rebound of the hammer is taken as the 
measure of hardness. The hammer weighs slightly over 
2 grammes, the height of the rebound of hardened steel is 
in the neighbourhood of 100 on the scale, or about 160 
millimetres, while the total fall is about 10 in., or 
26 centimetres. 

3. Brinell’s Test.t—In this method a hardened steel 
ball is pressed into the smooth surface of the metal so as 
to make an indentation of a size such as can be con- 
veniently measured under the microscope. The spherical 
area of the indentation being calculated, and the weight 
being known, the stress per unit of area when the ball 
came to rest is calculated, and this gives the hardness 
number. Within certain limits the value obtained is 
independent of the size of the ball, and of the amount of 
pressure. In the original tests the steel ball was 10 milli- 
metres in diameter, and the pressure was equal to a 
weight of 3000 kilogrammes ; but a more convenient form 
of apparatus is now supplied by Mr. Brinell for works 
tests, while Mr. Stead has introduced a small and portable 
instrument. L. Grenet has also recently described a 
simple method of performing comparative ball indenta- 
tion tests with the use of an ordinary vice or press. t 

4. Keep’s Test.§—In this form of apparatus a standard 

steel drill is caused to make a definite number of revolu- 
tions while it is pressed with standard force against the 
specimen to be tested. The hardness is automatically 
recorded on a diagram on which a dead soft material gives a 
horizontal line, while a material as hard as the drill itself 
gives a vertical line, intermediate hardness being repre- 
— by the corresponding angle between 0 deg. and 
90 deg. 
Each form of test has its advantages and its limitations. 
The sclerometer is cheap, portable, and easily applied, but 
it is not applicable to materials which do not possess a 
fairly smooth reflecting surface, and the stand scratch 
is only definitely recognised after some experience. The 
Shore test is simple, rapid, and definite for materials for 
which it is suited, and appears likely to have an im- 
portant future. But further information is yet needed as 
to the exact property which is measured by this form of 
test. As shown by De Fréminville, the result obtained 
varies somewhat with the size and thickness of the 
sample, while if the test-piece is supported on a soft 
material, such as a plasticine, the results are valueless. 
It may, however, be pointed out that india-rubber gives 
a rebound of 23, which is equal to that of mild steel ; 
while I have found — soft pine wood give a rebound 
of 40, which is nearly double as great as that of grey cast 
iron. Curiously enough, hi wood, like teak, gives a 
rebound of about 12, while some samples are cunitenalhe 
lower than this. As illustrating the influence of the sup- 
port, a ge of exceptionally rolled copper, about 
sy in. in thickness, when supported on a block of hard 
steel, and tested with the blunt or “‘ magnified” hammer 
supplied, gave a value of 30, which was increased to 34 
when the copper was supported on wood. A sample of 
brass only gave a value of 17, and yet this brass would 
scratch the copper, while the copper would not scratch 
the brass. From these results itis evident that the Shore 
test is only applicable to a certain class of substances. It 
appears to test what may be termed the “elastic hard- 
ness,” and gives high results with metals in the ‘‘ worked 
hard” or écrout condition—values which are not fully 
confirmed by the tool or by the sclerometer. My tests 
appear to show that good results are, however, obtained 
with glass and with porcelain, as well, of course, as with 
most metals. 

The Brinell test is oe ped useful for constructive 
material ; it is easily applied and definite, and is now of 
all hardness tests the one most employed. It appears to 
give satisfactory results with wood, but cannot be applied 
to very brittle materials, such as glass, or to hard minerals. 
Keep’s test is specially suited for castings of all kinds, as 
it records not merely the surface hardness, but also that 
of the whole thickness, and gives indications of blowholes, 
hard streaks, and spongy places. Obviously, it can only 
be applied to materials the hardness of which is less than 
that of hardened steel. 

A very important question arises in connection with 
these various tests—namely, as to whether there is any 
observed agreement between the results which are arrived 
at by such entirely different methods.|| It will be noticed 
that in each case an arbitrary scale is adopted. If the 
weights used on my own apparatus been ounces 
instead of grammes, the hardness numbers would natu- 
rally have been different. Similarly, Brinell’s tests might 
have been expressed in tons and inches, or a different 
weight of hammer and height of scale adopted by Shore. 
Hence all that can be expected is a proportionality in the 








* American Machinist, December, 1907. 

+ A. Wahlberg, Journal of the Iron and Steel Institute, 
1901, No. 1, Page 243. 

t Revue de Méallurgie, 1908, page 928. 

§ T. Turner, ‘‘ Lectures on Ironfounding,” page 114. 

|| Professor E. Meyer has published an important paper 
on the results of hardness tests by various methods, and 
discussed various definitions of hardness.— Revue de Métal- 
lurgie, 1908, vol. v., pages 329 to 346, 
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results, and if this is ascertained it should be possible to 
convert values on one scale into results on another. In 
the earlier experiments, conducted about half a century 
ago, this proportionality was markedly absent. Thus, 
comparing the researches of Calvert and Johnson with 


those of Bottone, we find :— 
Calvert and 


Johnson. Bottone. 

Hardness of iron divided by hard- 

ness of copper se oe ee 3 1 
Hardness of iron divided by hard- 

ness of lead .. on os oe 5S 2.5 
Hardness of platinum divided by 

hardness of zinc... 7 “ 2 1 
Hardness of cadmium divided by 

hardness of tin oe oe 4 1 


An examination of results obtained by the four methods 
dealt with in this paper, however, shows that for rela- 
tively pure metals in their cast or normal condition there 
is a general agreement which must be rded as remark- 
able. In Table I., below, will be found, in the first column, 
results which were published in my original paper on the 
hardness of metals, in 1886, In the second columnare my 
own results with the Shore scleroscope, and these figures 
are in good agreement with those supplied by the maker 
of the instrument. In the third column are values taken 
from published results by Mr. Brinell and by Mr. Stead, 
but the numbers given have been divided by 6, as this 
figure has been found suitably to reduce the Brinell hard- 
ness values for purposes of comparison. In the last 
column reference is made to Mr. Keep’s method. It will 
be observed that, either by accident or design, the scale 
adopted for the scleroscope is, for practical purposes, 
identical with that of the sclerometer, while Mr. Brinel!’s 
values are proportional, but about six times as great. 
The angles in Keep’s tests are, or could easily be made, in 
pretty close agreement with the other values. It would 
therefore appear that each instrument, with simple and 
homogeneous substances, must measure one and the same 
physical property, and give results which are either in 
actual agreement with, or proportional to, the results 
obtained by the other forms of test. 

TaBLE I.—Hardness Scales Compared. 


— 


| | 








Turner. ied. Brinell. 
Metal. (Sclero- | — | asim Keep. 
meter). | — | 6. 
Lead 1 1 3 4 
Tin 2.5 3 2.5 |} 
Zine as 2 6 7 7.5 
Copper, soft .. es 8 8 ee 
Copper, hard... “ cal 12 12 in 
Softest iron ih “5 15 a 14.5 \! nom 
Mild steel 21 22 16-24 Odeg. to 
Soft cast iron 21.24 24 24 90 de . 
Rail steel.. be 24 27 26-35 . 
Hard cast iron .. 36 40 35 
Hard white iron 72 70 75 
Hardened steel .. ; 95 93 


In practice, however, the use of relatively pure metals 
in the unworked or annealed condition is comparatively 
rare, unless we include in this category wrought iron and 
mild steel. Carbon steels and special steels consist largely 
of solid solutions, the complexity of which is profoundly 
modified by heat treatment, while copper, zinc, and their 
alloys are frequently hardened by rolling, drawing, or 
other mechanical treatment. The very important ques- 
tion therefore arises as to the extent to which the different 
methods of testing agree in their values for the hardenin, 
and tempering of steel, and for écrout or hardness cau 

by mechanical treatment. From preliminary observa- 
tions on the latter point I am inclined to believe that 
metal which has been mechanically treated, as wit 
hard-drawn rods or rolled sheets, has its tenacity increased 
out of proportion to its hardness as measured by a file or 
cutting-tool. The sclerometer shows relatively little dif- 
ference, for example, between hard-drawn and annealed 
copper, while the scleroscope shows an exaggerated effect, 
at all events in some cases. As the Brinell test closely 
follows the tenacity, it too may be expected to show 
marked differences between worked and annealed samples. 
The result in some cases is likely to be a confusion between 
elasticity or tenacity on the one hand, and true or 


mineralogical hardness on the other, For example, a 
piece of hard-rolled copper may a ig a greater hardness 
number than one of mild steel. t a tool made of mild 


steel will always cut copper, and no amount of cold-rolling 
will make copper cut steel. Hence great care is requi 
when hardness values for different materials are com- 
pared, and further information in this direction is de- 
sirable. 

The question of agreement in reference to the true 
hardness of a sample of steel in the normal hardened, tem- 
pered, or annealed condition is perhaps of even greater 
importance. To illustrate the kind of difficulty which 
arises, reference may be made to some recently published 
results by Mr. E. Maurer,* in which samples of steel with 
varying content of carbon were heated to ascertained 
temperatures, quenched, and afterwards tempered or 
annealed at given temperatures. The hardness of the 
samples was then determined. When the tempering heat 


was 300 deg. Cent., the loss of hardness in a sample con- 
taining 0.83 per cent. of carbon was 11.1 per cent. by the 
Shore method, and 38 per cent. by the Brinell test. A 


steel with 0.95 per cent. carbon, tested in a similar 
manner by Heyn and Bauer with a Martens sclero- 


meter, gave a loss of hardness of 41 per cent.; while, 
lastly, Boynton, with a J sclerometer, using a steel 
with 0.86 per cent. carbon, recorded a loss of hardness 


on tempering at 300 deg. Cent. of only 9.1 per cent. The 
question may be put in this way :—The steel is suited for having been only 652,201/. 





* Métallurgie, 1909, vol. vi., page 39, 


making wood-working tools, if properly hardened and 
tempered. Is 300 deg. Cent. a proper tempering heat? 
According to the Shore test and the Jaggar test the tool 
should be hard and cut well ; but according to the Brinell 
test and the Martens sclerometer it has lost nearly half 
its original hardness, and should rapidly lose its cutting 
edge. Maurer states that every-day experience shows 
that with this class of steel tool a tempering heat of 300 
7 Cent. renders the metal useless for wood-working. | 

he results of the four sets of experiments are given in 
the following table :— 


Tasie Il.—Percentage Loss of Quenching Hardness 
on Tempering. 

















Brinell Martens |JaggarMicro-| Shore's 
—— Method (0.83 Sclerometer| sclerometer |Method (0.83 
: per Cent, \(0.95 per Cnt\(0.86 per Cent.) per Cent. 
Heating. Carbon). | Carbon). Carbon). Carbon). 
deg. C. 
160 a 2.5 1.8 3.7 
200 13 14 5.4 2.7 
300 38 41 9.1 1L1 
400 68 70.6 23.6 33* 
500 o4 | 87.5 64 | 92.5 
600 100 | 95.7 94.5 | 100 
wee) whe ore 


The values aré graphically represented in the diagram 
on e 803, from which it will be seen that the greatest 
difference occurs at about 300 deg. Cent., the loss of 
quenching hardness due to tempering being returned as 
about four times as great when tested by the two first 
methods, as compared with the results obtained when the 
steel is tested by the two latter methods given in the table. 

Further, Martens and Heyn have recently pointed out 
that in the ball test for hardness the indentations are 
frequently not circular, and are therefore difficult to 
measure, and that when testing hard materials the ball 
itself is appreciably flattened while under load. To 
diminish these sources of error Martens has introduced a 
special form of apparatus for measuring the depth of the 
indentation. The results of tests with this machine on a 
sample of tool steel containing 0.95 per cent. of carbon 
were as follow :*— 


Hardness 

Number. 
Forged steel ‘ eo oe ee 277 
Heated to 900 deg. and water-quenched .. 2775 
Heated to 900 deg. and re-heated to 100 deg. 2775 
” ” ” 200 ,, 2285 
” ” ” 275: ,, -- 1060 
” ” ” 400 ,, . 595 
” ” ” 500 ,, 446 
700 ,, 277 


” ” ” 


From these figures it appears that the increased hard- 
ness due to quenching was 2775 — 277, or 2498, while this 
was reduced by tempering at 275 deg. to 1060-277, or to 
783. In other words, the steel, = tempered at 275 
deg., retained only 31 per cent. of the additional hardness 
due to quenching, the loss in this case being about twice 
as great as that given by Maurer when similar metal was 
tested by the Brinell method and by the sclerometer. 

It is evident, therefore, that further research and com- 
parison is —— before agreement in principle can be 
arrived at with hardness tests for hardened, tempered, or 
mechanically treated metals. Should this paper lead to 
an interchange of views, and promote further inquiry, it 
will have accomplished a useful purpose. 








Tue Paciric Coast.—The completion of an extension 


h | of the Chicago, Milwaukee, and St. Paul Railroad to the 


Pacific Coast, under the name of the Chicago, Milwaukee, 
and Puget Sound Railroad, is expected to give a great 
impetus to railroad construction in the Pacific North- 
West. A _ bond issue of 100,000,000 dols. been 
announced hy the Chicago, Milwaukee, and Puget Sound 
Railroad ; the new capital is to be principally employed 
in constructing 1000 miles of heuneb lines and feeders. 
The Chicago, Milwaukee, and Puget Sound Railroad will 
have to deal with sharp competition from the Hill and 
Harriman interests. 





French Ratpway Working Expenses.—While suc- 
cessful efforts are being made to reduce working expenses 
upon British railways, the ratio of French working ex- 
penses to French traffic receipts is increasing. In 1905 
the ratio stood upon the Orleans system at 46.70 per cent., 
in 1906 it rose to 48.29 per cent., in 1907 to 52.37 per 
cent., and in 1908 to 53.88 per cent. Various causes con- 
tributed to this increase in expenses—including higher 
prices for fuel and materials used for maintenance pur- 
poses. These causes may be regarded to some extent 
as accidental and temporary, but it is not the same 
with a decision arrived at two years ago to secure 
every member of the staff fifty-two days’ rest in each 
year. This decision, which came into force in March, 
1908, involved the company in an additional outlay of 
120,000/. last year. The company, incommon with other 
French railway undertakings, is also threatened with 
a considerable addition to its working expenses by allow- 
ances proposed to be made to retiring members of its 
setae fy “a The working expenses of the Western of 
| France Railway also increased last year to 5,831,419/., as 
|compared with 5,207,723/. in 1907. The effect of this 
| increase was to render it necessary for the French Trea- 
| sury to advance 1,052,409/. for 1908, in fulfilment of its 
| guarantee of interest upon the company’s new network 
obligation capital, the corresponding advance for 1907 





* Revue de Métallurgie, January, 1909, page 113, 


-| 100 to 130-volt circuits are now available; a 





CATALOGUES. 


From the Armorduct Manufacturing Company, Limite, 
Farringdon-avenue, E.C., we have received a circular 
calling attention to the reduction in price of the ‘‘Gra)” 
metallic filament lamp. 


The Electrical Company, Limited, 121 to 125, Charin-= 
Cross-road, W.C., have sent us a catalogue section relat. 
ing to knife switches. Single, double, and triple-poic 
—— switches, change-over switches, &c., aro 
illustrated and prices given. 


Mr. O. Pc Dy Queen Victoria-street, E.C., has 
sent us a ca’ e of his universal pipe-flanging expander. 
The tool is made in six sizes for fixing flanges on a of 
from = pew to 20}-in. bore. Particulars are also given of 
p -steel flanges for use with this expander. 

We have received from Dean Brothers’ Steam-Pump 
Works, Indianapolis, Indiana, U.S.A., a catalogue giving 
directions for setting up and running their steam-pumps 
and condensing plants. A list of parts of each type of 
pump, numbered to facilitate ordering, is included. 


A leaflet from the General Electric Company, Limited, 
of 71, Queen Victoria-street, E.C., announces that Osram 
lamps of 16 Hefner candle-power and pape By! watts on 

I 32-candle- 
power lamps taking 40 watts on 200 to 260-volt circuits. 


A catalogue of auxiliary rolling-mill machinery is to 
hand from Messrs. W. H. A. Robertson and Co., Limited, 
Lynton Works, Bedford. This catalogue illustrates draw- 
benches and other machinery for wire and tube mills, 
rolling mills ; saws, shears, &c., for sheet mills, and also 
plant required by manufacturing jewellers. 


From Messrs. Vickers Sons and Maxim, Limited, 
32, Victoria-street, Westminster, S.W., we have received 
a circular describing the Vickers one-lock adjustable 
reamer. The tool is made in sizes varying by sixteenths 
from ? in. to 6;% in. in diameter, and the adjustable 
blades are supplied in either carbon or high-speed steel. 

A catalogue section dealing with electric ventilating- 
fans is to hand from the Electric and Ordnance Accessories 
Company, Limited, Aston, Birmingham. Particulars and 
— are given of desk, wall, ceiling, and porthole fans 
or use with either direct or alternating current. One 
type illustrated can be used in any position either as a 
desk, wall, or ceiling-fan. 


A small catalogue of Kynoch steel castings is to hand 
from Mr. A. H. — 8, Eastcheap, E.C. The castings 
are made by the acid open-hearth process at the Witton 
Works of Messrs. Kynoch, Limited, and include magnet 
yoke-rings of high-permeability steel, locomotive wheel- 
arms ousings and rolls for rolling-mills, gear-wheels, 

c. 


We have received from Mr. Wm. Roper, The Hillock, 
Park Hill, Ealing, W., some particulars of his speed- 
limit control for motor vehicles. With this apparatus the 
maximum speed, as fixed by the occupant of a private car 
or by the owner of a commercial vehicle, cannot be 
exceeded, although the controlling apparatus does not in 
any way affect the running of the car at lower speeds. 


The Harker Patent Fire-Extinguisher and Fumigator 
Company, Limited, 17, Bond-street, Sydney, Australia, 
whose interim London manager is Mr. James A. Smith, 
M.I.N.A., 47, Leadenhall-street, E.C., have sent us a 
booklet describing their apparatus for preventing and 
extinguishing fires on ships. A description of this ap- 
paratus appeared on page 665 ante. 


We have received from Messrs. John Russell and Co., 
Limited, Alma Tube-Works, Walsall, a catalogue con- 
taining useful information relating to steam-pipe instal- 
lations. Dimensions and weights of pipes and pipe- 
fittings are given, as well as tables of the properties of 
steam, hydraulic memoranda, &c. Various forms of tees, 
branches, &c., welded by the oxy-acetylene blow-pipe are 
illustrated. 


A well-printed and illustrated catalogue of centrifugal 
umps is to hand from the Worthington Pump Company, 
imited, 153, Queen Victoria-street, E.C. The advantages 

of this type of pump for either low, medium, or high lifts 
are pointed out, and several examples of pumps recently 
constructed for special duties are illustrated. Details of 
construction are shown and dimensions and capacities 
given. 

Messrs. Elliott Brothers, 36, Leicester-square, W.C., 
have sent us a list of micrometers which they are now 
manufacturing at their Lewisham works. These micro- 
meters have adjustments for taking up the wear in the 
measuring-screw and also for setting the zero, and, as they 
are sold at a very moderate price, should take the place of 
foreign-made instruments. Another noticeable feature is 
that every division on the measuring-head is numbered, 
so that the liability to error in reading is reduced. 


The Sun Patent Evaporator Company, 427, Tower 
Buildi Water-street, Liverpool, have sent us parti- 
culars of an arrangement designed to increase the evapo- 
rative efficiency ot Lenselion marine, or similar boilers. 
With this object the steam, on first leaving the boiler, 
passes through a superheater in the flue, and then, 
re-entering the boiler, traverses nests of tubes fitted in 
the water space, where its superheat is given up to the 
water. After leaving these tubes, and having been again 
slightly superheated, the steam is allowed to pass to the 
engine. 





Tue St. LAwrENcE.—The Canadian Minister of Marine 
and Fisheries has announced that the depth of thie 
channel of the St. Lawrence from Montreal to the sea 1s 
about to be carried to 35 ft, 
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in each case ; where is , the Specification is not 
illustrated. . 
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ELECTRICAL APPARATUS. 


6421. Crompton and Co., Limited, and C. Cromp- 
ton, Chelmsford. Arc- (2 Figs.) March 23, 1908. 
—This invention relates to electric arc-lamps of the type which 
are controlled both automatically and by hand, and in which the 
automatic feeding of the carbons is carried out by a ratchet and 

wl controlled by an electro-magnet, and consists in improved 
means whereby in this type of lamp the hand-feeding mechanism 
is thrown into gear without any sensible increase of frictional 
resistance due to the action of the mechanism which accom- 
plishes this purpose. In the arrangement illustrated, there is 
provided in connection witha shaft A, which controls the move- 
mentsof the carbon-holders, a friction clutch B, by means of 
which the hand-feeding wheel C can be made to engage with the 
carbon-holder shaft A, or not, as desired. The engagement or 
disengagement of the clutch B is carried out by means of a 
suitably shaped cam, one suitable form being shown at D. This 
cam is carried on a —— E provided with a handle F. The 
movement of the spindle E, in addition to operating the clutch B, 
also actuates a cam or other suitable device for throwing the 
automatic feeding mechanism into or out of gear, the arrange- 
ment being such that when the spindle Eis moved into the auto- 

















matic feeding position, the hand-feeding wheel is thrown out of 
gear, and vice versd. The cam or other device for throwing the 
automatic feeding mechanism into or out of gear is not shown, 
and does not form part of the present invention. When the 
handle F is in the hand-feeding position, the clutch B is pressed 
by means of a spring against the spur-wheel H, which in turn is 
pressed against a shoulder on the spindle J, to which is attached 
the hand-wheel C ; and it will be understood that if under these 
conditions the hand-wheel C is turned, the motion will be trans- 
mitted to the shaft A through the spur-wheel K. L is a portion 
of the frame of the lamp, and M a bearing for the hand-wheel 
spindle J, which spindle may be a separate part, as shown, or 
formed in one with the hand-wheel. When the handle F is in the 
automatic feeding position, the pressure of the spring is removed 
from the spur-wheel H, thus allowing spur-wheel H to turn 
freely on spindle J when the shaft A and spur-wheel K are turned 
by the automatic feeding mechanism. When these conditions 
exist, any movement of the hand-wheel C is not transmitted to the 
shaft A. It will also be seen that the frictional resistance of the 
shaft A, when the clutch B is disengaged, and of the spindle J, 
when the clutch is engaged, is not increased by any friction due to 
the clutch mechanism. (Accepted March 31, 1909.) 


13,078. E. Schattner and R. Amberton, West- 
minster. Electric Motor-Controllers. (5 Figs.) June 19, 
1908.—The invention consists in an electric motor-starter having 
& guideway with cam and arresting surfaces against which an 
intermittently and automatically operated pin in connection with 
the starter handle, which is moved by hand step by step, is carried 
in such a manner that the current may not be applied too rapidly, 
the pin in its backward travel running over the side of the teeth 
or guideway. The invention, in the construction shown, consists 
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in combining with the motor-starter a spring or gravity-controlled 
pawl 6, one end of which is placed in operative relation with a 
groove d, which is provided with oe teeth e, alternately pro- 
Jecting in opposite directions, the teeth having alternate cam 
Surfaces and arresting shoulders, in such a manner that the pawl b, 
when moved with the starter-handle A, will be displaced along the 
cam surface of one tooth until it is arrested by the shoulder of 
the other alternate and opposite tooth. Whereupon if the pres- 
Sure on the handle be released, the pawl will be drawn into its 


normal position by means of the spring or other force controlling | 





it, and the lever A can thereupon be moved another step, and so on 
until all the resistances are cut out. The paw! is also p! sO as 
to co-act with an arresting stop i, carried by the lever, preventing 
it from turning in one direction, and it will be obvious that when 
it is desired to stop the motor, and the current is cut off, the 
starter-lever and the pawl will automatically fly back into their 
off position, as the pawl will freely run over the side of the teeth 
or guide. (Sealed June 3, 1909.) 


GAS ENGINES, PRODUCERS, HOLDERS, &c. 

12,387. Clayton, Son, and Co., Limited, and J. 
Cla Hunslet. Gas-Holders. [1 Fig.) June 9, 1908. 
—This invention relates to spirally-guided = olders in which 
spiral guide-rails provided on the face of the holder are employed 
in conjunction with runners provided on the holder-tank and on 
the various dips of the holder for supporting and guiding the said 
holder when working. According to the present invention, the 
spiral guide-rails are of I section, comprising a head 1 and a web 2 
formed with an extending fixing base 3 made integral therewith, 





and of sufficient width to span the gap left between the ordinary 
plates 5, 6 of the holder, and overlap the said adjacent and ordinary 
plates. The guide-rail is fixed directly to the adjacent and ordi- 
nary plates of the holder by closely-pitched rivets 7. By extend- 
ing the base of the rail outwardly from the web on its opposite 
sides, so as to span the gap formed between the holder-plates, the 
— of riveting the rail to the holder-plates is facilitated, as 
the head of the rail does not interfere with the process, while the 
arrangement forms a simple and efficient means for the purpose 
for which it is intended. (Sealed June 8, 1909.) 


26,128. H. J. Marshall, Gainsborough. Internal- 
Combustion Engines. [5 Figs.) December 3, 1908.—This 
invention relates to means by which the quantity and temperature 
of the air which forms part of the explosive mixture admitted to 
the engine cylinder may be controlled, and consists of an improved 
air-regulating valve. a is the valve-casing, having a branch or 
outlet b leading to the engine cylinder. On the side of the casing 
are formed two branches c, d approximately opposite each other, 
the outer end of the branch ¢ being formed so as to wholly or par- 
tially encircle the engine exhaust-pipe, leaving a very small space 








between the end of the branch and the periphery of the pipe ; the 
other branch d is open to the atmosphere. Inside the casing a, a 
hollow cylindrical valve e is arran, In the side of this valve is 
a port f, extending about half the circumference of the valve, so 
that it may be opened to the branches c, d at the same time. The 
valve e is —— axially by any convenient mechanism, and it 
can also be adjusted longitudinally. The quantity of air admitted 
is regulated by the longitudinal movement of the valve, and the 
temperature is at the same time regulated by the axial movement 
of the valve, so that the supply may be of cold air or hot air, or a 
mixture of the two. (Accepted March 24, 1909.) 


GUNS AND EXPLOSIVES. 


8078. Sir W. G. Armstrong, Whitworth, and Co., 
Limited, and F. G. D. Johnston, Newcastle-on-Tyne. 
Gear. (2 Figs.) April 11, 1908.—This invention re- 

lates to the training far of gun-mountings. According to this 
invention, the worm d is placed in a box e which can be adjusted 
so as to bring the axis of the worm towards the axis of the worm- 
wheel b, and by this means the side clearance of the teeth of the 
worm and worm-wheel can be reduced until all backlash is elimi- 
nated. The adjustment of the worm-box e relatively to the worm- 
wheel b is preferably obtained by a set-screw and flat spring, the 
set-screw being ee to adjust roughly and the spring to make the 
worm follow up or yield to any inequalities due to wear in the 
teeth of the worm-wheel. The worm-box and worm-wheel are 
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both enclosed in a second box f which forms an oil bath for the 
worm and worm-wheel ; this oil-box is supported by the worm- 
wheel, and is made to rotate with the rotating part of the mount- 
ing by means of a projecting pin ¢ which engages an eye on the 
rotating part k of the mounting. This pin allows of a vertical ad- 
justment of the rotating part of the mounting without eo f 
with the bearing of the worm in the worm-box. The worm-wheel, 


as heretofore, is formed with a deep descending flange b!. This 
flange is arranged to turn around the upper part of the pedestal a, 
and when the training gear is to be brought into action the flan 
and pedestal are clamped between a clamp consisting of two blocks 
c, which can be drawn towards one another, and one made to bear 
against the interior of the pedestal, and the other i 





<4 the ex- 
terior of the flange. The clamping of the worm-wheel and pedestal 








together in this manner does not tend to clamp the worm to the 
rotating part of the mounting. (Accepted March 31, 1909.) 


MACHINE AND OTHER TOOLS, SHAFTING, &c. 

aut. Belliss and Morcom, amtted, &. &, Boreom. 
and G. P. Edwards, Birmingham. e-Tools. 
[5 Figs.) June 4, 1908.—This invention relates to means for 
showing by an appropriate scale of marking the of rotary- 
cutting machine-tools in which the cutting-tool is of various 
diameters and runs at various , or, alternatively, machine- 
tools in which work of various diameters is required to be operated 
upon, the object being to enable greater precision to be attained 
than hitherto in the running of the machine at the most econo- 
mical and efficient speed. In accordance with this invention, the 
machine - tool is fitted with some suitable kind of tachometer 
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Liman 
carrying an index and a suitably-designed dial. a is the tacho- 
meter, and c is a bracket whereby the tachometer is secured to the 
machine. The tachometer is shown as en | driven by an end- 
less band, which embraces a pulley on the tachometer and a pulley 
which is so secured to the driving mechanism of the machine as 
to make a number of revolutions per unit of time which is propor- 
tional to the number of revolutions of the cutting-tool relatively 
to the material being operated on. For example, in the drilling- 
machine shown the pulley runs at the same speed as the spur- 
wheel f, which derives motion from the spur-wheel gear g, which 
also drives the drill-spindle A through the intermediary of a pair 
of bevel-wheels. (Accepted March $1, 1909.) 
MOTOR ROAD VEHICLES. 

9489. A. H. Adams, London. Change-Speed Me- 
chanism. {1 Fig.) May 1, 1908.—This invention relates to 
improvements in change-speed mechanism of the kind comprising 
a set of gear-wheels which can be employed alternatively as an 
ordinary train or as an epicyclic or differential train of gearing. a 
is the driving-shaft to which a fiv-wheel ¢ is attached. This fly- 
wheel is provided with two clutch surfaces d, e. The correspond- 
ing clutch members g and A are keyed, one to an intermediate 
shaft i and one to a sleeve j free on this shaft. The engaging sur- 
faces of the clutches are so formed that separation of the clutch 
members g and h puts both the clutches into engagement. Both 
clutch members are normally urged to their engaged positions by 
aspringk. o is the gear-box, which contains three toothed pinions 
3, 4, and 5 integral with or keyed to a sleeve 6 rotatably mounted 
on a shaft 7, the pinions respectively engaging with a pinion 8 
keyed on a shaft 9, which is the driven shaft of the change-speed 
mechanism, the pinion g keyed on the intermediate shaft i and a 
pinion 10 keyed on the sleeve j, The operation of the above de- 
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scribed mechanism is as follows:—If both the clutch members g 
and A are held in their unclutched itions, there is no driving 
connection between the shafts a and 9. If the clutch members g 
and h are released, the spring k carries them both into engagement 
with the surfaces d ande on the fly-wheel, the gears in the gear- 
box o become locked inst relative rotation; and if the brake w 
is released, there is a direct drive between the driving and driven 
shafts. By locking the gear-box o by means of the brake uv and 
releasing one or the other of the clutch members g, h, so that this 
member is moved into its operative position by the ring k, one 
of two separate trains of gear transmits motion to the driven shaft 
in the manner well known in the back gear train of a lathe. By 

lutching the s g and d the shaft a drives through the 
intermediate shaft i, the pinions q, 4, sleeve 6, pinions 3, 8, to the 
shaft 9. When the members A and e are engaged, the drive is 
transmitted through the sleeve j, pinions 10, 5, sleeve 6, and 
pinions 3, 8, to the shaft 9. In the three cases above described the 
driving and driven shafts rotate in the same direction. (Sealed 
May 20, 1909.) 


SHIPS AND NAUTICAL APPLIANCES. 
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18,509. L. W. P. C. Chetwynd, -on-Tham: 
Kelvin and James White, Limited, and F. W. Clark, 
G ‘ow. Mariners’ {1 Fig.} 1-7 3, 

or 


1908.—This invention relates to mariners’ oe 
object to provide an improved closure for such compasses which 
rmits of fitting the glass so that the surface of the same shall be 
jush with the bezel or shall project above the plane of ths same, 
while the glass is packed tightly in position without any of the 
fluid in the compass-bow] having access to the packing. The glass 
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A rests at its outer edge on an annular seat B formed on the 
upper edge of the compass-bowl C. The edge of the glass A is 
bevelled, with the narrower face on top, and preferably the bevel 
extends almost, but not quite, to the lower face. A clamping- 
ring D is secured to the annular seat B, and is bevelled corre- 
sponding to the bevel on the glass A, but does not quite contact 
with the glass. The ring D is formed at its inner lower edge with 








a groove or recess of sufficient depth to receive an appreciable 
quantity of packing material G, such as rubber, so that when the 
ring D is screwed down the rubber is compressed between the ring 
D, the glass A, and the seat B, and the glass A is held securely in 
position. In this way it is possible to fit the glass A so that its 
outer surface shall lie flush with, or project above, the plane of the 
ring D, and, if desired, of the edge of the bowl C. (Sealed 
May 20, 1909.) 


STEAM ENGINES, BOILERS, EVAPORATORS, &c. 


La Willans and Robinson, Limited, and E. G. 

Rugby. Steam-Turbines. (2 Figs.) July 11, 1908. 
-~This invention relates to means for securing feshine-tladies. On 
each blade a T-shaped root is formed, and in the rim of the wheel 
and also in a side ring, which is bolted or riveted to the wheel, 
undercut grooves are formed in such a way that when the blades 
have been assembled with one arm of each T-piece projecting into 
the groove in the rim, the side ring can be placed in position with 
the other arms of the J -pieces entering its groove. The side ring 





has projecting from it a number of distance-pieces, so arranged 
that one piece lies between every two consecutive roots. These 
projections are preferably so formed that they enter the groove in 
the rim. a isthe body of the wheel; bare side rings to be riveted 
thereto, and ¢ are blades. Each blade has upon it a T-shaped root 
d adapted to enter undercut grooves e¢, f in the wheel and ring 
respectively, while between the roots lie distance-pieces g formed 
on the rings b, and so shaped that they will enter the grooves e. 


(Accepted March 17, 1909.) 

943. Belliss and Morcom, Limited, J. Wigley, and 
Pas Walshe, Piston-Slide Valves. 
(3 Figs.) November 19, 1908.—This invention relates to an adap- 
tation of a known method of varying the cut-off of the steam to a 
compound engine in which, to side-by-side cylinders, steam is ad- 
mitted and released by co-axial piston-valves situated between the 
cylinders and operated by a single eccentric and valve-rod. Ac- 
cording to this invention, the first cylinder valve is angularly 
displaceable relatively to the axis of the valve-rod, independently 
of its axial movement, and is so constructed that the ratio of cut- 
off will vary with the variation of the angular situation of the 
valve. a@ isthe high-pressure cylinder, and 6 is an annular passage 
surrounding the high-pressure piston-valve ¢ and the liner within 
which it fits. The steam arrives at b by flowing through the hollow 
of a belt provided around the upper end of the cylinder a from 
the steam-supply pipe, and passes through triangularly-shaped 
orifices in the liner in order to flow into the cylinder @ above the 
piston when the valve c has been sufficiently raised, the same 
steam being subsequently evacuated from the upper end of the 
cylinder, through the same triangular ports, past the upper edge 
of the valve ¢ when the valve has moved downwards from the 








centre of its travel. The steam will thus reach the interior of the 
high-pressure piston-valve, fron which it will flow past the extreme 
edges alternately of the low-pressure valve e to enter the upper 
and lower ends respectively of the low-pressure cylinder /, escap- 
ing therefrom through the annular space g which surrounds the 
waist of the valve e, and finding its way to the exhaust-pipe by the 
annular passageh. By an angular displacement of the valve ¢ on 
its actuating rod in one direction, the lap of the valve on the 
steam-admission side—that is, in the present case, on the inside— 
will be increased, whereby the cut-off of the steam from the high- 
pressure cylinder will take place earlier in the stroke of the high- 
pressure piston. If the valve ¢ is angularly displaced in the oppo- 
site direction, the lap will be diminished and the cut-off made 
later. To enable the angular position of the valve to be varied, 
either by hand adjustment or automatically by a speed-governor, 
a fork j is rotatably mounted in the cover of the valve-chest with 
its axis in line with the axis of the actuating rod of the slide- 
valves, the spindle of the fork passing steam-tight through the 
cover, and having secured to its upper end an arm which, by means 
of a link n, can be angularly displaced to any desired degree. 
Each branch of the fork j is inserted with a sliding fit between a 
pair of upstanding horns, formed integrally with the valve c 


The valve ¢ is rotatably mounted on the upper end of the valve- 
rod, and secured thereon against end motion, by passing its boss 
with an easy fit over a tubular sleeve which serves as a distance- 
piece, a washer, by lock-nuts, serving to prevent the 
axial displacement of the valve. (Accepted March 31, 1909.) 


18,104. Willans and Robinson, Limited, and 
Peache, Rugby. Turbines. (2 Figs.) August 28, 1908.— 
This invention relates to turbine blading fitted with shrouding of 
an angular or ch 1 cross-section ding to this invention, 
the shrouding is made of such a form that it is flexible, so that if 
contact takes place, the shrouding will readily yield without 
causing heavy wear or the generation of heat. This is preferably 
done as follows :—The shrouding is first fitted and the blading 
fixed. Then with a suitable tool the shrouding d is grooved or 
curved so as to present a flexible structure against pressure. This 
can readily be done with a suitable spinning tool fixed in the slide- 
rest of a lathe to operate on the rotor blading, or fixed on a revolv- 














ing boring-bar for operating on the blading of the turbine-casing. 
Further, by the use of such a tool the clearance of the shrouding 
can be varied at will, so that, besides being — to a flexible 
grooved or curved shape, it can also be adjusted for clearance, and 
should a contact take place and the clearances thereby be in- 
creased, the clearances can in be brought to the desired mini- 
mum by resetting the shrouding by means of a spinning tool such 
as described. In addition to spinning to the desired flexible shape, 
the extremities of the sides of the shrouding may be ground or 
machined so as to reduce them to a fine edge for the purpose of 
making them the more readily yield on contact taking place. 
(Accepted March 24, 1909.) 


22,164. Babcock and Wilco. 
(Deutsche Babcock and Wilcox Dam 
schaft, Oberhausen, Germany.) 

[4 Figs.] October 20, 1908.—This invention relates to apparatus 
for the manufacture of seamless “staggered” headers for water- 
tube boilers of the Babcock and Wilcox type. According to this 
invention, a seamless tube of mild steel of rectangular cross- 
section, or square drawn, is subjected, when in a heated state, to 
pressure between rolls having corrugated faces as usual, which 
faces suitably press two opposite sides of the tube, while the 
other sides are held against outwardly bulging by side flanges on 
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the rolls, inward collapse me prevented by filling the tube 
with sand or like material. e seamless square-drawn tube a 
is heated and filled with sand or like material, as is usual, and 
then run through the first pass d of a pair of corrugated rolls 
having side flanges d!, and either pressed to its final form therein, 
or finished by being run through a second pass d? of said rolls, 
the corrugations of the rolls being of such form as to impart the 
desired sinuous contour to the header, while the flan d' pre- 
vent outward bulging of the flat sides of the tube. e header 
blank, formed by pressing the seamless tube in the manner de- 


scribed, q ly hed in the ordinary 
manner. (Accepted March 31, 1909.) 


673. R. Aitken, Westminster. Steam-Generators. 
(4 Figs.) November 5, 1908.—This invention relates to steam- 
generators in which inclined water-tubes are used, and through 
which longitudinal fire-tubes are passed. Instead of connectin 
the water-tubes to the inner walls of front and rear headers an 
of connecting the fire-tubes to the outer walls of the headers or to 
tube-plates fixed in the ends of the water-tubes, as heretofore, 
such headers are dispensed with, and both sets of tubes are directly 
connected to plain front and rear tube-plates which form the front 
and rear walls of the combustion-chamber. a, a@ are the water- 











| tubes, 6, b the fire-tubes, c, ¢ the tube-plates, forming front and 
| rear walls of the combustion-chamber, and to which both sets of 
| tubes are fixed. The water-tubes a are formed at their ends with 
thickened flanges, of larger diameter than the body of the tubes 
and of such shape as to form an annular space / between the body 
of each water-tube a and the tube-plate c. The ends of the fire- 
tubes 6 are expanded into holes in the tube-plate ce. Communi- 
cation is made between the upper parts of the lower water-tubes 
a and the lower parts of the next upper water-tubes in the follow- 
Small chambers g are fixed to the outer sides of the 

and the flanges of the water-tubes a are fixed to the 





in . 
tube-plates ¢, 





inside of such plates by rivets passing through holes in the ch... 
bersg and tube-flanges, and through holes formed in the tube-p!,) ¢3 
ce. The parts of the chambers g and tube flanges through whic! the 
rivets are thickened so as to fit against the tube-plate ¢ aroy)q 
such rivets, and holes are formed in the tube-plates which ¢om. 
municate on the outer sides of the plates with the interior o7 the 
chambers g, and on the innerside of such plates with the annular 
spaces fformed by the tube-flanges. The uppermost cham)wrs g 
of the back and front tube-plates form a communication bet\ cen 


the uppermost water-tubes a and the steam-drum through ti:hes 
and the lowermost chambers g of the back tube-plate form mud. 
chambers and are provided with blow-off cocks. e tube-plates ¢ 
are formed in sections, so that each section may be removed with. 
out disturbing the other sections, and the back plates are cut out 


soas to form openings to permit of the passage of the products of 
combustion from the combustion-chamber into the rear flue space, 


(Accepted April 7, 1909.) 
TEXTILE MACHINERY. 


17,625. H. A. Boyd, Glasgow. Ring-Spinning Ma- 
chines, (6 Figs.) August 21, 1908.—This invention relates to 
machines for spinning and twisting yarn, and is particularly con- 
cerned with means whereby the traveller-ring is properly held in 
operative position to permit it to rotate under the stress of the 
yarn exerted through the medium of the traveller through which 
the yarn is passed to the spindle. An lar socket-piece |) is 
secured in the spindle orifice of the ring-rail a. The annular 
socket-piece b is provided with an interior cylindrical bearing- 
wall and a smooth flat top. The lower part of the interior wall 
of the socket-piece is cut away to forma retaining edge or shoulder, 
The external wall of the socket-piece b is provided with an 
annular groove, one wall of which is inclined downward to give a 
bevelled surface to engage the annular wire spanner-spring c, 
The contraction of the spring when in the groove tends to move 
it vertically until it abuts against the adjacent edge of the spindle 
orifice, thus making it ible to fit a socket-piece of uniform 
diameter to spindle orifices of slightly different diameters. The 





























traveller-ring d is of the usual double-flange type, and to its lower 
flange is rigidly secured the retaining device, comprising a thin 
cylindrical hoop e provided with a horizontally projecting flange 
interposed between the bottom of the traveller-ring and the fiat- 
bearing surface at the top of the holder b. The retaining-hoop is 
made of anti-friction metal, and should be of a diameter to form 
simply a loose fit inside the cylindrical bearing-wall of the socket- 
piece, so that there shall be neither a tendency to bind or stick 
nor an appreciable lateral movement of the ring when in rotation. 
The lower edge of the hoop is provided with means for preventing 
its withdrawal from the socket by the stress of the yarn. As 
shown, this may be accomplished by forming a small outwardly 
projecting holding-down lip, arranged to project beneath and 
engage the adjacent e of the socket-piece, the hoop being 
slitted from its lower edge at intervals to permit the lip to be 
compressed sufficiently to allow it to be passed down through 
the cylindrical bearing orifice of the socket-piece. (Accepted 
March 31, 1909.) 


9344. The Fine-Cotton Spinners and Doublers’ 
tion, Limited, Manchester. (?. Lefevre, Lille, 

France.) $elf-Acting Mules. (4 Figs.) April 30, 1908.— 
This invention relates to apparatus to be employed in conjunction 
with the apparatus described in Specification No. 3936, of 1908, 
the object being the suppression of the connection between 
the winding-faller and the counter-faller during the coiling of the 
yarn on the spindle-blade, until such terminates at the spindle- 
point, permitting the weights described in Specification No. 
3936, of 1908, in falling, to provoke only the drawing back of the 
counter-faller. The sector 14 on the counter-faller shaft 15, the 
weight-lever 8 pivoted on a pin 21 to the bracket 20, the chain 12 
connecting the weight-lever with the counter-faller shaft, and the 
connecting-rods 18 connecting it with the winding-faller shaft 16 
are of the ordinary construction. To the front of the carriage a 
lever 1 is pivoted on a pin carried by a supporting bracket secured to 
the carriage. The upper end of the lever 1 terminates in a fork, in 
which is mounted a roller 3, and the lower end is formed with an 
incline to engage, as the carriage travels in towards the end of the 




















winding on, with an inclined stop 19 affixed to the floor. The 
lever 1 is guided in its rocking movement by the guides 6 and 7 
fixed to the front of the carriage. The lever 1 is so placed that 
the chain 12, which connects the sector 14 with the weight-lever 5, 
passes through the fork of the lever and rests against the face of 
the roller 3. The operation of this modification is as follows: 
Towards the end of the winding on of the yarn, as the carriage 
travels inwards, the inclined lower end of the lever 1 engages the 
stop 19, swivels upon its pivot, and is forced into the position 9 
shown in dotted lines. The roller 3 assumes the dotted position 
and the chain 12 is forced out of the straight line and caused to 
assume that of the bent line 13, thereby raising the weight-lever 
8 into the dotted-line position. The weight-lever 8 is thus remov« d 
from contact with the stop 17 of the connecting-rod 18, and operates 
independently of it. The counter-faller and the winding-faller are 
thus practically disconnected—or the connection suppressed or 
made non-operative—during the winding and the coiling of (he 
yarn on the spindle-blade, and the re-establishing of the connection 
between the two fallers is correspondingly delayed,  Svu ed 
May 27, 1909.) 
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RATING OF PETROL-ENGINES. 


We have received a report of the Rating Com- 
mittee of the Institution of Automobile Engineers 
on the proposal of the Society of Motor Manufac- 
turers and Traders in reference to the rating of 
petrol-engines, together with a summary of the 
report of the latter and the discussion on the whole 
which took place on November 10, 1908. 

The subject of the rating of petrol-engines is one 
about which there has been a great deal of discus- 
sion in the past few years, often from very dif- 
ferent points of view. It will be remembered that 
the Automobile Club has published a rating formula, 
which, it was understood at the time, was for pur- 
poses of competition only. There had been many 
hill-climbs and other competitions in which it had 
been desired to have some allowance for the dif- 
ference of size of engines in different cars. Various 
formule had. been a and sometimes tried 
by different local club committees, and it was 
thought best that the Automobile Club should 
publish a formula in the hope that it would be 
generally accepted. The club therefore proposed 
the formula 

0.4d? N, 
where d is the diameter of the cylinder and N the 
number of revolutions—that is to say, in round 
numbers they rated the engines at 1 horse-power for 
each 2 square inches area of the pistons, regardless 
of the stroke, valve area, or any other considerations. 
This formula has naturally not been considered 
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Scale of Horse Power: 
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(:237.A) Stroke; Millimetres 
satisfactory by the majority of those interested, 
and there is therefore a pro 1 to alter it ; the 
main cause of dissatisfaction is the fact that no 
account whatever is taken of the stroke, and there- 
fore it is only engines with a long stroke in pro- 
portion to their diameter which have any chance in 
the competitions held under it. 

Before considering the various suggestions for 
rating, it is as well to consider what are the objects 
of having a rating rule at all. A horse-power is 
a perfectly definite measurement of ere just as 
a pound or a ton is of weight, or a yard of length. It 
is also just as possible to measure it, though slightly 
more troublesome. It is therefore not at first 
apparent why it should be calculated from some 
arbitrary formula any more than any other measure- 
ment should be calculated instead of measured. ~ 

The three principal uses for a rating rule are :— 

1. For purposes of sale. 

2. For purposes of taxation. 

3. For purposes of competitions. 

It appears to us that the use of any arbitrary for- 
mula for calculating the power of an engine for pur- 
poses of sale will not be at all satisfactory and will 
inevitably be to the disadvantage of the customer. 
It is no doubt true that a skilled designer can esti- 
imate very closely beforehand from the design of an 
engine what power it will give, and he will base this 
estimate largely on the size and proportions of the 
various em It might be theoreticall ible to 
make a formula which would embrace all the various 
points on which he would base his estimate, but 
these are so innumerable that it would certainly not 
be practicable. Consequently, no horse-power cal- 
culated from any formula can accurately represent 
the power which the engine actually gives. Tt would 
therefore always be open to any manufacturer to 
cheapen his engine in those points which are not 
rated, and make an engine which, though cheap to 
produce for its rating, would not give the same power 
for its weight, &c., that other engines would = It 
is also at the same time open to him to produce 
special engines for competition which give very ex- 


ceptional power for their rating in order to advertise 
the merits of his wares. The proper way to sell 
engines is undoubtedly by the power they are 
actually guaranteed to do for a test of reasonable 
duration-—say several hours. There is no difficulty 
in actually testing every engine on a fairly long 
run before it leaves the test-shop ; but if a manu- 
facturer prefers not to do this, he should test sample 
engines of each design he manufactures, and rate 
them for selling purposes at such a power that they 
have sufficient margin for accidental variations in 
order absolutely to ensure that they will, everyone 
of them, do what they are rated at. There is little 
doubt but that in the case of the great majority 
of makers the engines will actually do what they 
are rated at, and in some cases a good deal more. 
There is, of course, no possible objection to a 
maker, if he chooses, rating his engines at such a 
power that they have a considerable margin, and 
many do so. 

The most important application of a rating rule 
is undoubtedly for purposes of taxation. For this 
it is practically impossible to work on the basis 
of actual horse-power, as this would involve each 
car having its engine tested in the presence of a 
Government expert under such circumstances as 
would ensure that the maximum power of the engine 
was given. The cost of this would be prohibitive. 
The only practicable arrangement appears to be to 
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tax cars on some easily-checked dimensions which 
give a fair approximation to the power they are 
actually run at on the road. It is, however, neces- 
sary that the rule should be simple, easily under- 
stood, and not involve elaborate calculations. 

The rating for competition is a very special sub- 
ject, as the tendency of all competitions under 
arbitrary rules is to produce special machines and 
to get the best results out of them, regardless of 
any practically useful qualities. Consequently rules 
can be made to produce any variation from the best 
practical working design which is desired, and all 
that is necessary in getting out a rating rule is 
to settle what feature it is desired to exaggerate, 
and make a rule which will entail this being done. 
If it is desired to rate an existing standard type for 
competition, on engine’s dimensions, it must be first 
settled what are the general results desired, and 
then the rule must be framed. 

For whatever purpose a rule is required, it should 
as nearly as possible represent the a likely to 
be obtained, and, therefore, the first point is to 
ascertain by an analysis of existing practice on what 
the power of petrol-engines of the various sizes 
used in motor-cars depends. If we deal with the 
subject from the theoretical point of view, as was 
done .very exhaustively by several of the kers 
in the discussion, we see that the essential point 
which determines the power which any ongene will 
give is the number of revolutions it will run at 
without the torque materially diminishing. 

If any engine is run on a test-bench at increasing 
revolutions, the torque will be fairly constant over 
a considerable range, slightly falling as the revolu- 
tions are increased, and the ke horse-power will 
therefore increase, though not quite as fast.as the 
revolutions. There will, however, come a point at 
which the torque falls off rapidly, and the brake 
horse-power therefore goes down instead of up. 
This point varies in different engines, and the main 
point in the discussion was what relation this rate 
of revolution, at which the maximum brake horse- 
power is given, has to the cylinder dimensions, If 








the old Royal Automobile Club rating was in the 
least intended to represent the actual brake horse- 
power, it was assumed :—(1) That the mean - 
sure was constant for all sized cylinders, and (2) 
that the piston speed was constant—i.e., the revo- 
lutions varied inversely as the stroke. It is very 
obvious that this is not true, and the fact that in 
the first race held under these rules makers de- 
signed special long-stroke engines shows that it was 
well known at the time it was adopted that the 
ible piston speed increased as the stroke was 
engthened. The question is, in what ratio? 

In steam-engines the only theoretical limit of 
revolutions, if durability is entirely neglected, 
appears to be the gape of getting in large 
enough valves, and the possible revolutions there- 
fore increase direct as the valve area. There appear, 
however, to be other limits in the case of the petrol- 
engine. Given valves of ample area, it is assumed, 
as a basis of rating in the report, that the limit of 
revolutions is that at which the connecting-rod would 
break owing to the inertia of the piston. This was 
also assumed by several speakers in the discussion. 
It is further assumed in the formula adopted that 
for an increase in the cylinder diameter there will 
be an increase in the mean pressure owing to the 
smaller proportion of area to volume and less cool- 
ing effect on the charge. 

e formula recommended is .197 x d (d — 1) 
x (r + 2) x N, where d is cylinder diameter, r 


ratio of stroke 


re 

This is open to the theoretical objection, of 
course, that it rates an engine with a cylinder 1 in. 
in diameter as 0; but this is probably not of much 
practical importance. The weak point is the 
assumption that the limit of speed is that at which 
it is impossible to make a connecting-rod strong 
enough to take the stresses due to the inertia of 
the piston. There would probably be no difficulty 
in making a connecting-rod strong enough to take 
the stresses in a small engine up to some 10,000 
revolutions ; but unless this is the speed at which 
it was habitually run, such a limit has nothing 
to do with the limit of brake horse - power. 
The best way of settling the essential dimensions 
on which the brake horse-power depends appears, 
therefore, to be to analyse the results of the power 
given by various engines, as far as the published 
information will permit, and in doing this it is 
obviously best to start with the ordinary engine as 
sold to the public. 

Such engines are always sold as being of a cer- 
tain brake horse-power by their makers. It is 
well known, however, that the basis of this 
rating varies a good deal with different makers. 
In some cases the engines are rated at the maxi- 
mum they will do at the revolutions at which 
they give their best brake horse-power. In others 
the engines are rated at such a power that they will 
considerably exceed it, at all events for a short 
time, if run very fast. It is very important to 
bear this in mind, for, as a general rule, in the 
= the makers who have made long-stroke engines 

ve rated their engines ata very moderate propor- 
tion of their maximum possible power, while the 
makers of the short-stroke engines have rated them 
at their extreme maximum. It is also a fact that 
in the earlier days of the motor-car the makers of 
—_——— engines were, on the whole, those who 
preferred to run their engines slow, while those who 
made short-stroke engines, on the other hand, ran 
them very fast. The tendency has been for each 
to approximate to the other, till the majority of 
engines now run at some mean between the ex- 
treme high speed and extreme low ; but the <if- 
ference in rating often-remains. There is, how- 
ever, no reason whatever to think that, if we take 
a uniform series of engines by one maker, there is 
any difference in the margin ‘allowed to the larger 
and smaller sizes, and we can therefore see on 
what dimensions the brake horse-power obtained 
depends. In order to do this the curves (Fig. 1) have 
been drawn, showing the application of the rating 
rule now pro by the Society of Motor Manu- 
facturers and Traders, and also the Royal Auto- 
mobile Club rating as applied to the series of single- 
cylinder engines made by Messrs. De Dion Bouton. 

is forms a uniform series of engines of the same 
general characteristics, and ranging over a t 
range of power and stroke. Messrs. De Pion 
Bouton have been making ‘engines combining the 
essentials of the modern car-engine—i.e., electric 
ignition: by single spark, throttle control, . great 
range of speed, &c,—for some ten-years or more, 


and N number of cylinders. 
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and have made such large quantities, and secured | 
such a name for good results, that if a rating rule | 
will not ‘correspond with their productions, it will | 
require some very ample evidence to justify it. It | 
will be seen that the Royal Automobile Club rule 

distinctly overrates the short-stroke engines in pro- | 
portion to the long-stroke one—that is to say, that 

the actual piston speed increases with the stroke. | 
It will also be seen that the new Society of Motor 
Manufacturers and Traders’ rule does this, though | 
not to the same extent—i.e., the piston speed in- 

creases with the stroke much faster than the rule 

assumes. It was shown in our issue of May 21 

that the cylinder capacity of the De Dion engines 

ow brake horse-power was nearly constant, and we 

ave therefore drawn a curve in which it is assumed 

that the engines are rated at 1 brake horse-power | 
for each 7 cubic inches of cylinder capacity. It will 
be seen that this curve follows the brake horse- 
power, as stated by Messrs. De Dion, very closely 
indeed, and in fact shows that the brake horse- 
power of this series of engines is dependent on the 
cylinder capacity. 

Fig. 2 shows the same analysis applied to the 
engines made by Messrs. Panhard and Levassour, 
whose experience and standing in the motor trade 
is as undisputed as Messrs. De Dion Bouton. It 
will be seen that they rate their engines at much 
lower powers in proportion to the size of the cy- 
linders than the above series of single-cylinder en- 
gines, but that otherwise the curves show exactly the 
same result. The makers’ powers come so far below 
the ones given by either rating rule that the pro- 

wrtionate effect is not very easy to see, and a curve 
is therefore inserted showing powers 33 per cent. 
above the makers’ rating, from which it will be seen 
that the effect of the rules is the same as in the 
case of Messrs. De Dion’s engines—i.e., the short 
stroke are over-rated in proportion to the long 
stroke. A curve of 13 cubic inches per brake horse- 
power, however, follows very closely the curves of 
makers’ stated brake horse-power, and the latter is 
evidently practically dependent on the cylinder 
capacity. 

Assuming this to be true of these two makers, it 
is necessary to see how it compares in the case of 
others. Fig. 3 therefore shows the curve of cylinder 
capacity per brake horse-power of three other 
makers of repute and experience, as well as those of 
Messrs. Panhard and Messrs. De Dion, and also the 
Royal Automobile Club rating. The latter assumes 
that the cylinder capacity per brake horse-power 
increases directly as the stroke. The Society of 
Motor Manufacturers and Traders’ rating assumes 
an increase in the cylinder capacity per brake horse- 
power as the stroke increases, though this varies 
somewhat with the diameter of the cylinder, and 
therefore cannot be shown by a simple curve. It 
will be seen that as a whole the curves do not show 
any tendency to increase the cylinder capacity per 
brake horse-power at all with the stroke, the only 
one which does so at all being the F.I.A.T., and 
this only in the case of one engine, while Panhard, 
Deitrich, and De Dion have a tendency the other 
way. These makers were chosen simply because 
they make engines having a considerable range of 
stroke. There are many other makers of good 
reputation, but in a large number of cases the 
variation of stroke employed is so small that 
nothing can be learnt from it. 

It will be seen, therefore, that there is primd 
facie evidence that the large Continental makers of 
motor-cars find that in the engines they sell to the 
public the power is practically proportionate to the 
cylinder capacity. While this may be admitted 
as affecting these particular makes of engines, it 
may be as well to sce how it affects a large 
range of various makes, The cars chosen by the 
Society of Motor Manufacturers and Traders, as 
demonstrating the fitness of their rule for rating, 
are those which competed in the Royal Automo- 
bile Club trial last year. The horse-power as 
stated by the makers, the Society of Motor 
Manufacturers and Traders’ rating, and a rating 
based on the assumption that 1 brake horse- 
power will be got from 10 cubic inches of cylinder 
capacity, are therefore plotted in the form of a curve 
in Fig. 4. It will be seen that in these various cars 
the curve of rating based on the cylinder capacity 
follows that of the makers’ rating much more nearly 
than the Society of Motor Manufacturers and 
Traders’ rating does, the mean variation of the 
former from the makers’ rating being 4.5 horse- 
power, and of the latter 7.8. In this curve, where 
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two horse-powers are stated by the makers—e.y., 


20-30 ”’—the higher of the two is taken, as it cor- 
responds the more nearly with the Society’s rating. 

It appears, therefore, that the actual brake horse- 
power of the ordinary petrol-engine, as used in the 
cars sold to the public, is practically propor- 
tionate to the cylinder capacity, and this is what 
one would expect from the conditions of running. 
The revolutions in these cars are always limited by 
considerations of noise, comfort, and durability, 
and have nothing whatever to do with the limits at 
which engines can be constructed to run. The 
revolutions being therefore practically a fixed 
point, the power, with a given mean pressure, is 
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to avoid a small amount of taxation, and theref«) 
this will not have much effect. While the 10 cubic 
inches per brake horse-power, however, probably 
represents fairly present practice, and is a very 
convenient round number for purposes of calcul.- 
tion, it would possibly be better to take 12 as a 
standard, as there is little doubt that the demand 
for quietness and durability are increasing, and to 
meet this the cylinders will in the future probably 
be larger in proportion to the power actually de- 
veloped on the road. 

hile the above considerations apply to stan- 
dard cars, it is interesting to study the effect of 
cylinder dimensions on engines specially built for 
competition. To do this we must take a series of 
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directly proportionate to the cylinder capacity, and 
this therefore is apparently much the fairest basis 
for taxation or for rating of actual standard cars 
as sold. It has the defect common to all 
ratings based on cylinder dimensions, that it does 
not allow for the fact that there are practical con- 
siderations far more important than getting the 
required power out of the smallest possible cylin- 
ders. Thus, if the latter is to be done, the engine 
must have very high compression, and be run very 
fast, and have large valves opening and shutting 
suddenly and with large lift. This will, however, 
entail a great deal of noisc and wear and tear. On 
the other hand, by making the cylinders larger 
in proportion to the power these defects can be 
avoided. It is not likely, however, that many 





people would put up with noise and wear and tear 





engines constructed for the same purpose. We 
have two such series, covering a great range of 
stroke and power in the motor-cycle engine and 
the racing-car engine built under the weight limit 
only. In both these cases the essential problem is 
to get the greatest power in the smallest weight, 
and the revolutions are therefore as high as the 
engine can be made to go without excessive weight 
being used in its construction. Fig. 5 gives the 
curve of cylinder capacity per brake horse-power, 4s 
stated by the makers, for a variety of engines from 
2 to 135 brake horse-power and from 57 to 170 milli 
metres stroke. It will be seen that, on the whole, 
allowing for the fact that the engines are by very 
various makers, the curve is fairly level. The curve 
of the Royal Automobile Club rating is also given, 
and two curves of the Society of Motor Manufac- 
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turers and Traders’ rating. The latter rating allows 
a varying amount of cylinder capacity per brake 
horse-power, with varying proportions of stroke to 
bore, so two curves are given representing about 
the extreme proportions of the engines taken. It 
will be seen that the brake horse-power as stated 
by the makers does not in the least follow either 
of them. 

Very few of the makers of racing engines built 
specially for the Four-Inch Race, in which the sole 
limit was the diameter of the cylinders, have pub- 
lished any detailsof the performance of their engines, 
but a curve of three of these is given, based on the 
brake horse-power stated by the makers. It will 
be seen that the powers claimed are very high in 
proportion to the diameter of the cylinders, as 
might be expected from the fact that the sole object 
was to get the greatest power out of a cylinder of a 
given size, regardless of weight, cost, or dura- 
bility ; but there is no tendency whatever for the 
cylinder capacity per horse-power to increase with 
the stroke, as both the rating rules assume. 

All the evidence seems, therefore, to point to the 
fact that, whether for ordinary touring-cars or for 
specially constructed racing-machines, the power 
rises practically in proportion to the stroke, and it 
is therefore interesting to consider why this is. 
It seems quite possible that it depends on a limit 
of which no notice is taken in either the report or 
the discussion—viz., the time required for the ex- 
plosion to take place. That is to say, it is generally 
assumed that the mean pressure in the diagrams 
will be fairly constant, however high the revolu- 
tions, supposing, of course, that the compression 
pressure is suitable. For this to be the case, how- 
ever, it would be necessary that the advance of 
ignition should be constant, for the effect of advance 
is to round off the corners of the diagram. It is, 
however, well known that at very high revolutions 
amuch greater advance is required than at lower 
ones. There must be some speed at which the 
advance becomes impracticable. In any case it 
appears to be a fact that engines of very long 
stroke will increase the brake horse-power up to 
about 2500 revolutions a minute, and that even 
very short-stroke engines also generally give their 
best brake horse-power at this or less ; and although 
many speakers claimed that the short-stroke engines 
would give their best power at much higher revolu- 
tions than these, none of them gave any instance 
of an engine doing so. 

Several other points may help the long-stroke 
engines. Generally speaking, p have a better 
combustion-chamber, as the proportion of surface 
to volume is less. They may therefore develop a 
higher mean pressure. In the Society of Motor 
Manufacturers and Traders’ rating rule it is assumed 
that with an increase in cylinder diameter a higher 
mean pressure will be got, but nothing is allowed 
on this score for the longer stroke, which generally 
improves the combustion-chamber even more than 
greater diameter. 

It is rather curious that frequent statements are 
made in both the report and discussion that piston 
speeds are increasing. Piston speed depends on :— 

1. The stroke of :the engine. 

2. The ratio of gear and diameter of road wheels. 

3. The speed at which the car is driven. : 

Now the ratio of gear on most moderate-priced 
cars is now only about half what it was in many 
cases six years ago, and. the.wheels are larger and 
the stroke generally less. Consequently cars would 
have to travel at least twice as fast to average even 
the same piston speed, and ‘it is quite certain that 
they do not do anything like this. In fact, the 
whole development of the modern car has been in 
the direction of putting more power into the cars 
in order to run the engine slower and get greater 
comfort and silence, and it seems practically certain 
that in the future this will continue, for it is not 
likely that people will put up permanently with the 
noise of cars with very high-speed engines. There are 
several points in the discussion which show rather a 
peculiar point of view on the of the speakers, 
one curious suggestion heing that in rating a car for 
sale the maker is justified in rating it at a certain 
power if the engine will maintain 85 per cent. of 
this power. This appears to be much the same 
as selling 17 ewt. of coal and calling it.aton. It 
1s very commonly assumed by speakers in the dis- 
cussion that the main object of a designer should 
be to get the requisite power out of the smallest pos- 
sible cylinders, and engines, in which the cylinders 
are large enough for other points, such as noise, to be 
considered, are spoken of as ‘“‘ defective.” In the 





report itself a list of the engines in the Royal Auto- 
mobile Club 2000-mile trial is given, and the 
piston speeds, according to the normal revolutions, 
as stated by the makers. As the report of the trial 

ives enough data for the actual revolutions on the 

rooklands track to be calculated, it seems as if the 
latter would have been a much better guide to 
those at which the engines give their best power 
than the former. In one case the makers’ revolu- 
tions are taken at 1000; when on the track they 
were over 1900. This may make a substantial 
error in the conclusions drawn. 








RECENT SAFETY APPLIANCES ON 
CARDING-ENGINES IN COTTON-MILLS. 

Spectra attention is now being given throughout 
the cotton-spinning districts to the more efficient 
protection of carding-engines. During the last two 
years variqus improvements have been made by 
engineers, machinists, and over-lookers ; but acci- 
dents are still numerous and at times severe. 
Obviously such casualties as cause the loss of fingers 
and limbs must be costly to the employers and 
insurance companies concerned, as a as regret- 
table on the part of the worker. 

The number of accidents from carding-engines in 
cotton-mills has increased from 231 in 1906 to 348 
in 1908 ; but this addition is directly attributable 
to the great increase in the number of cotton-mills, 
many of the largest factories having been erected 
in the meantime. It follows that with 80 to 120 
carding-engines in each new mill the possibility of 
accident has been considerably enhanced. It is 
more than probable that if the appliances in vogue 
had been only those found on former machines, the 
increase in the number of accidents would have 
been heavier. Besides, we must take into account 
the fact that when the new mills were built, and 
the cotton trade was at booming strength, many 
workers were introduced into card-rooms who had 
had little or no experience in cotton-mills at all, 
and accidents occurred among these inexperienced 
hands. 

The increase of accidents has given rise to many 
inquiries ; but those closely acquainted with the 
conditions of work in cotton-mills during the recent 
expansion of trade will readily understand its 
cause. With the present means of coping with the 
difficulty it is confidently expected that accidents, 
severe and trivial, from carding-engines may, 
during the present year, be appreciably reduced. 

The ‘‘flat-card” was applied to carding-engines 
some thirty years ago, and now is found in 
practically all cotton-mills. Previously the ‘‘ roller 
and clearer” type was in use, and there was less 
liability to frequent accidents. With the advent 
of the flat-card and increased speed of the main 
cylinder, there came attendant risks which did not 
obtain heretofore; and the safety appliances of 
to-day are being directed to meet those risks. 

The heaviest bill of all comes from driving- 
straps and pulleys (Fig. 1, page 842), from which 
several fatalities have occurred and serious accidents 
have been numerous. Twenty per cent. of the 
total number of carding-engine casualties are located 
here. And these have not happened to women 
and young people, but to adult men of mechanical 
skill and experience. 

Several important operations have to’ be per- 
formed-here ts carders, under-carders, card-room 
jobbers, strippers, and grinders. These men clean 
the end of the main cylinder with hand-brushes ; 
and for this purpose sometimes place their hands 
perilously near the driving-straps. Instances are 
too common in which arms have been inserted 
between the two parts of the strap ; this is a most 
dangerous proceeding. Loose coat-sleeves are re- 
sponsible for many mishaps with these driving- 
straps. The workmen also move the straps from 
fast to loose pulley, and vice versd, by hand. This, 
too, is a risky business, but becomes more so when 
the. operator places his hand on the inner side of the 
strap. Men sometimes forget that this driving- 
strap has an enormous amount of gripping power ; 
it runs at the rate of 30 ft. per second, and is laced 
as tightly as the distance between driving-pulley 
and line-shaft will allow. Any interference, there- 
fore, between the strap and pulley on their intake 
side means a sudden seizure of the hand or arm, 
and the injured person is flung against the projec- 
tions on the side of the machine, to be brought to 
the floor, generally in an unconscious state. 

For the purpose of grinding the card-wires on 
the main cylinder the driving-strap must be re- 





versed ; but the complete removal of the strap and 
its replacement on the pulley does not, as a rule, 
— any mishap. By far the worst results come 
rom the cleaning of the cylinder end and adjacent 
parts, and from changing the strap to a different 
pulley, fast or loose. 

To obviate the first difficulty, men must exercise 
great care, and never place their arms between the 
two parts of the belt. Hands and brushes should 
be — clear of the belt and pulley on all sides. 
The second class of accident has been obviated in 
several mills already by the provision of strap-forks. 
Several hundreds of strap-forks of various types 
have been in use for the last two or three years, and 
accidents from their use are practically unheard of. 

In the type illustrated in Fig. 2, page 842, a slide- 
rod is attached to the side of the machine ; this con- 
tains a sliding-fork which may be operated by hand 
or by a lever at each end of the machine connected 
with the vertical rod A. In the photograph the 
fork is turned up away from the strap, to allow of 
the removal of the latter and reversal for grinding. 
When not used for this purpose, the fork is turned 
down ; it then encloses the strap and moves it on 
either fast or loose pulley at the will of the worker. 
There is no interference with the belt by hand. 

In the strap-fork shown in Fig. 1 there is no 
connection with the ends of the machine, but a 
strong handle is fixed to the fork at A. The fork- 
shaft is bound to the sliding-rod by a piece of spring 
steel ; it is levered up for grinding purposes, and 
down for changing the strap to fast or loose pulley, 
with equal facility. 

Another type of strap-fork has been devised, 
Fig. 3, in which sliding by hand is obviated. The 
fork-bracket is attached to a convenient part of the 
cylinder-frame rim at A. It comprises two parts, 
one fixed, the other movable by a screw-handle, 
and bearing the prongs of the fork. In Fig. 3 the 

rongs are seen levered back to give the operator 
ree scope for reversing the belt for grinding. In 
Fig. 4 we see the prongs levered down, and a few 
turns of the handle at A will bring the driving-strap 
on the fast pulley. 

In Fig. 5 the strap-and-pulley difficulty has been 
mitigated in another way. The machine here shown 
is driven by a rope running on a couple of grooved 
pulleys. A rope-fork is provided, by which the rope 
is easily slipped from fast to loose pulley. There 
is very little likelihood of hands being entangled 
here, as the rope is never removed. The grinding 
is done by independent means in connection with 
the doffer cylinder of the machine. 

Now although these strap-forks have practically 
eliminated a dangerous class of accidents where 
they have been installed, the men generally, where 
there has been no such installation, have an 
objection to their introduction, urging that the 
driving-strap and pulley should be free from inter- 
ference by mechanical appliances, and that the 
hand of the workman should have the full space 
round the belt. It may be that time will temper 
this objection. 

Perhaps the most potent cause of the numerous 
strap-and-pulley accidents is to be found in the 
nearness of carding-engines in the same row. The 
engine seen in Fig. 6 is one of a long line of twenty- 
four machines, and the space between this and the 
next is 2 ft. 6in. It can be used for a passage 
with a minimum amount of risk. The operator can 
work between these machines with safety. In con- 
trast with this space there are many others between 
10 in. and 12 in. Clearly, when the workman is to 
manipulate straps on one side he must be touching 
the machine on the other. If he is cleaning, and 
happen to stoop, he is in danger of colliding with 
moving parts behind him. > 

a ers, engineers, and operatives alike are 
agreed that the space between these machines 
should be limited as to a minimum ; and consider- 
ing the important work that must be done here, it 
is safe to say that 15 in. to 18 in. is not too much, 
Strangely enough, some old mills are better than 
modern ones in this respect. Engineers and 
machinists would welcome greater space. They 
themselves are sometimes seriously hampered when 
erecting carding-engines owing to the lack of work- 
ing-room ; and to them injury and fatality are well- 
known occurrences. 

Seeing that new mills are built generally in the 
suburbs, or ‘in country where ground rents 
are comparatively easy, there should be no insuper- 


able difficulty in mapping out a mill on safe. lines 


so as to afford available space for the carding opera- 
tions, There is too often a tendency to confine 
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ach ‘* preparation,” or set of machines, to as small 
‘in area as possible. If this mistake be removed, 
carding-engine mishaps will be diminished. 

From driving-pulleys to doffer and carrier-wheels 
(Fig. 7) is a short step. These are still sources of 
secident, generally owing to the women and girls 
picking ‘‘ fly” —i.e., loose cotton-waste—while the 
inachine is in motion. An ample guard is pro- 

ided (Fig. 8) which covers the toothed wheels, and 
is furnished with lifters, for inspection purposes, 
+ removal during cleaning operations, when the 
inachinery is stationary. 

*In Fig. 9 these wheels are covered on all sides, 
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Fic. 14.- Feep-RoLtter Waeeis on Carpine- 


ENGINE. 


Fic. 17. 


Fie, 20. 


above and below. At A the outer side is seen 
fully guarded. This is a cast-iron fitting which 
encloses the wheels on all but the inner side. On 
this inner side at B a steel plate is fitted, which 
fills the aperture entirely. All old machines should 
have this inner aperture thoroughly covered. Acci- 
dents here have seme numerous. 

In close proximity are the calender rollers (Fig. 
10), and their toothed driving-wheels. Machinists 
now encase these fully with cast-iron covers, hinged 
at the back. The closed covers are shown in Fig, 11 
= and B, with cotton sliver passing through the 
rollers. 


CLEARING THE WASTE. 


Lees AND SMaLLEy’s WHEEL- 
Locker, WITH CYLINDER-Door CLosED. 


The coiler abuts on these, and contains | 


IN COTTON-MILLS. 


Guarp (A) over FExrp-Roiier 
WHEELS. 





Fic. 18. Asa Lees & Co.’s Lockine 
Levers oN CARDING-ENGINE. 


Fic. 21. Wuaeet-Locker, witH 
Oy.LinvER-Door OPENING. 


within its cap, Fig. 12, an ig Aare | train of toothed 
gearingat A. There should be no danger here ; but 
when, as occasionally happens in all mills, the cotton 
becomes obstructed in its course through the coiler 
top, the operatives lift the lid without stopping the 
machine, and attempt to remove the obstruction. 
Several severe accidents have come from this prac- 
tice. When ‘‘fly” is removed from these wheels, 
the machine should certainly be stopped. 

The side-shaft wheels of carding-engines are not 
all protected ; and owners of old machinery might 
with advantage secure these with a simple form 


of guard. The one shown in Fig. 13 is a very 
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effective cover. It encloses the large plate-wheel 
and the pinion on the side-shaft. 

Feed-roller wheels at the lap end of the machine 
are indicated at A in Fig. 14. These wheels _re- 
volve slowly, but should not remain uncovered. 
Any damage resulting from these being unfenced 
might lead to costly litigation. An efficient guard 
is seen in Fig. 15, which precludes all possibility of | 
accident. 

The latest provision for carding-engines is con- 
cerned with the door, or cover-plate, of the main 
cylinder. This cylinder makes 160 revolutions per 
minute, and has a peripheral velocity of about 
180 ft. per second. the cylinder is covered with 
sharply-ground wires, bent so as to hook into any 
colliding material. If, therefore, hands or fingers 
merely touch these wire-points, they are seized 
forthwith and dragged down bétween the cylinder 
and the fixed plate of the cover ; and as the admis- 
sible space is scarcely 4 in., it is conceivable what 
damage may ensue. So serious is this accident that 
it generally results in the total loss of a hand or an 
arm. The damage also to the machine is very con- 
siderable. The plates have in some instances to 
be forced away by crow-bars to release the injured 
person, and the cylinder must be stripped of its 
Wire and re-covered. It is therefore of the utmost 
importance that, as a small section of the cylinder 
must be uncovered for cleaning or ‘‘ stripping” the 
wires and for grinding purposes, this sectional area 
should be closed against operatives’ fingers. 

The circular stripping-brush is seen in Fig. 16, 
at A, impinging on the main cylinder. It is turned 
rapidly by a band fitting in the groove of the driving- 
pulley. The purport of this revolving brush is to 
clear the wires on the main cylinder of dirt, sticks, 
and short fibres. This is done three or four times 
daily. The main cylinder is moved at a slow rate 
by means of the ordinary driving-strap being pushed 
an irich orso on the fast pulley. The main cylinder 
and the revolving brush tuf'n in the same direction, 
and a thorough cleansing is completed in a few 
seconds. The brush is then removed, the driving- 
strap pushed on the fast pulley, and the cylinder 
speedily regains its maximum rate of motion. It 
is at this stage where so many terrible accidents 
occur. A worker comes to close the cylinder-door, 
or to clear away superfluous cotton (Fig. 17), and 
is caught by the uncovered wires on the cylinder. To 
prevent this untoward event machinists, managers, 
and over-lookers have recently produced various 
useful! inventions. 

In the appliance shown in Fig. 18, page 843, a 
succession of simple levers makes it impossible to 
open the cylinder-door until the cylinder itself is 
quite still. The two handles at A and B allow the 
operator to — the door at the opportune moment, 
when A is released from the latch C and the door 
at D is free to open. 

The application of this provision is seen in Fig. 16, 
where the driving-strap is on the loose pulley, the 
cylinder still, and the brush in position ready for 
i a The cylinder will here be turned very 
slowly by hand while the brush revolves at full 
speed. A strap-guide at B prevents the belt going 
on the fast pulley so long as the cover C is raised. 
The cylinder is brought to a perfect standstill, the 
door C is lowered, at the same moment the guide B 
falls, and the door is locked. ‘This is shown in 
Fig. 19, where the strap-guide B is obviously clear 
of the strap. Now the driving-strap can be moved 
on to the fast pulley and the cylinder set in motion. 

For the purpose of grinding the card-wires—once 
a month— the cylinder must revolve in the reverse 
direction. It is not necessary, however, to remove 
the driving-strap and reverse it. The cylinder is 
driven independently by a band from a grooved 
puiley D fixed on the end of the doffer-wheel shaft. 

In the locking arrangement shown in Fig. 20 a 
short worm-shaft and a plate-wheel are employed 
to check or set free a weight attached to the cylin- 
der-cover, The wheel A is on the inner side of the 
worm, and, being close to the weight B, it prevents 
this weight rising, and thus the cover C is locked. 
The machine is now in motion, No access can be 
had to the cylinder. The wheel A is revolving as a 
**free wheel” on its axisata high rate of speed, and 
cannot be moved from its contact with the weight. 

Before the cylinder-door © can be opened the 
cylinder itself must come toa dead stand. Then 
the free wheel must be moved by hand to the outer 
side of the worm (Fig. 21) ; the wheel A is then out 
of the range of the weight B. The door C can now 
be opened, and the stripping-brush applied. A 





few slow turnings of the driving-pulley by hand 
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will complete the cleansing of. the card-wires. 
Immediately the stripping-brush is removed the 
weight B operates and closes the door C automati- 
cally. Then the motion of the cylinder is depen- 
dent on the wheel A being turned over the worm 
into contact with the weight B. 

Figs. 20 and 21 show the application of this 
locker to doors hinged at their lower edges. Some 
cylinder-doors are hinged on their upper edges. 

hese are illustrated in Figs. 22 and 23. The same 
locker is here applied with a slight modification. 
The worm-shaft and wheel A are connected with a 
lever-arm B. The wheel can only be operated 
when the cylinder is stationary. Then the lever 
end C is released from the door E, which can be 
raised, as shown in Fig. 22, for stripping. When the 
stripping-brush is removed, the door is closed by 
the weighted arm G, and the cylinder cannot be 
re-started until the wheel A is re-set. This re- 
setting also operates the lever-arm B and locks the 
cylinder-door (Fig. 23). Several other locking 
arrangements are in an experimental stage, and 
when developed will likewise do much to minimise 
the danger of uncovered cylinders. j 
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Vectors and Vector Diagrams applied to the Alternating- 
Current Circuit. 
sulting Engineer and S 
Design in the University of Manchester, and CHARLES 
F, Suirn, M.I.E.E., Assoc. M. Inst. C.E., Wh. Sc., 
Lecturer in Electrical Engineering, University of Man- 
chester, and Director of the Electrical Engineering 
boratories, Municipal School of Technology, an- 
chester. London: Longmans, Green, and Co. [Price 
7s. 6d. net. ] 
For the analysis of alternate-current circuits vector 
diagrams are extremely useful, but before the 
student can apply this method intelligently he must 
have a sound knowledge of the principles on which 


these diagrams are constructed, and such knowledge 
can only be acquired by much practice and careful 
study. There is also a danger, if the student is | 


encouraged to use vector analysis at an early stage 
of his course in electrical engineering, that he may 
pay too much attention to the diagrams and mathe- 
matical expressions, and too little to the physical 
—— which these are intended to represent. 

e authors of this volume have realised this danger 
and expressly state at the outset that ‘ it is not 
to be supposed that any student can make effective 
use of methods such as those developed in the fol- 
lowing pages till he has grasped the funda- 
mental laws of the alternating-current circuit very 
thoroughly.”” They therefore assume on the part 
of their readers such knowledge as students of 
electrical engineering in their third college-year | 
may reasonably be expected to possess. On that 
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| basis this volume appears to us to give a very useful 
course of instruction. 
| The text is, to a large extent, a treatise on vector 
algebra, but the course is so arranged that the 
| reader is shown at each step the application of the 
‘algebra to the practical analysis of alternate- 
current circuits. Perhaps it would be more correct 
to say that this practical analysis is first mapped 
| out and the algebra developed bit by bit, to enable 
'the student to pass from one section to the next 
| with a clear knowledge of what his analysis in 
‘each case means. Thus, after the more elemen- 
| tary principles have been expounded, separate 
chapters are devoted to the transformer, motors 
'of the induction type, and alternating-current 
commutator motors. Thereafter another algebraic 
chapter—on the product of two vectors—is given, 
and then the reader enters upon a very full dis- 
; cussion of locus diagrams, followed by examples of 
their application. The student to whom vector 
analysis is quite a new subject may find the nota- 
| tion, and perhaps some of the operations, strange 
at first, but with practice these difficulties will soon 
| disappear, and the present volume should be of 
| great assistance to him in his efforts to use vector 
| diagrams with facility and with intelligence. The 
| text is clearly written, and the numerous diagrams 
|} are excellently printed. 





Stean-Powcr-Plant Engineering. By G. F. GrBHARDT. 
New York: John Wiley and Sons; London: Chapman 
and Hall. . [Price 25s. 6d. net. ] 

THE ultimate commercial basis of all engineering 

work is asarule quite ignored in our engineering 

colleges and technical schools, where engineering 
is taught too much as a pure science, divorced not 
only from commercial considerations, but even from 
manufacturing necessities. This system tends to 
give the student a false point of view from which 
to regard his work, and one which may prove 4 
serious handicap in the early part of his business 
career ; indeed, in many cases its results are visible 
through life, as only the best men can finally 
emancipate themselves from this deceptive attitude 
towards their work, and it is probable that the 
| antipathy sometimes exhibited between the com- 
| mercial and technical departments of our engineer- 
ing firms is a result of this initial teaching of a 
‘false point of view. This neglect in our technical 
colleges of the commercial basis underlying all 
engineering is quite unnecessary, as some idea of 
the relative cost of various pieces of apparatus and 
some idea of the cost of operation could easily be 
|given. Something might a be said in reference 
to rate of depreciation and cost of upkeep. But 
above all, what should be made clear and continu 
ally insisted on is that the best piece of apparatus 
for any specific case is to be determined not from 
test-plate efficiencies, nor from capital cost, but 
from a careful consideration of all the conditions 
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of the case—the site, the capital available, the fuel 
available, the labour available, and fifty other con- 
siderations of which the actual test efficiency of the 
apparatus is only one. 

These remarks are suggested by the book, the 
name of which appears at the head of this review; 
it is by Professor Gebhardt, of the Armour Institute 
of Technology, of Chicago, and is’ intended as a 
text-book for engineering students. It illustrates 
admirably the sort of commercial information which 
should be given to students, and, by contrast with 
others of its class, lends point to our remarks. The 
hook reviews practically the whole field of steam- 
power-plant engineering, chiefly in a descriptive 
way. It consists of chapters each dealing with a 
section of the subject, such as fuel, boilers, super- 
heaters, turbines, and feed-water heaters, charac- 
teristic types of apparatus being illustrated by 
sectional drawings and carefully described. Many 
of these drawings will be familiar to the average 
reader, having done duty in previous publications, 
but in all cases they have been carefully chosen and 
clearly illustrate the apparatus described. As 
already stated, the book covers a very wide field, 
and there are consequently some hundreds of these 
illustrations with their accompanying descriptions, 
which in themselves form a valuable feature. In 
most cases formulz are given for the design of 
apparatus, and in simple cases are cstablished ; 
but on the whole the book should be looked upon 
as a descriptive one. It is concerned only with 
American practice. Many tables and curvés relat- 
ing to the results of tests or practical working are 
given, while under all sections references are given 
to American and English technical, journals, publi- 
cations of various engineering societies, and text- 
books. The completeness of these references is 
remarkable, their number amounting to many 
thousands, and their application ranging through 
the whole of the subjects treated. It is, indeed, 
probable that as the book is intended primarily for 
students, the mere quantity of these references may 
defeat their object, rendering it almost impossible 
for a reader not intimate with any section of the 
subject to pick out the matter of most immediate 
value for his purpose. This objection could have 
been removed by printing in heavier type, or indi- 
cating by means of asterisks, the references to 
which the author considered attention more parti- 
cularly due. 

The feature of the book with which we are most 
pleased, however, is the entirely practical point of 
view taken up throughout, and the cases which are 
established to show the many considerations which 
must come in in settling upon any particular type 
of plant for any specific case. The author points 
out that abundance of cheap labour or fuel may 
justify in many instances the installation of rela- 
tively cheap and inefficient plant, and that the cost 
of upkeep of automatic appliances and refinements 
generally must be set against any saving in operat- 
ing costs which they may occasion. A good deal 
of information is given in reference to cost of appa- 
ratus, and many of the operating difficulties and 
minor faults of particular designs are pointed out. 
Throughout the book information and hints are 
given relative to the many small. points which so 
frequently determine success or failure. 

It is impossible in the space at our disposal to 
review the various sections of the book, which runs 
to some 800 pages, in any detail. We would say, 
however, that the sections dealing with boilers and 
auxiliaries are the most satisfactory, while the 
treatment of prime movers is disappointing. The 
chapter on reciprocating engines consists only of 
some formule and tables, and a consideration of the 
usual cylinder losses. No illustrations nor de- 
scriptions of definite types of engine are given, and 
while this omission is mentioned by the author in 
his preface, it none the less renders the book 
as a whole very incomplete. The chapter on 
turbines, while being fuller, is still inferior to 
most of the others; the formule giyen are of 
® somewhat elementary and unpractical kind, 
while the descriptions are rather brief. The 
Niedler-Stumpf turbine is illustrated and described 
side by side with the Curtis and Westinghouse- 
Parsons without any indication that it is not of | 
equal commercial importance, and the vertical | 
Curtis machine only is mentioned. The chapters 
dealing with steam generation—fuel, boilers, chim- 
neys, &c.—are probably the best in the book, the 





treatment of the question of smokeless combustion 
being admirable ; the effects demanded in the fur- | 
nace, and the practical methods of securing them, | 


being brought out very clearly. The whole of the 
sections dealing with auxiliaries are good, although 
there is, perhaps, a tendency to describe too many 
refinements and automatic appliances ; this is natu- 
rally an outcome of the scheme of the book, but it 
may tend to give students a false idea of the com- 
plexity of the average plant. We should also say 
thatthe small sectional views illustrating charac- 
teristic types of apparatus, rather than specific 
examples, are, on the whole, very crude. 
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The Force of the Wind. By Herpert Cuatiey, B.Sc. 
(Eng.). ndon: Charles Griffin and Co., Limited. 
[Price 3s. net. ] 

Antimony ; Its History, Chemistry, Mineralogy, Geology, 
Metallurgy, &c. By Cuune Yu Wana, M.A., B.Sc. 
London; Charles Griffin and Co., Limited. [Price 
12s. 6d.]} 

Locomotive Management, from Cleaning to Driving. By 
Jas. T. Hopeson and Joun Witu1AMs. London: The 
Proprietors of The Ratlway Engineer. [Price 2s. 6d. 


net. 

The Railways and the Nation: Problems and Possibilttics. 

oy Ww. spec London: T. Fisher Unwin. [Price 
Ss. net. 

An Egyptian Oasis; An Account of the Oasis of Kharga 
in the Libyan Desert, with Special Reference to tts 
History, Physical Geography, and Water Supply. By H. 
J. LLEWELLYN BEADNELL, FGS., F.R.G.8. London 
John Murray. [Price 10s. 6d. net. ] 

Azimuth. By Grorer L. Hosmer. New York: John 
Wiley and Sons; London: Chapman and Hall, Limited. 
[Price 4s. 6d. net. ] : 

The Building Foreman’s Pocket- Book and Ready-Reference. 
By H. G. Ricnry. New York: John Wiley and Sons ; 
London: Chapman and Halli, Limited. [Price 21s. net. | 

Lista Navale Italiana: Gennaio-Febbraio, 1909. Rome: 
Officina Poligrafica Italiana. 

Gas-Engine Theory and Design. By A. C. MEuRTENS. 
New York: John Meir! and Sons; London: Chapman 
and Hall, Limited, [Price 10s. 6d. not} 

Tables of Stresses in Roof Trusses. By H. C. Hearne. 
New York and London: The Hill Publishing Company. 
[Price 17s. net. ] 

Automatic Screw Machines and their Tools. By C. L. 
GoopricH and F, A. Stantey. New York and London: 
The Hill Publishing Company. [Price 8s. 6d.]} 


Starkstromtechnik : Taschenbuch fiir Electrotechnicker. 

era ben von E. v. Rama und J. Semener. 

Berlin: Wilhelm Ernst und Sohn. [Price 21 marks, 
bound. ] 


Western Australia Geological Survey. Bulletin No. 32. 
I.: Notes on the Geology of the Green Bushes, Tinficld, 
with special reference to the deep leads. I1.: A Report 
upon the Mount Malcolm ee Eulaminna, 
Mount Margaret Goldfield. II.: A Report upon 
Frazer’s Gold-Mine, Southern Cross, Yilyarn Goldfield. 
By Harry P. Woopwarp, Assistant Government 
Geologist. Perth: R. 8. Sampson. 

Handbuch zum Entwerfen reg ger Dampf-Locomo, 
tiven. Von GEoRG ER. it ein Begleitwort von 
Witaetm Lynen. Munich and Berlin: R. Olden- 
bourg. [Price 8 marks. ] 








Tue Roya Socirty or Arts ALBERT Mepat.—The 
Council of the Royal Society of Arts, with the approval 
of His Royal Highness the Prince of Wales, President of 
the Society, have awarded the Albert Medal of the 
Society for the current year to Sir Andrew Noble, K.C.B., 
D.Se., D.C.L., F.R.S., “‘in recognition of his long- 
continued and valuable researches into the nature and 
action of explosives, which have resulted in the great 
development and improvement of modern ordnance. 
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THE ‘“*LOWCA” HIGH-PRESSURE ENGINE. 


On Friday last a test was made at the works of the 
‘New Lowca Engineering Company, Limited, White- 
haven, of a new engine designed to work with steam 
at pressures of as much as 1000 lb. per square inch, 
and at temperatures up to 1000 deg. Fahr. The 
test was conducted by Colonel R. E. Crompton, 
R.E., M. Inst C.E., and showed that the steam con- 
sumption per brake horse-power per hour was but 
13.5 lb., a very remarkable result for a non-condens- 
ing engine. Good as this figure is, howevér, we are 
informed that even better results were obtained on 
preliminary trials, when, with the engine running under 
similar conditions, the consumption was } Ib. less 
than recorded above. 

A general view of the engine is given in Fig, 1, 
annexed, whilst further details are shown in Figs. 2 
and 3, page 847. Theengine, it will be seen, is of the 
high-speed inverted-Y type, which greatly simplifies 
the problem of balancing, so as to secure vibrationless 
running. Two pistons coupled to the same crank, and 
moving in paths at right angles to each other, can be 
almost perfectly balanced by revolving weights, since 
two harmonic motions at right angles to each Other 
compound into a circular motion. In the Lowea 
engine there are two cranks, the second, with its two 
pistons, serving to balance the first, thus rendering 
counterweights unnecessary. In all the engine has 
eight cylinders, each low-pressure cylinder being placed 
tandem fashion below the high-pressure, as shown in 
Fig. 2. The high-pressure cylinders are 2 in. in dia- 
meter, whilst the low-pressure have a bore of 5 in., 
giving, after making due allowance for the high-pres- 
sure piston and trunk, a total expansion of over 20, 
with a cut-off of } in the high-pressure cylinder. The 
stroke is 4 in., and the designed speed is 776 to 800 
revolutions per minute. Each high-pressure cylinder 
exhausts into the neighbouring low-pressure cylinder, 
and not into that immediately below it.. The ex- 
chaust from the latter is through ring ports, as indi- 
cated, and the exhaust steam, passing over the coil 
shown -in the belt surrounding the low - pressure 
cylinder, heats the boiler feed on its way to the 
water-tank. All the valves are of the lift type, and, 
together with their seats, are made of a special nickel 
alloy, which, after a long series of experiments, has 
been found, of all those tried, the best adapted to with- 
stand very high pressures. Provision is also made by 
the train of gear wheels shown to keep the whole set 
of valves in slow rotation, so that they never beat 
twice in succession in the same spot. This refinement 
has, it is stated, almost eliminated wear of the valves 
and seats. The valve spindles are not packed, but 
are lapped go as to be a tight fit in their guide-sleeves. 
They con each some twenty ‘‘ water grooves” in them, 
not shown in the drawing, which act in much the same 
wer as a labyrinth packing, 

he cylinders are themselves of a special mixture 
of cast iron, much experiment, backed by chemical 
analysis, having been needed to find a metal which 
would withstand thoroughly well the very high work- 
my og ee 

he lubrication to the cylinders is forced, oil bein 
pumped into the steam on its way to the cylinders, an 
a further supply being led to the side of the low-pres- 
sure cylinder. The low-pressure piston has a groove 
round its lower end in which the oil collects, and is uni- 
formly distributed round the walls. The valves are ope- 
rated by a cam-shaft, the cut-off in the high-pressure 
cylinder being normally at quarter stroke. To take an 
overload, the high-pressure valves are kept open per- 
manently by giving the cam-shaft a slight shift axially, 
so that the high-pressure steam is admitted direct 
into the low-pressure cylinders, giving an enormous 
torque, particularly valuable when the engine is applied 
to road traction. Reversal is effected by an opposite 
motion of the cam-shaft. a 

In Colonel Crompton's test, the moderate pressure 
of 490 lb. to 500 lb. was used, with which the engine 
developed 32.65 brake horse-power, as determined from 
the calibration curve of the dynamo, to which the 
engine was directly connected. The steam tempera- 
tute ranged between 690 deg. and 720 deg., pi the 
revolutions were 700.77 per minute. The steam con- 
sumption, as stated, was 13.5 lb. per brake horse- 
power per hour, whilst the oil consumed (common 

raffin) was 1.46 lb. per brake horse-power per hour. 

he total heat of the steam at this pressure and tem- 

rature, according to Peabody’s empirical formula, 
is 1416 British thermal units, but from Knoblauch and 
Jakob’s results this would seem somewhat too high, 
1362 British thermal units being a much more probable 
figure. The feed entered the boiler from the heating 
coils round the — cylinder already men- 
tioned at 180 deg. Fahr., so that the boiler efficiency 
in this particular test was somewhere about 67 per 
eent.; but substantially better results have, we are 
informed, been obtained on preliminary trials. An- 
nexed we print. a table showing the results of these 
tests, and the average result of them all. 

The boiler is of the flash type, having tubes y in. 
in diameter inside by ? in. outside, and evaporates 
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about 1 lb. of water per hour. per lineal foot of tube. 
The burner is said to be absolutely proof against back- 
firing, even in a gale of wind. 


Tests of ‘‘Lowca” High-Speed Compound Engine. 





Tests made by: Test made 
Colonel Crompton, | _ in our 
Thursday, June 17, | Represen-| Average 
1909. 





—_— | _tative’s | of Three 
| Presence,| Tests. 
l —— | Friday, 
Morning. | Afternoon | June 18. 
Length of test ... 80 min. 30 min. | 30 min. 30 min. 
Average brake horse- 
power ee «é 33.3 32 $2.65 32.65 
Maximum brake | 
horse-power es 343 | 384 7 _ 
Water used .. ..|Nottaken) 210 Ib. 220 Ib. 215 Ib. 
Water per brake horse- 
power per hour a } 182 ,, 13.4,, 13.3 ,, 
Paraffin used .. .-| 22.75 1b. | 21.76,, ee 22.8 ,; 
ga hy water a 
ra r poun 
Mf fuel a, .. Not taken 9.7 9.2 9.45 
Pounds of paraffin per 
brake horse-power 
perhour .. oe 1,35 1.34 1.46 14 
Average pressure a 
throttle. .. .«| 472 1b. 540 lb. | 493 Ib. | 485 Ib. 
Average temperature } 
at throttle .. .| 728 deg. | 760 deg. | 720deg. | 720 deg. 





The engine tested was fitted to a military tractor 
entered for the recent War Office trials (see page 325 
ante), but was not completed in time to compete. This 
tractor we hope to illustrate and describe fully ata 
later date. On private trials this tractor has run 
100 miles in a day, and still had its water-tank full. 
The air-condenser is so efficient that a vacuum of as 
much as 10 in. of mercury was recorded on one occa- 
sion, and one of 4 in. to5 in. is usual, even in heavy 
work. Save for the small ends of the connecting-rods, 
the engine has now ball-bearings throughout, the 
crank details having been changed since the drawing 
reproduced by us was prepared. 





THE SCANTLINGS OF STEEL VESSELS. 
Luioyp’s Register of British and Foreign Shipping have 
repared new rules for steel vessels, and have issued the 
foltwing explanatory statement. These rules are referred 
to also in our leading article. 


1.—Tue Otp RvtEs. 


_ For many years past this Society has made provision in 
its rules for the construction of different descriptions of 





vessels, the chief among these being the full scantling 


¥ 


vessel, and the spar and awning-deck types. The full 
scantling vessels include two classes—viz.: Those of less 
than 24 ft. depth, built under what may be called the 
two-deck rule, and those of 24 ft. and above in depth, 
built under the three-deck rule. At the time these rules 
were adopted they were suitable to the several types to 
which they referred. The three-deck ship, by the reduc- 
tion of seven from the frame number, received con- 
sideration on account of the additional beams fitted 
in her as compared with those in the two-deck vessel. 
Spar and awning-deck vessels, on account of their light 
continuous superstructures, intended only for ngers 
or the carri of light cargo, obtained a further reduc- 
tion of scantlings owing to their scantling numbers being 
taken from the main deck. Of the four types, the two- 
deck or full scantling vessel of less than 24 ft. depth is the 
only one in which the original rule arrangement has not 
been materially departed from, as, except for the substi- 
tution of deep framing or web-frames, for widely-spaced 
a beams, this*type of vessel remains the same as at 
rst. 

Vessels built to the three-deck rule, however, differ 
materially in many cases from the arrangements and 
method of construction originally approved for them, and 
even from the methods as afterwards modified and as now 
provided for in the Society’s rules. Originally these 
vessels were required to have at least two laid decks, and 
a tier of widely-spaced hold beams. Provision is now 

e in the existing rules for the fitting of deep framing 
or web-frames in of the widely-spaced beams, and 
for an increase in the transverse framing asa substitute for 
a wood middle deck. In addition to these departures from 
the original ‘‘three-deck” mode of construction for which 
the rules do provide, it has become not uncommon to make 
still further departures for which the rules do not pro- 
vide. Many of these vessels which require by the present 
rule a complete tier of beams about 7 ft. or 8 ft. below 
the upper deck, in addition to deep framing or wel- 
frames, have these ms 8) widely apart instead of 
at alternate frames ; and while the beams are sometimes 
fitted at the ordinary distance below the upper deck, they 
are at other times fitted at about the middle of the vessel's 
depth, with a view to modifying the framing require- 
ments. In other cases the tier of beams is wholly dis- 
pensed with, the result being large single-deck vessels 
ranging to 30 ft. indepth. For these departures no pro- 
vision is made in the rules, and they have to be dealt with 
by other methods. 

If we turn from the arrangements below deck to those 
above, we find that the deck erections, which originally 
consisted of a short poop, bridge, and forecastle placed on 
the upper deck-of the three-deck vessel, are now often 
join ther so as to form a continuous erection, known 
as a shelter-deck. In the shelter-deck vessel we have 4 
type ially suited to certain trades, and much in vogue 
with many owners. This type again, as now built, varies 
considerably from its original method of construction ; 
for at first the erections joining the poop, bri and 
forecastle were only light structures intended for the 
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dimensions, breadth, or depth, will have the same effect 
onthe frame number. By the present basis of oe 
which ‘uses the half breadth in conjunction with the 
depth, the latter dimension can only be increased by one- 
half as much as the former to have the same effect on the 
frame number. It will thus be seen that this basis puts a 

ter restriction on depth than on breadth, which will 

obviated by the new basis. 

The rule length is measured from the fore side of stem 
to after side of post on the upper deck, instead of from 
after side of stem to fore side of post. This length will 
in most cases agree with the registered length of the 
vessel, and it is more generally used than the present 
rule a when dealing with the dimensions of a vessel, 

The plating number or ‘longitudinal number” is ob- 
tained by multiplying the frame number by the length, 
as at present. 

The proportions of length to depth are taken to the 
uppermost continuous deck, and in the way of a long 
bridge to the bridge-deck, making the side-plating of 
uniform thickness up to the strake below the bri 
sheerstrake, which sheerstrake for the length of the 
bridge becomes the main sheerstrake of the vessel. The 
additions for proportions in me of the bridge are made 
to the bridge-deck plating and stringer, bridge sheer- 
strake, and strake below, suitable provision being made 
for maintaining the strength of the topsides at the ends 
of the deck erections. Beyond the ends of a long bridge, 
and right through in way of a short bridge, the additions, 
where requi are based on the proportions to the upper 
deck, and will be fitted at that deck. 

By using the greater length in conjunction with the 
reduced depth (moulded depth) the nominal proportions 
are, increased—that is to say, a vessel which is thirteen 
depths to length on the present basis, is about 134 depths 
to length on the new basis. 

Smaller grades have been introduced into the tables in 
order to render the increase in weight from one grade to 
another as small as possible, having regard to the strength 
poqaees, These smaller grades necessitate the increases 
in frame spacing to be made by half inches, and make it 
desirable that smaller divisions ian ve in. be used to 
ensure a slight increase with each e, otherwise the 
same scantlings would have to be used for more than one 
grade. Smaller divisions are obtained by using decima 
thicknesses, as has already been approved by the Com- 
mittee in the cases of standard sections for angles, bulb 
angles, channels, &c., and given on 181 to 187 of the 
iy Rules for Steel Ships ;” and the bulb angles, channels, 
&c., given in the tablesare, with few exceptions, standard 
sections. 

In the pene of the tables of scantlings in the 
new rules it has thus been considered of primary im- 
portance to depart from the divisions of 4; in. hitherto 
adopted, and to substitute for them decimal divisions. 
The unit selected as best fitting the circumstances of the 
case is one-fiftieth, or 0.02, of an inch. This will not 
only simplify the work of the drawing-office and of the 
counting-house by reason of the recognised superiority of 
the decimal system, but it will also serve to bring the 
British measurements into almost identical correspond- 
ence with those adopted by our Continental neighbours. 
It so happens that 0.02 in. is to all intents and purposes 
half-a-millimetre. Already the Committee of Lloyd’s 
Register have adopted these divisions in the preparation 
of the tables of scantlings for yachts built of steel for the 
international rating classes, and the result has been so 
satisfactory as to justify the belief that the application 
of the same unit of division in the construction of mercan- 
tile vessels will be advantageous to all concerned. 

The dimensions of the frames are determined from the 
tables by using the frame number in association with the 
depth from the lowest tier of beams to the top of the 
floors. This arrangement renders unnecessary the intro- 
duction of tiers of beams at certain specified depths of 
ship ; for if a tier of beams be dispe' with the frames 
will be suitably increased due to the increased height to 
the lowest tier of beams, while if an additional tier of 
baams be introduced the frames will be correspondingly 
reduced. The terms “ ordinary ae and ‘‘ deep 
framing” are consequently no longer used. The present 
‘*three-deck” rule is also unnecessary, as the framing 
receives due consideration when another tier of beams is 
fitted, without any modification of the framing number as 
at present. . 

he spacing of the frames from the aiigogenk: bulkhead 
to the nt po bulkhead is regulated by the frame 
number, and amounts to 33 in. in the largest vessels ; but 
in no case does the frame spacing ex 27 in. from the 
collision bulkhead to one-fifth the vessel’s length from the 
stem, unless double frames are fitted at that part. In 
the peaks the frame spacing in no case exceeds 24 in. 

There are three framing tables, one giving the dimen- 
sions of frames when made up of frames and reversed 
frames riveted together, another giving the frames when 
formed of base angles, bulb angles, channels, or channels 
with reve frames, the third gives the dimensions and 
spacings of web-frames and sije-stringers in combination 
with intermediate transverse frames. 

The requir ts as to outside plating, decks, &c., are 
given in two tables, one showing the thicknesses of out- 
side plating, steel decks (other than upper decks), beam- 
stringers, &c., also the — required for short deck 
erections; the other giving the scantlings of the top- 
sides, upper-deck plating, and stringer, and of long 
bri for proportions of depth to length ranging to 14 


de 

Phe beam tables are extended to include larger vessels 
than at present provided for, and the thicknesses have 
been adjusted in decimal thicknesses. ~ 

There are two tables for double bottoms, one giving the 
seantlings and the other.the varying ths of margin 
plate required in each framing grade for the increased 








framing as the depth to lowest tier of beams increases. 
The latter also shows the corresponding attachments of 
gusset-plates, &c., at the margin-plate. 

The other tables have been amended, and care has been 
taken to increase the riveting efficiency wherever expe- 
rience has shown it to be n ‘ 

The text of the rules has been re-arranged and re-written 
so as to conform with the tables as amended. 

The rules and tables provide scantlings for only one 
pose of classification—viz., 100 A—but should a vessel be 

uilt with suitable scantlings, but not quite equal to those 
required for the 100A class, she may, if the Committee 

a ve, be classed 90 A. 
n addition to the revision of the rules for the con- 


struction of cargo and passenger vessels, rules have also 


‘“‘INERTIA AND MASS.” 
To THE EprTor oF ENGINEERING. 

Sir,—I fear that “Student” takes life too serious!y ; 
or, perhaps, he not i that one who bosses 
everything from kindergarten outings up to astronomica]! 
payee and spookical research cannot read all that is pub- 
ished in his name ; or, again, it is just possible that the 
‘*Ether of Space” may be intentionally interspersed 
with jokes, But, in any case, we generally know what is 

th jok But, rally kn h 
meant by professors, even when they use wrong words, or 
words in a wrong sense : and scented pocket-handkerchicf 
is preferable to the —— ~ or smell-wipe, 
though a kerchief is a head-covering and a hand-pocket 
edition of it an absurdity. ; 

Lodge’s New Catechism we read :— 


been prepared for the construction of vessels intended om g that in Loc : read 
for carrying petroleum in bulk, these rules being based | Q- Explain how a moving loco-tender is supplied with 
upon the Society’s long-established practice in the classi- | Water en route, A. The end of an inclined nozzle is let 


fication of such vessels. 








INSTITUTION OF Mininc EecrricaAL ENGINEERS.—A 
meeting of the above Institution will be held in the 
lecture theatre, North of England Institute of Mining 
and Mechanical Engineers, Newcastle-on-Tyne, on Satur- 
day, June 26, at 7 p.m., for nominating icons for that 
branch, for representation on the General Committee, 
and report of progress of the Institution to date. 


‘*Sruons’” DrepGEeR.—Messrs. William Simons and 
Co., Limited, of Renfrew, N.B., have recently designed 
a powerful suction hopper dredger, fitted with a suction 
pipe and cutter, which they have styled the ‘‘Simons’” 
dredger. It embodies some special features, which they 
have protected. It is claimed for these special features 
that a vessel fitted with them will, in most materials, 
do the same duty as bucket-ladder dredgers. The new 
dredger has not so many parts as this latter type of 
dredger, for it works without upper and lower tumblers 
and without buckets, links, and pins, which are liable to 
wear, and it is expected that the new type will be much 
less costly to maintain and repair. Economy in mainte- 
nance is naturally of the greatest consequence, both to 
contractors and to harbour authorities, who have to main- 


] | tain depths of water in channels and waterways, to meet 


the requirements of the huge ships which are built and 
are building. In addition to dredging material from a 
channel the vessel can carry the material dred to some 
other point, say 15 or 20 miles away, and can then lift the 
material out of its hopper and deposit it.on shore or over 
a quay wall. 





Tuer Royat Society or Arts.—The Council have 
awarded the Society’s silver medal to the following 
readers of papers during the Session 1908-9:—Mr. G. 
Albert Smith, ‘‘ Kinema phy in Natural Colours ;” 
Mr. Henry C. Brewer, “‘Gothic Art in Spain;” M. 
Yves Guyot, ‘‘ The Commercial Relations of France and 
Great Britain ;” Mr. George Hubbard, ‘‘ Dew-Ponds ;” 
Mr. Walter Rosenhain, the Application of the Micro- 
scope to the Study of Metals;” Mr. Gabriel Gordon 
Cleather, ‘‘The Musical Aspect of Drums;” Mr. C. 
Reginald Enock, ‘‘ The Resources of the Peruvian Andes 
and the Amazon;” Mr. Percy A. Wells, “‘ English Fur- 
niture Design and Construction ;” Mr. Arthur John 
Barry, ‘‘ Railway Development in China ;” Herr Sam 
Eyde, ‘‘The Manufacture of Nitrates from the Atmo- 
sphere by the Electric Arc ;” Mr. Douglas Dewar, ‘‘The 

irds of India;” Mr. Arthur Anthony Macdonell, (Boden 
Professor of Sanskrit, Oxford), ‘*The Buddhist and Hindu 
Architecture of India ;” Mr. Selwyn Howe Fremantle, 
‘The Problem of Indian Labour Supply ;” Mr. Krishna 
Govinda Gupta (Member of the Council of India), ‘‘Some 
Phases of Hinduism ;” Mr. Cecil L. Burns (Principal, 
Bombay School of Art), ‘‘The Functions of Schools of 
Art in India ;” the Hon. Charles Gideon Murray, ‘‘ The 
Road to South African Union.” 





InsTITUTE OF MaArINE Encineers.—On Saturday, 
June 19, the members of the Institute of Marine Engi- 
neers paid a visit to Trinity House, Tower Hill. In the 
course of this, the members were given the follow ing 
information, which will prove of interest to several of 
our readers :—The building was erected in 1794; the con- 
stitution of Trinity House, however, dates from 1514, in 
which year a charter was granted by Henry VIIL., giving 
considerable powers, including maritime legislation, ship- 
building, the provision of storehouses for arms, ammu- 
nition, &c. Later, its work has been chiefly confined to 
the control of pilotage and the upkeep of lighthouses, 
lightships, buoys, &c. Some time ago it was made a 


department of the Board of Trade, but it occupies the | P® 


somewhat anomalous position of being at once a Govern- 
ment department while retaining "the privileges of- a 
ae corporation ; and its connection with the prosaic 
egislative body has not altered its customs or constitu- 
tion, which are still reminiscent of the days when 
England first took its place as Mistress of the Seas. 
The present Master of Trinity —a_ position © generall 

occupied by a Prince of the Royal Fomity—te HR. 
the Prince of Wales. There are twenty-four Elder 
Brethren, of whom eleven are honorary and thirteen 
acting members, and an unlimited number of Younger 
Brethren. The acting Elder Brethren must be officers 
who have attained the rank of commander, and have had 
command of a ship-of-war at sea for at least three years if 
in the Royal Navy, or must have served in command at 
sea on foreign service for four years if in the mercantile 
marine. © special qualification is necessary for the 


Younger Brethren, a position entirely honorary and in- | 


volving no duties; in practice, however, only persons 
connected with the Royal Navy or the merchant service 
are ever chosen. 








down intoa suitable water-trough laid between the metals, 
and the water, by virtue of its fundamental property of 
inertia, rushes uphill (having power of moving for a time 
even against the driving force of the engine) into the tank. 

“Student” may say this is all wrong; but isit? Is it 
worse than what is stated on page 114 (‘Ether of Space”): 
—‘‘ Every cubic millimetre of space ing what, if it 
were matter, would be a mass of 1 tons and energy 
equivalent to the output of a million-horse-power station 
for 40 million years.” Why strain at gnats? I open 
Fournier d’ Albe’s recent work (‘* New Light,” Longman) 
and, on Pes speaking of the interception of mate- 
rialised forms, he says :—‘‘ If, however, it could be suc- 
cessfully and completely accomplished, this is what we 
— expect as the result: The medium would be found 
to be very much emaciated, weighing, in fact, about half 
the normal weight. The materialised form, having lost 
touch with its sustainer, would collapse in a structureless 
heap and then dissolve into vapour. e medium, if not 
seriously injured or killed, would take a long time to 
recover, and the more susceptible sitters might participate 
in the damage inflicted.” 

Those of us who have any sense of proportion will not 
be too severe on men who talk of inertia as if it were a 
force, for has not Clerk Maxwell himself written :— 
“‘Few or none perceived that the sole unalterable pro- 
perty of matter is its mass. At the revival of science 
this property was ex by the phrase ‘ the inertia of 
matter ;’ but while the men of science understood by this 
term the tendency of the body to persevere in its state of 
motion (or rest), and considered it a measurable quantity, 
those philosophers who were unacquainted with science 
understood inertia in its literal sense as a quality—mere 
want of activity or laziness.” 

Custom has sanctioned the employment of one word 
to mean two very different things; but, seriously, can 
nothing be done to stop the flood of spookery that over- 
flows into every new book nowadays? Some of our 
cleverest men are said to be epileptoid megalomaniacs ; 
but cannot editors or publishers prevent a good deal of 
so-called ‘‘ science” ever appearing in print? 


our obedient servant, 
London, June 21, 1909. ANOTHER STUDENT. 








THE THEORY OF COUPLED PENDULUMS 
AND COUPLED ELECTRIC CIRCUITS. 
To THE Epitor oF ENGINEERING. 

Srr,—Your correspondent, Mr. C. J. Watson, has not 
quite taken the right point of view from which to see the 
validity of the anal between the coupled pendulums 
and coupled circuits‘which I have used. ; 

f a pendulum is swinging freely in small oscillations, 
the motion of-its bob may be represented by the function 
Asin pt, where 2 */pis the time period, and A is the 
constant amplitude. If two pendulums are coupled on 
a loose string, then each executes oscillations, in which 
their amplitude increases and diminishes alternately in a 
mang manner with a different time period 27/4. 

ence the bob motion may then be represented by the 
function 

A cos gt sin pt. 
This is well known to be equal to 
4 Asin(p + g)t + 4Asin(p - q)t. 

This last function evidently expresses the sum of two 
harmonic motions of different periods, one greater and one 
less than the free natural period of the pendulum. It is 
these two component cuuiiiiens of different frequencies 
into which the waxing and waning motion of each pen- 
dulum may be resolved which are the analogues of the 
two electrical oscillations of different frequency found in 
the coupled electric circuits. In addition to this, each 
ndulum must be going faster when its amplitude is 
increasing than when it is diminishing, because, in addi- 
tion to the torque due to its weight with respect: to the 
axis of rotation, there is a torque due to the jerk given to 
the string by the pendulum giving up energy. 1 am not 
peas oon that with ao loose a coupling as he evidently used 
your correspondent was not able to detect any variation of 
velocity. oreover, he does not seem to have made such 
arrangements as would enable him to detect a difference 
in time period from swing to swing in the group of swings 
which constitute one beat. 


June 21, 1909. 


Iam, &c., 
J. A. FLEMING. 








‘*GUEST’S LAW OF COMBINED STRESS. 
To THE EpiTor OF ENGINEERING. be 
S1r,;—The letter from Professor E. L. Hancock, which 
appears in your last issue, shows clearly that he has quite 
missed the point of my own letter. I have carefully 
studied his apparatus—and results. His spherical sea‘s 
do not allow the specimen to absolutely line up. My own 
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apparatus has oes seats of much smaller radius than 
that shown in his paper. Despite this precaution, the 
distribution of stress is by no means uniform. 

His own results are most contradictory—(I shall shortly 
discuss them at le }-and add nothing to our know- 
ledge. It is an infinite pity that such is the case. It is no 
reason why the matter may not be discussed in a friendly 
fashion. fessor Hancock is so well known as a pro- 
gressive engineer that it is all the more pity that his re- 
sults are so confusing. If he will wait a few weeks he 
will see his results analysed, and then will probably agree 
that he is mistaken. 

: Yours faithfully, 
C. A. 


. SMITu. 
East London College, University of London. 





ECONOMICAL CONSTRUCTION OF SHIPS 
WITH LONGITUDINAL FRAMING. 
To THE Eprtor or ENGINEERING. 

Sir,—In an interesting letter with the above title, 
which appeared in your issue of April 9, it is said-‘‘ that 
Mr. Isherwood was the first to see that by hanging his 
longitudinals on the web-frames (transverses) he secured 






Fig.1. 











‘with strong bulb angle section or the like, as shown in 


Fig. 2, is especially very convenient in smaller vessels, 
when only a few lugs are required. 

In my said British patent I claim, amongst other things : 
—‘* A ship or vessel having cross-beams and longitudinal 

characterised by the fact that in the upper part of 
the vessel the longitudinal beams are in_prepon- 
derant number in relation to the cross-beamé,’ the latter 
being placed at comparatively t distances from each 
other substantially as and for the purpose set forth.” 

In my corresponding Swedish patent, No. 18,527, of 
June 11, 1903, I claim :—‘*1. In vessels supplied with longi- 
tudinal girders the arrangement is that the u part 
of the vessel is made of continuous longitudi irders 
(a) applied near each other, joined op the outer side with 
deck or shell-plating, and on the infer side with properly 
8 transverse beams or frames (c), the object bei 
thereby to receive great strength in a longitudinal direc- 
tion.” 

‘2. In a vessel, according to the patent claim—the 
ee oe 3 being that the deck and superstructure of the 
vessel are made of beams or frames running in a longitu- 
dinal direction (a), attached to transverse beams or frames 
(c), arranged longitudinally with regard to one another.” 
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an economical constructive arrangement combined with 
wccurate vertical spacing for his longitudinal frames.” 
This is, however, not the case. Mr. Isherwood is not the 
originator of the new system. He has only applied my 
british Patent, No. 8437, of the year 1904, oy Mr. 
‘“rnest Hall Craggs, Middlesbrough, is the owner of. 

I use widely-spaced transverse frames and beams (trans- 
verses) forming continuous transverse girders (cross- 
heams) round the whole internal circumference of the 
vessel (though separate frames and beams may 


ough ) 
«nd longitudinal. frames, preferably of channel-section, | 


bulb-angle, or Z-section. 
! enclose a copy of one of the drawings of the said 


patent, showing a midship section of a vessel with double | 
ottom, with continuous longitudinal and transverse | 
‘rames (Fig. 1), These latter are preferably made of U, bulb | 


“ngles, or Z irons. In the upper part of the left side of the 
ngure the transverse frame is shown a Z iron fastened 
directly on the shell-plating, and holes are shown in the 
frame for the longitudinal frames. This arrangement, 











By the aboye it is clear that the new system of Mr. 
Isherwood differs not in any essential way from my in- 
vention. It is therefore with great surprise I have seen 
him spoken of as the inventor of the new system, which 
he has only applied at the request of the proprietor of 
ges tent. 

r. Isherwood has, however, been the first to apply 
my system to the oil steamer, and also to introduce the 
longitudinal system in the classification societies. 


Yours truly, 
Stockholm, June 8, 1909. Fr. LILLIEHO6K. 








THE SAFETY OF FERRO-CONCRETE. 
To THe EprroR oF ENGINEERING. ¢ 
Sir,—In your leading article in to-day’s issue, relative 
to the comparative values of steel and ferro-concrete, 
notice it is stated that there is no method of telling the 


composition of concrete ; and reading this in connection 


with the remarks which follow, as to concrete being made 


I | Engineering. Mr. 





by unskilled workmen, I assume that it is the proportion- 
ing and mixing processes which are called in question, 
as it is here that the unskilled workman has full piay for 
his lack of skill, and the concrete produced may thus be 
of very doubtful composition and quality. 

I should like to say in reference to this that a somewhat 
similar line of reasoning -led me during last year. to try to 
devise a test for thorough mixing, which could be phe be 
to the concrete on the works by any engineer, without the 
necessity of sending to an analytical chemist. In this I 
aimed at finding a simple way of telling when perfect 
uniformity of mixture was attained. The results of my 
researches were embodied in a paper on the subject read 
before the Society of Engineers in March last, and I have 
pleasure in enclosing this paper herewith. 

In this I showed how, by a very simple process, the 
degree of mixing necessary to produce a uniform distri- 
bution of the materials eould determined. I found 
that in certain tests of hand-mixed concrete made during 
my investigation of the subject a large variation in the 
a goes of cement in different parts of the final pro- 

uct became apparent. Here is the evidence of the effect 
of incorrect method, and not of unskilled labour, for I 
may say that the mixing was done by a skilled gang, care- 
fully superintended. I also had occasion to test the effect 
of mixing in a standard type of concrete-making machine, 
and found that after a remarkably short time in the 
mixing vessel the mixture became perfectly uniform. 
These points are mentioned in the paper referred to. 

It is, therefore, now possible, by the use of an efficient 
concrete-making machine, to eliminate entirely the un- 
skilled workman element, and to obtain a perfect] 
uniform concrete of definite proportions throughout; and, 
further, it is possible, by means of the test above referred 
to, which can be carried out by any engineer or clerk’ of 
works, to tell the exact time it is nevessary to keep the 
concrete in the mixer, and even if hand-mixing be resorted 
to, to test the quality, and so make sure it is mixed enough. 
The importance of thorough mixing in the case of ferro- 
concrete work cannot be over-estimated ; not only is the 
amount of concrete used comparatively small, and so the 
result of variation in strength correspondingly great, 
but also the protection of the steel depends on the uniform 
soundness of the surrounding concrete. I do not, how- 
ever, think it is ec tinderstood, even by engineers, 
that the day of the old, haphazard methods of concrete- 
making is rapidly passing away, as these are being 
— by more accurate and controlled methods; 
although, as is ee | the case in this country, in bring- 
ing improved methods into use there is much prejudice 
against change to be fought against. 7 

I think that the remarks quoted in your leading article 
may possibly convey to some an unfavourable impression 
as to the value of concrete, which is undeserved ; except 
in such cases where engineers refuse to advance their 
methods with the times. In common with steel.and all 
other artificial materials of construction, concrete may be 
made badly; but it is my object to show that there is 
nothing whatever essentially uncertain about the process 
of concrete-making. The suggestion that concrete must 
always be doubtful in quality is therefore one which I 
have no hesitation in denying. In fact—and I speak after 
many years’ experience in the useof concrete, both plain 
and reinforced, especially in connection with works ex- 
posed to the action of sea water—I have no hesitation in 
saying that, if due care be taken in its preparation, con- 
crete is the most durable and useful material we have for 
work exposed to the action of water ; and as to the corro- 
sion of steel embedded in concrete, I have by me now a 
specimen which was em in concrete and ex 
on the foreshore for over thirteen years, covered by the 
tide at high water and laid bare at low water ; and this 
has still the new scale on it as it was put in. 

Tam, Sir, yours truly, 
Joun 8. Owens. 

47, Victoria-street, Westminster, London, 8. W., 

June 18, 1909. 








Joun Brown anv Co., Limrtep.—The net revenue of 
this company for 1908-9 was 204,897/,, as compared ‘with 
218,405/. for 1907-8, 234,238/. for 1906-7, ,8801. for 
1905-6, and 198,936/. for 1904-5. The dividend for 1908-9 
is to be at the rate at 74 percent. per annum, as compared 
with 10 per cent. for the vious three years, and 
8? per cent. per annuim for 1904-5. No addition has been 
made to the reserve fund for the past two years, but the 
amount carried forward this year is 97,060/.. The com- 
pany suffered during the past twelve months from the low 
price of coal, its colliery results having been disappoint- 
ing. The trials of the first-class cruiser Inflexible, built 
by the company, were satisfactory, and orders have been 
received for a second-class cruiser, three destroyers, and 
the machinery and boilers for the first-class cruiser 
Indefatigable. 





Tue MercHANT VENTURERS’ TECHNICAL COLLEGE AND 
THE UNIVERSITY OF BristoL.—We are informed that the 
Principal of the College La ape J. Wertheimer, B.Sc., 
B.A.), will be ex-officio n of the Faculty of Engineer- 
ing, and will also hold the post of Professor of Applied 
Chemistry in the University. The following. Prokessors 
in the Technical College wi corres ing ee in 
the University—viz. : Professor J. Munro, A.R.C.S., 
M.I. Mech. E., Professor of Mechanical Engineering ; 
Professor E. 8. Boulton, M.A., B.Sc., Professor of Ap- 
plied Mathematics; Professor D. Robertson, B.Sc. 
A.M.LE.E., Professor of Electrical Engineering ; and 
Professor W. M B.Se., Professor of Motor-Car 

f R. B. Watson, B.Sc., will hold the 
t of Lecturer on Mechanical Engineering, and “Mr. 

. A. M. Borland, A:R.C.S., that of Lecturer on'Applied 

Chemistry, 


OR ee ee 
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THE GLOUCESTER SHOW OF THE 
ROYAL AGRICULTURAL SOCIETY. 


Tue Seventieth Show of the Royal Agricultural 
Society of England was opened at Gloucester on 
Tuesday last under somewhat unfavourable climatic 
conditions. Fortunately, however, for the ex- 
hibitors in the Implement Section, the weather 
immediately preceding the opening had been, on 
the whole, favourable, so that the heavy machinery 
exhibited was got into place on the stands with- 
out serious difficulty. is is the second occasion 
on which the Society has visited Gloucester, 
the Show having been held there in 1853, when 
the entries of five stock numbered 735, and of 
implements 1803. The total attendance was 
36,000 ; the resultant loss to the Society, 20841. 
The Show this year is, of course, on a ve 
much larger scale, the entries in the Stoc 
Section numbering 4498, and in the Implement 
Section 12,886. The number of stands occupied 
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Fic. 3. Frep-Water Reounator ror TRACTOR. 


in this section is 437, as against 389 at Newcastle 
last year. The site selected is a plot of flat land 
on the bank of the Severn, having an area of 102 
acres. The work of preparation for the Show 
involved the grubbing up of 1214 yards of hedges 
and 25 trees, and the tilling-in, levelling, and sowing 
of 34 acres of land. Nearly a mile of drain-pipes 
have been laid, as well as 4640 yards of water- 
main and 1346 yards of gas-pipe. 

The competitions in the lmplement Class this 
year are of somewhat limited interest, a prize of 
1001. being offered for the best hop-drying plant 
(the trials of which will be carried out during the 
ensuing autumn), whilst prizes of 101. and 51. 
respectively have been awarded for hand-power 
fruit-spraying machines, and of 201. and 101. for 
sprayers a by steam, petrol, or mechanical 
power. ext year a competition for agricultural 
tractors is promised. 


SreaM-ENGINES AND TRACTORS. 


The principal feature of the exhibit made by 
Messrs. William Foster and Co., Limited, of the 
Wellington Foundry, Lincoln; is an improved 
form of their well-known light -compound tractor 
(see Figs. 1 and 2, on this page). This has cylin- 
ders 4} in. and 6} in. in diameter, with a 9-in. 
stroke, the boiler pressure being 220 lb. gauge. 
The valve-spindles are hardened and ground, a 
feature which substantially diminishes the wear. 
The small tractors, we may add, ved extremely 
useful in the South African War, their rela- 
tively light weight making it not difficult to man- 
handle them at need out of ee ree holes. The 
gears are of steel, those of wrought steel being case- 
hardened after cutting. A special fitment of the 
engine is the feed-control valve, illustrated in Fig. 3, 
above. This consists essentially of a by-pass 6 on 
the discharge from the feed-pump, the opeuing 
through which is regulated by the screw-down valve 
shown. There is also fitted, it will be seen, a 
three-way cock, which in the position indicated 
allows a certain proportion of the feed to pass 
through the passage b back to the feed-tank. 
With the screw-down valve properly adjusted 
the driver can run safely for a considerable. time 
without the necessity of looking at his water- 
gauge “Sy turning the three-way cock round, this 
by-pass can be cut off, and the whole of the feed 
turned into the boiler. It can, moreover, be set in 





EXHIBITS AT THE GLOUCESTER SHOW. 





Fig. 1. 





Fios. 1 anp 2,. Licur Comrounp Sream-Tractor ; Messrs, Wiuiiam Foster anp Co., Lrp., Lincou. 
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Fic. 7. GENERAL AGRICULTURAL TRacTOR; THE CYCLONE AGRICULTURAL Tractor Company, Limrrep, Lonpon, 


|gates of ordinary width. This consideration has 
| made it necessary to set the springs below the foot- 
plate and between the horn-plates. The reduction 
in the width between the erage Bm which fol- 
lowed the scaling-down of the full-sized engine 
to make the tractor, has led, with the system 
of springing described, to. a marked tendency to 
lateral swaying on passing over rough roads. Messrs. 
Foster, taking advantage of the extra width avail- 
able, have, therefore, entirely altered the system 
of springing. The springs, as shown in Fig. 1,,axe 
now placed above the frames, and outside the horn- 
plates, so that, as indicated by the triangle drawn 
|from the centres of these springs to the centre of 
gravity of the engine, any tendency to sway is kept 
in thorough check by the wideness of thé base on 
| which the weight of the engine is transmitted to 
the springs. 

Messrs. Ruston, Proctor, and Co., Limited, of 
Lincoln, in addition to finely-finished specimens 
| of their portable and traction-engines, show at their 
| stand a tandem compound engine, having cylinders 
11} in. and 17} in. in diameter by 26-in. stroke. This 
|engine is fitted with drop-valves operated by the 
Recke-Ruston positive valve-gear (see ENGINEERING, 

| page 8 ante), each pair of valves being driven by a 
fae eccentric from a lay-shaft. The engine is 
Fie. 10. Sipe-Detivery Rake; Messrs. Buackstone anp Co., Limrrep, Stamrorp. steam, and with steam «000 deg —_ — 
P. | sure of 160-lb. gauge the makers guarantee a steam 
a “‘no-feed” position, in which case the aye the small tractor was essentially a copy of the large | consumption of 12}]b. per horse-power per hour, The 
discharge passes direct back to the tank through | traction-engine to a reduced scale. In the case of | engine is provided with large wearing surfaces and 
the passage c. The most novel feature about the | the latter engine space is very limited transversely, | with a very complete system of forced lubrication, 
engine is, however, the springing. As first made, |as the engine must be capable of passing through | spray-pipes being led to each working joint. All 
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moving pins are case-hardened and work in hardened 
steel bushes, which, in conjunction with the efficient 
lubrication, ensure a practical absence of wear. After 
two years’ hard running an engine was dismantled 
and tested for wear with micrometers, none being 
detected in either bushes or pins. The firm have 
now under construction a similar engine designed 
to develop 2000 horse-power, which we hope to 
illustrate ata later date. Messrs. Ruston, Proctor, 
and Co., we may add, are also making some portable 
engines designed to operate with superheated steam, 
for which a considerable demand exists in certain 
parts of the Continent. The superheater is placed 
in the smoke-box, and the engife is of the com- 

und tandem type, having piston-valves fitted with 
Saved lubrication. In independent tests by Pro- 
fessor Hopkinson the steam consumption was but 
11.35 lb. per brake horse-power hour. 

Messrs. Robey and Co., Limited, of Lincoln, 
exhibit finely-finished specimens of their well-known 
portable and fixed steam-engines. Of late, how- 
ever, the firm have been exceptionally busy in con- 
structing their winding-engines for various new 
collieries in Wales and Scotland. These engines 
have drop-valves, and work with superheated steam, 
with a considerable ratio of expansion, proving so 
economical in operation that even collieries pro- 
verbially reckless in the use of fuel have found 
themselves compelled to instal them. At present 
no.less than ten of these engines are under con- 
struction at Messrs. Robey’s works. 

As usual, a ploughing-engine forms the principal 
feature of the stand occupied by Messrs. John 
Fowler and Co., Limited, Leeds. These are used 
in every quarter of the globe, and in some places 
are required to turn furrows 30 in. deep. Another 
exhibit is a heavy compound road locomotive fitted 
with three road speeds. The differential can be 
locked from the foot-plate without stopping the 
engine. One-of the Fight tractors built to con- 
form to the Motor-Car Acts, and having a Belpaire 
boiler designed for 200 lb. gauge pressure, is also 
shown. 

The ‘‘ Little Giant” steam-tractor of Messrs. W. 
Tasker and Sons, Limited, Andover, has an estab- 
lished reputation; but this year, in addition, the 
firm are showing a steam-wagon, which constitutes 
for them a new departure. It is 18. ft. 6 in. long 
by 7 ft. extreme width, the wheel-base being 
11 ft. 3in. This short wheel-base greatly facilitates 
manewuvring on difficult ground. ‘ The wagon is 
designed to carry a net load of 5 tons, and will 
trail another 4 tons gross, Two steering-wheels 
are provided side iy side, so that when two men 
are employed on long journeys, one may steer 
whilst the other attends to the fire. The boiler, 
which is designed for 200-lb. gauge-pressure, has 
70 square feet of heating surface, whilst the grate 
area is 3 square feet. The engine has steam- 
jacketed cylinders 4} in. and 6 in. in diameter, with 
a 7-in. stroke. 

In traction engines Messrs. Davey, Paxman, and 
Co., of Colchester, show a larger size than last 
year, rated at 8 horse-power nominal, but generally 
similar in design to their smaller engines. This 
has a cylinder 9 in. in diameter, with a 12-in. stroke, 
and is designed for a working pressure of 160 lb. per 
square inch. We may add, in passing, that Messrs. 
Davey, Paxman, and Co. have recently sent to 
Madras ten large engines (1000 to 2000 horse-power) 
fitted with Lenz valve-gear, and designed to use 
steam superheated up to 600 deg Fahr. 

A compound steam-tractor, shown by Mana’s 
PatentSteam-Cart and Wagon Company, Limited, 
Hunslet,,.is. provided with a drain-box or steam- 
trap on the exhaust from the engines. This drains 
off much of: the moisture in the exhaust steam, 
which accordingly requires less superheating to 
render it invisible on discharge from the chimney. 
Of the steam-wagons shown, one designed to carry 
2 tons is fitted with supplementary springs under 
the load-platform. This type is designed for use 
by furniture removers, and it is therefore essential 
that heavy road shocks shall be damped out before 
they reach the load-platform. The main springs 
by which the total load, tare and paying, is trans- 
mitted to the road wheels are necessarily strong 
and stiff, whilst the supplemental springs, havin 
to take the net load only, can be much lighter ont 
easier. 

A novelty at the stand of Leyland Motors, 
Limited, Leyland, Lancashire, is the steam-motor 
vacuum extractor, which is illustrated in Fig. 4, 
on the —— page. This is in essentials one 
of the firm’s well-known steam-wagons, fitted to 





carry a steel tank of 1000 gallons capacity. An 
injector at the top of this tank makes it possible 
to establish a vacuum inside the latter of some 
26 in. to 28 in. of mercury. A 6-in. vacuum hose 
is connected to. the tank by a large cock. If 
the lower end of the hose is placed in any fluid 
or semi-fluid, and the cock opened, the fluid is 
forcibly and cleanly drawn up into the tank, and 
can be readily discharged through a door, when 
desired, by spoiling the vacuum. A spiral conveyor 
is fitted at the bottom of the tank, and serves to 
force any solid deposit to the discharge door. The 
machine is used, amongst other purposes, for clean- 
ing street gullies, and also for emptying tan-pits. 
The firm are now fitting to their wagons a new non- 
skid device, represented in Figs. 5and6. This con- 
sists of brackets, carrying rubber pads, which can 
be clamped to the side of the road wheels, as indi- 
cated. Their position is adjustable, and they are 
fixed so that only sufficient load comes on the 
rubber to give the latter a’grip, the real weight 
of the car being carried on the steel rim. As the 
rubber wears the brackets are moved ‘further out 
from the centre until the rubber is wholly worn 
away. 

As usual, a number of fine engines for road 
traction and road-rolling are on view at the stand 
occupied by Messrs. Aveling and Porter, Limited, 
of Rochester, Amongst these is a 12-ton road- 
roller fitted with a Belpaire fire-box, and a pressed- 
steel seating under the engine cylinders. The rolls 
are of a special steel mixture, said to be almost 
indestructible on actual service, the wear in five 
years’ hard usage not exceeding ;/; in. to}in. The 
engine has a Belpaire fire-box, and the cylinders 
rest on a flanged steel seat welted to the top of 
the boiler. 

In addition to their standard patterns of traction 
and portable engines, Messrs. Clayton and Shuttle- 
worth, Lincoln, show for the first time a small 
steam-tractor. As to their portable engines, it is 
of interest to note that one supplied to a customer 
in 1850 was at work until last week at Glastonbury, 
when it at last broke down. The engine retained 
most of its original-_parts, and the owner still thought 
it capable of repair. 

A steam-wagon, arranged to work with super- 
heated steam, is exhibited by Messrs. Richard 
Garrett and Sons, Limited, of Leiston. This has 
a horizontal engine and boiler, the superheater 
being. placed in the smoke-box; steel gears are 
used throughout. The fire-box has the corrugated 
top which has for so long been the speciality of the 
firm, and avoids the use of crown stays. Not a 
single instance has, we are informed, yet been 
known of the crown of this type of box coming 
down, and it is now being imitated by German 
builders: The same firm also show a portable 
engine fitted with a superheater fixed above the 
smoke-box, so as not to interfere in any way with 
ready access to the boiler-tubes. This superheater 
supplies steam at a temperature of 550 deg. to 
600 deg. Fahr. The engine has _piston-valves 
fitted with forced lubrication. 


Om anp Gas-ENGINES AND Morors. 


Some fine specimens of oil and gas-engines are 
exhibited at the stand of Messrs. Ruston, Proctor, 
and Co., Limited, Lincoln. The largest shown is 
an engine developing 48 horse-power with suction- 

; but the firm make this type up to 130 brake 
orse-power. The engine is fitted with ring lubri- 
cation to all bearings, and with self-starting gear. 
A very neat clamping device is fitted for holding in 
position the and air-control valves. The pro- 
ducer has water-pipes of brass, as a 
against corrosion. The plant is exhibited running 
absolutely light; perhaps the severest test of the 
efficiency of a suction-gas plant. The oil-engines 
shown are of the firm’s standard pattern, which 
can be run either on refined or crude petroleum 
by merely changing a compression cover. Thecon- 
sumption of the 16-horse-power engine shown is 
stated to be under } pint of oil per brake horse- 
power per hour. 

Messrs. Davey, Paxman, and Co., of Colchester, 
show at work a suction-gas plant rated at 18 brake 
horse-power. In essentials this is the same as 
illustrated in ENGINEERING, vol. lxxx., page 691, 
but the method of advancing the ignition-spark has 
been slightly modified, the new arrangement being 
nermerrnd neat in effect. The cylinder has forced 
ubrication, the amount of oil fed being visible. 
The producer is now fitted with a rocking grate to 
break up possible clinker. It is of some interest 








to note that the firm have supplied suction-gas 
plant to the Ponthenry Colliery Company, who are 
arranging to run most of their subsidiary services 
by gas in place of steam. The compressed air for 


working the hauling-engines and the coal-cutters is 
now all supplied by gas-power. Suction plants 
developing brake horse-power in two cylinders 


have already been supplied by the firm to other 


users. 

The Cyclone Agricultural Tractor Company, 

Limited, of 30, Moorgate-street, E.C., have been 
awarded a silver medal for a general agricultural 
tractor, exhibited as a ‘“‘new implement” (Fig. 7, 
page 851). Its special feature is an arrangement for 
driving a mowing-knife direct off the engine shaft 
by means of an eccentric. The tractor is fitted 
with an Aster engine rated at 20 brake horse- 
power, and has also a belt pulley for supplying 
power to thrashing-machines and the like. tt can, 
moreover, haul a two-furrow plough or any other 
farm implement. 
' fad peveg Ss i fitted with a four-cylinder engine, 
rated at 35 horse-power, and designed to carry a 
load of 3 tons, is shown at the stand of the Leyland 
Motors, Limited, Leyland. 

Messrs. Marshall, Sons, and Co., Limited, of the 
Britannia Iron Works, Gainsborough, are exhibit- 
ing a new type of agricultural oil-motor. This is 
represented in Figs. 8 and 9, page 854. It is 
fitted with two-cylinder engines of 35 brake horse- 
power, and is commonly run on paraftin, though it 
is usual to use a little petrol in starting up. The 
air control, accelerator, and spark-advance lever 
are all grouped in proximity to the steering-wheel. 
Means are provided by which in cold weather the 
air intake can be drawn from an annulus heated 
by the exhaust. The ignition is by high-tension 
magneto, and there is forced lubrication to all 
bearings. Three forward speeds and a reverse are 
fitted,. the changes being effected in the same 
fashion as in motor-cars, and the clutch is simi- 
larly arranged in the fly-wheel. A winding-drum 
and a belt-pulley are also provided. 

Of oil-engines, Messrs. Blackstone and Co., Limi- 
ted, of Stamford, now turn out some twenty to 
twenty-five per week, and of these a large range 
of sizes are on view at their stand. The most 
notable, however, are the new patterns of crude- 
oil engines, which were fully described in our issue 
of June 4, page 756 ante. These engines, it will 
be remembered, give a Diesel type of diagram, 
though using but the comparatively moderate com- 
pression of 150 lb. per square inch. 

Messrs. Crossley Brothers, Limited, of Open- 
shaw, are exhibiting a number of engines running 
on suction gas. The largest, rated at 74 brake 
horse-power, has a balanced exhaust-valve, water- 
cooled. All the engines, including the smallest 
shown, are fitted with forced lubrication to the 
cylinder. The whole of the gas-engines exhibited 
are run from a single suction producer. Some 
of .Messrs. Crossley’s small suction oo. 
we may add, are now running successfully on peat 
fuel. 

The Ivel Agricultural Motors, Limited, of 45, 

Great Marlborough-street, London, show one of 
the light-weight tractors introduced by them seven 
years ago, and for which they were awarded the 
silver medal of the Society in 1904. This tractor 
weighs 35 cwt. complete, and will work successfully 
with petrol, ffin, or alcohol as fuel. 
- Asa new implement Messrs. H. P. Saunderson 
and Co., Limited, of the Elston Works, Bedford, 
show two light self-propelled motors, one fitted 
with a 4-horse-power engine, and the other with one 
rated at 7 brake horse-power. The engines are of 
the single-cylinder fan-cooled type. The smaller 
size is fitted with a removable platform, intended 
to carry a load of $ ton, whilst the larger will carry 
double this weight, and the motors can be also 
used for driving by belting the ordinary machinery 
of a farm. 

Perhaps the most striking feature at the stand of 
Messrs. Richard Hornsby and Sons, Grantham, is a 
collection of twenty different epecimens of oils with 
which their engines are being run successfully in 
different parts of the globe. Two of the numerous 
engines exhibited are shown running on Galician 
crude oil, and over 3000 are now at work in Russia 
on Russian crude oil. Fuel oils, Messrs. Hornsby 
state, can be divided into two classes, one requiring 
a different compression from the other. Both 
classes of oil can be made to work well in the 
standard pattern of Hornsby engine by adjusting te 
compression to suit the class of fuel, In India, 
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Borneo oil, with a specific gravity of 0.946, is largely 
used. The Hornsby type of engine has proved, 
moreover, very durable ; the fifth one made is still 
at work doing full duty at Fenny Stratford, after 
fifteen years’ hard service. 

The Dudbridge Iron Works, Limited, of Stroud, 
show a 12-brake-horse-power oil-engine driving 
a Scott air-compressor manufactured by Messrs. 
Petrie and Co., Limited, of Rochdale. The engine 
has an automatic inlet-valve and is governed on 
the exhaust. Forced lubrication is fitted to the 
cylinder, and there is an independent wipe-lubri- 
cator for the small end of the connecting-rod. 
Another interesting exhibit here is a flexible lead 
for operating the internal wipe contact used in gas- 
engines fitted with low-tension magneto ignition. 
This lead consists of a tube filled with short stecl 
plugs each about § in. long. The thrust to operate 
the moving contact is transmitted through these 
studs, the initial position of the contact being re- 
stored by a spring. With this device the moving 
contact can be fixed at any point whatever of the 
combustion-chamber, without reference to the posi- 
tion of the lay-shaft, since the flexible lead can be 
taken round any corner. 

Messrs. James B. Petter and Sons, Limited, of 
Yeovil, Somerset, have entered asa new implement 
one of their standard oil-engines of 22 brake horse- 
power. This engine is fitted with water injection, 
and can be run either with kerosene or with crude 
oil. When the latter is used provision is made for 
heating it to the same fluidity as the refined fuel 
before passing it into the carburettor. To this 
end the oil-pump supplies more oil each stroke than 
the engine can use. The surplus is returned to the 
oil-tank and warmed on its way by the exhaust. 

The principal feature of the exhibit made by 
Messrs. Tangyes, Limited, of the Cornwall Works, 
Birmingham, is a suction-gas engine and producer 
rated at 35 brake horse-power. This engine is 
fitted with a throttling-governor, which, as applied 
to suction-gas installations, has the advantage of 
maintaining at light loads a more uniform draught 
in the fire than is possible with engines governed 
on the hit-or-miss principle. Ignition is effected 
by means of a low-tension magneto, a special 
feature being an arrangement by which the spark- 
ing-plug is kept in almost continuous rotation, so 
that each successive break is made between fresh 
surfaces. The main bearings are fitted with ring 
lubrication, whilst the oil supply to the cylinder is 
forced. 

The National Gas-Engine Company, Limited, of 
Ashton-under- Lyne, in addition to stationary 
patterns of their gas and oil-engines, are also show- 
ing a portable oil-engine fitted with a new device 
for cooling the circulating water. The arrange- 
ment in question consists of a series of sheet-metal 
drums nested into each other, and supported on 
a horizontal shaft. There is an —— of fin. 
or so between each drum and its neighbour, inside 
and outside it. The lower portion of this nest of 
drums dips into the water trough, and the whole 
is kept in constant rotation on the shaft afore- 
mentioned. Hence the portions above water-level 
are maintained always in a, moist condition. A 
draught of air is blown through the interspaces of 
the drums by a small fan, effectively cooling the 
moistened surface. 

The Britannia Engineering Company, Limited, of 
Colchester, show a four-cylinder high-speed internal- 
combustion engine ‘using as the working 
fuel, and direct-coupled to a dynamo. In starting, 
a hand-lamp is used to warm the vaporiser, the 
heat of which is subsequently automatically main- 
tained by the explosions. Ignition is effected by 
means of a high-tension magneto, the vaporiser 
being so efficient that the pa seldom require 
cleaning. Special attention ~ been paid to the 
question of accessibility to the working . Even 
the crank-shaft can be withdrawn through the 
panels in the crank-chamber. Both the inlet and 
the exhaust-valves are mechanically-operated. 


MISCELLANEOUS. 

Messrs. Clayton and Shuttleworth show a 54-in. 
thrashing-machine fitted with an automatic sheaf- 
elevator, band-cutter, and feeder, in addition to a 
wind-slacker. This machine requires an absolute 
minimum of attendance, and is specially designed 
for use in the Argentine, which is a very large im- 
porter of the best class of British agricultural 
machinery. 

As a new pr Messrs. Blackstone and Co., 
Limited, Stamford, are exhibiting the side-delivery 





rake (Fig. 10) illustrated on page 851. The machine 
has undergone a thorough test in all parts of the 
country. Its special feature lies in the rakes 
working straight across the machine instead of at 
an angle to the line of draught, as is usual. The 
line bars in the new machine work in front of the 
main axle, and their work is in full view of the 
driver, whilst working, as stated, square to the line 
of march; the machine is claimed to be more com- 
pact and better able to follow the irregularities of 
ground than its predecessors. 

At the stand of the Dudbridge Iron Works, 



































Fies. 11, 12, anv 13. Scorr’s Arr-Compressor ; 
Messrs. Petrie anp Co., RocHDALE. 


Limited, Messrs. Petrie and Co., of Rochdale, 
exhibited a Scott air-compressor, of which we show 
a section in Figs. 11 to 13. This compressor has 
mechanically-operated inlet-valves on top of the 
piston. The motion to open or close them is ob- 
tained from the rocking of the connecting-rod. The 
latter swings fastest in the neighbourhood of the 
dead points, so that a small displacement of the 
piston is here accompanied by a large lar 
motion of the rod. e valve-rod extends down 
through the piston-rod, which is hollow, and termi- 
nates in a roller which bears on a cam surface 
formed in the jaw of the connecting-rod. As the 
connecting-rod swings, this cam opens and closes 
alternately the inlet-valves. The delivery-valves 
are also peculiar. They consist of a large number 
of bicycle balls resting on seats drilled in a steel 
plate forming the end of the cylinder. A guard- 





plate drilled with holes corresponding to, but fixed 
so as to come half-blind with the ball-seats in the 
lower plate, is riveted to the latter. Ball-valves do 
not always work well, being somewhat inclined to 
chatter. In Mr. Scott’s arrangement this trouble 
is overcome by limiting the area available for flow 
past the balls, so that there is some drop of pres- 
sure as the air passes. This suffices to maintain 
the balls, when raised, in contact.with the guard- 
plate, and thus entirely to stop chattering. The 
clearance in these compressors is, it will be seen, 
extremely small. 

Another attempt to adapt the wind to the produc- 
tion of electricity and power is exhibited by Messrs. 
J. G. Childs and Co., Limited, Hawthorne-road, 
Willesden Green, N.W. Most previous ome 
to accomplish the.same end, though mechanically 
successful, have failed on the financial side. In 
one matter the new arrangement has advantages 
over its predecessors, since very great. improve- 
ments have of recent years been effected in con- 
structing dynamos to yield a nearly constant poten- 
tial at a wide range of varying s . 

The most interesting item in the varied exhibit 
made by Messrs. E. R. and F. Turner, of Ipswich, 
is a complete one-sack roller-milling plant, a size 
which is being largely adopted in thinly-settled dis- 
tricts in the colonies, where a more elaborate in- 
stallation would prove out of place. The plant 
produces an excellent quality of flour, though not, 
of course, equal to the best patent. A fine selection 
of flour-milling machinery is also exhibited by 
Messrs. Thomas Robinson and Sons, Limited, who 
also show a variety of wood-working machines, 
some of which are specially suited for estate use. 

(To be continued.) 








Frrro-ConorkeTe AND Steet Bripces: Erratum.—A 
misapprehension may arise in connection with the 
description of the proposed ferro-concrete piers for the 
bridge over the Suir at Waterford, as described in our 

er week, page 823 ante. The quotation from 
Mr. Hackett’s report would seem to imply that two 
groups of piles, with surrounding vases, form one pier, 
whereas there are to be four groups of piles for each 
pier. 





Works.—The Bulletin Mensuel de la 
Chambre de ce Frangaise de Milan for June con- 
tains some iculars relative to an extensive scheme for 
enlarging the canal and dock accommodation at Milan. 
It is proposed to add two branches to the canal, and to 
build six docks. The new enlargements will occupy a 
space of about three miles. e tonnage at present 
handled amounts to 500,000 tons per annum, but with the 

roposed extensions it is expected to rise idly to 
,000,000, and even 2,000,000, tons. The cost of the work 
is estimated at 60,000,000 lire (2,400,000/.), and it will take 
about ten years to complete. 


A New Sreet Fioatine Docx.—The t steel float- 
ing dock of Norway, built by the A.-S. Framnes mek. 
Verksted, Sandefjord, for the Nylands Verksted, Chris- 
tiania, was su ully tried at the builder’s yard in 
Sandefjord, on the 15th inst. The ey dimensions 
are :—Over-all length over pontoons, 319 ft. 88 in.; over- 
all width over pontoon, 86 ft. 08 in.; over-all height of 
side walls and pontoons, 33 ft. 98 in.; clear width, 61 ft.; 
maximum draught of vessel to be docked, 18 ft.; height 
of keel-blocks, 4 ft.; lifting power (maximum), 4500 tons ; 
time‘ of lift (3500 tons), 2 hours. The floating dock, 
which was designed by Messrs. Clark and Standfield, 
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Victoria-street, estminster, don, is of the self- 
docking, bolted, sectional type, known as a speciality 
of this firm. It is‘ divided into three sections by 


joint-chambers, the middle section being rectangular in 
plan, and the two end sections having their outer extremi- 
ties built in the form of a point or bow. The machinery 
consists of three separate installations, one for each sec- 
tion of the dock, and each installation is self-contained 
and capable of pumping out its section by itself. The 
three installations are, however, interconnected by means 
of a common main drain, so that any one installation can, 
when the three sections are coupled, empty the whole 
dock. The power supplied is three- alternating 
current at a pressure of 220 volts per phase, with a 
periodicity of 50 second. There are three pump- 
motors, each ca e of developing 60 brake horse-power 
continuously when making 418 revolutions per minute. 
There is one motor, developing 5 brake horse-power 
for driving the pump for washing-down service. Four 
electrically-driven capstans are fitted on the top deck, 


each capable of exerting a pull of 2 tons at a speed of 
45 ft. per minute. For outside lighting eight arc- 
lamps, su by, bracket-standards on the top deck 
of eac are provided, and three portable distributing 


boxes for further outside lighting and portable elec- 
trically-driven tools. The interior lighting consists of 
pendant lamps and wall-pl suitably situated. The 
installation of the electrical t has been supplied by 
the Aktieselskabet Norsk Elektrisk and Brown Boven, 
Christiania. The three discharging pumps, as well as 
the pu ip for washing-down service, are of the “‘In- 
vincible” vertical-spii pee system, and supplied by 
Messrs. Gwynnes, Limited, London, E.C, 
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PARAFFIN MOTOR TRACTOR AT THE GLOUCESTER SHOW. 


CONSTRUCTED BY MESSRS. MARSHALL, SONS, AND CO., LIMITED, ENGINEERS, GAINSBOROUGH. 
(For Description, see Page 852.) 
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CONSTRUCTED BY THE LONDON AND GLASGOW ENGINEERING 
Scale for Figs. 1.2 and 3. 
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PLATE L, 
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T COMPANYS AUSTRALIAN MAIL STEAMER “OSTERLEY.” 


(GINEERING AND IRON SHIPBUILDING COMPANY, LIMITED, GLASGOW. 


| Deseription, see Page 863.) 
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LLOYD’S NEW RULES FOR - SHIPS’ 
SCANTLINGS. ; 

THE issue of new rules by. Lloyd gister of 
British and Foreign Shipping is an event .of inter- 
national interest. This will at once be conceded 
when it is remembered that Lloyd’s Register is 
responsible for the registration, for insurance’ pur- 
poses, of between 70 and 80 per cent. of the world’s 
shipping. The new rules, therefore, must influence 
the design of by far the greater part of the ships 
constructed in this and other countries. . More- 
over, Lloyd’s Register has ae a high reputa- 
tion; “*Al at Lloyd's re into our 
lan e almost as a ‘diets phrase, indicative 
of the highest. degree of soundness, and those 
responsible for the administration of this. inter- 
national institution do well, not only to safe- 
guard their high reputation, but to maintain that 
Erngromire and liberal policy, without which no 

nisation can hope to secure a continuance of 
a lic confidence. e realisation of this ideal is 
not without its difficulty, because Lloyd’s must 
hold the balance between parties whose interests 
are, to a certain extent, mutual, but are at times 
in conflict. The owner, very properly, considers 
the ship from a purely dividend-earning standpoint, 
and the shipbuilder from the point of view of eco- 
nomy in construction, while the underwriter desires 
to minimise his risk by insisting upon a satisfac- 
tory margin of strength and stability. Associated 
with the latter is undoubtedly the public in- 
terest, in so far as the safety of life and cargo 
is concerned. It is to the credit of Lloyd’s Registry 
that these conflicting interests have been met in 
the past by satisfactory compromise, while the 
be | credit of British shipping especially has been main- 
It is inevitable that all 

ies under such circumstances cannot always be 
satisfied with the final decisions regarding such 
details as scantlings, and it is only consistent with 
the natural course of events that Lloyd’s have been 
criticised regarding their rules, particularly in the 
modification to meet special cases. But when one 
considers the final result, as established by the 
enormous decrease in the casualties to shipping, a 
great measure of commendation must be awarded 
to those responsible for the interpretation of Lloyd’s 
Rules. During the past ten years, for instance, the 
casualty rate, as measured ae the percentage of 
tonnage lost by misadventure to tonnage owned, 
has never exceeded 1.3 per cent, in the British 
fleet, and has during that time been as low as 
0.99 per cent.—a fact. which speaks in eloquent 
terms for Lloyd’s control of shipping, and for the 
excellence of British shipbuilding. 

The rules which have continued in force until 
the present time have been operative from 1870, 
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Benjamin Martell. Although this scheme has from 
time to time been modified to suit progress in 
naval construction and special types of ships, 
the fundamental principles have continued satis- 
factory, and thus attest the wide knowledge 
possessed of the stresses set up by the sea con- 


865 | ditions experienced by all types of ships. The old 
ges | Tules, necessarily, were based on the types of 


ships prevailing over thirty years ago. Thena vessel 
exceeding 24 ft. in depth was exceptional, and 





consequently the clasaiication was more or less 





confined to two distinct types: the two-deck vessel 
of 24 ft. in depth, and the three-deck vessel of 
24 ft. in depth and above, in which latter certain 
allowances were made in respect that the s 
afforded by the stiffening provided by the three 
series of deck-beams lessened strains. But with 
the lapse of time shipowners introduced light erec- 
tions above the moulded structure in two and 
three-deck ships, for the accommodation of pas- 
sengers, cattle, -or —_ cargo; and thus there 
eventuated a variety of types of ships, with spar- 
deck, shelter-deck, awning-deck, or other such 
superstructures. Ultimately the spar-deck and 
shelter-deck. were. even incorporated: into the 
moulded structure, these decks becoming what is 
termed the ** strength-deck ” of the ship, while the 
lowest deck was removed in order that bulky cargo 
might be more conveniently stowed. The free- 
board rules, amended in 1906, also modified the 
loading arrangements, as it was i that 
the spar-deck, shelter-deck, and even the awning- 
deck vessel was practically ‘analogous to the earlier 
classification so ie as the strength was concerned. 
Thus the load-line for the three-deck vessel was 
determined by the surplus buoyancy of the ship, for 
the spar-deck vessel by strength, and, as the s 
deck had become the strength-deck, the load-line of 
such vessels has latterly become as deep as in the 
case of the three-decker of 1885. This applied, 
to some extent, to the awning-deck vessel. 

Lloyd’s Registry moved with commendable con- 
servatism along the lines of the progressive policy 
of the ship-designer. The consequence was that 
the rules became more or less complicated and 
lacked symmetry. It has thus been recognised for 
some years that a radical chan nge or reconstruction 
was necessary to ensure simplification and to avoid 
the multiplication of special cases. The new rules 
now ed upon have been the subject of long and 
wiotel qrantbentin’. In the first place, experi- 
ence, especially in reference to the failure of shi 
from the structural point of view, was carefully 
analysed ; the results, when collated, established 
the direction in which modifications in the details 
of scantlings were desirable or permissible. The 
technical officers of Lloyd’s, working from these 
research data, evolved a scheme, which has 
had careful consideration from the Technical 
Committee, including shipbuilders, engineers, steel- 
makers, and forge-masters, and from the General 
Committee of Lloyd’s, which includes shipowners, 
underwriters, and merchants. Both Committees 
had later joint discussions of the new rules, which 
have now been adopted, and will be brought into 
force almost immediately. 

In another part of this issue we 
explanatory statement issued by, Lloyd’s Register 
regarding these new rules (see page 846). It will 
be seen from this statement that the tables of 
scantlings, from which ships are designed, are 
so comprehensive that only two types have to 
be provided for in the table: first, the full scant- 
ling vessel ; and, second, the vessel having a con- 
tinuous superstructure, such as an awning or shelter- 
deck. Of course, such special types as those built 
on the Isherwood system will require special treat- 
ment ; but these are exceptional, and the two 
general divisions cover the whole field of merchant 
work.. Another point is that the tables are suffi- 
ciently comprehensive to include ships up to 680 ft. 
in length. 

The most important point in connection with the 
new rules is the modification in the basis for deter- 
mining the ‘‘ transverse number” and the ‘ longi- 
tudinal number.” It will be understood that the 
various units in the scantling are tabulated by 
Lloyd’s in a long succession of graded sizes under 
index numbers for transverse and longitudinal 
numbers. Under the old rules the transverse 
number was arrived at by adding half the breadth 
and half the girth to the depth (4 B + 4G + D). 
In the case of the three-decked vessel the resultant 

» was reduced by 7, in virtue of the additional 
beams which acted as stiffening members. The same 
formula muitiplied by the length was used for 
determining the longitudinal number. The trans- 
verse number under the new rules is arrived at by 
adding the breadth and depth only (B + D), and 
there is no reduction of any kind. The formula 
for the longitudinal number is length multi- 
plied by (breadth plus depth), or L (B + D), 
As regards the second class—vessels having a 
continuous superstructure, such as an awning- 
deck—a deduction is made in connection with 
the longitudinal number of the height between 


ay ro the 





856 





ENGINEERING. 


[JUNE 25, 1909, 








the awning or shelter,- deck above the —_ 
deck, provided this height does not exceed 8 ft., 
the formula for this being (B+D-—h), h being the 
height of the continuous superstructure deck, 
limited to 8 ft. 

It will be seen that under the old rule depth 
was penalised more than breadth, because it was 
taken fully into consideration not only separately, 
but also in the girth. There was consequently an 
inducement to the naval designer to make shi 
broader in relation to their depth than they would 
otherwise have been, whereas the general experi- 
ence is that, the length continuing the same, an 
increase in depth tends more towards strength of 
the structure as a girder than an increase in 
breadth. Another consideration which influenced 
this change in formula was that a vessel’s amidship 
girth is not quite an accurate guide to her displace- 
ment tonnage, because she may be relatively full 
amidships and fine at the ends, or have bluff ends 
and relatively fine amidship section. Thus under 
the old rule there were cases of ships of the same 
dimensions and displacement having different trans- 
verse numbers, This would apply to a fast ship 
and a slow ship of the same Sapheatenenhy as in the 
former case the fineness of entry would probably be 
compensated for by fullness amidship ; conse- 
quently such ships would be penalised more than 
the slower or fuller-entry ship, with a finer midship 
section. This change in the basis for determining 
the transverse and longitudinal numbers of types 
of ships is therefore a sound and acceptable one. 

With reference to the size of frames, &c., in the 
detailed tables, another new feature has been in- 
troduced, based on a stricter view of the frame 
as a girder. Consideration has been given to 
the depth of the frame from the lowest tier of 
beams to the top of the tank. A formula has 
accordingly been introduced in connection with 
transverse numbers, in which the length of un- 
supported span of the frame is taken into account. 
There are many other points, some of which are 
referred to in the explanatory statement published 
on page 846, but these follow well-defined lines. 
The bulkheads, for instance, are to be constructed 

ractically on the same rules as those of the Bulk- 

ead Committee. It is important also to note that 
all sections in the tables conform to the standards 
of the Engineering Standards Committee. This is 
a commendable move, and is at once a testimony, 
not only to the satisfactory character of the stan- 
dards evolved, but to the wise policy of Lloyd’s 
Register. Steel-makers will have greater con- 
fidence in adapting their mills to meet these stan- 
dards, and shipbuilders will have greater surety in 
getting their sections rolled by all makers. 

Another, and equally important, advance has 
been made in the adoption of the decimal system 
in the tables. In the old rules the advances 
in sections, according to the transverse and longi- 
tudinal numbers, was by one-twentieths of an 
inch. It was felt that this was too large a step, 
and, as a consequence, the scantlings of some ships 
were too heavy, relatively to others. It was there- 
fore decided to introduce much shorter tions, 
and a full consideration of the subject determined 
the Committee to adopt the one-fiftieth of an inch 
asa unit. The important point is that one-fiftieth 
of an inch is practically half a millimetre, and thus 
the unit 0.02 in. not only conforms with the 
decimal system, but is as near an approximation 
tothe metric system as is possible with our present 
units. This change is, perhaps, the one which 
involved the most discussion, but there isno doubt 
that the Committee have acted wisely in making 
the step towards unification of the world’s standard 
measures. Little inconvenience can result, as the 
steel works already sometimes work to the metric 
system. The classification for yachts in Lloyd's 
Registry for the International Rating Classes is 
based on the same unit of measurement, and 
the draughtsmen and «hipyard workers will 
quickly adapt themselves to its extreme simplicity. 

xception was taken by the steel-makers to the very 
fine limit ao by such a small grade as 
0.02 in., but there is no fear of a Lloyd’s surveyor 
penalising the steel-maker in this respect, as 
common-sense will dictate that the proportionate 
variation from the regular thickness may be allowed 


to be greater with such close measurements than 
when the unit was one-twentieth of an inch. 

There are several other interesting points brought 
out in the explanatory statement; but we have 
dealt with the salient features of the new system. 
There is a suggestion that a moderate economy in 





weight will result, and this of itself is satisfactory. 
There will be fewer opportunities for difference 
of opinion owing to the simplification of the rules. 
The grade steps being closer together will permit 
of modifications in dimensions without introducing 
disproportionate changes in the scantlings. It is 
true that experience alone will test the new rules ; 
it may reveal points in detail which may require 
modification. But it may be accepted generally 
that the new system of scantlings will give the 
material where it is wanted. In other words, it 
would seem as if there will result a scientific dis- 
position of material, evolved as the result of long 
experience, analyses of the results of stresses in 
existing ships, and of mature consideration by all 
the parties interested in the maintenance of our 
reputation for the construction of sound and eco- 
nomical ships, 





RAILWAY ACCOUNTS AND 
STATISTICS. 

THE scanty figures published by the railway com- 
vanies of this country, in their half-yearly reports, 
~s long formed the basis of a great deal of 
criticism, real and spurious, Shareholders on their 
part have felt that fuller information was due to 
them, on the working of the large concerns in which 
they were interested. Statisticians have been dis- 
contented at having insufficient data to complete 
the chain of their reasonings, and the general public 
which, in its  self-constituted appointment of 
national watch-dog, considers that it has an estab- 
lished right to a knowledge of the doings of all 
powerful companies, has grumbled at the omission 
of all mention in the reports of many important 
features of modern railway enterprise. ere is 
even a suspicion abroad that, unless checked by 
public opinion, every large corporation will inevit- 
ably, in time, set its hand to some evil. The past, 
more is the pity, contains many regrettable records 
of this kind, and publicity has thus come to be 
considered the only adequate safeguard. 

The fact that railway companies have, in spite 
of the agitation, shown no signs of voluntarily 
adding to the information contained in accounts 
and statistics, the form of which was adopted some 
forty years ago, has, if anything, increased the 
suspicion. So many are the enterprises of the large 
systems, and so diverse, that transportation by rail 
no longer forms the only interest of the shareholder 
or the public. At the present time our principal 
railways also operate meng services, they own 
and manage docks and ports, they are land-owners, 
hotel proprietors, owners of industrial works, em- 

loying thousands of hands, &c. The tauntis often 
evelled at them that the ill-success of many of 
these subsidiary undertakings, assumed by the critic, 
is proven by the lack of information in the half- 
yearly — What, it is asked, does a railway 
company know about working a dock or running an 
hotel? And why, if they are successful, do not they 
show it in the accounts? As if, indeed, the figures 
published in the half-yearly reports constituted all 
the accounts essed by the railways! These are 
often nothing more than the voicings of discon- 
tented busybodies, described by an old author as 
‘*maligne interpretours whiche fayle nat to rente 
and. deface .... , they them selfes beinge in 
nothinge to the publike weale profitable.” Yet 
they have carried with them a certain amount of 
weight, and shareholders have, by these innuendoes, 
become haunted by the fear that the carriage of 
passengers and goods is all that can be successfully 
managed by a railway. Facts of weight on the 
other side are overlooked, as, for instance, the 
ability of large corporations to command the ser- 
vices of men expert in any desired direction, alto- 
gether beyond the reach of small and independent 
concerns; and adverse judgment is passed on 
branches of great undertakings simply on no other 
grounds than that figures affording proof of success 
are not produced. 

Now it has ever been a not uncommon trait of 
our conservative nation to be particularly reluctant 
about making known to others more of our own 
affairs than is absolutely necessary. Failing to see 
in what way it would prove beneficial to them to 
any appreciable extent, and not wishing to make 
public property of facts concerning internal work- 
ing unless neighbours did likewise, or of supplying 
their enemies with ammunition, the railways have 
contented themselves with doing what was required 
of them by law, and no more. my to a certain 








time that was admittedly sufficient, but it has long 








been generally felt that the old forms have now 
been outgrown, and that others, better suited to 
modern developments, should be adopted. We now 
appear to be nearing the time when, by adopting 
uniformity of system, former objections may alto- 
ether give way, and accession be granted to a 
emand which should prove at once advantageous 
and a healthy stimulus to good working. 

Three years ago there was appointed by Mr. 
Lloyd George a Board of Trade Committee to con- 
sider this question of railway accounts and statistics. 
The question is one of the utmost importance at 
this juncture when our railways appear to be on 
the brink of a most important era of their history. 
Any demand for nationalisation of the railways of 
the country should logically be preceded by a 
knowledge of what these systems are doing ; but 
as matters stand at present this is not to hand, the 
partisan’s weapons now consisting of little more 
than information concerning capital involved and 
declared dividends. The labours of Mr. Lloyd 
George’s Committee should result in a much sounder 
knowledge of the work actually performed by the 
railway companies, and its efforts have been directed 
towards this end. Its report has just been pub- 
lished, and though in portions the members of the 
Committee are greatly at variance, on much that is 
of great interest and value they are unanimous. 

The report has been conveniently divided into 
four parts, to the first three of which all members 
of the Committee have appended their signatures. 
The first part of the report deals with general 
matters concerning the rendering of accounts by the 
companies. It consists of several recommendations 
relating to the periods for which accounts and 
feturns should be rendered and to methods for 
securing uniformity in such reports. It is pro- 
posed that a system of yearly accounts and statis- 
tical returns be adopted, in lieu of the half-yearly 
reports and annual returns made at present. If 
such a system be approved, it is suggested that pro- 
vision be made for the declaration of interim divi- 
dends. Further, a recommendation is made with 
regard to fixing upon some date common to all com- 
panies for the close of the financial year. Several 
recommendations are made in connection with 
Joint Lines with a view to giving better information 
of the work actually performed on them than is at 

resent available. In order to secure uniformity it 
is ponpouss that permanent machinery in the form 
of a Standing Committee appointed by the Board 
of Trade be instituted to give interpretation as to 
the scope of the various headings, &c., should difti- 
culties arise. It is evident that without some 
such authority to refer to, any system would in 
all probability in time be rendered valueless by the 
various companies each interpreting matters, per- 
haps unforeseen at present, so as to best suit 
themselves. The precautionary measure of grant- 
ing power to the Board of Trade to make desirable 
alterations in the forms of accounts and statistics 
is also inserted. 

In the second part of the report the question of 
financial accounts is dealt with, and various forms 
recommended are given. These forms separate 
financial matter from pure statistics, but their chief 
claim to interest isin the fact that they are much 
more complete than those at present published, 
and that, in them, all accounts of subsidiary enter- 
prises are segregated from those relating to the 
carriage of passengers and goods by rail. The 
forms relating to the financial accounts recom- 
mended by this Committee are nineteen in number, 
or rather this is the number of headings under 
which statements of accounts have to be presented. 
Of these, Nos. 1 to 7 deal with capital accounts, 
giving full statements of the capital authorised and 
issued, and raised by loan or debenture stock, &c. 
In the statement of total capital expenditure, and 
of money spent under this heading, in the year for 
which the statement is made, sub-headings are given 
to show in what way the money has been used, 
whether in the purchase of other railways, or on 
lines belonging to the company, on rolling-stock of 
various classes, on plant and works, docks, hotels, 
power-stations, &c.—in fact, giving thus an account 
of the manner in which the railway is endeavouring 
to develop its business. Forms 8 to 19 relate to 
revenue accounts, and in these again the sub-head 
ings are sufficiently numerous to provide real in- 
formation regarding the working of the railway, in 
place of the meagre figures hitherto supplied to 
interested shareholders. The expenditure state- 
ment is supplemented by abstracts which give 
details of expenditure on the maintenance of way 
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and works, of rolling-stock under various headings, 
of locomotive running expenses, traffic expenses, 
general ‘charges, &c., while the revenue statement 
is similarly supplemented by detailed abstracts 
of revenue derived in respect of running powers, 
demurrage, joint working, &c. We notice one 
point on which perhaps the sub-headings are in 
their present form not sufficiently explicit. In 
Abstract C, Locomotive Running Expenses, under 
‘‘Steam-Train Working” appears a sub-heading 
‘* Wages connected with the Running: of Locomo- 
tive Engines,” while under ‘‘ Electric Train Work- 
ing” appears the sub-heading of ‘‘ Wages of Motor- 
men.” As the departmental form of organisation 
is in the report tacitly accepted as that applying to 
British railways, all wages in the running depart- 
ment should come within the scope of the sub- 
headings in this abstract. But while in the case of 
steam working, wages of shedmen, cleaners, and 
others are apparently included, in the case of 
electric working the additional staff has been over- 
looked. . A form of abstract statement is furnished 
with regard to the collection and delivery of parcels, 
and other statements giving receipts and expendi- 
ture in considerable detail are provided for the 
working of omnibuses and other vehicles not 
yunning on the railway, for the working of re- 
freshment - rooms, cars, steamboats, canals, har- 
bours, &c., hotels, and provision made for 
similar statements in respect of other separate 
businesses carried on by the company. A full 
statement is provided for the electric power and 
light account, and also a general balance-sheet which 
goes into some detail. From all this it will be seen 
that the endeavour of the Committee has been to 
furnish a system of accounts from which the true 
financial condition of the railway may be gathered, 
and which will provide about as much as can 
reasonably asked for by uneasy shareholders, and 
even by independent Paul Prys. 

The question of statistical returns is dealt with 
by the Committee in Part ITI. of its report. These 
returns are drawn up so as to be complementary to 
the returns provided for the financial side. As the 
financial statements are divided roughly between 
capital and revenue accounts, the statistical state- 
ments have likewise been arranged to refer to 
capital and revenue matters. The tables that may 
be said to refer to capital are, of course, those 
detailing the mileage of lines, owned or worked 
over, &c., the amount of rolling-stock, which, it 
may be mentioned, is to be given in such detail as to 
give the number and types of the locomotives, 
motors, coaching and goods stock owned—of road 
vehicles, steamboats, canals, hotels, and other pro- 
perty, &c., in each case sufficient particulars. being 
given to convey a fair idea of the magnitude of the 
undertaking. 

The statistics relating to revenue or working in- 
clude the amount of materials used in maintenance 
of way and works and of rolling-stock ; a complete 
statement of engine mileage, in which are to be 
given train-miles, shunting-miles, light. mileage, 
&c.; while four statements are given for traffic 
returns, concluding with a general summary of the 
company’s working for several past years. 

Up to this point the Committee is unanimous 
in its report. Over the remaining portion, how- 
ever, of its work, nine members, composing the 
Committee, have been unable to produce less than 
three distinct reports. The point under discussion 
in this part of their labours was the advisability of 
alopting here, the ton-mile as the unit of work done, 
instead of the train-mile. It is not proposed to 
enter now upon a lengthy discussion of the 
respective merits of these two units. We have 
constantly pointed out the advantage of a unit 
which has a distinct relation to the service of 
transportation rather than to one which confuses 
transportation and organisation. Measured by 
ton-miles, the paying service of a railway is at once 
given; but, given the facts that so many tons of 
gor xls were carried and so many train-miles run, 
there is nothing to show whether transportation 
has been conducted economically or not, or a num- 
ber of unremunerative train-miles run, or the dis- 
tances the goods were carried. Neither unit is, 
perhaps, perfect, but the ton-mile seems to bring 
closer into relationship the objects for which a rail- 
way exists, than does the train-mile. Many objec- 
ious raised against the ton-mile are of little weight 

, for instance, the fact that here terminal 
expenses form too great a proportion of the rate for 
*« ton-mile figure to be of any value. Service per- 
formed must in any case include terminal opera- 





tions, and as the whole process consists of reducing 
masses of separate items to one mean, the system | 
need not necessarily, for this reason, be inapplicable | 
to this country. he only point involved is the) 
necessity for additional care in the application of the | 
figures obtained, that figures shou 4 only be com- | 
pared for railways operating under similar condi-_ 
tions and on which terminal charges form approxi- 
mately equal proportions of the rates charged. 

Six members of the Committee agree that the use 
of ton-miles would be advantageous in this country, | 
and this for several reasons. They agree that | 
although ton-mile statistics could not replace the | 
present methods of checking, they would be of ser- | 
vice as supplementary information to the head | 
officials, besides being of value to shareholders and | 
the general public. A good deal of evidence has | 
been adduced before the Committee which supports | 
the contention that the use of such figures makes | 
for intelligent progress on a railway, and that} 
actually the expense of compilation is not nearly sc | 
formidable as opponents of the system have been 
wont to make out. The main report, however, stops 
here. It does not definitely suggest their adop- 
tion, and states ‘‘ that part of the usefulness of such 
figures might be lost if their compilation resulted 
solely from compulsion,” and also that there is no 
evidence at present of a widespread desire for such 
information. The meaning of the former statement 
we do not quite fathom, unless it is intended to 
convey the opinion that, if forced on officials, these 
would not use the system to its best advantage. 
With regard to the latter it is possible, as suggested 
by three of the Committee, that the weight of 
opinion in favour of the change has been under- 
estimated. These three gentlemen add to the 
report several reservations. They are whole- 
heartedly for ton-mile statistics, and they add tc 
the report an appendix of several interesting tables, 
which they pro’ should be included «in the 
returns made. ese tables include, for instance. 
at aon of engine hours, carriage and wagon 
mileage, passenger and. goods mileage, passenger- 
train and carriage vt goods-train and w ra 
loads, and a table of density of traffic.’ This infor- 
mation is complementary from the’ statistical point 
of view to that demanded in-the main body of the 
report.. The members of the mittee who have 
signed this reservation are Mr. W. M. Acworth, Mr. 
George Paish, and the Hon. George Peel, all well 
known for their study of railway statistical matters. 

A Minority Report, signed by Sir Chas. J. Owens, 
Mr. W. Bailey, and Mr. G: J. Whitelaw, is added 
with reference to this.vexed question. - Though in 
agreement with the main portion of the report, the 
signatories .of .this Minority: Report on the con- 
troversial fourth section are altogether opposed to 
the Spin of ton-mile statistics as being of no 
material value and less reliable than the train-mile. 
Fortunately, the bulk of the work of the: Committee 
will not be Jecpasdioed by disagreement over this 
last: section. e proposed. tables and accounts, as 
approved by the whole Committee, form a distinct 
advance upon those now customary. Perhaps the 
rest will come. 

The least satisfactory feature of the inquiry 
seems to have been the difficulty of obtaining 
independent evidence from railway officials. The 
Railway Companies’ Association appears to have 
rather overshadowed the whole business, and 
suggested the names of witnesses to the Com- 
mittee ; and in spite of endeavours to do so, the 
Committee was unable to obtain evidence from 
other officials of railways in this country. It may 
be stated, however, that evidence was given by 
representative men from all departments of home 
railways, including Mr. 8. Fay, Great Central 
Railway ; Mr. O. Bury, Great Northern Railway ; 
Mr. Phillip Burt, North-Eastern Railway; Mr. 
G. J. Churchward, Great Western Railway ; Mr. 
W. B. Worthington, Midland Railway, Xc., as 
well as Sir George Gibb, Sir Hugh Bell, and Sir 
Vincent Caillard. Several witnesses connected 
with Indian railways also gave evidence, as did 
others connected with Argentine and Canadian rail- 
ways, and the sources drawn upon were thus of a 
very varied description. 








THE LATE MR. GEORGE FREDERICK 
DEACON, LL.D. 

GENERAL regret will be experienced at the death 

of Mr. George Frederick Deacon, one of our best- 

known water-works engineers, who, by his original 








methods of overcoming difficulties, greatly in- 


fluenced practice, in connection we pe reg with 
what might be termed the municipal side of en- 
ineering. From the time of his appointment as 
rough and Water Engineer at Liverpool, nearly 
thirty-eight years ago, ‘til the hour of his death he 
exercised a salient influence in connection with the 
provision of water supply on economical lines, and 
particularly in methous for the detection and 
suppression of leakage, while sanitary engineeri 
found in him a sound exponent. His name wil 
ever be identified with the Vyrnwy scheme, one of 
the greatest water-works undertakings ever carried 
out in this country. This work he completed in 
1892, at a cost of 2s millions sterling. Since 
that time he has been occupied on works of less 
magnitude, but equal in importance so far as con- 
cerns the principles involved. Amongst other work 
might be mentioned the earthen dams at Carno 
(for the supply of Ebbw Vale), and at Gorpley (for 
the supply of Todmorden), and the masonry dams 
at Fisher Tarn (for the supply of Kendal), and at 
the Upper Neuadd (for the supply of Merthyr 
Tydfil). His work is characterised as much by 
success from the wsthetic point of view as by 
strength and stability. It will be remembered that 
at one time the design and construction of the 
Vyrnwy Dam was subjected to considerable criti- 
cism in respect of its stability, with the result that 
some degree of anxiety was felt by the’ in- 
habitants of the Severn Valley. Mr. Deacon gladly 
welcomed an inquiry, conducted, amongst others, 
by Sir Andrew Clark, Inspector-General of Forti- 
fications, who, in a closely-reasoned report on the 
dam, stated that ‘‘ nothing short of an earthquake 
could possibly disturb it.” No one who has seen 
the dam in its completed stage could fail to be 
impressed’ with the manner in which the new 
works harmonise with the natural surroundings. 
This’ consideration was always present in Mr. 
Deacon’s mind, and in all his works he attained a 
notable success in this direction. 

In examining the record of Mr. Deacon’s train- 
ing one finds a complete example of the importance 
of a liberal education in engineering matters without 
special. regard to the department in which the 


student proposes to specialise. Mr. Deacon was 


trained as a marine engineer. His father, Mr. 
Frederick Deacon, solicitor, and at one time 
Sheriff of the County Palatine of Lancaster, was 
brought into contact with the late Sir George 
Burns, Bart., one of the founders of the Cunard 
Line, and this explains how the young man, born 
at Bridgwater, in Somersetshire, in 1843, and 
trained at the Grammar School at Heversham, 
Westmorland, ultimately gained entrance into the 
principal marine engineering works on the Clyde— 
those of Messrs. Robert Napier and Sons—ere yet 
he had completed his seventeenth year. There 
he passed-through the various departments—the 
joiners’. shop, the fitting-shop, and the’ drawing- 
office, devoting his spare time to the study of chemis- 
try and mathematics. When twenty years of age he 
entered Glasgow University as a student of civil 
engineering, under Professor Macquorn Rankine, 
and at the same time attended the classes and 
laboratory of Lord Kelvin (then Mr. William 
Thomson). As Mr, Deacon was entering upon the 
second year’s course at the University he was 
offered the appointment of assistant-engineer to the 
Atlantic Tele h Company, on the recommenda- 
tion of Lord Kelvin, and although the acceptance 
of this appointment precluded the possibility of his 
earning the ‘‘ certificate of proficiency in engineering 
science ” (then the equivalent of a degree im engi- 
neering), Mr. Deacon decided to enter the Tele. 
graph Service. He became assistant to’Mr. Varley, 
and formed a member of the 1865 Great Eastern 
expedition, which made a gallant but unsuccessful 
attempt to lay the Atlantic telegraph cable. It 
will, no doubt, be remembered that the cable was 
lost off the Newfoundland Coast. Even at this early 
period Mr. Deacon had earned a reputation for 
** judgment, and adapting himself to the ever-vary- 
ing duties which fell to his lot.” On the return of 
the Great Eastern he was employed in London in 
connection with the investigation and classifying of 
the various schemes for the recovery of the cate, 
and the consideration of means for ensuring the 
success of the later expeditions. 

In 1865 Mr. Deacon first commenced practice as 
a consulting engineer in Liverpool. hilst thus 
engaged he undertook a considerable variety of 
work, much of it appertaining to mechanical engi- 
neering, but there was also involved a large amount 
of work of a purely civil engineering character. Thus 
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for Messrs. Ryland and Sons he designed and | street pavements. On this subject he read a paper 
executed a wrought-iron railway bridge (over | before the Institution of Civil Engineers in 1879, 
200 ft. in length), steam-pumping machinery, and | obtaining therefor the Watt Medal and Telford 
arched masonry and hydraulic work. He was also | Premium. 

associated with the reqlamation from the tidal| His greatest service to Liverpool, however, was 
foreshore, and the utilisation, of extensive tracts |in connection with the water supply of the city. 
of land under circumstances of peculiar difficulty. |The Rivington Works, opened in 1858, failed, in 
Further, he devoted: onsiderable time to the | 1865, to meet the requirements of the inhabitants, 
arrangement of furnaces with a view of prevent- | not so much from inadequacy of quantity as from 
ing smoke, and read a paper before the British | waste owing to defective pipes and fittings. This 
Association in 1870 on ‘‘The Efficiency of Fur-| had been recognised before Mr. Deacon’s appoint- 
naces.” The bent of his mind during this period | ment, and the remedy applied was the introduction 
is, however, indicated by the papers read at the | of the intermittent system, with storage-cisterns in 
Liverpool Institute of Engineers, one of them deal- | each house, and by house-to-house inspection. Not- 


with sewage utilisation, and the other with the | withstanding the steady increase in the number of | 


in 
Atlantic telegraph ; while 
in 1869 he gave an earnest 
of that desire to associate 
beauty with utility in en- 
gineering works bya paper 
on ‘*The Atsthetics of 
Construction,” read before 
the Architectural and 
Archeological Society. 

In 1870 a merited com- 
pliment was paid to him 
in his appointment as 
lecturer on engineering at 
Queen’s College, Liver- 
a. now the Victoria 

Jniversity. In the fol- 
lowing year he found a 
wider field for his energies 
on his appointment as 
borough and water engi- 
neer to Liverpool. This 
appointment he held for 
eight years, and was 
proud of the distinc- 
tion, as Liverpool, by a 
special Act of Parliament, 
_seege in 1846, was for 
ong the only borough 
with an engineer ; in 
other communities ‘ sur- 
veyor” being the title 
used. Immediately after 
his appointment he made 
a close study of, and pre- 
pared a comprehensive re- 
port upon, the sewage of 
the city. He had to com- 
bat the assertion that the 
seals of the water-traps 
in the higher parts of 
Liverpool were constantly 
being broken, owing to 
the displacement of sewer 
air by the accumulating 
sewage during each ris- 
ing tide. Believing that 
any sensible increase of 
pressure from this cause 
was quite impossible, he 
had careful tests made, 
which proved that, except 
close to the outfalls, the 
rising tide had absolutely 
no influence upon the 
direction of the flow of 
air. At the same time 


he made provision for a 
greatly increased flow of 
pure air by organising a a 
system of ventilation, em- or naz 
ployed in such a manner 

as to preclude any possi- 

bility of nuisance except 

in the neighbourhood of 

places where the sewers were used for the dis- | examiners, the leakage continued, and the shortage 
charge of hot water.or steam, and in those cases | of storage accommodation became intensified. It 
the discharge was subsequently prohibited. The| was then proposed to ask Parliament to replace all, 
system, although it has since been largely applied, | or nearly all, the pipes and fittings with newer and 
was then quite novel. During this time he con-/ more efficient appliances, but a plebiscite being 
structed, or re-constructed, 35 miles of new or| demanded, the majority of votes was against the 
old sewers and repaired 41 miles of existing sewers. proposal. Mr. Deacon, when he took up his ap- 





In 1872 Mr. Deacon applied destructors for the | pointment as borough and water engineer, tackled | the base being 127 ft. 








change of velocity indicated by the closing of any 
stop-cock during the night, but the time at which 
the mains commenced work, and the time at which 
they ceased work. This enabled the most wasteful 
districts and properties to be located, so that the 
vigilance of the inspectors could be concentrated 
where most required. The general result was that 
the water used in Liverpool was reduced almost by 
one-third of that consumed prior to the introduc- 
tion of a constant supply with waste-water meters. 
Mr. Deacon, in a paper read before the Institution 
of Civil Engineers in 1874, gave a very complete 
description of the system, for which he was awarded 


| the Telford Medal and Premium. Later, in 1882, 


he contributed to the Society of Arts a paper also 
on the constant supply 
and waste of water. 
Notwithstanding the 
efficiency of the system 
for reducing waste, it be- 
came recognised that new 
sources of supply were 
necessary, and in 1876 
and 1877 Mr. Deacon made 
an investigation concern- 
ing available sources from 
valleys and lakes to the 
north of Liverpool, and 
from several valleys in 
North Wales, special re- 
ports being made in 1877 
regarding the relative ad- 
vantages of Hawswater, 
in Cumberland, and the 
River Vyrnwy, in Mont- 
gomeryshire. A more 
detailed report of the 
Vyrnwy project was made 
in 1878, and his preference 
for it was supported in 
the following year by the 
late Mr. Thomas Hawks- 
ley, F.R.S., and the late 
Mr. J. F. La _ Trobe 
Bateman, F.R.S. The 
result was that Mr. Dea- 
con was instructed to com- 
plete the surveys and to 
prepare the Parliamentary 
plans and sections for de- 
posit in November, 1879. 
From September, 1879, 
the late Mr. Hawksley 
acted jointly with him in 
promoting the passage of 
the Bill through Parlia- 
ment. The Act received 
the Royal Assent in 1880, 
and work was commenced 
in the following year. In 
1885 Mr. Hawksley retired 
from the work, and the 
undivided responsibility 
fell upon the author of it, 
who carried it to a success- 
ful completion in 1892. It 
is scarcely necessary to 
refer to the works, as they 
were fully described in 
ENGINEERING* during 
their construction. Asan 
indication of the magni- 
tude of the undertaking, 
however, it may be said 
that the reservoir has a 
surface area of 1121 acres, 
a length of 4} miles, 4 
width of from one-quarter 
to five-eighths of a mile, 
and a maximum depth of 84 ft. The storage 


‘available is 12,130,000,000 gallons above the level 
from which the compensation water is to be given. 


The waters of the modern lake are penned 


|back by the now famous Vyrnwy Dam, which is 


1172 ft. long, 144 ft. in height to the crest, and 


| 162 ft. high to the parapet, the greatest width at 


t may be noted that at the 


disposal of refuse ; but, owing to the large quan-|the problem with characteristic originality. The | time of its construction it was the highest dam in 
tity to be dealt with, he, later (1879), introduced | ultimate result of his investigation was the inven-/| existence in which the by-wash was dispensed 


hopper barges, which carried the refuse out to|tion of the now well-known waste-water meter, 
sea and deposited it in deep water. ‘The paving | which records the time and rate of flow through the 
of the streets was another of the important Asati 


he gains credit for the first application of thoroughly by the instrument distinguished water wasted 


main in the manner in which an indicator diagram 
works which he introduced, and in this respect | records space and pressure. The diagram drawn | 


with, the whole of the surface water flowing over 
the sill and down the apron to the river below. 
This great work formed the subject of Mr. Deacon s 


* See ENGINEERING, vol. xlvii., pages 99, 125, 152; 


scientific methods in the design and construction of |from water used, and registered not only the | vol. liii., pages 17, 739, 767. 
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third paper to the Institution of Civil Engineers, 
contributed in 1895, for which he was awarded the 
George Stephenson Medal and Telford Premium. 

In 1891, shortly before the completion of the 
Liverpool (Vyrnwy) Works, Mr. Deacon removed 
to Westminster, and since theri has carried out 
many important works. He was the engineer for 
the new water-works for the supply of Kendal. 
This included a masonry dam fo a reservoir at 
Fisher Tarn, among the Cumberland Hills, com- 
pleted in 1897. He was also responsible for the 
design and construction of the Upper Neuadd 
Reservoir (formed by the erection of a masonry 
dam across the Taf Fechan), and for the restoration 
of the Lower Neuadd Reservoir, both in connec- 
tion with the supply of water to Merthyr Tydfil. 
The Todmorden (Gorpley) Reservoir was also one 
of his notable works, and at the time of his death 
he was ehgaged in the construction of a new earthen 
embankment at Carno, on the River Ebbw, and a 
tunnel for the collection of water in connection 
with the supply to Ebbw Vale. In 1904 he pro- 
jected the aes for the supply of water to Birken- 
head from the River Alwen, in Denbighshire. This 
scheme, which received the Royal Assent in 1907, 
had since occupied a large amount of Mr. Deacon’s 
time and thought. In addition to the gravitation 
works above referred to, he carried out schemes for 
the supply of Biggleswade and Milton (Kent) by 
pumping from wells in the greensand and chalk 
respectively. The method of construction of the 
former well was entirely novel, involving as it did 
the exclusion of sand from the well by means of 
strainers fixed in the cast-iron cylindrical lining 
thereof. Mr. Deacon, throughout his career, and 
particularly since his removal to London, was 
frequently engaged in important arbitration cases, 
especially in connection with water supply, and the 
transfer of water undertakings from companies to 
local authorities. He was almost invariably re- 
tained by the London County Council in all their 
water campaigns, and he acted for the Metropolitan 
Water Board in connection with the purchase of 
the various water companies’ works. He was also 
the author of the article ‘‘ Water Supply,” in the 
supplement to the ninth edition of the Encyclopedia 
Britannica. 

Mr. Deacon became an associate member of the 
Institution of Civil Engineers in 1872, and a member 
in 1874. He had the rare distinction of having 
been awarded both a medal and a premium for each 
of the papers read at the Institution as already 
indicated, and since 1900 he has served continuously 
on the Council. In 1874 Mr. Deacon was elected a 
member of the Institution of Mechanical Engineers, 
He was a frequent attender of the British Associa- 
tion, and at the Toronto meeting, in 1897, he was 
President of the Mechanical Science Section. -He 
was chairman of the Engineering and Architectural 
Section of the Congress of the Sanitary Institute 
in 1894, and was a frequent attender and speaker 
at the meetings of the various institutions. Mr. 
Deacon wasa clear thinker and a lucid writer, and, 
on account of his wide experience in engineering 
practice, his contributions were always valuable. 
In 1903 his old university honoured him by con- 
ferring upon him the honorary degree of LL.D. He 
was, as we have said, in much request in connec- 
tion with the supplementing of existing water 
works, and he was a strong advocate of tlie Welsh 
scheme for the supply of the Metropolis. 

Although he reached his sixty-sixth year he 
continued in active practice tothe time of his death, 
and there was no indication whatever of any dimi- 
nution of physical energy. Indeed, he was working 
at his desk, studying drawings and dictating reports, 
when. the end came with startling suddenness on 
Thursday, the 17th inst. The notification of his 
death was therefore received with the greatest sur- 
prise and with sincere regret by those who knew him. 
He was buried from his residence at Coombe Wood, 
Addington, on Monday, the 21st inst., when many 
of his colleagues in the profession marked, by their 
vresence, their respect for him and their sympathy 
for his widow and family. 








THE SCOTTISH AUTOMOBILE CLUB 
RELIABILITY TRIAL. 

_ Last week the Scottish Automobile Club held 
its annual reliability trial for motor-cars. While 
generally similar to that of last year, the trial this 
year was undoubtedly more severe, as in the first 
place the course was longer, and in the second the 
toads were, on the whole, rougher. The trial lasted 





six days, in place of the five of last year, being from 
June 14 to 19 inclusive, and comprised a run of 
1007 miles, in place of 772. The average length of 
the day’s run was, therefore, 168 miles, in place of 
154 last year, which undoubtedly made the strain 
more severe both on the carsand the drivers. The 
course was generally of the same nature as last year, 
with the exception of an additional day’s run from 
Inverness to the West Coast at Gairloch and back 
to Inverness, and also an additional piece of rough 
and hilly road from Tomintoul to Braemar. 

Sixty-eight cars were entered, of which sixty-five 
started from Glasgow. The full details of the per- 
formance of these are not yet published, and we 
therefore reserve a complete analysis of the results 
of the trial until the detailed report of the Club is 
published. From the provisional figures issued it 
appears, however, that the following cars made 
non-stop runs throughout :— 


10-12 h.-p. Humber. 16 h.-p, Humber. 
14-16 ,, lesse. 2. « Bene 2° 
15 » Mass. 15 ,, Rover. 
20-30 ,, Cadillac. 12 ,, Talbot. 

15 » Straker-Squire 18 De Dion 
14-16 ,, Argyll. 14-20., Sunbeam 
15 » Star. 30 ~,, Adler. 

16 » Singer. 24. ,, . Albion, 

20 +»  Wauxhall. 


In addition to these, there were many cars 
which did not make absolute non-stop records, but 
whose stoppages were for such trivial causes as 
would be of no importance in ordinary daily work, 
and were not, strictly speaking, due to the design or 
construction of the car. Stops due to driving are the 
most obvious of these, but. a car may have small 
stops for changing a sparking-plug, or some trivial 
cause which is too slight to be of the least 
importance. It will be recollected that, under the 
trial‘conditions, to secure a non-stop record it is 
necessary not only to have no involuntary stop on 
the road, but also that nothing whatever should be 
done to the car in the garage between the runs, 
except replenishing and lubricating, and also that 
the engine should always start in the allowance for 
this purpose, which is two minutes in the morning 
and one minute after stops in the day. It is-diffi- 
cult to classify the performance of the cars in 
regard to the trivial stops, as their importance is 
not always proportionate to their duration ; but'the 
following cars had stoppages totalling less than 
fifteen minutes for the whole of the 1007 miles, 
and their performance may be regarded as practically 
as good as a non-stop run :— 


Total Time Lost, 
Minutes. 

10 horse-power so! — oe ns 2 
10 i Cadillac ... ‘a 11 
12 ‘s Adler tr Pa 4 

8 es Rover 3 
w?wis’” ,; Riley 9 
12 A Clyde 1 
16 * Bell Zo 3 
12-14 _,, Gladiator ... 4 
16-20 , Stella ot 3 
14-18 __,, Sunbeam ... 12 
20 ia Standard ... 5 
20 oy Bell sc 3 
24 $ Vauxhall ... 1 
20 Germain ... 6 


In many of the above cases the stoppages were 
due to driving or to delays in starting after stop- 
pages. Many other cars which had delays exceed- 
ing 15 minutes made very good performances, but 
it is not possible to give all the results here. 

In the above no account is taken of tyre stops, 
which we will deal with on a future occasion. 

Turning from the successes to the failures, it is 
only possible to mention the cases of failure to 
finish the trial at all. Of the sixty-five starters 
seven failed, or were withdrawn, for the following 
reasons :— 


8-9 horse - power Chenard - Walker ; cracked water- 


jacket. 

12-14 horse-power Argyll ; broken connecting-rod. 

14 horse-power Gregoire ; broken inlet-valves. 

10-15 horse-power S.P.A.; broken differential. 

20 horse-power Mass ; no reason given. 

30 horse-power Vinot ; broken inlet-valve and other 
troubles. 

40-45 horse-power Austrian-Daimler ; ignition and 
other troubles. 


The failures were therefore practically 11 per 
cent. of the starters. While this is a very high 
proportion of failures for one week’s running, and 
would certainly not be considered satisfactory in 
any other class of machinery, it com very 
favourably with last year, when the failures were 
20 per cent. of the starters. In addition to this, 





there were fewer really long delays among the cars 
which finished. 

The diminution of failures shows that progress 
has been made in motor reliability, and the ques- 
tion arises as to the desirability of further trials. 
That the trials have done a great deal of good 
in the past is undoubted, as they have shown 
makers many weak points in their cars, and have 
been a very good advertisement to those who could 
make a really reliable car which would stand hard 
work. On the other hand, although a trial of the 
above kind is, no doubt, far the best test to which 
a car can be put in a short time, the experience of 
practical dail work in the hands of the ordinary 
user is undoubtedly the only perfect guide to what 
is best in car construction, as in all other cases, 
and there will be a time when trials will be un- 
necessary. It is, however, very doubtful whether 
that time has come yet. The present-day car 
is very obviously far from being reliable in the 
sense that other machinery is, and this is shown 
by the very high percentage of failures in the 
present trial. A view of these trials sometimes 
taken is that there is a great deal of luck about 
them, and that the record of a good car may be 
spoilt by a bit of bad luck, such asa nut working 
back or an ignition-plug becoming sooted up, &c. 
No doubt in some cases this is the case, Bat it 
ought not to be so, as nuts ought to be so locked 
that their staying on is not a matter of luck, 
lubrication should be certain, and the same 
should be the case with all the details of the 
car. Those who have to use machinery know 
well that it is not the essential parts failing 
which cause most trouble, but the small details, 
and it is therefore essential to get the latter perfect. 
It is to be hoped, therefore, that the above trials 
will be’ continued for some time longer, as the 
information obtained is most valuable both to the 
makers and the buyers. 

We defer further consideration of the trial till the 
report is issued, when weshall go fully into the results. 


NOTES. 
A TyprcaL Caprain oF InpustRy. 

Tue retirement of Colonel T. E. Vickers, C.B., 
from the chairmanship of Messrs. Vickers Sons 
and Maxim, Limited, owing to advancing years, is 
a noteworthy event of the week in view of the 
large part which he has taken in the advancement 
of engineering industries for more than half a 
century. . Indeed, since he took control of the 
firm’s works in Sheffield in 1855 he has been a 
most active agent in developing the steel trade, 
and in placing this country in a premier place in 
the metallurgical branch of science. He was the 
first to produce on a commercial scale in this 
country satisfactory steel castings. Among his 
other services to engineering practice, he invented 
a mill. for svagh wale tyres, which dispensed 
with the laborious and costly work of forming the 
ingot .into a cheese- shaped bloom under the 
steam-hammer, and resulted in great economy in 
manufacture. In 1864 he planned and super- 
vised the construction of the well-known River 
Don Works of the company, and under his 
managing directorship the establishment has since 
grown greatly in extent and national import- 
ance. Armour-plate and ordnance manufacture 
were commen in 1888, and naval and mer- 
chant ship-building at the works at Barrow-in- 
Furness in 1897. With these and other depart- 
ments fostered by Colonel Vickers the establish- 
ments of the firm now constitute ‘‘a great national 
asset,” or, as the First Lord of the Admiralty 
recently put it, ‘‘had Messrs. Vickers not been 
invented, the first duty of the nation would be to 
discover them.” Colonel Vickers, in addition to 
his scientific and economic achievements, recog- 
nised. that in steel-making, the foundation of the 
company’s succes’, the closest vigilance was a 
primary necessity, and few men have been more con- 
sistently regular in attendance upon their work than 
he was, even. up to the present time. His interest 
in the welfare of the worker also justified the 
Carlylean appellation of ‘‘a captain of industry.” 
Of the honours he won, that which probably gave 
him the greatest satisfaction was the bestowal upon 
him by the Institution of Civil Engineers of the 
Howard Quinquennial Prize, ‘‘ in recognition of 
the part he has taken during his career in develop- 
ing and improving the production of steel for im- 
portant engineering, p' .” Colonel Vickers is 
succeeded as chairman by his brother, Mr. Albert 
Vickers, and with him, and Mr. Douglas Vickers, 
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Lieutenant A. Trevor Dawson will now be asso- 
ciated as a managing director. 


Tue INTERNATIONAL MatertaL-Testinc CoNnGRESs. 


The International Association for Testing Mate- 
rials will meet in Copenhagen next September, and 
bids fair to be snsigladie well attended, and to be 
possessed of wide interest. Almost all civilised coun- 
tries are sending delegates. Several of the large 
English engineering societies will be represented, 
as will be other institutions, and the English 
delegates expected comprise Professor Unwin, 
Sir Robert Hadfield, Professor Harbord, Mr. 
Rosenhain, and Mr. J. E. Stead, who is to give 
the principal lecture at the Congress. From France 
four Ministries of State have announced their 
intention of being represented, and amongst their 
nine delegates are Professor Le Chatelier, who also 
will represent L’Institut de France, M. Feret, a 
great authority on cement, Professor Mesnager, 
Professor Guillet, &. Delegates will further 
attend from the State Railways, the Préfecture de 
la Seine, and the Society of French Engineers. 
From Germany five Railway Boards will send eight 
delegates, and the Royal Mining Academy, Berlin, 
the ater Building Deputation, and other insti- 
tutions will altogether send seven representatives. 
From Austria no less than twenty-five gentlemen 
are expected to attend, representing ministerial de- 
partments, the railways, technical high schools, &c., 
t them being Professor Kick and Professor 


amon 
Kirsch, from Vienna. From Hungary, three pro- 
fessors from the Polytechnicum, in Budapest, in- 


cluding Professor Reijts and a delegate from the 
town’s technical administration, will come to Copen- 
hagen. From Belgium, there will be four delegates 
from the Ministry of Public Works, for the Traftic 
Department, a delegate from the town of Antwerp, 
and Mr. Greiner, , > ve ua of the Cockerill Iron 
Works, as representative for one of the large 
Belgian engineering societies. Mr. Greiner was 
the President of the last Congress held in Brussels, 
in the year 1906. Holland will be represented by 
eleven official delegates from various State depart- 
ments ; amongst them is M. Bienfoit, from Amster- 
dam. Four Italian Ministries of State will send 
eight delegates, including Professor Benetti, from 
Bologna. Switzerland will be represented by 
nine gentlemen as delegates for the Government, 
the military department, the railways, &c. Amongst 
the Swiss representatives is Professor Schiile, from 
Ziirich. The Swedish State railways will have 
three representatives at the Congress, and Dr. 
Brinell, from Jarnkontoset, will also be present. 
Official representativesfrom Portugal, United States, 
Chili, Australasia, and China will also attend the 
Congress. Denmark itself will have nineteen official 
delegates ; in addition to those about a hundred 
Danish gentlemen and twenty-five ladies will attend 
the meetings, and from abroad there will, no doubt, 
be several hundred non-official visitors. The meet- 
ings of the Congress will be held in the temporary 
Houses of Parliament, with the exception of the first 
meeting, which will probably be held at the Univer- 
sity. e Congress will visit several technical 
establishments, the new railway station now in 
course of construction, the Christiansborg Palace, 
now in course of being rebuilt, &c. It is also pro- 
posed to pay a visit to Jutland in order to inspect 
some cement works, harbour constructions, &c. 
There will, as is usually the case, be several fétes 
in connection with the Congress. 








PersonaL. — Mr. ng A V. Clayton, M.LE.E., 
formerly with the British Thomson-Houston Company, 
Limited, who has been in Sweden for about nine years, 
has commenced practice as a consulting engineer at 
Egypt House, New Broad-street, E.C. In his consulting 
practice Mr. Clayton will make a speciality of hydro- 
electrical developments. _In this connection he has the 
advantage of being allied with the Vattenbyggnadsbyra 
(The Hydraulic Association of Scandinavia), having as 
colleagues Professor Richert and Lieutenants Lubeck and 
Westerberg, Scandinavia’s greatest experts on hydraulics. 
—Mr. Richard F. Grantham has removed his offices from 
23, Northumberland-avenue, London, W.C.,. to, 5, Little 
College-street, Westminster, 8. W.— Messrs. F. way 
and Co., Limited, of Pendleton, Manchester, and 50 and 
51, Lime-street, E.C., have recently en their works. 
Newpremises have been opened at 212, Shaftesbury-avenue, 
W.C., asa fire-apparatus department, under the charge of 
Mr. F. A. Forster, who was for nearly twenty years with 
Messrs. Merryweather and Sons.—Mr. John W. Bain- 
bridge, 2, Fen-court, Fenchurch-street, E.C., has been 


i 
a pointed agent in Great Britain and Ireland for the 

ismarckhitte Steel, Berlin, for the sale (except to the 
London motor-bus companies) of their various steels, 
including constructional steel for use in the construction of 
wotor-cars, automobiles, &c. 





NOTES FROM THE NORTH. 
Giascow, Wednesday. 

Glasgow Pig-Iron Market.—Last Thursday morning the 
pig-iron market was weak, but a fair business of 8500 tons 
of-Cleveland warrants changed hands at 48s. 8d. one 
month, and from 49s. 3d. to 49s. 1d. three months. At 
the close there were sellers at 48s. 6d. cash, 48s. 9d. one 
month, and 49s. 2d. three months. In the afternoon the 
tone was again weak, and only two lots of Cleveland 
warrants were dealt in—at 48s. 5d. thirteen days, and 
49s. three months. Closing quotations were down to 
48s. 44d. cash, 48s. 7d. one month, and 49s. three months, 
sellers. On Friday morning there was no improvement 
in the tone of the market, and business in Cleveland 
warrants was done at 48s. 34d. cash, at 48s. 64d., 48s. 54d. 
and 48s. 6d. one month, and 48s. 11d. three months. e 
turnover amounted to 7000 tons, and closing sellers quoted 
48s, 4d. cash, 48s. 64d. one month, and 48s. 114d. three 
months.. In the afternoon the market was steady, 
but no dealings of any kind were recorded. At the 
close there were sellers of Cleveland warrants at 
48s. 44d. cash, 48s. 64d. one month, and 48s. 114d. 
three months. On Monday morning the market was 
— quiet, and the only dealings consisted of 1500 tons 
of Cleveland warrants at 48s. 4d. cash, and 48s. 64d. 
one month. The close was a shade firmer, with sellers at 
48s. 44d. cash, 48s, 7d. one month, and 49s. three months. 
Cash hematite was quoted at 57s. 6d. sellers, but buyers 
would offer no more than 57s. 3d. At the afternoon 
session an easier tone prevailed, and Cleveland warrants 
—1500 tons—were dealt in at 48s. 11d. three months. 
Closing sellers quoted 48s. 34d. cash, 48s. 6d. one month, and 
48s, ltd, three months. On Tuesday morning the market 
was steady, and the dealings were again limited to 1500 
tons of Cleveland warrants at 48s. 104d. and 48s. 11d. 
three months, with sellers over. The other closing prices 
were 48s. 34d. cash and 48s. 6d. one month sellers. In the 
afternoon no warrants of any kind were dealt in, and at 
the close there were sellers of Cleveland at 48s. 
cash, 48s. 6d. one month, and 48s. 114d. three. mont 
Hematite was quoted at 57s. 6d. one month sellers. 
When the market opened to-day gh yee a quiet 
tone prevailed, and only 1000 tons of Cleveland war- 
rants were done at 48s. 5d. one month. Closin 
quotations were 48s. 3d. cash, 48s. 54d. one month, an 
48s. 11d. three months sellers. At the afternoon session 
the market was steady, but the business only amounted 
to 1500 tons of Cleveland warrants at 48s. 3d. cash, 
48s. 6d. one month, and 48s. 104d. three months. Sellers’ 
closing prices were 48s. 34d. , 488. 6d. one month, and 
48s. lid. three months. The Longa | are the market 
quotations for makers’ (No. 1) iron :—Clyde, 60s.; Calder 
and Gartsherrie, 60s. 6d.; Summerlee, 61s. ; 1 
68s.; and Coltness, 87s. 6d. (all shipped at G ow) ; 
Gl ock (at Ardrossan), 62s. 6d.; Shotts (at Leith), 
60s. 6d.; and Carron (at Grangemouth), 63s. 


Sulphate of Ammonia.—Rather a better tone has been 
evident in the sulphate of ammonia market during the 

t week. The current quotation is from 11/. 5s. to 
l/, 7s. 6d. per ton for prompt delivery, Glasgow or 
Leith. The amount shipped from Leith Harbour last 
week was 227 tons. 


Scotch Steel Trade.—The Scotch steel trade has shown 
very little change within the last week, although one or 
two of the establishments are a little better off for work. 
Some of these orders are a ary to have been placed on 
account of the near approach of the annual holidays in 
July, which some anticipate may be of an extended 
nature. Specifications for heavy material are still scarce, 
but the inquiry for structural sections is quite good. A 
number of orders for the latter have lately been fixed up, 
— lly for export, and some makers are well booked 
or a few months ahead. Official prices are unchanged. 


Malleable-Iron Trade.—No improvement of any kind 
can be reported in the malleable-iron trade of the West 
of Scotland. Broken time is still only too general, and 
small lots for immediate delivery are the order of the day. 
The basis price of 6/. 2s. 6d. per ton—less 5 per cent. for 
crown bars—still holds good for home requirements, but 
the export figure is about 5/. 7s. 6d. per ton net. 


Scotch Pig-Iron Trade.—The local demand for Scotch 
ig iron of ordinary quality has not improved this week, 
nut English buyers continue to take away fairly good 
quantities. The export trade is also quite por bb ree 
and makers are thus being kept fairly busy. There has 
been no improvement in hematite. 








Tue Status Prizk.—We are informed by the Society 
of Engineers that Wednesday, the 30th inst., is the last 
day for receiving papers in the competition for the above 
prize. We gave particulars of this in a paragraph on 
page 438 ante. The prize in question will be pee by 
the said Society each year for the next five years, ending 
1913, for the best paper on ‘‘ How to Improve the Status 
of Engineers and Engineering, with Special Reference to 
Consulting Engineers.” 


Yrar-Book or Screntiric AND LEARNED SocietTies.— 
The twenty-fifth annual issue of this year-book, which 
contains data on the institutions and associations of 
Great Britain and Ireland, has recently been publish’ 
by Messrs. Ch. Griffin and Co., Exeter-street, Strand. 
It classifies the societies according to the special branch 
they deal with—astronomy, chemistry, biology, and so 
forth—and gives the names of the officers, dates of 
meetings, membership, publications, and a list of the 

pers read and pe during the Session 1907-8. It 
orms a handy book of reference on the subject of our 
learned es. ; 





NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 

os sy and Aeroplanes.—At a meeting in Sheffield on 
Tuesday to form a branch of the Aerial ie, the Lord 
Mayor remarked that even from a parochial point of view 
Sheffield ought to take an active interest in aerial naviga- 
tion. He hoped the great firms would turn their atten- 
tion to airships, and gain for Sheffield as great a reputa- 
tion as they for building a Mr. Douglas 
Vickers, the Master Cutler, of Messrs. Vickers Sons and 
Maxim, said it was not likely that Sheffield would build 
airships, as more aluminium than steel was used, but. Mr. 
Stephen a secretary of the League, speaking as an 
engineer, said that very soon aeroplanes would be con- 
structed entirely of steel, and then, doubtless, Sheftield 
would have something to say. 


Tron and Steel.—Unless Sheffield receives some sub- 
stantial Government orders—and the impression is that 
local firms are entitled to a share in the supplementary 
Admiralty work that is talked of—there is very little 
likelihood of any appreciable improvement in the heavy 
trades before the autumn. There is never a disposition 
to enterprise at holiday time, and holidays in some parts 
of England, because there is no definite and general 
vacation, are a serious dislocation of business ; but so far 
as Sheffield is concerned there is very little business 
to dislocate. Undoubtedly the uncertainty with regard 
to the American Tariff Bill has had a deterrent 
effect. There are a few more men at work, and one or 
two firms are even going full time, owing to a brightening 
up of the export high-s steel trade, particularly with 
the United States. akers of twist-drills are doing a 
moderate amount of business, and some file-manufacturers 
are busy with Admiralty orders for files. The manufac- 
ture of cycle steel and castings and forgings for automo- 
biles, which has become quite a staple industry, is also 
providing some fairly steady work. Railway demands 
are still very poor, and mauufacturers are wondering how 


*| far the railway combination now going on will result in 


a reduction of expenditure on rolling-stock. The pig-iron 
market is featureless, and contracting for forward sup- 
— is in a state of suspension at present. Plenty of 

rbyshire iron is to be had at more favourable prices 
than Lincolnshire, but Lincolnshire makers have arrears 
to wipe off on account of the recent strike. The finished 
iron trade is very depressed, and the makers of bars and 
hoops cannot work anything like regular time. 


South Yorkshire Coal.—Last week was fairly busy in 
the South Yorkshire coalfield in anticipation of the almost 
general stoppage for the annual demonstration of the York- 
shire Miners’ Association on Monday, and because there 
is still plenty of demand for hard coal The export trade 
is brisk, and values are firm at 9s. for bests, while second 
steam-coal is firm and moving well. -class_ slacks 
are sought for at 5s. per ton at pit-mouth. There is 
some unsteadiness as to house-coal, but it is still doing 
better than the av Coke is not so satisfactory. It 
was expected that there might be some definite pro- 
nouncement at the Sheffield demonstration as to the 
Eight Hours Act, but what statements were made were 
——7 to the effect that it was expected the new Act 
would come into operation in Yorkshire on an amicable 
basis ; but this was subject to similar terms being obtain- 
able in other parts of the country. ‘‘ Yorkshire,” Mr. Fred 
Hall, M.P., said, ‘‘ would stand loyal to the Federation.” 








Rotuine-Stock In AustRIA.—The Austrian Minister 
for Railways is about to let contracts for 384 passenger 
carriages, 190 vans, and 1365 goods trucks, for the 
Austrian State Railways. Deliveries are to be made in 
the course of 1910. 





OrpNANCE BoarD.—We are informed that Sir Alex- 
ander B. W. Kennedy, LL.D., D.Eng., F.R.S., Past- 
President of the Institution of Civil Engineers, has been 
rp roma consulti ay sar to the Ordnance Board, in 
the place of the late Sir Benjamin Baker. 





THE GREAT SUNDERLAND Briper.—The steel-work of 
the great bridge just opened at Sunderland is on the 
Linville girder principle. The length of the bridge is 
about 1580 ft. @ main span is 355} ft. long, and had 
to be 42 ft. deep in the centre, to carry a double line of 
railway on the top platform, and a roadway on the lower 
platform. ‘The weight of each girder complete is 960 tons, 
while the span — 2600 tons, which is equal to 74 tons 

er lineal foot. e structure has a clear height above 

igh water of 85 ft., which is sufficient to allow large ships 
built further up the river to pass under safely. From the 
main pier on the Sunderland side of the Wear Bridge there 
is one side span of 220ft., carrying it to the abutment, from 
which a series of arches take it to the top of-the. bank. 
The long declivity on the north bank made two 220-ft. spans 
necessary, the fall on the south bank being sharper. The 
remainder of the length is made up with arches, of which 
there are sixteen al ther, with banking. The difficulty 
caused by the prohibition of any obstruction in the fair- 
way of the river was effectually dealt with by temporarily 
converting the main girders into cantilevers, and erecting 
the span by overhang from each pier. The land spans on 
both sides of the river having been completed, a start was 
made with the central span. Open-work towers, 70 ft. 


ed | high, were built on the end posts, and tied back with 


steel plates from the top of the towers. These, acting as 
cantilevers, supported the two halves of the span as they 
advanced from each’ side of the river. The ties were 
held by hydraulic-gear, which, as the two parts of the 
span came near meeting, exerted a force of 385 tons on 
each pair of ties. Eventually the closing lengths, to 
make the two halves of the bridge meet, were completed, 
and there was then a gap of only 1} in. to fill up. 
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NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 
MIDDLESBROUGH, Wednesday. 

The Cleveland Iron Trade.—The market is quiet and 
dull, with quotations for pig iron tending downwards. 
Under these circumstances it is not surprising to find 
most consumers postponing buying wherever they can do 
so. Shipments of pig iron for June promise to be better 
than was at one time anticipated. Up to date they 
average 4000 tons per working-day as compared with a 
daily average of 4400 tons to the same date last month, 
4600 tons for the corresponding part of June last year. 
The production of Cleveland pig iron is in excess of re- 
quirements, as is shown by the steady additions to the 
warrant stores, which this month average 660 tons 
per working-day, and the stock there promises to 
reach a quarter of a million tons before very long. 
The extent of makers’ stocks is not known, Pen § 
they are believed to hold a considerable quantity of both 
Cleveland and hematite. Of the latter, however, a good 
deal has been taken out of makers’ stores during the past 
three months, and stocks must be much below what they 
were in March last. Some business has been done this 
week at 49s. for No. 3 g.m.b. Cleveland pig iron delivered 
to the end of the year, which points to confidence in the 
future, seeing that the general market quotation to-day 
for prompt f.o.b. delivery is 48s. 3d. No. 1 is 50s. 9d. ; 
No. 4 foundry, 47s. 3d.; and No. 4 forge, 47s. East 
Coast hematite pig is on sale b th makers and mer- 
chants at 55s. for early delivery, but some of the former 
are inclined to ask rather more. The output is being 
reduced by the blowing-out of a furnace at the Thornaby 
Iron-Works of Messrs. Whitwell. The furnace is to be re- 
— so that it will not be in operation for at least six 
months, 


Manufactured Iron and Steel.—The various branches of 
the manufactured iron and steel industries t few 
new features of moment. New work is difficult to obtain, 
and some departments are ay very moderately em- 

loyed. One or two branches, however, are kept busy. 

il producers and sheet manufacturers are best situated, 
for not only have they contracts made which will keep 
them occupied for some time to come, but they report 
inquiries still coming to hand. Common iron bars are 
6l. 15s. ; best bars, 7/. 23. 6d.; best best bars, 7/. 10s.; 
packing iron, 5/. 5s.; iron ship-plates, 6/.; iron ship-angles, 
61. 15s.; iron ship-rivets, 7/. 3s. 9d. to 7/. 53.; steel bars, 
61.5s.; steel ship-plates, 5/. 15s. ; ——e my 5l. 7s. 6d. ; 
steel strip, 6/. 7s. 6d.; steel hoops, 6/. 10s.; and steel 
joists, 57. 15s.—all less the customary 24 per cent. dis- 
count. Cast-iron chairs are 3/. 10s.; cast-iron columns, 
61. 10s.; light iron rails, 62. 10s. ; a steel rails, 5/. 5s. ; 
and steel me ym sleepers, 6/. 10s.—all net cash at works. 
Iron or steel galvanised corrugated sheets, 24 gauge, in 
bundles, are 122. 10s. f.o.b.—less the usual 4 per cent. 


Foreign Ore.—There is little or nothing doing in foreign 
ore just now, and, in the absence of transactions, the fixing 
of quotations is rather difficult. The basis of values may 
be given at 16s. 3d. ex-ship Tees for Rubio of 50 per cent. 
quality. 

Coke Easier.—There is a very plentiful supply of coke, 
so that the rather large requirements for local consump- 
tion are very easily met, and quotations are easier. 
Average blast-furnace coke is now obtainable at 15s. 3d. 
delivered here. 








Tue Unirep States Navy.—The United States Navy 
Department is about to proceed with the construction of 
five torpedo-boat destroyers. Each of these destroyers is 
to have a trial displacement of 742 tons, and each is to 
steam at the rate of 30 knote. The lowest tender received 
for any one of the destroyers was that of the Newport 
News Shipbuilding and Dry Dock Company—629,000 dols. 
The Cramps tendered at 637,000 dols. 





Tue AgrtAL LEAGUE OF AUSTRALIA.—An aerial league 
has been formed in Sydney, whose object it is to watch 
the latest achievements in aerial engineering, to secure 
best recognition for Australian efforts in that direction, 
to awaken public attention to the grave danger in allow- 
ing foreign nations to excel in aerial navigation, and to 
join forces with the aerial } e of the British Empire in 
advocating that the Empire should secure the same supre- 
macy in aerial navigation as it has enjoyed in the com- 
mand of the sea. Information on the subject may be 
obtained from Major Charles Rosenthal, officer command- 
ing No. 5 Howitzer Battery, A:F.A., or from Mr. George 
A. Taylor (editor of Building), hon. secretaries pro tem., 
74, Pitt-street, Sydney. 





SPECIAL CoMMISSION OF THE BritisH Firk-PREVENTION 
CoMMITTEE TO GERMANY.—The ial Commission of 
the executive officers of the British Fire- Prevention 
Committee,, which visited Berlin and Hamburg, have 
returned to London. The Commission compri r. 

Mr. Ellis 


Edwin O. Sachs, F.R.S.Ed. (Chairman), 
Marsland (Honorary Secretary), Messrs. a Collins, 
J.P., and J. Herbert Dyer (members of the Executive), 


Mr. Horace Folker (Honorary Auditor), and Major 
Maitland Coffin, F.R.C.P., Serge | Medical Officer). 
The questions examined related chiefly to the construc- 
tion of large drapery stores, warehouses, theatres, schools, 
and hospitals, e Commission also viewed a number of 
petroleum stores and scenes of fires ; they had an oppor- 
tunity of inspecting a number of new fire-stations and of 
Witnessmg demonstrations with modern fire-appliances. 
The authorities having put all possible facilities at the 
disposal of the Commission, useful data were obtained 
which are to form the subject of an illustrated report to 
be issued by the British Fire-Prevention Committee. 





NOTES FROM THE SOUTH-WEST. 


Cardif.—The steam-coal trade has been disturbed by 
threatened labour difficulties and the undertone has been 
easier ; the best large has made 17s. 3d. to 17s. 9d. per 
ton, while secondary qualities have ranged from 15s. 6d. 
to 16s. 6d. per ton. The house-coal trade has shown 
scarcely any change, late rates having been supported. 
The best eompy A qualities have brought 14s. 6d. to 
15s. 6d. per ton ; No. 3 Rhondda large has made 17s, 9d. 
to 18s. per ton. Foundry coke has been quoted at 18s. to 
20s. 6d. per ton, and furnace ditto at 16s to 17s per ton. 
As regards iron ore, Rubio has made 15s. 9d. to 16s. per 
ton, u a basis of 50 per cent. of iron, and charges, 
iniedieg freight, insurance, &c., to Cardiff or Newport. 

Briton Ferry.—A_ company is being formed for the 
erection of sheet-mills and Ghanang peat at Briton 
Ferry. The site selected is near Baglan Bay, having a 
connection with the Great Western and Rhondda and 
Swansea Bay Railways, and in close proximity to the 
Neath River and Briton Ferry . Land is being 
taken upon which twelve mills can be placed. The new 
unde ing is to be known as the Whitford Steel Sheet 
and Galvanising Company, Limited. 


Dowlais.—The business outlook here has been affected 
by anxieties as to the future; the works are also 
suffering from a dispute at the Siemens furnaces, which 
have been inactive for about two months. The Big Mill 
only worked four days last week. has been a good 
output of steel sleepers and heavy steel rails. 


Coal for the German Navy.—An order for 18,000 tons 
of large steam-coal for the , en fleet during approach- 
ing manceuvres has been placed with the Westphalian 
Coal Syndicate. It is believed that, under normal con- 
ditions, the contract would have been secured by South 
Wales coal-owners. 


Swansea New Dock.—The Swansea Town Council and 
the consuls and vice-consuls of the ~port joined the 
Swansea Harbour Trustees in a visit of inspection to the 
new King’s Dock on Monday. The works, which have 
been executed by Messrs. a ae Jonas, and Railton, 
for the Trustees, are now rapidly approaching completion. 
There is about 20 ft. of water at present in the dock, the 
gates and walls are complete, and the remaining surface 
work is being expedited, so that the dock will ready 
for opening early in October. The approaches to the 
coal-hoists are the most important work new proceeding. 
One of the Midland Railway Company’s tips is well in 
hand ; and although those of the Great Western Railway 
Company have not been started, the company is under 
promise to complete them before the opening. The 
making of the breach in the harbour entrance was effected 
about ten days ago, and it is expected that in about six 
weeks the whole of the entrance will be ones up and 
the concrete barrier removed. Two hydraulic-power 
houses are practically complete, and two large transit- 
sheds will be finished by August 4. The southern > 
oe jetty has been run out 300 ft., and when the 

redging is complete it will be run out another 100 ft. 








Stern-WHEEL STeamMER “‘ AXHOLME.”—The stern-wheel 
steamer Axholme, built for Messrs. John Holt and Co. 
avecpoet), Limited, by Messrs. Cammell Laird and Co., 

ited, at their Tranmere Shipyard, Birkenhead, was 
delivered, on the 8th inst., in the River Mersey, board 
up for the voyage to the Niger. Her dimensions are: 
141 ft. by 25 ft. by 5 ft. 6 in.; she has a main and upper 
deck, the upper deck stringer and curtain is made extra 
strong, and supported and tied by tee-bars to form a gees 
girder. Her machinery consists of compound surface- 
condensing engines, having cylinders 15 in. and 30 in. in 
diameter by 42-in. stroke, supplied with steam by a boiler 
of the locomotive type. This boat is the first of her class 
built for the em gee service of the River Niger, and is 
oo intended for handling cargo of all kinds with 
espatch, being fitted with powerful winches for this 
purpose, as well as for hauling the vessel off banks when- 
ever she gets aground. She is considered one of the most 
efficient vessels built for the trade, and is being towed 
from Liverpool to the Niger by one of Messrs, John Holt 
and Co.’s ocean steamers, the s.s. Balmore. 





Tue Corprerk Market.—The report, dated June 16, 
issued by Messrs. James Lewis and Son, states that the 
speculation in Standard copper which prevailed last 
month has been more moderate during the tirst fortnight 
of June, the quantity changing hands being limited to 
about 20,000 tons, with the realisation of a portion of the 
previous purchases. The demand on the t of con- 
sumers been very limited, as they realise that with 
the enormous bull account now open in Standard copper 
—estimated at about 100,000 tons—the market is in a 
very precarious ition. Witk the prospect of dearer 
money later on, the task of carrying the already very la 
and rapidly-increasing stocks in this country and on the 
Continent may prove very onerous. From 60/. 5s. for 
cash on the 1st inst. Standard fell to 60/. next day, and 
su oe rose to 611. 17s. 6d. on the 7th—when yes 
62/. 17s. 6d. was paid for three months prompt. The 
decrease in the marketable stocks in the Dnited States 
proving less than was generally expected—5960 tons— 
active selling followed, and cash Standard steadily fell to 
591. 7s. 6d., and three months to 60/. 7s. 6d. on the 15th. 
On June 16 the closing values were 58/. 18s. 9d. and 
59/7. 16s. 3d. three mon English and French stocks 
showing an increase of 6432 tons. Very little business 
was reported in refined copper with consumers, electro- 
pyri being sold and delivered as ‘‘Standard” to specu- 

tors. 





MISCELLANEA. 


Tue Italian naval authorities, says the Bollettino 
Finanze, are very shortly to commence the construction 
at Venice of a dry dock, 195 metres (640 ft.) long, for a 
14 metres e ft.) depth. The cost is estimated to reach 
10 million lire (400,000/.). The canal of access is to be 
deepened, so as to enable the docking of the largest 
warships. 


We are informed by the Committee, Jacobistrasse 
3 and 5, Diisseldorf, that the International Co for 
Mining, Metallurgy, Applied Mechanics, and tical 
Geology, is to take place in that town towards the end of 
June of next year. The proceedings will last over one week, 
and the Committee have dy commenced the pre- 
paratory work. Visits are being planned to scientific 
and engineering installations, also excursions to centres 
which offer interest from the geological point of view. 
All communications and inquiries are to sent to the 
above address. 


H.M. Consul at Palermo reports the formation at Milan 
of a yee pe i for the manufacture, at Messina, of sulphuric 
acid from sulphur, and of citric and tartaric acids, cream 
of tartar, and other chemical products. The company, 
the name of which is to be ‘‘ Fabbrica Chimica Italiana 
Goldenberg,” is to have a capital of 40,000/., which may 
be increased to 80,000/. Works are to be erected very 
shortly. The Consul adds that a German chemical com- 
pany, which is interested in the scheme, is already a 
maker of citric acid ; it is, therefore, experienced in the 
manufacture, which is new to Sicily, but which has often 
been contemplated with a view to utilising the raw 
material on the spot. 


In the Rerue de Métallurgie Messrs. Schneider and Co. 
state that their first attempts at rolling manganese-steel 
rails were made in March, 1904; these rails were 7.5 kilo- 

mmes per metre (15 Ib. per yard), obtained by rolling 
orged billets. They rolled in the same conditions 18-kilo- 
gramme (36-lb.) rails in 1905. In August, 1906, in view 
of a supply. of manganese-steel rails to the Paris Metro- 
politan ilway, they made a trial at rolling 20.35-kilo- 
mme (40.7-lb.) rails direct from the cast ingot ; and, 
ollowing the experience they gained at the trial in ques- 
tion, they were able to roll direct from the ingot, at 
various periods from March to July, 1907, 60 tons of 
oy gape flange-rails weighing 52 kilogrammes 
we b. per yard) in 6 to 12-metre (19-ft. to 39-ft.) lengths. 
hese rails are now in service on the Paris Metropolitan 
lines. Messrs. Schneider claim to have been the first to 
succeed in the difficult process of rolling manganese-steel 
rails direct from the ingot. 








GENERAL TRADE Nores.—The burgh of Partick have 
laced an order with the Lancashire Dynamo and Motor 

mpany, Limited, Manchester, for a 1000 - kilowatt 
Belliss L.D.M. set, complete with condenser, cooling- 
tower, and the necessary pipework. 





A New Fvet ror Inrernat-Combustion Encines.—A 
new fuel, which is obtained from the distillation of coal- 
tar, is being introduced under the name of ‘‘ Homoil.” 
It is suitable for use, in conjunction with the Griinewald 
carburettor, for all ordinary petrol-engines, This carbu- 
rettor, which has been devdenat specially for use with 
the spirit, is, however, suitable for working with petrol 
when necessary, and may be fitted to existing engines 
without difficulty. The fuel is said to be 30 per cent. 
more efficient than petrol, bulk for bulk, and to be 
capable of manufacture for retailing at 64d. a gallon. The 
flash-point is lower than that of petrol. An engine fitted 
with the carburettor and running with the spirit may be 
started up from the cold state without any difficulty, and 
gives a very clean exhaust. The spirit is claimed as par- 
ticularly suitable for submarine work, and the fact that 
it will be manufactured in this country makes it of value 
for naval and military uses. The spirit is also claimed to 
have remarkable properties in reference to the skin-harden- 
ing of steel, and to be suitable for illuminating purposes. 





Motor ENGINEERS AND LIABILITY OF OWNER FOR 
Repairs.—The case of Thurlow v. Fritz, heard at 
Lambeth County Court on June 17, should be a warning 
to motor engineers'‘who do repairing work on the mere 
verbal order of the chauffeur, and afterwards look for 
yoy from the owner. The plaintiff's claim was 

. 10s. 7d. for repairs, of which 3/. 5s. was for an item 
done according to plaintiff's written estimate given to the 
defendant, and this was not dispu As to the rest, 
which was for repairs done by order of the chauffeur, with- 
out the owner’s knowledge, the defendant ref to be 
responsible, and the County Court Judge held he was not 
responsible, as the chauffeur had no authority thus to pl 
his master’s credit. The plaintiff apparently thought 
that at law the chauffeur, like the master of a ship, had the 
implied authority, when from home, to pledge his owner’s 

it for motor repairs. is, of course, is a mistake. 
A captain of a vessel, it is true, has, in cases of extreme 
and urgent necessity, an implied authority to pledge the 
owner’s credit for repairs, as when the ship is far out of 
reach of owners. A motor chauffeur is rarely, if ever, 
beyond reach of his master’s instructions, and therefore it 
would be highly dangerous for the law to ise the 
chauffeur’s orders for repairs as sufficient to einige the 
master’s credit, and engineers should note this case of 
Thurlow v. Fritz as clear  aronge Be “t* law as to the 
master’s position in regard to claims for any repairs 
ordered by the chauffeur, who is held to be alone respon- 
sible. To order repairs does not come within the 
of his employment, and it does not imply that the 
chauffeur is his master’s agent with an implied authority to 
act for the principal. 
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THE ARGENTINE GUNBOAT 


SIR W. G. ARMSTRONG, WHITWORTH, AND ©CO., LIMITED, 


CONSTRUCTED BY 


“ PARANO.” 


ELSWICK. 








eae aS 


Sr Wiiuiam G. Armstrone, WHITWORTH, AND Co., 
LimrrED, have now completed the two armoured gun- 
boats Parano and Rosario, for which orders were 
placed with them by the Argentine Government, and 
the trials have given results which are consistent with 
the efficiency invariably achieved by Elswick - built 
warships. ‘The two vessels have been constructed 
from the designs of Mr. J. R. Perrett, the chief naval 
architect of the firm, who, because of the firm’s close 
association with the fleets of the South American 
Republics, as well as those on the Continent and in the 
East, has had no difficulty in interpreting and com- 
plying with the special requirements of the Argentine 
tovernment on this occasion. The dimensions and 
other particulars of the two ships are as follow :— 


Length over all ... she of 250 ft. 
Length between perpendiculars 240 ,, 
Breadth, moulded ahs is 32 ft. 3 in. 
Mean draught _... pa phd 7-.6;, 
Displacement at this draught ... 1000 tons 
Thickness of armoured deck ... 1 in. 
Thickness of protection for guns ... 3 in, to2 in. 
Armament :— 

Two 6-in. howitzers ; 

Six :3-in. 50-calibre quick-firing guns ; 

Four 75-mm. 12-calibre landing guns ; 

Eight rifle-calibre machine-guns. 
Coal capacity at normal draught 120 tons 
Complement ne ‘ae os ... 150 officersand 

men 


The two vessels have been designed primarily for 
service on the Plate and other Argentine rivers, but 
their scantlings have been proportioned to enable them 
to sail the open seas in all weathers. A special fea- 
ture of the armament, it may be noted, is the adop- 
tion of a 6-in. howitzer, in order to give a high angle 
of elevation to meet certain conditions applicable to 
the defence of Argentina. The armament otherwise is 
also of exceptional power for vessels of only 1000 tons 
displacement, especially when the adequate protection 
afforded to all the guns, as well as to the vital parts 
of the ship, is considered. The offensive and defen- 
sive qualities, therefore, give the vessels a high degree 
of fighting efficiency, he Elswick firm have on 
previous occasions had to study the necessities of the 
wide range of temperatare exerienced in the Southern 
Republics, and the cumulative experience of many 
years has been carefully embocied in these twu vessels; 
this applies not only to the magazine and machinery 
compartments, but also to the quarters of the officers 
and men. The accommodation for the commander 
and executive and engineering officers is arranged 
abaft the machinery spaces under the poop, and also 
between the lowerand upperdecks. The petty officers 
are housed on the lower deck, rae ts theese of 
the machinery spaces ; and the crew is berthed in the 
forecastle on the main — Electricity has been 
largely applied throughout the ship, and the generating 
plant manufactured at the Elswick Works. 

The main i i has been manufac- 


propelling machinery 
tured by Messrs. Vickers Sons and Maxim, Limited, at 








their Naval Construction Works, Barrow-in-Furness, 
and here also the constructing firm have used the wide 
experience of many years to ensure not only reliability, 
but the highest measure of propulsive efficiency. The 
engines are of the triple-expansion type. 

‘he Parano was the first vessel to be subjected to 
trials. These consisted of a series of progressive speed 
runs over the Elswick measured mile on the Kast 
Coast at about 8, 10, 12, and 14 knots, the trials at 
each speed extending over three hours. The full-power 
trial was of six hours’ duration, and the speed attained 
was in excess of that required by the contract, which 
was 15 knots. 

As is almost invariably the case, the second vessel, 
by reason of the experience gained in the trials of the 
first, showed still better results, the Rosario, on her 
full-power trial over the measured mile, giving a mean 
speed of 154 knots, while during the succeeding six 
hours the average attained was 15} knots. On all the 
trials the coal consumption was taken, and in this 
respect also the results were better than those antici- 

ted 


Pall the auxiliary machinery was carefully tested, 
including the anchor and steering gear. The stopping, 
starting, and ae, trials were quite satisfactory. 
Captain Vicente de Montes and Lieutenant Bianchi 
were responsible for the earlier stages of the con- 
struction of the vessels, until the work was taken up 
by Captain G. E. Mulvany and Commander Page, 
representing His Excellency Admiral M. Domecq 
Garcia, the Chief of the Argentine Naval Commission 
in Europe. These two officers also represented His 
Excellency at the trials of both vessels, which were 
carried out in fine weather and in a calm to moderate 
sea. The usual opening-out examination of the 
machinery is now in p , and immediately on its 
completion the vessels will sail for Buenos Aires in the 
charge of the two officers named. 








CATALOGUES. 

A SHEET giving dimensions of steel chequered plates of 
ordinary diamond, Admiralty diamond, and oval patterns 
is to hand from the Consett: Iron Company, Limited, 
Consett, Co. Durham. 


We have received from Messrs. Lynwood and Co., 
12, Paternoster-row, E.C., a catalogue of books for 
motorists. The list comprises a number of books on 
motor-car mecuanism, as well as maps and road books of 
the British Isles and some places abroad. 

We have received from Messrs. Thomas Auty and Co., 
326, St. John-street, E.C., a small book illustrating ex- 
~— of work they have carried out in pattern and 
model-making, gear-cutting, &c. ; some special tools, such 
as die-sinking and engraving-machines, are also illustrated. 

We Jhave received from Messrs. H. and C. Grayson, 
Limited, 21, Water-street, oe a catalogue giving 

ices and particulars of paraffin and ar engines, 

ine and electric sets are listed with engines of the two 
or four-cycle type. 

A pocket catalogue of machine-tools has reached us 





from Messrs. H. W. Ward and Co., Limited, Lione!-street, 
Birmingham. Turret, capstan, and other lathes, four- 
spindle automatic machines, milling, grinding and boring- 
machines, and other tools are illustrated and described. 
Descriptive particulars of the Puech-Chabal system of 
filtration, including a reprint of the article which appeared 
on page 277 ante, have been received from Mr. Walter 
ane M.I. Mech. E., Kingsway House, Kingsway, 


Mr. H. Spannagel, Broad Street House, New Broad- 
street, E.C., has sent us a catalogue illustrating rolling- 
mill engines and plant, gas blowing and other large gas- 
engines recently completed by the Maschinenbau-Actien- 
gesellschaft, vorm. Gebriider Klein, Dahlbruch, Germany. 


From Ropeways, Limited, Eldon Street House, South- 
place, E.C., we have received a booklet which is weli 
printed and illustrated, describing in French aerial rope- 
ways on the Roe system. A number of installations 
carried out on this system, in which the buckets are sus- 
pended from an endless, moving cable, are illustrated. 


A pamphlet describing the Mirrlees-Diesel oil-engine is 
to hand from Messrs. Mirrlees, Bickerton, and Day, Li- 
mited, Hazel Grove, near Stockport. Attention is called 
to the special features of these engines, of which a number 
have been supplied to the Admiralty for electric lighting 
on warships, as well as for the propulsion of pinnaces, &c. 


A price-list of electric fans has been received from 
Messrs. Baxendale and Co., Miller Street Works, bir- 
mingham, table, porthole, exhaust, and ceiling fans being 
listed. In some of these fans the blades are on a separate 
shaft, driven by friction gear from the motor spindle, a 
particularly silent combination thus being obtained. 


We have received from Mr. H. K. Lewis, 136, Gower- 
street, W.C., particulars of his medical and scientific cir- 
culating library, together with a list of books recently 
added. By payment of an annual subscription books on 
engineering, electrical engineering, physics, chemistry, 
&c., can be obtained for any length of time. 

From the Electrical Company, Limited, 121 to 125, 
Charing Cross-road, W.C., we have received a descriptive 
price-list of the ‘‘Aegma” metallic-filament lamp. ‘lhese 
lamps are made in 16-candle-power units to burn direct on 
100 to 130 volt circuits, and their size and appearance are 
very similar to those of an ordinary carbon-filament lamp. 


A pamphlet describing the Whitfield suction and 
suction-pressure plants has been received from Messrs. 
Salmon, Whitfield, and Co., Victoria Works, Kettering. 
The suction - pressure plants have a steam-jet blower 
between’ thie producer and the scrubber, so that while the 
producer works at a pressure less than that of the atmo- 
sphere, the gas is delivered at a higher pressure. 








TUNNELLING THE YARE.—A contract has been let by 
the Great Yarmouth Water Works Company to Messrs. 
J. Cochrane and Sons, Victoria-street, Westminster, for 
the construction of a tunnel under the Yare to receive 
mains between Great Yarmouth and Gorleston, in place 
of existing pipes laid in the river bed. By this means all 
risk of interruption in the water service under the rive! 
will be prevented, while the increase in the size of the 
= which will be rendered practicable will improve the 
supply. 
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THE ORIENT. COMPANY'S. AUSTRALIAN 
' MATL-LENER ““QSTERLEY.”*. . . ° 


Tue third of the five vessels ordered by the Orient 
Steam' Navigation Company;-Lintited,-" for -the*‘rtew ; 
fleet whith-is-to conduct the new mail service from 
Australia,’ tinder ‘contract- with: the- Commonwealth 
Government, arrived inthe Thames’on Wednesday, the 
23rd-inst~ -Fhis vessel has been built’ by the London 
and Glasgow Engineering and. Fron-Shipbuilding Com* 
nany, who have .not‘formérly built for this line’; but! 
the managing director of the compdny, Mr J. W. 
Shepherd, was closely identified with many of the 
former Orient liners built by the Fairfield Company | 
when he was shipbuilding manager’ of that establish- | 
ment. Moreover, the resources of the London and' 
Glasgow Company have time and again proved their 
sufficiency in the case of even more important work, 
and the trials of the Osterley have once more proved 
the high place attained by this old-established ship- 
building company. : 





The Osterley closely resembles the Orsova (see 
page 715 ante) and the Otway (see page 745 ante)— 





Fig. 11. 


the two preceding ships built on the Clyde for the 
service—having a length over all of 552 ft., a breadth 
of 63 ft. 3in., and a depth to the shelter-deck of 46 ft. 


Tuk PROPELLING MACHINERY. 


The propelling machinery of the vessel is a notable 
feature, and drawings are reproduced on our two-page 
plate illustrative of the design of the quadruple-expan- 
sion engines, of which there are two sets, and of the 
double-ended and single-ended boilers, of which there 
are four and two respectively. 

As shown on Figs. 1 to 3, the four cylinders are 
arranged according to the Yarrow-Schlick-Tweedy 
system, and piston- valves are fitted to the high-pressure 
and first intermediate cylinders, and slide-valves to the 
others. The dimensions of the cylinders are :—High- 
pressure, 28? in. in diameter ; first intermediate pres- 
sure, 41 in. in diameter ; second intermediate pressure, 
58} in. in diameter ; low-pressure, 84 in. in diameter ; 
all having a stroke of 60 in. All the cylinders have 
separate liners and are steam-jacketed. All the work- 
ing parts are of forged steel; the crank-shaft, as shown 
in Fig. 1, is built up in two sections, the diameter of 
the shaft being 174 in. The thrust-blocks are of the 
horse-shoe type. The propellers have cast-steel boss 
and three manganese-bronze blades. 

In addition to the usual lubricating fittings, the 
engines are provided with a set of ‘‘Axiom ” lubricating 
gear having connections to the main bearings, crank- 
pins, cross-head, and guides. All the rods in the main 
engines and pumps are fitted with United States 
— packing. 

the main condensers, as shown, are independent, of 
cylindrical section, and are made of steel boiler-plate, 
with cast-iron water-ends. They are carried on 
brackets bolted to the back columns (Fig. 2). The 
circulating pumps, by Messrs. W. H. Allen, Son, and 
Co., Limited, are of large size, each being sufficient to 
supply all the circulating water for both sets of engines 
when they are running at their normal power. The 
pumps are connected so that either may be used on 
both main condensers. 

None of the pumps are worked off the main engines 
—all are independent. There are one pair of Weir's 


| air-pumps, for each set of main engines, two hot-well 


The apparatus consists of a circular casing having 


jumps, three main feed-pumps, and one direct-contact| ten or. twenty outlets, each outlet being connected to a 
eater—all supplied by Messrs. G. and J. “Weir, | closet or soil-pipe by a pipe 14 in, in diameter. Inside 
tro. 


Limited. The feed-filters, made by Messrs. Carruthers | of the casing is a con 
and Co., are fitted in the feed-suction system. © The} beatings, and having a single 
r this port comes opposite an outlet the flush takes place. 
to the heater only. The main} The water-turbine is placed in the connection to the 
m the heater, hot-well, or re-| supply-pipe from the main tank. The system of 


hot-well pumps draw from the main and resetve feed- 
tanks, and discha: 
feed-pumps draw 


ling cylinder revolving on ball 
rt, so that every time 


serve tanks, and discharge direct to the boilers; driving the cylinder is ingenious. The water flowing 


one of these pumps is also arranged to ‘dischar 

through the feed-heater if required: © Large air vessels 

are fitted to all the pumps. A ‘Ca 

—, is provided for supplying the’ boilers in port. 
e bi 

acting plunger-pumps, driven by a threé-throw crank- 


through thé turbine causes it to revolve, but as its 
speed would be too great for driving the controlling 
rruthers duplex | cylinder direct, the connection is by means of its 


spindle acting through a worm and worm-wheel re- 
lge-pumps include one set uf three-throw single- | ducing-gear, which gives the desired speed of rote- 
| tion.” ‘o’ ensute that each pipe connection has a suffi- 


shaft, to which an electric motor is conneeted by, cient duration of flush, the worm-wheel is attached 
worm-gearing, and a duplex pump of eg AH ratchet, and this gives an intermittent. action 
J. H. 


type. These pumps were supplied by Messrs. 
arruthers and Co. 





to the controlling cylinder and sufficient length 
of time for flushing each pipe. The apparatus is very 


The deck machinery, refrigerating engines, and | simple, and has no stuffing-boxes, an ingenious arrange- 
electric light and power engines are provided with a| ment carrying away all leakage to one of the soil- 


separate system of steam and exhaust-pipes, includin, 
an auxiliary surface -condenser, with air-pump anc 







































































circulating-pumps complete. The exhaust system is 
arranged so that the waste steam may be directed to 
the main condenser, the low-pressure valve-casings, 
the feed-heater, or to the atmosphere. The dynamos, 
of which there are four, were supplied by Messrs. 
W. H. Allen, Son, and Co., Limi They have a 
combined output of about 300 kilowatts. Weir's 
evaporators, two in number, each of 40 tons capacity, 
and a fresh-water distiller working in conjunction with 
the evaporators, are provided for supplying extra feed- 
water for the boilers and fresh water for use in the 
ship. 
Tue Sanrtary MACHINERY. 


The sanitary pumps are two in number, of Drysdale’s 
centifugal type, and are electrically driven. The 
general and 2 The yetwad are each capable of dis- 
charging 200 tons per hour; they, together with the 
fire-pump and two fresh-water pumps, are all of 
Carruthers’ duplex type. 

In connection with the sanitary arrangements an | 
interesting detail is fitted in this and the other ships | 
in the form of a patent automatic turbine water-closet 
flusher, which, because of its efficiency, we illustrate 
in detail on this page. It is manufactured by Messrs. 
Steven and Struthers, Kelvinhaugh, Glasgow, and is | 
applicable alike to steamships and works, and o> 
cially where seamen, stokers, and workers are 








careless in applying ordinary flushing arrangements. 








pipes. In the event of the supply-tank not being high 
enough to give head for driving the turbine, provision 
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is made so that a small electric motor can be attached, 
as shown in Fig. 11. 


Tue Borers, 


There are six boilers, two of which are single-ended, 
as illustrated by Figs. 4 to 6, and four double-ended, as 
illustrated by Figs. 7to 10. Each boiler is 16 ft. 6 in. 
in diameter. The single-ended boilers are 11 ft. 6 in. 
long, the double-ended are 20 ft. 2in. long. There 
are 40 furnaces, giving, on 5-ft. 6-in. bars, a grate area 
of 680 square feet, while the total heating surface is 
31,000 square feet. The details of the design are 
clearly shown and need not be described. The boilers 
are fitted with Howden’s system of forced draught. 
There are five fans, made by Messrs. Howden, and 
each is driven by a separate motor. 


Sream TRIALS. 


The steam trials were carried out with promptitude 
and with uniform success. On the 18th inst. the vessel 
carried out a series of progressive speed trials at about 
13, 15, 16, 17, and 18 knots, and at full speed. The 
results of these trials, which are very favourable, are 
set out in Table I., overleaf. It will be noted that at 
full speed the vessel, developing 13,790 horse-power at 
93.5 revolutions, attained a mean of 18.76 knots on the 


| two mile runs, which shows high efficiency. The result 
'y | anticipated by the contract was 174 knots. On the 


following day the vessel had to continue for 10 hours at 
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approximately this speed, and during this period four 
runs were made on the 13.66-nautical-mile course 
between the Cloch and the Cumbrae Lights. On this 
»wer maintained was 12,240 h.-p., and 
18.28 knots, as shown in Table II. It 
should be noted that these‘trials were carried out at 


trial the mean 
the mean s 


the mean service draught and displacement. 
Following upon the Cloch and Cumbrae trials, 


various trips were made further down the Firth of 
Clyde around Ailsa Craig, during which the power 


of the preceding trial was more than maintained, 


as shown in Table II. 


trial at service speed and at service draught. 


The vessel left the Clyde 
on the conclusion of these trials, and on the way round 


to London carried out the 24 hours’ coal-consumption 
A re- 


INDUSTRIAL NOTES. 


Tue report of the Labour Department of the Board 
of Trade on the general state of employment is based 
on the following extensive and varied authentic 
returns :—In addition to the 2884 employment returns 
from trade unions used for the chart, 3663 were 
received from employers relating to 1,108,114 work- 
people employed in coal and iron-mining, the cotton, 
woollen, worsted, and other textile trades, the building 
trades, the boot and shoe and other clothing trades, 
and the paper and glass trades. Besides these 6547 
Sasiniedl eetevan, a large number of returns of a non- 
statistical character were received from employers’ 
associations, trade unions, local correspondents, and 





TABLE I.—Procressive Speep TRIALS ON MEASURED MILE AT SKELMORLIE, JUNE 18, 1909. 











8th Run| 


| ’ 
No. of Run fist Run 2nd Run! 8rd Run | 4th Run 5th Run) 6th Run || 7th Run 9th Run 10th Run 11th Run 12th Run 
& Directior —Up. —Down.| —Up. —Down. —Up. |—Down. i] —Up. —Down.| —Up. |—Down. —Up. —Down. 
Port and star- bn | | 
po yd tt P. & (P| 8. Jee Se we P|; &) P18 PBR 8), PIS BRisniPB)@ P| 8. | P. 8. 
Steam seat | | | | 
t boilers } . 

pager: Ib.| 200 205 205 195) 200 205 200 205 200 205, 200) 205 | 190 180 200 205, 215 205, 215 215), 215, 215 215 215 
Vacuum in.| 27 | 24 | 27 | 25 | 27 | 25 | 263! 25 || 274) 27 | 28 | 28 || 28 | 28 | 28 | 28 || 28 | 274! 28 | 28 || 264 27 | 27 | 263 
Revolutions ../60.2| 61 | 61 62.2) 72 70.6/69.5, 70 77 | 77 78 | 78 |'82.8 83.6) 83 | S4 || 88 |88.8 87.4 88.4 /91.8 94.2 | 93 94.8 
Total 1. H.-P... 1744/2040 1745 1898) 2952 2640/2752 2687 3652 3555 3832 3651 14601 4580 4708/4917 5697|5350 5577 5691) 68666746 7027/6942 
Collective 
LHP. 3784 3643 5592 | 5439 7207 7483 9181 9625 11,047 11,268 13,612 13,969 
Mean LH.-P. L ' > con 
(two runs) .. 3713 6515.5 7345 9403 11,157 13,790 
Mean revolu-| ae : : : 
tions per min. 61.1 70.52 77.5 83.3 88.15 93.5 
Speed of ship) | = ae, =! es q 

knots) 12.99 | 13.04 15.12 14.81 16 16.29 16.82 17.65 17.57 18.56 18.27 19.25 
Mean speed) ar at 

knots} 13.01 | 14.96 16.4 17.23 18.06 j 18.76 


| 




















TABLE II.—174-Knov Triat, June 19, 1909. Runs BETWEEN THE CuUMBRAE AND CLOocH LIGHTS 
(13.66 Nautica, MILEs). 





Trip Round Ailsa Craig. Four Hours’ Run. 























ss moe Ist. 2nd. 3rd. 4th. 
Number and Direction / Cumbrae to Cloch to | Cumbrae to —_Cloch to 
of Run eo ws Cloch. Cumbrae. Cloch. Cumbrae. | 1st Hour. 2nd Hour. 3rd Hour. 4th Hour. 
Port and starboard en- | 
gines.. »é “eh. le 8. P. 8. P. 8. P. 8. P. 8. P. 8. P. 8. P. 8. 
Steam pressure at boilers | : 
Ib.) 215 215 215 | 215 212 215 210 215 | 215 215 215 216 215 215 215 215 
Vacuum in.| 26.6 | 26.75 27 | 27 27 | 26.75; 27 27 26 | 26.5 | 25.5 26 25 | 26.25 26° 26.25 
Revolutions .. 88.6 | 90.5 888 | 90.3 | 88.8 | 90.7 | 88.6 | 90.2 89.39 90.8 89.3 90.3 | 89.5 91.2 | 89.2 | 90.9 
Total L.H.P. ee . 6123 6105 6136 | 6051 | 6220 6068 6144 | 6114 6283 | 6098 6194 6126 | 6173 | 6192 6263 | 6171 
Collective LH.P. .| 12,228 12.187 12,288 | 12,258 | 12,381 12,820 12,365 12,434 
— > | _— - - sum 
Mean collective LH.P. .. 12,207 12,273 | __ 12,850.5 12,309.5 
12,240 12,375 
Speed of ship .. knots 18.3 18.2 18.59 | 
18. 25 mean 18.32 mean 








quirement of the contract was that at 164-knots speed 
the coal consumption should not exceed 1.4 lb. per 
indicated horse-power, and this condition was fulfilled 
as in the preceding ships. The results are tabulated :— 


Mean draught (as on service) 24 ft. 3 in. 
», displacement... a 15,300 tons 
», _ indicated horse-power 8640 I-H.-P. 
Speed (according to revolutions) ... 16} knots 
Coal consumption per indicated 
horse-power per hour... a 1.134 Ib. 
Distance steamed in 24 hours 390 miles 
Coal consumed in 24 hours 105 tons 


THE PASSENGER ACCOMMODATION. 

The accommodation for 274 first-class passengers, 
126 second-class, and 750 third-class and emigrants 
follows generally the same arrangements as in the two 
other Clyde ships, embodying the long experience of 
the managers of the Orient Line. A special feature is 
the number of single-berth rooms and the number of 
rooms with not more than two passengers in each. 
Out of a total of 150 first-class rooms there are only 
two with three berths, The decoration of the 
special state-rooms and the public saloons is a notable 
feature. In the suites tekko, harewood, oak, and 
light mahogany have been used with distinct success. 
The dining-saloon, which seats 150 passengers at small 
tables, is in Austrian wainscot oak, relieved with 
burnished gold. In the lounge a novelty has been 
introduced in a solid treillage in white and n, with 
delicate effect, and there is a decorative skylight fitted 
into the ceiling. ae the companion-way, 
which opens into the loung», is an oil-painting of a 
Venetian scene, and asa profusion of plants is provided 
for, the general result in this most oye of rooms will 
be highly successful. The library abaft the companion- 
way, on the same—the promenade—deck is in white, 
with blue and white plaques, relieved with gold. The 
smoking-room, aft on this deck, is in the Georgian 
style, walnut, with bands and mouldings of rosewood, 
giving a simple charm to walls, oe 


while in the centre there is a decorated glass dome. 








Coa. IN THE Urat.—The production of coal in the 
famous Russian region known as the Ural amounted last 
year to 771,371 tons, showing an increase of 72,581 tons 
upon the output for 1907. 


and furniture, | 


other sources. From these it appears that employ- 
ment was, on the whole, somewhat better. There was 
a seasonal decline in coal-mining, owing to the lessened 
demand for house-coal, and a seasonal improvement 
in the building, wood-working, and clothing trades. 
After allowing for the effect of the Whitsuntide holi- 
days, the percentage of unemployed in the engineering 
and shipbuilding trades remained about the same. 
Employment in the pig-iron, iron and steel, and tin- 
plate trades showed some improvement. In the cotton 
trade it continued moderate, but in the other textile 
trades it again improved. As compared with a year 
ago, there was a decline in the coal-mining, engineer- 
ing, and printing trades ; but most of the other in- 
dustries showed some improvement. 

The 416 trade unions making returns had a net 
membership of 699,779, of whom 55,473 (or 7.9 per 
cent.) were reported as unemployed, compared with 
8.2 per cent. a month ago and 7.4 per cent. a year ago. 





Employment in coal-mining was fair on the whole, 
but showed a decline as compared with both a month 
ago and a year ago. The average number of days 
worked per week was 5.07, as compared with 5.48 a 
year ago. 

In iron-mining employment continued fairly : 
and showed little change as compared with either a 
month ago or a year ago. The average number of 
days worked per week by the mines and ope 
included in the returns was 5.82, as compared with | 
5.74 a year ago. 

The pig-iron industry continued moderate. It was 
slightly better than a year ago. The dispute in| 
Lincolnshire affected employment in the month of | 


May. Returns relating to the works of 108 iron- | 
masters, employing nearly 22,000 workpeople, showed | 
289 furnaces in blast, as compared with 280 a month 


ago and 287 a year ago. 
Employment at iron and steel works showed a slight 
improvement as compared with a month ago, and was 
about the same as a year ago. The volume of employ- 
ment (i.e., number employed multiplied by the number 
of shifts worked) at the works from which returns | 
were received was 2.2 per cent. more than a month | 
ago and 0.4 per cent. less than a year ago. 
In tin-plate and steel-sheet manufacture employment | 








was very good. It was better than a month ago and 
a year ago. At the works covered by the returns, 
450 tin-plate and sheet-mills were working, as com- 
pared with 438 a month ago and a year ago. 

Employment continued slack in the engineering 
trades on the whole, and showed little general change 
as compared with a month ago. It was worse than a 
year ago. The percentage of trade-union member: 
unemployed was 12.5, as compared with 12.4 a month 
ago and 9.6 per cent. a year ago. 

The shipbuilding trades continued bad ; comparcd 
with a year ago they showed a slight improvement. 
Branches of trade unions with 58,529 members reported 
23.4 per cent. unemployed, as compared with 23.3 pei 
cent. a month ago and 26.1 per cent. a year ago. 





In the cotton trade employment continued moderate; 
as compared with a year ago, there was some improve- 
ment in the weaving branch. Short time and slack- 
ness were reported in the principal districts. Returns 
received from firms paying wages to 115,346 work- 
people showed a decrease of 0.3 per cent. in the 
amount of wages paid as compared with a month ago, 
and an increase of 2.3 per cent. as compared with a 
year. ago. 

Sets in the weollen trade was fair, and 
better thana month agoanda year ago. Returns from 
firms employing 29,077 workpeople showed an increase 
of 3.3 per cent. in the amount of wages paid compared 
witha month ago, and of 3.5 per cent. compared with a 
year ago. 

The worsted trade was good, and better than a 
month ago and a year ago. Returns from firms em- 
ploying 45,749 silipenate showed an increase of 2.7 
per cent. in the amount of wages paid compared with 
a month ago, and of 12.1 per cent. compared with a 
year ago. 

In the linen trade employment was fairly good on 
the whole, and better than a month ago. It was much 
better than a year ago. Returns from firms employ- 
ing 48,902 workpeople showed an increase of 2.6 per 
cent. in the amount of wages paid as compared with a 
month ago, and of 17.6 per cent. as compared with a 
year ago. 

Employment in the jute trade was fair, and rather 
better than a month ago, but not so good as a year 
ago. Returns from firms employing 17,956 workpeople 
showed an increase of 1.2 per cent. in the amount of 
wages paid as compared with a month ago, and a 
decrease of 2.7 per cent. as compared with a year ago. 

Employment in the hosiery trade was good, and 
better than a month ago; it was much better than a 
year ago. Returns from firms employing 18,563 work- 
people showed an increase of 2.5 per cent. in the 
amount of wages paid compared with a month ago, 
and of 10.1 per cent. compared with a year ago. 





In the boot and shoe trade generally employment 
continued fair, and showed little change compared 
with a year ago. Returns from firms employing 
65,590 workpeople showed an increase of 2.9 per cent. 
in the amount of wages paid compared with a month 
ago, and of 1 per cent. compared with a year ago. 

Employment in the other leather trades was mode- 
rate. It was better than both a month ago and a year 
ago. Trade unions with a membership of 3265 reported 
5.6 per cent. unemployed, as compared with 7 per cent. 
a month ago and 8 per cent. a year ago. 





The paper-making trades were fairly good. They 
showed a slight improvement compared with a month 
ago, and a decline (in the Northern Counties) com- 
pared with a year ago. 

In the printing and bookbinding trades employment 
was slack on the whole. It was slightly better than 
a month ago, but rather worse than a year ago. The 
percentage of trade-union members unemployed in the 
printing trades was 5.5, as compared with 5.7 a month 
ago and 5.2 a year ago. In the bookbinding trade the 
percentages were 9.3, 9.7, and 7.9 respectively. 





Employment continued slack in the building trades; 
it was tter, however, and showed little general 





n works | 


change compared with a year ago. 
Employment in the furnishing and woodworking 
trades was, on the whole, quiet. It continued good 


| with brush-makers, and was fairly good with coacli- 


makers. It showed a general improvement as com- 
pared with both a month ago and a year ago. Trade 
unions with a total membership of 34,727 reported 5.2 
per cent. of their members unemployed, as compared 
with 6.3 per cent. a month ago and 6.5 per cent. a year 


ago. 





In the glass trade employment was fair on the whole, 
and better than a month ago. It was about the same 
as a year ago. Returns from firms employing 8250 
workpeople showed an increase of 11.5 per cent. in the 
amount of wages paid as compared with a month ago, 
and of 2.3 per cent. as compared with a year ago. 

Employment in the pottery trade continued bad, 
and was worse than a year ago. In the brick and tile 
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trades it was moderate and rather better than a month 
ago and a year ago. 





Agricultural labourers were regularly employed 
on the whole, although some day labourers in certain 
districts lost a little time during the month. The 
supply of such men was in general about equal to the 
demand. 

-mployment of dock and riverside labour in London 
was fair generally, and better than a year ago; at the 
other principal ports it was moderate, and about the 
same as a month ago. ‘The average number of 
labourers employed daily at the docks and principal 
wharves in London was 13,083, an increase of 0.5 per 
cent. as compared with the previous month, and of 
5.2 per cent. as compared with the same month a year 


ago. 





The changes in rates of wages affected 16,800 work- 
people, of whom 2600 received advances, and 14,200 
sustained decreases. Amongst those whose wages were 
reduced. were 3650 deputies, enginemen, &c., in 
Northumberland, 5000 engineers in Oldham and dis- 
trict, and 1650 chain and fittings makers in South 
Staffs. The total computed effect of all the changes 
was a net decrease of over 1000/. per week. 

Twenty-six labour disputes began in the month, as 
compared with 24 in the previous month and 29 in the 
same month a year ago. The total number of work- 
people involved in disputes which began or were in 
progress was 11,670, or 2707 more than in the previous 
month, and 43,606 less than in the same month a 
year ago. 

The aggregate duration of all the disputes. of the 
month, new and old, amounted to 109,200 og 
days, or 2600 more than in the previous month, an 
1,081,800 less than in the same month a year ago. 





The Boilermakers and Iron-Shipbuilders’ Society 
is able to report, for the first time for months, ‘‘a 
substantial decrease of members on our funds, with 
a corresponding decrease of expenditure.” It adds: 
“Tt teae as if the silver lining was peeping from 
behind the dark clouds that have hung over us so long, 
and that we are on the eve of brighter days for our 
members.” The total on the unemployed list was 
10,181; previous month, 10,557—decrease, 376; on 
sick benefit, 1978—decrease, 6; on superannuation 
benefit, 2052—decrease, 18. Total on the funds, 14,211 ; 
previous month, 14,599. There was a net decrease of 
38 in membership by death and arrears ; but the new 
members admitted numbered 280. Some of the Liver- 

01 members quarrel with the National Agreement. 
They have formed a body called ‘‘ The Mersey District 
Aggregate Committee,” the object of which is to 
destroy the National Agreement. The executive 
call upon them to disband, as they are not acting 
according to rule. It is a repetition of the North-East 
Coast po icy, but the executive will have none of it. 
The National Agreement was well discussed last year, 
and the terms were settled after prolonged nego- 
tiations. It was a bold step to avert disputes by 
mutual consideration of matters in dispute, all the 
representatives being agreed that the conditions were 
fair and just. At the same time the executive state 
that they will welcome any fair criticism of the terms 
of the contract if presented by the branches in the 
usual way, through the proper channel. One ‘would 
think that the lessons of the past year would be 
sufficient to deter aggressive men from taking a step 
which would lead to further conflicts. 


The report of the Associated Iron-Moulders of Scot- 
land shows a little improvement in trade, but not much, 
as there is only a decrease of sixteen on the unemploy- 
ment list.. But this is better than an increase. There 
was a loss in membership of eleven—by arrears. The 
financial work of the union again shows a loss, but it only 
amounts to 1072/. 11s. 9d., bringing the balance down 
to 49,845/. lls. 7d. at the end of ae. The members 
are urged to see that the contributions are kept paid 
up when due. The report reminds them that the 
Society always had a good name for paying member- 
ship, = they are urged to keep that good name 
untainted. 





The Iron - Founders’ Society celebrates its one- 
hundredth anniversary on Saturday, the 26th inst. 
(to-morrow) at the Belle Vue Gardens, Manchester, 
and the executive have invited the Iron-Moulders 
to join in the celebration; the executive of the 
latter Society have accepted. The Iron-Founders’ 
Society was established on February 26, 1809, and has 
lad a continuous record ever since. At the date 
mentioned the Corresponding Societies Act and other 
\ets were in force, making all such societies illegal, 
ene Combination Laws were not repealed until 
S24-0, 

_ Another great railway company, the Great Western, 
has received the award of the arbitrator appointed 
under the Board of Trade Agreement by the Conciliation 





Board, or Boards, as regards the terms and conditions 
of employment, wages, overtime, hours of labour, and 
days of rest, &c., referred tohim. The award is a 
very lengthy one, and covers the whole ground in so 
far as the reference extended. It is not possible to 

ive more than a hint of the terms in the space at our 

isposal, but it appears that the leaders of the men 
and officials of the union think well of the award as a 
whole. The award appears to be based upon seven 
principal features, but the details are numerous. The 
wages of each grade are considered, also overtime, 
hours of duty, and hours of rest. The award is specific 
in this, that it will not alter or interfere with the 
general conditions of employment, except in so far as 
they come within the term of reference and the award. 
The question of the recognised holidays—Christmas 
Day and Good Frday—are dealt with and settled. 
The wages fixed appear to be in advance in most cases, 
for all grades. The terms are very definite and concise. 
There does not appear to be any loop-hole for dispute 
as to meaning in any case; but there may arise differ- 
ences as to interpretation—a thing not unusual in 
awards of all kinds. If this award is accepted fully 
and frankly by the parties aflected, another great step 
will have been taken towards putting an end to labour 
disputes—strikes and lock-outs. In the case of rail- 
ways this is most important, both as regards passenger 
and goods traffic. Our commercial trade depends to a 
vast extent upon the carrying powers of railways. 
Peace is essential for all those purposes, both in the 
interests of the companies and their shareholders and 
of the vast army of employés in all parts of the United 
Kingdom. 

The Standing Committee C completed and passed 
the Trade Boards Bill last week, and ordered it to be 
reported to the House. A new and important clause 
was added, proposed by the President of the Board of 
Trade—one which, he declared, was supported by the 
better class of employers as a protection against any 
evasion of the provisions of the measure. ‘The clause 
provides that the — who gives out work to a 
middleman at a price below what would permit the 
payment of the minimum wage shall be liable to a fine 
of 20/., leaving him the right to sue the middleman if 
he thinks fit. The measure now applies to four 
sweated trades—tailoring, paper-box making, machine- 
made lace and net finishing, and chain-making. Any 
extension to other branches of trade must be by Statu- 
tory Order, which must ‘‘lie on the table” for forty 
days before it can become operative, so as to allow 
time for objections, if any there be. This legislation 
is a new departure, and will be watched with jealous 
care. 





Matters do not look very hopeful for the South 
Wales coal trade, for the meeting of the Conciliation 
Board at Cardiff on Tuesday last was not satisfactory. 
The labour conditions contingent on the new Eight- 
Hours Act, which comes into force on July 1, were 
discussed by the masters and men, but no agreement 
whatever was come to, and the meeting was adjourned 
till to-day. It appears that the ‘‘ double-shift ” ques- 
tion is the chief cause of difficulty, as the owners re- 
fuse to recede from the position taken up by them 
with regard to it. They have also declined to agree to 
the proposal of the men that the sixty hours’ question 
be decided at a national conference of the Mining Asso- 
ciation and of the Miners’ Federation of Great Britain. 
The matter will therefore have to go before the Miners’ 
Federation for its decision. On the whole, things do 
not look promising, but it is hoped that an agreement 
may yet be arrived at. 





There was no indication in the iron and steel market 
at the end of last week to show any material improve- 
ment in the iron and steel trades, Buyers were shy, 
and producers were not inclined to make concessions 
even to tempt business. In best bars producers have 
not been doing badly, and in medium qualities there 
have been better inquiries, but in common iron there is 
little doing. Some people think that there will be no 
active revival until the early autumn, when a spurt is 
thought to be certain. 





The Labour Exchanges Bill was read a second time 
without a division. The debate was not prolonged, and 
there was no serious criticism adverse to the measure. 


Some people think that too much power is given to the | 


Board of Trade, but that department generally is 


careful not to exceed the rightful powers conferred, | 
There is a fear | 


nor to strain them in cases of doubt. 
among trade unionists that the labour bureaux might 
be made a nursery for the supply of non-union labour 
in case of a dispute. The President of the Board of 
Trade assurred the House that organised labour was 
safeguarded. If these exchanges can help the willing 
worker to find work, they will do good. If they can 
help the employer to find suitable workers such as he 
wants, they will also do The cost will be borne 


good. 
by the State, so that the officials will not be influenced 
by local fads or prejudices. 





| 





HIGH-TENSION STEELS.* 
By Percy Lonemurir, B. Met. (Sheffield), 

Tue modern high-speed engine has resulted in the 
introduction of various types of high-tension steels, so 
termed, in that high tensile properties are demanded by 
the builders, Objection to the term may arise from the 
fact that steels of high endurance rather than high tensile 
properties are uired. However, as the majority of 
steels are judged by tension tests, the term is here taken 
to include endurance as well—i.e., high resistance to the 
actual conditions of working which are not necessarily 
limited to tensile stresses. 

The ideal steel is one possessing good properties in its 
normal state, admitting of ready improvement by reason- 
able treatment, and capable of yielding regular results 
under ordinary commercial conditions a production and 
manipulation. In surveying the available field, attention 
is naturally directed first to nickel steels. Experience 
has shown that these steels have not realised the sanguine 
expectations entertained some years ago; still, in many 
directions they serve most useful purposes. The develop- 
ment of alloy steels into which nickel enters as a con- 
stituent has led to the introduction of nickel-chromium, 
nickel-vanadium, and chromium-vanadium steels, each 
type of steel possessing characteristic properties. 

Some two years ago a series of experiments was com- 
menced with a view to deciding the most serviceable type 
of steel for high-tension and endurance purposes. 18 
experimental work has been conducted m co-operation 
with Messrs. 8. Fox and Co., Limited, Sheffield, and the 
author’s heartiest thanks are tendered to this firm for the 
many facilities afforded and for permission to publish the 
results obtained. 

Nickel Stcels.—The seventh report to the Alloys Re- 
search Committee} gives the properties of a series of 
ascending nickel tauh. The commercial members of this 
series are included in the following table :— 




















Tasie I, 

z Tensile Tests. Torsion Test. 
& 
Az al-3 ii 7 ca 
* #50 ese me es SB 
oy je Re! ee , ° 

= Bending Test. (‘5 od $8. 8321-84 of 
3 Angle [As 2 a ez. acs sis Ser = 2% 
2 . ore irt: a as = ale 
es SSoeeSSe She 9nd bo ela® 
BE Seagak’ Ske tek ea clend 
nil 180 deg. unbroken) 21 38.19 | 25 | 51.738 4277 
1.20180 ,, o 23.93 40.938 21 42.80 5077 405 
2.15180 ,, ” 23.67; 41.52 | 24.5 51.83) 5600 | 621 
4.25180 ,, ie 29.16| 47.86 | 20 | 33.06! 5071 | 468 
4.95 30 ,, broken..| 33.95| 60.09 2 8.71 177 


= 


The steels are in a normal condition. These values are 
of interest in showing the effect of an ascending per- 
centage of nickel on tensile and torsional properties, the 
first steel containing no nickel and forming a base-line for 
comparison. Two features are worth careful notice :— 

1. Nickel steels do not give very exceptional properties 
in the untreated state. 

2. In a steel containing between 4.25 and 4.95 per cent. 
nickel, with carbon about 0.40 per per cent. and manganese 
from 0.8 to 1 per cent., a decisive change in properties 
occurs. Within these limits a brittle zone is entered. 

TABLE II.—2.95 per Cent. Nickel Steel. 


a | Blonga- Reduc- 





>. Maxi : 
No. Treatment. emery mum cm "| aoe 
* jon 2 In.| Cent. 
oe | | | | 
|tons per'tons per 
sq. in. | sq. in. | 
1 As received - .»|. 26.01 40.19 29 | 66.3 
2 |Air cooled from 800dg.C. 29.04 39.10 30 58.3 
3 ‘i Br a 27.50 | 39.20 | 30.5 55.9 
4 od +» 960 ,, 29.58 30.17 | 27.5 56.6 
5 |Quenched in oil from 760 | 
deg. C., tempered 435 | 
deg. és es --| 28.62 41.91 27 59.3 
6 'Quenched in oil from 
760 deg. C., tempered } 
530 deg. .. °° -- 31,90 43.76 | 27.5 67.2 
7 Quenched in oil from 
760 deg. C., tempered 
630deg... .. «..| 8243 43.07 | 28.5 59.1 
8 Quenched in oil from | 
760 deg. C©., tempered 
670deg... ..  .. BL4l aaa | 28 59.1 
9 Quenched in water from } 
780 deg. C., tempered 
420 deg... - --| 69.88 77.9 | 10 42.1 
10 |Quenched in water from 
780 deg. C., tempered | 
600 deg. . . oe . 80.89 55.91 17.5 57.9 
11 ‘(Quenchedin water from 
780 deg. C., tempered 
e's oe. «el SUOS | Cea | 6 54.1 
12 Quenched in water from 
920 deg. C., tempered j 
460 deg. .. pe -. 6158 60 12 10,6 26.6 
13 Quenched in water from | 
920 deg. C., tempered 
550 deg. . . > 60.61 63.84 19.5 51.1 
14 Quenched in water from 
920 deg. C., tempered 
5b0deg... .. .., 50,08 | 61.98 15 58.4 


| } 





This characteristic brittle zone, which appears to vary 
with the amount of carbon present, has been noted in 

* Paper taken as read before the Spring Meeting of the 
Iron and Steel Institute, May, 1909. 

+ Institution of Mechanical Engineers, Carpenter, 
Hadfield, and Longmuir. 





“866 


ENGINEERING 





(June 25, T909. 








most published investigations, but attention was first 
drawn to it by Sir Robert Hadfield in 1898* in an ex- 
haustive examination of alloys of iron and nickel low in 
carbon. 

Practice ises the necessity of treatment, and 
experience has poms the safe limits to which nickel may 
be added to a steel of givencarbon content. An ordinary 
commercial nickel steel, containing 2.95 per cent. of nickel 
and 0.20 per cent. of carbon, subjected to various forms 
of treatment, gave the results shown in Table IT. 

The air-cooled specimens show that, so far as a tempera- 
ture range of 800 deg. Cent. to 950 deg. Cent. is con- 
cerned, very little effect on tensile properties results. 
Nos, 5 to 8 show that a moderate oil-quenching tem- 
perature has also little or no effect on this particular 
steel, hence the effect of a rising temperature is lost. 
Water-quenching froin 780 deg. Cent. results in a con: 
siderable change, and the effect of a rising temperature is 
well evidenced. Nos. 12 to 14 are erratic, and whilst a 
difference of 90 deg. might possibly account for the differ- 
ence in elongation between Nos. 12 and 13, it cannot 
account for the difference in elastic limits. No. 14, in 
precisely the same condition as No. 13, gives a, lower 
elongation, and is therefore included by way of contrast: _ 

A second set of experiments are recorded in Table IIL., 
below, the steel in this case being comparable with the 
preceding sample—1.c., low carbon, 3 per cent. nickel com- 
mercial steel, 

TABLE III.—3 per Cent. Nickel Steel. 


Elonga- | Reduc- 











east, | Maxi- |: | 
Elastic tion per| tion of 
No. Treatment. Limit. | Sitveen, | Cent. |Areaper 
on 2 In. Cent. 
tons per|tons pe. 
| sq. in. | sq. in. 
"15 As received .. «| 292 | 3860] 235 | 548 
16 |Air-cooled from 800dg.C.| 24.5 | 34.32 | 30 | 57.2 
17 Heated to 1000 deg. C., 
oil - quenched at __1000 | 
deg. C., tempered at } 
| 490 deg. ee .+|. -B4 | 44.40 25 61.6 
18 Heated to 1000 deg. C., | 
oil- quenched at 1000 | 
. ©., tempered at } 
490deg... .. .-| 206 | 4252 | 26 63.2 
19 Heated to 1000 deg. C.,| | } 
| oil-quenched at 900) 
| deg. ©., tempered at) | 
| 490 deg. .. er ee et 44.20 | 22.5 64 
20 |Heated to 1000 deg. C.,| 
| oil- quenched at 750) 
deg. C., tempered at} | 
490 deg. .. ee --| 3 | @& | @ 63.2 
21 Heated to 800 deg. C., 
| oil-quenched at 800 
deg. C., tempered at 
490 deg... ..  ..| 284 | 4124 |- 28 64 
22 Heated to 1000 deg. C., 
oil - quenched at 1000 
deg. C., tempered at 
490 deg... ee --| 48.2 50.60 15.5 50 


\ | | 


With one exception a]l the elongations are good ; how- 
ever, the elastic limits are low except in the case of No. 22. 
From the two sets of experiments it is fairly reasonable 
to conclude that under normal oil-quenching conditions, 
average a of a low-carbon steel containing 3 per 

Cc. . 


cent. nickel would be of the following order :— 
Elastic Limit. Maximum Stress. ye ger od 
Tons per Square Tons per Square 
Inch. Inch. 
724 


Under exceptional conditions higher values may be ob- 
tained, but experience, teaches that -with~an-elongation 
greater than 20 per cent., yield-points exceeding 30 tons 
are not regularly obtained. _ ; ; 
If treated to give a high yield-point, a corresponding 
decrease in elongation follows. It is fairly obvious that 
a yield-point of 30 tons and an elongation of 24 cent. 
represents a most useful steel and one valuable for many 


urposes. , ‘ 
i Average high-tension requirements are of the following 
order :— 


Elastic limit 40 tons per sq. in. 
Maximum stress = mi 
Elongation 20 p.e. on 2 in. 


Greater values are sometimes specified, but the fore- 
going represent average and more rational requirements. 
Higher nickel steels are more successful in meeting two 
of these requirements, and a few results obtained from 
a 5 per cent. nickel steel of low carbon are included in 
Table IV. 

From an all-round point of view it is evident that this 
steel is in its best condition in the normalised state, as in 
No. 24. Elastic limit and maximum stress are high in 
the treated state, but elongationsare low. In this respect 
Nos. 28 and 29 are peculiar in the low elongation accom- 
panying the lower quenching temperatures. After 
treating the steels are readily machined, a remark also 
applicable to water-quenched samples. However, water- 
quenching in this case resulted in the development of 
cracks. 

It is possible that by special treatment higher elonga- 
tions may be obtained, but under ordinary conditions 
values of bo percent. are not easily attainable. Therefore 

’ the higher nickel steels, whilst valuable in certain direc- 
tions, are not — where high tensile strength asso- 
ciated with high elongation is required. 

Nickel - Chromium Steels.—Nickel steels stiffened by 
small amounts of chromium find various applications in 








* Proceedings of the Institution of Civil Engineers 
vol, oxxxviil. 


practice. “These steels readily admit of oil or water 
quenching, and, further, admit: of considerable stiffening 
ly -air-quenching. Some interesting results have been 

blished by Guillet, and the following values are taken 
rom his paper read before this Institute.* 


is TaBLe I'V.—5 per Cent. Nickel Steel. 
‘ emai me te ep a 














| _ |Elonga-| reduc. 
wia| '.° retest, | Haso| Max a P| oe o 
Limit. | Sevenn. | Area per 
" ‘ | 9In Cent. 
tons per|tons per | 
Siw err sq. in. | sq. im. | - 
23 Asreceived ..  ..| 47.6 | 56.96 | 13.5 | 20 
“24 | Air-cooled from .800 deg. | . 
| @ent— 2% --| 34.8 49.08 | -18 | 38 
.2h9 | Heated ta 1060 Cent. ,| ‘ ji et eg 
} Dp <my hed in oil at 1000) re ae 
leg. Cent., tempered at , ~~ 
- | 490deg.... 77. ..| 648 | 76.00/ 125 | 486 
26 Heatéd to1000 deg. Cent., | | 
ed uenched in monet : 
. Cent., tem at 4 
| ~- 400 deg. aoe mee a 68.4 70.92 | 10 37.6 
27 | Heated-46 te0ed g. Cent..,| } 
| 2.quenched. in=vil at 900) | | 
‘ , deg. Cent., tempered at | 
490 deg. ..¥. > « --| 66.8 70.08 12.5 45.2 + 
28 Heatdd if 1800. def Cent. ‘gig. 
-~ |%.quenehed-in“oilzat* 750! | ‘ 
» deg. Cént,,,temperedat)-- -- | + ~ 
490 deg, .. = --|Notde-} 8256 | %5 | 0.4 
29 | Heated 06 shodeg: Cent.,| tected | 
pe ge ome in at 800, | 
| eg. Cent., at, 
| 490deg... .. ..| 65.2 | 7840 3 2.5 
‘ ' 











Steel containing carbon from 0.25 to 0.45 per cent., 
nickel from 2.5 to 2.75 per cent., and chromium from 
0.275.to 0.60 per cent. gives :— 

















. | Elongation 
tes Elastic Maximum | 
Condition. | rent per Cent. 
| Limit. Stress, cn Sia. 
’ tns p. sq. in.|tns . 8q .in. 
Annealed 900 deg. C. and ve | rire 
slowly cooled... .. {22.5 to 31.75) 35 to 47.5 15 to 25 
Quenched °850 deg. C., re- | 
heated to 350 deg. 38 to 63.5 | 80.76 to 70 | 8 to 12 
Steel containing carbon 0.25 to 0.45 per cent., nickel 5 


to 6 per cent., and chromium 0.5 to 1 per cent. gives :— 





{ | | 
| 








| . ‘ Elongation 
ses Elastic Maximum 
Condition. | : per Cent. 
. | Limit. ‘Stress. 
. ata. alo ‘ on 2 In. 
j d ltns p.-8q. in. |tns p. sq. in. | 
Annealed 900 deg. C., and} } } . 
slowly cooled “ .-| 365 to 47.5 |41.75t055.25; 20 to 25 
Quenched in water, not). fe ot 
reheated 5... ..  ..|| 4.50 70 190.75 to 70.5| ~11 to 18 





_As an illustration of the high values obtainable from 
nickel-chromium steels, the following tests from commer- 
cial forgings are quoted. :— 

TABLE V.—WNickel-Chromium Steels. 

















| 
Elonga-| Red: 
a |: Maxi. |e ones] Seauc- 
No. se | Elastic | tion per] tion of 
Condition. Limit. | Stress Cent. on| Area per 
| | : | Se. Cent. 
tons peritons per 
sq. in. | sq. in. 
30 | Annealed .-| 23.8 |:448 25 50 
31 58.48 | 63.84 16 39.6 
32 | | Treated, i.e., quenched) | 59.63 | 66,23 16 38.6 
33 in water from 850 deg.| | 52.42 | 61.16 18 41.6 
34 Cent. to 900 deg. Cent.,| { 50.74 | . 64.28 19.5 47.2 
35 and tempe at 550 | 56.70 63.66 20. 43.4 
36 deg. Cent. || 55.08 | 61.88 21 45.4 
37 | (40 55 18 46 











Nos. 30 to 36 represent a steel containing 0.30 per cent. 
of carbon, 5 cent. of nickel, and 1 per cent. of chro- 
mium. No, 37 contains 0.40 per cent. of carbon, 3 per 
cent. of nickel, and 0.5 per cent. of chromium. 

The results show a considerable advance on simple 
nickel steel, and the characteristic features are high 
elastic limits and maximum stress, with fair elongation. 
Under ordinary conditions 20 per cent. elongation can 
rarely be exceeded when treated for high yield-point and 
maximum stress. Under these conditions the difficulty 
lies in approaching 20 per cent. elongation, and, as a rule, 
it is safer to take 15 per cent. as a normal average value. 

Treated nickel chromium steels are machinable, but not 
freely so, and greater difficulty is encountered than with 
treated nickel steel. 

Vanadium Steels.—The literature of vanadium steel is 
fairly rich, and during the last year or so many favourable 
articles have ap in various technical journals. The 
first definite results were obtained by Arnold, and privately 
published. Some of these results, quoted by Harbord,t 
show extremely high tensile values. 

Sankey and Kent Smitht have investigated the heat 
* “Steel Used for Motor-Car Construction in France,” 
Journal of the Iron and Steel Institute, 1905, No. 11, 


166. 
; “Metallurgy of Steel,” page 637. 
t ‘Heat Treatment Tre een with Chrome-Vana- 
dium Steels,” Institution of Mechanical Engineers, Decem- 








ber, 1904, page 1235. 


treatment-of chromium-vanadium steels, and their results 
are of considerable importance. Possibly. one of the most 
valuable features shown by-these investigators is the hig! 
resistance,of.the steel under dynamic tests: This featur: 


is well exemplified in the results’ obtainéd by Arnold's 
alternating stress test and Izod’s*pendulum impact test. 
In the treated state tensile values are’ not&bly*high; this,” 
in conjunction with high alternatitg ‘and impact values ‘ 
renders the steel of considerable value. By way-of illits> 
tration the following result from’Sankey and Kent Smith’. 
paper may be quoted :— : 2 io: 














3s | Bs SSS! Bales: 
| 21 sS So le? |selSz es 
| 3 | s& 23 es ES als o 
@ ‘lea -— ‘= 
No. Treatment. leul ue es) | ae fle 8 e 
95) <5 ogc lore eEElES - = 
> a Su S* 
ee) se? ip P<8 s&< qe S35. 
—— —EEE SS SS ee 
24 Oil-quenched at 900) | 
deg. Cent. ; reheated | | : -- tee 
to 600 deg, Cetit: ..]43.4) 53.6 | 22 | 566 134)| toss . 








These values are exceptionally good, and proyided similar 
results could be aaeet obtained in practice, the: steel 
would obviously approach the ideal. - 2 
~ Various t; of vanadium steel have been investigated 
from the point of (1) production and (2) treatment under’ 
commercial conditions. ‘The types included nickel-vana- 
dium “and, chfomium-vanadium, the latter series proving 
the best all-round steels as judged by ordinary commer. 
cialtstandardsx~ A triple chromium-nickel-vanadium steel 
would;under: certain conditions, prove of value in struc- 
—_ . i ; i 

w, preliminary experiments are embodied in 
Table VI. 




















‘TaBLE VI.—Chr Vanadium Steels. 
| oN | Maxi. |Elonga-| Redue- 
tic | tien per} tion of 
No.| Treatment. Limit. | ginain. Cent. |Area per 
} . ~ |on-2 In.| Cent. 
| tons per|tons per 
> 2 . In. | . in. 
3g | Air-cooled from 800 dg. ©.| ‘2.98 | ‘40.51 | 97.5 | 57.5 
39 |Quenched from 920 deg. C. | | 
in water, tempe’ at | | 
550 deg. .. bie of 08 | 66.22 | 145 | 48 
40 |Quenched from 900deg. C.| | | 
in water, tempered at) | 
| 550 deg. .. Ke .-|, 47.62 | 55.01 19.5 | 57 
41 'Quenched from 760deg. C.| | 
| in water, tempe at | | 
550 deg. .. oe | 40.51 52.09 27.5 57.9 
42 Quenched from 800deg. C. | 
| in oil, tempered at es | 
deg. ee we} 4892 | 52.99 | 20 48.4 
43 Quenched from 920deg. C. | j 
| in oil at 100 deg. C. (not | } 
rime we] --  “s.| 35.55 | 46.25 | 21 | 55.1 
44 Quen from 900deg.C. | | 
in oil at 100 deg. C. (not | | 
—— o. »| 33.37 44.53 22,5 56.3 
45 |Quenched from 760deg. C. | 
in oil’at 100 deg. C. (not | } 
tempered) “e - | 30.37- | 41.21 20.5 60.5 


| | 





The results recorded are obtained from an experimental 
steel containing only 0.40 per cent. of chromium and 
0.18 per cent. of vanadium. In view of the low per- 
centage of special eléments, the values are decidedly 

. Naturally a higher mtage of chromium gives 
tter values, and although the preliminary work led 
to the recognition of several typesof commercial chromium- 
vanadium steels, the type coming within the category of 
this paper contains 


Per Cent. 
Carbon ee .35 
Chromium 1 
Vanadium 0.20 


with sulphur and phosphorus, each below 0.035 per cent. 

The tests recorded in Table VII. are from two separate 
casts of open-hearth steel, produced under the ordinary 
conditions of practice, in Charges of 15 and 20 tons re- 
spectively. The object is to give tests from the billets 
and various sizes of bars from each cast. 


Tasite VII.—Chromium- Vanadium Steel Bars. 


| ‘a | 
| Elasti Maxi- | Elonga-| Reduc- 
| Elastic | mum |tion per| tion of 











No. Condition. Fawn Sees. | Cent. Area 
| Sq. in, (TODSper| on | per 
| | Sq. In, | 2In. | Cent. 

46 |Piece cut from cogged 

. Peer eer oe Se Ss 4 

47 |1-in. diameter rolled bar 46.04 | 57.13 34 | 51.1 

48 |1}-in. ie ia 39.58 5502 | 25.5 

49 |3-in. » hammered , | 

bar ; ae --| 38.58 48.92 20.5 
5O |4 in. ~ ” 37.06 50.90 | 25 
51 |Piece cut from cogged 
bill ss es] BAS] GOIO | 2&5 | 348 

52 |}4 in. diameter rolled bar 46.78 | 64.38 27 52.6 

53 |1 in. = ~ 41.34 | 52.42 | 28 55.8 

54 |2 in. a 40.08 | 51.08 | 22.5 | 434 

55 {23 in. » * 37.06 | 49.74 | 20.6 33.45 


| } 





Nos. 46 and 51, representing rough billets on which very 
little work has been -put, are very striking; No. 1/, 
giving an elongation Ya aad! cent. and an elastic liv:it 
of 46 tons per square , is especially noteworthy. 
Another length of ‘this bar, after bending parallel, was 
flattened ther in. the cold by blows from a 5-ton 
hammer without poe any sign of flaw. The 





elongation values of Table VII. ate of special interest 
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when compared with the values given under “Elastic 


Li Ncvteies tesa. Caeked Geenin and oxien high 











values, corresponding to those recorded in Table 7 a 
few typical results are givenin Table VIII. 
TaBLeE VIII.—Treated Chr Vanadiwm Steels. 
Elonga- | Reduc- 
: Maxi- | 
Elasti | | tion of 
No.| Test Cut.trom — | Tinie | mum "Cent Area 
| | lon 2 In.| Cent. 
oe |tons per tons per 
| race | 
56 |1 in. diameter bar ool 48 .68 17 
57 \Orank i os --| 56.44 | 64.78 15 
58 |Axle 61.34 | 67.82 | 17 | 336 
59 | Axle 63.12 22 “47.2 


56.16 | 





The steel represented in this table contained 0.32 per cent. 
of carbon, 1.10 per cent. of chromium, and 0.16 
of vanadium, and the treatment—water-quenching from 


‘4 deg. Cent., followed by moderate tempering—is de-: 


signed to give high yield-point and maximum stress. A 
number of tests from actual forgings treated as above 
give values between Nos. 56 and 59. This section of 
the work showed that a chromium-vanadium steel of the 
foregoing type will yield values quite equal to those of a 
5 per cent. nickel and 1 per cent. chromium steel. } 

he most noteworthy feature of chromium vanadium 
steel is its ‘‘endurance,” and the progress of the work has 
shown that with no special treatment exceptionally 
results are regularly obtained, as in Table VII. en 
treatment is desired, the most intricate forgings are 
readily and effectively dealt with by oo ay A 
quenching range of from 850 deg. to 900 deg. Cent. and 
a tempering range of from 500 deg. to 600 deg. Cent. yield 
exellent results. With this treatment resulting values 
exceed :— 

Elastic limit rs 

Maximum stress ” pm 

Elongation sé 20 per cent. on 2 in. 

Reduction of area we 45 per cent. 

In addition, excellent bending, torsion, impact and 
alternating values are obtained. It is not proposed to 
«quote a series of tests, but to take the following concrete 
case. Two cranks treated as shown in the tables were 
cut up into various test-pieces ; the values obtained there- 
fore represent the crank, and not test-pieces attachad to it. 


TaBLE [X.—Chromium-Vanadium-Steel Cranks. 


40 tons per sq. in. 
50 















































Tensile Tests. 
he Elonga-| Reduc- 
5 Maxi- |,; : 
Elastic tion per} tion of 
No. Treatment. Limit. | Strens Cent. on Area per 
| “| 2In. | Cent. 
agi '|tons per tons per 
8q. in. | sq. in. 
60 |Quenched from 800 deg.C.| 
| in water, tempered. 54: j 
| deg.C. .. i .-| 3884 | 40.08 | 21 | 49.6 
61 |Quenched from 800 deg. C. | : “ 
in water, tempe 545) | 
deg.C. .. o8 --| 39.36 49.44 21.5 52.4 
62 Quenched from.900 deg. C. | 
in oil, tempered 545 | 
deg. C. s+ .e ..| 49 56.52 21 56 
63 |Quenched from 900 deg. C. ’ 
| in oil, tempered 54: 4 
| ‘deg. C. ae ..| 44.56 56.40 | 23 56.8 
Torsion Tests. 
Calculated Final Twist. 
earing. |——____ 
No. Treatment. Maximum 
Stress. Angle No. of 
aie eS \. | 
jtns p. sq. in. | 
64 Quenched from 800 deg. O. in| 
water, tempered 545 deg. C.| 44.7 1174 | 3.26 
65 Quenched from 900 deg. C. in| | 
oil, tempered 545 deg. C. | S87 | 1186 | 3.21 
Hardness Determinations. 
. Rpg 
No. Treatment. Position. | H Brinell No. 
66 Quenched from hy \. in Outer surtace | 210 
_ | Water, tempered 545 deg. O. | } 
7 |Quenched from 800 deg. O. in| Cross-section, | 218 
water, tempered 545 deg. CO. internal 
68 Quenched from 900 deg. C. in}Outer surface, 246 
oil, tempered 645 tleg. C.  - 
69 |Quenched from 900 deg. C. in| Cross-section, 255 
| Oil, tempered 545 deg. C. internal | 
Analysis. 
Carbon. Manganese. Chromium. Vanadium. 
per cent. per cent. per cent. per cent. 
0.32 0.45 1.10 0.16 


_A higher water-quenching temperature would have 
given values of the order shown in Table VIII. : In 
reference to hardness, each value reported represents the 
average of six determinations taken along the surface and 
across the section. In each case bending test-bars bend 
through an angle of 180 deg. and may be afterwards ham- 
mered as without producing fracture. A compari- 
son of t ile, torsional, and hardness values of 
—_ IX. is of considerable interest to crank-manufac- 

urers. 


per cent. | 





Asa contrast to the foregoing some tests from nickel 















































cranks are included in Table X. 
TaBLe X.—Nickel-Steel Cranks. 
Tensile Tests. 
Maximum Elongation per| Reduction of 
Hie. Mickel. . Stress. Cent. on 2 hn. Area. 
per cent, ~ |tons per sq. in. per cent. 

JOA 3.22 Treo" 27.4 46.7 
71B 3.42 31.80 37.9 52.4 

Torsion Tests. 

; Maximum Final Twist, 
No. Nickel. | Stress. | Angle. 
| per cent. tons per sq. iri. deg. 

72A 3.22 10.3 493 
73B 3.42 8.6 540 

Bending Tests 

| 
No. | Nickel. | Test-Bar } ne | Wy 
per cent. sq. in per cent. deg. 

74A 3.22 | 1 20 7 
75B 3.42 | 1 14.9 90 











The two cranks represented in the above tests are of 
typical commercial nickel steel, and on the whole give 
very satisfactory tensile tests ; however, the torsion tests 
are anything but good. The working life of these cranks 
is in the case of A a mileage of 41, and in the case of 


B a mileage of 39,523 on a British railway. It will be 
noted ‘that these figures are considerably below those 
usual with ordinary wrought-iron cranks. 


A comparison of Tables IX. and X. shows distinctly 
in favour of chromium-vanadium steel as judged by tensile 
and torsion tests. Experience gained during the progress 
of this work clearly shows that for all-round properties 
chromium-vanadium steel is excellent. Whilst individual 
tests always give good results, it is the combination of pro- 
perties which denotes the special virtues of this steel. 

Sankey and Kent Smith, in the paper meg | quoted, 
have shown the high values obtained from chromium- 
vanadium steels in the Arnold alternating stress test and 
in the Izod pendulum impact test. In the present work 
test-pieces cut from commercial forgings have given Izod 
impact values of from .9 to 15 foot-pounds. Rotati 
alternating stress tests have also om ae results, an 
extremely high values have been obtained from the Stead 
alternate bending test. 

A series of comparatively rough tests have been made ; 
for example, treated axles 14 in. in diameter, giving yield- 
points of 45 tons pa Eg inch and elongations of 20 
per cent. or over, will bend parallel, and then hammer 








close without developing flaws. This test is severe, and 
has to be effected by blows from a 5-ton mer, and 
after each blow the resilience of the steel is shown in a 
perceptible return of the axle. Fig. 1 shows another type 
of test of a finished hollow crank. —_ . 

e was gri at one end under a 5-ton 
hammer, a bar adn ay free end and attached to a 
steam-crane. Difficulty was met in C= age any per- 
manent ws for example, after lifti e free end 
of the crank about 6 in., releasing the li — moment 
resulted in a return to the original position, Finally, the 
bend shown was obtained, and the point of fracture in 
which most of the stresses were first felt is indicated. It 


should be 

from the top billet of an 
visible pire. In other words, the crank was made from 
steel which in the ordinary course is cropped and ~* ey 
Tests of this kind give the author considerable faith in 
treated chromium-vanadium steel. With suitable mani- 
pulation more picturesque results are obtained, but Fig. 1 
1s given as an example of a rough and severe test. 

e tests recorded in the foregoing are all from com- 
moral S ataeia, and no abn values a" fice: The 
object been to up typical. tests igh-tension 
steels, and saturally uty a portion of the ground covered 
can be dealt with in a short paper. 

_The work done shows that nickel steels do not give the 
high values cy alge nickel chromium or a 
vanadium. two t exceptionally good 
typeset high-tension steels, but for all-round peers 
chromium vanadium gives the. best results. t the 


| moment vanadium is attracting much attention, but the 


crank was forged 
ingot, and -contained a very | the 


is that of applicability as a structural steel. The resul 
amply confirm previous work in this direction, and go to 
show that a remarkable range of properties,may be ob- 
tained by suitable manipulation in conjunction with a 
m percentage of chromium. The value of the steel 
as a material in the case of high-speed engines 
is evident. 


only point from which it has been considered in this paper 
ts 





IMPROVEMENT OF NewcasTLE Harsour, New Sovutnu 
Watss.—The Australasian Hardware and Machinery of 
April 1 states that the New South Wales Public Works 
Committee has opened an inquiry into the proposal to 
extend the northern breakwater at the entrance to the 
harbour. The breakwater has been carried out for a dis- 
tance of 3330 ft., and this has shifted the sand bar out to 
sea to such an extent that, with dredging, the depth of 
water on the bar is now 21} ft. to’224 ft, at low water 
of spring tides. The committee is now considering the 
advisability of carrying the breakwater 1170 ft. beyond its 
present point. The cost of the work, which would take 
seven or eight years to complete, is estimated at 102,500/. 
The committee is also entering upon the consideration of 
a scheme for the improvement of the berthing and loading 
facilities in the harbour. The plan of the work has been 
drawn up by the Public Works Department; the first 
section, which includes the enlargement of the present 
basin, would provide additional wharfage accommodation 
of a length of 4600 ft. It has been decided to adopt a 
concrete construction for the wharves. The full scheme 
provides for two basins with an additional wharfage front 
of not less than 18,345 ft. The total cost of the work is 
estimated at 421, 500/. 





Free-Tests WITH AN ARMOURED Door.—Red-Book 
No. 139 of the British Fire-Prevention Committee deals 
with a test recently made on an armoured door con- 
structed by the Curfew Armoured Fire-Door Company, 
Limited, Manchester. The door was of the sliding 
type, made of four thicknesses of deal. and covered ex- 
ternally with tinned-steel plate. The object of the test 
was to ascertain the effect of a fire of 24 hours’ duration 
at a temperature gradually increasing to aboyt 1800 deg. 
Fahr., followed by the application of water for two 
minutes on the fire side. The opening for the door 
was approximately 7 ft. 6 in. high by 7 ft. wide, in a wall 
14 in. in thickness. The door overlapped the opening at 
the top 4 in., and at the sides 34 in., while the bottom 
rested on a cement sill, raised about 1 in. above the floor of 
the testing-house. The door itself was 3? in. thick, and 
the layers of boards composing it were placed alternately 
parallel to and vertical with the sides. The tinned-steel 
sheeting covering the door was-No. 20 standard wire 
gauge in thickness, and had welted joints secured to the 
boarding-with 2-in. screws, which were not visible from 
the outside, as they were covered with the joint. The 
door did not stand the test so well as the makers had hoped. 
In 43 minutes from the time the fire was lighted flame 
began to appear between the door and the brick jamb on 
one side, and gradually increased until in 128 minutes 
flame came down each side as far as the second horizontal 
joint, and also along the top. The door was away from 
the brick jamb at the top in 50 minutes after applying the 
heat, and in 145 minutes it had shrunk away as much as 
16in. In 148 minutes from the commencement of the 
test the door-had fallen inwards and rested on the fire-brick 
stacks within the hut, and the internal woodwork of the 
door was consumed. The door did not obtain ‘‘ Full Pro- 
tection ” classification. 





Harsour IMPROVEMENT AT TSURUGA AND Kusurno, 
Japan.—H.M. Commercial Attaché at Yokohama (Mr. 
E. F. Crowe) has forwarded the following particulars :— 
In the scheme for the improvement of the harbour at 
Tsuruga, the size of the Japanese and foreign vessels 
which at present call at the port (3000 tons) has been taken 
as a basis. The Kanagasaki breakwater is to be lengthened 
by 200 yards; this will allow of future extension. The 
area enclosed by this breakwater is 53 acres. The har- 
bour, which has a uniform depth of 12 ft., will be dredged 
to a depth of 24 ft. at low tide, The main portion of the 
breakwater will be constructed of blocks of concrete, the 
foundation being of large and small stones, and the outside 
of heavy blocks. The total cost of the work will beabout 
82,000/., which will be paid within four years out of national 
funds. The work in connection with the improvement of 
the harbour of Kushiro is to be divided into two parts. 
The work included in the second part will be-carried out 
in accordance with future requirements; for the present 
only that included in the first part will be carried out— 
viz.:—1l. A breakwater will be constructed, with a total 
length of 4150 ft., starting from the cliffs to the west of 
the Kushiro lighthouse, and enclosing a harbour with an 
area of ‘over 368 acres, A further prolongation of 1500 ft. 
will give an area of over 506 acres. e construction of 
breakwater ~ will -be divided into three sections: 
1450 ft., 1000 ft., and 1700 ft. in length. 2. Diversion of 
the River Akan and construction of an em mt at 
the mouth of theriver. 3. A groyne is to be constructed in 
a south- westerly direction from the right bank of the mouth 
of the Kushiro. This will havea length of 1930 ft., and will 
enclose the harbour, thus preventing the sand from being 
carried into it. 4. The harbour will be divided into two 
sections. The first section will be d to a — of 
26 ft. at low water, and the second to a depth of 12 ft. 
The former will serve as a main harbour, with an area of 
55 acres, and will provide anchorage for vessels; the 
latter, with an area of 43 acres, will allow of the naviga- 
tion of ey me small or . The hg 
necessary for the carrying out of this work wi 
erected near the beginning of the breakwater. The esti- 





mated cost will be about 486,000/., spread over twelve 
years. 
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ELECTRICAL APPARATUS. 


7886. Nalder Brothers and Thompson, Limited, 
H. W. Handcock and A. H. Dy London. Electric- 
Meter Systems, (1 Fig.) April 9, 1908.—This invention relates 
to electric-meter systems, in which it is intended that a predeter- 
mined load should not be exceeded, and that a new mode of charg- 
ing for the supply shall be employed, in which the consumer shall 
contract to pay a fixed rent for the maximum supply of current 
which he is, under such contract, entitled to » an rf plus a 
variable amount dependent upon the actual number of units 
charged by a meter in the ordinary way, the latter part of the 
charge being, for instance, at a ‘‘ flat” or uniform rate. With this 
method of charging it is important to combine with the flat-rate 
meter means whereby the consumer will be warned when the limit 
of his proper maximum demand (which may be termed his ‘‘ con- 
tract demand”) is reached, and to this end the indicators or limit 
devices should be such as serve for dimming the lights when the 
contract demand is exceeded. A and B are a pair of mains, and 
C, C are lamps, the consumption of current in which is to be mea- 
sured and controlled. There are seven lamps, and the consumer 
will have agreed not to used more than, say, four at a time, in con- 
sideration of being charged at a favourable scale on his actual 
consumption. The apparatus forming the meter system comprises 
a magnet a, around which the main current flows. This magnet 





piston-chamber, as has previously been Y aig. in cases in which 
the accelerator is operated directly by the stem of the main piston 
of the triple valve. The accelerator comprises a casing 1 connected 
to the triple-valve casing 14, and containing a reservoir 3, a 
piston 4, and a slide-valve 5, the valve-chamber being in open 
communication with the triple-valve piston-chamber 15, which 
communicates with the train-pipe by means of the 7. e 
| slide-valve 5 is arranged to open and close two ports leading to 
the atmosphere, being provided with a cavity, by means of which 
connection can be made between port 8 and a passage 11 leading 
to the reservoir 3. When the train-pipe is charged with air 
under pressure, the piston 4 will be moved to the position shown, 
thereby closing ports 11 and 9, and permitting air under pressure 
to pass to the reservoir 3 through leakage grooves in the piston 4 


and passage 12. The reservoir will therefore be charged up to the 
same pressure as the train-pipe. When the ordinary small reduc- 
tions of pressure are made in the train-pipe for service applications 
of the brakes, no movement of the piston 4 occurs by reason of the 
gradual escape of air from the reservoir through the — 
grooves. When, however, a great reduction of pressure is made 
in the train-pipe, the air cannot escape from the reservoir 3 through 
the leakage grooves rapidly enough to prevent a higher pressure 
existing on the reservoir side of the piston 4 than upon the other 
side. The piston therefore moves, closing the leakage grooves, 
and causing the slide-valve 5 to open the port 9, thus producing 
a sudden local reduction of pressure in the train-pipe. The cavity 
in the slide-valve also connects the passages 11 and 8, thus venting 
the reservoir to the atinosphere. (Accepted April 7, 1909.) 


16,676. H. E. G Salford. Vacuum-Brakes. 
{2 Figs.} August 7, 1908.—This invention relates to vacuum-brake 
apparatus for railway vehicles. The brake cylinder a is provided 
with two ports b and c, leading respectively to the upper and 
lower sides of the brake piston d when the latter is in its Inopera- 
tive position, as shown. The piston packing ring ¢ prevents com- 





munication between the two sides of the piston. The ports b, c 


| communicate with one another by means of a conduit f, external 


| 








{7896)_ 





has an armature ) carried by a spring-blade c, on which acts an 
adjusting-screw d. On the armature-carrier c is a contact-piece 
adapted to press upon a terminal /, thus forming a shunt across a 
resistance g. In combination with the magnet, the contacts, and 
the resistance g, is provided a meter h, which measures the total 
current or energy passing, irrespective of whether the same be 
below or above the contract limit. The action is as follows :—So 
long as only the proper number of lamps is being used, the normal 
current flows through the meter and through the contactse, f. If, 
however, the current used by the consumer is more than the éon- 
tract limit, the magnet a becomes strong enough to attract its 
armature, the screw d having been so adjusted that it permits the 
blade cto yield under such circumstances. In this way the cur- 
rent is weakened owing to the whole of it having to pass through 
the resistance. The lamps will quently b di d, and 
the consumer will be warned that he is exceeding the limit. The 
weakening of the current would have the effect of reducing the 
strength of the magnet, but if the parts are so arranged that the 
armature is drawn right up into contact with the magnet, the 
latter will still be strong enough to hold it in that position. Hence 
the lamps will remain dim until the consumer reduces the number 
of lamps, whereupon the magnet weakens sufficiently to allow the 
contacts to re-close, so re-establishing a shunt path for the current 
and restoring the normal cenditions. (Accepted April 15, 1909.) 








RAILWAYS AND TRAMWAYS. 


7496, . W. Cloud, London. Fluid-Pressure 
Brakes. (2 Figs.) April 4, 1908.—This invention relates to 
automatic fluid-pressure brake apparatus for railway vehicles. 
The object of the invention is to combine an accelerator for 
locally venting the train-pipe when a sudden reduction in pres- 
sure is made therein with a triple valve, and to accomplish this 
the accelerator is so constructed that it can be attached to the 


to the cylinder, which is provided with a non-return valve g, so 
arranged that when an exhaust action is applied to the lower side 
of the brake cylinder through the train-pipe i and conduit n, the 
valve g is drawn from its seat, and allows the upper side of the 
cylinder also to be placed under such action. But when air is 
admitted to the lower side of the cylinder for the application of the 
brakes, the valve g closes, and prevents such air obtaining access to 
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the upper side of same until the piston packing ring e by its move- 
ment passes over the upper set of ports b, and renders the non- 
return valve g inoperative. In , however, of adopting the 
present practice, with this type of brake apparatus, of arranging 
a valve upon the upper end of the brake cylinder a, which has to be 
opened, and held open (when it is desired to release the brakes of a 
coach detached from an engine) until the brakes are released, and 
then returns automatically to its seat, a diaphragm valve h is em- 
jaw pre which controls communication between the train-pipe i 
and the passage j leading to the upper end of the brake cylinder a, 
one side of the diaphragm k being ex to the atmosphere, and 
the other side to the pressure within the train-pipe i. Whena 
coach is detached from an engine, and the train-pipe i contains air 
at atmospheric pressure, the diaph isin equilibrium. To release 
the brakes of such a carriage, the diaphragm valve is forced off its 
seat, and the upper end of the brake cylinder a so put into com- 
munication with the train-pipe i, The diaphragm valve / will 





triple valve in place of the usual cap for closing the triple-valve 


THE-END OF THE 


automatically return to its seat when a vacuum is created in the 
train-pipe i, due to the difference of pressure upon the two sides 
of the diaphragm k. (Accepted April 7, 1909.) 


STEAM ENGINES, BOILERS, EVAPORATORS, &c. 


Pollit and Wigzell, Limited, and E. E. 

Pollit, Sowerby e. Valve Gear. [3 Figs.) Octo- 
ber 28, 1908.—This invention has reference to trip-gear for actuat- 
ing piston drop-valves, and has for its object the construction of 
a trip-gear of great durability, actuated by the governor, wherein 

| the pawl for releasing the piston drop-valve is fitted with a steel 
| die arranged for angular contact. The working of the gear is as 
| follows :—The eccentric rod G of an engine is adjusted for length 
| and attached to two plates F, F, in between which there is a pawl 
C fitted with a steel die N which just engages by angular contact 
| with a steel die M on an L-shaped lever A when at the end of its 
| inward stroke. On the outward stroke of the eccentric rod, the 
| pawl being engaged with the |_-shaped lever, and the latter with 
a crosshead B, lifts the valve and opens the port for the admission 


Fig.1. F Fig. 


c 
M 
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| of steam, and, at the same time, compresses a spring in a dash- 
| pot. The (_-shaped lever continues its stroke until the pawl C 
| comes in contact with a cam E which is connected to the governor, 
| thus disengaging the dies earlier or later as the governor rises or 
| falls, and then the compression on the spring-in the dashpot im- 
mediately returns the valve to its normal position, thereby cutting 

off the steam, to suit the varying load or pressure, and regulating 

the speed of the engine. The advantage of constructing trip or 
qpereting gear in connection with piston drop-valves in the manner 
| described ensures great durability, due in the first instance to the 
| regular contact of the dies preventing the danger of snipping 

where the dies are too hard, or a rapid wearing if too soft, and in 

the second instance on account of there being no overhanging in 
| the working parts; all the strains are kept equal. (Accepted 
| April 7, 1909.) 
| 13,195. A. 

Limited, Coven 


Rotherham and Templer and Ranoe, 
Stop-Valves. (3 Figs.) June 2, 
1908.—This invention relates to combined, aut tic, isolating, 
and hand stop-valves of the type in which a cushioning device is 
used to effect a silent closure of the valve. The upper end of the 
valve spindle a is screw-threaded, and fitted with a hand-wheel 
for operation in the ordinary way. The lower end of-the spindle 
within the valve-casing is adapted to engage with a tubular 
socket projecting from the movable valve member g, and pro- 
vision is made for lost motion between the socket and the lower 
end of the spindle. When the valve spindle @ is unscrewed, its 
lower end will be partially withdrawn from the socket on the 
valve fi which will thereupon open by the pressure of the steam 
behind it. The outlet opening for the valve is j and the inlet & 
It will be understood that such a form of valve may, upon an 








| 
| 


| 


emergency, act in the usual way as an isolating valve—that is to 
| say, when there is back pressure upon the valve q its tubular 
| socket will move relatively to the valve spindle, and the valve g 
will be brought to rest upon its seat. Such a closure of the valve 
would be somewhat violent, and to obviate this defect, it is a 
| part of the present invention to provide a special arrangement 
| of shock-preventing device to co-operate with the valve. To this 
| end the tubular socket upon the valve g is slotted or otherwise 
| formed to engage with one arm n of a bell-crank lever n, 0, the 
other arm o of which extends without the casing, and engages 
with the end of a piston-rod s sliding within a dashpot cylinder. 
| When the valveg is closed automatically owing to any derange- 
ment or bursting of a pipe or tube on the inlet side of the valve, 
| the back pressure thus set up will cause the valve to shut silently 
| and slowly, so that its seat may not be hammered to destruction. 
(Accepted April 15, 1909.) 
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LIMITED, 
Rocuester, Kent, 
and 72, Cannon Street, Lonpon. 


STEAM BOLLERS. ROAD LOCOMOTIVES. 
STEAM OULTIVATING MACHINERY. 
OEMENT- MAKING MACHINERY. 


A. (J. {urtord L4- 


CULVER STREET WORKS, COLCHESTER. 
On ADMIRALTY AND Wak OFrFice Lists. 
ENGINES for Torpedo Boats, Yachts, Launches. 
BOILER FEED PUMPS. 

See Illustrated Advertisement, page 56. 

PATENT WATER-TUBE BOILERS, 
AUTOMATIC FEED REGULATORS, 


And Auxiliary Machinery as supplied to the 
miralty. 2179 


James Russell & Sons, Ltd., 


Crown Tuss Works, WEDNESBURY. 
IRON and STEEL ‘TUBES, and Fittings for same. 
STEAM MAINS. COCKS and VALV 
TRAMWAY and-TELEGRAPH POLES, “We., &e. 
WAREHOUSES : 

Lonpon - -. = 108, Southwark Street, SE. 

MANCHESTER - 33, Kin Street West. 

BIRMINGHAM: - 114, Colmore Row. 

LEEDS 6, Mark Lane, Briggate. 


Johnson & Phillips, Ltd., 


TELEGRAPH, ‘ELECTRIOAL,.and GENERAL 
ENGINEERS. and CABLE MAKERS. 

Works, Charlton, Kent. 

Makers of Machinery, &c., for complete equipments 

of Cable * and Vessels. —Electric™ Light 

Apparatus of all-kinds. Arc Lamps. Electric Trans- 

mission of Power Plant, “Cables and Wirés. , 9758 


. Tel: : 
Steam Launches. . . jt vitus 
Wartiine Works, 
idward Hay €S, sToNy STRATFORD. 
SMALL TUGS and LAUNCHES in IRON and 
STEEL. Machinery constructed for boats built abroad. 
Simple or Compound, . London. Office : 9, Bridge St., 
Westminster, S.W. See Illustrated Advt. each month, 
174 


(rig & Donald, Litd., Machine 
TOOL MAKERS, Jeumeem, near Glasgow. 

For class of Machine Tools see our Dlustrated 

ady ertisement every alternate week. 9915 

]{¢cathman’s Telescopic Scaf- 

FOLD TRESTLES, to reach high ceilings, 

ad ustable various heights ‘and fold up Rae) 5! for 


Storage.—Prices from “HEATHMAN’S FACTORY, 
Parsons Green, London; 8. W. 772 


Prank Locomotives. 
Specification and Workmanship equal to 
ain Line Locomotives. 
R. & W. HAWTHORN, LESLIE & ©O., Lr>., 
ENGINEERS, NEWCASTLE-ON-TYNE. 9660 








9919 





14, Union Court, E.C; 

















( ‘as Engine and Suction Plant 
~ TROUB ES.—Inspections, T Reports. 
&. J. DAVIS, A.MLL + ae 7 Ey Great Eastern >. 
ratto 
"Phone : 1850, East. rele oT Rapidising, London.” 


RAILWAY CARRIAGES, TRAMWAY OARS, &e. 


Ht, Nelson & Co. [4-| reas 


Tum Guascow Rowume Srook amp PLaNr Works, 
MorTHERWBLL. 3383 


Filler, Horsey, Sons & Cassell, 


Auctioneers’ Valuers and Surveyors of 
and MANUFACTORI PLANT and 
WHARVES and W. OUSES.—Gentlemen 
Manufactories, Wharves, Ware! Waterside or 

. Sites, or. rty of any 


are invited to! Meneratler Horsey, 
ticulars ot practically all the “teal aI Broparties frat 
are in the mark ot, Sol aun ont oe betes class Pro- 
perties which a = "exclusivély fs their hands. 1834 


(Sranes. —Electric, Steam, 


HYDRAULIC and HAND 











of all. types and sizes. 
GEORGE RUSSELL & 0oo., Lrp., 
Motherwell, near Glasgow. 





Telegrams—“‘ Oylinders,” Birmi 
Weldless- -Steel Tu bes 
for Water-Tube Boilers, 8 a 
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OHINERY, 
seeking 





arrow & OCo., Ltd., 


SHIPBUILDERS AND eee. 
GLASGOW (formerly of Por.ar, Lonpon.) 
SPEEDS UP TO 40 yn AN —_— 

PADDLE OR SOREW 8ST 


Exceptional Shallow I Draught. 


valiees PROPELLED BY STEAM 
Turbines or 


| Internal Combustion Engines. 


(Sochran 


ai a Bowers. 
page 7 
‘Vper ¢ & Co., Ltd., 


ROAD oman, Ponsaseun 
GOLD MEDAL for Oil Engines for Launches, Yachts 


Od 3551 
Send for Lists. 


Od 8759 





MULTITUBULAR AND 
OROSS-TUBE TYPES. 





and Barges, using Paraffi: 
See Illus. Advt. p. 85, ‘March 15, 1907. 
Forrest & Co., Ltd., sal — sr 


nd 22, Bruurrsr § EO 
SHIP, YACHT, LAUNOH has BOAT BUILDERS 
and ENGINEERS. See Illus. Advt. last week, p. 25. 


Steam Yao—Siaacp es, Tugs, 


SIMPSON,. STRICKLAND & — Ltp., 
Dartmouth.’ 








9737 
[thompson . 


Boiters: 


ALL TYPES. 





9749 


Wolverhampton, 


(ranes! (ranes! (yranes! 


Brtters Brothers & Co., 
GLASGOW. 
Makers of all kinds of Steam, Electric, and Hand 
Power Cranes. 
Catalogues and Prices on application. 9722 
See Illustrated Advertisement page 67, June 18. 


© , 
irth’s 
Please refer to last week's Advt. page 3?. 


Steel. 


ocomotives in Stock:— 


KERR, STUART & OO., Lrp., have in stock 
or in an advan state of progress at their 
California Works, Stoke-on-Trent, a large number of 
LOCOMOTIVES, with cylinders from 5 in, to 16 in. 
diameter (inclusive), for all es from 18 in. to 
4 ft. pF tas 5 ~ Bl KERR, ART & OO., Lep., 
1, Broad Street E.O. 6520 


Sal- -Ammoniac, Prussiate of 
eoeaem, < OXIDE "gui and CHEMICALS 
EMIOAL 





9337 








for Industrial iries solicited. 


» Lap., Derby. 8845 


SHARON © 
J. 8. Cock, 


N ots orw ay 
ties for oo Machine 


lies, 
TONDENOE Eoin ad, Bngioeer Supple FIRMS with a “4 to 
representing them in Norway. 9548 


€0'S pyre Pactmatio ASH Hector. 
Great saving of labour. No noise. No dust. Ne 
dirt. Ashes dincharged 20 ft. clear of vessel.—Apply 
F. J. TREWENT & Naval Architects and 
Surveyors, 48, Billiter Bldgs., ‘Bliliter St, London, E.0. 


e Edwards Air Pump 


SYNDICATE, Lrp., 
8, Crown Court, Oud Broap Streer, 











N, 


C. 9646 
For Illustrations see page 92 in our issue of June 18. 


Bellast Wagons for Sale or 


(RE. 
HURST, NELSON & CO., Lap, 
MorTHERWELL, 





9888 





team Hammers (with or 
without ). Hand-worked or self-acting 
TOOLS for 8 BUILDERS & BOILERMAKERS. 


DAVIS & PRIMROSE, LEITH, N.B.- 9747 


Mellowes & (°. [*4 


PATENT PUTTYLESS 


“Eclipse” Roof Glazing 


for Skylights in Roofs of all description. 


Heap Orricz & Works: SHEFFIELD. 9739 
LONDON Orrices: 28, Victoria Street, 8.W. 


arrow's Patent 


‘Wiater-Tube Boilers. 


Ssz ILLUSTRATED ADVERTISEMENT arrsarine 
ON Page 47, AND BVERY FOURTH WERK. 


Glasgow (porian "LoNDoN.) 





A nge Iron and Steel. 
Edwin Lewis & Sons, *™ 
143 eaten oneec. Wolverhampton. 
David Rollo and Sons, 
ew & Shipbuilders, 
Liverpool. 





9437 
Tat Pa 
_ igre and Loyd, L*- 


, OSWALD 8T., GLASGOW; 
NiLE 8T., BIRMINGHAM ; and 
LONDON OFFIOE— 
OLD Broap STREET, E.O, 


Wincuester Hovs 
WAR 157, Urr. THames8r., B.0, 





- oore Sr., 10, CoLzsHiL. Sr. 
-- See Advertisement page 28. 


(Sombined A ir pep. 
- Condenser and Delivery Box (Benn’s Patent). 


Sole Makers : 8. 8S. STOTT & OCO., Has.ineprn, 
See Illustrated Advt. last week. 9962 


Mpezine ‘and Hydraulic Ma- 
CHINERY (under British and Foreign Govern- 
ments, Lloyd’s, Board of Trade, &c.)}—VAUXHALL anp 
WEST HYDRAUL IO ENG. OO,, Ltp. Works: Laon, 
Beds, City Office: 45, Leaden|vall Street, London, E.O 


R. Heber Radford, Son «Squire, 


ENGINRERING, IRON AND Stee. Works 
Established) Valuers, {over 40 years. 


ConsvttTine ENGINgERS, REFEREES AND ARBITRATORS. 
(Senior Partner».R. Hgeser RAprorD, Mem. Inst. -Me- 
chanical Engineers, Mem. Inst. Naval Architects, Mem. 
Iron and Steel Institute, Fellow Chartered Institute 
of Patent Agents.) 0475 

Sr. James Row, SHEFFIBLD. - 
Telegrams : Radford, Sheffield.” Telephone : 425, 


| oconmiotive . Tank Engines 
eWARDLE AND OO 
MANNING, DLE AND CONT ARTY, 1 Lamrrae. 
Engine Works,-Leeds. hb 2487 
See their Illustrated Advertisement page 85. 


New Meine Exgines and 
Boilers Fo Sele. 
COMPOUND SURFACE CONDENSING ENGINES: 


One 6 in. and 10 in. dia. by 6 in. stroke. 
Two 7 in. and 14 in. dia. by 9in. stroke, 
One 8 in. and 16 in. dia. by 10 in. stroke. 
One 11 in. and 22 in. dia. by 16 in. stroke. 


5748 








1 
RETURN TUB 9567 


5 ft. 6 in. long. 
7 ft. 0 in. long. 
8 ft. 6 


Ea A lox. Wiieon, Engineer, 


8, LOMBARD COURT, LONDON, E.O. 


40, KING STREET, COVENT GARDEN, w.o, 


omas Kell & Son, Litho- 


graphers, &., execute every description of 
Lit Chromo - Lithography, Engraving and 
Printing ; Engi Architectural and Pictorial 
Drawing in best manner. Paper Drawing, Photo-litho- 
graphy, &c.—40, King St., CoventGarden, W.C. 0d 38462 


['aylor & (Shallen, L 
Presses for Sheet Mets). 


- See Advert..page 17 last week. 

















Schram’s Air ~ Compressors 


and ROOK-BORING MA‘ 
SCHRAM, HARKER & OO., Cannon Strect House, 
London,.E.0. 
See Advertisement page 20. 9669 


Gteam Cranes,’ Excavators, 
Concrete Mixers, Steam Winches & [yERPOOL) 


J. H. WILSON & CO., Lrv, (SaNDHILAA, Patan, 
New Works & Offices ; Dock Roap, BIR uEAD. 
See large Advertisement last week, page 22 


achine Tools. 


GEO. RICHARDS & OO., Lrp., 
BROADHEATH, nr. MANCHESTER. 
See Illustrated Advt. last week. 


18 ss Wrightson & (0. 


LIMITED, 











9130 
Bee Ad Advertisement last, week page 78. 


Matthew Paul: & Co. 4. 


LevENFoRD Works, Dumbarton. 
See Full Page-Advt, page 50, Jiine 11. 


Chantiers Augustin Normand, Ld., 
67, Rue du Perrey, Le Havre(France). DESTROYERS, 
TORPEDO BOATS, YAC and, FAST. BOATS. 
MACHINERY and STEEL WORK of all kinds. 


NORMAND’S PATENT WATER-TUBE BOILERS. 
realised. 


Moré than 700,000 HP. 
“DIESEL” OIL ENGINE. All er required 
Fecliwater Heaters. 
Apparatus, we 


9987 


for Marine and Land Santee. 
Distilling and Feed Make-u 
Ejectors. 


Traps. 


Gimpeon, Qtrickland& (Yo. <u” 


DaRTMOUTH, ENGLAND. | 9787 
YACHTS, LAUNCHES, HIGH-SPEED MAOHINERY. 


Rubber 


- Hose 








MANUFACTURERS 


Suction 
and Fire 


Tus GUTTA PEROHA & RUBBER MFG, OO, 
or Toronto, LimirEp, ; 


Toronto Canada. 


E* cellent Quiet Offices 


WITH 
GOOD NATURAL LIGHT 
IN THE BEST PART OF 
WESTMINSTER. 


9872 





MODERN CONVENIENCES, — 


FROM £18 PER ROOM. 


EXPRESS LIFTS, 


SUITES OR SINGLE ROOMS. 


Full particulars from :— 9890 
F. J. RONALD, 72, Vicronta Srazer, 8.W.; or of 
Messrs. TROLLOPE é& BONS, 5, Victoria Srauer, 8.W. 


B. * S. Massey, ESTER. 


team ammers, 
D" ammers, 


S Gere 
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anchester Steam Users’ 


ASSOCIATION. 
FOR THE PREVENTION OF BOILER 
° EXPLOSIONS. 


, Mount Street, MANCHESTER. 
eer: O. E. STROMEYER, M.LC.E. 
Founded 1854 by Sir W, Fatrparrn. 9822 
Certificates of Safety issued under the Factory and 
Workshops Act, 1901. Gosnpensation for Damages and 
Liabilities paid in case of Explosions. Engines and 
Boilers designed and inspected during construction. 


| ‘he Junior Institution of 

ENGINEERS’ GUSTAVE CANET LECTURE, 

on ‘The Engineering of Ordnance,” will be DE- 

LIVERED by Lieut. A. TREVOR DAWSON, R.N., 

Hon. Member, at Eight p.m., on WEDNESDAY, 30th 

JUNE, at the Fishmongers’ Hall, London Bridge, the 

President, Mr. James Swinsuang, F.R.S., in the Chair. 
Visitors’ Tickets can be obtained of— 

WALTER T. DUNN, Secretary, 
89, Victoria Street, Westminster, 
London, 8.W. 8 694 


9 
Chist En 





‘and AMICE— 


Sc 

B. Highest grade COACHING by J. H. Reeves, 

M.A. (Oantab.), A.I.E.E.; T. B. Stewart, B.A., B.E. 

Dub.) ; E. G. Voss, Inter. B.Se. (Hons. Lond.); H. E. 
1s0N, A.M.I. Mech, E. — Apply, PRINOIPAL, 

Guweaat Enainegrine Ooiiece, 2, Penywern Road, 

8.W. Tel. : 915, Western. 9771 


M.LC.E. and Stud. L.C.E. 


A *EXAMS. Correspondence Coaching by practical 
civil engineers ; courses for any period, fees moderate 
only seven non-successes at last nine exams. ; special 
features for foreign candidates ; send for booklet, &.— 
Address, 8 376, Offices of ENGINEERING. 8 376 


A Memb. and Stud. Inst. C.E. 


EXAMS., Oct., 1909 ; also for B.Sc., P.W.D., 

India, &c., with all Mech. and Elec. Eng. taught in 
5 or 8 months’ courses by it. — Write, Prof. 
JAMIESON, M. Inst. O.£., &., Kelvinside, Glasgow, 


with stamp. Facilities for those abroad. 9918 
1 Pi : 

[=5t. C.E. and all Engineering 
Examinations.—Mr. G. P. KNOWLES, A.M.I1.0.E., 
F.8.1., &c., PREPARES OANDIDATES personally or 
by correspondence. Hundreds of successes. Courses 
for the next M. Inst. O.E. examinations are about to 
commence.—89, Victoria St., Westminster,8.W. Tel. 
No. 1402, Victoria. 8790 


ppointments.—I ntelligent 
men, over 21, not satisfied with their present 
progpects, who want permanent positions, salaries 
£100 to £300 a year, should write for particulars of 
a pea to INSPECTOR of WEIGHTS 
MEASURES, Oakham, Rutland. 








and 
J13 


THE SOUTH INDIAN. RAILWAY OOMPANY, 
LimirED, is‘ prepared to receive 
f I Yenders for the Supply 
of ROLLING STOCK, comprising :— 
94 CARRIAGE UNDERFRAMES with TES and 
VACUUM BRAKE complete. 
Specifications and Forms of Tender may b2 obtained 
e¢ Company's Offices. , 
nders, addressed to the Chairman and Directors 
of the South Indian Railway Company, Limited, 
marked ‘‘Tender for Rolling Stock,” must be left with 
the undersigned not later than Twelve o’clock Noon 
of Tuesday, the Sth July, 1909. 

The Company is not boynd to accept the lowest or 
any Tender. 

A charge, which will not be returned, will be made 
of £1 for each copy of the Specification. 

Copies of the Drawings may be obtained at the 
Office of Rosert Wuirs, Eq , M.LC.E., Consulting 
Engineer to the Company, 3, Victoria Street, West- 
minster, London, on pa: — of 5s. per sheet. 

sy er, 


V. E. de BRO, 
Company’s Offices, Secre' 
91, York Street, Westminster, London, 
25th June, 1909. 


tary. 
8 743 





THE METROPOLITAN WATER BOARD invite 


f ] Yenders for the Manufacture 

and EREOTION of a PAIR of VERTICAL 
BUCKET and PLUNGER PUMPS, Alterations to the 
Existing Engine and the Provision of New Buckets 
and Working Barrels, and Alterations to Valves and 
Pump Rods of the existiog Deep Well Pump and all 
Contingent Works at Ponders End Well, in the Parish 
of Enfield, Middlesex. 

The Drawings, Conditions of Contract and Specifi- 
cation may inspected at the Eastern District 
Engineer's Office of the Metropolitan Water Board, 
Lea Bridge Road, Olapton, N.E., on and after Monday, 
5th July, 1909. 

Contractors desirous of Tendering may obtain Forms 
of Tender, Conditions of Contract, Specification, &c., 
from the District Engineer on the production of an 
Official receipt for the sum of £10, which sum must 
be deposi with the Accountant at Savoy Court, 
Strand, W.C., and will be returned upon the receipt 
of a bona fide Tender, together with the above docu- 
ments. Such payments and applications must be 
made between the hours of Ten and Four (except on 
Thursdays and Saturdays). 

Tenders, enclosed in sealed envelopes, addressed to 
THE CLERK, Metropolitan Water Board, Savoy Court, 
Strand, W.C., and endorsed “Tender for Pumps, &c., 
Ponders End,” must be delivered at the Offices of the 
Board, not later than Ten a.m., on Friday, 23rd July, 


1909. 

The Board do not bind themselves to accept the 
lowest or any Tender. 

— of the Board, Savoy Court, 


trand, W.C., 22nd June, 1909. 8 733 








APPOINTMENTS OPEN. 





i 


TENDERS, 
QUEENSLAND GOVERNMENT. 
SUPPLY OF WHEELS ON AXLES. 


The AGENT-GENERAL FOR QUEENSLAND invites 


T Yenders for the Supply of 
400 PAIRS of WHEELS on AXLES, 
to be delivered at Brisbane. 

Drawing, Specification, &c., may be seen at the 
Offices of the Agent-General for Queensland. 

Tenders, which must be accompanied by a pre- 
liminary deposit of one per cent. on the amount of the 
Tender, must be sent to the AGENT-GENERAL FOR 
QUEENSLAND, 409, Strand, London, W.C., marked 
“Tender for Wheels on Axles,” not later than 
Two p.m. on Tuesday, 29th June, 1909. 8 619 


QUEENSLAND GOVERNMENT OFFICE (Loxpoy). 


SUPPLY OF RAILS AND FASTENINGS. 
The AGENT-GENERAL FOR QUEENSLAND invites 


Ma Tones for the Supply 








of 9828 tons of STEEL RAILS and 
FISHPLATES, to be delivered at Brisbane. 
‘Townaville and Cairns, the tonnage for each port being 
clearly set forth in the Drawings and Specifications 
which may be seen at the Office of the Agent-General 
for Queensland, on. 
Tenders must be accompanied by a preliminary 
deposit of one per cent. on the amount of the Tender. 
ers must be marked ‘Tender for Rails and 
Fishplates,” and sent to the AGENT-GENERAL FOR 
UBENSLAN D, 409, Strand, London, W.C., not later 
Two p.m. on Tuesday, 29th June, 1909. 8 648 


THE MADRAS AND SOUTHERN MAHRATTA . 
° RAILWAY OOMPANY, Lro, 


The Board of Directors of the Madras and Southern 
— Railway Company, Ltd., are prepared to 
ve 


lenders for :— 
32 PILLAR JIB ORANES, 
“) a ification, —- mn wea at the 
ices of the Company. e charge for the Specifica- 
tion is One Guinea, which will not be returned. 
Tenders must be sent in addressed to the Secretary, 
marked “Tender for Jib Cranes,” not later than 
Two p.m., on Tuesday, the 13th July, 1909. - 
The Directors do not bind thanaateen to accept the 
lowest or any Tender. 
By Order of the Board, 
H. BONHAM-OARTER, Secretary. 
Offices : 91, York Street, Westminster, oa 
18th June, 1909. 





as per the 8 





COUNTY BOROUGH OF BURY. 
THE CORPORATION OF BURY are prepared 
to receive 


o 

| Yenders for the Supply and 

ERECTION of THREE ATER-TUBE 

BOILERS, each capable of evaporating 25,000 Ibs, of 
water per hour. 

A Copy of the Specification and Form of Tender 
may be obtained from Mr. 8. J. Watson, M.LE.E., 
Engineer and Manager, Electricity Wo ", on 

ment of a deposi Two Gui sum will 
rned on receipt of a bona fide Tender. . 

Tenders duly sealed and endorsed, to be forwarded 
to the TOWN CLERK, Bury, not later than Noon, on 
Monday, 16th August, 1909, $712 





oe A Pplics 


UNIVERSITY OF ST. ANDREWS. 


CHAIR OF ENGINEERING AND DRAWING IN 
UNIVERSITY COLLEGE, DUNDEE, 


The University ‘Court of the University of St. 
Andrews invite 


A Pplications for the Pro- 


FESSORSHIP in ENGINEERING and DRAW- 

ING in University College, Dundee, University of St. 
Andrews, rendered vacant by the resignation of 
Professor Tuomas CLAXTON Fipugr, M. Inst. C. 
The ee will be required toconduct, 
in University College, Dundee, Theoretical and 
Practical Classes in Oivil and Mechanical Engineering, 
oiuees for Graduation in Science, during the 
inter and Summer Sessions ; to direct and superin- 
tend Research Students, and also to conduct Evening 


Classes. 
The Candidate appointed will enter on the duties of 
the Professorship on Ist October, 1909. 

Applications, which should be accompanied by 20 
printed or typewritten copies of the letter of applica- 
tion and relative testimonials, must be | on or 
before 10th July, 1903, with the undersigned, from 
whom further information arding the duties and 
emoluments of the Chair may be obtained. 

Candidates are requested not to call on the Electors. 
Due intimation will be given to those selected for 


interview. 
ANDREW BENNETT, 
Secretary and Registrar. 
The University, St. Andrews, 
19th June, 1909, 8 696 


SOUTH-WESTERN POLYTECHNIC INSTITUTE, 
CHELSEA. 





LECTURER IN MATHEMATICS, 
The Governing Body invites 


pplications for the Post of 

a LECTURER IN MATHEMATIOS, whose 

work will be in the ~~ College and partly in 
the Evening Classes, and will consist largely of the 
instruction of Students of Engineering and Applied 
Science, Commencing salary, £150 
Forms of application, which mu 
Ist July, may be obtained from the SECRETARY by 


sending stamped and add: foolscap envelope. . 
701 


UNIVERSITY COLLEGE OF SOUTH WALES AND 
MONMOUTHSHIRE. 

Coleg Prifathrofaol Deheudir Cymru A Mynwy. 
The Council of the College invites 
lications for a Second 
‘ANT LECTURER and DEMONSTRA- 

TOR in ENGINEERING. a 
obtained from the undersigned to Ls pee goon 
with testimonials (which need not be printed) must be 
cembohak ap 28th June, 1909, 8 583 
J. AUSTIN JENKINS, B.A., : 
Dniversity College, Cardiff, 7th June, 1909. 


THE GLASGOW AND WEST OF SCOTLAND 


TECHNICAL COLLEGE. 
Ap 








The Governors invite 
lications for the Post of 
ASSISTANT LECTURER IN NAVAL ARCHI- 
TEOTURE. £200 per annum, Further par- 
cation to the 





ticulars may be ed on a 
SECRETARY and DIREOTOR, to w 
must be sent not later than 8ist July, 1909. $724 


may be | of 


ssistant Director - of 


As PUBLIC WORKS REQUIRED for 

Sierra Leone. 

Age 25-35, preferably unmarried. Strict medical 
examination, vaccination if necessary. . q 
rising annually by £10 to £500. Free single quarters 
prov at established stations. Free first-class 
peseagse out and home again if services satisfactory. 

alf salary on voyage out, full salary from date of 
arrival in the Colony. 

Two months’ leave on full pay after 12 months’ tour, 
increased to four mosths if returning to the Colony, 
with full pay during voyage or voyages and free 


passages. 

The appointment is permanent and pensionable 
subject to period of probation. ‘ 

Oandidates should be Associate Members of the 
Institute of Civil Engineers and should have received 
the training and experience obtained in a Borough 
Engineer's Office in Great Britain, and should also be 
well up in bridge, road and drainage works. 

e selected Candidate must be prepared to sail 
within three weeks of appointment. 

Application, by letter (no special form’ required), 
stating age, whether married or single, giving full 
particulars of experience, accompanied by copies of 
testimonials (not originals), with names and resses 
of references of whom enquiries can be made as to 
capabilities and character, will be received by the 
CROWN AGENTS FOR THE COLONIES, Whitehall 
Gardens, London, 8. W., up to Ist July. 

ge M/3702 on left hand top corner of application. 

his advertisement contains all the information 
available concerning the appointment. 8 744 


ENGINEER, for repairing and general <5. 
ig shops in Canary is. Knowledge ot 
essential. — Address, with copies of testi- 

monials, 8 553, Offices of ENGINERRING. S553 


['raveller Wanted, well-versed 


sand oil engines, and intimately acquainted 

with ucer gas plants ; undeniable yuirencos indis- 
ensable; preference given to one acquainted wi; 

ity shipping business. State age, salary and {u!! 

| nen cone of experience.—Addrees, 8 732, Offices co; 
NGINEERING. S87 


Wanted, Superintendent 
gineerin; 
Spanish 








Pyaginecring Firm, in West o! 
England, REQUIRES CHIEF DRAUGHTSM AN 
for their gas and oil engine department. Must je 
essentially practical and. well-experienced in {},. 
— and running of suction gas, oil, and intern.! 
combustion engines, and gas plants generally up ‘o 
300 HP. Only those who have held similar positions 
to above with first-class firms need apply. State 
full pafticulars and salary required.—Address, § (2. 
Si 


Offices of ENGINEERING. 3 
Wanted, for 


[)raughtsman 


. short temporary engagement in Manchester, 
to design a standard range of electric pulley blocks. 
Must be mene og! capable and reliable and have jjad 
experience in this class of work. State aze, ea'ary 
required and particulars of experience. — Address, 
8 684, Offices of ENGINEERING. Bs 8 684 








COUNTY OF LONDON. 
THE LONDON COUNTY COUNOIL invites 


A Pplications for the Under- 


mentioned POSTS :— 

(a) ENGINEERING WORKSHOP INSTRUCTOR 
at the L. C. OC. School of Engineering and Navigation, 
High Street, Poplar, E., at a salary of £140 a year, 
rising by annual increments of £10 to £200. The 
appointed candidate will be required to give his whole 
time to the duties of the office ; 

(6) LECTURER on Engineers’ Estimates at the 
L. ©. C. Westminster Technical Institute, Vincent 
Square, 8. W., for one Evening a week at a fee of 12s. 6d., 
or 153, an attendance of about three hours according 
to experience. , 

Applications should be made on Form T, 17, to be 
obtained from the Education Officer, London County 
Council, Education Offices, Victoria Embankment, 
W.C., to whom they must be returned not later than 
Eleven a.m., on 3rd July, 1909, accompanied by copies 
of.three testimonials of recent date. All communica- 
tions must be marked T. 1, and a stamped addressed 
foolscap envelope must be enclosed. 

Canvassing, either See niirectly, will be 
held to be a disqualifi —  ermaae 

G. L. GOMME, 
Clerk of the London County Council. 
Education Offices : 
Victoria Embankment, W.C., 
. 23rd June, 1 


COVENTRY EDUCATION COMMITTEE. 


WORKSHOP ASSISTANT FOR ENGINEERING 
DEPARTMENT. 


The Committee are prepared to receive 
A pplications from Candidates 


tor the above post. 

The Candidate must be a practical workman, who 
has been trained on machine work or tool making, 
who is ab'e to operate all workshop machine tools, 
and who is abl2 to repair and maintain them and also 
to make tools and apparatus. Preference will be 
given to one with a good technical education, or who 
has been employed in workshop instruction. 

Form of application, on which must be stated the 
salary required, and which must be returned not later 
than 5th July, 1909, and conditions of appointment 
may be obtained from the aa on receipt of a 
stamped addressed foolecap envelope. Oanvassing, 
direct or indirect, will be considered a disqualification. 

FREDK. HORNER, 


Secretary. 
8 683 


8 710 





Education Office, Coventry. 
18th June, 1909. we 


(jalloways Limited, 


MANOHESTER, 
Desire to A — a 
Gr ERAL MANAGER 
capable of taking entire responsibility. Substantial 
salary and commission will be given to the right man. 
Address as above, with fullest particulars. Communi- 
cations will be treated as strictly confidential. 8 658 


Wanted, General Manager 
for sheet mills and galvanising works ; must 
be competent to manage works and attend to the 
commercial business,—Address, s' age, experience 
and salary required, 8 738, Offices of ENGINEERING. 


Wanted, Smart Works 


MANAGER, for Warrington district. Salary 
£300 a year.—Address, 8 544, of ENGINEERING. 


Reinforced Concrete. —A 


well-known and old-established firm of con- 














Y | structors DESIRE the SERVICES of a first-class 


SPECIALIST in this branch of engineering ; he must 
be alert and up-to-date in practice, able to control 
and supervise with efficiency and economy the 
drawing office. State age, expected, give 
full paiticulara of experience, which will be treated 
with every confidence. 

Address, § 704, Offices of EnGiIngERine. 8 704 


Well-known Firm of En- 


ineers, about to commence the manufacture 

large Gas Engines, REQUIRE an ENGINEER with 
thorough knowledge and experience of the design 
g of the latest German and English types 
of large gas engines. Familiarity with producers 
would be advantageous.—Address, stating qualifica- 





Wanted, Crane Draughtsmen. 


Quick, accurate, and with experience in 
crane design. Send full particulars of experience, 
with references. State wages required and when tree. 
—APPLEBYS Lop., Leicester. S 420 


[raughtsman Wanted with 


experience in locomotive work. — Address, 
giving full particulars, 362, Wm. Porrrous & Co., 
lasgow. _ 8 697 


W anted, Experienced 


DRAUGHTSMAN ; one used to every de- 
scription of boiler mountings, steam and water fit(ings. 
State age, experience, and salary required.— Address, 
8 699, ices Of ENGINEERING. S 699 


anted, Experienced 
DRAUGHTSMAN for design of large drop 

valve engines ; thorough knowledge essential.—State 
age, as salary expected, to Messrs. WALKER 
BROTHERS (Wigan), Lrp., Pagefield Iron Works, 
Wigan. 8 728 


anted, Draughtsman, 
accustomed to designing and detailing trans- 
porters, electric telphers, ropeways, &. State age, 
experience and salary required. — Address, S 722. 
Offices of ENGINEERING. 87 


P2ughtsman Wanted, ex- 


perienced in design and installation of con- 
densing plants. Manchester district. State age, 
experience and salary required.—Address, S 740, 
ices of ENGINEERING. 8 740 


unior Draughtsman Wanted, 


in Westminster, constructional steel and general 
building work ; must be neat and accurate, and well 
up in stresses and practical details. Good prospects 
to smart man. tate age, experience and salary 
reqnired.—Address, 8 742, Offices of ENGINEERING. 


Practical Man Wanted, with 


some drawing office experience, for boiler and 
general steel plate work. Duties principally estimating 
and checking work. Good opening for energetic man 
with the necessary qualifications.—State age, full ex- 
pores and wage, to LEEDS & BRADFORD BOILER 
., Lra., Stanningley. 8 718 














. 
29 














ngineer, well up in Railway 
constructicn, for South America, p= = 
so gi 


care 


Spanish desirab!e. — Write, ARGENTO, tot 


Deacon’s, Leadenhall Street, E.O. 


anted, for Small Engineer- 

ing Works in town of 100,000 inhabitants 

near London, a smart up-to-date FOREMAN for 
machine and fitting shops. 

Must be young, energetic, good timekeeper and able 
to get the most out of his men. One used to premium 
system preferred. : 

Address, stating wages required, past experience, 
and if society or non-society, 8 700, Offices of En- 
GINEERING. $ 700 


W anted, for an Up-to-date 

structural works in India, a capable FORE- 
MAN, age about 26 to 28, single; with good structural 
aud wagon building experience. Applicants must 
state the fullest particulars of experience, recen! 
employers and time with each. Good prospects for a 
thoroughly capable and educated man. State salar) 
required.—Address, Z. X. Y. Z., Messrs. DEACON Ss, 
Leadenhall Street, London. 8 735 


anted, Foreman for Iron 


Foundry in Midlands, where heavy castings 
in loam and roo’ aleo variety of small castings are 
uced. Must be strict disciplinarian, able to run 
department on economical lines and produce the 
grade castings. Good opening for capable 

man. State age, experience and salary expected, in 
confidence.—Address, 8 680, Offices of ENGINEERING. 


Jroreman Painter Required 


in} engineering works, Must be well up in 
every branch of the trade and able to turn out first 
class work. Age, salary and past experience.—Address 
8 679, Offices of ExemveERine. 8 679 

















tions and salary required, in the first i , to 
R. G. G., care of J. W. Vickers & Co., 5, a > 
551 


Lane, London, E.C. 
anted, for a e Works 
GINEER with 


in India, an ASSISTANT 
a thoroughly sound wo experience; age 
about 26 to 28, single. Applicants must state the 
fullest particulars of experience, recent em 
and time spent with each. State salary re 








Good proepecte for a thorough capable man.—Ad. 
dress, M. E. 906, Messrs, Dgacon’s, Leadenhall Street, 
London. 8 73] 


Ad. | facturing tatest types 


A rticled Pupil.— A large Firm 
of En in the Midlands, employing up- 
wards of 1000 have a VACANOY fora — 


APPRENTICE.—Address, Y 944, Offices of Pons 


ING. 
Epgineering Pupil.— Vacancy 
with Firm (Government Contractors) manu- 
of machinery, oil and gas 
&c.; moderate premium, — Address, 6521, 
of ENGINEERING. 6521 
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SITUATIONS WANTED. 


rine National Association for 
ILDIERS, 119, Victoria Street, 8. W. (Tele- 
phone Oo Weetml inster) SUPPLIES MEN ‘in 


bricklayers, 
character Oaly, as DAV viet sat . horsekeepers, 
night watchmen, — 


&c. Characters u 
date. Nofees.—Apply, 8 


Y, as above. 
ger(37)ofmoderatesized 


ana 
M up-to-date v (37) DESIRES similar BERTH ; 
general, loco., marine foundry experience ; 
organieer, disciplinarian ; execiiant testimonial 

WEST, 5, Thirlmere Road, Muswell Hill, N. 8 708 


land 
Epgineer (27 7), Mechanica an 


POSITION + Raagye + 
ks manager. Experience; steam turbines, ship- 

building ; English, — French, Italian, Russian, 

Greek.—Address, 8 409, Offices of ENGINEERING. 


A MIME. -and A.M.LE.E. 


e (30) SEEKS POST as Assistant Works’ Manager 
or similar position of trust. 13 years’ praetical ex- 
perience ; organiver ; accustomed to contro] of 
men ; references.—S 720, Offices of ENcinEraine. 8 720 


Menefacturers- —If you are 
looking for an Engineer Smart Traveller to 
secure orders for Sluice Valves or Radiator Valves, 
Lancashire, on commission or otherwise, write 8 

Offices of ENGINEBRING. 8 


Resident 3 Mechanical and Civil 
Engineer, in one of the principal Govern- 
ment towns on the Volga (Russia), with good connec- 
tions and well acquainted in district, wishes to 
enlarge business INVITES OFFERS TO REPRESENT 
or work on commission ; to superintend putting up any 
kind of mills, works and factories, boilers, steam 
oil engines, + othe dredgers and barges, electric 


lighting, &c., 
Address, $ 306, Offices of ENGINEERING. 8 306 


E nglishman (25), speaking 
German, Italian, slight knowledge of French, 
three years as foreman with leading Continental en- 
gineering establishment doing high-clats work, DE- 
SIRES CHANGE as foreman, or in other capacity ; 
highest testimonials ; moderate salary.— Address, 8 556, 
Offices of ENGINEERING. S 56 


Epsineer, First-class B.T., 25 


years’ sea experience, all grades, oitesioun, 
liquid fuel, forced draught, electric light, &., RE- 
QUIRES EMPLOYM Small capital if necessary. 


—BUCK, Hitcham, Ipswich. 8 723 
Civ il Engineer, good Draughts- 

man, wide experience in construction and surveys 
of all kinds, seven years in charge of railway contracts, 
DESIRES POSITION with engineer or = 


highest recommendations.—Addrees, S 687, 
ENGINEERING. 8 687 


Finglishman (26), qualified En- 


gineer, two years’ electr. and mech, workshop ex- 
perience, speaksGerman, Vt ee cee good 
comn .ercial training, neatdraughtsmap correspondent 
and typewriter, REQUIRES suitab!} e SITUATION ; 

would travel. —ASddrese, 8 692, Offices of ENGINEERING, 


(jentleman (24), Practical 
Engineer, DESIRES POSITION — a 
facturing internal combustion engines ; th years’ 
shop and d.-o., with large firm in West of England, and 
three years’ college, excellent testimonials, energetic, 
salary. —Aadress, 8 707, Offices of ENGINEERING. 






































ivil Engineer (A.M.1.¢.£.), 


‘ 
C Associate University College, Bristol, DESIRES 
EMPLOYMENT. Over 20 years’ experience; fully 
competent to survey, design, construct and maintain 
every kind of railway wor! ; exceptional some el ; 
highest possible references.—-Address, 8 ices of 
Esai NEERING. 8 731 


6} THE MOTOR-CAR. A Practical Manual for the use of 


CROSBY LOCKWOOD & SON, PUBLISHERS. 
THE THEORY OF THE RECOIL OF GUNS WITH RECOIL 


CYLINDERS. By Professor F, RAU! _ from “ aie ya Monat- 


SENBERGER. 
shefte.” Translated by ALFRED SLATER. 124 pp. vias 3 Demy 8vo. 10s 6d. ne 
[Just Pubtiched. 


COMPRESSED AIR WORK AND DIVING. A Handbook for 


=e omy prising Deep-water Diving and the Use of ent Air for Sinking Caissons and 
Cylinders’ and tee Driting baqueous Tunnels, By G, W. M. BOYOOTT, A.M. Inst. O.E. as ye. 
23 Illustrations. Royal 8vo. los 6d. net. ‘ (Just Publisher 


A HANDBOOK OF WIRELESS TELEGRAPHY: Its Theory and 


——- For the Use of Electrical Engineers, io pom and Operators. By J. ERSKINE-MURRAY, 
D.Sc., F.R.S.E., M.LE.E. Sxconp Epirion, Revised and Enlarged. 388 pp. 187 Illustrations, Demy 
Svo. 103. 6d. net. |Just Published. 


ELECTRICITY IN FACTORIES AND WORKSHOPS: Its Cost 


and Convenience. A Handbook for Power Producers and Power Users, By A. P. HASLAM, M.I.E.E. 
828 pp. 70 Illustrations. Demy 8vo. 7s. 6d. net. (Just Published. 


INTERNAL COMBUSTION ENGINES: ‘Their Theory, Con- 


struction, and Operation. By ROLLA C. CARPENTER, M.M.E., LL.D., and H. DIED RICHS. M.E., 
Professors of Experimental Engineering, Sibley College, Cornell Univ ersity. 610 pages, with 879 Iilus- 
trations. Medium 8vo. 21s, net. (Just Published. 




















“Students and Motor-Car Owners, with Notes on the Internal-combustion Engine and its Fuel. By 

ROBERT W. A. BREWER, A.M. Inst. C.E., M.IL.M.E., M.LA.E. 250 pp. With numerous Illustrations. 

Demy 8vo. 5s. net. oes se Ne S04) : [Just Published. 
COMPLETE CATALOGUE POST FREE ON APPLICATION. 


London: GROSBY LOCKWOOD & SON, 
7, STATIONERS’ HALL COURT, E.0,; anp 1214, VICTORIA STREET, 8.W. 


589 








NOW READY. 
THIRD EDITION. Re-written up to date and Enlarged. 


“THE MARINE STEAM TURBINE.” 


By J..W. SOTHERN, M.LE.S. 


A Comprehensive Deseenen of Marine Steam Turbines (Parsons’ and Ourtis’), 
and Practical Data. 200 Illustrations. Price 12s, 6d. 


CROSBY LOCKWOOD & SON, 7, Stationers’ Hall Court, LONDON, E.C. 
JUST PUBLISHED. In Pocket Size. Price 2s. net. 


Vn E: reer C TA BLES. 
By Sir GUILFORD L. MOLESWORTH, K.C.LE., 
Past President of the Institution of Civil Engineers. 


FOURTH EDITION, REVISED AND ENLARGED. 
E. & F. N. SPON, Ltd., 57, Haymarket, 


a) Sogeshes with Geaaeion 








London. 9405 








xperienced Mechanical: En-| ‘nance. — Consulting En gi- 


E 





—— = ta neer, on behalf of prominent London Finan 
“~~ ENGAGEMENT: bed ee arranges Capital, Formations, Amalgnmations, De 
fioanci fm in sound business. — Address, bentures, and al! financial 


Sen associated with 
ENGINEERING. 


8 726 | engineering.—Address, R 997, Offices of 








c ENGINEER,” 35, Sumner Road, Harrow. 
Expgineer and Draughtsman 
(27), accustomed to general en; angineeties, theory 
and practice, with some commerc rience and 
erection of plants ; home or abroad.—Acdress, S 730, 
0 of ENGINEERING. 8 730 


PATENT AGENTS. 





Patents in all Counteicns 
Dagsiens AND TRADE MARKS. 

E. P. ALEXANDER & SON, 306, Hien Howsors, 

Lonpon, W.C. (formerly of 19, Southam n Buildings, 

W.C.), CHARTERED PATENT AGE ones 


(Estasuisuep 1874). 
et and general advice gratis. 
. London. Telephone: 7424, Central. 





mart Outdoor Erector (31), 


large experience installing first-class makers’ 
centrifugal pumping machinery for waterworks, drain- 

age, sewerage schemes. Advertiser DESIRES POST in 
charge of a. Highest references. —Address, 
8 727, Offices of ENGINEERING. 8 727 


Pam 


Telegrams : 


" Patents 1 for Inventions.” 


on Patent Law and Practice. 








itter.— Young Man (age 21) voces Handbook on Patent 
DESIRES CHANGE as fitter in good shop, home from UIKSHANK & FAIRWEATH 
or abroad ; excellent reference ; six years’ experience Lap., 65 & 66, CHaNcERY Lawn, Loxpon, W.O. ; 


— Address, S 705, Offices of ENGINERRING, 05 | 62, St. Vixcent Steuer, GLAscow. 9115 








(iv il Engineer (32), Public 
School and Cooper’s Hili Training, 11 years on 
home and Indian Railways, on surveys, construction 
- open line, four i municipal experience 
sombay), OPEN to RE-ENGAGEMENT at home or 
ab road in similar capacity or as contractor’s agent.— 
Address, 8 721, Offices of ENGINEERING. 8721 
Mechanical Engineer (253), 
DESIRES OHANGE, 3 years shops, 6} d.o., 


experienced gas and oil engines; also steam and 
ining machi inery ; present leading draughtsman and 
motors » full 





de signer of 5 
partic ulars.— arc: s 738, Offices of _ENoINERniNo 


Fiagineer (31), Extra First- 


c’ass Certificate, 16 years "sea, ship repairing and 
“igineer oF tn dey lock goed — with rcomeulting 

rin dry dock ; good draughtsman, energetic 
d eee. Aeron, 's 717, Offices of Eaornaenawe. 


{‘ngineer (25), C. and M. Di- 


ploma Central Tech. Coll , Kensington, student 

inst. O.E., five FA practical work engine building, 
speaks French, excellent refs., WANTS EM- 
‘LOYMENT, home or oor ehnced.-Adipesh, 8 729, Offices 

of ENGINEERING. 8 729 














Tngineer (31), Draughtsman 
and ner, SEE | RE-ENGAG ENT, Mid- 
land district; 13 years’ eran oe oil and petrol 


eng ines, motor oth ate nae sa maineering. — = 


ENGINEER, 47 47, North 


As A 


three years’ 
references —Address, o7i9, 





ssistant or Draughts- 

foun engineer (24), two aati 
1h years’ d.-o.; excellent 

ENGINERRING. 





PARTNERSHIPS. Patents, Designs and Trade 
MARKS, in all countries at moderate aE. 

A chart of 187 mechanical motions, post free, 6d. 

ENGINEERING Booklet of useful information, containing list of fees, 


one Tapioca ius ar Patent as, gratis. — 
Partners and Partnerships Southampton Buildings. Ghassery Laas, ‘loom 
CAN BE OBTAINED THROUGH W.C. 9416 
WHEATLEY KIRK, PRICE & OO., 
EnNGineers AND VALUERS, 

46, Watling Street, London, E.O. ; 

16, Albert Square, Manchester ; 
26, Collingwood Street, Newcastle-on-Tyne. 

(Established 50 years.) 





yohn E. Sivertk: 


CHARTERED PATENT AGENT. 


70/71, Queen Anne’s Chambers, 9589 
Tothill Street, Westminster, 8.W. 


atents.—G.F. Redfern&Co., 


Chartered Patent Agents, 4, South Street, 
Finsbury, E.C., and 21, Southampton ‘Buildings, W.c, 
blished 1830.) British, eB Colonial 

Designs Trade Marks 


tents obtained, 
gratis. Kt relephone No. 4492, 


9 registered. Circular 
Central. Tele. Address: Ppeveniien, London.” 9970 


Patent, Glasgow.— W. R. M. 

THOMSON & CO., 96, Buchanan Street. The 

InveNTOR’s GUIDE, a complete handbook on Patents, 

Designs and Trade Marks, may be had gratis. ois 
atents.— Messrs. Vaughan 

and SON, British, Foreign and 

Agents, 57, Chancery ‘Lane, W.O., transact every 

of business ted 


descri connected with aey Patent 
** A Guide to Inventors” 








anted, Young Man with 


£2000 to £3000 capital, to take share in 
established . oe business Se motor 
ey Berd one di uire 
ponlaien Of tex in flourishing business. Oa pit . by 
shares or Aa wow ommomy if desired.— Addrees, E 60, The 
Yorkshire Post, 8 64 








1 Dig in gg ee! rr 


retiring from active 
ENGI EER capable of taking } wp hola se 


aki 
invest — to further extend; re? chance for enter- 
i a sound established concern good repute.— 
Mareen, 8 698, Offices of Enervaerine, § €98 


Partnershi ps.—Messrs. Elder, 


BLISS & CO., Lrp., 17, Victoria Street, 8.W., 
OPPORTUNITIES for 
Engineering 








OFFER several excellent 


PUBLICATIONS. 
PATENT-RIGHTS : 


NOTES ON THE PROCEDURE FOR THEIR 
ACQUISITION AND MAINTENANCE, AND ON 
THE MANNER IN WHICH SUCH RIGHTS ARE 

AFFECTED BY RECENT LEGISLATION 


By G. G@. M. HARDINGHAM, 
Mex. Inet. M.E., Assoc. Mum. Inet. O.E. 


CROSBY LOCKWOOD & SON, ~ 
7, Starioners’ Haut Court, Lonpon, E.C. 
Cloth, price 2s , post free, 


ooks (100,000) Wanted and 


for SALE. On all subjects, especially 
ing, arts and trades, &. State rate DARED 
Great Bookshops, John Bright St., Birmingham, 9476 











otes on the Patents and 


DESIGNS AOT, 1907,” ~O Messrs, 4 
WISE & OO., red nr Agents, can 

obtained from "their Offices; 46, L Lincoln’s Inn Fisk 
London, W.0. (Price One tinilling. ) 
—— FE 


WANTED, &c. 


[the Proprietors of the Patents 


Nos. :— 
10495, of 1904, for ** Im 














ved Method of Fi the 
rection of Sound,” — 
10477, of 1904, for “Improvements In Apparatus for 
Receiving Submarine Signals,” 
10463, of 1904, for “Improved Means for 
Sound Vibrations in Water ap- 
plicable to Marine Signalling,” 
8266, of 1908, for “ Improvements in A 
Producing Sound Vi 
Water,” 
13288, of 1902, for “* Improvements ae to the 
Transmission of Sound jor Sub- 
marine Purposes and to Appa- 


aratus for 
rations in’ 


ratus therefor,” 
18287, of 1902, for “‘ Improvements relating to 
ratus for the T Transmission are 


Sound for Submarine Pavema” 
18570, of 1906, for ‘‘ Improvements in Devices for Pro- 

ducing Sound Signals in Water,’ 
are DESIRO US of ENTERING into ARRANGEMENTS 
by way of License and otherwise, on reasonable terma, 


for the purpose of exploiting the same and | 
ed ful < development and practical working in t 
‘ountry. 


All communications should be addressed, in the 
first instance, to :— 
HASELTINE, LAKE & OO,, 
Chartered Patent Agents ‘and Consulting 
7 and 8, Southampton Buildings, 
Chancery Lane, ion, W.C. 


[the Proprietors of Patents 
i-| co Cone of 1904, “" ue na relating 
No. 10,862, of ibs, tr for *fmprovement relating to 





~ Centrifugal Be A 
PR. P ope’ X a for ® PRmprovements relating to 
ting * 
ounie, wy 1905, for meserenents relating to 
ntrifu in 
No. 10s 875, of 1905. ty ier provements relating to 
Centrifugal ting: ee hi 


No. a wae ‘A 1005, 
wae 19, 0, x 1905 al ‘Toy 


mprovements relating to 
i Apparatus in and re- 


to Oentri 
TROUS of oi NG imok ‘RRANGEews 
by bs way of License and otherwise, on 
e 


rpose of exploiti the #1 same 
their SFE development and practical saneeee 
Country. —All communications sh 
the first instance to HASELTINE, TARE Gon on 0o., cnen 
tered Patent Agents and Consultin Engineers, 7&8, 
Southampton maa, Chancery 





he Proprietors of the Patent | 
No. 17073, of 1906, for “ Improvements in Machines 
5 Outting Spur Gear Wheels,” are DESIROUS of: 
NTERING into ARRANGEMEN by way of 
insu and otherwise, on reasonable terms, for the 
purpose of exploiting the eame and ensuring its full 
development and practical working in this Country. 
All communications should be addressed in the 
first instance to :— 
HASELTINE, LAKE & OO., 8 686 
Chartered Patent Agents and Consulting Engineers, 
7 and 8, Southampton Buildings, 
Ohancery Lane, 
London, W.O. 





he Proprietor of Patent 


, No. ne Ay 1905, for cted with Speing 

“Improvements in and conne wi or 
Elastic Washers,” 

is DESIROUS of DISPOSING of the PATENT 

RIGHTS, or of negotiating for the grant of Licenses 

to work thereunder. 


For -“o% 
ai “era & CO., 8709 
hartered Patent Agents, 


4, South Street, Finsbury, E.C. 


| hye Prop rietors of Patent. 





ag bee =] yok: for ‘“‘ Improvements in e 

erial Ropews 8,” are DESIROUS of DI 
PO NG’ ot the PATENT RIGHTS or of ng 
for the grant of Licenses to work there - For 


— apply to G. F. REDFERN & Co. Chartered 
atent Agents, 4, South Street, Finsbury, EC. 8 68 





Wanted, £c., continued on page $6. 


For Continuation of Small 
Advertisements see Pages 96 














acquiring an interest in well-established for Inventions. y 
Businesses. 8 667 | Established 1353. ahs £977 





and 97. 
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; See Illus. Advt. last and next issue. 
JAMES WALKER & CO. 
Lion Works, Garford St., West india Dock Road, E. 


10 ARCHITECTS, BUILDERS AND ENGINEERS. 
“TRUE TO SCALE.” 


Black Line Prints 


Permanent. Done on any Paper or Cloth. 
Particulars on application. 9334 
A Large Stook of all Requisites for the Drawing Office 


W. F. STANLEY & CO., Ltd., 


13, Railway Approach, LONDON BRIDGE, 8.E. 
rane B70. He. Panetta ene gr 


BULL'S METAL & MELLOID C0. 


Heap Orrick AND WORKS: Lrmrrep, 
YOKER, near GLASGOW. 
TELEGRAMS : ‘‘ MELLOID, YOKER.” 

BULL’S METAL.—Propellers, Bars, Sheets, Pump 
Rods, Valve Spindles, Condenser Staysand Plates, &. 
MELLOID. (Reg. Trade Mark and Patented).—Con- 
denser Tubes, Plates and Stays, Boiler Tubes, Stays 
and Plates, Fire-box Plates, Bars, Sheets, Valves, &. 
WHITE METALS.—Babbitts, Plastic, &. 9436 


Elevating & [10 


Eh oe 
gpeners Conveying. 


See advertisement last week, page 77, 


DRUM PUMP. 


See our Advertisement next week. 
Write for Catalogue No. 90, to 9776 


Drum Engineering Co., 33, Brook St., Bradford, 


SEE OUR HALF PAGE 


BI-WEEKLY ADVERTISEMENT. 


THOMAS SHANKS & CO. 


JOHNSTONE, near GLASGOW. 

— SOLE MAKERS OF — 
SCREWING AND TURNING MACHINES, 
_ BARROW’'S RECENT PATENTS 

And other GREAT IMPROVEMENTS to Date. 
EIGHT SIZES— 8486 

1} in., Zin., 2} in., 8 in., 84 in., 4} in., 6§ in. & 6} in. 

BOLT SCREWERS ONLY, Lin., 1) in., 2} in. & 8} in. 


CONDENSERS 


Our Speciality. 


























CONDENSERS 


Are the simplest 
sible where oa 
plentiful. 


EVAPORATIVE 
CONDENSERS 


- & 
scarce. Save both fuel and 
water to the extent of 89 to 

60 per cent. 


Also Makers of all kinds of 
JET APPARATUS 
for Water, Arm and Srzam, 
Sr. Sete 
for burning dust fuel. 


way Valve. 
APPLY— 


LEDWARD & BECKETT, L®™- 


SANCTUARY HOUSE, 8980 
Tothill Street, WESTMINSTER, 8.W, 











EXTRUDED BARS, 


of any Plain or Special Section, in Brass, Copper, Yellow Metal, Manganese Bronze, Delta Alloys, &. 
DELTA METAL CASTINGS, FORCINGS, STAMPINCS, SHEET, WIRE, TUBES, &c. 


TH DELTA METAL CO» LD. 


Offices and Works: EAST GREENWICH, LONDON, 8.5. 





And at 9572 
BIRMINGHAM. 





J.&E. HALL, Ltp. 


Original Makers in the United Kingdom of 


60, REFRIGERATING 
MACHINES. 


28, Sr. Swirnmn’s Lanz, Lonpoy, E.O,, and 
DartrorD [RoNworKS, Keyr. 9785 





MUSGRAVE BROS., Grown 


Contractors to the Home and Foreign Governments. 


SEND FOR CATALOGUE. 


OIL MILL 
MACHINERY 


Of all descriptions. 


HYDRAULIC 





» Rivetters, Flangers, 
Presses, Cranes, 
Railway Carriage and 
Wheel Machinery, &c. 


Point Foundry, LEEDS. 


9132 








Tue UNITED ASBESTOS patent ““ ECLIPSE ” PACKING. 


THE UNITED ASBESTOS CO., LD., DOCK HOUSE, BILLITER ST., LONDON, E.C. 


Od 8055 

















BEST .. 
FINISHED 





NORTHERN MACHINE SCREWS L*<. 


SCREWS, BOLTS & NUTS, 
TURNED REPETITION WORK. 


/Ilustrated List on application. 





Estd. 1849. 
MANUFACTURERS OF' 


AND ALL KINDS OF 9910 


Goodman Street, LEEDS. 








“Be 
GauUceE 


GUILBERT-MARTIN, 9, Edmund Piace, 


Teleplfone 
2799, CENTRAL. 


Mel Shewing through the water a broad, 
rich, red line, thus rendering the level 
very distinct. A large stock always 


on hand. 


acon’ 
CLASSES | 


Aldersgate, LONDON, E.C. PHOTOPHORE, LONDON. 

For high pressure and to withstand 
extreme variations of temperature. 
Are not affected by the action of chemi- 
cals in boiler, nor by draughts or sea- 
spray. The ends do not corrode. 925 

















96¢ 


—  - 
ELEVATORS 


4, Queen Victoria St., London, E.C. 


WATER-TUBE STEAM BOILERS. 


BRITISH MANUFACTURE, 


Seetionalised for Coolie transport and easy 
erection by unskilled labour. 992: 


CONRAD KNAP %& CO., Limited, 
11, Queen Victoria Street, LONDON, E.C. 


Koppel’s. Works Tramways. 
TRACK. ROLLING STOCK. LOCOMOTIVES. 


See large Advt. alternate issues. ; 


ARTHUR KOPPEL, 27, Clement's Lane, 
LONDON, E.C. 


The British Oxygen Company, Ld. 


Works in LONDON, BIRMINGHAM, 
MANCHESTER and NEWCASTLE. 


THE AUTOGENOUS WELDING or METALS 


For full particulars apply to the Company's 
Head Office, 9986 
Elverton Street, Westminster, LONDON, 























AUTOMATIC Mechanical LUBRICATION. 


mr 


Baves much Oil. 
rite ganas a” Reduces Fricti 
Measures the Oil. 


™ Ray” 


IMPROVED ‘‘MOLLERUP”" 


FORCE LUBRICATOR 


for CYLINDERS, &c. 





Regular and certain feed. 
Great economy of oil. 
Easily filled. 

Suits any oil. 


Benj. R. Viekers & Sons, 


LEDDsS. 


5320 























EVAPORATIVE 
CONDENSER. 


Advantages: High vacuum under all circumstances. 
Small driving power required. 
Proportionate saving in fuel. : 
Minimum of circulating water required. 
Capacity of Condenser illustrated 10,000 Ib. of steam 
per hour ; floor space, 16 ft. 6 in. by 6 ft. 6 in. ; power 
absorbed by four fans and centrifugal pump. 8 B.HP., 
and by air pump, 7 B.HP., total 10 B.HP. 


& 


Wellgate Works, ARBROATH. 


DOUGLAS FRAS 


954 
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BESuo FB ZEEE 
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Hardy Patent Pick Oo., Ld. 

Harris & Mills 

Harris Patent Feed Water 
5 24 


" & 
ones 
8225.6 


~SSESF SESS SSR BY oSHFERVSETS-S--~ seennel:: o888S.5 8 
Sessa 


s 


Northern MachineScrews Ld. 
North British Rubber Co., 


SRASSASE ~ 
S 


at 
2.85 


Benz & Oo. 

Bessemer, Henry & Co., * utd. 

Beyer, Peacock & Co., Ltd. 
Battery and 


Lae 


& Oo., Led. 
Petter, James B., & Sons, L4. 
Phillips, Charles D. ° 
Piercy & Co., Ltd. 
Pierson, J. & 0. G. 


td. 
W.aJ. 


S 2FSsessee ovasseoesegesases_ase.eas BBSFru8 
8. S825. BSe28 


S~SB8282u2 
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SRaBc LS 


yer, ° 
Plenty & Son, Ltd. 
Pontifex & Wood, Ltd. 

it, Cassels & & Williamson 
Pratt & Whitney Oo. . 
Radford, R. Heber, Son and 


Seese 


British . 
British Standard Beams .. 
British V: Vacuum Cleaner Oo., 


8 


Howden, James, & Co., Ltd. 

Hudson, John, & Co.'s Suc- 
oa Ora and By-Products ° ° 
Gibbins, R. C., & Go. : 
@ W.«& 


Glacier Anti- Friction ‘Metal 
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Co., Lid. 13 &Oo ws we , Ale wb 
Dempster, R.&J., Ltd. .. 15 . «» 10 | Jackman, J. W., & Oo., Led, 
8.,& ma, Ltd... 18 tham Boiler J e+) se ee ° ec os tir! b» ve MED ca'¥ cc Se . 00 50 
Dennis, W. F., &0o... .. TAB, [20 ie oe 5 ' Johnson & Phillips, Ltd. .. 7 Rennie, G., & Co. ee © Stothert & Pitt, Led... .. Zachocke's Engineering Co. 14 
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Electrical "Eng. Co. 
Bull's — & eeperaas an ’ 
Ltd. 








LOCOMOTIVE INJECTORS isis 


Sole Suecessors to the Injector Business of SHARP, STEWART & CO., Ltd. Formerly THE PATENT EXHAUST STEAM INJECTOR CO, 


DAVIES & METCALFE’S LATEST PATENT 





Automatic HOT-WATER” INJECTORS 


Locomotive and Stationary Types, Combination and all other Patterns. 





DAVIES & METCALFE, Ltd., rommey, near MANCHESTER. 


Telegrams—EXHAUST, ROMILEY. Nat. Telephone—No. 219, STOCKPORT. Railway Address—ROMILEY, G. OC. and M. Railway. 








S T F £ K | h + F r A ARCHER’S Patent HAND GEARS, io 
do. do. STEAM & HAND GEARS. 


Sole Makers: DUNSTON ENGINE WORKS CO., Dunston-on-Tyne, ENGLAND. seal 


Boss & DUNCAN, 


MARINE ENGINEERS AND BOILERMAKERS, 
WHITHFIHLD WORKS, GOVAN, GLASGOW. os 


ADMIRALTY CONTRACTORS. Teiecrams: ‘‘ WHITEFIELD, GLAscow.” 


MAGNOLIA METAL. 


BEST ANTIFRICTION METAL for all Machinery Bearings. 














Specify 
Magnelia Metal “ Flewer ” 
Brand to prevent 
izaposition, f THE. NAME AND TRADE MARK APPEAR ON EACH BOX AND INGOT OF GENUINE METAL. 9927 


MAGNOLIA ANTIFRIGTION METAL CO, OF GREAT BRITAIN,- LTD.;- 49,- Queen. Victoria Street, LONDON; E.6: 


Telephone :—5925, BANK, BERLIN : Behrenstrasse 47. PARIS: 60, Rue Taitbout. BRUSSELS: 36, Rue de L’Universite, Liege. Telegrams :—Magnolier, London, 
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| CONVEYOR: ELEVATOR 


J. J. STEVENSON, BULL BRIDGS WORKS, 
PROPRIETOR. Accrington, Lanecashir e. 














CONTRACTORS TO H.M. GOVERNMENT. 
SPIRAL CONVEYORS. | STOKEHOLD CHAIN ELEVATORS. 
COAL CONVEYORS. CONVEYORS. / peiy ELEVATORS. 





GRAIN CONVEYORS, | GRAIN ELEVATORS. 
TRAY CONVEYORS. | COAL ELEVATORS, | BALE ELEVATORS. | 


























Telegrams: National 
“ Conveyor, Telephone : 
Accrington.” No. 0279. 

























We will send you FREE, on receipt of a 
post-card, our Pamphlet on Rope Driving. 


Embody every desirable 
feature in a Rope. coun 


THOMAS HART — o aapaeen BLACKBURN, ENGLAND. 


AIR PROPELLER FANS 


(W. G. WALKER’S PATENT.) for VENTILATING, &c., &c. 


Require Less Power than any other Propeller. Absolutely Noiseless. Can be Driven by Strap or Electric Motor. 
Can be fixed in almost any position. PRICES GREATLY REDUCED. Send for Revised List. 


VALVES. GAS EXHAUSTERS, STEAM ENGINES 


for BYE PRODUCT COKE OVENS, &c., &c. OF ALL KINDS and SIZES. 


THE BRYAN DONKIN COMPANY, L710. 


Head Offices : CH ESTE RFI E LD. Parliament Whancines, Victoria Street, Westminster, S.W. 


“DUDBRIDGE?” cas & on encines. 

































“ DUDBRIDGE’ SUCTION GAS ENGINE AND PLANT, 57 B.HP. 


DUDBRIDGE IRON WORKS, Lid., *" STROUD, GLOS. 
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WM. SIMONS & CO., LTD., 
GRAND PRIX, PARIS, 1900; ST. LOUIS, 1904; BORDEAUX, 1907; and sian BRITISH, 1 Pa 
= sete 
















CONSTRUCTORS of all descriptions : 


«er 
MARINE DREDGE PLANT, 8 SPF ois = 


INCLUDING BOW & STERN WELL, HOPPER & BARCE LOADING DREDGERS. 
7. Hopper Barges, Sewage Steamers, Ferry Steamers, &c. 


rcs © RENFREW, near GLASGOW, sVictcre s:., s.w. 


TAD FR V Iho) Mode Accurately: 


FREDK MOUNTFORD.(@3am.) L GRANVILLE S* BIRMINGHAM: 


THE CONTRAFLO CONDENSER. 


PATENTED IN GREAT BRITAIN AND ABROAD. 
41'7,.000 square feet at work or om order’. 


Advantages :—MINIMUM COOLING SURFACE. MINIMUM CIRCULATING WATER. HIGH VACUUM. HIGH THERMAL &FPICIENCY. 


























For full particulars and License to Manufacture, apply to :— 


THE CONTRAFLO CONDENSER CO., L°: St. Stephen's House, Victoria Embankment, Westminster, LONDOR, $.W. 


Telephone No.—9139, GERRARD. Telegrams—“ CONTRAFLO, LONDON.” 








THE PRIESTMAN SYSTEM adopted by 24 Governments. 


IMPROVED DESIGNS. 


GRABS 


MADE IN SIZES UP TO 
One ted and hi ad Feet ney. 


NEW TYPE 


GRAB CRANES 


SPECIALLY DESIGNED FOR RAPID 
AND EASY WORKING. 





























\ 


PRIESTMAN BROTHERS L™: 


Works: HULL. London Office: 3, Laurence Pountney Hill, Cannon St., E.C. 
TeLearaPHic Aporesses “PRIESTMAN, HULL,” anno “PRIESTMAN, LONDON.” 91138 











TANGYE’S 
A” OIL 


WITH AUTOMATIC IGNITION, 
REQUIRING NO LAMP 
AFTER STARTING. 


(June 25 190%). 


ENGINE. 

























STATIONARY OR PORTABLE 
ENGINES READY FOR 
DELIVERY. 





SIMPLE, ECONOMICAL, RELIABLE. 





FOR PUMPING, LIGHTING, SAWIN3, 
AND GENERAL PURPOSES. 





Gravity-Feed, Shallow Base, Pump-Feed, Shallow Base, 


serucation 70} T ANGYES Ltd., BirnMINGHAM. 





No. 408 B. 





Od 7796 


McKIE & BAXTER 


telegraphic Address :— COPLAN D WORKS, GOVAN, GLASGOW. 















CORRESPONDENCE INVITED 
CORRESPONDENCE INVITED, 
CORRESPONDENCE INVITED. 


Codes used: Al, ABC, and 
Engineer's Telegraph Code. 
er Boats 





“CALIDAD,” GLASGOW. 
Our principal specialty consists in the buildi f high-class Marin and 
Rollers or Vessels constructed abroad. ~~ on ” — 
hese we manufacture in pres mee types from 1000 I.HP. down to the very smallest 
fF 


The work is of the very nighest oom from modern designs and patterns. Efficiency, 


workmanship and material are, ruaran 


Hull departments of Small Cargo Vessels, Tugs, Launches, Passeng J 
and Stern Wheelers, also “Challenge” Centrifugal Pumps, Fans, and ‘Challenge 
System of Ashpit Forced Draught. 

We are Contractors to the British Admiralty, the War Office, several Foreign Govern- 
ments, and many of the principal buyers at home and abroad. Our machinery is working 
in almost ev ery part of the world. 8830 














HORNSBY 


OIL GAS 


ENGINES. 


ENGINES. 





SUCTION 
GAS PLANTS. . 





RICHARD HORNSBY @ SONS, Ltd., Grantham ¢ Stockport. 


LONDON Office: 
Hornsby House, 75b, Queen Victoria Street, £.¢. 


DUBLIN Office: 
24, Lower Ormiond Quay. 


SYDNEY Office: 


MEL.BOURNE Office: 
Corner of Hay & Sussex Streets. 


Bourke Street. 
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(the work of the YOST Typewriter is 

clean, clear and regular in appearance 

—due to the types, inked by a pad, 

communicating direct with the paper. 
No ribbon intervenes. 











The highest typewriter efficiency in your 
office can be secured only by the use of the 


NEW MODEL 


YOST 


FULL PARTICULARS FREE ON APPLICATION. 








YOST TYPEWRITER COMPANY, Ltd., 











50, Holborn Viaduct, London, E.C. 
BRANCHES EVERYWHERE, 9971 , 


he 



















iz, o 


So 


ROWN &NSONS, L": 


DAVID B 
GEAR SPECIALISTS, 
LOCKWOOD, HUDDERSFIELD. 

——————— 





Telephone: No. 80. 
Telegrams: “GEARING,” 
HUDDERSFIELD. 








-_———— 






Before 
placing your orders 
for Drop Forgings, either 
in ordinary or special grades of 
steel or iron, we ask you to note that 


BROOKS’ 


DROP FORGINGS 


are renowned for their UNIFORMITY; ACCURACY and FINISH. 
and are of the highest grade. Then send us your enquiries. 


J.B. BROOKS & CO., Ltd., 
Criterion Works, Willenhall. 
Telephone : 49, DARLASTON. 
Wire: ‘‘Orrro,” 
WILLENHALL. 




















0615 














TOTAL PRODUCTION OVER 625,000 HP. 


E. WO. =’SsS 


PATENT SUPERHEATED STEAM 


LOCOMOBILES 


COMPACT COMPLETE STEAM PLANT, 


with Removable Tubes, and Wolf’s Balanced Piston Valve Gear, 
| upto GOO Bsrp. 
1 Lae | i i 


<= 














PARIS 1900, MILAN 1906—CRAND PRIX. 








“HNONOH 40 VWOIdIC F 1V03W 0109—2061 NITUIg 


- ~~ wai 
i; se ee 

: , t 
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| eee l= 
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| ELECTRIC POWER STATION. 1220 B.HP. 
BELT DRIVEN OR DIRECT COUPLED. 


Consumption of Fuel and Steams 


1*O4 in. of Coal 
perB te Lae hour 
8°66 in. of preci gsr ata 


for a standard 100 HP. Locomobile. 
R. WOLF, Engineers, Tuimeraus ; “LOCOMOBILE, 


7, LAURENCE™ 7 wens ge 
’ E POUNTNEY HIL 

CANNON sTReeT.° LONDON, E.C. 
TOTAL PRODUCTION OVER 625,000 HP. 























.b----- 


oheede 
: 





The largest Manufacturers of 
SURVEYING & DRAWING 
INSTRUMENTS in the 

World. 








--4-< 


DRAWING OFFICE -- 
STATIONERY supplied on 
the most favourable - - 
terms. A very large Stock 
kept. 









Please send for our “J 3” 
Catalogue (post free) and 
compare our prices with 
those of other first-class 
makers. 











ra ¢ 










The ESSEX SLIDE RULE for the discharge of fluids from 
pipes, channels and culverts. Description on application. 


Section 1.—SURVEYING INSTRUMENTS. 
Sections 2 & 3.—DRAWING INSTRUMENTS & MATERIALS. 





644464466466464644 


W. F. STANLEY & CO., LTD., 


Great Turnstile, Holborn, London, W.C. 


SHow Rooms: 286, HIGH HOLBORN, W.C. 
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AIR COMPRESSORS 
-HAMMERS: 


HYDRAULIC 
PRESSES-PUMPS 























EMPIRE * 


PUMPS, HYDRAULIC ACCUMULATORS, LIFTS &¢ 


75 HP., 440 Volts., Ae@. “Empire” Autostarter on Hydraulic 
Accumulator Installation in an English Shipyard. 9888 


TELEGRAMS 
“CONTROL” GLASGOW. 


BRIDGETON, GLASGOW. 





MOTOR-DRIVEN MACHINE TOOLS, AIR COMPRESSORS, 


ELECTRIC CONTROL LIMITED, 


GREEN'S TRACTOR. 


Convertible to Steam Roller. Single Cylinder or Compound, 


PLEASE WRITE FOR FULL PARTICULARS, 





v BE 
ae 


THOMAS GREEN 


and New Surrey Works, Southwark ody LONDON, §. ~. 


& SON, no “North pSiroet, 


Telegrams: ‘‘ Smithfield, Leeds.” ‘‘Surrey Works, London.” 9832 








RAY ag Ve (O\ AIS 


OF "Taner. o 
iy gi) ib 
& : 


. GRAHAM, <P 


TELEGRAMS. 
“Accoupce” Legos. 














| 
atv 
ip 
i IV 
g@ MORTON 
j -AO Min 
AP & Cs LEEDS. 
QV 
Sy. CONVEYING PLANTS i 
a FOR —) WV 
ALL CLASSES or MATERIAL (@) 
QV L 





ut 
© BUNKERS ROOFS - STEEL STRUCTURAL WORK. NV 


| HORLZONTAL UWCLINED & VERTICAL [AS 
> RETORT BENCHES, Wa, a 





—* or—/ ar tel ior ort er 9929 
SO Oe OO OY, GSS 


CLIFTON & WADDELL 


Oldest Established Firm in Scotland of 


METAL SAWING 








BAND SAWING 








MACHINE, SPECIALISTS, 
ee ati HIGH-SPEED 
Table. Machine Tool Makers, 


JOHNSTONE, 
near GLASGOW. 


——_—_- 


BAND SAWS, 
CIRCULAR SAWS 
HOT SAWS, 
DISC SAWS. 


——— 974 


BEST AND MOST 
UP-TO-DATE DESIGNS. 








Over 900 Machines in use. 
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| 
| LEBLANC 


CONDENSING PLANT 


































hd and Surface 
and | 
| ea Toca Jet Types | 
| | ainett 
| , 
| 4% SIMPLE 
y V. 
7 LY EFFICIENT 
y Y RELIABLE | 
4d v 
PO a 
P.J-.MITCHELL 
CAXTON HOUSE 
WestminsterLondonSW 





Telegrams ANTIHELIX,LONDON TelephianeV 2:07 vicTora 


! 


















Different from all others 
Better than all others 


Cheaper than all others 


¥ The New 
Stuffing-Box 
Packing 


4131 







INN WF aowe 


Of Diivereat | 
Application. 


WILL PACK ANY STUFFING BOX. 









Ask Dept. E.P. about Klinger’s Patent Two-Colour Stuffing-Box Packing. 


RICHARD KLINGER & CO,, Engineers, Contractors to the 
Admiralty, &c,, 66, FENCHURCH STREET, LONDON, E.C, 





















KINGHORN’S 
PATENT METALLIC VALVES 








Easily Extensively Used 
Fitted to by British and 
Foreign Navies 
Existing and the principal 
Pumps Steamship Lines. 














ARE UNEQUALLED 


WHEN MANUFACTURED BY, AND STAMPED WITH THE NAME OF :— 


THE METALLIG VALVE GO... ‘ms House Wae ® 


LIVERPOOL. 


9016 





















CAMPBELL & GALDERWOOD, 


ENGINEERS and BOILERMAKERS, 
SOHO ENGINE WORKS, PAISLEY, SCOTLAND. 





Telegraphic Address : 
“SOHO, PAISLEY,” 


MAKERS OF ALL TYPES OF 


SIDE« STERN WHEEL 
PADDLE ENGINES 


SPECIALLY FOR LIGHT. DRAFT. 








ALL TYPES OF 


SCREW ENGINES 


For Cargo and Passenger Steamers, 
Steam Barges, 
Tugs and Launches. 


We Contract for 
Vessels Complete, 
or for Shipment 
in Plates and 


or in fr Setlos. 


AUXILIARY 

PLANT— 
Steam-driven 
Centrifugal 
Pumps, 

Steam Capstans, 
Steam Reversing 
Engines. 
INDEPENDENT SUR- 
FACE CONDENSING 

PLANT, 9565 


Catalogue on 
Application. 





FUSION-WELDED 
PATENT METALS Ltd., 


PATENT , 
56, Victoria Street, 
WESTMINSTER, S.W. 


862, Ww ESTMINSTER, 
ADDRESS : 


COMPOSITE 
HIGH-SPEED STEEL 


TOOLS 


5O°/, to 75°, 


ECONOMY. 
LICENSES GRANTED 


TELEPHONE : 


TEL. * Fustwep." 





. . o tr 

a See ties rh TO MANUFACTURERS. 
“Too. READY FOR FURNACE. oo DEMonsTRATIONS OF 
— . = _ . PROCESS ARRANGED. 


COMPOSITE TOOLS 


Can be hardened along the 
whole length of H.-S. S. 
Strip. 

Need no continuous forging, 
fettling, or hardening, 

Mean minimum waste and 
maximum economy. 

Mean 50 per cent. economy 
in first cost alone. 

Give less liability to fracture 
and greater reliability. 

Can be made in all sizes and 
shapes. 

Milling Cutters, Planing, 
Slotting, Boring and Lathe 
Tools, drills, aps, and all 
classes of Tools for all 
purposes. 9516 
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: .“STROCCO”... 


Centrifugal Fans 


FOR THE 


VENTILATION 
of BUILDINGS. 


STANDARD SIZES IN STOCK FOR IMMEDIATE DELIVERY. 


Davidson & Co., Ltd., .. 












Sirocco Engineering Works, Belfast. 













THE “HUGHON” 





Bends Tubes COLD, and without filling. 





Makes Perfect Bends in THINNEST GAUGES, no other Machines éo this. 





Bends THICK TUBES, RODS, ANGLE, CHANNEL or 
T Sections equally well. 





SEND FOR SPECIAL LIST. 


CHARLES CHURCHILL & 00., La. 


LONDON : 9 to 16, Leonard St., E.C. BIRMINGHAM: 2 to 10, Albert St. 
MANCHESTER : 6, Oxford St. GLASGOW : 9 to 11, Wellington St. 
NEWCASTLE-ON-TYNE: Albion Buildings, St. James St. 0314 











TUBE BENDING MACHINE! 





Metal Sawing Machines. 
IMPROVED CIRCULAR 


SAWS. 


STANDARD SIZES: 
24”, 30”, 36”. 


Belt or Motor Driven. 


MOTHERWELL. 211: 















ECONOMIC FURNACES 
Manufactured and Sold under License by 


PIERCY & CO., Litd., 


BIRMINGHAM, 9173 





—— 


a —___—_———E—E——— ———— 4 


The OLDEST and BEST 
MECHANICAL LUBRICATOR . w 
WITH LUBRICATOR MANUFACTURERS 
Enclosed Reducing Gear in the Market. 


for High-Speed Engines, 











THE 


STEAM CYLINDER 
LUBRICATORGO,E 


Gordon Works, Lower Broughton, 


Adams & Grandison’s Patent. 








Manchester. 
Telephone— Telegraphic Address— 
No. 1645. “ SEAFIELD, MANCHESTER.” 


This Advertisement appears Fortnightly. 9877 


pW =e). si lem 


lo}, jele), B.'s & 5 ae} 


: MAKER OF 
|AIR-LIFT 
PUMPS 


AND 


AIR 
COMPRESSORS 


UP TO ANY SIZE 
AND PRESSURE 


ESTWUES CHIN 
Tage > 
















C.KORTE MIME Smuwosr08. 
« dA A STRICT ENOL 


ae OTs Yo ¢ 
J M GUMMERSON # IME. Aws4auer Ave: 


OY) Joe a 4 4 OS 
TA SIAIES TO @ ‘ 






vr House LONDON 
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What the HANDY MAN =. | 
isto IMPERIAL DEFENCE, | 


THE “VALIANT” PUMP | 


‘a to 


THE ENGINEER, 
THE CONTRACTOR, 
f, THE MINER, 
<= on THE PROSPECTOR, 
ee Sua Pump ing came’ THE PLANTER. 
A DOOK ENGINEER WRITES :—“ Your ‘VALIANT’ has been 
the means of preventing three steam trawlers and two other vessels 
from sinking (in the docks). It has extinguished a serious fire in the 


Fic.a. 
town, and in doing so saved a lot of surrounding property ; and it “Valiant” Steam Pump on light 
bes Proved extremely useful to us for sanitary purposes. wrought-iron = 


Delivers 5000 gallons per hour to a height of 150 ft., and can 
be carried by four men over rough country without roads. 
Supplied to H.M. WAR OFFICE for Water Supply to TROOPS 

in SOUTH AFRICA. 9681 
—- LARGE SIZES NOW MADE — 


MERRYWEATHER & SONS, 


63, LONG ACRE, LONDON, W.C. Works: GREENWICH. 














Write for Pamphlet, 
giving facts, photos and 
Sigures. 











ran “Gun Tak” 


PATENT TOOL HOLDER 


Effects enormous P e High-speed Steel ; avoids 
expensive cme hah or — grinding. 


Made for ROUND STEEL for ROUGHING or SQUARE STEEL for FINISHING. 


Takes the HEAVIEST CUTS WITHOUT SLIPPING. 


Screw does not bear direct on to Tool and cannot be 


No LOOSE PIECES to get LOST or MISLAID. 


Tightening Screw clear of the work and rest. 
CASE HARDENED THROUGHOUT. 9634 


















ASK FOR 
List E.G. 


W. GUNTHER & SONS, cENTRAL works, OLDHAM. 











DEMPSTER, MOORE & CO., Ltp., 


Engineers, GLASGOW. 








m Photo. of 9} in. Centre Lathe. 
SPECIALITY: 9065 


Modern _ Modern High-Speed Machine Tools. — 


GRAFTON. & CO. 


CONTRACTORS TO H.M. GOVERNMENT, 
CYCLOPS WORKS, 


SEDEORD. 


en 














.— Telegrams— 


Grafton, Bedford. 


SSS ERD EDS 











THEY ARE 


MASON 
SIMPLE, 

REDUCING EFFICIENT 

VALVES. . AND 


HAVE A READILY 
FULL AREA ADJUSTED. 
AND 














— Can be 
MAINTAIN 


A 
CONSTANT to suit 
REDUCED all 9815 
PRESSURE. Pressures. 


supplied 




















‘aan Descriptive Price’ List free on — 


ee OK TES a <—-— ~~ a = . = — | 


_ SILVER MEDAL, Inventions Exhibition, London, 885. | 
“GOLD MEDAL, Paris, 1900. .- _—— 
~ GRAND PRIX and GOLD MEDAL, Franco-British Exhibition, London, 1908. 








NOOHH * RUB 'BBER | 


COMPAN LIMITED 






Rubber Belting, 

Piston and Core Packing. 
Valves, 

Coupling Wiadiion. 

Gauge Glass Washers, 
Steam and Canvas Hose, 


&c., &c. 


Established in 1856, our unique experience 
in the manufacture of rubber goods for 
every purpose, enables us to violate the 

highest quality at prices unapproached 
by competitors. 


Write for Lists. 






——————— = = = es 
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JOHN OAKEY & SONS, Ltd. 
GENUINE EMERY, — EMERY WHEELS 
EMERY. CLOTH, For all Purpose. 
Wellington Mil, QLASS & FLINT PAPERS, 





NK 8 «6BLACK LEAD, &o. 





LEROY’ itu 


mp 


PIPES, &c., to 
prevent on save 
power of steam. IT WILL AT ONCE SHOW A LEAK. 
IT CANNOT CATCH OR COMMUNICATE FIRE. 


Used in H.M. Dockyards, Arsenals; also by 
principal Railway and Dock Co.'s. 


May be seen where it has been in use for twenty 
years. 









== 


a 


ESTABLISHED 1865, 


7 F, LEROY & CO,, 
20, Gray St., Commercial Rd., London, E. 


Also at MANCHESTER. 9448 


. ’ ae "ees i 
=) Zschocke's Engineering Go., 
bad KAISERSLAUTERN. 
BRANCH OFFICE for United Kingdom— 


Hoole’s Chambers, 45, Bank st., SHEFFIELD. 
D. BENTHA US y Representative. 


WOODEN, IRON & FERRO-CONCRETE 
WATER RE-COOLING PLANTS. 
Chimney-Coolers, 

Open-Coolers, Fan-Coolers. 

High, Low and Medium Lift 


Centrifugal Pumps, 
For any quantity and any lifting height, 


' Purifying Plants for Blast Furnace 
and Coke Oven Gases. 
a 


Registered Trade Mark No. 117038, 


























TL 














tHIINIH 
ss i « 
LOOK WITHOUT 
FOR THIS 
GANDY’S NAME 
NAME NONE 
ON IS 
EVERY Ae hae GENUINE 
BELT BS MAURICE. GANDY EN — 
of LiVi yA 
YOU FR” &A- INVENTOR FIt_cy Established 
« KeTNXT=yd * 
. MALTENIED: 1877 . 





There is but one GANDY, that 


MANUFACTURED BY 1519 


GANDY 'S Ltd., Seacombe, Cheshire, Enc. 


LONDON, BIRMINGHAM, MANCHESTER, GLASGOW, BRADFORD, 







“CENTRAL LIFT” 


_HYDRAULIC-WORKING 
~ VALVES. 


Easy Working. Simplest and Best for Iron 
and Steel Works Plant, 
Dock and Railway Oranes, &c. 


SENT OUT ON APPROVAL. 


Ln, 





SOLE MAKERS :— 


DEWHURST’S ENGINEERING COMPANY, 
Hydraulic Engineers, SHEFFIELD. 
“DAW” EXPANSION 


S 
ROCK DRILLS ri 
et we Riis 


upwards im power. 
Highest attainable 


Mining & Cyanide Plants. 


Telegraphic Address: ‘‘GULDNES, 
























“DAW” ROCK DRILLS. 














Any Pressure. 


Any Size. 


Any Type. 








11, Queen Victoria St., 
London, E.C. 


LONDON.” 






8181 


* 
gy 
SS 


Re) 
3 














ROB* MIDDLETON, 


HYDRAULIC ENGINEER, 
SHEEPSCAR FOUNDEY, 


LEEDS, 
ENGLAND. 


A B C and Lieber’s 
Telegraphic Codes used. 





& 


¥ HYDRAULIC 
3 


PRESSES, 
PUMPS, 
CRANES, 
CAPSTANS, 
ACCUMULATORS, 
INTENSIFIERS, 





LONDON AGENT: 


E. C. AMOS, 


M.1. Mech. E., 


3, Laurence Pountney Hill, > 
BO. & 
TELPH. 6438, Bank. Ss 


A 
4 


K 
eS 












BELFAST, BRISTOL, &c., &c., &c. 





Pa 
x ¢ 


LEATHERS, &c., &c. 
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THE KEITH FAN 


IS UNRIVALLED FOR 


Ship, Mine and Mechanical Ventilation. 





Stands pre-eminent throughout the civilised world IN THE EFFICIENT HANDLING 

OF AIR FOR VOLUME AND PRESSURE, for Plenum and Extraction Mechanical 

Ventilation, Induced and Forced Draught, and all kinds of AIR-VOLUME PRESSURE 

INSTALLATIONS requiring Pressures or Extractions of from One inch up to 
Six inches Waste Gauge. 





NEW CATALOGUE ON APPLICATION. 


JAMES KEITH 8 BLACKMAN COMPANY, Ltd., 


Ventilating, Gas, Hydraulic, Electric; Drying, Heating and Lighting Engineers 


and Specialists, 
MANCHESTER, GLASGOW. LEEDS. BIRMINGHAM. BELFAST. 
Works :—HOLLOWAY (LONDON) and ARBROATH, 


HEAD OFFICE :—27, FARRINGDON AVENUE, LONDON, E.C. 





9736 


Spt CIALISTSIN i MPFRY ODUN DU ™ 
| Bas M 


RIAL EMERY 


WESTON STRI ET. RBERMONDSI 











In our “pioneer” and subse- 
quent years we acquired exact 
and complete knowledge of the 
limitations of the Apparatus 
INDEXED on our HANGING 


ELEVATORS, 





CONVEYORS, : SHEET, therefore we never 
Paddle Blade Screws, Mixers, Quote for any Transport Ap- 
SORE OPEW Ys, pliance for work which we know 

. = P 

GRAIN, COAL & ORE BELTS, it is not suited. 

Steel Chain Belts, Sprocket Wheels, 

CONVEYOR STOKING SYSTEMS, ADDRESS :— 0028 
Spiral Conveyors, Sack Conveyors 

smh 08 CiBerT LTT 
WORKS, BRADFORD. 
WORKS, 








ey DEMPSt 
iT nll 


pe ee 
\ es e8 i Me 



































SLOW ARS 
































Gas Powers By. Bink Co., 


59, Bath Street, GLASGOW. ‘*™ 











Plant for Gasifying s00 Tons of Bituminous Coal per Day. 


ARE SPECIALISTS IN 


Gas Producer Plant 


WITH 


AMMONIA AND BY-PRODUCTS RECOVERY, 


FOR USE IN 
STEEL WORKS, 
CHEMICAL WORKS, 
OEMENT WORKS, 


AND ALL CLASSES OF POWER 











HEATING AND MELTING PROGESSES, 
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- THE - 


Steel Company of Scotland, Ltd. 


(SIEMENS PROCESS), 


23, ROYAL EXCHANGE SQUARE, GLASGOW. 


ESTABLIGHED 1872. 
Works: HALLSIDE, NEWTON & BLOCHAIRN, GLASGOW. 
Head Office: 23, ROYAL EXCHANGE SQUARE, GLASGOW. 
London Office: 9, MINCING LANE, E.C. 


Contractors to British Admiralty, War Department, and 
Foreign and Colonial Governments. 














MANUFACTURERS OF 


Mild Steel Plates, Angles, &c., 


For Ships, Boiler and Bridge Building, Angles, Zed Bars, Tees, and all forms of 
Sectiona! Bars required for constructive purposes. 





CASTINGS of all kinds and largest sizes for Ship Stems, 
Stern Posts, Rudders, &c. 

FORGINGS of every description. 

AXLES of highest quality, to meet requirements of Home 
and Colonial Railways. 


TYRES.—Locomotive Carriage and Wagon, to all re- 
quirements. 


DANIELS GAS PLANTS. 


suc TION ~ sc 
PLA 


For Anthracite fl and 
CHARCOAL FUEL. 


Will work perfectly 
me from 
FULL LOAD to NO LOAD 
or ve 
TWO or more ENGINES 
One Suction Plant. 


10 to 20 HP. For 
ONE PENNY 
PER HOUR. 



































Saer —_— mane: ee ; = : 
DANIELS GAS ENGINED omple ping 
DANIELS HIGH-SPEED PUMPS, ™St#llations. 





T. H. & J. DANIELS, Ld., Stroud, Eng. 


Are you 
Interested in 


CASE-HARDENING 


If so, write at once for a copy of 
our new pamphlet about Case- 
Hardening. It costs nothing. We 
will send post free to any address 
in the world. It contains informa- 
tion of considerable value to even the 
most experienced Case-Hardener. 


W. H. PALFREYMAN & CO., 





HYDRO-CARBONATED 


BON E BLACK 





CASE HARDENING 


| Pressure and Suction 


UP-TO-DATE STEAM GRANES 


Sizes 2 to 10 Tons 
in Stock or Progress. 
























BEDFORD ENGINEERING CO., BEDFORD, ENG. 


PECKETT & SONS, BRISTOL 











i Beret al , —- . . 2g - 23 airy = — 
LOCOMOTI V me Ss. adi 
of various Sizes with all the latest improvements ready for Immediate De- 


livery. Engines specially designed for every requirement and gauge. 
Full particulars on application. Telegrams: “PECKETT, BRISTOL.” 








SCHAFFER & 
BUDENBERG, Ltd. 


Whitworth Street, MANCHESTER. 


77a, Queen Victoria Street, 
LONDON, E.C. 


WIRED GLASS 


PROTECTORS 


5, Wellington Street, 
GLASGOW. 





FOR WATER GAUGES. 


PATENT WIRED GLASS PROTECTORS 


arranged with a window in front of the glass. 
to allow of a free inspection of the gauge glass 


Sole Agents for JENA “ ROBAX" Water Gauge Glasses 


LARGEST MAKERS IN THE 
WORLD OF PRESSURE GAUGES 


Also Makers of INDICATORS, COUNTERS, TACHOMETERS. 
SPEED RECORDERS, 

Steel Tabe Mercury Pyrometers and Recorders for 
Superheated Steam, Boiler Flues, etc. 
Nickel-Seated Stop Valves and Spring Safety Valves 
for High Pressures and Superheated Steam. 

* PERFECT" RE-STARTING INJECTORS, STEAM TRAPS, 
and all other types of Engine and Boiler Fittings. 

















‘Ven por. 
—A GOREE-PIAZZAS, LIVERPOOL. 51 
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DOUBLE HELICAL TOOTH WHEELS. 


Bevel or Spur Gear from 3in. to 20ft. diameter. 


Made-by Special Machinery. 


Price List on application. 





ADVANTAGES over ORDINARY GEARING. 
Stronger Tooth. 
More Bearing Surface on Tooth. 
Less Pressure on Collar of 

Journals. 

Free from Jerks 
and Backlash. | 

More Teeth in 

Gear. 
Smoother Work- 






ing. 
Greater durability 





" STRAIGHT 7 TOOTH 1 WHEELS ‘CUT oR MOULDED BY MACHINERY. 9391 


WILLIAM WHITTAKER & SONS, Ltd., Engineers, &c., OLDHAM. 


LONDON Rurpresantativa—VICTOR H. COATES, M.I.M.E., 2, Nortolk Street, Strand, W.O. 
Telephone No.—1246, Gerrard. Telegrame—V' ‘totomime. 


KENYON'S PATENT “KENYON, DUKINFIELD.” 


Telephone : No, 494, ASHTON. 
INTER-STRANDED 


BOILER COVERING DEPARTMENT, 








Telegrams : 





COTTON | ae ee 
DRIVING g the Dated ive ingdom for ou 

ROP ES y SILICATE COTTON, ASBESTOS 
ex MAGNESIA 

and other Insulating Materials. 


For BoiLER ANO STEAMPiPE 
COVERING if: 


We KENYONZSONS t 





GOLD MEDAL, FRANCO-BRITISH EXBISITION. 
SHEET METAL WORK, FOR CYLINDER CASINGS, FLANGE COVERS, &c. 
Ask for “ HINTS” win Comat Steam Pipes, 


Boilers, &0, 
WM. KENYON & SONS, LTD., *Wenutt"'* DUKINFIELD, near MANCHESTER. 


BELTING 


THE IMPORTANCE OF BUYING UNWEIGHTED LEATHER. 


The advance in the price ot hides has made it more . ° 
difficult for tanners to turn out leather at a price. 
In some cases this has led to the use of adulterants 

in order to make apparently cheap belting. 


OUR GOODS CONTAIN ONLY THE BEST MATERIALS, 
ae, NO GLUCOSE OR OTHER WEIGHTING MATTER, 
¢ 
<r % 








rwwuwywy* 
vvvvvewe 





w 
% vt W. & O. Gi LMOU R, és 
% Te Machine Belt Manufacturers, P pg 
ee * St. John’s Hill, 


hhihithithiphbbphpiw=tw_bb»b = hhh-_LAaA£ZR OnE @ 


% EDINBURGH. Fo wn 
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SUGDEN’S 
REDUCING VALVES 


(Hubner & Mayer Patent.) 


| 






Ih 


Innit 





| 





ws 
eT 





Full supply of steam reduced to constant 
pressure. Responds immediately to varying 
conditions. Works independently of fluc- 
tuating boiler pressures and steam con- 
sumption 


DURABLE AND RELIABLE IN ACTION. 


FOR SATURATED & SUPERHEATED STEAM 
Many thousands in Constant Use. 
SEND FOR PAMPHLET OF VARIOUS TYPES. 


T. SUGDEN, Lr. 


180, FLEET STREET, LONDON, E.C. 











Buoys SOFTENERS 
BOILERS HEATERS 

‘TANKS PURIFIERS _ 
CONSTRUCTIONAL WORK. 


WALL 


JONDON 














MILLAR, DENNIS & 60, 


Sole Original Makers of 


th BRADFORD STEAM 


GUARANTEED NOT TO JAM UNDER ANY CONDITION, «| 
SENT ON APPROVAL : 
Note the Cone Easing Shoulder and Spring-Fed Centre, whieh tio 
the Plug perfect liberty under expansion.” verbs 
OVER 60,000 WoREIN G. 0176 














(| OW ADMIRALTY 





Reouermam VICTORIA WORKS, 
‘‘T- BRADFORD. “n=. 











Telegrams: ““ TUBULARITY;” LONDON, wrod Telephone : 186, HOLBORN, 










y- Interior View-of Works 
4Employed in the Manulacture of, 
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SAFETY oF CRANES 


ensured by using 


DENISON’S Patent 
Overload Detectors. 








RINGS A BELL WHEN CRANE OVERLOADED. 


 BS0LH MAEERS: 


SAM* DENISON & SON, Lk 
| Far Hunslet, nr. Leeds. 











~ Small High-Class Specially Designed 


LATHES 


With Self-Acting Boring Carriages. 


FOR MOTOR REPAIRING BY YOUR OWN MECHANIC, OR FOR 
PRIVATE WORKSHOP, TOOL ROOM, AND EXPERIMENTAL 
“WORK, INVENTORS’ 


MODEL WORK, &c. 


A greater variety and 
heavier work 
can be done on these 
tools than on 
any other Lathes of 
their size. 





> 


ACCURACY GUARANTEED. 
WORKMANSHIP AND MATERIALS BEST POSSIBLE. 
PRICES LOWEST POSSIBLE. 





Write for Specifications and Lists to— 


DRUMMOND BROTHERS, I? 


ROBERT WARNER & CO. 


(Engineers), Ltd., 
97, QUEEN VICTORIA STREET, LONDON, E.C. 









WRITE 


FOR 


CATALOGUE, Section H, 
JUST ISSUED, 







Hand Pumping Machinery. 


Ship Pumps. 
Miners’ Hand Pumps. 
Contractors’ Pumps. 
Hand Power Frames for Shallow & Deep Wells. 
Lift and Lift and Force Pumps. 
Abyssinian Well Driving Plants. 


PUMPS for at! POWERS for ati PURPOSES. 


WORKS : —-WALTON-ON-NAZE. 


H.W. KEARNS: ¢=E* 


Broadheath, 


MANCHESTER, 


MACHINE TOOL 
MAKERS. 












9549 











MAKERS OF 


Horizontal Boring 
Machines. 





; Shaping Machines. 
Drilling Machines. 
Milling Machines. 


Double-Spindle 
Horizontal Boring 
Machines. 
Pearn's Patent 
(1905 & 1907) 
Surfacing, Boring, 
§ Milling and Drilling 

Machines. 


fi 9702 

fall Particulars, 
‘Quotations, &c., 
on application. 








No. 2 Size ror in. Stroke) SHAPING MACHINE. 








We make this class of Machine in several sizes, with FIXED or [TRAVELLING HEA!) 
as desired. They represent the most successful combination of HANDINESS and 
RIGIDITY at present in use, The cutting speed is constant at all lengths of stroke. 
Stroke can be varied without stopping the machine. Powerful locks to all motions. 





Engineering Works, near GUILDFORD. ™ 


Table supports to the larger sixes. Canting Motion to the table for taper work: 














June 25, 1909.] 


ENGINEERING. 








Worthington High-Lift 


CENTRIFUGAL PUMPS 


WITHOUT GUIDE VANES. 
Highest Efficiency. 


ai Te ee ee eye Be SS 
WORTHINGTON SINGLE-STAGE HIGH- LIFT CENTRIFUGAL PUMP, 
arranged with 3-Phase INDUCTION MOTOR. 


Supplied to Messrs. STELLA COAL COMPANY, Blaydon-on-Tyne, 
Capacity :—2500 Gallons per Minute y, ee @ head of 300 ft. 





Write for New Centrifugal rifugal Pump Catalogue, just from the Press. 


WORTHINGTON 


PUMP COMPANY, LIMITED, 


With which is incorporated the European Business of— 
THE BLAKE & KNOWLES STEAM PUMP WORKS, 
Registered Offices :—153, Queen Victoria St., LONDON, JE. C., 


and principal Towns and Cities throughout the World. 








Low Maintenance Charges. 








EMOTHERWELL - 


ARON & STEEL ce 


p= MOTHERWELL SCOTLAND. NB. 





MANUFACTURERS OF 
lronasteel bars flals rounds copes tees, 
epuuares,¢ conve “i eo channels 

egirders, hoops (Rang Played) ALL =] 
rues QuaLities oF IRON& STEEL 
lEMENS Martin Acip pa, = 


On LLOYDS & BRITISH CORPORATION OFFICIAL 
LISTS, ALSO SUPPLIERS TO H. M. ADMIRALTY; 


INDIAN STATE. RAILWAYS ETET 
Codes, Litsens ABL.S™MEDITION ALSO WESTERN UNION ~ 





Gle9 





HURST, NELSON 
AND 0. LTD., 


BUILDERS OF 


Railway Carriages, Wagons, Electric Cars, 


Railway and Tramway Rolling Stock, 
Motor Omnibus and other Road Vehicle Bodies. 





PRESSED STEEL UNDERFRAMES and BOGIES A SPECIALTY. 


MAKERS OF WHEELS AND AXLES, RAILWAY PLANT, FORGINGS, SMITH-WORX. 
IRON AND BRASS CASTINGS. 

















New or Second-hand Wagons Repaired by Contract or otherwise. 


"ell ejduls WO 30] 10 ‘syueuLseg  periejeg JO YS) J0J-7]Ing suose mM 











REGISTERED OFFIOE and CHIEF WORKS: 
T = =e 


GLASGOW ROLLING STOCK & PLANT WORKS 
nasor tore” MIOTHERWELL. 


BRANOH { Chatsworth Wagon Works, CHESTERFIELD. 
WORKS | Bridgend Wagon Works, BRIDGEND, Glam. 





GLASGOW Office: 40, West Nile Street. 
- MANCHESTER Office: Northern Assurance Buildings, Albert £ quare. 
LONDON Office: 14, Leadenhall Street, B.C. 
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[JUNE 25, 1909. 
PP cave y | DOUGLAS, LAWSON & CO, 
sEKPER>, ce 
| , Birstall, near Leeds, 


ROCK DRILL. 


AIR COMPRESSORS 


ALL -__ TYPES. 


WELL-BORING TOOLS. 
SCHRAM, HARKER & CO., 

















ENGINEERS, 
CANNON STREET HOUSE, LONDON, B.C. 
Telegrams :—"* SCHRAM, LONDON.” ABC Code. 
THE BROWN HOISTING MACHINERY Co., 


CLEVELAND, OHIO, U.S.A. 
OF ALI. DESCRIPTIONS. 


Co 


All Enquiries should be referred to COWANS, SHELDON & CO., Ltd., CARLISLE. 








BRIDGE T TRAMWAY CRANES UNLOADING Sahat ich caebedeeemeane GENOA. 


Thomas Turton & Sons 


LIMITED. 


ENGINE CARRIAGE, AND WAGON SPRINGS, 
Cast Steel Files, 


ENGINEERS’ TOOLS, HAMMERS, EDCE TOOLS, STEEL 
FORGINGS, SPRING STEEL, 


Tool Steel. 











MANUFACTURERS OF 


SHEAF WORKS, SHEFFIELD. 


London Office: 90, nik ate STREET, E.C, 





















MAKERS OF 


WROUGHT IRON 
BELT PULLEYS 


up to 20 ft. dia, 





The Quality of our Pulleys 
is of the highest, and our 
facilities for Quick 
Despatch are 


PLICATIORN, 








Telegrams— PULLEYS, BIRSTALL. 
A BC Code, 5th Edition, 
Telephone—135, BATLEY. 

On Lists of Admiralty, War Ofice 


ja Office, and Crown Agents 


yo the Colonies. Ys 


























The SEAT in this valve 
is SELF CLEANSING; 
it can be REGROUND 
and both the SEAT and 
DISC are RENEWABLE, 
it is known as the 


LUNKENHEIMER 
“ RENEWO” 
VALVE, 








and is DECIDEDLY the most serviceable valve 


on the market. 


WRITE FOR CATALOGUE, 


THE LUNKEN VALVE Co. 
LONDON, S.E. 
.. 35; GREAT DOVER ST. ,. 
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HIiGH-GRA D+ 


GRINDING MACHINERY 
AND WHEELS 


FoR ALI PURPOSES. 





oe 


GOLD MEDAL, 


FRANCO-BRITISH 
EXHIBITION, 1908, 





Standard 
Single- Wheel 


Universal Grinder 


Safety Guards 
and Self-Oiling 
Bearings. 


CONTRACTORS TO 


War Office, Admiralty, 
india State Rallways, 
and other Government 

Departments. 











oe 


B. R. ROWLAND & CO., oe 


REDDISH, war MANORIAESTI EN. 
Tel. No. 47, HEATON MOOR. Tel. Address: “HEROIC, REDDISH.” 4883 


TO -ALL 
ENGINEERS. 





Rogen 
THE 
“ WARNER” 


CUT-METER 


here illustrated, is a small magnetic instru- 
ment used for determining the speed in feet 
per minute of work in lathes, boring mills, 


&c. 





With its aid the highest speed, and heaviest 
cut the tool is capable of, can be readily 
obtained, 


The usual methods of .“ guessing,” or “cut and 
try” are thus dispensed with, and the best results 
obtained in a few minutes. 


The “* Cut-Meter” is specially constructed for shop 
use, is very accurate, and will retain its accuracy 
for years. 





Leaflet and Prices will be Sent on Application. 


The ELECTRIC 8 ORDNANCE ACCESSORIES CO., Ltd., 
Aston, Birmingham. 





9778 














JOSEPH WRIGHT & CO., 


NEPTUNE OHAIN. WORKS, 


Tre TON, strare. 


And 1294, Victoria St., WESTMINSTER. 
HIGH-CLASS ’ 


CHAINS. 
CF *> 













Speciality : 


SLINGS - 


ALL SIZES. ALL TYPES. 
, 
WRITE FOR List E-228. 


IMMENSE § STOCK. 





CRANE HOOKS. 
SHACKLES. . -SWIVELS. 
STRETCHING SCREWS. 
CHAIN CABLES ano 
MOORING CEAR. 


CONTRACTORS to ADMIRALTY, 
WAR OFFICE, INDIA OFFICE, and 
CROWN AGENTS. 0372 





KENDALL GENT,’ 


Telephone— MAN C ot ESTE R. 


5569, Central. 
MAEERS OF 


HIGH-CLASS MACHINE TOOLS 


For Engineers, Shipbuilders, Locomotive Manufacturers, 
Bolt and Nut Makers, &c. 


SPEGI A L ITIES in MILLING, DRILLING, and 


NUT and BOLT Machinery. 
Block below shows Triple-headed Bolt Screwer, to screw up to 1 in. diameter. 
HIGHEST RATE of production guaranteed. oll 
HIGHEST CLASS Workmanship and BEST Materials only. 


a 
Tools, Manchester. 
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TRADE MARK, 


DYNAMITE 
GELICNITE 
CELATINE DYNAMITE 
BLASTING GELATINE 


AND 


BLASTING POWDERS 


FOR USE IN 


MINES, QUARRIES, 
RAILWAY CUTTINGS, 
WATERWORKS, 
TUNNELS, &c. 


CHEDDITE 


A High Explosive of 
Enormous Rending Power. 


CHEAPEST and BEST 
High Explosive for 
Tunnelling, Quarrying, 
and every description 

of Blasting. 
Does NOT FREEZE 


OR 


EXUDE. 
























PRICE AND FULL PARTICULARS ON | 
APPLICATION TO 


Curtis's & Harvey, L¢ 


MANUFACTURERS OF ALL KINDS 
OF EXPLOSIVES, 


8, Gracechurch Street, 
LONDON. ™ 





AGENTS IN ALL PARTS OF THE WORLD.| | 


ENGINEERING. 


CANE GTO} D, 








|“STAUFFER’S LUBRICANT” 


(REG. TRADE MARE. 


IS MADE ONLY BY 


B URIER BROS., Cis Cumberland Works, 


their — LONDON. — 
OFFICE: 1, Great George St., Westminster. 


9959 


BEWARE OF SUBSTITUTES. 





BRASS & COPPER Am | 
oe a _ C0 Y [/ SEAMLESS & BRAZED 
. TUBES 


Z FOR BOILERS, CONDENSERS, _&e. 
BATTERY, SELLY OAK.” 












G y 
< Yj 
TELEGRAPHIC ADDRESS: —— 


Machine Cut Helical Gears. 
Bevel & Spur Wheels 


Cut in One Single Operation in the Solid. 
Up to 20 ft. diam. 


Any Pitch. Any Material. 
Guaranteed SILENCE. 
Strength 98°/. Efficiency. 


André Citroen & fn, fer Bi. 


[STEEL & IRON FORCINGS 











A Ser OF BeEvELs. 


nim Queen Victoria Street, 
SOnDOR, E.C. 


: 1443, CENTRAL. 








Telephone 






Specialities. 


—_— 






BUILT 
CRANKSHAFTS 
FINISHED 
COMPLETE. 






TUNNEL 
SHAFTINC 
ROUCH TURNED 
AND FINISHED 
COMPLETE WITH 
BOLTS & NUTS. 







PROPELLER 
SHAFTS FORCED 
FROM PURE 
SCRAP IRON, 
INCOT STEEL 






F ORCE COMPANY. 





KIRKCALDY SCOTLAND 
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WIRE - ROPE 


PULLEYS © 


From 2 ft. to 22 ft. 
Diameter. 





Thompson & ee, 


LIMITED 
TAMWORTH, a 
STAFFS. 





PATENT DIRECT-ACTING 
BOILER FEED PUMPS, 
AIR PUMPS, 
CIRCULATING PUMPS, 


Single or Compound, 


COMPLETE CONDENSING PLANTS. 





Only ONE Steam 
Valve, 


Economy in Steam. 


F, FRIEDENTHAL, 


ALEX. FINDLAY @ C0., Ltd., 


Steel Roof and Bridge roe 
Structural Engineers, . . \s MOTHERWELL, N. B. 
Contractors for all the Main Butidings foe the FRANCO.-BRITISH EXHIBITION, 
LONDON, rey bxery a total area of 560,000 square feet; also for 
Grand Stadium, area square feet, 

hin? Cl an Soom. Grameen ade Uniinati 
SPECIALITY :—HYDRAULIO — — 
Head Office 
London Office - 


TELEGRAMS : 


- MOTHERWELL, N.B. 
- Ps —— ORIA STREET, S.W. 
“ PARKNEUK, LONDON.” 


‘“*FINDLAY, MOTHERWELL.” 9262 














| The 

Rapid Disappearance 
of all kinds of Glass Tube Water Gauges at sight 

of Klinger’s Patent “Reflex” Water Gauge. 


Modern Steam Plant 
Demands Safety 


Compensation Claims are Dangerous Risks. 
THERE IS AN ATTACHABLE PATTERN, SUITABLE FOR 
EXISTING GAUGE COCKS, WITHOUT ALTERATION. 


There is also the Complete Pattern, fitted with the best asbestos 
packed cocks — this has extra advantages worth your investigation, 
BEST MATERIALS. BEST WORKMANSHIP. 
OVER 200,000 ARE IN USE, 





Genuine Klinger’s Gauges bear our Registered Trade Mark— 
such Gauges are the only safe gauges—safe because they cannot 
burst. and because they show the water level af a glance. They 
save human life and t ‘ of the boiler. 





Contractors to the 


Richard Klinger & Co., Engineers, “Siniwis* 
66 Fenchurch Street, London, E.C. 








9117 


























River Engine Works, 
PRESTON. 


The “LEA” RECORDER 


FOR 
Measuring Air-Pump Discharges 
from Surface Condensing Engines 
or Steam Turbines, through the 
_V_ Note Noteh. 


©) Gives » Continuons Record of the Flow. 
3 ACOURACY GUARANTEED. — 
Ge! For full Particulars, Prices, &c., write to 


THE LEA RECORDER CO., 

























HARVEY 
Engineering Co., 


LATS LTD., | 
M°ONIE, HARVEY & C6., Lio. 
Seotland Street Engine Works, 
GLASGOW. 
London Office: 27, Mincing Lane, E.0, 


ESTABLISHED OVER 50 YEARS. 





MAKERS OF ALL KINDS OF 


SUGAR MILLS 


INCLUDING 


PATENT FIVE ROLLER MILLS. 





HAR V£Ey’sS 
PATENT 


Triple-Effet.. 
. Evaporator 


Now in use in all Sugar Growing Countries 


AND EVERY REQUISITE FOR 


Sugar Plantations. 
SPECIALTY. 


SUGAR REFINERIES 


fitted up complete for 
refining all classes of 
sugar. 


HIGH-CLASS 


ENGINES 


OF THE HEAVIEST TYPES, 


MULTITUBULAR, CORNISH 


AND 


LANCASHIRE BOILERS, 


TANKS & WROUGHT IRON 
WORK be 














Telegrams :—“‘Scuxw, Pamsrom.” Telephone No. 255. 





2%, Deansgate, MANOHESTER. 


OF EVERY DESCRIPTION. 
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BRICK MAKING MACHINERY 


TO SUIT ALL CLASSES OF CLAY, SHALE, FIRECLAY, &c. 


BRICKS MADE STIFF ENOUGH 
TO GO DIRECT TO KILN. 


PERFORATED GRINDING MILLS. 
ORUSHING ROLLERS. 
PUG MILLS AND CUTTING TABLES, 


BRICK PRESSES. 
CONVEYORS. ELEVATORS. 


HAULING GEAR. _ 
MORTAR BMiILts. 














q A.HARVEY®GO. 



























Perforators. 
LARGEST WORKS, IN THE KINGDOM. 


Telegrams —CHEAPER, LON iN. Te ‘eoecamaichabe 281 (fou 
‘ORD 











































































82, were Rati 

LON N, &.W. 
T.A.: Winprie hee NDON. 
Nat. Tsu. : 876, Waeeuan NSTER. 


24, GRAINGER 8T. WEST, 
gs ee -ON-TYNE. 


.A.: Winptiant, NSWCASTLE-ON-TrnB. 
Nat. rT aL.’: $920, OMNTRAL, 














Lubecker Machine & Manufacturing Co., 


30, CREAT ST. HELEN'S, LONDON, E.C. 












6 WILLIAM 












from 0 ers metres per hou 
FLOATING DREDGERS for Sea and Riv Wo rk. 
GOLD DREDGERS. td. 
EXCAVATORS & DREDGERS 
OF ALL DESCRIPTIONS, 
Telephon 1434, Avenue. Telegrams: “ Plasmo, ade 
Telegrams :—‘‘Cromil, Newcastle-on-Tyne.” 








_ Bee Hive Ail 


MORSE & DEXTER : eneall 
VALVE Te 
RESEATING tne onan 
PATENTEES 
of the 


MACHINES. 


Send for New Catalogue, ready presently. 


For Refacing Valves and Valve Seats without 
disconnecting from the pipes. With 
Important Improvements. 


CROSIER, STEPHENS & 00., 


Newcastle-on-Tyne. Segre ‘cs Ses. ee 
sant & 8375 e 7 i ai li ae 
Agente wanted where not already represented. Ret ye se 


RYDER 
FORCING 
MAGHINE. 


9544 
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Telegrams: “PENMAN, GLASGOW.” 
ABC and ENOMIEERING TELEGRAPH Ww Eliz. 1.8’ 
a 7 PATENT 


— 
— 
— 
— 
—— 
— 

= 

— 

a 





Caledonian Boiler Works, 


LONDON OFFICE— 
110, CANNON STREET, E.C. 





India Office Lists. 





Steam Boilers ready for 














Makers of High-Class 


CORLISS 
ENGINES, 


DRIVING, WINDING & PUMPING, 


All Types, Powers and Pressures, 


CONDENSING PLANTS 


OF EVERY DESORIPTIOF, 


Large PUMPS for WATERWORKS 
and MINES. 


THE LARGEST MAKERS OF 


RICE MACHINERY 
IN THE WORLD. 
General Engineering and Millwright Work. 


Agents for Bombay Presidency :— 
BRADBURY, BRADY & CO., Bombay. 


‘Lo. 
GLASGow. 


MAKERS of ALL TYPES of 


Steam Boilers, 


for pressures up to 
250 lb. per square inch. 
AVERAGE OUTPUT :— 


ONE BOILER PER WORKING DAY. 


On Admiralty, War Office and 
CONTRACTORS TO HOME, COLONIAL 


AND FOREICN COVERNMENTS. 
0674 


Always a number of New 


_MMEOIATE mEOUATE  CELIVERY. 


DOUGLAS & GRANT, 


ENGINEERS, KIRKCALDY, sont ann 





“DOUGLAS, KIRECALDY.” 1 
Al, ABO, Bedford McNeil’s and Engineering Codes. 


Telegrams : 


: - : ss ‘ 
ONE SIDE OF A DOUBLE COMPOUND TANDEM CORLISS ENGINE. 650 LHP. 


ESTABLISHED 1854. 











Drop Forgings forjEngineers and Others. 


Central Marine Engine Works, 


WEST AOR 5.39 


ENGINEERS, BOILERMAKERS, 
IRONFOUNDERS, COPPERSMITHS, | 
FORCEMASTERS & STAMPERS. 


Teleg.; CanrraL. Telep.: Nat. 248; P.O, 18. 
SEND FOR CATALOGUE. 





9118 


“INCANDESCENT” 





OIL LAMP. 








incandescent 


— / inside 
Reservoir and 
Capacity, outside 
18 hours. use, 


Ne. 20, Lamp as illustrated, 400 c.p. Burner, £5. 

No. 21. Same Lamp as above, but arranged with 
Tank on the ground, and 16 ft. Flexible 
oo Tubing, £5. 


Send for Bas Ilustrated Ontalogue: 





Wells’ “ Industrial” 
OTT, en SR 








a FACTORIES, 


_ WORKSHOPS, 
| ¥ RAILWAYS, 
a DOCKS, &c. 00KS, &c. 


100 Candle Power, 8 hours, 
pa ™ Pinte. 





No. 1, py dL 
Brass Container. Consuming ® 
N 100 Candle Power, 12 hours, 
Steel Container, ea, Fitted Fitted with marty bere on 
in. diameter, Sheet Iron, stamped in one 
iS asd amma 


No. Sree Nees 180 ©.P. Reflector, 
® in. Price 87s, 6d. ; 


9848 


OVER 26,000 SOLD 


HURRICANE 
LANTERN. 


No. Sa, meeet Crataieee, 200 O.P. 
28 in. Price 50s. 














A.C, WELLS & 00. G2jfisnt 2 LONDON 


Works: Carnarvon &t., Manchester. 
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F. J. RONALD, 


SURVEYOR, VALUER & AUCTIONEER 


of WORKS, PREMISES, WHARVES, 
FACTORIES, also of all Classes of 
Mechanical and Electrical Machinery and 
Effects. 
ANNUAL STOCKTAKING OF. ENCINEERING AND 
ALLIED TRADES A SPECIALITY. 


DEBENTURE ISSUES 
NEGOTIATED. © 


72, Victoria Street, LONDON, S.W. 
Telegraphic Address: ‘ 














Decidable, 
Telephones : Victoria 2560 and 2561. 








J, B. TREASURE 


and Co., 
Excelsior Fire-Polished 


GAUGE 
GLASSES, 


As Supplied to H.M, Navy. 


LUBRIGATORS, INDIA-RUBBER 
WASHERS, %* 


8 & 12, Vauxhall Road, 
LIVERPOOL. 





BEST 


FOR 


STEAM 
JOINTS. 


JOHN HUDSON & CO.’'8 SUCCESSORS, 
MANSELL Street, Lonpon, E. 8876 


G. 8 A. HARVEY, un. 


GOVAN, GLASGOW, W. 


MAKERS OF 


HIGH-CLASS 
MACHINE TOOLS. 


PROMPT DELIVERY.  se16 
CATALOGUE ON APPLICATION. 


See our Illustrated Advt. in next week’s issue. 




















Staffordshire 





IRON & STELL 
FORGINGS 
Up to 15 TONS 

WEIGHT. , 


HOUSING PINS. 
BUFFERS 


RAILWAY 










im” CARRIAGE 
IRON 
Saar _ WORK. 
ee eo OULENY MICTORIA STREET. §-c| \ one 
a - — 35 = 
4858 











~ INGERSOLL-RAND co... 


TEMPLE-INGERSOLL ELECTRIC AIR DRILL 


BRITISH MADE). 


3% 5 


Can be operated 


by Direct Horse-Power 
or Alternating only 
Current. Required. 


lgnts! Eng arr? 


166, QUEEN VICTORIA STREET, LONDON, E.C. 


6923 


DUSSELDORF : Oststrasse 128-132, BUDAPEST, HUNGARY: IV, Ferenez Jozsef Rakpart,17. PARIS, FRANCE: 33, Rue Reaumur. 








PATENT 
EVAPORATORS, FEED-WATER 
HEATERS, FILTERS, 
DISTILLING CONDENSERS, 


AND COMPLETB 


DISTILLING PLANTS 


For Ship and Shore Use. 





SUPPLIED TO 


British and Foreign Admiralties; 
Cunard; White Star; P. 8. N. Coi; 
- Union Castle; 


.and other leading Steamship Companies. 


Liverpool Rngineering and 
Condenser Co., Ltd., 


BRUNSWICK DOCK, 
LIVERPOOL. 
Telegraphic A: 


ddress : 
“ ELIMINATOR, LIVERPOOL,” 








LONDON OFFICE: 50, Fenchurch 8t.,JE.C, | . 
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CRANE SKIPS. 


MANUFACTURED BY 


F. A. KEEP, JUXON & CO., 


TANKS, and all descriptions of 
RIVETTED WORK. 


HMPIRH WORES, 
Barn Street, BIRMINGHAM. oo 


Te.zcrams : STRUCTURES, BIRMINGHAM. TeLernons: 38779, 
































THE STEEL PIPE COMPANY, 


KIREKOAIL DW. LIMITED, 


Telegraphic Address :— 
“ AQUILENTUS, KIRKCALDY.” 





Steam Pipes for High sisters <3 
Water Mains. 
Gas Mains. 






Steel Chimneys. 
Stamped Steel 

and Angle Flanges. 
Special Pipes for Electric Stations. 


LONDON AGENTS:—JOHN WILSON & CO., 39, Lime Street, E.C. 


| 














TO 
SHIP BUILDERS, 


BRIDGE BUILDERS, 


CONTRACTORS, 
AND 
ESPECIALLY WHERE 


URGENT REPAIRS 
TO SHIPS 
) ARE IN PROGRESS. 


















THE HOWARD PNEUMATIC ENGINEERING CO., Lro, 


HARTNESS 
FLAT TURRET LATHE 


Now built in two sizes : 2%4—12 in. 
with tools 


oy 8 by 86—1¢ in. 
either bar or ch 
JONES & LAMSON MACHINE CO. 
“Jubilee Buildings,” 
97, QUEEN VICTORIA STREET, 
(Corrasert.) LONDON. 0476 




















SAVORWYWS 


UNIVERSAL JOINT 
ARE TWO PRODUCTIONS 
or 


9404 
STERLING MERIT. 
Hesse & Savory, TEDDINGTON, S.W. 











HAMMERS | 


SPECIALLY DESIGNED FOR 
ECONOMICAL WORKING 


COMPRESSED AIR: 





) Joun COCHRANE 


- ENGINEERS, 





ll, TOTHILL’ STREET, LONDON.; 


BARRHEAD, NEAR aLASCOW. 
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NILES 
BORING MILLS 


Twenty-five Sizes, 30-in. to 30-ft. swing. 
Readily Convertible from Belt to Motor 
Drive or the reverse. 











Illustration shows NILES 100-in. HEAVY 
BORING and TURNING MILL, with 4-Jaw 
Universal Chuck Table, Motor driven; 
16 Changes of Speed through Speed-box. 
No Belts. 


NILES-BEMENT- 
PON D CO. y New York, 


23-25, VICTORIA STREET, «= 
LONDON, S.W. 


EE LONDON. 
a 486, GERRARD. 


AGEN Ts : 
JAPAN: F. W. Horne, Yokohama and Kobe. 
ITALY: Ing. Ercole Vaghi, Milan, 
GERMANY: F. G. Kretschmer & Company, Frankfurta/M. 
DENMARK: V. Lowener, Copenhagen. 
NORWAY: V. Lowener, Christiania. 
SWEDEN; Aktiebolaget, V. Lowener, Stockholm. 
FRANCE: Messrs. Gleenzer, Perreaud & Thomine, 18-20, 
Faubourg du Temple, Paris. 


“PRATT & WHITNEY CO., 


EARTEORD, CONN. U.S.A 




















SMALL TOOL DEPARTMENT. 


Echols’ Patent Taps. — 

The interrupted thread tap is the 
only one for tough steel, copper, &c. 
Clears itself where others c og and 


wedge. 


P. & W. RATCHET DRILL. Strongest and most durable made. Cage et ene + te 


Two Sizes. ie 1 taking Drills up to 4 inch. 
No. 8 taking Drills up to 1 inches. Milling Outtore. — Fron se ee ee apes 
























on Agents :—LONDON, E.C.—Buek & Hickman, Ltd., 2 & 4, Whitechapel Road; LONDON, S.W.—Niles-Bement-Pond Co., 25, Victoria Street. 
STRALIA.—Noyes Brothers, Melbourne & Sydney. | PARIS.—Fenwick Freres & Co., 8, Rue de Rocroy; Agents for France, Belgium and Switzerland. 
JAPAN.—F. W. Horne, 70-c, Yokohama. ITALY.—Ing. Ercole Vaghi, Milan. GERMANY.—F. G. Kretschmer & Company, Frankfurt a/M. 5433 


SIEMENS-MARTIN OPEN-HEARTH STEEL. 
PLATES FOR BOILERS, 
SHIPS, BRIDGES, &c., 


From 4 im. to 6 in. thick. 








—- 
ee 














To all Surveys. 





SPECIALITY. 
Soft Welding and Flianging Plates 
for Furnaces and other purposes. 





On Ader ery. and Board of Trade Lists. 
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ome FEO. CRADOCE «= Co. 


& WAKEFIELD, ENGLAND mire 
= WIRE ROPES of every description. “™ 
High-OClass MINiIN G & SPEHCIAL. ALLOY STE. s. 


LONDON OFFICE: 7, EAST INDIA AVENUE, EC. 


BRANCHES, with Large Stocks of Wire Ropes always on hand, in JOHANNESBURG, SOUTH AFRICA ; and SYDNEY, AUSTRALIA. 


Telegrams : ‘‘ORADOCK, WAKEFIELD.” Telephone: No. 26, WAKEFIELD. Codes used : A BO, 4th and 5th Editions; A1, Engineering, Rent) tone. 8218 


STERN WHEEL STEAMERS 






































ton Ti 
ges 








By YARROW & CO., Lto., GLASGOW (tormerty of poptar, Lonnon) 
who make a speciality of Shallow Draft River Steamers, either propelled by a stern-wheel or 
by screws ; ee in tunnels, fitted with Yarrow’s Patent Hinged Flap aft. we 


THE Vacuum AUTOMATIC BRAKE. 
IMPROVED CYLINDER 


PATENT CLASS E. 

























PARTICULARLY SUITABLE FOR (7 
WORKING HEAVY GOODS ON 
LONG GRADES. MAINTENANCE 
OF VACUUM ENSURED, DOES 
NOT TREBLE LEAKAGES, 











BALL VALVE. : — 


JCUYLINDERS FOR FIXING IN ANY 
i J, P_|E-]sCREQUIRED POSITION TO SUIT ALL 
pag FS DESCRIPTIONS OF ROLLING STOCK. 

! RAPID ACTING BRAKES AND 


ELECTRICAL STOCK EQUIPMENT. 
THE VACUUM BRAKE CO., Li. GRESHAM & GRAVEN, Ltd, 


Telephone: 5684, BANK. ABC and Ai Codes used. Telegrams: “Selution, London.” Salford, MANOHESTER. **% 
& 








RELE ASE VALVE. 











Ci} 
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BOLLING & TL.OW Ei, LONDON E.c. 


2, LAURENCE POUNTNEY HILL. 


Engmeers and Merchants (°"tttieseuwe 827, Telegrams: “ Bird, London. 


Codes used: ABO, Al, mel Liebers 
Contractors to the Admiralty, War Office, Crown Agents forthe Colonies, &c. A OTE 


PLANS AND ESTIMATES 
FOR EVERY DESORIPTION OF 
A. T Machinery Installations, Tools, Railway & Tramway Material, Mining and Contractors’ nal 


STOCK OF NEW AND SLIGHTLY DEFECTIVE RAILS. AND SLIGHTLY DEFECTIVE RAILS. 






































_ WROUGHTIRONTI TURES 


LAPWELDED IRON or STEEL, up to 12 in. diam, for Marine and Locomotive Boilers, or any other 
purpose. BUT TWELDED for Gas, Steam or Water, &c. 


WOLVERHAMPTON. 





EDWIN LEWIS & SONS, TUBE MAKERS, 


LONDOW ors1om—i46, CAN \KERS, aT, H.c. 


MOTORS:=:==== DYNAMOS 
ELEVATORS. 
CONVEYORS 


AND ALL MATERIALS FOR SAME. — CHAINS, SPROCKET WHEELS, BUCKETS, &c. 


| PERFECTION OF WORK. | 


BAGSHAWE 8 C2 LP» cunsrieie wons, DUNSTABLE, excuse 
A. F. CRAIG & C@., LTD., 
























































ENGINEERS, IRONFOUNDERS AND BOILERMAKERS, ESTABLISHED 1868. 
Caledonia ae bee Works, Paisley, Scotland. 








MAKERS OF SE oe he ee MAKERS OF 


se 
Sugar MACHINERY be bat e } HIGH-CLASS CORLISS 
OF EVERY DESCRIPTION, ee a ’ AND OTHER ENGINES. 





— INCLUDING — 


SUGAR MILLS, VACUUM PANS, BOILERS 
VACUUM PUMPING ENCINES, | OF ALL KINDS 
aged S| MULTITUBULAR, 
TRIPLE-EFFET EVAPORATORS, a BOUILLEUR, 
IMPROVED CANE CRUSHERS, LANCASHIRE, 





and MARINE TYPE. 


Flanging, Riveting & Bending done by HydraulicPlant. 


Drilling, Welding and Planing done by 
Special Tools of most modern kind. 


SHREDDERS & CARRIERS, 
MASSECUITE PUMPS AND | 
COOLING TROUCHS, &.&. | 











| Telegrams: ‘‘ CRAIG, PAISLEY.” 


LONDON ADDRESS: FB agin potas cemage idiniiaias 
a 4 en oti taal es u icNeill’s ning an ry 
East India Chambers, 23, Leadenhall Street, E.C, 32 lm. by 66 im, Mill with Improved Canc Crusher. . and AB C—5th pea hang "870 
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SMEDLEY BROTHERS Lp, 6 Belper, Derbyshire. 
EDGE RUNNER GRINDING MILLS 
for all Descriptions of Materials. 














THE BRINELL BALL TEST MACHINE 


For TESTING THE HARDNESS OF METALS. 


J. W. JACKMAN & 60., Lr, =~ 
ROBEY & CO.., E LINCOLN. 


LONDON OFFICE: 79, Queen Victoria Street, E.C. 


Telegrams: ‘ROBEY, LINCOLN”; ‘ROBEY, LONDON.” 


FIXED ENGINES, WINDING AND HAULING 
ENGINES, AIR COMPRESSORS. 


BOILERS—-ALL TYPES. 
PORTABLES. UNDERTYPES. OVERTYPES. 


STEAM WAGONS. oes 
TRACTORS. TRACTION ENGINES. 























HIGH-SPEED ENGINES. 


ALL MODERN APPLIANCES, 


including ELECTRIC, PNEUMATIC & OXO-ACETYLENE PLANT 


QUICK REPAIR 
SHIPS, ENGINES, BOILERS. 


Builders of all Classes of 


VESSELS up to 300 ft. 


INCLUDING 


HIGH-CLASS HOPPER GRAB DREDCERS. 


On Admiralty and War Office Lists. 


























a SHOWS OUR FAVOURABLE POSITION FOR QUICK DISPATCH. 


‘ii: “= DUBLIN DOCKYARD CO,,“zvsin. == 
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BARRY, HENRY & £0. LT. 


wee Pi ENGINEERS AND MILLWRIGHTS. 


THE LEADING SPECIALISTS FOR THE— 


TRANSMISSION OF 


POWER ann MATERIAL 








GEAR WHEELS. CONVEYORS OF EVERY DESCRIPTION. 
ROPE & BELT PULLEYS. ELEVATORS, STRAP OR CHAIN, 
SHAFTING & FIXINGS. Complete or Parts. 


ENGINES & WATER WHEELS. 








ABERDEEN. 
LONDON OFFICE: 64, MARK LANE, E.C. 


a, MODERN SHAPING “MACHINE. 


18 in. Stroke. 
10 ft. Bed. 




























Will take cuts DELIVERY 
#” deep x y'y" feed FROM 
on Mild Steel. STOCK. 


With Improved Back Bearing Slide and Enclosed Stroke Discs. 





J. BUTLER & CO., VicTorIA ironworks, HALIFAX. 


JAMES ARCHDALE & GO., Lto., 


ees ae te. Ledsam Street, ir | 2 Mi | N G b A Mi. 


Mekerse! HIQ@H-SPEED RADIAL DRILLING MACHINES 


UNEQUALLED FOR 
POWER, 
RIGIDITY, 
EASE of WORKING, 
RATE of DRILLING, &c. 


HIGH-SPEED VERTICAL DRILLS, 
HIGH-SPEED LATHES, 
CAPSTAN LATHES, 














Phote No. 285. 
2} ft. Combined Sensitive and 
Radial Drill. 

















SPECIAL Photo No. aso. 























2} and 3} ft. Radial Drills. 
MACHINERY i eet end other High-class Machine Tools. 
oan ae “ ee ee : Write for Oatalogue 
MUNITIONS OF WAR, 6 saan cee, 
ARMS, AMMUNITION, FUSES, &c. Telegraphic Address -* “ Archdale, Birmingham.’ 











AGINTS-— 


ITALY: Sig. Emilio Clavarino, 38 Via XX Settembre, Genoa. JAPAN: Messrs. Jardine, Mathesoi & Co., Yokohama. CHINA: ae Seep Oo, Re 
AUSTRALASIA: Mr. J Toder, Sydney. FRANCE (for Drilling Machines): Messrs. Bonvillain & Ronceray, Paris. 
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SIEMENS OPEN HEARTH PROCESS ONLY. 








BARS, ANGLES, CHANNELS, ZEDS, &c., 
ALSO REELED BARS FOR SHAFTING AND STAYS. 


~~ STEEL PLATES “~~ 


HIGH TENSILE STEEL AS SUPPLIED TO THE ADMIRALTY, BOARD OF TRADE, LLOYDS AND BRITISH CORPORATION. 
NIGKEL STEEL AS SUPPLIED TO ADMIRALTY, &c. 


DAVID COLVILLE & SONS, LD., 
DALZELL STEEL & IRON WORKS, ——_§PEGIALITY BOILER PLATES. 


MOTHERWELL. SHip & Brioae BRAND. 


— — _—_—— 








BoiLter SRAND. 














HEENAN (ae 





Haulage Installations 


For HNDLESS ROPE and for 
MAIN TAIL ROPE HAULAGE. 





















Colliery Plant, Railway Wagons, 
General Engineering. 


BRIDGES & ROOFS. NEWTON HEATH IRONWORKS, MANCHESTER  %3! 
DESTRUCTOR DEPARTMENT. 4, CHAPEL WALKS, MANCHESTER 


THE CONSOLIDATED BRAKE & ENGINEERING CO., LTD., 


SPENCER HOUSE, SOUTH PLACE, LONDON, E.O. 


IMPROVED VACUUM BRAKE CYLINDER. 


— Wits — 


PATENT LEAKAGE PROOF INTERNAL BALL 
VALVE ana 


The “C.B.” Solid Drawn STEEL SEAMLESS 
CASING. 


Existing Apparatus can be fitted with this internal 
BALL VALVE, and so be brought up-to-date 
at small cost. 


RELEASE 
views. > Is NOT dependent for its suecess on the EVEN and PROPER movement of the ROLLING RING. 
———— SS 


ENSURES MAINTENANCE OF VACUUM IN VACUUM CHAMBER UNDER 
ALL CIRCUMSTANCES. 


To be obtained ONLY from the Patentees and Manufacturers: Fifpg@ Gonsolidated Brake & Engineering Co., Ltd. 


TELEGRAMS ; VAOUO, LONDON, Copz: A BO, Srn Eprmon. Te.eryone ; LONDON WALL, 2719. 969 
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Telegraphic Address, " MANUFACTURERS OF 


Bessemer, Sheffield. 


CAST STEEL BY THE BESSEMER AND SIEMENS PROCESSES. 


FORGE DEPARTMENT. 


LOCOMOTIVE _ORANK AXLES. 


LOCOMOTIVE ‘STRAIGHT AXLES. 


Compressed Steel .. 
. - Crank Shafts. 


BUILT-UP MARINE CRANK SHAFTS. 


ROLLED 
WELDLESS TYRES 


Locomotives, Carriages & Wagons. 


Special Hard Quality for Break Vans and 
Tramway Locomotives. 


SPECIAL HARD TOUCH STEEL 
SHOES AND DIES 


For Gold Mining Purposes, &c. 














CIAL 7, 
or “Sp 


CASTING DEPARTMENT. 


STEEL 


Hydraulic Cylinders, 


FINISHED COMPLETE. 


Tested and guaranteed to any 
required pressure up to 7 tons 
per square inch. 


HEAVY MILL GEARING 
IN STEEL. 
STEEL HAMMER TUPS 
FACES & SWAGES. 


SPECIAL HARD STEEL ROLLERS 
AND PATHS — 1s 


For Crushing Quartz, &c. 














—e 





JOHN . THORNYGROF T sco. 


LIMITED, 





CmiIsw iro kX. 


ENGINEERS, SHIPBUILDERS and 


MARINE. MOTORS BOILER MAKERS. 


MOTOR BOATS 





ELECTRIC LIGHTING SETS 
VEHICLE and CAR REPAIRS. 


SoOuUTHEAMSE TON. 


BOILERS 

WAR VESSELS 

STEAMERS 

YACHTS 

SHALLOW DRAFT VESSELS 
CASTINGS 

PROPELLERS 


and MARINE REPAIRS. 





BASINGS TO EE. 


MOTOR LORRIES and VANS 
for Light and Heavy Loads. 
MOTOR OMNIBUSES 


MOTOR CARS anne = br 


“ = n-Going Destroyer. 
MOTOR RAILWAY INSPECTION CARS FMS. STA TARTAR,” py ht & ‘ 





PORTABLE BOILERS “ 
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CRANE MOTORS AND 
CONTROLLERS. 


MOTORS & DYNAMOS 
FOR ALL PURPOSES. 


DICK, KERR, & 00., id. 


Head Office - Abchurch Yard, Can 
Works - - - Preston, Lancs., and Kilmarnock, N.B. 



































GC. A. PARSONS & GO., ‘rors, NEWGASTLE-ON-TYNE. 





375-KW. 110-VOLT DIRECT-CURREN RB ENER R. 


EIGHT SUPPLIED THE NEW CUNARD LINERS “” 


“LUSITANIA” & “‘MAURETARIA™ 


FOR FPOWBR AND LIGETING. 
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CRAVEN BROTHERS LC 


MANCHESTER & REDDISH. Telephone : 
























Telegrams : 
“Vauxhall, Manchester.” Head Office: VAUXHALL WORKS, OSBORNE STREET, MANCHESTER. No. 659, Manchester. 
OONTRAOTORS to the WAR OFFICE, ADMIRALTY, COLONIAL and INDIAN GOVERNMENTS. _—_— ESTABLISHED 18538. 








































5 Ton Three-Motor Electric Overhead Travelling Crane. 


MACHINE TOOLS | ELECTRIC CRANES 


For Locomotive, Railway Carriage and Wagon Works, 
Ordnance, Marine and General Purposes. Also Cranes driven by Rope, Square Shaft, &c. 
















































GROUND TRAVERSERS for Locomotives and Carriages HYDRAULIC MACHINERY, Shafting, Hangers, &c. 
QUOTATIONS GIVEN FOR CASTINGS UP TO 40 TONS WEIGHT. 8970 


WERF GUSTO, FIRMA A. F. SMOULDERS, SCHIEDAM, ‘soiitn” 


SHIPBUILDERS AND ENGINEERS. 



























BUILDERS of the MOST IMPROVED DREDGE PLANT of the LARGEST 
DIMENSIONS and OUTPUT. 








Ws BANE EN 


Codes used :—A BC (4th and 5th Edition), Western Union, 
Engineering, 2nd Ed 
« AVGHIHOS ‘SUACIONSYV,,—: sserppy o1qdeaZejoy, 


ee 





BOILER WORKS AT GRACE-BERLEUR, NEAR LIEGE. 9425 
ROOF AND BRIDGE CONSTRUCTION. BOILERS OF EVERY SYSTEM AND POWER. 


PLEASH MENTION THIS JOURNAL. 
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BALL BEARINGS 


THE FINEST 
IN THE 
WORLD. 

















The Hoffmann Mfg. Co., = 


CHELMSFORD, ESSEX. 


HIGH-SPEED TOOL STEEL 
brand, NAG ens 


Specially suitable for Turning @ Planing Tools, Milling Cutters, Twist Drills, 8c. 
Thin Plates and Sheets of Ordinary or Alloy Steel, 


FOR ALIX PURPOSES. 


STEEL SHOT TUBES for RIFLES @ SPORTING GUNS 


A SPHCIALITY. 


ol w (. ARMSTRONG, WHITWORTH a ub, tl, 


alae” alot a, “works, FE eee eee 
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mn 
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ee 


Weeveece 





Stern-Wheel Steamer, 180 ft. long, recently completed and sent abroad by Messrs. G. Rennie & Co. 














SHALLOW 

Vessels of every DRAUGHT 

: wr STEAMERS. 
sent to all parts ag 

ie DREDGERS. 

4 & CO.. | tin 

J TUGS. 
ENGINEERS and SHIPBUILDERS, Thames Street, GREENWICH. LIGHTERS. 
Telegrams : “‘ PROBITATE, LONDON.” Telephone: 50,‘ DEPTFORD. LAUNCHES. 














THE BLACKSTONE OL ENGINE. 


Stationary type - 2 to 75 B.HP. 
Portable type- - 2 to 26 B.HP. 


Works with ordinary Lamp Oil, Petrol or Alcohol. 
Starts in <- minutes. 
No Lamp required except for starting. 
No external flame when working. 















BRANCHES : -— 
LONDON .. .. 81, Cannon Street, E.O. 
ADELAIDE.. .. .. 61-68, Hindley Street. 
ALEXANDRIA .» «+ Bue de la Gare du Oaire, 
AMSTERDAM .. .. Spuistraat6 && 
ANTWERP .. .. .. 83, Rue des Peignes. 
BOMBAY .. .. .. Ballard Road. 
BUENOS AIRES +» 8833 Calle Peru 835. 
OAIRO .. .. .. «. Rue Bab-el-Hadeed. 
CALOUTTA. vs 99, Clive Street. 
CHRISTOHUROH, N. vA South Belt. 
DUBLIN... « .. 1, Rutland Square, E. 
GLASGOW . 28, Graham Square. 
GERALDTON, W. ry Marine Terrace. 
EAST LONDON (South 
Africa) . -- Oambridge Street. 

JOHANNESBURG -- 6&6 & 6, Maxwell Buildings, 

Harrison Street. 
PARIS .. .. .. .. 28, Boulevard de l’Hopital 
MELBOURNE +» «+ 181, William Street. 
SYDNEY .. .. .. 7, Bent Street. 
TORONTO .. .. .. OornerKing&SimooeStreets. 
TUNIS . . .. .. 19, Rue de Portugal 





ESTIMATES AND FULL PARTICULARS POST FREE. 





Telegrame—*‘ BLackstonns, StamFoRD.” 
Telephone—No. 1, Nat. 9774 
Codes used—Laurszr’s, Al, ABO (4th & 5th Editions. 


“From Photo of 14 BHP. ENGINE. 





BLACKSTONE & GO., L?- Stamfor, Englan 
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ROYCE LIMITED 


TRAFETORD PARE, MANCHESTER. 

























Makers Electro- 
Electrically Motors, 

Driven | , Dynamos, 

Cranes, “i cf be Bi nt % ra - | Controllers, 
Capstans, | ' ee) = Gearing 


of all descriptions 
Hoists, . i oe ¥ ‘3 pen. 3 (Cast and 
4 ete. > : ae, a 
1 Cea ape . >) Machine Cut). 
Winches, wig : n : am 9101 


Transporters, é : 


ene": ot Be 4 
ae wily 


ELECTRICAL JIB gene 


JAMES HOWDEN & CO. 


MANUFACTURERS OF LIMITED, 








Howden-Zoelly 
Steam Turbines. 


As Supplied or on Order for :— 
» MANCHESTER CORPORATION, 
| 6000 Kwt. set. 
POWELL DUFFRYN STEAM COAL CO., 
Two 2000 Kwt. sets. 


, WESTMINSTER E.S.C., 
Three 1000 Kwt. sets. 


Two 300 » =» 
WIMBLEDON COUNCIL, 


High-Speed 
Engines. 


COMPOUND AND TRIPLE- 
EXPANSION. 
5 B.HP. TO 2000 B.HP. 


STANDARD SIZES a —_— ———— 
per Be peor oa BRITISH MANNESMANN TUBE CO., 
lige 450 Kwt. set. 


FOR EARLY DELIVERY. 
2000 KWT. HOWDEN-ZOELLY STEAM TURBINE me. | oe 





1000 Kwt. set. 


PATENTEES AND MANUFACTURERS OF 


HOWDEN’S FORCED DRAUGHT 


2,58 se SA eanEeATING OVER 8, 600, ooo LHP. 








JAMES HOWDEN & CO.,Ltd., Scotland St.. GLASGOW 
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NEW STEEL BOILERS 
READY FOR DELIVERY. 
GALLOWAY. LANCASHIRE. 

800 x 80 160 oS ws 80 0 . 8 6 a sspaie 

28 0 x 70 100 80 0 x 8 0 160. 120 

240 x 70 100 80 80 0 x 76 120 

20x 66 80 

1440.x 56 80 = 
Other Sizes of Boilers in course of Construction. 

|GALLOWAYS LD., Manchester 




















Haw CO feup, 


PEILADELPHIA, PENNS YVTELVANIA, U.S.A. 


AMERICAN LABOUR-SAVING MACHINE TOOLS. 


ai ote PATENT BOLT AND NUT SCREWING MACHINE. 


In this Machine the dies revolve and the bolt is stationary. 
The motion of the dies is always in one direction and the bolt is cut 
at one operation. The dies are adjustable to compensate for wear, 
and can be very quickly changed. The die box is provided with 
four dies equally spaced, insuring accurate work. A _ self-acting 
oil feeder insures thorough lubrication of the dies, effectually prevents 
their heating, and washes the chips out of the die box. A uniform 
length of screw is secured by an automatic stop. 

This Machine produces the best quality of work, and a large 
amount of it. Its manipulation is the simplest and its construction 
very durable. aes 

CORRESPONDENCE SOLICITED. 


















Le | 
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STEAM ENGINES 


AND 


. 

r be = ¥ . ?, 

ae VA } " 
P Ste. "= + 

a . ~ 
Yn coos “4.0 aed 
7 = $ Z 

ah . 
ee — 


Horizontal and Vertical 
D COMBINED OR SEPARATE. 














Vertical, Multitubular, 
and Cross-tube Boilers, 
Cornish, 
Locomotive, &c. 


Engines, 
Simple and Compound, 
Stationary or Portable. 





ALSO 
ALSO 


HIGH-SPEED ENGINES. 


* COLONIAL” 
for inferior fuel. 


a © 


HOISTING 
ENGINES. 


SAWING 
MACHINERY. 





9920 





“WRITE. FOR CATALOGUE No. 308 Cc. 











WORKS — LONDON— 9920 
SOCEETEe DORSET. r F Ry ij LE 11, Queen Victoria Street, B.C. 
** HINDLEY, _e Dorssr.” es Tele. he "356, — - 














| 


FRANCO TOSI, 


LEGNANO, TDTrAttLw®y. 








POWER GAS ENGINES 
and 
SUCTION GAS PRODUCERS. 


STEAM ENGINES 


Horizontal Slide Valve Engines, 
Poppet Valve Engines, 
Vertical High-Speed Engines, 





of every size. 
CRUDE OIL ENGINES, 
(“ Diesel” system) 
Low and High-Speed Engines. 





STEAM BOILERS 


Cornish and Lancashire Boilers, 
Fire Tube Boilers, 
Water-Tube Boilers, Superheaters. 





STEAM TURBINES 


“Tosi” system up to 20,000 HP. 








CRUDE OIL ENGINE. 9976 


Complete Steam, Power Gas and Crude Oil Plants. 
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THE MOST 


ECONOMICAL AND 


Shipyards, — seus: 
F actor 1eS, 
and M i n CS 
























PEP ALY 


Write for prices and :: 
specification, and any special 


information required. 


ere 


ENGINEERING CO. LTD. 
LOUGHBOROUGH, ENGLAND. 


LONDON OFFICE. ELECTRICAL FEDERATION OFFICES, KINGSWAY..WC. 
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REINFORCED CONCRETE. 








REINFORCED CONCRETE JETTY ON THE KAHN SYSTEM. 


KAHN 


TRUSSED BARS 


+o 


Becren oF Bee 





KAHM TRUSSED BAR. 


KAHN BARS have been scientifically designed and manufactured in every detail. A brief glance reveals 
the facts that the main bar is diamond shaped—that the shear members are an integral part of the main 
bar and are bent to an angle of 45 degrees. These points, insignificant though they may seem at first, 
have a most important bearing upon the STRENGTH, DURABILITY, LIGHTNESS and GENERAL 
EFFICIENCY of the structure in which KAHN TRUSSED BARS are used. 


ENGINEERS who have in contemplation the erection of any class of structure, whether BRIDGES, 
RESERVOIRS, AQUEDUCTS, RETORT FOUNDATIONS, GAS TANKS, PUBLIC BUILDINGS, 
HOTELS, WAREHOUSES, HOSPITALS, STAIRCASES, ROOFS, etc., etc., are invited to give us 
particulars, when we will submit, FREE OF CHARGE, plans and estimates showing the adaptation and 
advantages of the Kahn System to any specific requirement. 


Application should be made at once for the NEW EDITION of our HANDBOOK on REINFORCED 


CONCRETE. It explains fully the merits of the KAHN SYSTEM, and demonstrates in a most 
interesting manner, both by illustrations and argument, the pre-eminence of this system of reinforcement. 


Write to-day, a post-card will do. 


The Trussed Concrete Steel Company, Ltd., 


50, Caxton House, WESTMINSTER, S.W. 
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" WALLSEND SLIPWAY 


A. NWN Dp 


ENCINEERING CO., Lr, 


WA A_T, TS EIN DD, 


| Engineers, Boilermakers, Iron and Brass Founders 
and Ship Repairers. 











BUILDERS of the 
TURBINE ENGINES 


OF THE 








“ MAURETANIA” 


| GRAVING DOCK. 540 Feet LONG. 








Works and care mG . WALLSEND. 


IC ADDRESS: “WALL, NEWCASTLE-ON-TYNE.” 


London Office “ . 30, Great St. Helens, E. F.C. 


a 
—— 
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The Weir DirectContactFeed Heater 


Secures Fuel Economy, 
Saves Boiler Repairs, 
Prevents Boiler Corrosion, 
Promotes Easy Steaming, 











=, ah 


The simplest, cheapest and best method. 


Weir Air Pumps + + - 


MONOTYPE, TWIN AND DUAL TYPES, 


TO SUIT ALL CONDITIONS AND CLASSES OF SERVICE. 


+ 


Weir Feed Pumps + - 


For Efficiency, Economy and 
Reliability. 
: : Latest Improvements in 


Design and Construction. 





Universally adopted. 


G. & J. WEIR, Lr. 


Cathcart, Glasgow. 


LONDON : 77, Billiter Buildings, E.C. 
NEWCASTLE: 26, Mosley Street. 
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STOTHERT & PITT, Lr. 





BAT EL. 





"| ELECTRIC CRANES, 


yaneng 


a th 





Fig. 993. 


London Office: 53, VICTORIA STREET, S.W. 








TRAVELLERS, 
CAPSTANS, &c. 


STEAM CRANES, 
GOLIATHS, 
TITANS. 


HARBOUR PLANT. 


Sole Makers for Great Britain and the Colonies 


of the 


Smith Patent Mixer 


The quickest working and most efficient 


Batch Mixer on the Market. 















The Illustration shows our 3” Bolt Screwing Machine, which will screw and tap all 
sizes up to 3” diameter. It is fitted with our Patent Releasing motion, which enables 
the Dies to be released and the Bolt taken out without stopping or reversing the machine. 





JOSHUA HEAP & CO., 


Oldham Road Engineers’ Tool Works, 


ASHTON-UNDER-LYNE. 





Ltd., 








Modern Screwing Machines 
and Screwing Tackle are our 


sole Speciality. 


Our line includes Pipe 
Screwing Machines and Single 
and Multiple Head Bolt Screw- 
ing Machines of all sizes. 





9063 





Our complete illustrated and comprehensive 
Catalogue will be forwarded free on request. 


MAY WE SEND-YOU A COPY ? 





Od 6997 
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“wy j CRUISERS AND BATTLESHIPS built and building WITH YARROW BOILERS 
(excluding Destroyers and Torpedo Boats and the smaller class of vessel). 
Type of Vesssl. ptitins Name. LEP. Remarks. 


& For the Argentine Navy Torpedo Cruiser Building .. Patria... ee - 6,000 All Yarrow Boilers. 
* 8 For the Austrian Navy.. Oruiser.. -. Built -- Zenta .. oo = 4 = “ 








PA 


















oe  @ we pam es pa 
Ce <— °° 8 ee ee oo 16,600 
== # wes 2.2 ie - ae ° : 
> - ca? ae .. Erzherzog Friedrich |: 17,600 ne a 
— eeemeelt  _ - = 
eo Oot oo EL. oe oe ee ooo 20,000 ee ae 
> +. IIL o os os 20,000 a a 
Ms . _ Onulser re — ire E : 
Fer the Brazilian Navy Scout .. .. Building .. Notnamedyet..  .. meee . ” .) 
” ” ” ” ee ee ” ee ” ee ee 6,500 ” ” 
For the British Navy .. Oruiser.. ~ Built -. Ham - ua see} Yarrow Boilers. 
‘ a o as i, | sae ag eee 98,000 f th Oylindrical. i] 
Amethyst 9,800 arrew ' 
> Medea .. 9 oS a . 
- Natal. 23 
= . Warrior .. 28,500 Yarrow Boilers. 
-. Achilles .. 28,600 
-- Oochrane 238, 
. Shannon .. 27,000 All Yarrow Boilers. ¢ 
Ironclad Swifteure 12, 
o o -. Triumph ~e ee 12,500 fs ] 
Scout .. oo ee — od ee oe eg 
% i ie -. Adventure - oe ° poe 
Ironclad oo Building -. Agamemnon... = 16,750 pan = Py 
oe oo Temeraire » ee 23,000 s 2 
o iam ot = Collingwood . pa 24,500 ° ae 
Oruiser oe «a -» Defence .. ee ee 27,000 ae pas 
°° eo ¢ ~ Invincible pe ee 41,000 . oe 
se ee «» Inflexible ee oe 41,000 
on —- © -- Boadicea .. oe ee 18,000 
va pad ~ Es Tae «. w» «- Alexandra ie ee 4,500 pe 
For the Dutch Navy... Oruiser.. -. Built -. Holland .. ae - 10,000) 7,500 HP. Yarrow 
< = i oo = - = .. Friesland.. sg oo 10,000 } Beilers and HP. 
-. Zeeland .. - oe 10,000 lindrical ; 
-. Utrecht .. oo 10,000 Yarrow Boilera, 
a Suen » « .. Gelderland +e ee 10,000 “ pa 
“au ~ “ -. Noord Brabant .. we 10,000 pa pan 
Ironclad ~ se .. Koningin Regentes .. 6,000 pe a 
= —— «. De ter a ee 6,000 a e 
=. a .. Hertog Hendrik ° 6,000 am a 
-. Building .. Marten Tromp .. bo 6,000 ee eo 
oo 6 .. Jacob van Heemskerck 6,000 pee ee 
“3 ree = ey os & .. Not named yet.. oe 8,000 pa am 
For the Nerwegian Na Ironclad -. Built .. Norge .. oo eo 4,600 es ° 
” ” ” ~ » ee ” .. Eidsvold .. oe ee 4,500 0 » 
For the Portuguese Navy Oruiser.. as es -- Dom Carlos L. .. of 12,500 on 
For the Russian Navy .. ah es ~~ .. Jemchug 2 -- 17,000 - 
/ For the Swedish Navy .. i. oe s< .. Psilander.. Se be 4,500 es 
; ~ “a ae .. Oleas Uggla... 4,500 * 
————————————————————————————————————VVOee—_Re = “ = = Ironclad os @ = Dristigheten ee ee 6,000 a 
” ” ” ” oe ” ee nay ee ee os 6,000 Ld 
” ” ” ” ee ” oe asa mod ee oo ” 
YARROW & GO., Lro, GLASGOW. 3: : = 2 2: [eye 2 Bf 
ay | . ” ” ” Oruise .- Bullding .- Prigi heten .. ieee ” ” 
> ja a Bas “- -- Fylgia .. = oo e * 
(formerly of POPLAR, LONDON.) 7 ns Ironclad sy, .. OscarIl.., 2. 2. 19,000 . s / 
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wot PACKINGS— 


' We are still making them—by the ton—more and more, year by year— 
last year we had a record increase WHY? Because there is no 
better packing in the market—it still leads, as it always has done. The 
principle is right—the workmanship and material are the best — the 
attention and supervision is excellent THEREFORE the owners 
and builders of the Best Engines order the Best Packings — some 
have been doing so steadily, year in and year out, for nearly twenty years. 
They put their money on a certainty. They run no risk, and they 
know it. Look at its pedigree—over 190,000 packings made. Look 
at its history—its reputation—its success. Best of all, order some packings 
and Test Them. Supplied on approval.—Guaranteed for two years but 
may last twenty. No Risk to the Purchaser. 


THE UNITED STATES METALLIC PACKING CO., LTD., 


TELEGRAMS—“ METALLIC.” Soho Works, BRADFORD, Yorks. TELEPHONE—No. 604. 


LONDON: 110, Fenchurch Street, E.C. LIVERPOOL: 15, Fenwick Street. BOLTON: 21, Mawdsley Street. 
SWANSEA: Angel Chambers, York Street. Belfast, Glasgow, Bristol, Hull, Birmingham, &c., &c. 9980 
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STONE BREAKERS. 


THE “BLAKE-MARSDEN” IS THE STANDARD OF THE WORLD. 


80 Gold and Silver Medals (all Highest Awards). 


THE RESULT of 50 years’ ex 
more rigid than any other. 


eater ca 


ity, stronger, more durable and 
the | 


ing Road Stone Quarries, Mines, 


rience, 


sed in’ all 


Corporation Depots and Government Works. 





ADOPTED BY over 50 RAILWAY CO.'S: THROUCHOUT THE WORLD. 
Possesses pronounced features of decided advantage not found in any other Stone Breaker. 


COMPLETE STONE BREAKING PLANTS, ELEVATORS, and MANGANESE 
STEEL JAWS ARE MY SPECIALITIES. 


Works of the largest capacity in the United Kingdom for this 
class of Machinery. 


H. R. MARSDEN, LEEDS. 





Boyle's s#“‘Air Pump” Ventilators 


Have Double the Extracting Power of earlier forms. 


LORD KELVIN. ‘‘I have seen several different forms of Mr. Boyle’s ‘ Air-Pump’ Ventilator in actua! 
operation, and have much pleasure in testifying to their efficiency.” 9677 


ROBERT BOYLE & SON, 64, Holborn Viaduct, LONDON. 140, Bothwell St., GLASGOW. 


va, DACCER > 
\S> PACKING 


PATENT lentes 
PACKED FITTINGS 


BOILERS COVERED WITH 
ASBESTOS CEMENT 


PATENT RENEWABLE 
SEATED VALVES 


“DEMONITE” 
SCALE REMOVER 














ASBESTOS Co. a 















he a - 


om 


GREATEST SIMPLICITY. 


FRANCO-BRITISH EXHIBITION. GRAND PRIX. 


DAVEY, PAXMANCO., 


SCOLOHEIS TEE. 


Paxman-Lentz Engines 


Steam consumption under 10 Ib. per LHP. 


POSITIVE VALVE GEAR. to 
HIGHEST ECONOMY. 





(Highest award obtainable.) 











Agent fiir Deutschland: Tu. Boox, Elberfeld. 


SAMUEL PLATT, 


WEDNESBURY. 





~DRAWBENCHES 


FOR TUBES AND BRIGHT BARS. 
REELING AND STRAIGHTENING MACHINES. 
BRIGHT BOLT AND NUT PLANT. 


Telegrams—PLATT, WEDNESBURY. 





*Phone—60 WEDNESBURY. 


Agent pour la France: FerNanp Pgrprizet, 32, Boulevard Magenta, Paris. 9091 








TRAMWAY TRACK WORK. 
STONE AND ORE CRUSHING MACHINERY. 











STEEL FOUNDRY CO., LD., SHEFFIELD. 


SOLE 








STEEL CASTINGS. 

















MAKERS OF um. 


HADFIELD'S PATENT “ERA” MANCANESE STEEL, 


WHICH IS THE SUPREME MATERIAL FOR TRAMWAY TRACK WORK, 9 


THE WEARING PARTS OF CRUSHING AND GRINDING MACHINERY, &c. 
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THE LEEDS FORGE CO., LTD., LEEDS 


LONDON OFFICE: 
CAXTON HOUSE, 



































WESTMINSTER. 









SAN PAULO RAILWAY. 40-ton Bogie Covered Go 








ods Wagon (Sheffield-Twinberrow Patent) with Lane’s Patent Pressed Stee! Corrugated Door. 


PETER BROTHERHOOD, LTD., 


PETER Bohovucd=z. 
Contractors to the British and other Governments. 


London Office: 53, Parliament Street, WESTMINSTER. 


ice i { “BROTHERHOOD, PETERBOROUGH.” 70, PETERBOROUGH. 
Telegraphic Address | . BROTHERHOOD, LONDON.” 688, WESTMINSTER. 


AQ 
(fs re 























Telephone { 


ENGINES 


HIGH-SPEED Enclosed 
for all purposes, in sizes 
from & to 600 HP, 





2 “ 
ite, 
hd es 


ee ; Ao ds 





ALSO 947 


AIR GOMPRESSORS 


Vertical Enclosed Type. All Pressures and Outputs, 


FAN ENGINES, CIRCULATING PUMPS, 
PETROL ENGINES, &c. 


) GWYNNES L 81, Cannon St., LONDON, E.C., 
td., and Hammersmith Iron Works, W. 
ENGINEERS, 


CENTRIFUGAL PUMPS & PUMPING ENGINES 


for DREDGING, 
DOCKS, 
DRAINAGE, 
IRRIGATION, 
SEWAGE, 
WATERWORKS, 
MINES, ac, ac 

















Centrifugal Pressure Pumps 
= for HIGH-LIFTS. 


PUMPS fitted on the SUCTION DREDGER{ “LORD DESBOROUGH,” the property of the Telephone: 644, BANK, 6600 
Pert of Kondon Authority! Capacity, 4600 tons or spoil per héwri Telegraths: GWYNNE, LONDON! 
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——— 





INSURE 
-againt COAL STRIKES 


by investing in ‘* BENNIS” 
STOKERS and Coal-handling 


Plant which save _ fuel-costs, 








increase steam evaporation, save 
labour and time, and_ render 
your Boilers independent of any 
particular coal-field. 
Maximum Economy, 
Higher Duty, 


and 


No Smoke. 


Write for pamphlet on “ Bennis 
Modern Plant” to:— ~ 








ED. BENNIS «& co., LTD., 


Little Hulton, Bolton. 
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Laurence, Scott & C® 
Estab. 1884. Norwich. 




















53 A Testing Electrically-driven Bilge Pump at Works. 


Motors anu Automatic Controllers 


for Sewage, Bil ge 





“NOTES ON ELECTRIC MOTORS.” 


and other I uMmps. ED 2. 


free, to Managers, Engineers, or 
other bona Ade users of machinery. 








No. 53/1. 
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MAKERS OF 





WROUGHT IRON & STEEL TUBES 


FOR ALL PURPOSES. 


HIGH-PRESSURE MAIN STEAM PIPES, with WELDED or SCREWED-ON FLANGES. 
“ - HYDRAULIC PIPES FOR HIGH PRESSURES. 
ARTESIAN WELL, OIL LINE, BORING AND CASING TUBING. 
LIGHT LOOSE FLANGED PIPE FOR MINES. 


| JOHN MARSHALL & SONS, 


GLASGOW TUBE WORKS, GLASGOW. i 


TELEGRAMS: “TUBE, GLASGOW.” CONTRACTORS TO BRITISH AND FOREIGN GOVERNMENTS. 
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JOHN FOWLER & CO. (LEEDS), LTD. 


STEAM PLOUGH WORKS, 6, LOMBARD STREET, 
LEEDS. — Engineers, — LOMDON, H.oO. 





























MAKERS OF 


THRASHING ENGINES, 
TRACTORS, 

ROAD LOCOMOTIVES, 
TRACTION WAGONS. 





MAKERS OF 


STEAM ROAD ROLLERS 


STEAM GULTIVATING 
MAGHINERY 


ANY CROP, 
LAND, 
COUNTRY, 
anp CLIMATH. 











REFERENCES TO USERS IN ALL PARTS OF THE WORLD. 7” 
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~ “ALLEN” ENCLOSED 
PARAFFIN OIL ENGINE. 











SUITABLE FOR DRIVING 
DIRECT OR BY BELT, 


fees «= DYNAMOS, PUMPS, 


CURRENT DYNAMO, 





SOHSSHSSSSSOS HOS HSHOSOOHSOO OOO OOSOOSOOOOOSOOHOSOOOOOS EEFOHOOHHOOHEOOOOO OOS OOD 


OR FOR ANY OTHER PURPOSES 
WHERE POWER IS REQUIRED 
FOR INDEPENDENT OR 
ISOLATED PLANTS. 


COMPLETE ESTIMATES AND TENDERS WILL BE SUBMITTED 
ON RECEIPT OF FULL PARTICULARS OF REQUIREMENTS. 





15 B.HP. OIL ENGINE AND 7 IN. CENTRIFUGAL PUMP. 


W.H. ALLEN, SON & 0. 


Queen’s Engineering Works, BEDFORD. 


AND QUEEN ANNE’S CHAMBERS, WESTMINSTER, S.W. PUMP, BEDFORD. 











<n 
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PA THN T 


WATER- ‘DRIVEN 
CENTRIFUGALS, 


WITTE 


PATENT INTERLOCKING GEAR. 





SOLH MAKERS: 


POTT, GASSELS & WILLIAMSON, 


MOTHERWELL, SCOTLAND. 
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-TANGYES — 


“BIRMINGHAM. 
HIGH-SPEED 
LATHES 


STANDARD SiZaEs 


























SS Seed 8}, 103, 12, 16, 18, 21 AND 24 IN. CENTRES, 
16 in. Lathe. 





6820 No. 255. 





TeLearAms: TANGYES, BIRMINGHAM. 


A. G. MUMFORD, Ltd., 


Culver Street Engineering Works, COLCHESTER. 


Vv yey vy oY ees wayoamey Yi eeeeaeae 














With great Improvements for Heavy Pressures. 
GUN-METAL 
PLUNGERS, 
VALVES AND 
SEATINGS. 


VERY STRONG. 
WELL FINISHED. 


Made Single 
and 
Double Acting. 





Also vale “SIMPLEX” & “DUPLEX” STEAM PUMPS. 


Vertical and Horizontal Types, with Patent AUTOMATIC FEED REGULATORS, as supplied to Admiralty. 
FULL PARTICULARS AND LISTS ON APPLICATION. 





























: SINGLE-ACTING. Dov BLE ACTION. 
S1zEs. | SIzEs. 
No. 0. | No. 1. | No. 2. | No. 3. | No. 4. | No. 5. | No. 6. | No. 7. No. 3. No. 4. | No. 5. | No. 6. | No. 7. | No. 8. 

Diameter of Ram ms ly ly 2h 26 34 33 4 Diameter of Ram oa 1} 2 23 | 3 33 5 
Diameter of Cylinder...) . 2 2h 3. 33 | 44 5} 54 | 7 Diameter of Cylinder ...| 3 33 44 Bh 6 7 
Length of Stroke 2 2h 3 4. | 6 6 6 Length of Stroke ot Sc 4 6 6 
Gallons per hour 90 130 210 440 660 1000 | -:1080 1280 Gallons per hour ..| 420 800 1250 199 2160 | 4000 
N.HP. of Boiler 4 8 16 30 45 70 72 80 N.HP. of Boiler west ina 70 90 120 150 250 
London Office: Care of PRICE & BELSHAM, 52, Queen Victoria Street. Agents for Scotland: A. & J. McCULLOCH, 140, West George Street, Glasgow. 
Agents for Liverpool: JOHN TAYLOR, 7, Strand Street. Agents for Cardiff: ROSE & CO., Royal Stuart Buildings, James Street Docks. 


Agent for Sunderland & District: J. W. DONOVAN, 11, Norfolk Street, Sunderland. Agents for Hull: W. H. BRODRICK & CO., 37, Wellington Street. 2180 








me 
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ROBERT STEPHENSON & CO., LIMITED, 


ELocomotiwe 
ESTABLISHED AT NEWCASTLE, 1821. 


LONDON OFFICE: 
1, Leadenhall Street, E.C. 


Telegrams— 

FAVENS, LONDON. 
Telephone— 

No. 1487, CITY. 


LATEST METHODS OF 
PRODUCTION AND 
PROMPT DELIVERY. 


LOCOMOTIVES 





Builders, DARLINGTON. 
NEW WORKS OPENED AT DARLINGTON, 1902. 


WORKS : 


Telegrams— 
ROCKET, DARLINGTON. 


Nat. Telephone— 
Nos. 200 and 300. 


Codes— 
Engineering Standards and ABC. 


MAKERS OF 09953 
BRITISH ENGINEERING 
STANDARD TYPES. 


FOR ALL GAUGES AND EVERY VARIETY OF SERVICE. 








—_——_— —-—__— 
—— —-----— 








THE LILLESHALL CO., Ltd., OAKENGATES, SALOP. alll 





- LILLESHALL ane 


Sole Licencees in Great Britain and Colonies for the Manufacture of 


NURNBERG GAS ENGINES. 


Over 300,000 B.HP. IN UsE OR UNDER CONSTRUCTION, 
° Driven by Blast Furnace, Coke Oven or Producer Gas, 





eee 
i 
a ae 


’ a 
a % 
: ta 
< te €1 &; - ey 
Pei aiaee* * ae a 
LK ewes ae ee 





, two 500 B.HP.each, three 1200 B.HP. each, two 9400 B. HP. each, and 
. driven by Coke-oven Gas and Coupled with Three-phase Alternators, 
Eschweiler Bergwerks-Verein, Alsdorf, Germany. 


TeLearams: ENGINES, St. GEORGES,:SALOP.’ 
TELEPHONE No. 6 (NaT.) OAKENGATES. 





£2 fetes 


GD eS Se eae 
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GUTEHOFFNUNGSHUTTE, 


eben BHR ACENTS FOR CAS ENCING mame} WILLOCK, REID & CO., LTD., 109, HOPE STREET, GLASGOW, 
and 62, QUEEN VICTORIA STREET, LONDON, E.C. 


» A 
f 


Telegrams: “Systematic, Glasgow,” and “Systodon, London.” 


Winding Engines. Two-cycle Gas Engines. Four-cycle Gas Engines. Mill Engines. 
Pumping Engines. Blowing Engines. Rolling Mill Plants. 9519 
Forgings of every kind and size. Structural Work. Steel and Iron Castings. 
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A NEW VERTICAL MILL. 


SPECIAL FEATURES. 


Single Pulley Drive. 

‘Pulley runs on Ball Bearings. 
No Countershaft required. 
All gears enclosed. 








Driving gears run in oil. 

Can be driven from any motor. 
Patent dial feed motion. 

All feeds reversible. 

All feed gears steel or bronze. 
Automatic stops to all feeds. 
Circular table easily detached. 


Table fed by screw which does not. rotate, is 
not splined, and is always in tension. 


No. § PATENT edeediiia MILL, Automatic feeds to table, longitudinal cross, and 
48 in. by 18 in. by 26 in. circular, and automatic vertical feed to head. 


DELIVERY FROM STOCK. 


ALFRED HERBERT, Litd., Coventry. 
W. G. BAGNALL, LTD., 


STAEEOrRD. 

















LOCOMOTIVES from 3 to 50 Tons. For any Gauge. 


HIGHEST CLASS WORKMANSHIP AND MATERIAL. 712 








PORTABLE RAILWAYS, TURNTABLES & WAGONS oF ALL DESCRIPTIONS. 





Codes used—‘ Engineering,’”’ ‘‘A BC,” and ‘Bedford McNeill’s.’"’ Telephone—No. 15. Telegrams—Bagnall, Stafford. 
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AUTOMATIC GEAR CUTTERS 


GOULD & EBERHARDT 
New “Centre Line” Design. 















Especially adapted for cutting Steel 
Gears at high speed. 





IN NUMEROUS SIZES 
For Spur Gears, and for Spur and 
Bevel Gears. 





Sole Agents: 


C. W. BURTON, GRIFFITHS & CO. 


Ludgate al LONDON, E.C. 


MANCHESTER: Dyer Street, Chester Road. GLASGOW : Finnieston Street. 


ARMOURED CONCRETE 


COIGNET SYSTEM 


Awarded the GRAND 
PRIX, Franco-British 
Exhibition, 1908. 
Highest Award, Paris 
Exhibition, 1900— 
Grand Prix and Gold Medal. 








| 





‘edie od sie 
H.M. Office of Works, 


The Admiralty, 


and other 








Government Departments, 






Various Corporations, 
Public Authorities, 
and 
Railway Companies. 






Floors officially tested 
by the British 
Fire Prevention Committee 








All caleulations according 
to the Rules of the 
British Committee 

on Reinforced Concrete. 





Schemes prepared free 
of charge. 







Apply for our 
Illustrated Catalogue. 


Approved by RI.B.A. 

















Telegrams : 


*““TENGIOC, LONDON.” 
996! 


Telephone : 
5748, WESTMINSTER. 







OOIGNET PILZS AT DUNDEE GENERATING STATION. Messrs. Robert MoAlpine & Sons, ee and Licensees. 


EDMOND COIGNET, LTD., 2, Victoria s., WESTMINSTER. 
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-rnue-avro” OF ALL LABOUR COSTS 


Pulley-Block. that by 
HAND ;. HEAVIEST. 


Therefore, in HAND APPARATUS 
it pays to GET THE BEST. 


000000000000 00000000000 











OVERHEAD rroutey RUNWAYS 


reduce the LABOUR CHARGES | —/ 
The HIGHEST DEVELOPMENT for handling ALL KINDS OF 
So Gad casa GOODS 60 to 75 per cent. 


design and manufacture. 


LIFTS and LOWERS by HAND in the MADE IN FOUR SIZES— 


ordinary way, but much easier eg? 
than others, and has the marked 4, I, I, and 2 TONS capacities. 
advantage (when required) of LOWER- 


ING by GRAVITY. AUTOMATI- ° ° ’ ° 
OALLY GOVERNED against Tell us your difficulties and we'll advise you. 














“ROG.” 2 8 Sey A be eee a ie 


VAUG HAP & SON, - in a Fon. A 


WEST GORTON. -“W. 9666 
(RUNWAY & LIGHT CRANE BR te WLAN CELE SI’ Er Et. } 























CONTRACTORS TO THE BRITISH AND FOREIGN ADMIRALTIES AND ON INDIA AND WAR OFFICE LISTS. 


THE CONSOLIDATED PNEUMATIC TOOL CO., Lo. 
AIR COMPRESSORS. 





“NEW GIANT,” 
“WHITELAW” 


" BOYER ” 
“ KELLER ” 





AND 
14 
PNEUMATIC BOYER 
HAMMERS PNEUMATIC 
Lowest in pe 
Air Consumption. ELECTRIC DRILLS, 





GRINDERS, BLOWERS. 


High-voltage Drills, 
specially designed 
for Electric Tram- 
way Construction. 


SAND RAMMERS, 
SAND SHAKERS, 


AND ALL 
ACCESSORIES. 





TYPE G.D.S. WITH MECHANICALLY MOVED INTAKE VALVES. 





Telegrams—CAULKING, LONDON. 


orriees- Palace Chambers, 9, Bridge St., Westminster, S.W. —_Tactrane(Ssraemeao. 


Workshops and Showrecsn within s fow minutes’ walk of the OGices, where PNEUMATIO and Works: a FRASERBU RGH 9 N 7 B. 


ELECTRIC TOOLS can be seen in operation. INSPECTION INVITED. 6210 
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DARLINGTON FORCE CO., LD., DARLINGTON 


Telegrams : “‘ Forge, Darlington.’’ pet Office : Zz Fenchurch Street. 














STEEL GASTINGS. 
‘SONIDYOI NOU! ® 13318 





CAST STEEL STERN FRAME FOR — TURBINE LINERS 


“T.USITANIA” ann “MAURETANIA.” 


= 











PATENT HIiGH-LIHTL 


TURBINE PUMPS 





























HIGHEST IN COLLIERIES, 
EFFICIENCY. MINES, 

SMALLEST FLOOR ) = 7 WATERWORKS, 
SPACE. Maine Fy - . MILLS 
ae 7] ® arte Ae ont  @ es | 

FOR ALL DUTIES. PUMP FOR LIFTING 10,600 GALLONS PER MINUTE 4065 FT. HEAD. FACTORIES, &c. 





Awarded GRAND PRIZE, Franco-British Exhibition. 
PUMPS in use for 16! Million Gallons per Hour. 


OLDEST MAKERS OF TURBINE PUMPS. 


MATHER & PLATT, L®"nancnesrex 
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Tele. Address: 





SMITHS CRANES 


OF EVERY DESCRIPTION. THE MOST EFFIOIENT AND UP-TO-DATE. 
Locomotive Cranes, 


Fig. 293.—Electrie Locomotive Crane. SEND FOR CATALOCUE. Fig. 284.—Locomotive Steam Crane. 


Overhead Cranes, 
Goliath Cranes, 
Electric Winches, 
Capstans, 
Winding Engines, 
Bc. 











“SMITH, RODLEY.” 


THOMAS SMITH «SONS 





Steam and Electric Grane Works, RODLEY, nr. LEEDS. soe 




















£6.6.0.* 





REVOLUTION 
IN PRICES! 


14x 2in. WET 
TOOL GRINDERS. 


IMMEDIATE DELIVERY 








FROM STOCK. 
A. A. JONES, POLLARD & SHIPMAN, 
LEICESTER. nae 


Sole Agents for Scotland : 
Messrs. P. & W. MicLELLAR, Lrp., GLasaow. 





N ote These Prices « 


a £9. 0. 0. 
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WILLANS g ROBINSON, Rugby, England. 


LIMITED. 














‘TURBINE ROTORS. 


DREDGING PLANT 











Up to the,Largest Bow and Stern Well Centre and Side Ladder.-Bucket 
Dimensions and Capabilities. Barge-Loading and Hopper Dredgers, Suction Dredgers, 
DELIVERED COMPLETE OR Hydraulic and Mechanical Agitators, Discharge Pipes and 


SEIPEED eT ae Pontoons, Hopper Barges, Sewage Steamers, Caissons, 


Tugs, Ferries, Paddle and Screw Steamers. 





ON WAR OFFICE & ADMIRALTY LISTS. 





Telegraphic Address: 
“‘DREDGER, PORT-GLASGOW.” 






















































































© 
f : fo. TT. 
q ° ’ & 2 
~ ‘= ihe BS einai — 5A . " . 
= = — = id wae + i; y ai : yi 
- .. ve ~ aw + ' i 6 = ? 
i ie: : 
. i 
Barge Loading Bucket Dredger (No. 166), by Ferguson Brothers, eS / 
for Clyde Trustees. LP * / 
x / GOLD 
Spare Gear and Renewals Supplied. x / 
. , DREDGING A 


FERGUSON BROTHERS, yp sown 


Shipbuilders and Engineers, 


Fro Rx GLASGOV. 
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DYNAMOS & MOTORS 


FOR ALL PURPOSES. 


ORIGINAL STANDARD MACHINE. 


ito 30 GHP. NEW STANDARD MACHINE on BASEPLATE. 
25 B.HP. and upwards. 


ELECTROMOTORS 


OPENSHAW, MANCHESTER. sass; 


SPIRAL SPRINGS for au purposes 


1eTF 

















y mgtiverereite 
< 





esses. COGKBURNS LIMITED, enoS3x2882*Snce, GARDONALD, 


Mear GLASGow . = 
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HUDSWELL, GLARKE & 60., LID., 


i as i a i EOUNDEY, LAHDS. 


LOCOMOTIVES 


For Main or Branch Railways, Contractors, Ironworks, Gollieries, &c. Made to sult any Gauge of Railway. 








mn ee ee 


Established 
1860. 


Tel. Address : 
“Loco, Leeds.” 





PRICES, PHOTOGRAPHS AND FULL SPECIFICATIONS ON APPLICATION. 
SOLE MAHEERS OF 


“RODGERS PULLEYS” 


(REGISTERED) 
WROUGHT IRON THROUGHOUT, RIM, ARMS, AND BOSS. 


BENZ GAS ENGINES 


HIGH-CLASS GAS AND OIL ENGINES. 


SMALLEST FUEL CONSUMPTION. 


SUCTION GAS PLANTS 


FOR ANTHRACITE, BROWN COAL, 
TURF, COKE and CHARCOAL FIRING. 











PETROL, BENZOL, TOWN GAS and CRUDE OIL 
ENGINES. LOCOMOBILES. 


BENZ & CO. unre tit, MANNHEIM. 
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Centractors to Admiralty, 
Celenial and Foreign Governments. 


WAR SHIPS, 
MAIL STEAMERS, 
CARGO VESSELS. 


SE AE Ts 


Crank & Straight, Hollow & Solid. 


SHIP & BOILER PLATES & SHEETS. 


HYDRAULIC FLANGED 


BOILER FRONTS, ENDS AND FLUES. 











Steel Castings 


OF ALL DIMENSIONS. 





WILLIAM BEARDMORE & CO, LTD, 


Telegrams: “BEARDMORE, GLASGOW”; “BEARDMORE, DALMUIR.” 


Steel Manufacturers, Forgemasters, 
Gun and Armour Plate Makers, 
Shipbuilders & Engineers, 










ARMOUR PLATES 
GUNS 


-—— AND — 


PROJECTILES. 











GLASGOW. 









WHEELS a & AXLES 


FINISHED COMPLETE. 


: eee 9084 
NICKEL STEEL PLATES, SHEETS, 
BARS, SHAFTS and FORGINGS. 


All facilities afforded for TESTING at the Works. 
















Manufacturers of— 





(OECHELHAUSER SYSTEM) 


400 i. 4000 nr. GAS ENGINES. 











Sole Makers 
and 


Inventors of the 


PATENT 


STEAM 


NAVVY. 


CRANE 





pee a oe 


Special “A” Design. 12 Tons Heavy Type Steam Crane 


The FIRST 
and 
LARGEST MAKERS 
IN 
THE WORLD. 





We Guarantee 
25 per cent. Larger 
Output 
than any other make 
of the same size. 


ype a ~ ; 
, — | 


8561 
—————_——_—_—_—_——_—_ 


Navwvy. 





PARTICULARS AND PRICHS ON APPLICATION: 


WHITAKER BROTHERS, Ltd., 


Telegrams: QUARRIES, LEEDS. 


HORSFORTH, LEEDS. 


A.B C Code, &Sth Edition. 
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Smith’s Patent 


. J 
ALWAY 
BUSH = B 
OSED —— 











Tens of Thousands in use throughout the World. 





























Self Fixing. No Keys or Keyways. 
Finished Belt ee Shafting. 
Pulleys Couplings. 
=: iy dtm New Illustrated Catalogue Hangers. 
Fast and Loose 1908 Edition. Wall Brackets. 
Flanged Contains Prices, Particulars, Illustrations and Wall Boxes. 
Step Cone DIMENSIONS of all Accessories for the Loose Collars. 
Pulleys. Transmission of Power. Smith’s 
Smith’s Patent Patent Swivel 
Independent EVERY DRAWING OFFICE SHOULD POSSESS A COPY. Adjustable 
Grip Shaft POST FREE ON APPLICATION. Self-Oiling 
Couplings. PlummerBlocks. 
SMITH & GRACE SCREW BOSS PULLEY CO., LTD., THRAPSTON. 
LONDON: 86, Queen Victoria Street, E.C. Telephone No.: 152, Bank. Telegrams ; GRAOE, THRAPSTON. Telephone : 19 P.O., Thrapston 
















STEAM & ELECTRIC TRAVELLING CRANES, 
OVERHEAD ELECTRIC CRANES, 
SINGLE & DOUBLE CHAIN GRABS. 








STANDARD CRANE. 


Lifts and Revolves maximum load at 
normal radius, standing ‘ree on 4 ft. 
8} in. gauge of rails. Travels maximum 
load suspended sideways as well as i 
line with rails, 


ENRY 


+i — a ger at ali 


HENRY I. J. COLES, Ltd., ase Cran Works, Tae, 
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We have received the highest possible AWARDS, S GRANDS PRIX and & GOLD MEDALS, 
at the Franco-British Exhibition, 1908. 


F.REDDAWAY & CO. Lt. 


SOLE MAKERS OF 


“Camel Hair Belting 


FOR ALL PURPOSES. 








“Sphincter Grip’ Armoured Hose 


For any pressures up to 15,000lbs. per square inch. 


Conveyors and Belts Sndiarubber Goods 


For all purposes. all classes of work. 


MILLS & HEAD OFFICES: PENDLETON, 
London: 50 & 51, Lime Street, E.C. MANCHESTER. 


Contractors to H.M. Government, the Admiralty and other Government Departments. 


























TRANSPORTERS & CRANES 


OF EVERY DESCRIPTION. 


| APPLEBYS LTD., 


WITH WHICH IS INCORPORATED THE 


TEMPERLEY TRANSPORTER CO., . 


58, Victoria’ Street, 


LONDON, S.W. 





| Works—GLASGOW & LEICESTER 





SPECIALISTS IN 
TEMPERLEY PATENT TOWER TRANSPORTER. 


FOR LOADING OR DISCHARGING AND STACKING HOISTING MACHINERY. -- 


MATERIAL IN BULK. 
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W. S. LAYCOCK’S PATENT. AUTOMATIO toed er (M.C.B. TYPE). ondinany Be ST cn 




















| STEAM HAMMERS, 
FORGE PLANT, 
RooTrs BLOWERS, 
“RAPID” CUPOLAS, 
& FOUNDRY PLANT, 


CENTRIFUGAL PUMPS, 
ELECTRICALLY, ENGINE OR BELT-DRIVEN. » AND FANS. 
HIGH SPEED ENGINES 


FORCED LUBRICATION 
A SPECIALITY. 


THE BRADFORD’ PATENT 
BoiLerR FEED Pump. 


CATALOGUES on APPLICATION. 


















FOR 
BLOWING 
OR 
EXHAUSTING. 


TO BLOW OUT 
AT TOP, 
BOTTOM OR 
SIDES. 


LONDON OFFICE :— 
— = ae” West India House, 
2. 98, Leadenhall Street, E.C. 


* —“.° CC 


THWAITES BROS. Ltd, BRADFORD.  - 
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GAS POWER 


From Cheap Bituminous Coal. 











Successful Plants may be seen in Operation. 





SEND FOR OVUF NEW r.I1ST. 8062 


MASONS GAS POWER CO., LIMITED, 


Levenshulme, MANCHESTER. 








WHAT Is YOUR OPINION OF A LATHE? 


When the spindle speed automatically increases 
as the tool travels towards the centre. 


When the correct speed can be 
obtained for any diameter. 


When the speed variator 
is ONE handwheel. 


When the guiding sur- 
face of the bed is 
covered. 


When a countermotion 
is unnecessary. 


oN THIS LATHE HAS ALL 
3 © THESE CLAIMS, 


VISITORS 
WELCOME. 






Sete oe eee ne gafeomyt Sg en ey Re nT ey 





JOHN LANG t SONS. LATHE MANUFACTURERS, 


JONMANSTONE, meaxr GLASGow . 
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BROWN BAYLEY'S STEEL WORKS L” 


SHEFFIELD, 

















Manufacturers of Steel by the “Siemens” and “Bessemer” Processes. 





Makers of .. 


Tyres, Axles & Springs| Special Guaranteed 
SPRING STEEL 


for Railway Locomotive, Carriage and 


Wagon Springs, and for Road Van, Dra 4 4 
ELECTRIC CARS. : and web &c., Springs. : Conical Springs 


STHEHL FORGINGS. 


Special Steel Blooms and Slabs. 


Spiral, Volute, 


AND 





for Railway Locomotives, Railway 


Carriages and Wagons, and also for 

















London Office—Suffolk House, 5, Laurence Pountney Hill, Cannon Street, E.C. 


Telegraphic Addresses—‘‘BAYLEY, SHEFFIELD,’’ “‘BALI, LONDON.’’ 9675 











UNGEARED 
TRAVELLING 





TROLLEY. 





LEY. 
4 Ton to 5 Ton. 














Pulley Biocks. 


d Travelling Pulley 


TRAVELLING TRAVELLING 
box Mantua Travelling Crabs. 
LOOK, 

















Ton to 
Ton, 











UNCONDITIONAL OFFER. 


“Maxim” and “ Victoria” worm and spur-geared Pulley Blocks 
will be sent on approval to any user at my own expense. 








Cast Sez. UPWARDS OF 110,000 “ MAXIM” & “VICTORIA” 


fur Bee. BLOCKS SOLD IN ABOUT 16 YEARS. 
6 Owt. to 6 Ton. WRITE FOR NEW ELLUSTRATED LISTS AND DISCOUNTS. 








IMPORT ANT.— The framework of the various apparatus shown aboveis in every 
=" ease composed of WROUGHT STEEL PLATES and FORGINGS. The 





An bg chain is treble best calibrated and guaranteed. The Hand-chain Wheels are of cast steel 
at Bestelsing. and the brake is self-acting and sustains the load at any height. 9673 
to 








When you buy a 1 ton “Maxim” or “Victoria ” Block it is tested with a load of 14 tons, BUT SOLD A8 A 1 TON BLOCK. 


~acee J, T. GODFREY, 


Maxim Wie Uachads bike CONTRACTORS TO HIS MAJESTY'S 
wo Ton to 13} Toa” = Telegrams: “Maxim,” aicceieean. High Street, LOUGHBOROUGH, Leicestershire. 
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BALAITA 








BELTING 


HENRY A.COLE.& C9, W526" LIVERPOOL] 
Sou Maxers, COLE'S PATENT “CORONET” BELTING, 


ALSO 


HAIR, COTTON & LEATHER BELTINGS 











1909 


MODEL. 


CUTTING SPEED 
DOUBLED. 
FULLY AUTOMATIC 
| BEVEL WHEEL eee 
| PLANER, - 


| WILL CUT INTERNAL AND -2==m 
x EXTERNAL GEARS. = 














The Robey-Smith Patents, §9“==—= 
i Made in 4 Sizes : p 
4] 9in., 16in., 24in., and 36in. 
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S. N. BRAYSHAW, 


2, MULBERRY S&T., HULME, MANCHESTER. 


PATENT vo ARDENING FURNACES 


RBON OR HIGH-SPEED STEEL. 
&C. 
9299 


MILLING CUTTERS, of EH AMERS, 


SEND FOR CATALOGU 








<7 
. 2 


s 


VEQWauaiy of 


Pulley Grip 
Stretch 2 Strength. 


PULLEY GRIP.—Built up of a series of Strands 
4 Leather on edge, the thickest Hendry Beltin 

es pertect contact ' round the smallest pulley, wit 
pi some dri iving grip. 














« HENDRYS Patent 


STRETCHING.—Being stretched in the Sirand, 
Hendrys’ Laminated Belting is soul stretc hed 
ing, and runs 


Copyright Kegd 
throughout, rarely requires shorten 
true on the pu alle ley to the last. 


STRENGTH. — Selected hides, expert :tannin 


LAMINATED | 


and Hendrys’ patent Laminated Construction, with 
the Dovetail Splice, form a perfect driving Belt ot 
Leather equal strength and extraordinary durability. 
Re ae 


BELTING JAMES HENDRY 
a a ener Laminated Leather Works 


* ‘Stretched in Lhe Strand” siminyian Bridgeton, GLASGOW 


Prices and 
ace = 

















HENRY SIMON, E: 


ELEVATING 
CONVEYING PLANT. 











GRAIN ELEVATOR AND SILO, no 
ERECTED ON DOCK SIDE, EAST COAST, 
FOR DISCHARGING OCEAN-GOING VESSELS. 














HENRY SIMON, L?--20, mount st., Manchester. 











MARMOT PARAFFIN ENGINES 


for LAUNCHES, BARGES, PUMPING PLANT, &c. 





Simple, Reliable. 
Explosion every Revolution 
Force Fuel Feed. 
Ignition Automatic. 
No Electricity. 
Enclosed Epicyclic 
Reversing Gears. 


K t ee) 
Paw onarer & Young, 
; LIMITED, 
' MARMOT WORKS, 
ALLOA, « 
SCcoTrtaAnD. 


BRAIME’S cevesratep 
SEAMLESS PATENT STEEL OIL-GANS. 
SEAMLESS ELEVATOR BUCKETS, 


HOP TOOL STANDS, * 












30 
15-HP. MARMOT PARAFFIN ENGINE. 




















er 190,000 of these Oil-Cans 
pg Lamps have been lied 
to the British ‘Admiralty, 







SPECIALITIES :— 


Patent Oilers. 
Ships’ Hand, Bunker & Spee 


Lam 
Seamless Steel Elevator ets. 
Riveted Stéel Elevator — 
Steel Rollers for shop Boney 

Seamless xes, Trays, 


Suds Pans, Oil rs, dc. 
‘Stampings in all Metals. 


Stampings for Motor Stamped Seamless Steel 





SheethietalSpinnere. Elevator Buckets, 
Supplied 
through cs OOO Sizes, 


Merchants, Machinery Dealers, &c. 
oF. BRAIME & CO., Ltd., Hunsiet, Leeds. 


Y 


























ee eS 





o— Comest No. | 


Repaired this Joint, and saved the owner $75.00, 








A is the Joint repaired. 





Just the thing for Leaks of Steam, Water or Oil. 





NEW INSTRUCTION BOOK FREE. 


SMOOTH- -ON MFG. CO. 
rns 


5108 
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a 


Expanded Metal 
Machinery Guards 

















AS MADE BY | US ARE. A GOOD 

MECHANICAL JOB. THEY POSSESS 

NEATNESS, STRENGTH, 
DURABILITY AND THEIR 


PRICE IS REASONABLE 
A NEW CATALOGUE SECTION 3, 
IS NOW READY. SEND FOR IT. 


IT HERSXP. 
AAI \ WORKS AALS 


HAD OFFICE YORK MANSION YORK ST WESTMINSTER = 














LIQUI 





D METERS 


(LEINERT'S PATENT). 





AUTOMATICALLY 
MEASURE & RECORD 
(BY ACTUAL WEIGHT) 
WATER, JUICES, OILS, 
SPIRITS AND OTHER 

LIQUIDS. 


All paris visible and accessible for 
cleaning and examination. 


Free from complications ; accuracy 
not affected by changes in tem- 
perature and specific gravity of 
liquids dealt with. 


The only accurate and practicable 
apparatus on the market. 


8053 


Sole Licensees: 


HOLDEN & BROOKE, 


LIMITED, 


SIRIUS WORKS, 
WEST GORTON, 


MANCHESTER. 








Fullerton, Hodgart &Barelay, La. 


Vulean Foundry and Engine Works, PAISLEY. 


Contractors to H.M. Admiralty and War Office. 


SPECIALITIES : 
High-Class — 


HORIZONTAL 
AND VERTICAL 
ENGINES 


Up to 3000 HP. 


FOR 


Mills, Mines, Steel Works, 


Electric Lighting 
and Traction Stations, &c. 


ee 


HYDRAULIC 
PUMPING 
ENGINES AND 
MACHINERY, 
Electric Pumps, 
Winding Plants 
and Winches. 


Established 1838. 














— SOLE MAKERS OF — 


STER’S” PATENT MULTIPLE EVAPORATORS. 





JOHN RUSSELL & GO., Lo. 


“o WALSALL. “o” 









SOLID-DRAWN STEEL 
















MARINE, LOCO., 
GENERAL ENGINEERING PURPOSES. 


Wiens ice TUBES 


and Fittings of every description. 























ON ADMIRALTY LIST OF CONTRACTORS. 
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COCHRAN BOILERS 


Patent Vertical Multitubular—Standard design. 
READY FOR IMMEDIATE DELIVERY; =x 


COCHRAN & CO., ANNAN, LTD., 


ANNAN, SCOTLAND. D. 





Write for SPECIAL GATALOGUES :— 
Class A.—For LAND USE. 











Ez 


Class B.—For MARINE USE. 














ROYLES [IMITED 


ENGINEERS RS & SPE RY af ot ‘CIAL/STS 


MAKERS OF 
LOWS PATENT 
FEED WATER 
HEATERS 
CALORIFIERS 
FVAPORATORS 
CONDENSERS 
STEAM 
KETTLES 
BOILING 
BATTERIES 
RADIATORS 
GAS KETTLES 
STERILIZERS 
Air HEATERS 


INSTANTANEOUS 


BATH WATER 
HEATERS 








EVAPORATOR 


(Row’s PaTenrT. 


_ SE Beet oa 
ET 9 
OPEN FOR CLEANING. 








MAKERS OF 


ROYLES PATENT 
STEAM TRAPS 
REDUCING VALVES 
Surptus VAtyes 
SAFETY ANp 

RELIEF VALVES 
STEAM AND 









MOUNTINGS 
SWIVEL 
UNIONS BENDS 
STEAM DRYERS 
STEAM OVENS 
ASBESTOS PACKED 
STEAM FITTINGS 
AUTOMATIC 
Freep PUMP ani 
RECEIVER 


REISERT PATENT WATER SOFTENERS AND FILTERS. 
ROW'S PATENT BATH WATER PURIFICATION PLANTS. 


IRLAM, near 





MANCHESTER 





THOMAS CHATWIN, 


Victoria’ Works, Great Tindal Street, 
BriReMAINGHEeAM. 








Manufacturer of 


HIGH-SPEED 
TWIST DRILLS 


(Taper or Parallel Shank), 








AND ALL KINDS OF 


ENGINEERS’ “SMALL TOOLS” 








Screwing Machines. 


CATALOGUES FREE ON APPLICATION. 


9581 











= 


i" 
— 
a 
—_ 
a 
— 
a 
— 
— 
—_ 
—_ 
— 
—s 
—_ 


SOLID DROP 





FORGED STEEL y 
SPANNERS. TURNBUCKLES. STANCHIONS. 
Double or Single Ended. With or Without Stub Ends. Bright and Black. 


All leading sizes supplied-from Stock. 








ARMSTRONG. CORVENSASON 


WHITTALL STREET, BIRMINGHAM. 


eet riccceccChcbbsssviicecssdivssivesecsss 
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E MACHINE TOOL DRIVING 


| RENOLD SILENT CHAIN. 


RAPIDITY, 
EFFICIENCY, 
SIMPLICITY, 

ECONOMY. 


These are outstanding features of the - 


RANSOME 


CONCRETE MIXER. 


Manufactured by 
RANSOMES & RAPIER, LTD., 
IPSWICH. 




















Applications like the above give 
SAVING in POWER. 
INCREASE of OUTPUT. 
LONGER LIFE of TOOLS. 
BETTER QUALITY of WORK. 


. HANS: RENOLD LTD. MANCHESTER. | 

















ICE & REFRIGERATING MACHINERY 


AMMONIA COMPRESSION & CARBONIC ANHYDRIDE SYSTEMS. 














The great importance of a thorough mixing in order to 
produce concrete of uniform standard quality throughout 
is recognised on all hands, 


Effective and Rapid Mixing in the Ransome Concrete Mixer 
is obtained by means of an internal arrangement of scoops 
causing a constant backward and forward movement of 
the materials, which answers the double purpose of efficient 
mixing and of dropping the concrete into the discharging 
chute when it is placed i in position. Thus, with this Mixer, 
there is 





NO TILTING TO DISCHARGE CONCRETE. 





WRITE FOR PARTICULARS 


—~ i 
PATENT COMBINED CO. MARINE TYPE MACHINE, 
With Gas Condenser and Evaporator in Box-Bed under Machine. Vertical Water Pump Driven from & FREE BOOKLET. 
Orank Shaft. Independent Duplex Brine Pump. Made in several Sizes. 
Suitable for Ships Provisions and Cargo. 


RANSOME-VERMEHR MACHINERY Co. 


THE LIVERPOOL REFRIGERATION o0., | Ld. 505, Caxton House, Westminster, SW. * 


ALSO AT— 
28, Steglitzerstrasse, BERLIN. Vasagatan, 15, STOCKHOLM. 


CONTRACTORS TO H.M. ADMIRALTY. 


COLONIAL HOUSE, LIVERPOOL. 









































9856 
PATENT MOTOR-DRIVEN SLOTTER. 
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COAL ELEVATING 1,7" , 0 [i.. 
“= |THE GRANTHAM BOILER & CRANK GU., >: 
ore en selina i 4: MANUFACTURERS OF ALL KINDS OF ae GRANTHAM. 
SIMON-CARVES, Ld., “wuss, | "I" EE A. WE ESOT. EES. 
—_— ll | . 2. “| L0C0.-TYPE, ° 
HALIFAX. ‘7 ‘_ ——. PORTABLE, 
SP 7 CORNISH, 
‘ | COLONIAL AND 
Machine | aes 
Tools. BOILERS. 
ALL VERTIOAL 
KINDS. STEAM 
» Fon ENGINES. : 
Boiler Makers to the Trade. 





ON ADMIRALTY LIST. 





9755 











Analyse your Flue Gases!! 


CO, Recorders for 
Up-to-date Boiler Plants. 


Guaranteed accurate to 4 per cent. 
No complications ; few working parts. 
Perfectly automatic in action. 

Very little attention needed. 

Perfect filtration of Gases. 





: > 

Q 

2 _3 

a. ra 

a6 42 

< b] 

. Be ser 

“Fe Be 

all " 

5 —=o ; 
seat ete? Se a 
ON APPROVAL. 


SENT 
Write for particulars to— 


the “Auto” Recorder Co. 


(oepT. E), 


Kent Street Works, LEICESTER. 
The above RECORDER has Just been 
awarded a BRONZE MEDAL at the 
FRANCO - BRITISH EXHIBITION. 




















THE 


POWELL 
INJECTOR. 


Works from 26 Ibs. to 200 Ibs. 
on 2 ft. Lift. 


For Economy 
and High 
Standard of 
Efficiency it 
Stands Alone. 
Suitable for 
all places 
where Steam 
is not 
Higher than 
200 /bs. 





Write 
List “K.” 


HOBDELL, WAY « C0., 


LTD., 8507 


St. John’s House, 124-5, MINORIES, E. 








Carborundum is the £2000 man of the abrasive field. 





it gets into a shop it is there for all time. 





The man who is worth £2000 a year is rarely out of a job—it is the little fellow 
who is high priced at £200 a year who finds little demand for his services. 
It costs more than other 
grinding wheels—but it does so much more work and it is so much better that once 









THE CARBORUNDUM COMPAN 
‘29, CLIFTON 








STREET, FINSBURY SQUARE, LONDON, E.C. 


Y, 
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OIL, GAS, SPIRIT & ALCOHOL ENGINES, 


HORIZONTAL AND VERTICAL TYPES, — ALSO — 


LAUNCH ENGINES 


(Oi, Spirit or Alcohol). 


SHOWROOMS— 

LONDON :—87, Queen Victoria Street. 
Telegrams— NORNODESTR, LONDON. 
LIVERPOOL :—30, South Castile Street. 
GLASGOW: :-45, Bothwell Strest. 









JAVA-—Vax bas Linpaa Teva, Soarabaje 
—VaN DER 
and at Samarang. 
NEW Comrany, 2 D.—F. y, a. Gomungemanent 
TRALIA.—Ronenr Gormaim, 205, 
and at Mel- 


bourne, 
INDIA.—Burs & Oo., Ltd., Howrah Iron 
Works, Calcutta. 





6 K. M. Oil Engine—110 B.HP., at 500 R.P.M. 


_L. GARDNER & SONS, LTD., 


Telegrams— THEOREM, PATRICROFT. 
Telephone—48, EOCLES. 


MANCHESTER. 





Barton Hal! Engine Works, 
PATRICROFT, 





gear on the market to-day. 
day for our fully illustrated catalogue. 
ROBERT ROGER 2&2 CO., Lid. for 
Engineers. Stockton-on-Tees. 


Write us to- 














“FASTNUT™ 


FRANCO-BRITISH f exer. * SILVER MEDAL 


RAILWAY & TRAMWAY SEOESON. 


WE WILL PA PAY isco 


$0002 


Fer Sed bine ta terin. 1/© 
FASTNUT LTD., 60, Aldermanbury, London, B.0. 

















FRIED. KRUPP, Essen & ANNEN. 


Manufacturer of Crucible & Siemens-Martin 





STEEL CASTINGS, 


FOR ALI PURPOSBS. 


To pass Admiralty, Board of Trade, Lloyd’s, and Bureau Veritas Tests. 
APPLY TO 


AUGUST REICHWALD (cars crcoox), Finsbury Pavement House, Finsbury Pianta B.C, 


WALLWORK 


GEAR HOBBING 
MACHINES. 


FOR SPURS, WORM 
WHEELS, & SPIRALS. 


ACCURATE WORK. 
MAXIMUM OUTPUT. 


Guaranteed Production 
given on any Wheel. 
































Telegrams: “FOUNDRY.” 
Telephone: 567 and 5200. 























THE STANDARD ENGINEERING C0., Lid., 


LEICESTER. 
" STANDARD " 7 
FANS. 








Sugar 
Machinery. 


Cane Crushing Mills, 
Gearing and Engines. 


Defecators, Clarifiers, 
Multiple Effects, 


Vacuum Pans, 
Filter Presses, 
Centrifugals, 
Granulators, &c. 


Also Makers of— 
OIL MILL MACHINERY, 
PUMPING PLANTS, 
REFUSE DESTRUCTORS, 
LAUNDRY MACHINERY, 


ac. 
9668 


MANLOVE, ALLIOTT & Co., Lo. 
' : Engineers, 


NOTTINGHAM. 
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PERCY HARRISON, LTD., , 
VESEY STREET, 
BIRMINGHAM. 
CONTRACTORS TO THE WAR OFFICE. 9636 


TEE! PATINT 


DE LAVAL STEAM TURBINE 


For Driving Factories, Dynamos, Pumps, Fans, &c. 






































Made from i fo 500 Horse Power. 





4750 TURBINES now in use, site to 175,000 HORSE POWER. 


GREENWOOD & BATLEY, 


ee ee eee Lt 
DE LAVAL STEAM TURBINE- PUMP. LE ED Ss. d., ims 


JOHN BROWN & COMPANY, LTD. 


Atlas Works, SHEFFIELD; and CLYDEBANK, near GLASGOW. 
LONDON: 8, THE SANCTUARY, WESTMINSTER, 8.W. 


BUILDERS OF PASSENGER AND CARGO STEAMERS, 


And specially of First-class High-speed Ocean Steamers up to the Largest Size and Power. 


WARSHIPS oF ALLL TY PHS. 


BATTLESHIPS, CRUISERS, AND TORPEDO BOATS, 
AS BUILT FOR THE 


BRITISH, SPANISH, RUSSIAN, JAPANESE, AND NETHERLANDS GOVERNMENTS. 


























MANUFACTURERS OF 


ARMOUR PLATES, 
































GUM FORGINGS OF ALI. DESCRIPTIONS. 2814 
Largest Sizes of Cranks and Straight Shafting, Hydraulic Pressed, Solid or Hollow, Rough Machined or Finished. 
=. Boiler Fiues and other Marine Specialities, Railway Material. . Foundry and Forge Pig Iron. 
Actien-Gesellschaft 
Qberbilker Stahlwerk 
DUSSELDORF. 





WHEELS 


STEAM TURBINES 


forged of 
FLUID-PRESSED SIEMENS-MARTIN and 
NICKEL STEEL, 
rovgh turned and finished. * 








Representatives for the United Kingdom : 
ZEETT=Sz 2 CO., 
21, LIME STREET, LONDON, £.C. 
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Manufacturers of SIEMENS’ ACID STEEL 


BOILER PLATES. 


Also SHIP and BRIDGE PLATES, ANGLES, BULBS, CHANNELS, ROUNDS, SQUARES, TEES, ZEDS, &c. 
BILLETS, of dead soft quality, and for wire and springs of special quality, from any grade of carbon; also SLABS. 


THE GLASGOW IRON & STEEL CoO., LTD., 


WISHAW, SCOTLAND. a 





























ee 


Bin MiIiNGHeAM, 
MANUFACTURERS OF 
METAL THREAD SCREWS & SHANKS, CLOUT NAILS, 
SQUARE AND HEXAGON NUTS, RIVETS, COTTER PINS, &c. 
STA BLISEEDYD i780o. 
TELEGRAPHIC ADDRESS - = =« “PLENTY, NEWBURY.” 
Contractors to the Admiralty, War Office, Crown Agents of the 
Colonies, Indian Office, Trinity Board, Customs House, and various 


WESTON’S DIFFERENTIAL RATCHET BRACES. 
Tilt] 
PLENTY & SON, 

















ahuate 








WESTON'S PATENT 
DIFFERENTIAL RATCHET BRACES. 








WOOD SCREWS, COACH SCREWS, CARRIAGE BOLTS, 
ENGINEERS, NEWBURY, ENGLAND, 











MAKERS OF ALL CLASSES OF 


ENGINES « BOILERS 


Small Steamers, Yachts, Tugs, Launches, 
Torpedo Boats, Hopper Barges, &c. 


WATER-TUBE BOILERS 
Of “MUMFORD,” “‘ THORNYCROFT,” 
“YARROW” and other Types, 


: Engines for Electric Lighting 
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UPw ARDS 
oF 


160,000 
GRESHAM’S PATENT 


INJECTOR 


OF ALL CLASSES NOW IN USE. 


GRESHAM & ORAVEN, Ltd., 


BNWGINAARS, ORDSALIE LANA, MANORIES TEE. 


Telegraphic Address—‘‘ BRAKE, MANCHESTER.’ Telephone No. 613. 


RANSOMES, SIMS & JEFFERIES, LD. 
eo = ALL CLASSES OF ENGINES AND BOILERS 


F 
i a \ FOR ELECTRIC LIGHT INSTALLATIONS. 


HIGH-SPEED ENGINES. 


FOR DRIVING DIREOT OR BY BHLT. 


Throttle Valve or Patent Automatic ‘‘ Shaft” Governor. 


ENGINES AND DYNAMOS COMBINED AND TESTED 
"ams IPSWICH ; *™a"" LONDON. 


Telegrams: “RANSOMES, IPSWICH”; and “ANGLIA, LONDON.” 












































JO umn TUL LIS «= SOn 


ST. ANN’S LEATHER WORKS, GLASGOW. LIMITED. 


























Md PATENTEES AND SOLE MAKERS OF ORANGE TAN AND GNU HIDE BELTING. > 
ORIGINAL MAKERS OF COTTON CANVAS BELTING and or LLAMA HAIR BELTING. 1) sa 

0 ul 
“ D MAKERS OF BELTING FOR TAPER CONE AND QUARTER TWIST DRIVING. as 
WE RECOMMEND THE FOLLOWING: Fo 
x OOLUMBIA BELTING for Striking Gear and Step Cone Pulleys. This Belt will not be affected by 4 ses 
> w the action of the forks, nor will it mount the Cone Steps. 4 = 
2 = RAW HIDE BELTING for High Speeds and working on small diameters. o: 
Sie =| = 
O x CHROME TAN BELTING for working in damp atmosphere. “> 
Py - ORANGE TAN BELTING for Dynamo Drives and Gas Engines, and all cases where sudden variation J 4 
Zi of load may take place. The strongest Belt made. 2 = 
z ~ BALATA (Chonata Brand) for Drives exposed to atmosphere. This class is also suitable for trans- M™ & 
al mission work generally. rs = 
f ENGINEERS’ SPEOIAL for Heavy Planing Machines. a 

Mlustrated Price List on Application. 

wanmovese| SOD" Scere men: eT TRONRE, Meech A. manana seem rare ete ta 
6, Lioyds Avenue, Fenchurch Street, B:C. bEEDS—Mr. CHARLES BEST, 10, Aire Street, 02 007" 
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Kixpiy Mention “ ENGINEERING.” 


FOR ALL PURPOSES. a8 
_ HIGH EFFICIENCY, a 





FIRST-CLASS DESIGN 


AND 


WORKMANSHIP. PRICES 


RIGHT. 


“F’’ DEPT. 
CRANVILLE WORKS, TENNENT ST., 


BIRMINGHAM. 
Telegrams: “Commutator,” Birmingham. Telephone: 1976, Midland. 


PrPOMN TIES = «= VW OoD, La. 


REMOVED 
from Farringdon Works, Shoe Lane, LONDON, to— 


UNION FOUNDRY, DERBY. 


Lonpon OFFICE :— 


175-177, SALISBURY HOUSE, LONDON WALL, E.C. 
— MAKERS OF GAS ENGINES, 100 to 2000 HP. 


SITLL « DISTILLING PLANTS 


FOR ALL PURPOSES. nes 
Awarded Grand Prix, Franco-British Exhibition, London, 1908. ___ 


TURNBULL & CO., sms, NEWCASTLE-ON- TY TYNE 


CONSTRUCTIONAL 
STEELWORK and 
MACHINERY 
for Mines & Collieries. 
































HEAPSTEADS, 
- he HEADGEARS, 
COAL WASHING, 
STORAGE and 


COAL-WASHING PLANT ERECTED BY F. TURNBULL & CO. =. | CONVEYING Seema 


LIDGERWOOD 2" 
Telegraphic Address: LIDGERWOOD, LONDON. 
Telephone No,: 585, WESTMINSTER. 


MAEERS OF 


HOISTING & HAULING ENGINES 


FOR ALL CLASSES OF WORK. 


nich sreeD PILE-DRIVERS 


STRIKE 320 BLOWS PER MINUTE — ONE MAN OPERATES. 


SPECIAL BUILDERS’ HOISTS. CABLEWAYS. us: 
Address: Caxton House, Westminster, LONDON, S.W. 
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ROSE, DOWNS & THOMPSON, Ltd., 


"OIL MILLS. 
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DREDGERS, 
OW ADMIRALTY, WAR 


GRABTRE Se GP LP co nu orice Ls cre 
mae git ey SN al 


CODE ABC, 








HULL anp LONDON. 


ened wren 1777. 
































, “oh! V's BL nie CARGO & PASSENGER BOATS 


HENSCHEL & SOHN, 


MILAN EXHIBITION, 1906, GRAND PRIX. ee aii 1817.) 


LOCOMOTIVE BUILDERS AND STEEL WORKS PROPRIETORS. 




















CASSEL, 


Germany. 

























STEEL WORKS: ANNUAL CAPACITY, 800 LOCOMOTIVES. TOTAL OUTPUT EXCEEDS 9000. STEEL WORKS: 
HENRICHSHUTTE, HATTINGEN. HENRICHSHUTTE, HATTINCEN. 
Boiler Plates, Steel Castings and 
Boiler Ends, Tubes, . ~ Forgings, 
Dished - — Plates, Straight and Cranked 
mes, ’ Propeller Shafts, 
Black yee. spams Stern Posts, Rudder 
Buckle Plates, Frames, Mill Housings, 
Gas and Steam Pipes, Cy ee Dome, 
Electric Welded and . : ee Wheels and Axles, 
Riveted Drums, 4:4:2 Express Engine, ‘ Atlantic Type,” built for the Prussian State Railways. Crank Axles, Tyres. 
Ss Cas ToeconmoTrivrts All Parts for the Con- 
Poh — of every description, from a bs hag ote types. | *raitmave oe ae Special Designs made for struction of Locomotives 
&e., &e. wor ht ST gidtiton Gvardam, wutiea omsuas. 7 waste of material. and Machinery. 






GENERAL AGENT: Mr. OTTO GOSSELL, 110. CANNON STREET, LONDON E.C. ones 


BEYER, PEACOCK & & 60. 


Tel. Address: “ FOLGORE, LONDON.” Gorton Foundry, Manchester. 


Telephone No, 5804 Westminster. ESTABLISHED IN 1854. 


LOCOMOTIVE ENGINES 


ALSO MAOHMINE! TOOLS. 


EMERY GRINDING MAOHINES 
A SPECIALITY. 

















4, Victoria St., 


London Address: {* Westminster, S.W. neahneois Address: {' Kol 


Telephone No. 255 Manchester. 


ORANE LOCOMOTIVES FOR 
LIFTING AND SHUNTING. 


ALL TOOLS ELEOTRICALLY 


WHEEL AND OTHER LATHES. 
MILLING MACHINES, DRILLS. 





PLANERS, SLOTTERS, &c. LSS 


STANDARD GAUGES. 
WORKMANSHIP AND MATERIAL UP TO THE HIGHEST STANDARD OF EXCELLENCE. 9769 
S STEEL FOUNDRY for Casting Wheel Centres and other Parts of Locomotives. Ss 


RAOK RAIL LOCOMOTIVES 

YARD ENGINES, &. ee dado cs 
ALL PARTS OF THE ENGINES 
AND MACHINE TOOLS 





SS eae 


MADE AOOURATELY 





Also general CASTINGS & FORGINGS. 
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MANNING, WARDLE & CO., Ltd., so22%us LEEDS, 


Makers of Locomotive Engines for any width of gauge and for all purposes. Also makers of Steam Rail Motor Coaches for passenger traffic. Materials and workmanship of the best quality. 
Tank Engines up to 17 in. cylinders, on four or six wheels, always in stock or in progress. Specifications, Photos and Prices on application, and Special Designs 
sent on receipt of particulars of requirements. The ‘A B ©” and “The Engineering Telegraph Codes” used. Od 2486 


BALDWIN LOCOMOTIVE WORKS. 


a LOCOMOTIVES... 22s 


Mine, Furnace and Industrial Locomotives. Electric Locomotives with 
Westinghouse Motors and Electrie Trucks, 


Burnham, Williams & Co., Philadelphia, Pa., U.S. A. 


Cable Address: “Baldwin,” Philadelphia ; “Sanders,” London. 
General Agents :—Messrs. SANDERS & CO., 110, Cannon 8t., LONDON, EC. 


LOCOMOTIVES FOR ALL GLASSES OF SERVICE. 


STHAM. ELECTRIC. 


- Pacific Type Passenger Locomotive, built for Central Northern Railway of Argentine. 
Pe ees _ saiian «fi Total weight of engine in working order, 113,000 Ibs. Weight on driving wheels, 75,100 Ibs. 
ee Diameter of driving wheels, 54 in. Boiler pressure, 170 Ibs. 

Size of cylinders, 17 by 26 in. Maximum tractive power, 20,130 Ibs. 


AMERICAN LOCOMOTIVE COMPANY, 


30, CHURCH STREET, NEW YORK, U.S.A. 


LONDON OFFICES: 26, Victoria Street, Westminster, 8.W. Cable Addresses : ‘Locomotive, New York ;” “ Sivad, London.” 9625 
ri 















































—_$——_——. 
—_—_—— 








Societé St. Leonard, Liege, Belgium. 





Locomotives 


Of all capacities and suitable for all Gauges, for Main Lines, 
Local Lines, Light Railways, Tramways, Works’ Railways and 
Contractors’ Railways, 


London Offices: Messrs. T. SLATER & Co., 
20, Copthall Avenue, and 62, London Wall, E.C. 


Catalogues dealing with a great variety of Locotiiotives constructed by the 
Société St Leonard will be supplied gratis on application. 7 


AVONSIDE E GINE ¢ co., Lro, ‘Fisupouos, BRISTOL, 


cages 












































Telegraph : 
LOCO, 
BRISTOL. 


Telephone: 
30, FISH- 
PONDS. 





Write for 
= — NEW 

j CATALOGUE. 

BUILDERS OF MAIN AND NARROW GAUGE were 


LocomorivVv ES. 
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GAS ENGINES, &c. 
A GREAT SAVING 
OVER TOWN GAS 
OR STEAM POWER. 


IMPROVED SUCTION PLANT. 
PRESSURE PLANTS OF ALL TYPES. 



























GAS-FIRED AIR HEATERS, TOO FO ye ,- DOWSON ECONOMIC GAS & POWER CO.,LtD, 
For Workshops, &@. 2 __cATAL— _ 89, VICTORIA STREET, WESTMINSTER, LONDON, S.W. 9: 




















a4 HUNSLET ENGINE 00., Ld. 


04 i LHHDS. | 
Makers of Locomotive Engines 


adapted to every variety of work and gauge. 


wi Designs & Specifications Supplied or worked to. 
| Quotations and Specifications 

on —- _ 
Telegraphic Address: ‘Engine, Leeds. Telephone: 3430 to 3434 inclusive. 


‘HOISTING 
CRABS 


OF EVERY DESCRIPTION. 


WRITE. FOR List No. 51. 


> YOu » 
ae = ve § 
Ziti y 


RYLAND STREET WORKS, 
Birmingham, eng. 


—- 1 ESTABLISHED 1866. 


WILLIAM COOKE & COMPANY, LIMITED, 

















9170 














Tinsley Steel, Iron and Wire Rope Works, SHEFFIELD. LONDON OrFiceE: 110, CANNON STREET, E.C. 
MANUFACTURERS — : AWARDS-—GOLD MEDALS. 
: SYDNEY, 1879. 


MELBOURNE, 1880. 
MINING (Lonpown), 1880. 
NAVAL (LONDON), 1891. 


PARIS, 1900. 





WIRE ROPES. 


FORGED HAULING ROPE SOCKETS OR CAPELS. 


STEEL WIRE RODS for ROPE, SPRING, CARD WIRE, &c. (Made from the FAMOUS SHEFFIELD STEEL). 
HORSE and PIT PONY SHOES. CHANNEL STEELS for RUBBER TYRES. 


“coones: arenes: BE oT YO RKSHIRE IRON “Evaineer PURPOSES. 


CONTRACTORS TO H.M. GOVERNMENT AND ENGLISH AND FORBIGN RAILWAYS. 
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RUSTON, PROCTOR « Co, E* 


LINCOLN, ENGLAND. 





























Se te: 
oe 
s ot SB Ge? i « i 
\s miss s) a ee kes a og 


“RECKE-EHRUSTON ” 


POSITIVE VALVE GEAR 


STEAM ENGINES 


Up to 1500 Horse Power. 


COAL CONSUMPTION UPON ACTUAL TEST 
133 LBS. PER HORSE POWER. 


WRITE FOR PARTICULARS. one? 





Also at 46, QUEEN VICTORIA STREET, LONDON, E.C. 
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JAMES FAIRLEY & SON 


General Steel Manufacturers, and SPECIALISTS in 
: Invite attention to their Unrivalled Self-Hardening Steel. 


FAIRLEY’S SELF-HARDENING TOOL STEE 
considered. HARDEST and TOUGHEST Steel yet made (although the Cheapest in th 

NOTE. JAMES FAIRLEY & SONS WORKS (ramail Lane, SHEFFIELD, and BIRMINGHAM) are 

ww-_ All Communications should be addressed to the Head re MINT, SHADWELL STREET, BIRMINGHAM, 


and Mill St. Forge and Ro! 


ae for 


Contractors to His Majesty’s and 
- other Governments. 


TOOL 


Heavy.C Cuts at High Speeds. 
Small samples free to . oer Sapens. 


STEELS 


Branch Departments and 
1719 




















canrutuers’ PUMPS. 


J. H. CARRUTHERS & CO., Ltd., 


POLMADIE IRONWORKS, 


See large Advertisement in first week in each month. 9762 


GLASGOW. 








rE =e : 
“BAKER” OIL SEPARATOR 
° (FOR EXHAUST STEAM), 
AS USED IN CONNECTION WITH RECIPROCATING 
ENGINES AND L.P. TURBINES 


IS PRACTICALLY INDISPENSABLE. 

















Orvechorse 


Makers of 
Wrought and 
Cast-Iron 
Water Towers 
Water Tanks, 
— Ma- 


Double- Faced 
Sluice Valves, 
Penstooke, 


Hyd drante for 
ater and 
Sewerage 


Works. 





Makers of 
Wrot., Cast- 
lron, or Steel 

Bridges, 
Cast-lron 

Cylinders, 
Screw Piles, 
Jetties, Piers, 
Caissons for 
Dock Gates or 

Entrances. 


ENGINEERS, 


For Particulars, 
Apply to:—Dept. C. 


THE BAKER OIL SEPARATOR CO., Ltd., 
Union Works, Hunslet, Leeds. 













F. WIGGINS & SONS, 


102 & 103, MINORIES, E., LONDON. 

” For Lamps, Stoves, Ventilators, Electrical Work 
and Philosophical, and for all purposes. 
LARGEST STOCK IN THE WORLD. 
CONTRACTORS TO H.M. GOVERNMENT. 








TELEPHONE No. 2248, AVENUE. 0d 9834 
ALL ay We OF 
Rall TAB or 
as sways, Mine , 
nd Perm ne 
jlierie®, om 
aR PL i AT “9 
er yer P ce Fields: 
po Contractor's Wagon 
Ti ‘ 
N i * O0., Vil 
Mc LACES ox iy 
Telegrams ;— 
Ratiway, 
a 











IMPROVED EJECTOR CONDENSERS 


New Pattern Balanced Non-Return Valves. 


AUTOMATIC EXHAUST RELIEF VALVES, 


SECTION OF -—- 


Kormwe Esecrorn Conve nse . 


A Waren tency Norase 


Steam, 


| Bavanceo Non-Revurn Vaive 


KORTI 





—_— AND — 


CENTRIFUGAL simone NOZZLES. 





NG BROS., LT 


63, Victoria Street, 
TD. WESTMINSTER, S.W. 


SPRAY COOLING PLANTS 


Od 7298 
Telegrams: ‘* KORTING,” 
LONDON. 


Telephone : 49, VICTORIA. 








WATER TOWER. 





Made for Pelotas and 
Rio Grand de Sul 
Water Works. 







ALBERT BRIDCE, CLASCOW. 


HANNA, DONALD AND WILSON, 


IRONFOUNDERS, SHIPBUILDERS, and GOVERNMENT CONTRACTORS, 


ABERCORN AND ABBEY WORKS, PAISLEY, N.B. 





LICHT DRAUCHT PADDLE & SCREW STEAMERS. 
The Stern Wheeler ILAGAN; carries 50 tons all told at 2' 8"’ draft. 
BUILDERS OF 
Mail and Cargo Steamers, Steam Yachts, 
Launches, Ferry Boats, Schooners, Light- 
seeoent Sm e ane amp | enpeers. 
gers, opper oe and Tug Boats, 
ist:and 2nd Class Torp edo-Boats for the 
British and Greae Governments. 





STEAM YACHT BUILDERS. 
For cruising purposes or for high rate of speed. 


(Establisheds1851), 


WROUCHT-IRON 
MASTING SHEAR LECS 


* Made for-the.Greek 


and Portuguese 
Governments, 


ri 
x SOM 





.— 







Makers of 
Wrought-/ron 
Shear Legs, 

Masts, 

Travelling 
and Wrought- 
Iron Derrick 
Cranes, Land 
and Marine 

Boilers, 
Wrought-lron 
and 
Steel Buoys. 


Makers of 
Gas Appa- 
ratus, Ex- 
hausters, &ec. 

lron 

Buildings, 
lron Roofing 

Cast and 
Wrought-/ron 

Tanks for 
Gasholders, 

Valves, 
Connections 
Stills, 


Gy 


Vy, "ae e x 


) a. 








Retorts, de. 
for Gas and 
Oil Works. 

9329 


ERECTED FOR THE CLASCOW CORPORATION. 
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_ BRITISH MADE JOISTS. 


All Joists or Beams}manufactured in Great Britain are 
branded with the name of the manufacturer, or a dis- 
tinctive brand showing at which Works in this Country 
they have been made. All unbranded Joists or Beams, 


also Joists or Beams which bear any other than a 
British maker’s brand, may be considered of Foreign 


manufacture. 


CARGO FLEET JRON CO., Ltd., Middlesbrough: 

DORMAN, LONG & CO., Litd., Middlesbrough. 

The EARL of DUDLEY’S ROUND OAK WORKS, La., Brierley Hill. 
FRODINGHAM IRON & STEEL CO., Ltd., Frodingham. 
GLENGARNOCK JRON & STEEL CO,, Lid.,.Glengarnock, N.B. 
LANARKSHIRE STEEL CO., Ltd., Motherwell, N.B. 

WALTER SCOTT, Ltd. (Leeds Steel Works), Leeds. 

SHELTON IRON, STEEL & COAL CO., Ltd., Stoke-on-Trent. 


PUMPING MACHINERY 


“The results far out-distance anything that has ever been previously accomplished with a pumping engine.”—/Professor Orr's Report. 


TRIPLE-EXPANSION 
HIGH-DUTY 
PUMPING ENGINE. 


ONE OF FOUR 


SUPPLIED TO 


THE RAND WATER BOARD 


Makers of Pumping 

Machinery for— 
Water Works, 
Sewage Works, 
Mines, &c., &c. 


World's 


= 


Record for Steam Economy. 


OFFICIAL TRIAL 


By PROFESSOR ORR, 
. Transvaal University. 


Cylinders, 23, 43 and 64 in. diam. 

Rams, 3 singie-acting, direct- 
coupled. 

Stroke, 3 feet. 

Steam Pressure, 180 Ib. super- 
heated, 120° Fah. 


ENGINE RESULTS. 


Actual water pumped into reser- 
voir per hour, 106,353 gallons. 

Effective head in one lift, 975°6 
feet. 

Steam consumption per |.HP. per 
hour, 10°324 Ib. 


DUTY. 


In water actually delivered into 
reservoir, 183°6 million foot 
Ib. per 1000 Ib, of steam. 


Combined Mechanical Efficiency 
of Engine and Pumps, 93.41% 


LEEDS, 


HATHORN, DAVEY & CO., 0° vcr. 





Bi 





SHAFTING, Po ade 
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. PERFORATED 

e rn e ° (STEEL PLATES 

for Coal Screening 
Processes. 


HOLES PUNCHED UP 
TO 6in. DIA. 


PLATES FROM 
STOCK. sss 


~ THOMAS HUDSON LIMITED, 


SHHEPFVORD WORES, —- COATBRIDGH, iy. B. 




















PLUMMER BLOCKS, 


AND} ALL 


MILD 
FITTINGS. 


First-class Work. 
Prompt Deliveries. 


C. F. GARVER, LTD. w 


LONDON Office: 49, "adie Victoria Street, 


The YORKSHIRE PATENT STEAM WAGON CO. 


Branch of Deighton’s Patent Flue and Tube Co., Ltd., 
HUNSLET, LEEDS. 








“alfred Street Mills, ™ 


NOTTINGHAM. 












sani Leeda, 
Telephene 
No. 1674, 
Awanpep 
COLD ¢ 
MEDAL 
in RAC. 
COMMERCIAL 
VEHICLE | 
TRIALS, 


1907. , was LATEST TYPE 6-TON wrmAm TIPPING Wacon. 
Diploma of Honour, FRANGO-BRITISH EXHIBITION, 1908. 



















THE 
" MULTEX” 


(MULTIPLE-EXPANSION) 


AiR LIFT PUMP. 


PRICE’S PATENT TAPER TUBE SYSTEM. 


RELATIVE POWER COST 
UNDER SIMILAR CONDITIONS.| 


A—Best Records with 
ordinary Tubes. 


- NN a > ww 


B—Actual Records with 
“Multex” Patents. 
9468 





TOTAL LIFT IN FEET 


CLIFTON: & BAIRD, 


(June 25, 1900. 
EMPRESS 


works, vohnstone, Scotland. 


MACHINE: TOOLS OF-MOST MODERN DESIGN. 

BAND SAWING MACHINES FOR METAL. 

CIRCULAR SAWING MACHINES FOR METAL. 
HIGH-SPEED DISC SAWING 

; MACHINES. 


All Sizes. 

















‘HIGH. SPEED COLD ‘SAWING MACHINE. 9583 


d015STS = GIRDERS 


WAYS 1H BSTac 








(oy Nou mei-te) COLUMNS. ~~ 
. « ORNSMENTAL BRACKETE<“_Z 
RAILINGS & OATES <<a x 


ALZP7 /N STOCA 
ESTIMATES 2° _ Ai 


171, Crorpon. fi} 


LF Sus 
A 53° SOUTHWARK STREET | 


lel, iele), mem 


YY — & PITLAKE. CROYDON. | 
CONSTPUCHOWA STLLLMUK, 


Ag ala JOANY. SALCIL/CATION. DESIGNS & LSTIMATES (REL. 2 bea 5 


ot seas ECONOMISERS 











STANDARD SIZE. 


Tm. Clay Cross Company, 


— CLAY CROss, — 
Near Chesterfield. 


Telegrams :—Jackson, OLAYCROSS. Established 1837. 9849 


SIGHT-FEED LUBRICATORS. 


MOST RELIABLE, AND CHEAPEST IN THE MARKET. 








Single & Double "pxtenr. ° 





in the Double Lubricator each feed is absolutely 
independent, so that one can be closed off withou 
interfering with the ful! working of the other. 
Fitted with Patent Protectors, whic 
also enable Sight-glasses to be removed 
and replaced in TWO minutes. 


As supplied to the Chief Railways. 
et a a 9600 
The Hulburd Engineering Go., Ltd., 








THE AIR LIFT PUMP GCo., 


Offices :—125, BUNHILL ROW, LONDON, E.C. 

















BRASSFOUNDERS AND COPPERSMITHS, 
c . 160, LEADENHALL. ST., E.C. 
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FRASER & CHALMERS, 


LIMITHAD, 


3, LONDON WALL BUILDINGS, E.C. 


BARRY TRANSPORTERS, 
BELT CONVEYORS, 
AUTOMATIC CONTINUOUS WEIGHING MACHINES. 


WORKS,—ERITH, KENT. 8198 Cable Address—VANNER, LONDON. 























S. SMITH: SONS, «. 


BY ROYAL WARRANTS 
To T.R.H. the 
Prince and Princess 
of Wales. 


Wonderful Time seapers. 


THE 


CHARING X x 


All English Lever, 
Massive Silver Case £2 


THE 










To T.M. the 
King and Queen. 





= 


—s 
a at 3S 











Write for Illustrated Catalogues, 


TRAFALGAR 


All, English Lever, £1 
Separate Volumes. = 














Ironclad Case - 
Ss, STRAND, LONDON. 











“THE LANCASTER” 


(R.T.M.) 


METALLIC 


PACKINGS. 


‘Telegrams : pyar 


“PISTON 8, 
Manchester 


Iilustrated 
Catalogue) 
Post Free* 
on 
application. 


| First Orders 
Always 
Sent 


“ON 
APPROVAL.” 


READ THE FOLLOWING REPORT FROM :— 
THE IRWELL BANK COTTON SPINNING CO., 
Stoneclough, nr. Manchester. 
The two sets of 8}in. and four sets of UL fod in. eee 
Packings you supplied for our 3000 HP. Engines (200 
. Ly 4 years ago, are Ens us every Etstecten. 
riectly steamtight, and have not yet worn the toot 
cone out of the rods. 
This is the largest Cotton Mill En in this Coun’ 


LANCASTER & TONGE,“* 


PENDLETON, MANCHESTER. 


Sole Makers of “‘ The Lancaster” Steam Traps. Steam Dryers, Pistons, &c. 























SINGLE MOTOR CRANES 











pesonirrion - FIGEE 


Works: HAARLEM-HOLLAND 
TELeerams: FIGEE-HAARLEM 


CODES USED: A-?-C Sth Ed. - LIEBER - MERCURY 











LUKE & SPENCER, Lrop., 


Canal Engineering Works, BROADHEATH, nr. MANCHE STER{ 


MANUFACTURERS oF 


IMPROVED EMERY AND CORUNDUM WHEELS, 
GRINDING & POLISHING MAOHINERY. #33 


Illustrated Catalogue free on application. 


z 
: 
i : 
> 8 ui 
= = 
& S 6 
~y 86 
S. & 2 
RE RE 
b 3 \e 
= : 
ly z ° 
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Telegraphic Address; “‘ EMERY, ALTRINOHAM.” National Telephone—Altrincham, No. 49, Od 7783" 3 
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J, TORE Y & SONS Ltd. 





Graaete NCHAM. * 


“ PATERSON” 


FILTERS & SOFTENERS. 


(See displayed advt. June 4th issue, p. 15.) 
Write for Pamphlet to— 9782 


PATERSON ENCINEERING CO., Lro., 


21, Amberley House, Norfolk 8t., Strand, London, W.0. 
Improved Patent Water-Driven 


CENTRIFUGALS 


In use in every sugar-growing Country in the World, 
Catalogues free on application, 9973 


WATSON, LAIDLAW & CO., Ltd., 


Engineers, GLASGOW. 








Stern Wheel Steamers. 
Ocean Cable Steamers. 
Gold Dredgers. 


_ Bucket and Suction Dredgers|fa-y A 
of all Sizes- 






Sole Makers 
of Patent Rockbreaker 


for rock excavation under water without explosives. 


604 





“FLASHLIGHT” | 
eee) ENGINE 
| 
Explosion Engines. | 
“*or Observation, 














é Telescope. 9195 

Ml SOLE MAKERS :— 

Dobbie Welmes 1d , GLASGOW. 
“Troika” 

> STEEL BELT 
Fastener. 


Saas =: J Upon request \ 
will send free samples of No. 1, sufficient for 4” Belt. 


THE CHROME, RAWHIDE & TANNED LEATHER 60. 


Kilburn, LONDON,N.W. 9477 





















RAPID 
ELEGTRO- MAGNETIC 
___ SEPARATORS, =. 


DESTRUCTOR REFUSE, POTTERS’ 
The Crescent, BIRMINGHAM. 





KLEINS DOUBLE VALVE 


FREE FALL STEAM TRAP Et 


OVER 250000 SOLD. 


THE KLEIM ENGINEERING €°(19°8'L"® 
94,MARKET ST MANCHESTER 








IMPROVEMENT IN THE 
WORKING OF SAND FILTERS 


(Puech-Chahbal System). 


W. CLEMENCHE, Kinesway Hovss, Kivesway, 
Tel. No. 5652 Gerrard. Lonpow; W.0, 9885 











LIMITED, 


M ANCHESTER. 


MULTIPLE 
PUNCHING 
MAGHINES 


for Tank and 
Gas Producer Work. 








PUNCHING & SHEARING 
MACHINES. 


ALLEN’S PATENT 
Pneumatic Riveters. 




















PETTER 
PATENT 


OIL ENGINES 


Horizontal, Stationary and 
Portable Engines. 


Combined Pumping Plants. 
Electric Lighting Plants. 
Oil Traction Engines. 





The Simplest, Safest, and most 
Economical Oil Engine on the 
Market. 
THOUSANDS IN USE. 


Numerous Gold and Silver Medals, 























JOHN BROADFOOT & SONS, 


LIMITED, 


WHITEINCH, GLASGOW. 


‘DE BERGUE & C0.,|™ 


THOMSON'S PATTERN EXPANDERS 


Best Quatity. LOwesrT Prices. 





GOOD STOCK KEPT OF ALL SIZES. 


Easterbrook, Alicard&6o., Ls, 


SHEFFIELD. 9972 


SAVE 2 COAL BILL 


BY CLEANING 
YOUR 
ECONOMISERS anp 
BOILER FLUES 
BY VACUUM. 


Ali particulars from 
THE BRITISH VACUUM CLEANER CO., Lo., 
Parsons Green Lane, London, .W. " 








MALLEABLE 


JRONS STEEL CASTINGS 


ENGINEERS &OOLMAKERS 


TO MACHINE CLEAN & BRIGHT 
ALL OVER 





fe PARKER FOUNDRY C° DERBY 


ON ADMIRALTY LIST 


9445 








PATENT 
HINGED and 
PIVOTED. 
SHIPS’ 
SIDE 
SCUTTLES. 











ENCLOSED TYPE 


OIL ENGINES. 


Jat]. 22-226 B.HP. Perfect Vaporisation. 
r|-Consum 


ion 72 1 r B.HP. No deposit in cylin nder. 
ready to hart fren’ cold on_petrol or lamp. 

space occupied a Ps B.HP-in“4 ft. square. 

Also Makers of 


Air .Cgmpressors 
Motor Lorri ies 









Woodworkisg 
Machines, 





BROOM & WADE Ltd. 








James B. PETTER & SONS, Ld. 
Nautilus Works, YEOVIL. 
en odier On Admiralty and War 
LONDON, E.C. Office Lists. 
140, Victoria merce nae 9767 patil .  BROADFOOT, om 








HBicH WwyYoomMsBekE. 7% 
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ESCHER WYSS & ( 00, 
4 o9. VICTOR T., 


the BRADLEY 3-ROLL MILL 


The 20th Century Marvel for Grinding— 


PORTLAND CEMENTS, 
PHOSPHATE ROCKS, 
LIMESTONE, COAL, 
ORES ‘of all kinds. 


REQUIRES NO AUXILIARY APPARATUS 
FOR FINISHING PRODUCTS. 


SATISFACTION GUARANTEED. 
5405 


— Westminster, 8.W. — 
Specialities :—-WATER TURBINES, 
STEAM TURBINES, CENTRIFUGAL PUMPS, 

AIR COMPRESSORS, &c. 9922 
See Illustrated Advertisement June 4th. 


Stirling Water-Tube Boiler. 


HIGHEST EFFICIENCY GUARANTEED. 
See Illustrated Advertisement, page 79, last issue. 


THE STIRLING BOILER CO., LTD., 


26, VICTORIA 8T., LONDON, 8.W. 9201 


PLAYER'S 


PLANISHING | 
HAMMERS 


BELT OR MOTOR ORIVEN. 

















Full particulars on application to— 


BRADLEY PULVERIZER 60., 


37, WALBROOK, LONDON, E.C. 


CHALMERS & 60., LTD. 


Broomloan Shipyard, 
RUTHERGLEN, GLASGOW. 


“SOOW, RUTHERGLEN, GLASGOW.” 


Baraes, PONTOONS, 
Sine & STERN WHEEL STEAMERS 
and all classes of 
Light DrRaAvGHT WoRK. 
* LaUNOoHEs, Tuas, 
Completed and Launched to 
200 Feer. 


Carao VEesse.s. YACHTS. 


RE-ERECTION WORK 
A SPECIALITY. 


ON ADMIRALTY LIST. 
——_—- 











WILLIAM 


W. & J. PLAYER, BIRMINGHAM. 


“BUFFALO” INJECTOR. 


Operated SEA’ Clings AA lifts 24 ft. 
Entirely Class B lifts 12 ft. 


by One 
tendie: Send for 




































Telegrams : 
‘« TEMPERATURE, 
Lonponx.” 

















CONTROL OF Mee, MAINTENANCE OF SPEED 








VACUUM. IN TROPICAL WATERS. 
CONTROL DIMINISHED OPERATING 
OF AND MAINTENANCE 


FEED TEMPERATURE. CosTs. 








REDUCED IMPROVED 
WEIGHT AND FACILITIES FOR 
SPACE. 


\. INSPECTION. 











NS ee re ee 


TRIPLE-EXPANSION ENGINES with “ CONTRAFLO” CONDENSER and FEED TEMPERATURE REGULATOR. 


The use of the “‘ CONTRAFLO” CONDENSER, combined with FEED TEMPERATURE REGULATOR, 
ensures the maintenance of HIGH-POWER EFFICIENCY concurrently with HIGH-FEED TEM- 
PERATURE, irrespective of sea water temperature. 





Full Particulars furnished by the Manufacturers : 600 


RICHARDSONS, WESTGARTH @ C0., Ltd., 








THE LODCE 


ICNITION 


SPRINGS 





THE LION SPRING co., 
Oldbury, 0528 
. Birmingh 


WIGGLESWORTH & CO., LTD., 


Mill Lane, BRADFORD. 


FRICTION CLUTCHES. 


SEND YOUR ENQUIRIES. 9905 








4 
N 


Rota -OS., 


TheWouldbame Cement G0. LD. 


35, Great St. Helens, LONDON, E.C. 
“RED CROSS” BRAND 


PORTLAND CEMENT. 


Advertisements last and next issue. 
pe mp * Enriching, London.” Telephone : No, 1846, Avente. 


= = 
HELE SHAW 
Pama GLUMGH 


LIVERPOAL. 


ivi es SON 


























RICHARDS’ 
Patent Steam Engine Indicator. 


Engineering Instrument 
Manufacturers. 


HANNAN ano 
BUCHANAN, 


75, Robertson iret, 
GLASGOW, 


ALSO MAKERS or 
Bourdon's Patent Pressure, 
Vacuum & Compound Gauges, 
uchanan's Improved Engine 
Counter for Marine Engiuer, 
Salinometers, Thermometers 
Lever Cle boks, &e 9014 


LIMITED, 
PULLEYS. 


Solid, Split or Spring. 
Shafting, Bearings, Clutches, and : 

Mill Gearing Generally. ses 
CAVERSHAM ROAD, READING. 


<\WEBB & SON, 


Y\ TANNERS, CURRIERS, 


THOMPSON PATTERN. 











DI¥e. 


Macninery, Rea 


— TrLternoxse No. % a 


Telegrams 











HARTLEPOOL. 
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RICE & C2 L'? 




































































NAT. TELEPHONE 2362. TELEGRAMS “PRESS LEEDS. cope. ABC. 5” Ed. 
9324 


W B. BROWN & CO. (BANKHALL), in,2 Globe Works, Bankhall, LIVERPOOL 


HIGH STRAIN STEEL WIRE ROPES for Cranes, Elevators, Mining and General Engineering Purposes. 


“VIRES. 























iVERPOOL.” 








oE-MIAKING & REFRIGERATING. MACHINERY 


i OUR MACHINES HAVE ADVANTACES NOT POSSESSED BY ANY OTHER MACHINE, WHETHER COMPRESSION on OTHERWISE 


Suitable for all purposes of Ice Making, Refrigerating and Cold Storage. 
MADE UP TO ANY CAPACITY, 


RA NSOMES & RA PIER, Ltd., 


Works : IPSWIOH. 32, Victoria Street, wostishistlr, S.W. 
MANUFACTURERS ALSO OF HAND, STEAM AND ELECTRIC CRANES, TURNTABLES, &c., &c. 

















Ea ti 


ranean Aecwesror aie ee CREE Oe Pete ae 
































(7 ) 

















oof & 

F Cables: Wires: Dynamos: Motors: 

Fi Electric Light, Telegraph, Insulated India-Rubber or Gutta- Compound Wound, Shunt or Series, Belt or Direct Drive, for all 
Telephone, Submarine. Percha, Cotton and Silk Covered. for Electric Light and Power. Classes of service. 


Instruments. Insulators. Batteries. Carbons. 


The India-Rubber,. Gutta-Percha 8 Telegraph Works C0., Ltd., 


HEAD OFFICES: gy ay WORKS: 
106, Cannon Street, London, E.C. Silvertown, London, E. 9606 


Telegrams: Head Offices—“Silvergray, London.” Works—*“Graysilver, London.” | 
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SUCKLING” WATER TUBE Head Office: 14, Cook St., Liverpool. GREAYES’” BLUE LIAS LIME 
BOILERS. Warn SWE Was FoumAnioe, 
Highest Efficiency. Perfect Circulation. THE SIMPLEST AND MOST DURABLE And PORTLAND CHMBHNT. 
also PATENT SELENITI aA Greave 
Hawksley, Wild & Co., Ltd.|| seu Placed 9 : Seer es pores ptt] 
BRIGHTSIDE scam WORKS, Stent pro YP nan Sie \ Suitable GREAVES, BULL & & 1 AKIN, Lim. 
— working with + for all Types of 


The PATENT ‘‘ ACME” ( superheated LOCOMOTIVES, 


N.W. - 
ST 0 N i" R , FA K F R Stationary and Marine ENGINES. Sesahentininand Daaiach ene 
\y) SUPPLIED TO THE LARGEST RAILWAY comPaNizs || WHY wy NOERVASIVe ERS 80 























FINE CRUSHING ROLLS. : IN THE WORLD. 
best means of 





Sole Makers GEoDWIN. BA RSRY & co. rian the m 
Engin UI — Fixed on Approval and Guaranteed.— 79 .. SAND Mixing 
aa ; — MACHINE will rx and at O 











month’s free trial given. 


WAKEFIELD'S Si.usexo J. BAGSHAW & SONS, LTD. 
LUBRIGATORS 


for Locomotives and 
Stationary Engines. 
1 to 10 feeds, Capacity: 
$ pint to 2 gallons. 


ans fy my : =) 
S ON N, , Pam] Absolute , 
R. C. R 0 SS & a Ae on uniformity of : Anti-Friction 


ears. ‘fee || METAL. 


Sore Makers “RIGBY’S PATENT” 
STEAM, AIR, ELECTRIC, BELT. The Standard Bearing Metal. 


ROLLER BEARINGS Patented all over LL Ny 12a, quann VICTORIA sT., 


For MACHINERY ee we LONDON, E.C, __%#&6 
and ROLLING STOCK. . cor Se 


ROLLER THRUST BEARINGS Displacement type. 


PO ha C. C. WAKEFIELD & C0., 27, CANNON ST., LONDON. Pp McNEIL’s ~ 
EXPERT ADVICE ) epee, “ lj TE ENT UNBREAK 


QUOTATIONS © wy 
EMPIRE ROLLER BEARINGS Co., Ltp. STEEL LADLE 
15, Victoria STREET, 

WESTMINSTER, LONDON, S.W. 9830 


D AVY B R OTH E R S, rs Makers of every description of 
LIMITED, Pte 125 ad ch from esingle 
cminemeenagpasinmss . 4 saine time "O e 8 Tonges a 
RAPID ACTION FORCING | I si ee 


{ } hy ay of all ca 
| 23 ED BY t 30 to 60 cwt., wit 
PRESSES i USED i lips ; > mounted or unmo' 
j j ey are also suitable for chem cal 
and metaliurgical processes. 


with Steam Hydraulic Intensifiers, . . 
giving up to #00 strokes per minute. | Marine Engineers. | Satan 
Engineers 4 Boilermakers.|| Fane | CHAS. McNEIL. 


COMPRESSION of STEEL INGOTS, Kin NWIy wor” 
Robinson & Rodger’s Patents. ? . WHITEFIELD BRASS WORKS G PARK jRON 

INDUCED AND BALANCED]| (@ ' alas 
DRAUGHT, with Hot Air Economiser, aa ~“ sa" °° aaaye 


ens Patents), for all Land- SB. GOVAN, GLASGOW. eieinsn enbhiien. nine Sie oaciatl a mi 
Bast Ferry Road Engineering Works Co. [A. 


STEEL WORKS PLANT. ||: ais 
SRA SE: 9643 } | | MILLWALL, LONDON, E. 
See Illustrated Advertisement on 2nd July. —C rs A N E S. 


JENKINS BROS ch ge 
‘| == += RICHARD C.GIBBINS «C 
VALVES me . - 
Bet Shih BERKLEY STREET, 
are a Thee Rd Ud ge ae to 
are renewable, they are cet “indestructible. * BIRMINGHAM. 
Always —y on getting, not “Jenkins ”—but | $ 


S.; they alone bear our Trade] 4 
Mark, and are guaranteed. May we send you our MAEERS OF 


Catalogue ? 
STEAM AND HAND 
CRANES, 

CRAB WINCHES, 
LIFTING JACKS, 
WIRE AND HEMP ROPE 
BLOCKS, 
HAND-PILE DRIVER, 

SHEAR LEGS, eigen 
JIM CROWS, of Porta'sPatent 

: AL DERRIOKS 

JENKINS BROS., Ltd. ee ee | eam thar 


95, toria Stree 
St. — pe st yong heme are 3 Gold Medal, Inventions Exhibition. F 
2 . K DUCKHAMS PATENT SUSPENDED WEIGHIN 
MONTREAL, CANADA. ved = GLASGOW: JOHN $. BISHOP; a capeene it wACE I P Nitta acme a DRAULIC oe 
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The Owner of the following 
British Patent: viz.:— 


‘Improvements in Rotary Outter 


47, of 1896, 
se diray, ate Heads for Wood Planing 


us chines,” 
No. 4227, of 1899, ie oe in Outter Heads 
for Woodworki Machinery,” 
No. 14776, of 1899, “ Improvements in Cutter Heads. 


No. 1£443, of 1900, a rovements in Cutter Heads 
2, for. Woodworking M Vigil 
is DESIROUS of DISPOSING of the PATENTS, 
ENTERING into a WORKING ARRANGEMENT 
under License, with firms likely to be interested in the 
same, or he would be open to CONSIDER a proposal 
to MANUFACTURE the inventions to fill any require- 
ments of the English market on terms to be arranged. 
The Patente cover inventions interesting to manu- 
facturers of woodworking machine 
Fall particulars can be obtain ‘trom and offers 
made (for transmission to the owner), to MARKS anp 
OLERK, 18, Southampto2 Buildings, Chancery Lane, 
Lond Cc. 8 706 


ion, 
Parents AND Desens Act, 1907 (7 Edw. 7 Ch, 29). 


For the Convenience of 


patenteesof articles paveetet in the United | ine 
dom, Which must nm gd be manufactured within 
its shores after August, 1 Messrs. PANHARD and 
LEVASSOR, Acton Vale, London, W., are PREPARED 
to undertakethe MANUFACTURE of any PATENTED 





ARTICLES, in whose production the la t motor and 
engineering works in Europe and a highly 7 
ions 


of engineers are likely to be of advantage. 
pad semana information are obtainable on — 





A Firm of Engineers, having 


an exceptional connection among the leadin: 
Railways, *. Brith , Indian and Colonial, is PREPARE 
TO CONSIDER, ‘with a view vo undertaking. the their 
manufacture and sale, any suitable SPECIALITIES. 
Communications, which will be treated in strict 
confidence, to be sent,.in the first instance, to 9895, 
Offices of ENGINEERING. 9895 


IT" Engineers, &c.—An En- 


neering Firm having spare pe Se 
riverside premises, London, are OPEN do MA. 
CHINING WORK M4 any description. } Aa 4 
for heavy lifts. Own iron and brass foundries.— 
Address, S 441, Offices of ENGINEERING. 8 441 


Mills, Factories, Warehouses. 








WANTED, new and up-to-date APPLIANCES, 


Patents prefe Firms manufacti 


for above. 
kindly communicate. — VICTOR 
Enel 


specialities 
COATES « CO., 
Street, Strand, W 


Pst - class Old - established 

importing Smyrna House WISHES to REPRE- 
SENT a Firm = or manufacturing gas and oil 
engines and other machinery on the instalment 
system. English referencee.—Address, S 688, Offices 
of ENGIXssRiNe, 8 








dvertiser, possessing exten- 
sive cealeiaiintn commerc’al and gereral 
business experience, a thorough knowledge of British, 
Colonial and Foreign markets, centrally placed offices, 
one : n to take a warehouse for (a ES spews, 
OUS of meeting with FIRMS WISHING A. 
4 REPRESENTATION, either upon a com 
segres or retaining fee basis ; mechanical spec’ ialities 
preferred, but open to vigorously push any wr 
commodity. — Address, in first instance, FACTO 
care of Cuas, TAYLER & Co's. Advertisement Ores 
30, Fleet Street, E.C. 682 


teel Castings. —Gentleman, 
calling on Engineers, &c., WISHES REPRE- 
SENTATION of up-to-date FIRM manufacturing above. 
London, Eastern Counties, Western Counties, Leicester- 
shire, North-East Coast, East Scotland, Wales. Part 
expenses, commission. — Address, CASTINGS, care of 
Susuury’s Advertising Offices, Grac ‘echurch Street, 
London. 8 708 


Engineer, Resident in New 
land, and having connections there and in 
England, is DESIROUS of REPRESENTING one or 


toe additional good English FIRMS. References.— 
Address, 8 702, 8 


ffices of ENGINEERING. 
A: Firm of Manchester En- 
gineers, with branches at London oy Thee 
Glasgow, Newcastle, Bristol, &c., are OPEN for a FEW 
first-class AGENOIES toconipletecircle. Every branch 
of civil, mechanical and electrical engineering covered 
in the United Kingdom. —S 439, Offices of ENainkERING, 


W anted, Ag Agents Everywhere, 


to PUSH Dw of BONNAUD WATERPROOF 
COTTON BELTING.—Address, VELVRIL- a 
84 


Lrp., Norfolk Reed. Ponder’s End, N.° 
anted, Indices to 


' ENGINEERING, January to June, am, and 
be pre to June, 1894, two copiesof each; sta 
Address, R 806, Offices of GINEERING. 


W anted, Good Second-hand 
IRE full partioclo: HARTI: Choke tates. 
We a Nngton, Son gomereet. s ae? 























Wanted, ‘Two Sets Plate- 


BENDING ROLLS, from 10 to 16 ft. Jong, 
with hinged frame ; a!so large Set for shipyard, 25 to 
80 ft. Idng. Good ‘second-hand preferred.—Address, 
8 716, Offices of Exainegrine, 8716 


Which Motor Boat Building 


firm is interested in a strong REVERSING 

DEVICE for propellers, which is suitable up to the 
highest powers? 

lee a pane L 282, Any, Exr. PD, 





ScHURMANN, 
8 737 





necring Specialists, 2, Norfolk: 
j 9044 apply to A. BORSIG, Tegel, near Berlin. 





AUCTION SALES. 
eatley Kirk, Price & Co. | piste 
LONDON, MANCHESTER anp 
NEWCASTLE-ON-TYNE. 

~ ‘(Established 1850.) 
pene 3 AND ELECTRICAL 
AUCTIONEERS anp 
ARBITRATORS. 





9601 


46, WATLING STREET, LONDON, E.C. 
16, ALBERT 8Q., 26, COLLINGWOOD S8T., 
MANCHESTER. NEWCASTLE-ON-TYNE. 
Telephones & Telegrams at each Addrese. 





TO CONTRACTORS, MANUFACTURERS AND 


, 


SPLENDID PREMISES at West Kensington ( 


Tue GranTHAM Borter & OrANK Co., 


from ice, in Norway, 
TERETSADVOKAT "%. BO 


Borough 
by ey ising ws of 7000 ft., and including 


of Fulham 
three Large Wo 


two Dwelling 
Covered and Open "Yards, Stabling for 25 horses 
os meet poe let to Messrs. Lyons at p.a.), all well 

ved, entrances either end, will be 
SOLD by pmRUOTION. Falham Town Hall, 5th JULY, 
at 7.30. View any time. Particulars and Plan of 


the Auctioneer, 
r. J. Hollingsworth, 
8 7389 


Harwood House, Walham Green, 8.W. 


Tel. : 973, Kens. 





FOR SALE. 


team (41 ges") Boilers. 


Vertical, Loco., Cornich, Launch, Field-tube ; also 
Air Receivers, Feed-water Heaters, ’Oylinders, &e.— 
Lrp., Domaeer 

754 


Waterpower—Abouti 00,000 
and about 200,000 _— by a harbour free 
cheap, F OR SALE. — HOIES.- 

CHSENIUS, —— 








32, Christiania. 


a System.” 





[the following British Patents 
are FOR SALE :—Nos. 12314/02, 24408/08, 24451/06, 
19504/07, 20393/07, 25218/07, and others applied oe 
All relate to a system of operating or controllin 
orging Presses (steam hydraulic or purely hydrau 
as well as of other Hydraulic Machine Tools, &., _ 
which is favourabl own on the Continent as “‘Ast- 
rther, No. 24450/06, Method and 
us for the Manufacture of Tubular Metal 
ies.” Presses built according to these patents can 


be chown in actual operation.—For particulars = 





The 
Fpsiish Patent _of a 


Gteam [Tap, 


BASED ON QUITE NEW PRINCIPLE, 


For Sale. 


The apparatus has been approved after a practical 
working of more than two years. Scientific examina- 
tion has also demonstrated its eminent qualities. 


Especially suitable for use on ships. 


Parties cor.cerned please address — 


K. Z. 1920, 


by HAASENSTEIN & VOGLER, A.G., 


CoLoene/Ruing, GERMANY. 





Finished i in Stock Ready for 


=e 








‘ 
. 


Immediate Delivery ;— 


One four-coupled LOCO., cyls. 7 by 12 in., 3 ft. zauge. 
One four-coupled LOCO. * cyls. 6by 9in., eft. gauge. 


ss ready for ee to any gauge and 
de’ wuooen, in four weeks from receipt of ler :-— 

LOOO’S. with cylinders, 5 in., 6 in., 7 in, 11 in., 
18 in. and 14 in. 


In stock, second-hand, first-class condition :— 
One four: coupled LOCO., cyls. 12 by 18 in. , 4 ft. os. in. 


or Sale, Second-hand Ship- 


ie eae lon telat | 
platez t. long res) ively.— 
For particulars, add 5714, Omoes r.  aapeetirely- A 


Boilermakers. —For Sale, 


0 
7 HYDRAULIO RIVETIER, 7 it. gap. to close 
111/16 in. rivets ; a bargain for immediate clearance. 
—Address, S 714, Offices of Gouuseneie. S714 

Fe Sale, several Excellent 


ROAD TRACTION WAGONS; cheap.—For 
particulars, address, § 715, Offices of ENGINEERING. 


Fer Sale, Priestman Crane 














DREDGER with Grabs, cheap. 
GEORGE DIMM4OK & CO., 75, Buchanan = 
Glasgow. 
Fs Sale, Bargain, “thee 
ome ae CONDENSING, , Se — 
INE, with high and low-pressu 
ole iit iin. vend 18} in. dia. — by 24 in 
stroke, 7 ft. winding drum.—OH. D. PH wo 


Emlyn Works, Newport, Mon. Est. 41 years. 


Fer Sale, Two (2) High- 

ressure three-stage Gwynne decentntian 
PUMPS, each having capacity of 3500 gallons of water 
per minute against a total head 330 ft., running 800 
revs. per minute. Pumps are new, never been in use. 
—Full particulars on application to 8 649, —— of 
ENGINEERING. 8 649 


Fe Sale, Cornish Boiler, 


14 ft, by 5 ft. 6 in.; four Galloway Tubes, 
Fittings, &c., insured €0* ib steam. Purchaser to 
remove same from Boiler House at Waterworks, HORI- 
ZONTAL STEAM ENGINE, Pontifex hag 12 in. 
cylinder by 18 stroke, Flywheel 6 ft , wie wy ry, Ex on 
Gear, Valves, Governors, Feed Pump, &c.—Apply, T. 
R. SWALES, Borough Surveyor, 8 666 


Fe Disposal, Pair of High-|2-, 


class WINDING ENGINES, 26 in. cylinders by 

4 tt. stroke, double-beat valves, with trip gear ; 12 ft. 

diameter drum lagged with steel plates; steam and 
foot brakes ; almost ready for delivery. The Engines 

have been made to an order from a broad, and it is found 

they are not now wanted.—Apply to the makers, 

BRADLEY. & CRAVEN, Lrp., Wakefield. R53 


NEW DREDGING PLANT FOR SALE. 


ON: for Sale, an entirely |* 


a pte mg DREDGER, hourly output ans 


"?.S depth 30 ft. 4 in., main en 
fee Sole -HP., capacity of Bucke' 
c fi 

an entirely new BARGE and BOTTOM 
BUCTION DREDGER with delivery pump, hourly 
output 460 pre ET — ine for ? —— for 
and engine for water pum 
of 100 LHP. 89 ft. 4 in. * 


Suction d 
Fao A. F. Smvpzrs, 
K 543 


Schledam (Holland). 


or Immediate Sale, all in 
good working order :— 
One 250 HP. GAS ENGINE, by Premier Gas Engine Co. 
One D.-C. DYNAMO, by v. 8. & M., Sheffield, 1700 a. 
110 v, 670 r. p. m 
One 40 B.HP., One 30 B.HP., Two 20 B.HP. Crossley’s 


GAS ENGIN 
One a DYNAMO, by Crompton & Co., 700a. 110 v. 


OneD. -C. 3 BYNAMO, byG. E. O., 600a. 110 v. 800r. p. m. 
Two D.-O. DY. NAMOS, by Crompton & Co., 340a. 110v. 


One MAIN’ SW SWITCHBOARD, suitable for regulating 
the above generators. 
One 500 HP. DOWSON GAS PLANT. 
The following D.-C. 110 v. MOTORS, TT oo 
G. E. C., Phenix, Westinghouse, hoe 
One €0 HP., One 40 HP., Five 25 to tt 
5 HP., One 3 HP., Two 2 HP., Eight 1 HP., 
Ten 4 "HP., Three 4 HP. 
Farther particulars trom 8664,Offices of ENGINBERING, 


or Sale:— 
Powerful Full Universal Radial DRILLING MA- 








ion . 











(FZ Alloways Limited, 
MANCHESTER, 
Haves Reavy ror DE.ivery 
NEW STEEL BOILERS, 


—_—— 


For Sizes and Pressures, see Advertisement 
page 40, 974 


To be Sold, Leasehold, Ste: 


= pris reel Melting} a 
ng le 
tae wned ga wpe 


and canal,com: “For; 
with .— Steam m to 70 cwt. ; Cold Rolli, 


; economical Stes: 
oy , pen Water 2 Supply. The site - 
abo 154 good pply. The site conta: 


which areavailable for extensio: 
iy: SON ays 
SQUIRE fe, Be herr Boe cece ORD, BON a: 


HEBER RADFORD. 
| | iverpool.—_Opposite_ th. 
Clarence Dock.— E and Lofty SHED: 
covering an area of about 3000 square yards, lat: |, 
305 | occupied by Joun Jones & Soxs, ineers, and su: 
able.for engineering or manufacturip premises 
for storage ; tenure partly frechold an ly lea 
hold. —Apply to J. W. DAVIDSON, COOKSON & Lo 
6, Oastle Street, Liverpcol. > 


TO SMITHS AND ENGINEERS. 


r.GeorgeGeeves, Sunnyside 
Ironworks, Oakhurst Road, Forest Gate, is 

retiring from business after 30 years, will SELL PLANT a 
valuable LEASE, &c.,jall at Vaiuation. Lease 67 years. 
Rent £37, nearly all of which can be cleared by 
ais Fine charce here for a young man.—Furt/er 
= ticulars above, and of FRANK EDWARDS, :3, 
oorgate Street, E.O. 8 693 


ie Sale, as a Going Concern, 


large current Contracts and well-kno\ - 

modern RAILWAY OARRIAGE and 

Wacon ‘BUILDING WORKS and ELEOTRICAL end 
GENERAL ENGINEERS’ BUSINESS. The Works 
are situated in the Midlands, having very extensive 
as and the Buildings are roomy and of good 
mstruction. The Plant is entirely up-to-date, elec- 

tric, of the highest class, and in excellent condition. 
There is a large area of Ground unbuilt upon, affording 
ample room for extension. The Works are connected 
a main line railway by direct siding. Principals, 
their Solicitors, or Accountants only dealt with.— 
Further particulars can be obtained on aj oe to 
PLANT, care of Street's, 30, Cornhill, E. $ 558 


| Machine Tools on Offer. 


10ft. Table 6 ft. 6 in. 





» 


ow 





= 














Bett’s Boring Mill. Cay 
Lan, Pt 


& agen wy Boring, D g and Tapping Machine, 
Brown & Sharpe No. 4 Universal Grinder. 


Brown & Sharpe No. 5 Plain Miller. 
Parkinson No. 24 Plain Miller. 
Nos. S« &5, Herbert Capstan Lathes. Friction geared 


heads. 
No. 1 Herbert Automatic Screw Machine. 
Hexagon Flat Turret Lathe, with equipment, 8 in. 
centres, 2 in. hollow spindle, as new. 
8-in. — 8.8. and £.0. Lathe. 
Gould & Eberhardt 24-in. Shaper. 
16-in. Shaping Machine. Two tables. 
x 4-spindle Automatics, j in., 1} in. and 1} in. 
Two-spindle Keyway Cutting Machine, — on 
Coventry. 


JOHN MAONAB, Mar Mary Street, Hyde, 
Seen. 
Tel: 78, Hyde. Tel. Add.: “Lathes, Hyde.” 
PUBLIC WORKS, BRIDGETON, GLASGOW. 
TO BE LET, 


[these Extensive Premises, 


aS > mgs and Flats, lately occupied 
by All British td, formerly as Greenhead 
Weaving Factory. The Ground and Buildings with 
vacant 





round, to which are several entrances, extend 
to about 13 acres. The Buildings are substantial, all 
in good —_— well lit, and are suited for various 











CHINE, 4in. spindle, 10 ft. in. arm, 99 al team Boiler, Electric — and Power, 

Powerful Geared SLOTTING MACHINE, 22 in. stroke, | &¢., &c.—Apply, T. G. THOMSON, 65, Bath Street, 

table 6ft 6in. by 4ft: (4 ft. 6 in. Glasgow. $ 243 
Sit Pukeat Souing, Uitint. ens |— 

le to plane 6 ft. by 2 ft. 3 in. 

(by Sutcliffe & Sons). [table 26in. diam. MISCELLANEOUS. 
Vertical — & MACHINE. cial ay , 38 oe spindle, 
Jertical ng with trav head, ; i 

2h in. ~~, Sft. 2in, traverse. ‘ines cer). Mim, Tools, Rock- bor ma 
Shear-Blade GRINDER, size ee 6in. (by Lake and MACHINES and ” DRILL STEEL. Larg 
Double-ended: Disc Grindin HINE, discs 2 ft. | stocks. Prompt a Aa ly HARDY PATENT 

4in. diam. (by Roberts a ukingie 1d). PICK O0., Lrp., Sheffield, England. 
15- oe oben and Screw. -cutting LATHE, 
Very Powe 32-in, “ae Capstan LATHE, with I he Glasgow Railway 


hollow spindle, steel ng, machine cut. 
40-ton Hydraulic FORGING PRESS, 14-in. ram. 
= Catalogue of 2500 lots of machinery free 
ion. ion invited. 








gauge. 
W. G. BAGNALL, L1»., Castle Engine Wks., Stafford. THOe W. WARD, Laur einen ane en 
Phone : 5570, BANK. Telegrams : “ METALADOS,” Cables : ROBHUNT. 


BRITISH BURAAV. 


ROBERT W. HUNT & CO., Engineers, Norfolk House, Cannon St., B.C. 


INSPECTION ano TESTS or RAILS AND FASTENINGS, STRUCTURAL 
MATERIAL, BILLETS, PIG IRON, —— CARS, MACHINERY, &o., &c. 


W. L. COOPER, Manager. 
' American Offices Chicago, New eideres Pittsburg, San Francisco, Montreal, 8t. Louis. 
LN NN RN 





JACK’S 


ALL SIZES AND TYPES. 


Tel. Address : SE erg MOTHERWELL.” 
Al and Engineering Tel. Codes, 







JOHN J. CONB, Resident Partner. 


CRANES. 












ALEXANDER JACK & CO., 


WHITEGATES ENGINEERING Works, MOTHERWELL, ScoTLanp. 


Engineering Com any, 
GovAN, oLascow. 
London Office—18, Vietori Victoria Street, aw. 
RAILWAY OARRLAGE, WAGON. "AND TRAMWAY 


CARRIAGE AND WAGON IRONWORK, also 
OAST-STEEL AXLE BOXES. 9725 





Tus Giascow Rouiine Stoce anp Pant Works. 


Hu Nelson & Co., Ltd., 
BUILDERS OF RAILWAY CARRIAGES. 
WAGONS, ELEOTRIO CARS and LIGHT RAILWAY 
ROLLIN STOCK OF EVERY DESCRIPTION. 
Makers of WHEELS and Axizs, Rattway Puart, 
Foreme, Surra Wo! Iron aND Brass Castine. 
Office and Ohief Works : aa oe 


Other f Northern Assurance 
Office: 14, Leadenhall Street, to” 


See Illustrated Advt. page 19. 


W. MacLellan, Limited, 


& 
P. OLUTHA WORKS, GLASGOW. 
MANUPACTURERS OF 
RAILWAY CARRIAGES AND WAGONS 
OF EVERY DESCRIPTION, 
RAILWAY IRONWORK, BRIDGES, ROOFING, &. 
Chief Offices : 129} Trongate, GLaseow. Od 8547 
Registered Office: 1084, Cannon St., London, E.0 


8382 








See our Display Advert. in next week's issue. 
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e M tropo litan Am BUILDERS OF THE 
Tegeaeten me | BARRETT BELFAST|° eeu 


Makers of RAILWAY AY ROLLING STOCK = 
IRONWORK of every deseri 


ption. 

ASHBUR MANCHESTER LANCASTER, 
LANCASTER ; eveaaes, BirminenaM; Salter 
SIRMINGHAM 5 y, BIRMINGHAM; 

Offices—86, Victoria Stausr, W: 
ead Office—SALTLEY, TLEY, BIRMINGHAM. Tele jone No: 
6410 (six lines). Telegrams: “* Metro, 4 








Midland 


RAILWAY-OARRIAGE AND WAGON 00., Lrp.,| ff 


Mrm.anp Works, BinminenaM ; and 
Asssy Works, SHREWSBURY. 
Railway Carriages, 
Railway Wagons, 
Tram Cars, &c., &e. 


Wagons, Rolling Stock, &c., 
FOR SHIPMENT. 


WHEELS, AXLES, FORGINGS, 
CASTINGS, &. 
STEEL CONSTRUCTIONAL WORK. 


aquuan 70 
W. R. Renshaw & Co., Ltd., 


Puantx Works, STOKE-ON-TRENT. P.A.B. 


The Saculorla Bronze Co., 


Sole Manufacturers of 


“SAECULORIA” ANTIFRICTION 
ano MALLEABLE BRONZES. 


AGENTS WANTED. 97138 
Phone—DegptrorD, 1015. East Greenwich. 


JOHN G. KINCAID @ CO., 


LIMITED, 
ENGINEERS, BOILERMAKERS 


SHIPBUILDERS, 
CLYDE FOUNDRY, GREENOCK. 


Telegrams: ‘‘ Krixcarp,” GREENOCK. 9804 




















Felten & Guilleaume-Lahmeyerwerke. 


wey yee er” 


Agents: See Advt. page 7, June 18th. 


WIRE, &c. 


W. F. DENNIS & CO.,, 9764 
49, Quen Vicrorta Street, LONDON. 














THOS. RYDER & SON, 


TURNER BRIDGE WORKS, 
Tonace, BOLTON. 


HIGH-SPEED LATHES, 


HEAVY CUTS. 6917 
SEE DISPLAYED ADVERTISEMENT MONTHLY. 


JOHN SPENCER, L 


WEDNESBU 
IRON & STHHXL 9387 


TUBES 


POLES, STEAM MAINS, TUBULAR PILES, &c. 


ucnTOSH'S | AMINATED 








LEATHER BELTING |- 


Sewing Machine Leather Banding. 


ALL SIZES HYDRAULIC LEATHERS. 


PETER McINTOSH & SONS, 
129¢, Stockwell Street, GLASGOW. 9371 
Tatablished 1821. Telegrams : “Macintash,” Glasgow. 





PATENT 


Conical Engine Packing 
SF EE 





R. B. LINDSAY « CO., 
88, Mair Street, Plantation, GLASGOW. 





POR ALL STEAM 
PRESSURES, 


9594 1 8 









and CO., Ltp., 
205, Woodstock Road, ‘ 
Bu.rast. 2. he TA 
(Late of 2a, Austin St.) eed : 
Telegrams: “ Purius, 5 


ROOF. | 






SEND US 
YOUR ENQUIRIES. 


Atlas Metal & Alloys Go., 


Limited, 
52, QUEEN VICTORIA STREET, 
LONDON, E.C. 9369 


“‘NATIONAL” Fusible Plugs 


ARE THE BEST AND MOST 


Reliable LOW-WATER 
SAFEGUARD 


- IN THE MARKET. 


Suitable for All Classes of 
Internally-Fired Boilers. 


Special Plugs for High Pressures. 


Tue NATIONAL BOILER 


AND 9891 


General Insurance Co., Ld., 


22, St. Ann’s Square, MANCHESTER. 
Lo ndon: 60, Queen Victoria Street, E.0. 
































Screwed 1 in., 14 in., 14 in., and 2 in. Gas Thread on the Seating. IMustrated Price List Free. 


me “ HARRIS-ANDERSON” 
CONDENSER TUBE PROTECTOR 


Preserves CONDENSER TUBES 


from CORROSION and PITTING. 
AMONGST OTHERS, FITTED TO 


“LUSITANIA” and “MAURETANIA,” 


**CARONIA,” CARMANIA,” “KING EDWARD,” “ST. PATRICK,” 
&c., &c. 


THE HARRIS PATENT FEED WATER FILTER, Lro. 


82, VICTORIA STREET, Bank Chambers, 24, Grainger St. West, 
WESTMINSTER, 8.W. NEWCASTLE-ON-TYNE. 


T.A.—“* Winvtient, Lonpon.” T.A.—“ Wixprient, Newcastie-on-Tryn.” 
Tel. No.—876, Westminster. Nat. Tel. —8220, Central. 9819 




















mousey sane 


-» AND., 


CAST-IRON 


Turned Steel Shafting. 
GENERAL ¢ CASTINGS. 


PLUMMER 
BLOCKS 
and ACCESSORIES. 


PULLEYS 


CHEAP, « » 
— DURABLE. # 





Telegrams: “Cowrcat, G@Lascow,” 
“——_—« ESTABLISHED 1870, —— 





MILD STEEL & IRON SUPPLIED COLD SAWN 


JOHN LUCAS, Jun., & CO., Lo., 


PORTER ISLAND WORKS, " SHEFFIELD. 
’ ADDRESS IN FULL, 


D.aJ. TULLIS, 


MACHINE TOOL MAKERS, 
CLYDEBANK, N.B. 


SPECIALTY :—__Motern High-Speed 
Drilling, Boring & Facing Machines. 
See Illustrated Advertisement every fourth week. 


J. PARKINSON & SON, 


Shipley, A gereceen de 
Manufacturers of . . 


LATHES, GEAR CUTTERS, 
MILLERS, BORERS. 


FOSTER BROTHERS, Limited, : 














Main Steam Pipe Installations,””* 


WEDNISBEBuUNR.T. 


HALL’s Pumps 


J. P. HALL« SONS, L» 


PETERBOROUGH. 


DAVID ROWAN & 00., 


MARINE ENGINEERS 

and BOILERMAKERS. 
231, Elliot Street, Glasgow. 

HICHEST CLASS WORKMANSHIP. 9865 

See Illustrated Advt. laat. week and next week. 


DROP FORGING, PLANT 


BRETTS PATENT 




















Brett Patent 


COVENTRY 
SEE ADVE 


NASMYTH, WILSON & 40. is 


fae Bi FOUNDRY, 
PaTRICROFT, NBAR MANCHESTER, 
MAKERS OF COTTON, JUTE, HIDE & FIBRE. 
HYDRAULIC PRESSES. 


RTISEMENT 


STAMP HAMMERS, &c. 0354 


See Uustrated Adet., page 81, last week and next isaue. 


The “TRUSTY” OIL ENGINE 


Recent Improvements. No External Flame: 


The “TRUSTY” GAS ENGINE 
For Producer or Towns Gas. 
Many “ TRUSTY” Ry te” lie rk to-day after 


STRONG. SIMPLE. ‘RELIABLE. 


Testimonials and full particulars 


‘FREDERICK AVENS & CO., 804 
“Trusty” 





Engine Works, Stroud, Glos 


NEWCASTLE 
GRINDSTONES 


For Home and Export. 
Wholesale and Retail. 











9873 


|| SPRINGWELL STONE 


& BRICK CO., Lro., 


li Springwell, GATESHEAD -ON - TYNE. 








STABLEFORD 2C’! 
COALVILLE. 
Telegrams : 


“ Sra BLEFORD, 
COALVILLE.” 











Ti a 





Pa 
* & SS oS Pm 
> Ny Exchange ne 
SLES mas 











Tele. TN. 
“Stableford.” Midland 74 





TUBES & FITTINGS,| 


Lirren ts 


PUMPING ENCINES & PUMPS, STEAM HAMMERS . 
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PORTABLE ENGINES, 2 to 40 N.HP. 


MARSHALL, SONS & CO., LT. GAINSBOROUGH, Englanc 


Telegrams : **Marshalls, Gainsboro’.’ Telephone No. 40/& 41. 





ALSO OFFICES, SHOW ROOMS AND STORES AT 


79, Farringdon Road, LONDON, E.C. 


Telegram : ‘‘Engine, London.” Telephone No. 648, Holborn. 


And at CALCUTTA and BOMBAY. 





The Grand Prix and 
Diploma of Honour, 


MILAN EXHIBITION, 1906. 





OVER 
130,000 


HNGINES, BOILERS, &c., made. 


IIlustrated Catalogues on application. 


Engineers and Boilermakers. 


HORIZONTAL ENGINES up to 1000 HP. 
BOILERS, Cornish, Lancashire, Loco., Vertical, &c. 
UNDERTYPE ENGINES, Simple and Compound. 





“VERTICAL ENGINES, Simple and Compound, 


PORTABLE and SEMI-PORTABLE ENGINES, 

TRACTION ENGINES, ROAD ROLLERS, and OJL 
TRACTORS. 

THRASHING MACHINERY for all Countries. 

GRINDING MILLS. SAWING MACHINERY. 

GOLD DREDGING PLANTS. 

TEA PREPARING MACHINERY, &e. ~ das 














1. Fire Charged ONCE Daily. 


2. No Skilled Attendant Needed. 


3. No Hard Clinker Formed with either 
Anthracite or Coke. 


J. & O. G. PIERSON, 
PARIS. 








“PIERSON” AUTOMATIC GAS PLANT. 


POINTS WORTH GONSIDERING :— 
4 Engine Valves only need Removal for 


Cleaning Once a Month. 
5. Five Years’ Guarantee of Firebrick Work. 


6 Power Generated in Ten Minutes 
from Starting. 


Sole Manufacturers for British Empire— 


_ JOSEPH BAKER & SONS, Lo., 


ENGINEERS, WILLESDEN JUNCTION, LONDON, N.W. 








BRICHT COMPRESSED 


beat f 
+ 
wast 


mats 


cat 
ae 

‘9! 
x 


FORGE CO LEEDS 


FELTEN & GUILLEAUME- [ANMEVERWERKE A.-6. 


Electrical Engineers & Contractors, Frankfort-on-Main. 


ELECTRIC MOTORS with POWER-EQUALISING 
APPARATUS for driving ROLLING MILLS. 


London Address: THE LAHMEYER ELECTRICAL CO., LTD.,| 


109-111, NEW OXFORD STREET, W.C. 9685 
Telegrams—‘‘ DREHSTROM, LONDON.” Telephone—133 & 134, GERRARD. 


n 
aGindaculy-Vae 





























"McKENZIE. & - HOLLAND, Ltd. 


Railway signalling of every description. 


POWER SIGNALLING 


carried out in conjunction with 
| THE McKENZIE, HOLLAND, & WESTINGHOUSE POWER SIGNAL CO., LTD. 


Head Offices: 58, Victoria Street, London, S.W. 


Telephone: 890 Westminster. 


Works: Worcester, England. sot 





| Telegrams: “ Macksig, London.” 








Printed by the Propeloters at thele Printing Ottcen, $55 Bedierd Piens, 29 and Si, Betfordiery, in the Parish of Bt. Morlin'e-tn-tho- Visite, snd Published by Cuannde Bosses Joussoe, at the Offices of ENGINEERING 
85 and 36, Bedford Street, in the Parish of St. Paul, Covent Garden, both in the County of Middlesex.—Friday, June 25th, 1909. 











